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\l1U#\l1111\11(;1~1~·;H.lno{;rrnJ1rJ (Legal Metrology) ~mtJUFl113-1

{tJ ~ (;In eJu ~a \I{lG1um 'j11 \I'j1 n lG1U~l 51 'j rutlTll Fl~ UlG1 Ub~ eJellU 1 rJn lil n 'j'j 3-1~ ~ ~ ~
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bbJ;l::Fl113-1b~eJ~ eJ1U seu u #\11111\11(;IbbJ;l::~Uf>ll~tJv\mm\ltl'j::b'YlF1~mtJu~\l fi1 AC1)

~lrJ b'Y\I11ltnl'j~lil::aJ\l1 il~tl\llil(;l 3-11111'jlG1U bbJ;l::nl'j~{l\l Fl113-1b~eJatUL Unl'j L~
'I ".... 'I ...,

bFl~eJ\I#\l1111\11(;1')lbtJU~ eJ\Ibvi3-I'!jUFl113-lj'Fl113-1bihh~il eJ\l1'lFl113-lj''YIJ;l1n'YIJ;l1rJ

mm tl'j::~ n ~tl'j::~lU 'j13-1nmtJueJ\l1'l Fl113-lj''j13-1bb~1~11 il~nl'jtl!lU~\llUtJ eJ\I

~1'j1nnl'j#\l1111\11(;1 ~il~lU1~~lUb5rJbbJ;l::~L~m~eJ\I\l1U#\l1111\11(;1~1~lrJn{]'YI3-IlrJ

~\lLtJU~\I')lLtJU

'YIU\I ~eJ~eJ\I filUn\llUnJ;ll \1#\11111\11(;IL~ 3-Ilt1~'j1tJ'j13-1tl'j:: L~UL~ n

tl'j::L~WXeJrJ Ln~(;IFl113-lj'~~eJ\lL~lh L~eJ\I~~eJ\lj' LdeJ\I'YI~\lnwYi1\llutJeJ\I

LFl~eJ\I#\l1111\11(;1nl'jL~eJmLtJtJ3-I1111'j1~L'YI3-I1::~3-I L~ aLti'fi1'YI{tJtl!lU~\l1U "1J;l"1

HtU 'YIU\I~eJ "U1Ul611'j::tT\I 911\1'1G1" L~eJ~tl!lu~\l1U~13-l1'jClAn'IY1f>lUFl-)1 LLJ;l::

Lti'LtJuLeJn~1'je11\1~\ll Unl'jtl!ltJ1i\llU

'YI1\1~1'YIU\I ~ eJL~ 3-1ltFl\llil:: LtJUtl 'j::TrJnt~ a L~l 'YI'I!1 ~ ~tl!lu~ \11U~l U
, ' ,
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'YIU~~m~3..1'd'~muub~PJ~ulm~1'';j::~~~ '1 b~3'I'YilFl~Fil?lb~'lJ!fdUbyjPJ'l,!,~~

1~~d~ nUb~~UFl"J,i;I::l~PJ~ ~PJ~b~PJ~ bb~dUl3n'ld'\J'Jd~nun~::lr;]mnnm'n~

b~PJ~'lld mn~ '1 ~3-J3-JPJ~~~~l3-Jl'lf:lUlhhuWU'YlFldl3-J'\.h::'ii'l Homepage•
~PJ~'YI~d~~lu1r;]r;]d~ bb~~b'YI~PJUlyjPJU'1 tT~hHl~nu ~~~PJt;huul U~dU~i?ldbPJ~

~bbtl:;Y-lm~~u11?11tJrlPJurt~d'Yl'r~"l11uPJmFlI?l~l~::~b~3-J~PJ '1 hJ~lnd

~1 n m'l~lr;]-ruibbtl::-rumlurt~ 1u~tJ uuus PJ~~lU~ lFl~-ru ~1?I!fPJUuae
'YIU~~PJU'YlFldl~ 'YI~mPJn~l'l~l~ '1 ~1r;]81U~lU~1~1?l1 Y-lu:ll'Y1tllm~PJ~'lld

LUUL~PJ~~~lltl::PJ~ln 1~~~~Fldl ~~uh1r;l-ruYmu r;]dm~unu TI?I~~d1tJLltPJ'YIl

~1'l:;~ L~~UL~~~3-JlhJ1r;l~Fldl3-J L~PJ3-J~PJ'YI~PJ~PJL~PJ~nmtl ~ L~~fiL~~d i?l~~U'YI1n

Ul3-Jl L~~ULUUL~PJ~'lld{PJ ~ L~~~LUU€UlUUL~ 3-JL~tn nUFl~Yh 11?11aJ~un lriPJ

lFl~Fl'ldru n3-Jl~UI:N~'ld3-J L~PJ~LLl?ln~l~nui?l~n~ld~U3n L~uPJ'ld3-Jln U'ltJL~3-J~ "
L~~dnul u~tJ LLUU~PJ~'YI'\r~~PJFl~l~'ld3-J L~PJ~~PJ'YI~PJL~PJ~«U~~l3n'lf:lY-l nY-l11r;]

~::l?Idn lFl'l~ul~81ul~PJ~ 11?1n 81m~PJ~~ U laJ'ii'l LUUr;]PJ~81UL~3-Jr;]U~l nun LL'ln

1tJ~U~I?IU'Yl~I?I'Y11ml~PJ~l~ll?1 L~PJ~Ul~L~PJ~nul1tJFiI?l~PJ L~PJ~Ul~L~PJ~nul1tl• •
An~l~PJ L~PJ~U1~l~PJ~nLuu ~PJFiI?lL~UL~PJ~Ul~L~PJ~n LuuL~PJ~ln~i?ldj1 n~11

~:: L~~'YIl ~ uae L~PJ~tJ 'l::1~ Al ~ I?l{~PJ~~1 u~~I?ld ~11?11?l13-J~ PJnl'Y1UI?I~ PJ~

n-1J'YIm~ (Legal Metrology) lutJ'l::L'YlA1'Yl~LUUl~PJ~~r;]PJ~~~'l::~n~~11TtlmJ111?l"r

(Globalization) 1aJl~Lnl?l1utJ'l::L'YlA1'Yl~ LriPJ~d~10 tJ ~~lUmLYh~u lL~lnl?l~U. . .
L~PJ~ar~-r!fmtlfi 5 LLtl::-r!fmtlfi 6 3-J1LL~dl~unu

r;]PJ~~PJ~PJUFlruFlru~3-JAn ~ i'U'YlPJ~1"11 fi PJl?I'YlU81ULLtl::~d~ I?l'ld~• •
LLntYJI"11~1?I

L'YlFlTuTtl ~~ rrrs LtJ~ ~ ULLtJae PJ~ I?ltl PJI?ILdtll ~::~U'ii'l LUUr;]PJ~~ PJ~-ru

m'lltJ~~uLLtJ tl~~ Lnl?l~ULLtl::l~~uiL~3-Jl~3-JPJ~ I?ltlPJI?ILdtll ~L~~UL~~~'YI1~LUU

PJ~1~~~11'Y1U~~PJl~~d~::lUutJ'l::T~mrLLrlil'l1!fm'l~~l?ld~1I?1LLtl::~~~Fldl3-J~ul~
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nU~lU~e:JUbYl£JU

'l1e:J~tJliD~nl'i'Yll~m!;1 Fllla-J b~£J~~~ Fll'ibtJUe:J ~l~1 'i3

4
" v

~e:Jfh'YIUl1lbb!;1:;5(;1'ilb~e:Jb'YI~e:Jb~e:J~ll1llil'YI-rUr;la-JUl'YI~nbbUU,

5

m(;l'il (Specifications and Maximum Permissible errors

for Standard Weights)

bFl~e:J~~\I#UFllla-Jb~£J~ll1l!;1:;b~£Jl1lmn~e:Jlil'YI-runl'i~e:JubYl£JU

tJ~a-Jl(;l'i~1£J~5nl'i~~J'l'YI~n

'i:;uuI'YI!;1l1lb'li!;1 (Loadcell system) ~e:J\lbFl~e:J~~~hI5(;1Iu~~

I'YI!;1l1lb'li!;11UbFl~e:J~~\I~h~nmm:tn~ (Load Cells in Electronic

Weighing Instruments)

A~'Yl1 unl'i111lIil'YI-ru\llU~~ (;11\11111(;Ila-J~e:Jril'YIUI1l~ e:J~n.f.J'YIm £J

(Vocabulary in Measuring System for Legal Metrology)

6

7

8

9
" ,

~e:Jril'YIUl1lbb!;1:;5(;1'ilb~e:Jb'YI~e:Jb~e:J~ll1llil'YI-rUbFl~e:J\I(;Il~bbUUmml

~tmurnFl~U la-J'lfitl1lI!;1'Y1:;bbUU~ Fle:J~~I1l#U'YIm£Jm (;I'll bb~l1l~

tJ~m(;l'i (Specifications and Maximum Permissible errors

for Graduated Neck Type Volumetric Field Standards)

'YI~l£J~!;1JlU 7 'YI~1!'J (Definitions of the Base Units)

Fllla-Jb~~bb'i~I'!t~~l~ (Gravitational Acceleration)

Fllla-J'YIUlbb~Ue:Jlnlf01 (Air Density)
.t ~ .IO~
~UJlUnl'i'YIlm!;1m'Yll\lu{JU(;I (Determination of Mass in

d
Practice) (;Ie:JU'Yl1
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51

59
65

81

97

125
129
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~ ~ .IQ~Q
'WUjlUnTi'VIlm~bU'Yll\lu!JUI'l (Determination of Mass in

Practice) I'lElU~ 2

~ ~ .IQ ~
'WUjlUnT'j'VIlm~bWY1l\lU!JUI'l (Determination of Mass in

Practice) I'lElU~ 3
~ ~ .IQ ~
'WUjlUnT'j'Yllm~bWYll\lu!JUI'l (Determination of Mass in

. cl
Practice) I'lElWYl4

m3-JJl'VI,xnbbuuml'l"jlfiTv,-runl"jm"J~i;mul"'Fh-rU"iEl\lbFl~E1\1~\I,
1~51'lI u3Y&i (Verification standards for non-automatic weighing

175

30 Fhil,m3-Jbb~::;Fl"Jl3-JbtJU3-Jl'fJEI\I'VIli"J~m~(Definition and

Realisation of the Unit of Mass)

31 nl"jb~E1nI 'VI~l?lb'lJ~1",ffElI?lFl~E1\1nULFl~E1\1~\l1~5I'lIumi (Load

Cell Matching Non-automatic Weighing Instrument)

147 329

34115 153

16 161

357

17

instrument)

18 ~lFl"Jl3-J'VImbbliu'fJEI\lb'VI~"J1Ub'YlEl3-JVEl\lAPI degree (Gravity in 185

term of API number)
~ ~

19 Fl"Jl3-J'VIUlbbliU'fJEI\lUlbb~::;Fldl3-J'VIitl?lff3-JU"iruVEI\lUl(Water 209..
Density and Absolute Viscosity of Water)

20 I'll"jl\lU~mrubEl6~bbEl~nmlEl~ (International alcoholometric 219

tables)

21 llEl3;J~'fJEI\l3-Jll'l"jrI?lVEI\lb'VI~dYiFl"J"jmlU(Flowmeter Specifications) 227

22 bFl~E1\1~\ll~~\lb~E1nl"j~E1Vl~~E1ffl5l"jru::;II?l~I'l"j\l (Weighing 239

Instrument for direct sale to the public)

23 nl"jb~E1n bFl~E1\1~\I~b'YIm::;ff3-Jnu nl"jU"i"j~lluiOh~U'v\ EllU'VIli"J~ 251,~o ~

Ul'VIUn

24 "j::UU'Y]E1bb~::Flruff3-Ju""&i'fJEI\lr1E1~l~\llulu"j::uuml'l"jrl?l (Piping 269,
System and Properties of Pipe)

25 'I'll \Iblll uaemeu Eln bFl~E1\1~\lJl'VI,xmtl ~u&i'U"i"j'Yln Fl"J"jLtJUEI~l\l1 "j 289,
, , ~

26 bFl~E1\1~\I"jtl~u&i'U"i"j'YlnFl"J"ja:llii'lU"JU~U'VIm ~ml'l"jll'l"jd~-rU"iEl\l 293,
(n) br1lll?l~\lb'VIm::ff3-J

27 bFl~E1\1~\lnU1U-rU"iEl\l"jl~\llue..m nl"j'Yll?lffElU (Certification Report) 299

28 nl"j~\lJl'VI,xnfih:J€h~nmElil,mlbb~::nl"jU"j::mmm I'lElU~ 1 305

29 nl"j~\lJl'VI,xn(;)"J~~L~nmElil,mlbb!;l::;nl"jU"j::m!;lt:J!;l I'lElU~ 2 317

•



b~3.J.yh~1'.I11'\-1,'lb::b'YlF11'YlI'J'im5~\I,;rh'l1j;Jrlwt'j~lI'JEl~l\l1JEl\ll'Yll'JbEl\ltJl\l

1JEl\l~'\-I,tJl\l 1JEl\l~~\ltJl\l ~l\l-Jl bii'\-l,~::~nn'Vl~m 'Vl3.Jl::El~l\l1vmnl!lEl ~l\l~ '\-I,

'\-I,Elmnnitl'\-l,El~l\l'Vl~\l1 n~Ylrlj;J5j;J'nhJm,~'\-I,El'\-l,nlllm5~\lj;J'J\llj;J ~El~l\lYlrlj;J

5IilllrlwiibtJ'\-I,bFl~El\l~j;J1Jdl\lFldl3.Jb\!~C1!1'\-I,nllAltlll'J ~n~\lL~El\ll 'Yl1'J1J(u::~'\-I,rJ\I

hJ~ n fl'Vl3.Jll'JF1diJF13.JbL~El~l\llj;J LFlj;JFldl3.J~\ll'Jln1'\-I,b~El\lnll~Eltlll'J~ldLtJ~Eln':.J, ,

~ld~ll b~ll::btJ'\-I,m'VllltJl::~ll'\-1, ld 3.J~\Irrn Al1Jll'J ~'\-I,Al5'\-1,1 n b\!~C1!3.Jln~'\-I,~

nllAll::'Vl-Jl\I'Xdb~El\lbb~::rliJ~l\ltJl::b'YlF1 Q::~'\-I,~l::iJl'Yl~3.Jb~\!~l::\!~\!El3.Jbmi'l,
b~l El~-Xd~\I~~l::n~tJlll fl~\!::dl\ll:: bUl'JiJnll~\llild\ll j;J1JEl\ltJ1:: m F1~'\-I,1li'btJ'\-I,

'VlGln:lil'\-l,I'i'dl'J\ll'\-l,~\llild\llj;JbtJ'\-I,b~El\l1JEl\lnllAl1Jll'J~\llilmtJ'\-I,'Vl,zl~1JEl\lm::md\l..•
bmO}lilwn&~l'Jnll~\!::dl\ll::bUl'JiJl'\-1,L~El\ld b~l~l::l'Jl~1Fln~3.J'\-I,Iil~~\lbtJ'\-I,,
b~'\-I,liJ~-Jlnllm::md\lbn'\o}lill'V'll&~l'JnlllI'i'Fij;J~\!::lm53.Jllilllb3.Jlil~n b~EltJ~.F1.

2440 LL~l~btJ'\-I,t:Jmilb~\! ~fl3.Jl'i'\-l,tJ ~.F1. 2443 ~arl'JL~l~l::l'Jlb'YlLdF1,rd\l';

l11ilJ,rLtJ'\-I,L~'\-I,liJ~m::md\lbn'\o}lilll5nll ll'i'l'Jn~l\l~l::ll~UC1!rQ'm5Iilll~\lLL~::
!:i ~I &' c

'Yl::'\-I,l'\-l,l.F1. 119 (~.F1. 2444) °O\lLu'\-l,LfllLQ~l::nlllild\l1J'\-I,3.Jl~\!ll(ulL~ll::L'Vl~

-JltJl::L'YlF1~l'Jl3.J~~'\-I,Al~ld~\!::l'i'fl\llild\l~Ellild\l1.nl'JLtJ'\-I,~'\-I,Al5lFlru~u'Yl~bmh'l~ ..
rrria 'i'\-I,F1~\I~U~mb~'\-I,liJ~ll'i'tJl::~3.Jrl'\-l,Yl\!ll(ulbiiu-Jl b~fl\!::LLri1tlLb~dnFldl,
\!::Mld3.Jnll~\lbb~::nlllj;Jb~l11I'i'dl'J 1'\-I,nllYl\!ll(ulFl~\ldrll'\-l,L~l~l::l'JlElill'Jll~l

(M. Rolin Jacqumyns) ~tJ~n'\o}lll~nllLb~'\-I,~'\-I,rliJUll'J~b~~b·llflf~tJ~n'\o}ln{)'Vl3.Jll'J

ll'i'b~'\-I,fll'Vllm5L3.JIil~mL~::1I'i'bbri1tl~l\l~l::ll~UC1!C1!mlj;Jm\lbb~::~\Il.F1.119 ~Ul'Vl~

~l::iJl'Yl~3.Jb~\!~l::\!~\!fl3.Jbn~lb~lfl~-Xdm\lT tJlj;Jl li'~\lFI(U::nll3.Jnll~U'i '\-I,U, ..
~.F1. 2445 b~ElYl\!llruT:htJl::b'YlF11 'YlI'JFldl\!::hh5~\llild\llj;Jlj;JbtJ'\-I,3.Jllill:ijl'\-l,..
b~l'JdrlU~\I\!::b'Vl3.Jl::~3.J F1ru::ml3.Jnll~m\lbb~\I~\I~'\-I,ll'i''Yillll'J\ll'\-l,''(J~bn~l'1

r:ml'JL~fltJ ~.F1. 2448 -JlFldllm5L3.JIil~n LL~m::~'\-I,~l\l~l::ll~UC1!rQ'm~\ln~ldn
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1a,J1(;)~t:J"nr\l~'lJltTLL(;)mh\ll~ L~El\lTJ:;J'~1tlEinFl",jl,)'r'Iit\l'iJU(i\l V(I'1.2452 m:;m')\I

Ln~"l".l15m",j~\llu?Jru:;~UL~1't'l",j:;Ell,)\l1'11Utl",j:;~uLh~Ul'IJ~LUUL~Ul'IJ~m:;m')\1,
Myhm",j~~~Eln'IJfil'un-8'\I"l')\J1~",j:;i'I':h\ltl",j:;L'YlI'1L~El?JElLtllLUU~3-J1~n 't'lfEl3-Jnu

~unM'Yil'r'1,zI1~Elml'1.J'UI1Fl3-J'Yl~'t'l",j:;'lJ1'Yl~3-JL~'iJ't'l",j:;3-Jl1nf1Lnf11L~lEl~~,) -hL{;U~ ~~ ~
Fl')",j~tl",j:;L'YlI'1~EJ13-J'iJ:;Ltll~,)3-J«C!!C!!1~ln~-8'l1mI11~1U15L3-JI?l~nluu 't'l.I'1. 24521 U

UL~mnu 'lunl';jit't'l",j:;'I.J1'Yl~3-JL~'iJ't'l",j:;3-Jl1nf1Lnf11L~lEl~~')ml1't'l",j:;mrulLtl",j~Lnf1l"1,':.J CU 'I

'l,rL~Ul'IJ~m:;m,)I13-J'r'Il~1'YlEl WU1'IJ~n",j:;m,)I1't'l",j:;Fl~\lLL~:;L~Ul'IJ~m:;m,)\1

UFl",j'IJ1~tl",j:;TJ3-Jtl~n~1 nu 'YilFl,)l3-J L{;u1 UL~Ell1itEinFlfl1'r'1it\l ~tl",j:;TJ3-J'Yl~m f1l "1, , ..
mlEl",jlEl\llUFl,)l3-JL{;UL~El 't'l.I'1. 2454 -htl",j:;L'Yl1'11'Ylm",jlFl')",jLtllLUU~3-J1~m~El-r'IJ

LEl115L3-JI?l~n3-Jl'ltT -#\litL~ El1,r",j:;'IJ'IJ.&I1(;1,)\l1~t!El\ltl",j:;L'YlI'1~El~Flf1ElI1I?lElI1nun'IJ

tl",j:;L'YlI'1ElU1",jEl:; -#11'r'1~lEl",j') 3-J-#11~m't'l rrrs ~~~ElF1l?Jl Elt!ElI1.IJ3'1mFlLL~:;?JEl\IL~n

LL~::1(;)ml1-W'iJl",j(ln L{;UTJEl'IJrK')El m:;m') \ILn~(;1",j15m",j 'l U~~ El~3-JL~'iJ't'l",j:;L~l~

Ell LBEln",j3-J'r'I~')\J'nTJ~~ ~ L",jn q 'Yl~LUUL~U 1'IJ~ n",j:;m,)\I~111(;)LL~11Fl,)l3-J~lU111ileTl1

-r~'I.J1~~~I1Ll'1m~El?JmtllLUWll~~3-Jl~nm!>«C!!C!!lL3-J(;1~n (The International Metric

Convention) ~I1LUU'r'I-.i,)ElI11U~~nnEl~\IrK,)EJFl,)13-J~,)3-J~El?JElI117tl",j:;L'Yll'1nEl~I1L~El

Fl.I'1. 1875 (wfEl3-Jn'IJ:ij~~\I'r'I-.i,)EJI11U",jElI1~I13-J1L~Eltl~'IJ~l1luEin 3 'r'I-.i,)EJl1lu1rKLLn

General Conference on Weights and Measures; (CGPM), Flru:;m",j3-Jm",j~11

(;1,)111~",j:;i'I':hl1tl",j:;L'Yl1'1(International Committee on Weights and Measures;

CIPM) LL~:;fil,znI11U.&I1(;1,)111~",j:;'r'I~1I1tl",j:;L'Yl1'1 (Bureau International des

Poids et Measures; BIPM) ) ~tl",j:;L'YlI'1~~I1LI'1~ tl",j:;L'Yl1'11'YlEJ1rKLtllLUUm~

~3-Jl~nElU«ru nn L3-J(;1~nLL~:;-r'IJLEl115 L3-J(;1~n3-JlLUU'r'I~ n m",j-8'11(;1,)111~t!Ell1tl",j:; L'Yl1'1, ~~
L~El 't'l.I'1. 2455 (Fl.I'1. 1912) LUU~U3-Jl'iJu(i\l 't'l.I'1. 2543 L~EJfil,zn-8'\I(;1,)\I1~

m 3-J'Yl:;L-UElurrrs F1l m:;m,)I1't'llruTJflLUU~ ~1111'IJtl",j:;3-J1rutl",j:;~lU L~El~l EJFh
~3-Jl~ntl",j:;~ltJ1,rn'IJ BIPM

"W'J::117rlfl;.JU%vW'J::'J7:J.17iJl1#if'T5flU m;.J'Y/T}~'jT;J{j W'J::;.JJn El Lmf7L,)7, ,-:.I

fJym mJW'J::'J7'lf(jh~'{-h W'J::'J7'lffJ7nnimflm;.J 'lUL-;und'cXJ ZaJiJ?S.j.,(jrJJ?liIL UU

fl;.J7UJU dJf77'Y/UliIL UULt 1111:J.17li1'J7Lto::UfJlfJlmLUUn£j'Y/;.J7El fl;.JRJ'Jv::iJ?SLiu ~
, d'd'rurnunu

flitJ ?S.j.,mJ?liI'lIflJU'J::Lnf'Tflm;.Jtiu FlJ'JflU [o;.Jli/7;.J?SLt 'Y/'m 7U 7,
U'J:: Lnns» W;;V:: fl;.J{711F1J7;.JU'J::flJR177El'lU W'J::'J7'lffl7 nnim "o::?SL;.JliI~nuu,
u'J7n{Ji7 M1'litfu ZwmOLuf,

~11~'t'l",j:;m3-J",jlTJLEll1m",j{;h-r~Li'I-a,mnf1l"1 kl1~l 15-8'11(;1,)111~?JEll1tl",j:;L'Yl1'1

~EJ13-J~ u1 ,rLUU15L3-J(;1~n n'IJ1,r",j,)3-J~lmU 'r'I-.i,)EJ~LUUtl",j:;L't'l&'I.J1I1El ~111~111rK

i7l~LLtl~\I Ltll 'r'I115L3-J(;1~n~ULLf1,)L~3-J~'\.t-8'')m ~~~lLUUeTl1'iJ:;~ElI1 H L~Eltl",j:;~'t'l

Fl,)l3-Jtl",j:;~\1At! El11.IJ3'1tl",j:;L'1'11'1"

't'l",j:;",jlTJ-Ururu~3-Jl(;1",j1-8'11(;1,)111~'t'l",j:;'t'l'YlBFfn",jlTJ 2466 ~t:J~-UI1~'lJ1tf3-Jl~~ ,~ ,
~I1LL~1WYi 17 5U,)lFl3-J 2466 L~EJ3-JEl'IJ'r'I3-J1EJ1,rL~Ul'IJ~m:;m,)\I't'llruTJflLUU

L~l 'r'IU 1 ~ :ij~ m",j-#l1tl')\I (;1l3-J't'l",j:;",jlTJ-UC!!~~it ~ El3-JlmEJ'r'I~11~1rK~tl",j:;ml'1

't'l",j:;m3-J",jlTJLEll1m",j ~l1m3-J'Yl:;L-UElUm",jF1l~ul um:;m,)I1't'llruTJflL~El1U~ 16

3-JmlFl3-J 2466 LLf1,) 'luu5~mL~El1U~ 13 nUEJ1ElU 't'l'YlBFfnnZI 2467 ~I1M~,
m",jtl",j:;ml'1n!lL~Ul'IJ~ElEln(;113-JFl,)13-J1U't'l",j:;",jlTJ-uC!!C!!~m(;1",j1-8'11(;1,)111~w.l'1. 2466

~ULUU\l-U'IJLL",jn L~EJ1rKril'r'1U~ 1,r:ij~~\lfil,zn\llun~l\1~u1 un ",j:;m')\I't'll ruTJfl

LL~:;1,r El~1 UFl')l3-J-U11Fl'IJ-UruTJl?JEl11El5'IJ~ m 3-J'1'1:;L-UEJUnl",jF1l m",j'IJ~'r'Il",j\llU.. ~
-8'111?l,)\l1~~I1«\In ~El~1 Um3-J'Yl:;L-UEJUm",jF1lm~11 LL(;)~ULUU~U3-Jl

~ El3-JlL~ El~11am Lt:JElLL't'l~'t'll ruTJfl LL~:;m:;m,)I1't'll ruTJfl~UfHElul1l U

-8'11(;1,)111~3-J1~Un'IJ~mLt:JEJLL't'l~'t'llruTJflL~El 't'l.I'1. 2463 LLf1,)~111rK~'t'l",j:;'l.J",j3-J

",jlTJLEl11nl",jtl",j:; m1'11,r (;1",jl't'l",j:;",jlTJ-UC!!~~ 3-Jl(;1",j1-8'\I(;1,)111~~u1tfLUUFlf\l LL",jn L~ El

.(1)11'lfll'lmJlYl::LU£JUnl'lFll ~uu~yhl'11YL-cttl~'luttlnlfll'1~1£J1uflcntlmmJlYl::LU£JUnl'lFll

astrsau 55 tI. 16 Jlmll'1Jl 2522

•



LLt;)m::~'\.l,1.J1\11'\.l,"ilEl\ll'\.l,fi1r;ln~l'J[i\lm"i,J\lAUhr~"i::"il~,JClJ~~~lln"il

i\lIn'J\l1j;]'"h1r;l~m"i~In"i::El::m"i,J\lAUhrmJnhJ5n 5 tJ,Jl\l'VI~El 10 tJul\l-#\ld'fi

L~ ElL1''\.l,~'J\I"i:: El::L'J~l r;l\ln ~l'J L~Elrh Fl'Jl ~ L~l1'iJ In~ ElIn'iJ'\.l,L~~~ ~fl \IF1Jl ~ f

Fm~L~lhnU'lh::~l~'\.l,nEl'\.l,

~ "i::"il~,J ClJ~~ ~l In''il~\I 1n'J\l1In~'lh:: m Fl1;t '\.l,Flf\lLL"inihr;lLtJ ~El'\.l,LLtJ~\I

tJ"i::L~&m"i~\lm\l11n~El\l Fl'\.l,1'YlEl~LFlElH~1nt;)Eln'\.l,~l LU'\.l,L'J~l~l'\.l,l'\.l, ~

U'YlL~~l::m~El,,!>ClJlln1'V11mBtJ"i::L~&lnl~~LFlEll~El~t;)El1tJ5n1~l~Elhl~~n{J'VI~lEl

5 m:: El::'VIit\lL1''\.l,L~ElLLt;)0~~Fl'Jl ~tJ "i::~\I rol~'iJ::1mBi\lm\l1~ 'VI~ElLFl~El\li\l
d d _ _ _Qd::"~ I ~ t.t ,QCLJQ

LFl"iEl\I1n'J\I LFl"iEl\l'J~ m ~~"i::"il~U ClJClJemIn\l~'\.l,nElun 'iJ::InEl\ltJ{)UInen ~ n{J'VIm El

1'I1~nr;lEl\l m~'Yl::LUEl'\.l,m"iAl~\I~,."rl~-rU ~~~ElU1'\.l,m"iU~'VIl"i1'I1Lu'\.l,1tJlnl~

Fl'Jl ~tJ"i::~\I rol~El\ln{J'VIm mil LU'\.l,r;lEl\I~U r;ll Liturn "i[In Elill '11rrsenu m:: LViEl'\.l,[i\l

Fl'Jl~L~El~fEl'\.l,~El\ltJ"i::~l~'\.l,r;l1ElmEl'VI~\I~1r;l:5'~~\I~l,rn\ll'\.l,n~l\l~lln"ili\lIn'J\I

1'~€'\.l,LL~'J1r;l-rU~arFl"i-rU~l"ilMl"i LL~::rhm"itJnElm~L:5'l'VI,rl~l 'I1~Fl'Jl ~f

\ll'\.l,i\lIn'J\l1~ ~\lLU'\.l,~El\llmJL~Ell 'I1'1'i'l'VI,rl~LU'\.l,~~ElU~lln"il '\.l,lElIn"i'J'iJ~lln"il

i\lIn'J\l1~ LL~::'\.l,lEl'Yl::LUEl'\.l,tJllu1i\ll'\.l,-#\ll'\.l,~l,rn\ll'\.l,n~l\lLL~::ElElntJllu1i\ll'\.l,1'\.l,

'Y1El\l~'\.l,t;)l\l1L~mL'\.l,::~liLL'iJ\ll'11tJ"i::~l~'\.l,L~l1'iJ1Bm"i~\lIn'J\l1~"n~n{J'VI~lEl~

ElEln~ll'V1;J ~\I"i'J~1tJ[i\lm"i:5'~~mLUU~lln"ili\lIn'J\l1~ m"i:5'~'I'i'lLEln~l"iLCJmL~~

LL'iJn~lEltJ"i::~l~'\.l,l '11~Fl'Jl~fFm~ L~ll'iJ

1'\.l,"i::El::~ '\.l,L:5'l'VI,rl~'iJ::r;lEl\lL~'\.l,'Y1l\I"iEl'\.l,LL"i~ElEln1tJLL'\.l,::~l~ LL'iJ\ILLn

vJElAl tJ"i::~l~'\.l, 'Yln'Y1El\l~~'JtJ"i::L'YlFl1'YlEl ,ru ..h 1r;l-rUFl'Jl ~ ~lUl n n'\.l,ill~,rEl El,
L,:{El\l'iJlnUl'\.l,L31El\IeJ\l1;JL'iJ~ru m"iFl~'\.l, lFl ~fi1;J~::In'Jn L'VI31El'\.l,l'\.l,U'iJ'iJ,J'\.l,m"i~ ,
tJ"i::~lil~~'\.l,Lrnm::'I'i'l1r;lEJlnr;lEl\ll~~~tJ"i::mFllnl~~l'\.l,~~'\.l,~~'\.l,~-Jlm"iei'lLJlEl, ,
LL~::lnl~1~ L~"il::1'YlElm::'iJlm~El\lfieJ\l1;J~LL~~'VI~lEl,

~'\.l,~~'\.l,1~'\.l,l LU'\.l,1~\ll'\.l, L~'\.l,'Jl aan fil'11LYiEluL~l'VIl1BL~In~nlnl~~ri'l'VI'\.l,~

1n '\.l,51n"ilLYiElUn{J'VI~lEl

UClJ'VIl~~l AClJn Fi Eln{J'VIm mJ\I AU1~LL~'J LLt;)LFl~El\li\l LFl~El\lIn'J\I

LFl~El\l1~ ~~nr;lEl\llnl~n{J'VImEleJ\l1;JLL~~'VI~lEl~ln,rn L,:{El\l'iJlmFl~El\li\lIn'J\l1~

~CJ~ln1r;l mEl1 '\.l,tJ"i::L'YlFl~L~~l::LFl~El\lIn'J\l1.J1\1~it~L~'\.l, il~'VI~'J\I (20 ~In"i)

'Yl::'\.l,l'\.l,(1 ~In"i) LL~::LFl~El\l1~Fl'Jl~EJl'J1.J1\1~it~L~'\.l,1~'Jl 1~L~In"i Lrh~'\.l, ~'J'\.l,

LFl~El\li\leJ\l1;J~m~CJ~In€wiil'VIlilElL~Elr;lEl\lk\lL~l~l'iJlnt;)l\ltJ"i::L'YlFlFlf\lLL"in~eJk\l~ ~
LF1~eJ\li\l~it~~ 3+(2) ~~~m~ru::LU'\.l,LLUui\l~'\.l,LLt;)A'\.l,i\lLU'\.l,L'VI~nLL~'Jt;)El~lfi~

~CJ~InLFl~El\li\l~'\.l,~'\.l,[~El1m~LLm~r;l~ LLtJ~\l1'I1~~n'\Yru::~nr;lEl\llnl ~ n{Jn"i::'Y1"i'J\I

~ri'l'VI'\.l,~ ~l'VI-rULFl~El\li\l~it~g'\.l, 1 eJ\lF1\1k\lL~lm'iJlnt;)l\ltJ"i::L'YlFl-#\I~'\.l,L~'\.l,

LFl~El\l~\I'YlEl\lLFl~El\li\lL~'fl"i~~ElEl LFl~El\l~\lEll LF1~El\li\l~~\lJ'l'VI,rnmn 1 ~l~

Inl~h\l~ h\l\ll'\.l,ElIn~l'VIn"i"i~ L~"il::eJ\l1;J~~CJ~In~'\.l, ~l'VI-rUnl"iAl~lEJLL~n, ~
LtJ~El'\.l,~'\.l,Al~El\ltJ"i::~l~'\.l,~'J1tJeJ\lFl\lLU'\.l,1tJlnl~tJ n ~ ~'J'\.l,l'VIq)LU'\.l,CJ~lnCJ~'Y1l\l

nl"iLm~In"i itEl~lmBIn'J\lLnElu-#\I~'\.l, ~'J'\.l,CJ~1~nlmB,ru,jl'\.l,'J'\.l,'VI~El~lm'VImn'\.l,

'iJ'\.l,L'J~l1r;l~'J\lL~ElmLnElU10 tJ tJ"i::~l~'\.l,L~ll'iJ1Bnl"ii\lIn'J\l1~lnl~

n{J'VImEln'\.l,LU'\.l,~'J'\.l,~lmL~'JLL~::~~k\l ~'I'i'l ~~lEl ~~El~LF1~El\li\lIn'J\l1~1r;lL~~
IU ••••• IU IU

~ElEll~rul,J In"i L~EltJ"i::nElU5"in'iJLU'\.l,m"i~,ru~'\.l,'\.l,m"i 1~LFl~eJ\I~\I1n'J\l1~~ El~ , ,
~~Fl'J"iLL~'J n"i~'Yl::LUEl'\.l,m"iAl~\l1r;lL~'\.l,Elm::m'J\I~l&~flr;llLit'\.l,m"iElEln

tJ"i::mFl~"i::"il'flm]'l~~nl ,J\lAu1mBmln"ili\lIn'J\l1~LL~::,jl'\.l,'J'\.l,'VIli'JElnu
". ,dIU d d_ __0 Q.I

LFl"iEl\ltl\l LFl"iEl\lIn'J\I LF1"iEl\l'J~ Inl~~"i::"iltlUruruln ~"i::~'Yl5Flml~ 2466

€'\.l,LU'\.l,Flf\lLL"in1'\.l,L~lnn"i\lL'Y1~"1~ru'Y1~"il~U~ ~~ru~~tJ"il~~U~ L~El1'\.l,~ 27, , ,
~'\.l,lFl~ ~.Fl. 2475 LL~::mEl'VI~\lt;)Elmfi1r;l~EllEJL~lnnl"i,J\lAUHn{J'VI~lEl[~El

ElElnLU'\.l,~"i::"il~n(]'\Y~nl~n'VI~lElFl"il'Jr;l'JEln'\.l,'iJ'\.l,Fl"iU'Yln:5'\I'VI1~~'J"il~Ellrul:5'n"i,
L~El1'\.l,~3 mn{JlFl~ ~.Fl. 2479 "i'J~LJ~l~m~'Yl::LUEl'\.l,nl"iAl1r;lr;llLit'\.l,nl"i

LCJElLL~~nl"iLtJ~El'\.l,LLtJ~\l1Bnl"ii\lm\l1~lnl~tJ"i::L~&~1~n'\.l,El~lnl~tJ"i::L~&'Y1El\l~'\.l,
~l'VI-rU'Y1l\lr;ll'\.l,~'JmlMl"it;)l\l1 n1r;l~ElF1Jl~~'J~31Ell'V11mBi\lm\l1~

1'11~nr;lEl\lm~n{J'VI~lElL~mU'\-I,nl"i~n~ltJ"i::tlltl'\.l,ML~l1'iJLL~::tJllu1ilnl~r;l1El L~'\.l,

m"iL~Eln'VIU'JElF1Jl~Ell'J~El\l'Y1l\l"if)1~ f)'\.l,'\.l,'VI'\.l,'Y1l\l~Fl~El\lt;)l\l1 L~ElnLU'\.l,

,jlm'\.l,n[~L~In"i 'VI~Ell'\.l,m"iElEln[~'\.l,~~ ~'\.l,~eJ\IFl\l1~~lln"iltJ"i::L~ &~l'VI-rU

•



~1\l1 'l143-n'lmBl'll~V'l"i::"il~trf!JrY'&i~ll'l"il~\lm\ll(;1 LL~::LI'l~El~nl"iU1'V11"i\llU

El~LUUL'J~l~\I 13 tJLA'tY

L~El1r;i'ihb::nlAV'l"i::"il~nq'tY~nltr\l~u1in{]'VI~lEli\lm\l1(;1LL~'J~u1u

tJL~EJ1tlUmr;i':ij(;1~\I "'lltn \I1UfnTJl ~11'l"ili\lI'l'J\l1(;1;U1 urn Fl1r;i'rlElU~:5'\I'VI1(;1fl\lTJ~1

L~El1U~ 29 ~n"ilFl3-l V'l.A. 2479 LL~d\l;u~n'Vllt\ltJ~\l1r;i':ij(;1~\l"'lltn\llUfllTJl,
~11'l"ili\lI'l'J\l1(;1;WY11\1il1FlL'VIUEl~:5'\I'VI1(;1~lth\l L~El1U~ 11 n~Il1~U5,
V'l.A. 2480 a'JWllFlI'l::lUElElmUEl\lL'VIUEl1r;i':ij(;1~\I;U~:5'\I'VI1(;1ElU~"i1~51U L~El1U,
~ 10 ~(lU1ElU 2482 -#\ldLviEl~'JElFl'JUFl3-lnl"iU1'V11"i\llUi\lI'l'J\l1(;11ua'JWl~Il1Fl, , ..
'l14L~ElUfElEl "'1 'VIfu 1ua'Jun ~1\l fi1r;i':5'(;1nl"itlfUtl"i\l\llUL~~eJ l'l"ilril~\I L:5'l'V1,zl~,
ff\l LLUU~ll'l"il LFl~El\li\l LFl~El\lm\l LFl~El\ll(;1 LL~::LFl~El\l~mFl~El\l'l i"'l'V1fu

m "itl~tr&i \11Will n ~l\1tl "i::LYIA114LYlEl\lV'lEluri Fl'Jl3-llii'lLUU

"'l'V1fU nl"i:5' (;1~\I ~lltn \llUfll'IJl ~11'l"il~\lI'l'J\l1 (;11ua'Ju.IJ ~ Il1 Fl1r;i'L1U

"i::El::1tl'VI~1 EltJ m~Y1::LU ElUnl"i Fll~\l1r;i' ~1 Lit.Unl"i:5' (;1~\I "'lltn \llUfllTJl m I'l"il

~\l1'l'J\l1 (;1L~~;U~ n~FiEl:5'\l'VI1(;1El(;1"i51U:5'\I'VI1(;1UFl"i"i1~~~1 :5'\I'VI1(;1UFl"itll\i~, ~

(3) tl"i::nlA'lJEl\lFlru::tl~l&i Qtru~ 171 ~\llU~ 30 ~~U1ElU

V'lYl5An"il~ 2515 LLmTJL~~ L&i3-1L~El'JtlUL~El\lTJEl\l~UFll'~UvlEl T(;1m~ 3-1L&i3-1,
f'i'1~ltl(;1Fl'J13-1TJEl\lI'hl1"~UFll'~UvlEl" LL~:: "U"i"i~" L~3-IL&i3-lellUl~TJEl\lfl\i~UI'l~, M

'l14i1ell U1~nl'V1U(;11Bnl"i:§ElTJl El~UFll nl'V1U(;11Bnl"iLLfl(;1\1tl1mruTJ El\l~U~l

liuvl ElLL~::nl'V1U(;1TJU1(;1nl"iU"i"i~TJ El\l~UFllliu14 El "i'J3-I-#\lnl'V1U(;1ellU1~'VI,z1~,
TJEl\lL:5'lV'lltn \I1u'l Unl"iFl'JU~3-I~U~lliuvlEl LL~::nl'V1U(;1TY1'tY~~1~Un{]'VI3-I1El1U

L~El\lL~EJ1nU~UFllliuvlEl~nr;i''JEl

(4) V'l"i::"il~trf!JrY'&iml'l"il~\lI'l'J\l1(;1 (Qtru~ 4) V'l.A. 2526 LLmTJ

T(;1Elnl"iL~ 3-1TY1'tYLLrl~n"i::'Yh Fl'Jl ~ ~ (;1'l UL~El\lLFl~El\l~\I LFl~El\lI'l'J\I LL~::LFl~El\ll (;1

"i'J~-#\lnl"im::'YhFl'Jl3-1~(;1 'l UL~El\l~UFllliuvlEl 'l14~\I;U

. ~
a'Jun{] m::m'J\lYi ElEln I'll ~ n{]'VI~1 Ellt U il"il n{]111r;i'i1 nl"iEl Elntr\l ~u

'li"i'J3-I-#\I~U 8 Qtru r;i''JEltlU

'l U1U~ 16 3-ImlFl~ tJ V'l.A. 2538 nEl\l~\lI'l'J\l1(;1 m3-lYl::LUElUnl"iFll

'l um3-lTJEl\ltl"i::LYIA1r;lflarFl"iL~lLUUfl3-l11jntlU OIML (International Organization

of Legal Metrology) tl"i::L.nYlflm1jnfl~Y1U (Corresponding Member)

~\l LUUEl\l1"lm~1r;i'fu Fl'Jl3-1Ul L~El~ El'l Ur;i'lU\llU~\lI'l'J\l1(;1 'l uL1j\lV'l1&~6 (Legal

Metrology) LUUEl~l\1~\I ~U~\ln"i::~\lu~~tru

nEl\l~\lm\ll(;1 n"i3-lYl::LUElUnl"iFll m::m'J\lV'l1&~6 1r;i'LflUEl~1\1

V'l"i::"il~trruru&i~\lm\ll(;1 V'l.A.... ~Elfl\iflIl1LLvI\ltl"i::LYIALviEl~~l"irul LL~dl\l
~ ~ M

V'l"i::"il~tr ruru&i~\I n ~1'J1r;i'~1 un 1"i~~l"irul ~tl"i::~3-I LLvi \Iflll1-#\I aa \IFiElsrn eJLLY1U
•••••• " IIU

"il'tYf1"iLL~::'J~flll1 T(;1Eli13-1&iL.;1U~ElU~l\1~\ln~1'JL~El1UAn{~ 26 n~il1~U5
':J 'I , "

V'l.A. 2542 1111~~11'l"il 175 (3) TJEl\lfJ5"i"i3-l\lif!JLLvI\I"il~mrul:5'm1Y1El LL~::1r;i'1-bl

;Utl~ m ~1 ":1 ml ElLviElV'l"i::3-1'VI1 n';1'l16m\l~\lV'l"i::tl"i~lil1uEl LL~::YJ";j\l~\I

V'l"i::t1"imil15EJL~El1U~ 7 L~'tY1ElU V'l.A. 2542 LL~::i1(:.J~tr\l~u'li'VI~\l~ln

tl"i::nlA'l UV'l"i::"il~n~nl Qtrunq'tY~nl L~~ 116 I'lElU~ 29n 1U~ 21 L3-I'tY1ElU

V'l.A. 2542 Luun~l 180 1U 11113-1Fl'J13-1'lUml'l"il 93 'lJEl\lfl\i5"i"i~UruLLvI\I"il!f...• .. ~
mrul:5'm1Y1El ~\I~::i1~.mtr\l~uH ~\lLL~lU~ 16 tlUEJ1ElU V'l.A. 2542 Luur;i'u1tl

:ij\l'VI1(;1!f~U~ :5'\l'VI1(;1UFl"iA~5"i"i~"il!f :5'\l'VI1(;1UFl"ifl'J"i"i1"l :5'\l'VI1(;1V'l"i::UFl"i-,
A~ElEl5Ell :5'\l'VI1(;1~'tYruIan :5'\l'VI1(;1!f3-lV'l"i:5'\l'VI1(;1fl"i::U~ :5'\l'VI1(;1fl"i1'tYf1{51U

" " " ".. ':J

LL~:::5'\l'VI1(;1TJElULLrlU "i'J~ "'lltn\llUfll'tJ1~\lI'l'J\ll (;1'l ua'Ju.IJ ~1l1 Fl~1r;i'~\l;ULL~'J

rlElU'VI,zld 3 LLvI\l"i'J3-1tlULU U-#\l 'VI3-1(;115 LLvI\lr;i''JEltlU

'VI~\l~ln1r;i'I11"ilV'l"i::"il~trruru&i3-l11'l"il~\lI'l'J\l1(;1 V'l"i::V'lYl5An"il~ 2466~~ ,
1m::El::L'J~1~El3-l1 1r;i'i1nl"iLLmTJ Lvi3-1L&i3-IV'l"i::"il~tr f!JrY'&i~1 ml~\lI'l'J\ll (;1

V'l"i::V'lYl5An"il!f 2466 ~m'J~ 4 Flf\lr;i''JEltlU m3-lV'l"i::"il~trf!JrY'&iLLmTJLvi3-lL&i3-1,
~ '1tlJ'(;1\lI11ElU

. . .
L~3-IL&i3-1LnEJ1tlUL~El\lf'i'llii'ltl(;1Fl'Jl3-1TJEl\llii'lU 'JU'VIU'JEl

(2) V'l"i::"il~trf!JrY'&i3-l1111"iltY\lI'l'J\l1(;1LLmTJLvi~L&i3-1V'l.A. 2477 LLmTJ

Lvi3-1L&i3-1L~El'JtlU L~El\lnl"i 'l iL~U~UUULLrl ~:5'u ~1-bl:5'U 'VI~El1-blFl'Jl~m LL:5'\l~ El

•



\ll'\'j,r;ll'l,!'~\lI;rN-)(;J~1JLtlU\Il'\.l.~Ltlu~wnULL~::~lnlijlWZlEl\lm~.w(;),JUl..• ..•
LA~'I!I-j nlil LL~::«\I Fl3-J\llU 'YIit\l~1~El1lil3-JEl\l~l3-J1tJ1r;l LitEl\llill n'YIl ntJ~:: L'YlA1(;J~ il

~::1J1J\11U~\I 1>11\1-)(;JhiL~3-JLL~\ILL~'J n Ltlum ~ rn n ~tJ~:: L'YlA~ U~l3-Jl~t1 ~n'l!l-l ~ a

tJ~:: TtJn.J?J El\ltJ~::L 'YlAl'luLEl\l1(;Jl UL'JYi n1~ ~l?Jl tJLL~::ElI'l ~1'Y1n~~3-J?JEl\lT~ n,
I'l~El (;JlilUn1~dl tJ'YlEl(;JL'YlFlTuT~ ~ ~\I LL'J(;J~El3-J \llUr;llUn1~LL~'Yl er~1 fjl~ru::~?J,
LtlUIflU ~\ll U UlillilUUeJ ~fil'l f1u~11 urn FlElI'l~l'Y1m~3-J L~3-J1r;l~~m::'Ylml n rrn, .. ,
ii(;Jnu 'Yl1\1rrn~11 u~tJ LL1J1JtlEl\I r;lEl\l LtI u1 tl 1'l13-J~Elfil'Y1U(;J1>113-JISO 3-Jln~u

~\I\llU~\lI'l'J\I-)(;JnLtluL~El\l'YIit\ll U~El nl'Y1U(;J~\I n ~1'J r;l'JmtfUnU

~'J-ab~eJnt.i'\1r;)'J\Hb'U'Ua..I1r;)-a1 (Prover Tank) eJti1\11-a
t~b 'Ha..I1~aa..ln'U\11'l.HHl'U b.yj V'U

LitEl\llill n1Un1~~El1J LYitJ1J3-Ill'l~-) (;J~hr~l'Y1~1J nl~~mn tJhH1 lil:: LtI U

3-I11'l~'J(;J(meters) ~El ~tJ~:::iil'yh LYitJmtl~l'Y1~1J~l tJ~fiI'lJlru.,rtJTI'l~L~tJ3-J'Yl1\1~ n
d _0_ ~_J" CIo do

(Loading Rack) 'YI~El3-l11'l~'J(;J~1'Y1~1JtlltJUl3-JULn ElL~~\ll'll3-1~mU1J~n1~

~'J3-J~\l3-Jll'l~-)(;J~'J1tJ~\lil?JU 1(;JhJ1 m1!liluLnu1 il 'YI~Elil5I>1dlm~1 'YI~ (flowrate)

1~Lnu 3,000 fil'l~/'\.!.1Yi n1~L~Elnl'll(]\lm\lLL1J1J3-Jll'l~l (Prover Tanks) LtlU

LL1J1J3-Ill'l~l~\I LtlUL~El\l~U Trllill'lru13-11 n~~(;J ~\litl~11lil::LtlUn1~Yllill~rul,
r;lU 'YlUtl El\ILL1J1J3-I11'l~1 'YI~ElFl'Jl3-JLL~Uf11L~ tJ\l1'l~\I?JEl\Im ~1'fl\llUr;]'J tJL'I1I'l~ ~~11, ,
L~11r;lYh rrn LtJ~ tJ1JLYitJ1Jlill n~::1J1J nl~-) (;J~ LtI ULL1J1J1(;Ju 1~ n~ (dynamic

measuring) LYitJ1Jn1Jm~-)(;JLL1J1JmLI'l~n~ (static measuring) ~'JuluLL~?JEl\l

n 1~~ (;Jm ~ LL~ ::~::1J1JFl'J1JFl3-Jm ~Yh \11U?JEl\I (]\l1'l 'J\ILL1J1J3-Jll'l~1 LEl\In1~'fl1J'fl ElULL~,

lU~.a:L~llil::hJ~\I~n~\l15m~lil(]\lI'l'J\lLL1J1J3-I11'l~11tJ1'li'\llUm~~El1JLYitJ1J

LL~lil::Yllill'lrul ~\I ?JU1 (;J?JEl\I(]\I 1'l'J\ILL1J1J3-I11'l~1,L«U~lU~Uer n~l\1 FlEl(]\I 1'11\1LL1J1J
~

3-I11'l'l1, ~U'YI3-I1tJ3-I11'l'l1 (Scale Plate), Fl'Jl3-Ji~n(Sensitivity), m'lYllill'lrul

~1 Fl'J13-1'Y1it(;J?JEl\IL'YI~'J~1 'li'n1J (]\lI'l'J\I LL1J1J3-111'l'l1 , 1>11LL'I1U\I ~ (;J~\I ~'J 1'l'l'Jlil-) (;J

~ru'YI.IJ~ (Temperature Sensor Placement)

'f)'U1IWlIeh'l,;l\lGl1\1LL\J\J3.I1G1'i1 (Capacity of Prover Tank)

Yl n(;JFl'Jl3-Jlil?JEl\I(]\I 1'l'J\ILL1J1J3-Ill'l'll L~ Ell'li'1 Unl~I'l'l'Jlil~El1J 1", Fil~mEl\l,
'l::1J1J3-I11'l~-)(;J?JEl\lL'l1~'J'YI~Ell'li'1 Un1~I'l'J\I LtJ~tJ1JLYitJ1Jn1JLFl~El\lI'l'J\I~l 'll\llUEl ~

r;lEl\l il?JU 1 (;JYln (;JFl'Jl3-1~ l",L'I1 3-Il::~3-I n1J 51'l'l1 L~ ElL'YI~ ElL~El?Jl (;JLL~::tJ~3-Jl ru

?JEl\lL'YI~'J~'Yl(;J~El1J3n~\I-)fl~~l'li'n1J?J El\IL'YI~'J~U 1 r;lEl\lhJ nEll"'Ln(;J5ul'l'l1 tJ~El

~tJ~U~\llU'YI~El~\I LL'J(;J~El3-1~l'Y1~1Jm'lLFl~El1J hll1tJ 1ULFl~El\lI'l'J\I LL1J1J3-Jll>1dl

•



EIl'ilm::'Yh1rKbbr;lI11E1\lm::'Yhl11';lEJl15~b'YI:ln::i;1a.Jn'Un1'i1~\llUi;11'ibFl~E1'U~'J(lining

material) 111E1\lhJ'Yht.J.nn~l:J1nmlEl\lb'YI~'J~1~\llU 1Un1'ib~!'JmFl~fl\l(;l'J\lbb'U'U

m (;l'il~1 ~\llUfll'il'il::~ Elus n bb!'J::~fl(;lla.J~n I11Fl'Jla.J'il~fl\lbFl~fl\lsncuuu a.Jl(;l'il,
l11\ln~1'J1I11btJu1tJ(;l1a.J(;l1'il\l~1

Fi'Tfu'JfJ\I an miffltl1:JJ7 ffI'J'tliJ\! L'11w;n';:u fir;t7ff1,.,,}7 :J.Jv'tliJ\!t7\1en« U UU an ffI'J7mfJ\I if•
eJffI'J7djm'l1RmfifJ'tl7ff1if""7laJdlu ± 1/5 Lrh'tliJ\!eJffI'J7LfifJLYfRmfifJ'tl7ff1'tlfJ\l:J.J7ff1'J

iffltl1:J.J7ff1'J'tlfJ\lL'I1o'}iitl1:J.J7ff1'JnffliJfJU'I15fJtl1:J.J7m'!1fJ\lmffl'}\liimfJ\lnl'JnffliJfJuJu "

bbr;l~\ldtJ~m(;l'i~YlI11i;1fl'U~Ul11fl\l~Fhmnn11tJ~m(;l'il1:fl!'J~i;1(;l~-r1111111(Minimum,
Measured Quantity of Measuring System) bbr;lfl~1\lhnma.Jb'ilE1l'ilb~fln1'11

, ,

5\l(;l'J\lbb'U'Um(;l'il~~15(;l'ilb~m'YI~m~fl~1(;ll1:fl!'Jn11 ±1/5 b'Yh b~U ~~lb'Yhn'U

±1 11 0 b'Yh~fl\l5(;l'il b~fl b'YI~flb~flm(;l'/JEI\l~l(;l'i-r(;ltJ~m(;l'i~E1\lb'YI~'J~tJ~~l(;l'i

YlI11i;1fl'U'YI~fl tJ~m(;l'i'/Jfl\l5\lm\l~I11E1\ln1'iYl(;li;1fl'Unma.Jl'iClm::'Yh1I11bbr;lfl~1\l1'i

n(;lla.Jnl11fl\lAl't:t\l[i\l ~11~~1!'J~bnl11~U8n~\ll11fl\l'i::~n11btJUn1'im::'YilbnUFl'Jla.J

~lbtJU'YI~fl1~

1u'/Jru::b~!'Jdnu5\l(;l'J\lbb'U'Um(;l'il#U~\ln11 (secondary standard)

~\lHb~E1'Yiln1'ii;1E1'UbYi!'J'U5\lm\lbb'U'Um(;l'i1~1~\la.J1(working standard) I11fl\l~

5(;l'ilb~m'YI~m~fl'/J1(;l1~bnUn11 ±1/5 ~fl\l5(;l'ilb~m'YI~m~fl'/J1111~fl\l5\l(;l'J\lbb'U'U

a.Jl(;l'il (working standard)

(Nominal capacity; l)

Standard flasks 0.1 - 0.2 - 0.5

1 - 2 - 5 - 10

Standard test measures 5 - 10 - 20

Proving tanks 20 or more

~ d d a
UUFlmFl'ifl\l(;l'J\lbb'U'Um(;l'il~Ul(;lb~n (Standard test measures)

~1~ UJl1Fli;1Ula.J~~Ull11~nl11ril~\l 5 ~(;l'i, 10 ~(;l'i use 20 ~(;l'i Ill'Y1-r'U

bFl~fl\lm\lbb'U'Um(;l'il'/JU11111'Y1~(Proving tanks) ~H1UJl1Fli;1Ul~~~UlI11Vlnl11

ril~\l 50 ~(;l'i, 100 ~(;l'i, 200 ~(;l'i, 500 ~(;l'i, 1,000 ~(;l'i, 2,000 ~(;l'i,

3,000 ~(;l'i use 5,000 ~(;l'i I(;lmQ~1::bFl~fl\lm\l'/JU11111'Y1~~Ul(;l 5,000 ~(;l'i

btJUbFl~fl\l(;l'J\l~~'/Ju 11111'YIru~i;1(;lb'Yh~~ bb~::~fl~'il::'Yilnl'ibFl~flU~l!'J 11111111!'J~ ,
i;11a.Jl'iCl~I11~\l'UU'iCl'U'i'iYln'YI~fl'iCl~'J\l 11111Ubbm~\l bbr;lfl~1\l1'in (;l1a.JlU'U1\l,
tJ'i:: bYIA'YI~fl'Ul \l'YIU'J!'J\l1Ufll'il ~ m 'i a fl nuuu 5\l (;l'J\luuu a.Jl(;l'il~ bA'lYYi~~U 1111

VlnI11Fldla.J'ila.Jlnn11 5,000 ~(;l'i 1111!'J~(;l~\l'UmCl'U'i'iYln~U(;l~ln (Trailer), ,
1U~db~ flU fl\l n UFl'Jl a.J«'Ui;1Ub'il n'il::~ fl b~!'Jn~\l bFl~fl \l(;l'J\luuu a.Jl(;l'il~U 1111b~n

(Standard test measures) bb~::bFl~fl\l(;l'J\lbb'U'Ua.Jl(;l'il~Ul(;l1'Y1~ (Proving

tanks) 11 "5\lm\lbb'U'Um(;l'il"

111\ltf um 'i b~fl n1~'/Ju1 (;luae Fl'Jla.JbbaJUI:11'/Jfl\l5\lm\l uuu m (;l'il~\l~

Fl'Jla.J~1btJUbb~::lll Fi'C!! 1Un1'i~'ill'iru15 (;l'il b~flb'YI~Elb~fl'/Jll11~E1\lbFl~fl\l(;l'J\luuu

~1 (;l'il~\l ril'Y1U(;l1111 "'tlU 7ff1'!1fJ\lt7\1ff1,}\lU uuanffl'J7 ii7:dgh Vl'fuIJI'J,} viJfJU 'l'"

, , ,
u11flth\J 1 5\l(;l'J\lbb'U'Um(;l'il (working standard) Yi~5(;l'ilb~m'YI~m~fl'/J1(;l

b'Yhn'U ±0.1 % ~fl\l~nI11Fl'Jla.J'il I11fl\l1~5\l(;l'J\lbb'U'Ua.Jl(;l'il#Ui;1\ln11(secondary, ~
standard) b~m.hlml~i;1fl'UbYi!'J'U5\l(;l'J\lbb'U'Um(;l'il (working standard) ~

5(;l'ilb~flb'YI~flb~fl~1I11b'Yh1111

5\lm\lbb'U'U~1(;l'il~U~\ln11 (secondary standard) ~5(;l'ilb~m'YI~fl

d 1' QbeJfl'/Jll11a.Jbnu±1/5xO.1 % = ± 0.02%
~

'YIln5\lm\lbb'U'Ua.Jl(;l'il~Ui;1\ln11~'/Jml11~nl11mla.J'il (Capacity) 20 L~ ,. ,
l.l)~::~5(1l~lL~ElL'Y1~f)L~Eltll~LYllntJ ± 0.02% ~f)\J~n~Fldl~';ij~\liJ~lLvilntJ,
±4 ml

•



Laue.huAu~mn\lf'leJrr\lGl1\1LLtJtJ3-I1Gl";il (The neck diameter of Prover••
Tank)

b,tEl\J'iJ'ln1~j;]'j'J'l~ElU~'Jmj;]'jlj;]tJ~m[;mJEl\Jb'V1"n#'\.1,FI'J'l~b~El\J 0.5

~\J~5j;]'j'lb~m'V1~m~mnj;]b'Yhnu 0.3% 'l'ln~11 "'/J'\.1,'lj;]'/JEl\J()\Jj;]'J\Jbbuumj;]'jl

~1~ci'1'V1ruj;]'j'J'iJ~Elu1ri'Fhru'jEl\J~1j;]'jlj;]tJ~mj;]'j'/JEl\Jb'V1~'J,x'\.1,~Ylnj;]FI'J'l~'iJ'/JEl\J ,
()\lj;]'J\lbbUU~1j;]'jl];]El\l~5j;]'jlb~m'V1~m~El'/J'lj;]~~'llaJdl'\.1, ±1/5 brl'l'/Je:J\ltlj;]'jlb~e:J

b'V1~Elb~mJ'lj;]'/JEl\l~'lj;]'jlj;]tJ~~lj;]'j'/Je:J\lb'V1~'J~tJ~~'lj;]'j'Y1j;]~mJ'V1~e:JtJ~~lj;]'j'/JEl\l()\I
, lJ lJ I I

j;]'J\J.y;];]e:J\ln'l'j'Y1j;]~ElU,r'\.1," ~\I,r'\.1,tlj;]'jlb~Elb'V1~e:Jb~e:J'/Jlj;]'/Je:J\lt1\1j;]'J\lbbuumj;]'j'l

'/Jmj;]Ylnj;]FI'J'l~'iJ 20 ~j;]'j~~'lbrllnU,

b~'\.1,~l'\.1,fJ'\.1,~n~l\l aa t1\1j;]'J\lbbUUm j;]'j'l];]e:J\ln-J'l\lbY;El\l'l'le:J 1aJrie:J1ri'dlj;]

i1qJ'V1'l'/Je:J\ln'l'j~e:Jn'/JEl\l'/JEl\Jb'V1~'J'V1~e:Je:J'ln'lfi1(Vapor Lock) '/Jru:::1~'/JEl\lb'V1~'J~\l1tJ

'V1~Elcll El'IJEl\I b'V1~'JElEln~ml\1 ];]e:J\I~'/J'\.1,'l j;]bY;El\l'l'le:Jci''l'V1rUnl'j'Yl'lFl'J'l ~ ~:::El'lj;] uae
j;]'j'J'iJ~ElUm Ell '\.1,t1\Jj;]'J\Iuuu ~'lj;]'j'l1];] bb~'/Jru:::b~mn'\.1,'/J'\.1,'l j;]tJEl\Jaa t1\Jj;]'J\Juuu
m j;]'j'l n ];]e:J\I~'/J '\.1,'l j;] b~ n bY;El\l'l'le:J~El n'l'jl j;]tJ~~'l j;]'j];]'J ElFI'J'l ~ b~ El\I j;]'j\l j;]l ~

tlj;]'jl b~a b'V1~e:Jb~e:JtJ'lj;]~rl'l'V1 '\.1,j;]~ m~\I~ FI'Jl ~1'Jbb~:::j;]ElU~'\.1,El\l~Eln'l'jbtJ~El'\.1,bbtJ~\I

'lJe:J\ltJ~~1j;]'jtJe:J\lb'V1~'JmEl1'\.1,()\lm\Jbbuumj;]'j'l1];]'j'Jj;]b~'Jbb~:::~lEl~e:Jn'l'j~'l'\.1,~'l

tJ~mj;]'jmEl1 '\.1,()\lj;]'J\lbbUU~'lj;]'jl 1 '\.1,bd'/Je:J\ln'l'j~j;]~\I()\lj;]'J\lbbUu~'lj;]'j'll 'V11];]

'j:::~U nlii''lbU'\.1,];]El\11ri'FI'Jl~~'\.1,l'iJb~'\.1,n'\.1,b,te:J\I'llnm n FlElt1\11'V1'1ibll'\.1,ltJ];J~~ j;]'lJe:J\I

= ±0.06%±0.3%x(1/5)

±0.06%x200 ~j;]'j = ±120 ml.

tJ~~'lj;]'j ~ V = ~'\.1,~,rl~j;]FlEl()\lj;]'J\lbbuumj;]'jl x FI'J'l~~\I'/Je:J\lFle:J()\lj;]'J\I

bbUU~lj;]'j'l (~h)

I I d Co Co et Q ~ Q..I ad
n'l'jEl'l'\.1,FI'lb'\.1,e:J\I'iJ'lne:J'Y1Ei'l'l~'/Je:J\lFI'J'l~~'lj;]be:JEl\ltJEl\ln'l'jj;]j;]j;]\lCl\lj;]'J\lbbUU~'lj;]'jln~

];J~m n nl'l()\I j;]'J\IbbUUmj;]'j'l~~FlElt1\1'/J'\.1, 1 j;]b~n n1'l ~\I,x'\.1,e:J'l'l'I'le:Jfi''l'V1'\.1,j;]1];]11

"fDI ,}7a.JUiil nphlJ'll ElIJ'Jd(U'llfJIJ I YItnn 7 niUfDIEllfDI~ElIJ(fI ,}IJII UUa.J7 (fI'J7 ElchlJUEI tJi1 fJ(fI•. .
3 us: v::mEllJi1fDl'7I rhr7UfDI'7fJa.J'IJ'Jru'llEllJeJ(fI'J7ItJm Yf~ElltJmn(fl'llElIJc1v(fl,}lJll uu
a.J7(f1'J7i1Wr7WiU ']" n~'l~'l'jClm:::'Yl'll];]

bb~bUe:J\I'l'l n n'l'jrl'l'V1 '\.1,j;]tJ'\.1,'l j;]'/Je:J\Ib~'\.1,~'l'\.1,fJ'\.1,~n ~'l\l FIe:Jt1\Jj;]'J\I uuu

mj;]'j'lbU'\.1,b~El\J~~FI'Jl~~j;]Vl~'\.1,b~e:JFI'J'l~b'V1~'l:::~~nun'l'j1~\I'l'\.1,1'\.1,mFl~'\.1,'l~,
!il\l,x '\.1,b~'\.1,~'l'\.1,fJ'\.1,~n~l\l Fle:J()\I j;]'J\Iuuu ~'lj;]'j'l~ bU'\.1,n'l'je:Ja n uuuil n ~rt'J 1tJ,x '\.1,'I'lo

rh 'V1'\.1,j;]1ri'~tJ'\.1,'l j;]M1 '\.1,~'J\In-J'l\l~'J\lVlit\l !il\ld~ El

5mm. ~h 30mm .--<--<---
MPE. - MPE. - MPE.

~h 5mm. 5mm.
~V MPE. 120ml.

b~El 1 ml. = 1 cm3 = 1000 mm3

~
~\1,ru 120 ml. = 120x103 mm3

cl
b~e:J

~h

MPE.

5mm. ~h 30mm.
--<--<---
MPE. - MPE. - MPE.

FI'Jl~bbj;]n~'l\l'/JEl\l'j:::!ilutJEl\Jb'V1~'JmEl1'\.1,Fle:J()\lm\JbbUU~'lj;]'j'l (mm.). .
tlj;]'j'lb~mVl~m~El'IJ'lj;] (Maximum Permissible Errors)

rr02
~V=--x~

4

02= ~v xi
~h rt

02 = 120xl0
3

xi=30557.75
5 rr

D = 174.81 mm.

miJEh" 2 b~'\.1,~1'\.1,fi1'\.1,~n~'l\lmEl1'\.1,tJEl\lt1\1j;]'J\lbbuumj;]'j'l~~'IJ'\.1,'lj;]Ylnj;]FI'Jl~'l., ,
brl'lnU 200 ~j;]'jFl'J'j~'IJ'\.1,lj;] ? b~e:JHj;]'j'J'iJ~Elu!il'J~'lj;]'jlj;]tJ~mj;]'jtJEl\l bVlm#'\.1,

FI'J'l~b~El\l 0.5 ~\I~tlj;]'j'lb~m'V1~m~EltJ'lj;]brl'lnU 0.3% riEl'\.1,~n~j;]~\lb~'lnU

'j:::UUn'l'jlj;]tJ~mj;]'jtJe:J\lb'V1~'J

•



L~ll.~1ll.All.ermn\lm£Jlll.tJeJ\lFmcl\l[;rNLLUUJ.l1[Wn~ll.11i1-rlnIilFl11J.1'il
•• q

L'yhnu 200 ~[;1'}il'llll.lIi1Lrhnu 174.81 ~~~LJ.I(;I'}

VI~eJeJ1'il'il:;-rl'il1'}(ln 111LL~ll.LL~IiI\1#ll.VIJ.l1£JJ.l1[;1,}1~lV1-rU FIa cl\l [;Jd\lLLUU

J.l1[;1,}ltl'l1li1eJ~&llll.Ull. (top neck) &leJ\lLL~IiI\1-rln(;lFl11J.1'il·lmilcl\l[;Jd\lLLUUm[;1,}1
•• q

LL~:;LL~(;I\ltJ~mmeJ~lil,zeJ£J'il1n 5 [i\l 30 Lrl1tJeJ\leJ[;1,}lL~mVl~m~eJ'lI1Ii1tJeJ\I-rlnlil

FId1J.1'iltJeJ\lclilm\lLLUUJ.l1[;1,}lUll.LL~ll.LL~IiI\1#ll.VlJ.l1£JJ.l1[;1,}ln~lm'}(lm:;rh1&l
q

30mm.
MPE.

n02
!:!.V=--x!:!.h

4

02 = !:!.Vx~
!:!.h n

02 = 120xl0
3

x~
30 n

D = 71.36 mm

P11€lthoJ 3 clilmilLLUUm[;1'}ltJll.11i1-rlnIilFl11J.1'il 10 ~[;1'}hr[;1,}1'il~Elull1Fh-rU'}El\l
q

m[;1'}-rliltJ~m[;1,}'/JEl\lLVI~1#ll.F111 J.IL~£Jil 0.5 ~\lileJ[;1,}lL~mVl~m~El'/JlIiILrl1nU

0.3% lll.m&~eT\ll3J~n~IiI~\lL~l,}:;UUnl'}-rliltl~m[;1'} LL~ll.LL~IiI\1#ll.VlJ.l1£JJ.l1[;1,}1

tl'l1Ii1El~&llll.Ull.cl\lm\lLLUUJ.l1m1F11,}~lJ.11'}(lLL~liIil1&l~~~~~[;1'}

= 5092.96 ~ . .
r;l\l'ltll.eJ[;1,}lL~mVl~m~El'/J11i1'/JEl\lcl\lmilLLUUm[;1,}1'/Jll.1Ii1-rlnIilFl11J.1'il 10

q

~(;I'}il~lLrl1nU ±0.3%x(1/5) = ±0.06% VI~El ±0.06%x1 0 ~(;I'} = ±6 ml.

~ "ct 1"'" •. ~ ~bll.n '} ru ll. L,}1 IiIL~ll.C.J1ll.~ll.£J n ~1 il [11 £Ibll.'/JElil FIEln \I [;11\1LLUUJ.l1[;1,}1

tlll.1li1-rlnIilFl11J.1'ilLrl1nU 20 ~[;1'}iltJll.1Ii1Lrhnu 71.36 ~~~LJ.I[;1'} El1'il[iEl'hil
q

'/Jll.11i1L~n Lnll.1ilLL~:;El1'ilhJ LVIJ.l1:;~J.Inu rm ltT\I 1 ll.1 ll. 'Y11\1tJll'IT~~\I LtJll.VI,zl~'/JeJ\I

1A1 mVl~eJ ~-ru ~ IiItlElU~ ~eJ\IFl1Uil [i\ltr'il:5'£J ~l\1tl'}:;n ElU L~Wrm\l LVI~1ilvJeJ\Im n

Lnll.1 tJVI~eJ13J, -r~liIeJtJn'}ru~ileJ~~1V1-ru:5'liIrhcl\l[;11\1LLUUm[;1,}1, F111J.1~:;1iI1n
q q ••

'/JeJ\Inl,}~1ll.~lU~L1ruFl eJcl\l [;11\ILLUUJ.l1[;1,}1, F111J.111 ~eJnl'}[;1eJU~ll.El\l ~eJrrn

Ltl~£Jll.LLtl~\ltl~J.l1[;1,}'/JElilLVI~1m£Jlll.cl\lm\lLLUUm(;l,}1 LtJll.~ll. Ans.

. .
~lLrl1nU 12 Lrl1tleJ\leJ[;1,}lL~mVl~m~eJtl11i1'/JeJil-rlnIilFl11J.1'il'/JElilclil[;11ilLLUUm[;1,}1

q~ .
LL~ll.LL~liIil~ll.VlJ.l1£JJ.l1[;1,}1~lV1-rUFlmFl~eJil[;11ilLLUUJ.l1[;1,}leJ~&llll.Ull. (top neck)

~eJilLL~liIil-rlnIilFl11J.1'il'/JeJilclil(;l1ilLLUUm[;1,}lLL~:;LWlililtJ~m[;1,}eJ~lil,zEl£JLrl1nu,

12x(±6 ml) = ±72 ml
~ ~

'It ll.A a LL~ll.LL~liIil~ll.VI J.l1£Im [;1,}1~lV1-rU FIa clil [;11\1LLUUm (;I'll ~ eJ\I

LL~IiI\1#ll.Vlm£JJ.l1(;1,}1!il1£Jtl~ml'l,} 72 ml LYI'a.mL~:;1[;11Ii1LL~IiI\1-rlnIilFl11J.1'ilcl\lm\l
q

.,
'"tlUJ'la.t1tJa.t11i1~1 (Scale Plate)

~
LL~ll.LL~IiI\1~ll.VIm £IJ.l1[;1,}l~lV1-rU FIa cl\l[;11\1LLUUm [;1'}ltl'l1li1eJ~ &llll. Ull.

(top neck) '/JeJ\lr;l1cl\l[;11\1LLUUm[;1,}lF11,}~lm'}mL~IiI\1-rlnliln1~\I'/JeJ\lcl\l[;11\1LLUU

J.l1[;1,}1LL~:;LL~IiI\1tl~J.l1[;1,}eJ~l\1,zeJ £Jtl,}:;J.l1ru ±1 % '/JeJ\I-rlnlil F111J.I'il'/JEl\Icl\l[;11\1,~
LLUUm [;1,}lUll.LL~ll.LL~IiI\1~ll. VIm £IJ.l1[;1,}1 ~lV1-rU FIa clil [;11il LLUUm [;1,}1 tl'l1li1eJ~

&llll.~l\1 (bottom neck) '1JElilcl\l1'l1\1LLUUm(;l,}1'1Jll.11i11V1C1lFl1,}~lJ.11'}mL~liIil

-rln IiIF111J.I'il'/JEl\I cl\l [;11\1LLUUJ.l1(;I'll LL~:;LL~IiI\1tl~m [;1'}a ~l\1,zEl tnl '}:;mru ±O. 5%
q

'/JeJ\I-rln IiIn1 ~\I'/JEl\Icl\l [;11\1LLUUm [;1,}lUll.LL~ll.LL~IiI\1#ll. VIJ.l1£IJ.l1[;1,}1

~'J13-1i'an (Sensitivity)...
F111J.1i~n (Sensitivity) tJeJ\lcl\l[;11\1LLUUm[;1'}1 AeJ ~1iI~1ll.F111J.1frr1\1

tlEl\lmn~~ElVl,:t\lVlU1£Jtl~m[;1,}'1JEl\lLVI~1

E=~
!:!.V

•



lill nFl,)lJ.J ffW'~\b511El\l ~J.Jn1'jil\1u'Udlil::L~'Ul~-.h L~ ElFl,)l J.Jj'5n3:l ~l

~\I,f'U 'VIJ.JleJ~\ln1'jLtJ~eJ'U'j::~Ul1El\lL'VI mrn eJ1'U[]\I j;l1\I LLUUJ.Jlj;J'jl3:l~lJ.Jl n

L~ElLYieJUnutJ~J.Jl j;J'jl1El\lL'VI(;i')~ LviJ.J~'U'VI~El(;iI?Iaern eJ'l'UFlEl11El\I []\I j;J,)\ILLUUJ.Jlj;J'jl

~\l3'l~\I?JEl~ LL(;i::~ElL~eJ til'V1-rU?JEl~ rh 'l iL'jl~lJ.J1'jtl j;J'j,)lil~ElU bL(;i::~l'U~l

tJ~J.Jl j;J'j~ LtJ~ eJ'ULLtJ(;i\l 'l 'UtJ~J.JlruttEleJ MEl~l\1~mi'El\lbbaJ'U~h, laJ3'lFl,)lJ.J11
~Eln1'jj;JElU~'UEl\l?JEl\ln1'j,)l\1'V1~El~l?Ii\l[]\lj;J,)\lLLUUJ.Jlj;J'jl'l'U~~laJM'j::l1lu~~n

(;]El\l~J.J\!'jru LU'U(;]'U ?Jm~eJ b~'UeJ1n~Eln1'jr11Fl,)1 J.J~::Elll?1(l\lj;J,)\ILbUUJ.Jlj;J'jl,

laJ ~l J.Jl'jtld::Ul eJEll m FlElElnlill n []\I m\l LLUUJ.Jl j;J'jl1~ 11'UL~ Ell~l1El\l L'V\(;i') Li 1

[]\lj;J')\ll 'Um&~l1El\l L'V\(;i')3'lv-lEl\lJ.J1n ~\ll:m 'l 'VIlaJ~lJ.J1'jtlr1l\1l'Ul~El~l\1 ~ ElLit El\I

bb(;i::Lfll?liJf!j'VI1?JEl\ln1'j~Eln?JEl\ll1El\lL'VI(;i,)'VI~EleJ1mFl(Vapor Lock) l~~leJ

. ._ d Cl od _ d

£I1n~lbl!Jm 'H6HILl!J£I'l.I161'l.1£1\13./11n~,)&l'H~£1

tl\l1n1\1 bbUU3./11n~1ih ~1c;i£l\ln1~a£lUb iiuu [ ,Vr,]. I.s/mm2
v-e v 11lIn

%

0.3 0.85

0.5 0.18

1.0 0.023

9l1mh\l 4 L'j1fl1m'jtl'lti'(l\lj;J')\lLLUUJ.J1j;J'jl'VlnI?lFl')1J.Jlil1 0 ~j;J'j (v) Tl?leJ'lti'?JEl\lL'V\(;i')•
~~3'lFl,)lJ.J'VIul?lll?1'U1~n~ (Dynamic Viscosity) I.l : 15 mPa.s LL(;i::m1J.J'VI'U1LLU'U

?JEl\lL'VI(;i')p 0.8 kg/l LU'U?JEl\lL'VI(;i')I1l')n(;il\1'l'Um'j~ElULYieJUJ.J1j;J'j-J1?I,l1aY'ULtEl

Ly.j~\I~\l3'l5j;J'jlb~ElL'VI~ElL~mnl?l~I'JElJ.J'l'VI1~3:l~lbrhnu ± 0.5 % l~'VI~EllaJ

Fl,)l3-1'Y1Ul?llil~,z (Kinematics Viscosity) v =
Dyna111icViscosity; J..l

Densidiy; p

n1'iYhl1·Hl.!1~1F1'J1:J.1'Hil&ltle:J\IL'H~'J~1 in\J r;l\lIn'J\I u \J\J:J.I1Gl'i1

bit El\llill n Fl,)l3-1'V1UI?I?JEl\IL'V\(;i')~'l ti'bU'UI1l,)n (;i1\1'l 'Un1'j~ElU bYieJUJ.J1j;J'j-JI?I

tJ~J.J1j;J'j?JEl\IL'VI(;i')u U LU'UiJlil:5'l'J~ri1 Af!jiJlil:5' l'J'VIit\l'l 'Um'jri1'V1 'UI?I'IJ'U11?1,tjoCi,l?I'j')J.J

~\I~tJ~l\1~ n't,}ru::'IJ El\I []\I j;J')\I bLUU3-11j;J'j1~'ltT'l 'Un1'j~ElU LYiI'JUJ.J1j;J'j-JI?ItJ~J.J1j;J'j

11El\IL'VI(;i') ~\I (ll'V1l nlaJ ~1 J.J1'jmtJ~ eJ'Ul1'U11?1, tjoCi,l?I'VI~El~tJ~l\1~n't,}ru::l1 El\I []\I j;J,)\I

bbUU3-Ilj;J'j11~LL~,)~1 bU'U(;]El\I LtJ~eJ'UtjoCi,l?Il1El\I L'VI(;i')ti1'V1-rULU'UI1l,)n (;i1\1'l umssau
bYieJU~3'l~lFl,)l J.J'VIUI?ILLj;Jn~1\11tJlill n L~3-IL~El~lil::~l3-1l'jtl 'li ~h LoCi,'Ur11\11'U~El1tJl~

15 m.Pa.s

0.8 kg
1

18.75 1111112I secv

V

v*~
10 = ~ = 0.123 I.S/1111112

18.75*.J18.75 81.2
0.123 I.s. 1 mnr' S; 0.18 l.s. / mrrr'

?JElLL'U::",b'l 'Um'jL~El n []\lj;J')\I bLUUJ.J1j;J'j1ti1'V1-rU'ltT'l urrrsanu LYieJUJ.J1ers

-Jl?ltJ~3-Ilj;J'j?JEl\lL'VI(;i,)'VI~El[]\lm\l'l1?l1 'l iL'VIJ.J1::~~nu?JEl\lL'VI(;i')~'lti'bU'U(;]')n(;i1\1'l 'Un1'j

~ElULYiI'JULU'UltJj;J1~j;J1'jl\1~ 2 TI?II'J(;]El\l3'l~1I1ltjil.Fl,)1~'VIUI?I~\ln11~1'l'Uj;J1'j1\1~ 2

lill n m'j~Eluj;J'j,)lily.jUll?J El\IL'VIm~ Ld1'l ti'LU'U~,) n (;il \Iti1'V1-rUrrnseu LYiI'JU

J.J1j;J'j-JI?I,llaY'UbtEl Ly.j~\l3'l~lFl,)l3-1'V1UI?I~\lbfl'Ul tJ~Hnu []\I meuuu J.J1j;J'jl?J'U 11?1

10 ~j;J'j ~\llaJEl'Uru1j;J 'l 'VIl~?JEl\lL'V\(;i')tjoCi,l?Il1l\ln~l,) LitEl\Ilil1 neJ1lil(;]El\l'lti''j::I'J::n(;i1.~
'l 'Un1'j~1 eJ?JEl\lL'VI(;i')ElElnlil1ml\lj;J')\I LLUU~1j;J'j1'U 1'Ulil'ULfl'Ul tJ 'VI~mjeJ\IL'VI(;i')El1lil

El\lFl\l1'l1\1El~meJ 'l 'U(l\lj;J')\I LLUU~1j;J'j1~1 nlil'ULfl'Ul tJr11'l ie.mm'j~ElU LYieJU'l 'UFl~\I~El

•



a.n1"'CJfil'lfil~ LI'l~flll.~lnl'l'Jl~LUll.~~\11IK 1"'Ltl~Elll.t1i1.~tlfl\lL'YIfi'J1'YIaJ~l'YI-rUH
LUll.~'Jnfil\l

1ll.m&~fhnTi~~~\lfhnTrr~flru'YIil~:5lll.'Jll. 3 ~~ (;)lLL'YI~\I~I'lT~,~ ,
~~~\l1"'fhnl"iLLtJ\lI'l'Jl~~\1tlfl\lL1\1j;]'J\lLLUU~ll;rnflflnLUll. 3 ~'Jll.L·Yh"] rlll.

~ln~ll.~ ~~\1~"i::El:: 1 1ll. 3 '/Jfl\lA'Jl~~\1-r~~ln~'Jll.Ull.L1\1j;]'J\1LLUU~lj;]"ilfi\l~l

1 (;)lLL'YI~\1LL~::(;)lLL'YI~\1n\1nfil\ll'l'Jl~~\1'/Jfl\1L1\1j;]'J\lLLUU~l(;]"il1 (;)lLL'YI~\1uae
~"i::El:: 1 1ll. 3 '/Jfl\1I'l'Jl~~\1-r~~ln~'Jll.~l\1'/Jfl\1L1\1j;]'J\lLLUU~lj;]"il~ll.1tl

~l'YI-rU1ll.m&~fhnl"i~~~\1~'Jj;]"i'J~-r~flru'YIil~a.nnn·:h 2 ~'J~ll.1tl "i::El::, ~
l'1l\ltlfl\lnl"i~~~\ltlfl\l~'Jj;]"i'J~1~flru'YIil~~fl\lLLU\l1 ,.,ih::El::l'1l\1Lfh"] rlll.1ll.LL~fi::, ~ ~ .
"i::El::Ltlll."ifltJ'J\1tlfl\lL1\1j;]'J\1LLUUa.nj;]"il'YI~fl'Yll n (;]fl\1nl"i~ ~~\1.yjLtlll."ifltJ'J\IL1\1j;]'J\I

LLUUa.nj;]"il~Ltlll.L~mrlll.ii1 "'LLU\l"i::El::l'1l\ltlfl\lLtlll."imm 1"'Lfh"] rlll.IK'JEl

LUll.~-r rlll.LLfi::Ela ~ -rU1l Lll'Yll n L1\1j;]'J\1LLUU ~l j;]"il LUll.t1i1.~'"~ ~ ll. 'Jll.~ ,
d 0 d a I a IV I ou

LLfi::/'YI"ifl "iflU msm rrrssau L'Y1ElUL5"i~o Ell\1"i'J~ L"i'J LLj;]j;]fl\1fllll.CJfi nl"i'J~

flru'YIil~fl~l\l "i'J~L~'JIK'JElnl"ihr~'Jj;]"i'J~-r~flru'YIil~L'iilEl\1 2 ~'J~l'YI-rUL1\1j;]'J\1LLUU
'I qJ q cu

dd I Q a cl !lJ

~lj;]"il'Y1~'/Jll.l~ snnrm 2,000 fi(;]"i nLVlEl\1VlflLLfi'J

"i:: El::~ ll.Lif l1 tl1ll.L1\1j;]'J\1LLUU~l j;]"il'/Ju \I~'J j;]"i'J~1~ a runn ~ A'J"i~ ll., ~
Lifl1tl1ll.L1\1j;]'J\1LLUu~lj;]"il1aJ,zflEln1l30 'llR LL~fl~l\lhiij;]l~~'Jw~Jfl\1~'Jj;]"i'J~l~

a runn ~ IK\1n~l'J~:: (;]fl\l1~~ll.Jl LfiEl~~Flll.eJn fil\1tlfl\1 L1\1j;]'J\ILLUU~lj;]"il a~l\l L~~
'IOU" cu

'/Jl~ L~flU a \1rlll.Ln ~ nl"i'YI~mwl1ll. thll. (Turbulent) '/Jfl\l'/Jfl\1L'Y!fi'J~1 'Y!a Lifl,
L1\1j;]'J\1~\Ifll~fh 1,.,(;]fl\1"ifl I'la ElIK'JEl"i::El::L'Jfilll.lll.~ll.n1l'/Jfl\1 L'Y!fi'J~:: a ~ii.\1~ll.

ma.n"itl~lll.~l1!K 1ll.'/Jru::L~mrlll.'YIlnCJfi~l\1'/Jfl\lflru'Y!il~'/Jfl\1'/Jfl\1L'Y!fi'JillEl1ll.L1\1, ~
j;]'J\ILLUU~l j;]"il rlU aru'Y!il~ ~\ILL'J~~fl~ ~\I~l\l rlll.a.nn 'Y!ln~lll.fl runn ~ifl Lflll.1tl

" cu 'I cu

flru'Y!il~tlfl\l L'Y!fi'JillEl 1ll.L1\1j;]'J\1LLUU~l j;]"il ii~\liltfl m aul ~Elll.LLil fi\1 ~'Jll.~::~l n, ~
'Y!~fl,zfl El~ll.fl ~rlU CJfi ~ l\l tl fl\l a ru'Y!il~tl a\1tlfl \IL'Y!fi'J rlU ~\1LL'J~~fl ~ ru '/Jru::~ ll.~ ,~
~ LI'lEJL~flVlU1lflru'YIil~ LL'J~~fl~tl"i::a.nru 16°e flru'Y!il~,llillEl 1ll.L1\lj;]'J\1LLUU

" " , cu

~lj;]"iltl"i::a.nru 1oOe 'YIln~lll.flru'Y!il~illEl 1ll.L1\1j;]'J\lLLuua.nj;]"ilifl1tltl"i::~lru, ~
1 ll.lYi flru'Y!il~'/Jfl\1L'Y!fi'JL~~~ll.tl"i::a.nru0.5°e LUll.(;]ll., ~

~l n 5 j;]"il ~'Jll.Ylrl ~ l'l'Jl ~~ L1\lj;]'J\1LLUU~l j;]"il~l ifrlu A'Jl ~'Y!it~ ~fi,x,
(Kinematics Viscosity) v '/Jfl\1L'Y!fi'J~HLull.5l"i~'Jnfil\11ll.j;]l"il\1ifl\lull.~ll.Vlfl

«\1Lnj;]1IK1la.nj;]')1~#ll.I'l'Jl~L~El\10.5 LLfidJ5j;],)lL~flL'Y!~m~fl'/Jl~ 0.5 % ~ll.il

5 j;],)l ~'Jll.,)::'Y!1l\1Ylrl ~ l'l'Jl ~~'/Ja\1L1\1j;]'J\1LLUU~l j;],)l rlU l'l'Jl ~'Y!it~~ ll.Lfl\1~\1il ~l,
L'yhrlU 0.18 I.s. / mm2 Ans.

..
m1LL'VI'Il\'lGlI1l&1\'1&1111l';i1lil'll1leJW'VI.nil (Temperature Sensor Placement)• ••

L~a L"il (;]fl \lnl,)'Y!l ~l fl ru'Y!il ~'/Ja\1L'Y!fi'J~\I fl rim El1ll.L1\1m\l LLUUsn j;],)l,~ ~
(Prover Tank) L~fl1if~lflru'Y!il~IK\1n~l'J~l'Y!-rUnl,)LLnl'lltl-ru~ltl~~lj;]')5ll.Lii.fl\1, ~
~ln~'Y15Vlfi'Y1l\1A'Jl~-rflll. (thermal effect) ~\1ilCJfi~fl'/Jfl\1L'YIfi'Jill El1ll.L1\1j;]'J\1

LLUUa.nj;]"il LLfi::15~~liffhL1\1 j;]'J\lLLUU~lj;],)l IK\I~ll.t~ EJL~Vll:::5lll. 'Jll.LLfi::,
(;)lLL'Y!~\11ll.nl')1j;]flru'Y!il~'/Jfl\lL'YIfi'JillEl1ll.L1\1j;]'J\ILLUUsn j;],)l~\1ill'l'Jl ~ ~l ACU LUll., ~ ~
fl~l\l~ln t~El:5lmll.'/Jfl\l~'Jj;],)'J~l~~ru'YI1J~ (temperature sensor) ~1'l'J')il

~l'Y!-rUL1\1j;]'J\1LLUUa.nj;],)l~\lt1i1.~~il~ll. 'Jll."'~ LLfi::1~il~ll.'Jll."'~ (;]\ld, ,

~
• L1\1j;]'J\lLLUUa.nj;]')l~\1LL~'/Jll.l~2,000

~j;]') ~ll.~\1 500

~j;]') ~ll.~\1 2,000

~j;]') ~ll.1tl

~
• L1\1j;]'J\lLLUUa.nj;]"il~\1LL~'/Jll.l~500

lll.m&~filnl"i~~~\1~'Jj;],)'J~l~flru'Y!il~:5lll. 'Jll. ~~ (;)lLL'YI1-i\lYiI'l'J,),~ ,
~~~\I 1IKLLn(;)lLL'YI1-i\l~\Infil\ll'l'Jl~~\1'/Jfl\1 L1\1m\lLLuua.nj;]')l

lll.m&~filnl,)~~~\I~'Jj;],)'J~l~flru'Y!il~:5lmll. 2 ~~ l,.,filnl"iLLU\1,~ ,
l'l'Jl~~\I'/Jfl\lL1\lj;]'J\1LLUUa.nj;]')lflflnLUll. 3 ~'Jll.Lr1l"] rlll. ~ln~ll.~~~\I~"i::El:: 1 1ll.

3 -r~~ln~'Jll.tlmElL1\1j;]'J\lLLUU~lj;],)lfi\1~lLLfi::~~~\I~,)::El:: 1 1ll. 3 l~~ln~'Jll.

~l\l L1\1j;]'J\ILLUU~lj;],)l~ll.1tl ~l'Y!-rUL1\1j;]'J\lillI'l5ll.l~ (Field Standards) t~Eltln~LL~'J'/Jll.l~'/Jfl\lL1\1

fild\lJllFlfl~l~ (field standards) ~"'~ltJtI'\.-bl(i1~~~\I 50 ~(;lJ LL~':)LL~tJJ::LJl'Yl~

•



lV\ll'l-t ~\I~'l-tfll";j lv~':Il'l";j,)lill InEHU'YIil~ bbUU~3-Jb~ll ill'l-tlillnMIl mn\l~fJ\I bl\l (;11\1
"~'I "

illFlG'l'l-tl3-J (field standards) ~l'l-tFlfJ'YI~fJ'\Jln'Yll\l b~l ny.j mU'I-t~tJ m-l{u liil

iil,)tJ b'YI~d~\I Fl')";jb~fJ nl?Jb'YlfJ~T3-J~ LlnfJ{ bbUU'YI~fJln LLrl,) 1'l-t5,)'l-tYlfJ\Ifll";j~l'l-t

~ltJ~3-Jl rum";j~l'l-t'l1'1-t Ylri fJ'I-t~Ul rn fJ{T3-J~ binfJ{bbUU'YI ~fJ InbLrl,)~3-J~\ll '\Jl 'I-t,
bl\l(;]')\lillFlG'l'l-tl3-J (field standards) bb(;]~fJFl')";j";j::l\l5nmh\l'YIit\ln~fJ ~fJ\lh1

bb1-i1lil1113.11iil ~l'l-t~ltJ~3-Jl (;]";jlill n bl\lenern FlG'I'I-t13-JYlru::~ b'YlfJ{l3-J ~ b(;]fJ{ LLUU

'YIaa InLLrl,)~3-JfJ~ LL~::Fl')";j~l'l-t~ltJ~ 3-Jl(;]";j~l 1n1iilri a 'l-tLL~,)~'U'Yhfll";jl Ina ru 'YIil ~
'I cu q <u

YlfJ\lL'YI~,)illtJ1'1-tbl\l(;],)\I

fll'YI";jU(l\l(;]')\lillFlG'l'l-tl3-J (field standard) ~~'l1'1-tllnl'Y1[ll~'l-tfll";jlln

~ru'YI.IJ~'l1fJ\I L'YI~,)illtJ 1'l-tbl\l(;]')\lill FlG'l'l-tl3-JtJn~lil::m::'YhTlntJ:ijlnl i~')(;]";j,)lill In

~ru'YI.IJ~ fJ~ill tJl 'l-tbL'I-t,)'Yll\l rrn 1 'YI~YlfJ\I L'YI~')~ \I~ n";j::m tJfJa nlill n bl\l (;]')\1

illFlG'l'l-t 13-J1'I-t!?llLL'YIU\I'I1WYi'YI~\llill ntJfJ\I L'YI~,)fJfJnsn n bl\l (;]')\lillFlG'l'l-tl3-J fJ~l\ll";j

n (;]13-JfJllillil::~ 5 n'YI~l tJ15 fll ";j~lil::'YIl fJru'YIil ~~ fJ\IL'YIenm tJ1'l-tbl\lenern FlG'l'l-t13-J, ~
(field standard) (;]l3-JFl,)l3-J~fJ\lfll";jLL~::~'l-tfJ~nu~.mnl";jlln~\I~L~fJ'l-tl'l1nl";j'Yil\ll'l-t

vhFl'IY 'YI~mL~,) LL(;]e.)~'l1fJ\Ifll";jllntJfJ\I ~')(;]";j,)lill InfJru'YIil~ LU'l-tVwy.jl:: 1 tj it 1nlil
LL(;]-#\ldLL~::-#\I~'l-tn~fJ\l1iil{'UFl,)l3-JLli'l-t!lfJUlilln'Yln~~tJ~L~mti'fJ\liil,)tJ,

'YIlnVllill";jrul~\I~fJ\lL~tJULFl~fJ\llln~ru'YI.IJ~ (thermo well) YlfJ\lbl\l(;]')\I

illFlG'l'l-tl3-J (field standard) ~\I~Yl'l-tllnl'Y1[1l1 nFl')";j~lnt\l~,)L~fJ'l-tYlfJ\I~,)

(;]";i')lill InfJru'YIil~ L~l n'U~') bl\lLL~::~G'll";j'YI~fJfJtirn tJ1'I-t~fJ\IL~tJULFl~fJ\ll InfJru'YIil~

-#\1d Lvi fJ1i~~1";j5\1 ~l'l-tFl,)l3-J{ fJ'I-t (heat :ranSfer) liil~ LL~::~ Infll";j'G'lruL~tJ
~ u

Fl,)l3-J{fJ'l-tl 'l-tfll";jl 1n5n-#\I~,) tJ1iG'll m ";j(l~l'l-te.)~ liil";j') InL~,)~'l-tLL~::In ~LA tJ\I

nUfJru'YIil~YlfJ\lL'YI(;i') illtJ 1'l-tbl\l(;],)\l3-Jln~G'lln5niil')tJ, ~ ,

..xe:h'J'lIncJ~n1";i't11\'J:ln ~fl'J1~ b~tI\'J Gt\'J
'U

fl'J";ib th..\ f) !i1\'J1";i

nl";j~lil::~ifJ\I'\J~U~fll";j'Yll\lm(;iFl,)l3-JL~tJ\I~\I~WihLU'l-tfJ~l\l~\I~~fJ\I

:ijIn'YIli a \Ibb(;i::~\ILL1In~fJ3-J1iL'YI3-Jl::G'l3-Jn'U\ll'l-t ~ ~ fJ\I!?ll Lit 'l-tnl";j'Y\l ~ltJ~m rum \I

YJ5m1flltJilly.j Fl,)l3-JL~tJ\I(;]";j\l~\I ifJ\I~\ln~l')hJ1~LU'l-tifJ\I~:ijIn'Yil~'l-tLvi fJ1i
'Yil \I1 'l-tl iilLVltJ\I~,)Fl";jl,)'YI~fJ fll";j:ij Inrm rrn lvifJ\I (;]')tJl (;](ltJ";j::G'I\lA~'I-t1 ~,):f.Jn'U,
rrrs1VLU'I-tifJ\ltJ~u~ m sm \Im ~ Fl,)l3-JL~tJ\I~\I L~'l-tl VLU'I-tifJ\ILn'U'l1fJ\I 'YI~fJ

ifJ\lLn'ULfJnG'll";j ifJ\I~n~fJ'I-t 'YI~mL~Lu'l-tifJ\lG'l3-JlnFl')'U~n'l-tltJnLu'l-t5'1-thlG'l3-JFl')";j, ~
fJ~l\l ~\I 1'I-t'l1ru::L~m n'l-tLitfJ \llill n\ll'l-t ~ (;]fJ\I!?llLit 'l-tfll";j~ 'I-t~l LU'l-tr;lfJ\I~";j::'U'Unl";j

:ijInmsme (;]l'l-tLfJn G'll";j 'YI~fJ~ fll";j ~ In(;]fJ";j::'YI11\l~tJ nU~\ll'l-tn'U'U FlFlern tJ'l-tfJn~ :.J ,

~\I~'l-tFl')";j:ijln1 i~ifJ\lfll'YI{'U nl";jL(;]~tJ 3-J\ll'l-t~\In~l,)LLtJ n (;]l\l'Y\lnfJfJn 1tJ5 n'YIit\l

ifJ\lbllnltJ'YI~mL~LL(;]ifJ\I~r;lfJ\I L(;]~tJ:f.J:f.J')(;i'YI~fJr;l3-JJ1'YI'ltn~r;lfJ\lnl";j'YlInG'lfJ'Uhl-;h,
lil::LU'l-tfll";jLLn::n~fJ\I LvifJUlr;l3-JJ1'YI'ltnfJfJ n3-Jl 'YI~fJ13.1111'l-tn";j&~r;lfJ\I'Yil Fl,)l3-J,
G'I::fJlIn~ 3-JJ1'YI'Itn n Fl')";jLLtJni a \Ia a nlill ni a \ltJ~u~ rrrs(;]1\I'Y\l n11'5 ni fJ\I'YIit\l
'l-tfJnlill ndtT\I";j,)3-J1il~\I nwYil\ll'l-tfll'YI{'U rme fJmltJ\ll'l-te.)(;ifll";jG'lfJ'U LYltJ'U'YI~fJ

\ll'l-tLfJnG'll";j-#\I'YI3-JInnFl,)";j!?llLit 'l-tfll";j LLtJnifJ\lfJ a n1tJ5 n(;]l\l'YIl n

LitfJ\llillnFl,)1:f.J(lnr;lfJ\lLL(;i::nl";jt\lfJ~'U'l-tm(;]";j:ijl'l-tL~mn'l-tLU'I-t~U1L~fJ~fJ '~ ~ ..
n l";j!?ll Lit 'l-tfll";jl Ine.)(;irm G'lfJ'ULYltJ'U~\I r;lfJ\Ia ~'Uusrrn ::~l Ly.jl:: L~tJ')n'l-t'YI~fJIn ~

LAtJ\In'l-tmn~~1n L'Yh~m::'Yil1iil (;],)tJFl,)l3-Jlil~\ldL";il~Fl,)l3-J~lLU'l-tfJ~l\l~\ll 'l-tfll";j

Fl,)'U~3-JG'lill,)::LL1In~fJ:f.J1i~~l~LLU'l-tfJ'l-tFl\l~l 'l-tifJ\ltJ~U~fll";j ";j,):f.J-#\li1lil:ijtJ~'I-t1

Fl,)";jlil::(lnUlmVllill";jrul LvifJ~lil::l(;]m(;]";j:ijl'l-t'Yll\lL'YlFlitFl3-Jln~G'llnL'Yh~lil::3-Jlnl(;]~ ..,
1'l-tnl";jFl,)U Fl3-JG'lill,)::~lLy.jl::'l1fJ\lfll";jG'lfJ'ULYltJ'U,

1. '2i'mlTH'UUl..r11 tl'l. 'Un1~'I.oU\l1'U"lIeJ\I~e:I\ltl:D'U'1i n1~'t11\13.na

• \11'I-t~lil::n";j::'Yill 'l-tifJ\ltJ~u~ nl";jr;l fJ\I LU'I-t\l1 'I-t~ LMtJ')~ fJ\ITintJ(;]";j\ln'Unl";j

'YlInG'lfJ'U'YI~fJfll";jtJ{'ULL(;]\Ir;l3-JJ1'YI'ltn'YI~fJLFl~fJ\I~\I,

•



• hHl1 'I-l.m&1 Iil 1 'I1El\luiJu~nl'~'Y11\1~r)fir;lth'lhJH\uwY11\1~lWVI~mnu

1JEl\Ici'TVI-rUn1'j 1'1i1Wl 19I(lU'j::~ \IFfg'l-l.1 'YI~El1.a\U'I-l.'11El\ltliJu~ n1'jci'l'Y1-rU•
rmnasau ~'I-l.1

• n1'j'Yll Fl,)l ~ ~::Elllil1JEl\lr;l~~l'Y1,:rn ri El'l-l.n1'j~ElUbl1tJU m'j'YllFl,)l~ ~::Elllil•
'YI~Eln1'jU'j::'I1U 19I'jl~ n ~ El\Ir;lm!l'Y1,:rn'YI~Elnl'jU'j::'I1U 19I'jl~ r;l~Jl'Y1,:rn• •

ci'l'Y1-rU~Iil~\lr;l~Hl'1-l.m'jbnUr;l~Jl'Y1,:rmbUU~ll91'jl (Standard Weights).. .
bbfi::r;l~Jl'Y1,:rn~r;lEl\lm'j~ElU bl1tJU -#\lit'bYiEl'Yll1'I1r;l~Jl'Y1,:rn~r;lEl\lm'j~ElU• •
bl1tJUEl~mtJlr;l~m,)::b~tJ')n'l-l.nUr;l~Jl'Y1,:rnbbUU~ll91'jlbbfi::'I-l.l'1-l.y.jEl~~m')::.. .
b~El'I-l.1~in Iil~El~?JEl\Ir;l~-#\I~El\l~ b~~mmy.j 'I-l.Elml1 nit'Fl')'j~Hr::ci'l'Y1-rU ms•
b~tJ'I-l.bbUUyJEl{~~El\lm'j#\l1 lm::'YIll\1m'j'YlIil~ElU ~\lbbtJnElEln?Jllil"iJlnn'l-l.

nUI,;r::,)l\1bFl~El\l#\I
I J' od 0 IV d V ~ IV I •.•• ~ cv I

• ~,)'I-l.b'l-l.tI'Yl~l'Y1'jum'jbl9l'jtJ~~~'I-l.l'Y1'1-l.nb~'I-l.m'jbbn::~~'I-l.l'Y1'1-l.ntltln"iJlnnfitl\l
d 0 IV \'.... d 9,.r ~ _d d

'YI'jElm'j'Yl1Fl,)l~~::tJ1Iil~~'I-l.l'Y1'1-l.nbbfi::m'jbl9l'jtJ~~~'I-l.l'Y1'1-l.n'Yl"iJ::~n~ElUb'YltJU

(;11\11r;ltl\ltl~l'1-l.~'I-l.~~bbtJn~l\1'Y1ln"iJln'l1t1\1uiJu~m'j

• ell bFl~tI\I#\I~~FI,)l~fi::ba tJlil~\I~n ltT\ll'1-l.bU'I-l.u'j::lihL'I-l.~,)\lb1fily.jftl~ L'I-l.b1fil

b~tJ')n'l-l.'YIfilmFl~tI\I 'I1t1\1uiJu~m'jr;ltl\l~mbtJ\I bU'I-l.~,)'I-l.1bYitliJtI\ln'l-l.m'j

'jUnd'l-l. n'l-l.'j::'YIll\1bFl~tI\I#\I 'YI~ml'1-l.'j::tJ::~tI\IbFl~tI\I#\I~\I n~l')L 'I1v1l\1n'l-l.

y.jEl~~FI,)'j

r;ltl\lm::'Yll'1-l.tln'l1t1\1uiJu~m'j

• \ll'1-l.1ii'1'1-l.btln~1'j'YI~tlm'j~IilYl~vr~l\11 ~bMtJ')~tI\lnum'j~Iil'Yll1mltJ\ll'1-l.~fi

'YI~tI~fi msaau bl1tJUr;ltI\I m:: 'Yll'I-l.tIn'l1tI\luiJu~n1'j'Y11\1~,)fi bYitliJ tI\I n 'I-l.

m'jritl~,)?JtI\I~'I-l.L'I-l.'I1t1\1uiJu1im'j

• 'I1l~-rUU'j::'Y11'1-l.Ell'Y1l'j'YI~tI~UU'YI~L'I-l.'I1t1\1unU~m'j•• • :.I

2. "lI'U1U1"l1f1\1"'eh'JtI~\J'1lnTl'YI1\13.1·H~

• ?J'I-l.llil?JtI\I'I1t1\1uiJu~n1'j~l'1i1 'I-l.n1'j~tlUbl1tJU~~Jl'Y1,:rnr;ltl\l~?J'I-l.lIilL 'YIqJ

bVltJ\ly.jtl ~~lm'j(l~Iil~\lbFl~tI\I#\I'YI~tltlUmrub~~~~')~'Yll\1l'1-l.~l\11 1r;ltl~1\1•
b'YI~l::~~ Ufi::bVltJ\ly.jtl 1Jmlil~y.jm'YIm::~~U'j::~lru 40-50 19I1'jl\1b~l9I'j

d a I c1'a •... ~ •...
'YI'jtltJ1"iJbfinndl'1-l.bfin'l-l.tltJnblil

• r;il bb'YIU\l?JtI\I'I1t1\1uiJu~ n1'j'Y11\1~') fi FI')'jtl ~1'I-l.r;ilbb'YIU\I~vll\1 "iJln (l'l-l.'I-l.~~

'j(ltJ'I-l.r;l ~\ltI ~l9Ifitl Iilb,)fil'Y1~Elh\l\ll'1-l.tI 19I~1'Y1m'j~'YI,:rn bYitliJ tI\I n'l-l.n1'jk'l-l... .
~:: b-ntI'I-l.'YI~tI'YIln bU'I-l.~')tll Fll'jFl,)'j~ 1il'l1t1\1U~b')ru#'I-l.~l \I~1il?JtI\I ~') m Fll'j•
bU'I-l.'I1El\luiJu~ n1'j'Y11\1mfi ~\I bU'I-l.#'I-l.~tI~Lr;l~'I-l.~\I ~ biitl \I"iJln~'I-l.~ 'I-l.lliltJ

'jtlU~l\1 ~,)EllF1l'j"iJ::bU'I-l.~,)'YIU,)\I(Damper) ?JEl\lm'j~'I-l.~::b-ntl'l-l."iJlmb'YI~\I

mtJ'I-l.tln11ii'~~\I 1'1-l.m&~hJ~lm'j(l~1il'YI1~(l1'1-l.~11ii'~\ln~1,)b'j1~1~1'j(l

lii'lfiEl\l~;i:j'l1A,z'jElU 1 'I1t1\1uiJu~m'j ~\ln~1')11ii' b~'I-l. tll"iJ~Iil'Yll~fl\1bit'l-l.

~'I-l.lii'lfiEl\l'YI~tIbb'l-l.') ~~tI\lJl~ El~'jtlU ~')'11tI\luiJu~ n1'j ~\I n ~l,) bYitI bU'I-l.~,)

~')tJfililm,)::bb'j\lk'l-l.~::b-ntl'l-l."iJlmb'YI~\lmtJ'I-l.tIn 'I-l.tIn"iJlnit'Fl')'j~\ll 'I1v1l\1"iJln

~ltJ~\l1 yJ~l bb'j\l~\I, 'I1t1\1'Y1aYmbUfi\l1yJ~l, ~(l1u1 yJ~l~tltJ (Sub-Station),

~(l1U~\lF1~'I-l.~'YltJI m'l1F1,z 'YI~mFl~El\l~tI~tlm'jbb'j\l~\I ~l\11. ..
• 'I-l.tIm'YIUtI"iJlnl,;r::,)l\1bFl~tI\I#\I 'I1El\luiJu~m'j'Yl1\1mfir;ltl\l~ bittl~ll\1 bVltJ\ly.jtl

3. ,)1t1 ~~L~tI UI.f11ttl. 'U"'f1\1t1~\J'1ln1'rn1\1 3.11a

1'I-l.m&~r;ltl\lm'j~Iil'Yll'11t1\1uiJu~m'j'Y11\1~,)fi 1'I1~l~l'j(l~tlU bl1tJU11ii'

Fl'jtlUFlfi~r;l~Jl'Y1,:rn~\lbb~ 1 mg ~\I 50 kg FI')'j~lilbWn'l1t1\1t1t1mU'I-l.2 'I1t1\1• •
lii'')tJn'l-l.AtI'I1t1\1bb'jnci'l'Y1-ruH~tlUbl1tJUr;l~Jl'Y1,:rn~\lbb~ 1 mg "iJ'I-l.~\I5 kg•
bbfi::~l'Y1-ruitl\l~ ~tI\lL i~l~l'j(l~tlU bl1tJulii'~Jl'Y1,:rnmnnll 5 kg ~'I-l.1U, ,
biitl \I"iJlnlii'l bU'I-l.r;ltI\lLtTbFl~tI\I~ tIail mru b~~~~')~ n1'j'Yll\1l'1-l.~\Itll"iJ ri tILidllil ms•
su m'l-l.bFl~tI\I#\I'lIitlil~FI,)l ~ fi::ba tJ1il~\l1Iill'I-l.~,)\I'j::'YI':I1\1m'jtJn~'I-l.tJnfi\lLwff'l-l.l9It1'1-l.

d .:l' 'l.I 0 c3msaaumuu 'I-l.tln"iJln'l-l.l9It1\1F1l'1-l.\I

• iEl\luiJu~n1'jFl')'jtl ~hr;il bb'YIU\I~b'YI~l::~~ lliltJ FhU\I~\I ~fi n'j::'YlU1JtI\I

n1'jk'l-l.~::b-ntl'l-l.~bnlil~'I-l."iJlnmtJ'I-l.Eln bbfi::r;ltl\l~n1'jiJtI\ln'l-l.bbfi::~liliUn1'j

k'l-l.~::b-ntlml nrn tJ'I-l.tIn~"iJ::~ ~fi menu ~tlitl\luiJu~ rrnrn \Im a b~'I-l.

bb~'I-l. ~lilium'jk'l-l.~::b-ntl'l-l.'jEl\l~I,;r::bFl~tI\I#\I

• 'YI,zl~l\1bbfi::U'j::~?JtI\litl\luiJu~n1'jFl')'j"iJ::bU'I-l.bbUU 2 #'I-l. (Air Locks)

bYiEl~fl\1~m,)::n1'jn nm m FlLitl ~'j::'YI11\1bb~fi::'YI,zl ~l\1'Y1~tIbb~fi::U'j::l9I.. ..

•



Littl\l~l n tll m AL;J '\.l,fll ".i"zl Fl'"ll ~ {tl '\.l,~l ~ fl ~ ~ ~ tl'W ~ ~ mrEl~ it \I n ~ tl. ..
L;J'\.l,\m'"l'\.l,n'\.l,Fl'"ll~{tl'\.l,~~~fl~'[ ulen '[Ud~'\.l,Ltl\l 1'\.l,1.ICU::L~El'"ln'\.l,eJ\I~'"lEl•
i:Jtl\l n'\.l,nl".i L'll~ El'\.l,LLil ~\I a CU~ll i1u~ L'"lCU'll".i::IWYll\lL~l oa nhJ'l 'I1L'll~ El'\.l,LL'll~\I... ..
".i'"l~L~'"lmn~'\.l,Ln'\.l,1'll~n~\leJ\I~'"lEli:Jtl\ln'\.l,~'\.l,~::tltl\lhi'~nr;]'"lEl '\.l,tln~l nd•
&1'"lUl'\.l,n".i::~nFl'"l".iL;JWeji'l,~2 LLci'\.l,'ll".i::nunwYh\ln'\.l,r;]'"lEl".i::El::'ll".i::~lCU1 'll~.

T~El~ ~C1JC1JlnlA".i::~11\l n ~l\l (n".i::~ n ~C1JC1Jlm Ft) L~tl~'"l El-rn'\!l-l fl m'"l::

tlCU~lli1mEl'l '\.l,'I1tl\l'll nU~nl".i'l 'I1Fl\l~~~tl~ L'"l~l nl".irll\ll'\.l, LL~::~tl\lhJ ~••• :...I

~l'\.l,U~U~L'"lCU'll".i::I>1Littl\l~ln~::L;J'\.l,LL~~\lfl::fl~~'\.l,.. .
• ~tl\l~nl".ii:Jtl\ln'\.l,~'\.l,'l'l1mn~fl~LVh~~::mn1r;] ~l'\.l,~~mlln~~tl~~'l~ '].. ..

~1~~Fl'"l1~'illL;J'\.l,Fl'"l".i~~nL~~El\l

• 'I1tl\l'llllU~nl".iFl'"l".i~::~~'\.l,r;]'"lEl~'ll n".iru~~'\.l,~".ilU L~ElULL~::~~L~El'"l L~'\.l,

linoleum ~~tl1fl~~rll~1 n'W~lfl~ n L~tl ~ ".itlEl~ tl ~ ~ n'\.l,1'I1L;J'\.l,~'\1,L~El'"l•

L;J'\.l,LLUUrltl5l\iL;J'\.l,&.lit'\I2 #'\.l,LL~::'[~1fl~n'\.l,Fl'"l1~{tl'\.l,~~ml'\.l,'"lm::~11\ln~l\l~ .
L~'\.l,rllnl".i5~ Urethane Foam n1r;]

• &.lit'\lm El'l'\.l,'I1tl\lFl'"l".i'Y1l~hm~fl11\l L~tl~~'ill'\.l, '"l'\.l,~ ~tl~ 1W~lmEl 1'\.l,'I1tl\l

• ".i::UULLfl\lfll1\l Fl'"l".iL~tlnhr~~tl~1WLLUU Fluorescent LL~::~~nL~El\lnl".i

1'1i'~~tl ~1wLLuu~1~~~tl~L'W".il::~~tl~1 WLLuud~::vh1 'I1Ln~Fl'"ll~{tl'\.l,mn

L~mY1El'Un'U~~tl~1WlL'\J'UFluorescent

• nl".iL~'\.l,fllEl 1W~l LL~::'llJ'mil~-r'ULFl~tl\l~\lFl'"l".iL~'\.l,L~El'U&.lit'\I'l'I1tl~'l '\.l,LL'\.l,'"l1~

Hl::'"ll \ILFl~ a \I~\I ~\I dL~ tl1~'l '11fll EllWl.Itl\l LFl~tl\l~\I ~ \I~'\.l,Ln'\.l,1'll~ ~tl ~ a \I

rllnl".i1.l~L;J'\.l,~'"l'\.l,~\l1~~t:J ~~ LL~mh\l'[~ '\.l,tln~lnd'llJ'n1 W~l~tl\l~ fllEl

n".il'"l~r;]'"lEl

• Ul n «'\.l,1'\.l,'11tl\l'llllu~ nl".i~l~-r'Urf'\.l,LLtJ\I LLEln~'"l'\.l,LFl~tl\l~\I n'U~'"l'\.l,~'\.l,'] ~

L~El'"l~tl\l J''\.l, ~tl\l~nl'l~~'l'l1mm::fl~ T~ElFhu\l~\lFl'"ll~m~l::fl~t1tl\lnl'l. . ~
'1.1 didt.'o cv a 10_0_

~'"lEJL~~t:J~mlL3.Jtl~3.J'\.l,l~'\.l,ntlm~L~n '] srm Ln'\.l,'Wn~nl~\I 1 mg win
I>1n~\I~'\.l,LL~'"lTtlnlfl~~::fll3.Jl".itlm'W'U 1r;]~G\I '\.l,tln~lndeJ\I~~'U~L'"lCU~ rltl'l '11

Ln~ nl'lr;] nLn'U~'\.l,'U'\.l,~'\.l,'l'I1,.rtlEl~\I~'"lElL~'\.l,n'\.l,LL~::~lEl~tl nl'lrllFl'"ll~fl::tll ~•

cl dct '1.1 Co ~ ~ ILl Q .e
~ 3.J'\.l,L'"lEl'\.l,1.Ia \Im m Ft'YI'W'\.l,LL~::L'W~l'\.l, ~l n 1>1tl\ll>1~ 1>1\IUl n n'\.l,l>1tl\ll>1~ 1>1\1•
'l " &' • Id' cl '1~fl\l~ln'W'\.l,u'l::mcu 20 'll~. LL~::3.JFl'"ll3.Jfl\l2 3.J. LLI>1L'WtlFl'"ll3.JLL'\.l,~Fl'"l'l.. ..
'll~ mnl Ft'"ln ".i~ a a n LL'U'U".i::'U'U'll-r'Um m Ft1.1tl \I '11tl \l'llllu~ m 'l L~Elrl tl '\.l,

Littl \I~l n~l nUl n r;]\In ~l'"l 1.111\I LL'\.l,'"lrrrs 1~ ~'"l '\.l,1.Itl \I tll n 1 A~::rl11 '11

Temperature gradient mEl'l '\.l,'I1tl\l1~L~~1::fl3.J ~~tltll~rl11 'I1'Ul\l~'"l'\.l,

rnn 1'\.l,'11tl\l'llll'U1inl".i~ Fl'"ll3.JL~'"l~3.J1.Itl\l".i::'U'U'll-r'Um m FtG\I~~tl~1~'\.l,Ln'\.l,1'll

~nr;]'"lEl

• (]l L;J'\.l,1'll1 r;]~'"l '\.l,~ L;J'\.l,~,.r 1 ~l \In 'l::~ nl.l tl \1'11e cil llu~ m 'l ~'"l '\.l,'l ~ tIj ~ ~ tl
• • • I

_VeL! 0 ad dd __ l.JdI

t:J'\.l,\I~l'\.l,'YIfl".il\lm".i::nl".i'Y1lFl'"ll3.J LEl'\.l,mn'YI~~ L3.JtlL'YIEl'Un'Ut:J'\.l,\I~l'\.l,tl'\.l,']

1.1tl\l'l1 a \IFl'"l'ltl ~ r;]l '\.l,ViALWUtlLvhJ' '\.l, Littl \I~l n ViFtm ittl L;J'\.l,ViFt~1!il-r'UFl'"ll3.J

{tl'\.l,~l n LLfl\ltllVi mr,.rtlEl~fl~ ~\lt:J~1'11~~ill'l::nl'lrll Fl'"ll3.JL~'\.l,mEl'l '\.l,•
'11tl\l1r;]3.Jln LL~::Ia m fl~ tlCU~ll~m El'[ '\.l,'11tl\l~~:: Lfl~ EJ'lill'W 1>1~ tl ~ nl".irll\ll'\.l,. ..
L;J'\.l,l'll1r;]G\I LL~tl~l\l1 'In 1>113.Jn~ tl\l~~~l LLt:J\In'\.l,LLfl\lLL~~~~tl fl{l\l n'\.l,fll~

r;]'"lEJL~'\.l,n'\.l,LL~::'[ '\.l,l.Icu::L~El'"ln'\.l,~tl\l~~nL~El\l..r'\.l,n".i::~n1'll'Y1l\l~l'\.l,ViA'[~ LL~

(]l~ ~ n L~El\l1~1r;]n~tl\l~~rll n'\.l,fll ~'[ 'I1~'\.l,'lln Fl~3.J'[ 'I1L\ll n'\.l,fll~U\lLLfl\l LL~~•
'U~L'"lCU~,.rl~l\l '[ 'I13.Jln~fl~ ~~tltll~~tl~,.rl ~l\ltltl n LL~'"lrltl5l\iUl'U'll'\.l,tJ ~. '" ..
~tl \I~,.r1~l\l r;]\In ~l'"l n fll m'l tI n'l::rll1r;]

• ~l~ -r'U&.lit'\Ir;]l '\.l,'\.l,tln1.ltl\l'l1 a \I'll nu~ nl".i ra \Itll~ ~ ~ ~\I nil n".iru~~ tl1 fl~ n'\.l,:...I • •

Fl'"l13.J{tl'\.l,11~n 3.Jll>1'lnl".i~it\l fi1r;] ~~tltltlnLLUU '[ '11t:Jit'\l1.Itl\l'l1tl\l'llllu~ rrrs

4. ';i~\J\Jtlfml1n1A.n1t11 U~e:J"t1D\J'1ln1';i

seuutl -r'Um m Ft1.1tl \1'11tl\l'llllu~ m sm \l3.J'"l~~ Fl'"l'l L;J'\.l,'l::'U'Ulil LA'\oJ-~

L~tl'\.l,11.1L~3.JL~3.J~1n".i::U'U'll-r'UtllnlA~'l'1i'tl~1>113.Jflm'\.l,~tl~tllAEJ'i~''"l'] 1'll LL~~\I

tl~U'\.l,~~ nnl'l~11 ~tl\l L;J'\.l,".i::'U'U'll-r'Utll nlA~fllm".itl-rn'\oJ-ltlCU~1l~11tl~l\l Fl\l~.. . ..
d d .J'Q.I_d~ d. ~cfd

LfltI El".i1l1'WLL~::3.JFl'"ll3.Jn'\.l,fl3.J'W'YI0 m LL~::Fl\I'YIa Ell \I'Wa fl3.JFl'"l'l 'YI\I'\.l,L'\.l,tl\l~l n

Fl'"ll3.J~'\.l,L;J'\.l,~'"l~fl{l\li1C1J~l '[ '11n'U\11usou LVIEl'U3.J'"l~ L;J'\.l,tl~l\l3.Jl n L'W".il::~t:J~

~tl rrrsul ~El'\.l,LL'll~\I ~lFl'"ll3.J~'\.l,1 LL~'\.l,t1tl\ltll marn El'[ '\.l,'I1tl\l'llllu~ nl".i'Yil\l3.J'"l~

~ n~\I rrn Fl'"l'ULL~'\.l,t1tl\l1ml1ill El'[wm m Ft~\I~::L;J'\.l,i1~~Elrltl'l 'I1Ln~ m:t3.J1r;]~lEl

n'ULFl~tl\l~\lLL~::tl'lln".iruLfl~3.J~l\l '] ~rll\ll'\.l,tl~mEl '[ '\.l,'I1tl\l. ..

•



d:;Uutl-rUElln1FT~l'l.,-ruiEl\ltliJu~n1d'Yl1\lm~F1'"JdLtJ'j.j,d:;UULLEJn~'"J'j.j,

~~d:;~1\l'Yl1ml1niEl\l5wl LL~:;Fl'"JdLtJW~jil.~ Central Air Conditioning System

'lwl"El\ltliJu~n1d'Yl1\lm~tJEl\l~tl1U'j.j, PTB (Physikalisch- Technische

Bundesanstalt) hi'rff\ln!J Lnru'f11-r'"h d:;UUtl-rUElln1FT~El\l~~~ F1'"J13-J~l3-Jld(l

l'l11in1dLn~LtJ~EJ'j.j,LLtl~\lFI'"J13-J'YI'j.j,lLL~'j.j,llEl\lElln1FT1~'l'l1Lil'j.j,n11 ±1 0% ~Elru'YIfla:l, ~
sou 1~1.yj 20°C

Lfl~iI\ltt\l13l.r11lT'U~&i tb\l'IJiltJ L'lJ11Ia (u'IlIIlii, ..
:; d do I •••

'tI'Ufl11~L'I1tJ\I 'I1nl'l'I'Ul1IiltJ1\1'UiltJ

i1(u'IIIllii. ..
LtI~tJ'ULLtlOI\I

Relative Air

Density Change

dPa

Pa

±O.9%
• iltl.!'Hll:ihl1t1L 'U-Hfh1tJ:!l~u'1inl'l'nl\13-11 a. ..

)> ~l~ru'YI.IJa:l'l 'j.j,'I1El\ltliJu~nWYl1\lm~F1'"Jd\l:;~~lEl~d:;'YI11\l 20-23°C

T~EJEJEl3-JL'I1Elru'YIfla:lLtJ~EJ'j.j,LLtl~\l1~Ln'j.j,± 0.5 K LL~~m'"J:;L~El'j.j,~~~~~n, .. ,~ ~
~El 20°C ± 0.5 K LL~:;L'YIm:;~l'Y1-rUn1d~ElUL.yjEJU~3-J~lmrmjuFI'"Jl3-J,
L~EJ\lrff\lLL~ F1 (:ij~#'j.j,m3-J OIML R111) ~'j.j,1tl LL~:;'I1El\ltliJU~n1d'Yl1\l

m ~ ~ El\l~ Eltl mrunw) aa ru'YIfl a:l~~~'"J\l n1d-r ~ F1dElUFI~3-J~lElru'YIfla:l
•• 'I IIU " <I CIJ

0-30°C ~~1F1'"J13-J~:;L5tJ~ 0.1 °c LL~:;1r;l-rUn1d~ElUL.yjEJUL'j.j,~'"J\ln1d-r~

0-30°C l'lln1d~~rff\lln 'j.j,~1 L'YIm:;~3-JLYiEl~\I:;l'lln1dFl'"JUFl3-JLL~:;uwYin,
Elru'YIfl a:ltJEl\l'11acil nu1i n ld'Yl1 \lm ~,.. :.J

IT ±2.6%

III LL<l:: un ±5.1%

r;l\l~'j.j,'YIlnmmd(lFl'"JUFl3-JElCl.!'YIfla:lmEJ'l'j.j,iEl\ltJilu1in1d'Yl1\lm~~~m'"J:; 20°C ±
"'I CIJ ~

0.5 K (± 0.5°C) \I:;L{;'j.j,1r;l11F1dElUFI~3-J~m'"Jn1dCl.!1~1~EJd'"J3-JLL~:;~lmd(l~ElU

L.yjEJU~3-JJ1'YIUn#'j.j,F1'"J13-JL~EJ\lrff\lLL~F1 ~'j.j,1tl ~'"JmFl~El\l~\l#'j.j,F1'"Jlm~EJ\l II,
'YI~ElIM

s- Temperature Stability n1dLtl~EJ'j.j,LLtJ~\l~l~Cl.!'YI.lJa:l L'j.j,iEl\ltliJU1in1d

'Yl1\l3-J'"J~Fl'"Jd~~lF1\l~ ~lElCl.!'YIfla:lFl'"JdFl'"JUFl3-JL'YIl~~~l LtJ~EJ'j.j,~'j.j,~\lmn,.. ,
-#\lL 'j.j,~'"J\lL'"J~ln~l\ll'j.j,LL~:;n~l\l~'j.j, -#\litLYiEl~\I:;'YI~nL~EJ\ln1dLn ~~:;ElEl\lLitEl\l\ll n'l1El\ltJiJu~ n1d'Yl1\l3-J'"J~n ~El\l L~EJ'"J~El\lnu LFI~El\l~\l r;l\l~'j.j,

ml!l~El ril'YI'j.j,~tJEl\lLFI~El\l~\l~u11 L'j.j,n1d{;ld'"J\I~ElU~'j.j,LLUU LFI~El\l~\l1~5 {;IT'j.j,ar~

OIML R76 ~'j.j,hi'ril'Y1'j.j,{;IllElU Lll{;lL iLFI~El\l~\l1~5{;1T 'j.j,ar~l'll\ll'j.j,r;i''"JtJFI'"Jl3-J

LL~'j.j,el1L~ ElElCl.!'YIfla:lul ~EJ'j.j,LLtl~\lmEJL 'j.j,~'"J\ltJElULtJ{;I'YI,i\l~ ril'YI'j.j,~ 1-r~ \l-#\l it, ..
n L~dl:;F1'"Jl3-J'YI'j.j,1 LL~UEl1 m FT ~ ul ~tJ'j.j,LLtJ~\l1il LitEl\l\ll n ElCl.!'YIfla:lul ~tJ'j.j,LLtJ~\l, ..
1 tl~'"J'j.j,LL~'"JLL~~ t:J ~ ~El F1'"J13-JLL~'j.j,el1tJEl\l nldl'll\llUtJEl\l LFI~El\l~\l1~ 5 {;IT'j.j,ar~

~~LtTmtJ L'j.j,iEl\ltJiJu1in1d'Yl1\lm~ r;l\l~~tl1 n'j.j,{;Ildl\l~l\l~l\lit

.., I '" I •

~l'YI~Eln1dLn~~il.3-J.yj~3-J~l'YIUn ~l'YI-rUn1d-r~.yj~El\ln1dFl'"Jl3-JL.yjtJ\l{;ld\l,
mn~l Temperature Stability F1'"Jd~~11~Ln'j.j, ± 0.2C/hr. L~ElFhit\l

~\l~'"J\lL'"J~1~l'llnldl~LL~d~~11~Ln'j.j, ± 0.5°C/day L~ElFhit\l

~\l~'j.j, ~tJ El\l'l1El\ltliJu~ n1d ~l'Y1-rU n1dl ~~1~ ~ El\ln1dFl'"Jl3-JL~tJ\l{;ld\l3-Jl n

'l" \ 1i.1d 0 dOt:3d J'd
tJEl3-J'YI Temperature Stability ~(l\l ± 1 C L3-JElFll'j.j,\lCl\lL'"J~lLL~:;~WYl

LtJ'j.j,~\l~tJEl3-J-ru1r;i'

• ml3-1i'U a3-loW'nGI. 'U-Hil\ltJllu'1i nl'l'nl\1 3-11a

)> ~lF1'"Jl3-Jt'j.j,«3-J';'Ylfj (Relative air-moisture) 'l'j.j,'I1El\ltliJu~n1d'Yl1\lm~

~El\l~~lEl~d:;'YI11\l 40-60% LL~:;Fl'"Jd~~lF1\l.yj ~l'Y1-rUn1d~ElUL.yjtJU~3-J.. ,
Jl'YIUn#'j.j,F1'"Jl3-JL~tJ\lrff\lLL~ F1 ;'j.j,1tl (:ij~#'j.j,{;I13-J OIML R111) tJEl3-JL'I1

•



J"cvcvrJ' dllcv

l"l'Jla-J?J'\.t~a-J'W'Y1D(Relative air-moisture) a-Jl"llL'Y11mJ50% +10%/-20%
I .J" cv cv rJ' dd d

LLGlI"l'Jla-J?J'\.t~a-J'W'Y10 (Relative air-moisture) 'Y1GlLL~::L'Yla-Jl::~a-JI"l'J':ia-J

FllL'Yhrl'IJ 45% ± 5% 1'\.tn1':iI"l'J'lJI"la-JFlll"l'Jla-J~'\.t«a-Jw'Y151'I1I"l\l~1 '\.t!leJ'lJL!lGl•
± 5% FlleJClJ'Ylfl~I"l'J':i~FllLtJ~I'J'\.tLLtJ~\lhhn'\.t ± 1°C '\.teJmnnd'f1\1'W'IJ. ..
11 nl':i~ LL~\I LLGlGl!4eJ\In':i::'Y1'IJL~l a-Jl1'\.t'11eJ\ltJ~u~ rrrrm \I a-J'J~ IGlI'JGl':i\l

~ cv d';" cv I cv ~ a.... cv I d d

'\.tl'Yl'\.tmleJ\I LI"l':ieJ\I?J\IGl\lna n Gl\l'\.t'\.tI"l'Jla-JL':i'JGll'\.t 'Y11\1a a n'Yl'J'illl'J ~a-JLa-Ja (1\1

'IJ~L'JClJ'Jl\1LI"l~eJ\I~\I'Yl~eJmass comparator LL,h;reJ\I~Fllhhn'\.t 10 m/hr

(~\lI"l'Jla-JL~'J~l~\I~) 1'\.tm&~tJ~a-J1ClJ~a-JeJeJnL~m111"l'Jla-JL~'\.t~Fll,zeJl'J 1tJhJ

vY'J~\I fi1 'I1Y11rrrsL~a-JtJ~m ClJ"r1'J~ll'JLL~.ff\ld'LL~::.ff\l,f '\.tfi!leJ1'I1tJ~ n'\'l-11 A'J m

~eJeJnLL'IJ'!J':i::'IJ'lJtJ-r'IJeJ1n1A[;]'J1'JLtl'\.trl'\.t

• n1':i-rn'IY1";i::r;l'IJ 1"111a-Jr;l'\.tf11l'J1'\.t'11eJ\ltJ~'IJ~n1";im\lm~ [;]eJ\leJeJnLL'IJ'IJ1'I1il Fll~\I

n111"l'Jla-Jr;l~11'J'\.teJneJ~~";i::r;l'IJtJ";i::a-J1ClJ10 Pao

• tJ~mClJ~a-J Fresh air supply 1"l'J";i~FilL'Yhrl'IJ 10% !leJ\ltJ~a-J1ClJ~a-J'Yl~'\.tLil'J'\.t
~

l1\1'Yl~Gl (the circulating air)
cO , .1

• n1";i";i::'lJ1I'JeJln1A (Ventilation) 1"l'J";ia-Jl"llu";i::mClJ 10 changes/hour

• ";i::r;l'IJL~I'J\ln1";iY11\11'\.t";i::'IJ'lJtJ-r'IJeJ1n1A!leJ\I'I1€J\ltJ~u~n1";im\l~'J~I"l'J";i~FlleJ~

hJLn'\.t 45 dB(A)

• ";i::'IJ'lJLL~\I~11\11'\.t'l1€J\ltJ~u~n1";i'Y11\1m~ Flll"l'Jla-J~11\1!1mGl 1000 lux ~

";i::[;]'IJHi'::LI"l~eJ\I~\I'Yl~€J~ ':i::r;l'IJ~1 '\.t'Yl,z\l~€JLU'\.tI"l'Jl a-J~11 \I~ Ly; I'J\I'W€J~1'Yl-r'IJrrrs

Y11\11'\.t[;]1'\.tn1";i~€J'lJL.yjI'J'lJLL~::LY;eJl"l'J1a-JL'Yla-J1::~a-J!I€J\I";i::'IJ'lJLL~\I~11\1LL~\I~11\1

eJ1'il(1nLLtJ\lLu'\.tn~a-J~eJI'J1[;]r;l\ld' 2x500 lux, 2x250 lux + 500 lux ~1'Yl-r'IJ.. .
'I1eJ\ltJ~U~n1";i~[;]eJ\ln1':iI"l'Jla-J~n[;]€J\I~\lFlll"l'Jla-J~11\1!1mGl 70 lux LU'\.t~l~l

~Gl~l'Yl-r'IJ'I1€J\ltJ~'IJ~n1";i'Y11\1m~

n1':i€J€JnLL'IJ'lJLL~\I~11\1,f'\.t hJLQ'Wl::I"l'Jla-J~11\1L'Yh,f'\.tLL~[;]€J\lFhit\l~\I

Y1 Am \I!I€J\ILL~\I e.mm::'Y1'IJ!I€J\In1";iLL~-r\l~!I eJ\I'W~\I\ll'\.t ~ m::'illl'J IGlI'J'Yla€JGl1~

'Yl~€JGl1~ Fluorescent 1'I1LL~\I~11\1~\lIGlI'J~iln1";iLL~'W~\I\ll'\.tI"l'J1a-J-r€J'\.t,z€J1'J

LL~eJ~l\1hn!;11a-J 'Yl~€JGl1~ Fluorescent 'il::Y111'11LnGl Electromagnetic
~ d co 'V iCIo tI I tI

'\.teJn'illn'\.t~~n";i::'Y1'IJ€J'\.tnGl€J\I'W'il1";iClJ1Gl'J1'J ~'\.t nl";i~::'Y1€J'\.t!l€J\lLL~\I'illn

~,r\l~'\.t'l1eJ\I LL~:: ~'lJeJ\I'I1eJ\ltJ~U~n1':i h'lJ1\1m&n1";i1tr'Yl~eJGl1~LL'IJ'IJ

Fluorescent ~~a-Jrl'IJ'Yl~eJGl1~LL'IJ'lJ1«'Yl~€JGleJl'il'il::LU'\.t15~~~~Gl•
• nl";i~ Gl~\I ~LI"l ~ a \ltJ-r'IJ m m 1'1[;]a \IY11m ";i~ Gl~\I'\.t€J n r;l'JeJll"ll";i'Yl~€J r;l'J'I1eJ\I

tJ~u~n1";im\lm~.ff\ld'L~eJ ~GlLL";i\l«'\.t~::LYleJ'\.t'ill n Compressor, ~Glfl1";i::

I 'Yl~GlI"l'Jl ~{eJ'\.t'lJeJ\I'I1€J\I5 n.ff\l ~Gl";i::r;l'IJL~I'J\I~ r;l\lm n'il'\.tLn'\.t";i::r;l'IJ~[;]€J\In1':i

I et cv CVrJ' dl d I J'cvcvrJ'

1"l11"l'Jla-J?J'\.t~a-J'W'Y1DeJ1'il'il::a-Jm~Gl~\I(1\110% n1";iI"l'J'lJI"la-Jl"lll"l'Jla-J?J'\.t~a-J'W'Y1D•
'il::tl'JI'JY111'Yll~.yh~~GleJ~~l hJ~\I Ln'\.t1tJ1'\.tn";i&~I"l'Jla-J~'\.t«a-JW'Y15~1 LL~::

~~m::'Y1'IJ Hygroscopic ~\I'il::~GlFlll"l'Jla-J(;]l'\.tm"wl";i~ll"l'Jla-J{eJ'\.t 1'\.t
dd et G..I G..I rJ'd I

mClJ'Y1I"l'Jla-J?J'\.t~a-J'W'Y1Da-Jl"ll~\I

:> 'I1€J\ltJ~u~n1";i'Y11\1m~(;]€J\I~~tJmru1GlFlll"l'Jla-J~'\.t«a-JW'Y15 (hygrometer)

'\.teJn'illnd''I1€J\ltJ~U~n1'';i'Y11\1a-J'J~I"l'J'';i~~tJmru1GlI"l'Jla-Jr;l'j,j, Barometer

l"l'Jla-J~::L5I'JGlmnn11'Yl~m'Yhrl'IJ 1 mBar L~€J~'il::H1GlI"l'Jla-Jr;l'\.t

'!J':i";il'Jln1A[;]'J1'J

• CJu ~~~~€J\ll'\.t[;]l'\.tn1";i~€J'lJL.yjI'J'lJIGlI'J ~'\.t~::€J€J\I!I'\.tlGl1'Ylru~~!I'\.tlGl1'Ylrun11
et 'I......
10 micrometer 'il::Gln~\I~~'\.tfl1I'J1[;]LL";i\l1 ,za-J~'J\I!I€J\lI~n L~€JVl'ill";iClJl'U'il~1'J

~1\11 L~l[;]'Jl'Jrl'\.t n1";im€J\I€J'\.tfl1l"l~'\.t!l'\.tlGl~\lLL~ 1 Micrometer LU'\.tFll~• •
LY;I'J\I'W€J~1'Yl-r'IJ\ll'\.t[;]1'\.tn1':i~€J'lJL.yjI'J'lJm\l~\lGl'J\l1Gl 'Yl~€J1tT Filter type

G4/F7(EU4/EU7) n'W€JI'J€Ja-J-r'IJ1[;]'\.t€Jn'ill nd'n1";iY11tJ";i::ta L'Yl~nYl'IJ ~€J\I#'\.t

(Airlock) L~ €Jr;lnLL~:: Ln'IJ~'\.t~~'\.t[;] 1'\.tme L~l'11€J\ltJ~U~n1";im\l m~ LL~::

n1':iY111'I11"l'Jla-Jr;l'\.t 'I1€J\ltJ~u~n1";im\la-J'J~~Fllm nn111"l'Jla-J r;l'\.t[;]1'\.tuan
L~n,z€J 1'J'il::tl'JI'J~Gln1";iL~l!1 €J\I~'\.t1tJf1\1'11€J\ltJ~u~ nl";im\lm~1[;] 5 n.ff\lI"l'J";i

~ 0 J' I d 0 co a 0

'Yla-J'\.t'Y111"l'Jla-J~::eJ1Gl'Wm::ml\1tJ";i::ta'Y1'Y11LU'\.tair lock LU'\.ttJ";i::'ill

• l"l'Jla-JL~'J~l'\.tm\l€J€Jn"r1'J~ll'J~a-J (distributors) (tJ";i::a-J1ClJ 005-008 m/s)

,z'IJ LUWU'il~ 1'J'Yl-ct\l1'\.tn1";i€J€Jn LL'IJ'!J':i::'IJ'lJtJ-r'IJeJ1n1A?JUGld' L-ct€J\I'illnm n~a-J

~€J€Jn'ill n"r1'J~ll'J~I"l'Jl ~ L~'J~\lm n Ln'\.t1tJ'\.t€Jn'illn'il::~ L~I'J\lLL~'Jf1\11tJ";i'IJmu
n1";iY11\11'\.t!l€J\I LI"l~€J\I~\I[;]'J1'J1'\.tm&~LI"l~€J\I~\I~lm";i(1Y11n1";i~\l1[;]~::L5I'JGl

~\I 00001 g ~\I'il::'l'l1~~n1";i~\I'il::LtJ~I'J'\.tLLtJ~\l1tJa-J1Gl~€JGlL'J~lL-ct€J\I'illn

LI"l~ €J\I~\I r;l\l n ~1'J~ 1"111a-Ji~n 1 'J~ a LL':i\l~ a-Jln";i::Y11 ~ €J(11Gl~\I'Yl~eJ!4'J'\.t-r'IJ

•



5. LL'VI ~\I'VHf\l\l1Ul't'IVhtleh1-HfI\lt!iJu'GinTl

• 'W~\I\ll'j,\,1~yhili'1-rULtJ'j,\,LLi'I~\I~1!'J'W~\I\ll'j,\,LFI~eJ\I~\l1~Wl

~ ~1 n1~ L'\J~!'J'j,\,LL'\J~Il~eJ\I~1 LL~\I LFI~eJ'j,\,1~Wl~:;~ ~m ~eJ F1'J13.J~ n~eJ\I~ eJ\Irrn

'Yil\11'j,\,~eJ\lLFI~eJ\I~\I~1'li'eJ~ ~\I~\I~m'Yil1r1t.J~n1~~eJULri!'Ju~~1'\J

~ n1~:5'~~:;UUn1~~1!'Jn~:;LL~1~Wl~eJ\lj;J'JeJ1F11~~'j,\, ~eJ\I'Yiln1~LL!'Jm:;UU

n1~~1!'Jm:;LL~1 ~Wl~li'1-rU LFI~eJ\I~\I~lti1 'j,\,n1~~eJULri!'JU ~mZli'1irn 1 r1,
LL!'Jn~l\1i'11neJeJn~ln ~:;uu1 ~W1LL~\I~11\1 ~::UULFI~eJ\I'\J-rUeJln1Ff i'I~eJ

3.JeJLj;jeJ{~~eJ~fl1!'Jl'j,\,mn1Ff

~ 1 'j,\,n1~eJ a n uuuseuu 1 ~Wl ~li'1-rUr1eJ\I'\JiJu~ nl~'t'l1\13.J'J~F1'J~1~-run1~

aan LLUuL~eJ~lm::LL~1 ~wl1 r13.J1nn11'\Jn~!;l13.J~eJeJnLLUUr1eJ\I'Yil\11'j,\,

I~!'J~'J1'\J

~ F1'Jl3.JLL~\Ij;J'j,\,m::LL~1~~1 LL~::~l L~!'J\ILU'j,\,~!'JeJ3.J1 i'I'1~ F1'J~~~1 hldl'j,\,n11

380 V ± 5% 1'j,\,mru1~~l'zj'l1~ 3 L~~i'I~eJmrutl'l1~L~m~m 220 V ± 5%

~ F1'J13.J~~eJ\ln~::LL~1 ~~1 LL~:;~l L~!'J\lLu'j,\,~tleJ3.Jl i'I'1~F1'J~~~lhMi'j,\,n11

• LFI~eJ\I~\lFI'J~eJ~~l\1~lnrhLL'W\leJ~l\1UeJtI 40 'll3.J. L~eJ-UeJ\ln'j,\,n1~LL~-r\lflFl'Jl3.J

{eJ'j,\, ~lnrll LL'W\IhJ fT\lLFI~eJ\I~\I []1hJ ~13.J1~ t1'Yil1r;i'F1'J~~ n1~U1!;l t1n'j,\,m~, ,
~::'r1eJ'j,\,F1'Jl3.J{eJ'j,\,U'j,\,rll LL'W\ILL~::F1'J~~~~\lLFI~eJ\I~\ll r1Li'liteJ~ln~'j,\,eJ~l\1UeJ!'J

20 'll3.J. L'W~1:;-r\lflFl'J13.J{eJ'j,\,~ln~'j,\,m~'Yil1r1dl~t.J~m:;'Y1U~eJn1~1~L~'j,\,n'j,\,

• ~eJ\l1~'Jl\1~mZli'1irni'l~eJ~\ltJeJ\ll~ '] Fi'l\1Hu'j,\,LFI~eJ\I~\lL~eJ1~'Yil\11'j,\,,
• ~eJ\I:5'~'Jl\1~3.JJli'1irn~~eJ\ln1~'Y1~~eJu 1n 'j,\,~fl1'J::LL'J~~eJ3.JL~mnU~3.JJli'1irn, ,

LLUU3.J1!;l~leJ~l\1UeJmtJ'j,\,Ld~l 1 1'j,\, LL~::~eJ\l1~1 r1~3.JJli'1irn1r;i'-run1~Lvi3.J,
;'j,\,i'I~eJ~ ~~\I~ a \IeJrunn ~a~1\1 'Yl'j,\,ri'Yl'j,\,l~L'W~1:;~:;'Yil1 r1Ln ~i'l3.JeJn LL~:;F1'Jl3.Jt'j,\,, ..
U'j,\,~3.JJli'1irn~\lLtJ'j,\,~lLi'I!;ltJeJ\ln1~n~n~eJ'j,\,~3.JJli'1irn~eJ1'\J, , ,

• 'Y11\1LVlr1eJ\lLFI~eJ\I~\lFI'J~~LL~'j,\,j;Jn~'j,\,~lmeJ\lL'r11L~eJUeJ\ln'j,\,~'j,\,LVlr1eJ\I'\Jnu11n1~, ,:.J

'Y11\13.J'J~

• n1~eJeJnLLUUr1eJ\I'\JiJu~n1~ F1'J~eJeJnLLUU~l r1~~'J'j,\,~'j,\,eJeJ n3.J1LL~:;'Yh1r1Ln~

n1~-1J~tJ'Jl\1n1~i'l3.J'j,\,L1t1'j,\,~eJ\lmn1Ffl 'j,\,r1eJ\I LL~:;r;i''Jmi'l!;lt.Jm~tI'Jn'j,\, 1~F1'J~, ,
:5'~'Jl\1L~eJ{'I1L~eJ{~'j,\, 1~1 i'lqJl 'j,\,r1eJ\I'\JiJul1n1~"1

50 Hz ± 1%

~ 1 'j,\,n~ru~~lLL~\lLFI~eJ'j,\,1 ~Wl~eJ\lLLi'I~\I~1t1m::LL~1 ~Wl~~11~F1\1~ rrrs1'li'

Voltage Regulator LtJ'j,\,~\lliilLtJ'j,\, !'Jnj;J'JeJ~l\1F1(U~n'\Y(U::tJeJ\I Voltage,
regulators L~'j,\,~ Voltage Stability ± 0.02% ~li'1-rUL'\J~!'J'j,\,LL'\J~\I± 10%

~eJ\lLL~\lLFI~eJ'j,\,1~Wl. Load Regulation ± 0.02% ~li'1-rUL'\J~tI'j,\,LL'\J~\I~eJ\I

Load ~ln 0 (i\l 100% LL~:;Transients L'J~l~lt11 'j,\,n1~~lt1'W~\I\ll'j,\,~l~eJ\I

< 100 us (LL~'JLL~n~ru)

Rocomm.ndod Condrtion for the
Ma" Metrology laboratory

::t! Cold Light Source ' E

_'et

I

J!--.
t
t

Temperature. Humidity controlled
Air

T' 20 2J"C JATI' 0.5K I h
H' 55 60'10 1Mi1- 5% I h

6. "li'mi1'V1U[;l n1':iGl nLLGi\l-HfI\lt! iJu'Gi n1':i't11\13-1'J~

• Hi::'Jl\1 LFI~eJ\I~\I LL~::I~:: ~li'1-rU L~tI'j,\,VeJ3.J~ m~~\I F1'J~~~1 'j,\,~ LLtIn~l n n'j,\,.. ..•
L~ eJU eJ\In 'j,\,m~k'j,\,~:; Lri eJ'j,\,~\It.J~1 '\Jm::'Y1U ~eJ LFI~eJ\I~\ltJ(U::'Yil\11'j,\, LL~:;~

eJ'\Jmru~ ~-6U n1~k'j,\,~::LrieJ'j,\, ~eJ\I~'j,\,, ..
• I~::'Jl\1LFI~eJ\I~\lFm'Yilr;i''JtI~'j,\,LLm'l1!;li'l~eJ1~~eJ~l\1~'j,\, ']~~F1'Jl3.Jat'j,\,F1\1LL~\lLL~\I,

Flexible Low Resistance
Cover

•



(Specifications and

Maximum Permissible errors

for Standard Weights)

L,:tEl~~l n nl"i~mJl El'lu,tr~~,ru,M~ nl"ii j;lJu,l"iU LLtJtJLL~:;L'Y1Fltu,t~ ~~. ~
l1U,~ar ElL~3-I3-Iln~u, ~ 3-1,1lVl un LLtJtJ3-Il j;]"il~~ Cln rllVlu,(;J ~1 El1j;]ClU"i:;~\I AL~ E1'lif. ~ .
LUU,LLtJtJ3-Ilj;]"il 'l U,nl"ij;]"i1~~E1tJ 'l oJFll-rtJ'lEl~ LFl~E1\1#\I~\I'ltii. u,L~\ll'n&tfEl t(;JEl

LFl~E1~#~!il\ln~l1~n~(;JEI~'lu,#U,Fl1l3-lL~El~ III LL~:; ITIl j;]l3-lifm)lVlu,j;]tJEI~

OIML R76

~ 3-1,1lVl un LLtJtJ3-Il j;]"il!il~ n ~Tni~E1~1~-rtJ rrnsnu LViElml n ci'lun~l u,•
n~l\l#\I j;]'N1(;J'l oJEl~JllEl 'l WZ!E1tJLtJj;]eJ~~(;Jj;]l3-l5j;]"jl L~ElLVI~m~EltJl (;J~fllVlU,j;] 11
~ n-#\I L~ Elasu nl VIu,(;JEll Elnl"i'l oJAl-rtJ'l El\I LL,hill LUU,~ El~1~-rtJ rrrsaau LVisu ~ n•
Flf\lj;]l3-l~ nlVlu,(;J L~ El'l oJarU,'l~1l ~3-ILLtJtJ3-Ilj;]"il !il\ln~l1~\lFl\l~Flll3-1 L~El\lj;]"i\l•
j;]~El(;Jnl"i 'lif\llU,'l u,"i:;El:;b1~l~LVl3-Il:;~3-I

.,
'fi'i1 flTVn.!~ LL\J\J3-11Gl'l1Gl3nhvnr n•

"'0 J' dtJ":.'1Il.I ~I

'11ElnlVlU,(;JU,Fl"iEltJFl~3-ICl\l ~3-Iu,lVlu,mLtJtJ3-Ilj;]"ilj;]\lLL(;J Class F1_ F2-

M1_M2_ M3 j;]l3-1 OIML R111 (1994) v:ln(;Jnl~\I!il\lLL~ 1 3-I~.n. ~u,~\I 50 nn.

im7W:l:n1'l'lti'\lTU

L~E1'l oJrm 'l if~lU,~ 3-1,1lVlun LLtJtJ3-Ilj;]"n MLVl3-Il:;~3-I ntJ L~ElU,l'11'Y1l\l~'hnms•
#\lj;]1~1(;J LL~:;'Y1l~LF1"i'cl-1(jn~~l3-ll"iCl mJ\I~n'cl-ru:;nl"i 'lif~lu,l~!il~ii..•

".., 0 _ _

rna.l'Ul'H'UflLbUUa.llrn"Sl"S::rnu F
• 1

• 'lifci'lVl-rtJnl"iml~-rtJ"iEl~~3-I,1lVlum:;!iltJ F2

• 'lifci'lVl-rtJ nl"im1~-rtJ"jEl\l LFl~El\l#~~:;L~El (;J~\I#U,Fl113-1L~El\I I

•



u

~3.nhlll'lrmL'U'U3.llln'l1'l::61'U F
• 2

• 1'ti'~1'I.,-rUn1';ij;J';i,)\I-ru·H)\I~~.J111'Y,~m::l11u M1 LL~::/"'~eJ M2

• 1'ti'~1..,-rUn1';ij;J';i,)\I-rmeJ\lLFl~eJ\I~\I~::L5EJ(;l~\I~\I,Fl,)13-JL~tJ\I 11

L~'fl,LFl~eJ\li\l'YleJ\ILL~::5'1!3-J&

, ,

5j;J';ilL~m..,~m~mn(;l (Maximum Permissible errors)

"r;l3.l\hH'UmL'U'U3.llln'l1'l::61'U M
• 1

• L'ti'~1..,-runl';ij;J';i,)\I-rU';ieJ\I~3-JJ1..,~n';i::l11u M2

• t'ti'~l..,-rUn1';im,)\I-rmeJ\lLFl~eJ\I~\I#'fl,Fl,)l3-JL~tJ\I 11

:tom inmg

Nominal Class E, Class E2 Class F, Class F2 Class M, Class M2 Class M3

value

50 kg 25 75 250 750 2,500 7,500 25,000

20 kg 10 30 100 300 1,000 3,000 10,000

10 kg 5 15 50 150 500 1,500 5,000

5 kg 2.5 7.5 25 75 250 750 2,500

2 kg 1.0 3.0 10 30 100 300 1,000

1 kg 0.5 1.5 5 15 50 150 500

500 9 0.25 0.75 2.5 7.5 25 75 250

200 9 0.10 0.30 1.0 3.0 10 30 100

100 9 0.05 0.15 0.5 1.5 5 15 50

50 9 0.030 0.10 0.30 1.0 3.0 10 30

20 9 0.025 0.080 0.25 0.8 2.5 8 25

10 9 0.020 0.060 0.20 0.6 2 6 20

5 9 0.015 0.050 0.15 0.5 1.5 5 15

2 9 0.012 0.040 0.12 0.4 1.2 4 12

1 9 0.010 0.030 0.10 0.3 1.0 3 10

500 mg 0.008 0.025 0.08 0.25 0.8 2.5

200 mg 0.006 0.020 0.06 0.20 0.6 2.0

100 mg 0.005 0.015 0.05 0.15 0.5 1.5

50 mg 0.004 0.012 0.04 0.12 0.4

20 mg 0.003 0.010 0.03 0.10 0.3

10 mg 0.002 0.008 0.025 0.08 0.25

5 mg 0.002 0.006 0.020 0.06 0.20

2 mg 0.002 0.006 0.020 0.06 0.20

1 mg 0.002 0.006 0.020 0.06 0.20

u

r;l3.l\hIllUmL'U'U3.llln'l1'l::61'U M
• 2

• t'ti'~1..,-rUn1';ij;J';i,)\I-rU';ieJ\I~3-JJ1..,~m::I11U M3

• t'ti'~l..,-rUn1';ij;J';i,)\I-rmeJ\lLFl~eJ\I~\I#'fl,Fl,)l3-JL~tJ\I III
u

r;l3.l\hIllUmL'U'U3.llln'l1'l::61'U M
• 3

• L'ti'~l..,-rUn1';ij;J';i,)\I-rU';ieJ\lLFl~eJ\I~\I#'fl,Fl,)l3-JL~tJl1 III

u "cv t1' ,CUII' 0 cv cv

'\lliilmmlA..,n1''HL\J'''t1\'\Gl3./\'\1'\11\'\mL\J\J3./1Gl~1 ~::Gl\J F, F , M, M, M
• 1 2 1 1 3

, . "
1, iGl'llL~m'\llt'im~eJtll(;1 (Maximum Permissibl errors) (;]3-J"zl..,~n•

LLUU3-J1j;J';i1L'fl,#'fl,~l\11 ~r11"''fl,(;l (;]eJ\I~~leJ~~(;l1a.hn'fl,5j;J';il L~m..,~m~mn(;l~

r11"''fl,(;lL'fl,j;J1';i1\1~ 1 ~\I~leJ~~(;ldFi(;l\lln~13-J,)~~\I(;l5111~11 (Conventional Mass),. .... .
~11~~m')::Yi(;]3-J"z1..,~mLuumj;J';i1~~1Fl'"l13-J"''fl,lLLU'fl,el111~11 8,000 nn./~u.3-J. Yi,
Fl')l3-J..,mLLU'fl,1]eJ\leJln1roT 1.2 nn./~u.3-J. Yiml.mil~ 20°C t(;ltJhJ~lLU'fl,(;]eJ\I, ~
LLm1]~1 LiteJ \I\11n LL';i\I~ o tJ111')1]a 11ell m roT

2. FilF1113.1himlueJu (Uncertainty) (;]3-JJ1..,~mLUU3-J1j;J';i1L'fl,LL~~::•
#'fl,(;]eJ\I~~lFl,)13-J13-lLLU'fl,eJ'fl,hhn'fl, 1 L'fl, 3 tleJ\I~15j;J';i1L~m"'~eJL~mn(;l~11

r11"''fl,(;l1'fl,j;J1';i111~ 1 tJnd'fl,~3-JJ1..,~mLuumj;J';i1#'fl, E1 ~1113-l~lLU'fl,(;]eJI1LU'fl,1tJ

j;J13-J~eJr11..,'fl,(;ldLL~ eJ~1111';in j;J13-J~1 Fl,)l3-J13-lLLU 'fl,eJ'fl,tl eJ11(;]3-JJl.., ~n LLUU3-J1j;J';i1•

3. Fi13.11ii1;;li!(;Iei'l\1a\l (Conventional Mass) tleJ\lLL~~::(;]3-J"zl..,~n• •
LLUU3-J1j;J';i1(;]a11LU'fl,1tJj;J13-J

mo - ( Om - U) ~ l11e ~ 1110 + (0111 - U)

•



mo FieJ ~nl;]rh~\I~a-I"hv"rrHl'U1.1a-I11>l'i1,
FieJ Fl1m(;iVi~l;]eJ1\l~\I (Conventional Mass)

FieJ erl>l'i1L~m"'1~m~mnl;]

FieJ Fl1Fl'J1a-l13JLL'l-iUm-1,

-wnl'lfh.r" (Nominal values)

1-10.

~\J"h"LLe.lU

(Polygonal sheets)m,

om 5-50-500

2-20-200u
1-10-100-1000

.c::t.CVOCVlLlt cv

'Wn~n1 ,HI Gl3-l'U1'H'Un LL\J\J3-I11;'1~1

~a-I"hV"rmL1.11.1ml>l'i1L~cn ri1'VIUI;]114~nl;]ri1~\I~eJ\lLuu1 tJI>I1a-l 1x1 On

flfl., 2x1 On flfl. 'VI~eJ5x10n flfl. L~eJn LUUL(;i?Jlil1U'JUL~a-Imfl'VI~mhu'JUL~a-I(;i1.1

'VI~eJ~uer

1un 'iru ~ ~ a-IJ1'VI 'It'fl LL1.11.1m 1>1'i1 ~ I;]eJ~ LUU!f I;] IIICl1ULL~ (;i::!f I;]~ a \I
<t ~ q q

tb::fleJ1.1iil'JCl~a-IJ1'VI'lt'flLL1.11.1ml>l'i1~nl;]ri1~\I&1\1d',
(1 ; 1 ; 2 ; 5X1On) flfl. 'VI~eJ

(1 ; 1 ; 1 ; 2 ; 5x1On) flfl. 'VI~eJ

(1 ; 2 ; 2 ; 5X10n) flfl. 'VI~eJ

(1 ; 1 ; 2 ; 2 ; 5X10n) flfl.

L~eJ n LUUL(;itJlil1U'JUL~a-Imfl'VI~eJlil1U'JUL~a-I(;i1.1 'VI~eJ~Uer

A 0
e

~

2. 20. 200 ~n.

0EJ
e 1. 10. 100 un.

5. 50. 500 ~n.

~'lhh\'l LL~~tI'U1~ (Shape and Size)
!l.,o :: •.•• g" did I I

1. ~a-IU1'VIUflLL1.11.1ml>l'i1I>leJ\la-I~tJ'i1\l'Y1\11Cll>leJfll'i&J~1>ITI;]CltJeJ1.1~eJ\I

a-IUL-rieJUeJ\IrlUfll'i~U ~ fl~\I iileJ\l13Jii~eJ\I'VI~eJ~'JUL1'l~ eJ11il1il::LUULL'VI~\I 1'1::1'1a-I~U

1iil~lCl '

2. fi1'VI~1.1~ a-IJ1'VI'It'fl LL1.11.1m 1>I'i1~LUU~I;] L~ tn nu~ eJ\Iii ~ fl~ru::'itJ~l\l

L'VI~eJunu ClflL1'U~a-IJ1'VI'lt'mL1.11.1ml>l'i1~nl;]ri1~\lLYhn1.1'VI~eJ~lfl'h 1 fl. '"

3. fi1'VI~1.1~a-IJ1'VI'lt'mL1.11.1ml>l'i1~nl;]ri1~\lLYhrl1.1'VI~eJ~lfl':h 1 fl. ~eJ\I

LUULL~U'VI~m~U(;il I;] LL(;i::~l Cl~eJfl1'i~1.1 ~ eJ\lltT\l1U UeJfllil1 fld' 'itJ~l\ltJ eJ\I~a-I

J 1'VI'It'fl LL1.11.1m 1>1'i1 Iil::LU U&11tJ\11.1eJfl~ rl I;]rh ~\I TI;]Cl13Jlil1 LUU~ a \ILLI'I~ \I&11L(;i?J~~ I;]

ri1~\lLUu1tJI>I1a-lI>l1'i1\l&1\1d' (~~tJ~ 1)

4. fi1'VI~1.1~a-IJ1'VI'lt'mL1.11.1ml>l'i1~nl;]ri1~\lLyhn1.1'VI~eJI'I\lfl'h 1 fl. iila-l
~' ~ q

"zl'VI'lt'fl~nl;] 1-2-5 fl. mIilLuu~tJLL~U 'VI~eJm\lm::1.1eJflnmIilLuu1iillU~lU~a-I~ ,
"zl'VI'lt'fl~nl;] 10 fl.-50 flfl. mIilLuu~tJm\lm::1.1eJflTI;]Clerl>l'i1~lU'i::'VI':ll\lFll1a-l

~\lLL(;i::L~U~1~Uerfl(;i1\ltJeJ\lm\lm::1.1eJflFll'ieJ~'i::'VI'J1\l 1 : 0.75 LL(;i:: 1 : 1.25

LL~~~~I'II;]FieJ 1 : 1 mlilri1LUU€UL~m'VI~eJl'leJ\I€U fi1'VI~1.1~a-IJ1'VI'lt'fl~\lLU", , ..
2 €ul14ii~a-Ifl(;ia-lLUU~~1.1 iiLfl~ml'l1a-1L1l1n1.1€U~lUm\lm::1.1eJfl
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n1'HleJmL\J\JLL6'I~n1'H"i'1\1 (Design and Construction)

1. t!Elfi1'Y1'1-l.~dl'1i'u"F1tJLuvn::~~.n.hYl'lrmLtJtJml'l·nl'Y1~~"~::'Yhnl'HJ~l'ltltln,
3-I1'Y1~"lil1nt!tlri1'Y1'1-l.~dl'1i'u"F1tJ

2. 1'I-l.n1dtl€InLLtJtJ~3-IJ1mrn LLtJtJ3-I1~d1'Y11ncn~tltln LLtJtJ~3-IJ1'Y1~n LLtJtJ, ""

m I'ld1 ~t1'1-l.1~ LL1.'l::~tJ~l"~1" €I€In1tJlil1 n~ ri1'Y1'1-l.~~ tl,,1t;l-rtJFlll3-1Liiw~ltltJ

lil1nff1~n"1'1-l.n1.'l1,,'Ii'''1'l1\l'r~

~ 3-1J1'Y1~n LLtJtJm I'ld1 ~ €I"1~-rtJ n1dt:J~I'lt;ll ell ~~~ ~ Flll3-1'Y1'1-l.1uti 'I-l.L'Yhtl'l-l., ,
l'l1.'ltl~€'I-l."1'1-l.tJtl"~3-IJ1'Y1~nLLtJtJ3-I1I'ld1L't11lf'l-l.,
tJ~mutltltJ ~3-IJ1'Y1~nLLtJtJml'ld1 ~tl"'Yh 1ri'LU'l-l.3-I3-I3-I'I-l.L~tl1.'l~rnsmeu nn, ,
ntll ri'Ln~n1d~'I-l.t1tl"~3-I1t;ld1el,
'YI1nt;l3-lJ1'Y1~mLtJtJm~d1~~tl"tJ-rtJJ1'Y1~n (adjust cavity) ~tl"ihV;el",
~tl"tJ-rtJL~m

~lU ~~ €I"tJ-rtJ J 1'Y1~n'YI ~"~1 nu ~ L~~lil~3-ItJdor ~ €I"~ ~l L~~ €ItltJ ~ltl €I"~ ~'" ,

3.

• Vltl~ri1~"~"LL~ 5 nn.-50 nn. dtJm"~L'YI~el~~"l'1-l. dtJ~ 3 LL1.'l::
'" '"

dtJ~ 4 tl1lil~~tl"tJ-rtJJ1'Y1~ntl~Jl1el 1'I-l.~tl~tJ~" LtJ'I-l.vian 1.'l~n1.'ll".. ..
LL~'YI1n ~ tl~tJ LtJ'I-l.LLY1" n 1.'l~~'I-l.~tl "tJ-rtJ J1'Y1~n tl1~ ~n~'h"T~elLlil1::

1ri'LtJ'I-l.'YI1.'l~tJ~Ll ruj;Jl ~~J1'Y1~mLtJtJ ~11'ld11'I-l.i,hLL'YI1-i,,~tJ1n~tl"
,,<I • , I

tJ-rtJtl~~l'l-l.tJw~m"~l~~t;ll'1-l.tJ'I-l. 'YI~tl15n1d~'I-l.fiff1~n"1'1-l.n1.'l1"~".. ,
1'l1"1~Liiw~ltltJ T~el~tl"tJ-rtJJ1'Y1~n~tl"(ln:zl1.'lt;lleltJ~ntl~~'I-l.Ln~m... ,
'YI~mL~'I-l.U~tJ::tltJ T~ell~~ ~"n~11tl1~LU'l-l. 'Yltl"L'YI~tl"'YI~tll~~~'I-l. 1, ,
~L'YI~l::~~ T~eltJ~ml'ldtJtl"~tl"tJ-rtJJ1'Y1~n~"n~11~tl"hhn'l-l. 1 1'I-l.

5 tJtl"tJ~~ll'ldtJtl" ~3-IJ1'Y1~mLtJtJ~11'ld1 'YI~"~ln'Yhn1dtJ-rtJ,
J1'Y1~n 1'I-l.Flf"usn LL~ltJ~m I'ldtltl \I~tl"tJ-rtJJ1'Y1~n ~ €I\IL'YI~€I€I~5 n

hhttlelnl1 2 1'1-l.3 1Jtl\l~tl"tJ-rtJJ1'Y1~n'YI~tl~lmdm~~J1'Y1~n1t;l

4.

5.
, ,

1_ I IV d id id

L'Y11ntJ5 L'Yl1t1tl"tll'ld1Lt:Jm'YI1.'lmt:Jtltl1~
OQ..l 0 _ ~ I D _ t.I ~ cv d

• Ym~n11.'l\lI'l\lLLI'l 100 n.-10 nn. ~1'Y1dtJ~~'I-l.1'Y1'1-l.mLtJtJml'ld1~

~tJ~l\1m\lnd::tJtln ~tl\l~~tl\ltJ-rtJJ1'Y1~nT~m~1::~tl" Lt!11tJl 'I-l.LLn'l-l.

t1tl\l~~ T~eltJ1n'Y11\1~tl\ltJ-rtJJ1'Y1~ntl~tJ~Llru~tl~tJ (knob) ~l'l-l., ...
tJ'I-l.tJtl\l~~ 'YI~tl15n1d~'I-l.~ff1~n\ll'1-l.n 1.'ll\1-B'\ll'll\ll~LiiW~ltltJ T~el,
tJ~ml'ldtJtl\l~tl\ltJ-rtJJ1'Y1~n~\ln~11~tl,,1~Ln'l-l. 1 h 5 t1tl\l

tJ~~lmtltl\l~~J1'Y1~nLLtJtJ~lm1 ~tl\ltJ-rtJJ1'Y1~n~-r1\1T~el'Yhn1d,
Llil1::~tl\ll 'I-l.LLn'l-l.t1tl\l~~J1'Y1~n LL1.'l::~€I\I(1n:zl1.'lt;lleltJ~ntl~~'I-l.Ln~ ell, ... ,
'YI~tlLL~'I-l.U~tJ::tltJ'YI~"~1n'Yhn1dtJ-rtJJ1'Y1~n1'I-l.Flf"LLdmL~ltJ~ml'ld

t1tl\l~tl\ltJ-rtJJ1'Y1~n~tl\lL'YI~tltl~5n13.httleln11 2 1'1-l.3 t1tl\l~tl\ltJ-rtJ

J1'Y1~n'YI~tl~lmdm~~J1'Y1~n1~L'YhtltJ 5 L'Yhtltl\l5I'ld1L~m'YI~tl

6.
~

"z1'Y1~mLtJtJ3-I1I'ld1

7. ~tl "tJ-rtJ J1'Y1~n ~ tl\l11i'HtJmd€I€In LLtJtJd1el~tl \In1d Lvi~ 'YI~ tl1.'l~ J1'Y1~n

Jl1el1'I-l.~tl"tJ-rtJJ1'Y1~n

8.

~il.~L~mtl'l-l.

• 'YI1n~~~~tl"tJ-rtJJ1'Y1~n (adjust cavity) tJ~~1I'ldtltl\l~tl\ltJ-rtJJ1,
'YI~n~"n~11~tl\l1~Ln'l-l. 1 1'I-l.5 tJtl"tJ~~1I'ldtltl,,~~J1'Y1~mLtJtJml'ld1,
LL1.'l::~tl,,~15n1dU ~~tl\ltJ-rtJJ1'Y1~nT~mtJ'I-l. ~~tJ (Knob) 'YI~tl15

rrrs1~15 m d'YI-ct\l~L'YIm::~~T~elff1~n "l'1-l.n1.'ll\1-B'"1'l1"1~ Lii'l-l.t!tltJ

5 n-#\1~€I\I~~tl \ltJ-rtJJ 1'Y1~n LV;el\l~tl\l L~ell
u

10. &!:J.IoU1'HUnLL'U'U:J.I1(;1dl Class M2 LLGl~M3

• Vltl~ri1~\I~\lLL~ 100 n.-50 nn. ~tl\l~~tl\ltJ-rtJJ1'Y1~n
~ ~

• ~~"z1'Y1~mLtJtJ~1I'ld1 Class M2 Vltl~ri1~\I&1\1LL~ 20 n.-50 n.

tl1~~!ltl"tJ-rtJJ1'Y1~n ffl'YI-rtJVltl~ril~\I~\lLL~ 1 n.-10 n. ~tl\l1~~

!ltl\ltJ-rtJJ1'Y1~n

u

9. &!:J.IoU1'HUnLb'U'U:J.I1(;1dl Class M1

• Vltl~ri1~"~\lLL~ 100 n.-50 nn. ~tl"~~tl"tJ-rtJJ1'YI~n

• Vltl~ri1~\I~\lLL~ 1 n.-50 n. tl1~~~tl\ltJ-rtJJ1'Y1~n ffl'YI-rtJVltl~

ri1~"~\lLL~ 1 n.-10 n. ~tl,,1~~!ltl\ltJ-rtJJ1'YI~n

•



• ~n(;]fh~\I~\lbb~ 5 nn.-50 nn. ~tJm\l~b'l'l~tJ~~\llU ~tJ~ 3 use

'";jtJ~ 4 f)Til3'hlf)\ltJ-ruJl'l'l,rnf)~mtJl u;Jf):5'u~\lbUWy]eJn~~mrJ\l~ ~
bb~'l'Iln;Jf):5'ubUUbb'r1\In~~ I1lU~f)\ltJ-ruJl'l'l,rn f)l 'iJ~n5fl\l l(;]tJb'iJl::

1'I1bUU'l'I~~U~bdrul1ld~~Jl'l'l,rn bbuum J;l'";illU~l bmU\l~tJl n~f)\I
<I et I , I

tJ-rUf)~~lUUWrJf)\I~d~~~lUUU 'l'I~f)15nl'";jau.yhh,rn\llUn~l\l~\I~ ,
(;1d\I1(;]b~U~f)U 1(;]tJ~f)\ltJ-ruJl'l'l,rn ~f)\I Cln~~~dtJtJg na (;]~U~ ,
bn~tn'l'l~mb~UU(;]tJ::nu 'l'I~\I'iJln'Yhnl'";jtJ-ruJl'l'l,rn 1uFlf\lbb'";jmb~d

tJ~~1(;1'";j~f)\I~f)\ltJ-ruJl'l'l,rn~f)\lb'l'l~f)f)~5nhJ,rf)tJn~1 2 lu 3

?Jfl\l~fl\ltJ-ruJl'l'l,rn'l'l~fl51~1'";jm~ ~Jl'l'l,rn 1~b'Yhnu 5 b'Yh?Jfl\l

i'G{1?I (Material) r1113-l'H'U1LLU'U (Density)•
~~Jl'l'l,rnbbUUm(;1'";jlvll~dtJ15(;]~\I~lU'Y1lU~f)nl'";jn(;]n~flU l(;]tJnl'";j,

nl ~ tJUbbtJ~\I~fl \Im~'iJl nnl'";j1tT \11UUfl tJm nb~a bVinu nu 5(;1'";jlb~fl b'l'l~a b~fl?Jl(;]

~1'l'111mtJ1~5md::nl'";j1tT\llutJn~

1WYll\ltJnU~bb~d15(;]~H'Yh~~Jl'l'l,rmbUUm(;1'";jl Class M1, M2 bb~:::.J , ,

M3 ~fl\lh!bUU51'";jbbaJb'l'l~n(nonmagnetic) 5n~\I;Jfl:5'u~fl\lvll~dtJrlf)H(;1::b~U

(seamless) 'l'I~flb'l'l~nbUU€Ubdflb~tnnUr;1d~~Jl'l'l,rn

.,
1. ~3-l'\hVI'UmL'U'U3-l1(;l'";jl Class F1 LL~~ F2

• Fldlmb~\lbb~::Fldl~btJ'";jl:: (hardness and brittleness) ~fl\l15~

~ \11ivll ~~Jl'l'l,rn bbUU~1(;1'";jl1U#Ud~fl\l~~l fl~l\lUfl Elbrll nu,

. .
5(;1'";jlb~m'l'l~m~fl~1(;]

• 'l'Iln~fl\ltJ-ruJl'l'l,rnfl~mEl1 U;Jfl:5'U ~fl\ltJ-rU~\ln~ld~fl\lU(;]~dEl

tJgna (;]~Ubn~tn 'l'I~f)bb~UU(;]tJ::nu~\IEll nuri rm bU(;]~dEl~anl ~l,
1(;]snl gnfl (;]~Ubn~tn'l'l ~f)bb~UU(;]tJ::nu ~a \Ivll ~d El'Ylfl\l m ~fl \I'l'I~fl,
1~'l'I::~mm::5~ bb~::~nU(;]-nu~dEl(;1::kd5n#u'l'I~\liiMb~f)mm'";jCl

tJ'";j::-nu(;1'";j11'11Fll-rU'"if)\I
\ .,

• 'l'Iln~fl\ltJ-ruJ 1'l'l,rnCln5fl\lI(;]El b'iJl::1'I1bUU'l'I~~U~bdrul1ld~~'\.Zl'l'l,rn~ "
bbUU~1(;1'";jl1uj;JlbmU\I~tJln~f)\ltJ-rUf)~~lUUU~fl\l~d~~~lUUU~ ,
u~bdrutJln~f)\ltJ-ruJl'l'l,rn~\ln~ld~fl\l~nu(;]11~dElbb~UI~'l'I::~flU'l'I~f)

1~'l'I::~U~b'l'l~1::5~U(;]-nU~dEl(;1::kd5n#u'l'I~\I(;1f)n5(;]brJlnUr;1d~~

• ~n(;]ri'l~\I~\lbb~ 100 n.-1 0 nn. ~l'l'l-rU~~Jl'l'l,rmbuU~l(;1'";jl~~tJ~l\l,
merneuen ~fl\l~~fl\ltJ-ruJl'l'l,rnl(;]m'iJl::~f)\lbrJ11 tJ1UbbnU~f)\I~~

I(;]EltJln'Y1l\l~f)\ltJ-ruJl'l'l,rnfl~u~bdru~fl:5'u (knob) ~lUUU~fl\l~~~ ,
'l'I~fl15nl'";j~U~~1,rn\llUn~l\l.a-\l(;1d\ll(;]b~U~flU ~fl\ltJ-ruJl'l'l,rn

5fl\l 1(;]Elvllnl'";j b'iJl::~fl\11UbbnU?Jfl\l~~Jl'l'l,rn bb~::~fl\l Cln~~ ~dEl, ~
tJgnf)(;]~Ubn~Eld'l'l~mb~UU(;]tJ::nu 'l'I~\I'iJlnvllnl'";jtJ-ruJl'l'l,rn1u,
Flf\lbb'";jnbb~dtJ~~1(;1'";j?Jf)\I~fl\ltJ-ruJl'l'l,rn~fl\lb'l'l~flfl~5n1aJUflEln~12

1u 3 ~fl\l~fl\ltJ-ruJl'l'l,rn'l'l~fl51m'";jm~~Jl'l'l,rn1~b'Yhnu 5 brll

'Ylf)\lm~fl\l (drawn brass)

• 1~'l'I::'l'I~fll~'l'I::5~~flEl~~li~~Jl'l'l,rnbbuum(;1'";jl~fl\l1aJbUU51'";j

bbaJm~n (nonmagnetic) I(;]El~~l magnetic susceptibility

1aJbnuK = 0.05.,
2. ~3-l'\h'H'Umb'U'U:J.Il(;1'";jl Class M1

• ~l'l'l-rU~~Jl'l'l,rmbUUm(;l'";jl'";jtJm\l~m~El~~n(;]ri'l~\I 5 nn.-50 nn., ~
~fl\l~Flru5~U~'YlU~ a nl'";jn (;]n~flU~n'l'l'";jf)1(;]1aJUfl Eln~l~f)\I m ~n,
'l'I~m'Y1l(gray cast iron) bb~::Fll1~btJ'";jl::~fl\l1aJbnU~f)\lm~n'l'l~m'Yll

(gray cast iron)

• ~1'l'l-rU~~Jl'l'l,rmbUUm(;1'";jl'";jtJm\lm::ufln~n(;]ri'1~\l1aJbnu 10 nn., ~
Q.I (I!1I d d Q..I de Q..IQd I

(;1fl\l'YllmEl'Ylfl\lb'l'l~f)\I'l'I'";jm5~'Yl~FJru5~U(;1(;]ml

• ~1'l'l-rU~~Jl'l'l,rmbUUm(;1'";jl~n(;]ri'1~\l1aJbnU 1 n. ~fl\lvll~dEl15~,
~'YlU~flnl'";jn(;]n~flU ~n'l'l'";jmb~::bn(;]flfln1'll&i(Oxidation), ~f)\l1aJ~

vllnl'";jbFl~f)U~d?Jfl\l~~ElmlU~~'\.Zl'l'l,rn~n(;]ri'l~\I 1 n. nserrseunn, ,
fll'iJ1m5nl'";j~u~d (surface treatment),

. .
?Jfl\l5(;1'";jlb~m'l'l~m~fl?Jl(;]

•



u

3. r;f3.n.I1lo1,rmLUU3-/11?1~1 Class M2 LLG'I::M3

• ~1'Y1-ru"hn.h'r'l-XnmJUa-l1[;1"i1"itJYI·h'l~L'YI~m.JYifl(;Jrh~\l 5 nn.-50 nn.
, v

!l.I 0 'lJ a I d IV cl cl Q..;'o

[;1eJ\lYl1(;J""Jm'YI~nmWLYI1 (gray cast iron) 'YI"iEl"J5~Yla-l~ru5a-lU[;1

ln~L~EI\l

• ~l'Y1-rU~a-lJl'Y1-XmLUUa-ll[;1"il"itJm\lm::ueJn-wn(;Jril~\lhJdlll. 10 nn.
, v

~eJ\lVh~""JEl15(;J~l'Iru5a-l,j~ LL~\lLL"i\l LL~::Ylll.~eJn1"in(;J n~eJll.~n'YldeJ1~, ,
hJlZeJEln~l'Z1eJ\lYleJ\lL'YI~eJ'YI~eJ(cast brass) LL~::I'I""Jla-lLtJ"il::~eJ\lhJ

Lflll.'ZIeJ\lL'YI~n'YI~mYl1 (gray cast iron) LL~eJ~1\lhn[;11a-ln1a.J1'I""J"iH
a I Q..I 'IJ ~ _ ~ I

L'YI~n'YI~mYl1nU[;1a-lll.l'Y111.mLUUm[;1"i1'Z111.1(;J[;11ml 100 n.,

Minimum and maximum limits for density (Pm1n' Pm • .l

Pm1n' Pm ax (10
3

kg.m-
3
)

Nominal Class E1 Class E2 Class F1 Class F2 Class M1 Class M2
value

>100g 7.934...8.067 7.81...8.21 7.39...8.73 6.4...10.7 ~4.4 ~.3

50g 7.92...8.08 7.74...8.28 7.27...8.89 6.0...12.0 ~4.0

20 9 7.84...8.17 7.50...8.57 6.6...10.1 4.8...24.0 ~.6

10 9 7.74...8.28 7.27...8.89 6.0...12.0 ~4.0 ~.O

5g 7.62...8.42 6.9...9.6 5.3...16.0 ~3.0

2g 7.27...8.89 6.0...12.0 ~4.0 ~.O

1 9 6.9...9.6 5.3...16.0 ~3.0

500 mg 6.3...10.9 ~4.4 ~.2

200 mg 5.3...16.0 ~3.0

100 mg ~4.4 ~.3

50 mg >3.4

20 mg ~.3

~l'Y1-rU l'I""Jla-l'YIll.l LL'\.i ll.'ZIeJ\l15(;J~l'llVh ~ a-lJl'Y1-Xn ~eJ\l1a.JneJ1'l4Lfl(;J~ ~~ (;J, ,
Lnll.n~l 1 111. 4 'ZIeJ\l5[;1"ilL~m'YI~m~mJ1(;JL~eJl'I""J1a-l'YIll.1LLUll.'ZIeJ\leJln1F1L~EI\I

LUll.1tJ'l1n~1~ril'Y111.(;JH~ 1.2 nn./~u.a-l. ~""JEI 10% ~""Jm'YI[;1dLd151a-l1"i(l'YI1,
~""J\lI'I""Jla-l'YIll.1LLUll.'ZIeJ\l15(;J~1'll'Yi'1~a-lJl'Y1-XnLLUUm[;1"ilLL~~::#ll.~""JEl5a-ln1"i, ,

CJ1 (Surface Conditions)

1. Jl1E11~5Jl1""J::n1"i H\l 1 ll.tJ n~~rufll'V'l'ZleJ\l~""J~a-lJl'Y1-XmL'UU m I?l"il I?leJ\l1a.Jria
1'l4Ln(;Jn1"iLtJ~Elll.LLtJ~\lm~'ZIeJ\l~a-l LL~eJ~1\l1(;J,

2. ~a-lJl'Y1-XmLu'Uml?ldl-wn(;Jril~\l1a.JLnll. 5 nn. ~eJ\l1a.J'Yi'1n1"i'l'lll.'YI~eJYI1~'YI~eJ

L~~eJU~""JL(;JElLQYn::~a-lJl'Y1-XnLL'U'Um[;1"il~\l~~n'\oJoru::LL~ll.'YI~eJLUll.Lflll.,n(;J,
!l.I \' IV o.!l.l et !l.I c::I

3. 1?la-lll.l'Y111.nLLu'Uml?l"il Class F1 LL~:: F2 ml?leJ\l"ilUL"iEl'U'ZIeJUl?leJ\la-lll.eJn,
~\l l?leJ\l1a.JLUll."i'V'l"ill. L~eJ(;J~""JEl51E1I?l1LtJ~1I?leJ\l3Yll.""Jl""Jv, •.

4. ~a-lJl'Y1-XmLUUml?l"il Class M1 M2 LL~:: M3 ~tJm\lm::'UeJn-wn(;Jril~\l

~\lLL~ 1 n. 'lll.O\l 10 nn. ~""J~eJ\l"i1UL~ElU'11eJU~eJ\la-lll.~n~\l~eJ\l1a.JLUll.~'V'l111.

L~eJ~ ~""JEl51E1I?l1LtJ~l

5. ~~Jl'Y1-XnLLUUml?l"il Class M1 M2 LL~:: M3 ~tJm\l~L'YI~Ela-l-Wn(;Jril~\l,
5 nn. ,10 nn. , 20 nn., 50 nn. 100 nn. LL~:: 500 nn. ~""Jl?leJ\l"i1'UL~ElU

!l.I "'0 a I d I'Ll o.fl' id

'IleJUl?leJ\l~ll.l'I~1tJ~""J'ZIeJ\lL'YI~n'YI~eJLYllLa-leJ~n'YI~eJ(;J""JElLLUU'V'la-l'V'lYl"ilE1~::LeJEII?l

D

f

~1'Z1eJUL'ZII?lI'l""J1~'YIll.1LLUll.'ZIeJ\l~~1A:1'Y1-XnLLUUml?l"i1(nn./~'U.~.),
, ,

51?l"ilL~m'YI~m~eJ'ZI1(;J
~

-wn(;Jril~\l'lleJ\l~a-l1A:l'Y1-XnLL'U'Uml?l"il,
l'I""Jl~'YIll.l LLUll.'ZIeJ\leJ1n1Ff'Zlru::'Yi'ln1"irJ\l (n n ./~U. R)

l'I""Jl~'YIll.1LLUll.51\l~\l'lleJ\leJ1n1Ff Lvhnu 1.2 nn./~'U.~.

'YI~eJ51a-ll"i(l(;J1~'llnm"il\l~ 3 'ZIeJ'UL'ZI[;1F1""J1~'YIll.1LLUll.'ZIeJ\l15(;J~H'Yi'11?l~Jl'Y1-Xnv , ,

LLUUml?l"il111.#ll.~1\l1

•



(fine sand mold) 5n~\li?lfl\l13JbUU'J'I'flUb~fll>li?l1~~1~rnlbtl~1 ~U~T~m\l.. , ..
i?l~flTiJ~n1'JbA~fl'Ui?ll~~'V1~fll~l>IbA~fl'Ull>1'] ~mm::~~ ~nL1U'J::'U'U~bb'U'U, ,
Epoxy bb~::plated surface 'I1l~l~rl'Ui?l~Jl'V1,xnLb'U'Umrn'Jl,

6. mn~l~l'JJ;lrn'Jl~~fl'UAll~b~~'U'ZJfl\l~li?l~Jl'V1,xnLb'U'Umrn'Jl ~l~~fl~l '11,
~\I~l>Il1l'V1-r'UAll~b~~'U'ZJfl\l~li?l~Jl'V1,xnuuu m rn'Jl1'I1bUU~\lrnl~m'Jl\1~ 4.. , ,
rl>ltJ~l Rz ~fl~lbQ~~'ZJfl\ltJfll>l~lbYi~'Url'UAll~~\I (average peak to valley

height) rnl~ ISO

~ ~
bb~::~lU dU~ f) n (;l1d-J~1,"dUr;l~"zl'Y1,znY1~~ n11lril~\l bY)ln~ f.J n L1U&i' ~Ul'Y1 un, ,
bb'U'U~lrn'Jlbb'U'Ubb~U'V1~flb~U~1I>1fll~bb~I>I\li?l1~15~ul'11bbrnn~l\1rlU

"1 (;]3.n.hH'Il'mbUU:IoI1Gl';il Class F uae F
• • 1 2

• -Wrll>lrll~\I~\lbb~1 nn. ~U~\I 50 nn. bb~I>I\I~l-Wrll>lfl~l\1b~mhJi?lfl\lbb~I>I\I

I

'V1Ul~

• I1l'V1-r'U~~Jl'V1,xnLb'U'Umrn'JlClass F1 hJi?lfl\lbb~I>I\I~l~'U#U" F1"

"
2. ~:IoIlI1'H'Il'mbUU:IoI1Gl';il Class M

1
, M2 uae M3

• ~tlm\l~b'V1~~~-Wrll>lrll~\I ~\lbb~ 5 nn. ~\I 50 nn. bb~I>I\I~l-Wrll>l'l'f~'fl~l1i'l~

mb~ nn. 'V1~flkg 'U~b1ru~ll1i'lU'UU'ZJfl\l~~'l'l1b~U~l>Ib~U

"
• ~tlm\ln'J::'Ufln-Wrll>lrll~\I ~\lbb~ 1 n. ~\I 10 nn. bL~I>I\I~l-Wrll>l~~fl~l1i'l~

mil~ nn. 'V1~flkg 'V1~fln. 'V1~flg 'U~b1ru~ll1i'lU'UU'ZJfl\l~~'l'l1L~U~I>IL~U

• 'l'l1LL~I>I\I~l~'U#U'ZJfl\l~~Jl'V1,xnLL'U'Umrn'JT:hLUU Class 'll>l "M1"

"M "'V1~fl "M"2 3

(Maximum values of surface roughness)

Class

0.5 2 5

l'~~t1-r\J'J1'Y1trn (Adjusting material)•
1~l>Itl-r'UJ1'V1,xni?lfl\l13JLUU~U~1I1i'dl~L~fl«~ er~rl'U~l~U\llU'ZJfl\l i?l~, ,

Jl'V1,xnLb'U'Umrn'Jl LLU::Ul'l'l1LUurn::rrl (lead) ~::L'V1m::~~ 'V1~flT~'V1::

. .
5Gl~1be:im'YI~mchl'l.l1~ (Maximum Permissible Errors)

errn'Jl L~flm~fl L~fl'ZJ1l>1l1l'V1-r'Un1'Jrn'Jl~~fl'U 'l 'I1Fh-r'\J'Jfl\l#UbL'Jn~Ufl~

rl'U-Wrll>lrll~\lLL~::#U'ZJfl\li?l~Jl'V1,xnLL'U'U~lrn'Jl ~\I'lurnl'Jl\1~ 1 LLi:1::~lm'JJ;l,
bYi~'UL'Yhrl'U#uml~L~~\I'ZJfl\l~lrn'JjlU~uTI>I~~\lLL~I>I\l1nurnl'Jl\1~ 5.

n1~bb~~\lb~~eJ\I'YI3-I1t1(Markings)

n1'JLL~I>I\I-Wrll>lrll~\I'ZJfl\li?l~Jl'V1,xn bL'U'Umrn'Jl i?lfl\lLL~I>I\I'l'I1Ll4u#U,
111'V1-r'U~~Jl'V1,xnLL'U'Umrn'JlClass F2, M1, M2, M3 TI>I~fl~'lumb~

~eJUeJ1t1n1~~eJUb~tlU•
i?l~Jl'V1,xnLL'U'Umrn'Jlrll'V1Ul>ll'11~fl1~n1'J~fl'ULYi~'U2 U, ,

nn. 'V1~flkg I1l'V1-r'U-Wrll>lrll~\I~\lLL~1 nn. ~u1tl

n. 'V1~flg 111'V1-r'U-Wrll>lrll~\I~\lLL~1 n. ~\I 500 n.

'l un 'J&~ i?l~Jl'V1,xn Lb'U'U~l rn'Jl~'ZJU11>1-Wrll>lrll~\I L'Yhrlui?l~ ~ m ~fl 'l 'I1LL~I>I\I, ,
LA~fl\l'V1m~~I>I'V1~fll>lfln~U(asterisk) 1 ~I>I 'V1~fl 1 nan rl>l~~::L~~~lU1U~1>I, , ,

•



~1~1\1;; 5 LtJ~El'\.JLfiEl'\.Jnl~LLtl\l~\1,~3nhl.,\1;'mnmnIW'i:ij1'\'1, OIML-ASTM-. ~
NBS(NIST)

b~~£)\lti'\I#u~rJ1a.!bfitJ\I L!?l ~~b~tJ!?la.!1 new£)

d1~f~n1~a£)~b~tJ~~~a.!1m~~1tJ1Bn1~ti'\lJ1~un

fil'1'1-r'\.JLI"l~tJ\I#\llaJ5j;]luar~ (Non-automatic Weighing Instrument)

~\I~tJ~lwrltJ\lj;]~l~lwu~~uuit OIML (International Organization of Legal

Metrology) R76 1~~lLLun#UFl113-JL~El\l~tJ\lLFl~tJ\I#\ltJtJnj;]13-J~j;]Fl113H'13-Jl~Cl

'/ItJ\lLFl~tJ\I#\ltJtJnl~4 #UFl113-JL~El\l~tJ

lum~~lLLun#UFl113-JL~El\l~tJ\lLFl~tJ\I#\I~\ln~11LtJum~~1LLunj;]13-J~j;]

Fl113-J~13-Jl~mJtJ\leJ~m~#\I~tJ\lLFl~tJ\I#\IlaJl&i'~lLLunj;]13-J'I'I~nm~'Yil\11U~\I~tJ~
•... _ d' I Q..I C "-' .., a et D d ,i., ILl I I d
~1 Elnu '1'1~1 n'l'l~l El~utJ~n'\.J'\.J~'\Y'Yl~eJ~j;]'YleJ~j;]LFl~tJ\I!J\I~\I n ~11 ntJu 'Yl~::'Yl~1'\.J

enru-n m~LLtl\l#UI"l113-JL~El\1'/1a \ILFl~tJ\I#\llaJ5 j;]luar~ n~::LtJunl~tJ~U:ijlU~\I.. ~
Fhil,eJ13-J'I'W~\lL~tJ~\lit~tJ

bfl~eJ\I.a-\l1aJel~t'Uar&1 (Non-automatic weighing instrument) '1'13-J1tlFl113-J11

LFl~tJ\I#\I~~tJ\lH~#\I'Yilm~#\llu~::'I'I11\1m~#\I L!lU m~Eln-l1\1~\I'/ItJ\I'I'I~tJ~3-J
•.. I. .

~l'1'1\1;'n'\.JULFl~tJ\ltI\ILL~::m~~lUeJ~m~t1\1

..
1.•...++4-1+1 I

•.•• I • I d
~h£'U'Inl1t1:W1~~1't1eJ\lbfl~eJ\I-ir\l (Actual scale interval, d) ~tJ Fll'YlLL~j;]\I

LUU".,U: 1 £J1J €J\I J1V\"t'ntJ El\I Fl11:J-J LL~n ~l\1~:;YI--ll\1~l(Jehj#,"'Y\~ltJ:J..ll (;l"jl 2 ~'" Yi~El. .
LittJ\lnU (fil'1'1-r'\.Jm~LL~~\I~lLL'\.J'\.JtJU1~tJn)'I'I~tJFl113-Jbbj;]n~l\1~::'I'I11\1~lfibb~j;]\I

2 ~lfi~mittJ\lnU (fil'1'1-r'\.Jm~bb~j;]\I~lbb'\.J'\.J~~j;]tJ~)

•



1Pi1'r1\.!VlJ.llt1J.11Gl'llGl'l'J1iI-i''U'lf)\I (Verification scale interval,e) ~El ~l~hr
••• I ., •

~l'YI-rU LLU\IT!u,f'rn ~ LYitJ\I~El\ILFl~El\lT!\ILL~::~l'YI-rUrrn rhu, 'Jru~l el{;1'il L~ElL'YI~ El

L~El!JlI?11u,nl'i{;1'i'J\J~ElU lli'Fi'l-rU'iEl\l LFl~El\l#\I ~ldLL~I?1\1LtJU,'YI~'JtJ1JEl\lJl'YI'ltn

~\ltl?1tJ~'JhJLL~'Je = d LL~::lu,nl'irll'YIU,I?1~l e U~';'Yl~eJ~{;1LFl~El\l#\I\J::LtJU,~rll'YIU,1?1

tI'\.l, :(jlWl'\.l,
Ylnlil

Fl113-J ~l#Wl'll-IltJ #Wl'll-IltJl-Illi1'illi1'i1'l'i\J'HJ~ ril~\I
cl l-I1(;1'illi1'i1'lfm1N (n = Max/e)L't'H.J~ J?il~1iI

e ,

~1m1.l1ii1~11J ~1m1.l~~~r;]
(Min.)

tI'\.l,I 0.001 n. :5 e 50000 2: 100e

tI'\.l,11 0.001 n. :5 e :5 0.05 n. 100 100000 2: 20e

0.1 n. :5 e 5000 100000 2: 50c

tlU 1II 0.1 n. :5 e :5 2 n. 100 10000 2: 20e

5 n. :5 e 500 10000 2: 20e

tlu, Iur (5 n. :5 e) 100 1000 2: 10e

. •.. ., .
~\I'ltU,'YI~ltJ~\lU~';'Yl~eJ~{;1~WJU,~\lFl'Jl~LL~U,~hLYitJ\I{;1'i\l1JEl\lLFl~El\lT!\l1JEl\l~'JLEl\l

LL~El~l\l1 'i n {;11~ t;lEl\l~l LitU,nl'irll'YI u,1?1{;11l-ln!] Lnru-n~ rll'YIu,1?11-rj;]\l1?11'il\lLLU\I#U,
, "

Fl'Jl~ LYitJ\I~El\lLFl~El\lT!\I

•..
~1'1.11'1.1tif)\ltT'I.IVlJ.llt1J.11Gl'llGl'l11i1-i''U'lf)\I (Number of verification scale

, ,

intervals, n) ~l'YI-rULFl~El\lT!\lYi~~'J\lnl'i-8'\lLV;tJ\I~'J\lL~tJ'J~El ell?1'il~'JU,'i::'YI-Jl\l~l
•..

~rll?1rll~\I~\I~l?1rlU~l~u,'YImtJ~l{;1'il{;1'i'J\J-rU'iEl\l'" ,

~lU,'JU,~El\l#u,'YImtJ~l{;1'ilm'J\J-rU'iEl\l (n) •..~l~rll?1rll~\I~\I~1?1 (Max)

~l~U,'YI~ltJ~ll?1'ill?1'i'J\J-rU'iEl\l (e)

\Jlnm'il\l~l\lUU,L'il\J::L'fiu,1~-Jl~1U,'JU,~El\l#u,'YI~ltJmmlln'i'J\J-rU'iEl\l

(Number of verification scale intervals, n) 1JEl\lLFl~El\l#\l1~ellntu'ar~ Class I

,xU,\J::1~~lrll?1~1U,'JU,LL~LYh~~nl'ieJ~lnrlU,~~\I n = 4.1 x 105 e

1u,1Jru:: L~tJ'JrlU,~lU, 'Ju,~El\l#u,'YI~l tJm In'illn'i'J\J-rU su \InEll\J\J::LtJu,j;]nil.

~U\I~~\lFl'Jl~LL~U,eil1JEl\lLFl~El\l#\l1~el{;1tu,m1~~ class (#U,Fl'Jl~L~tJ\I) L~tJ'JrlU,

M'i::j;]u'YI'ct\l ~'JEl~l\lL~u,L~mt.l~tJuLYitJULFl~El\l#\l1~ellntu,ar~ Class III ~~~l

n = 4,000 ~U-Jl~Flru~~u1i~n-J1LFl~El\l#\l1~ellntu,ar~ Class III ~~~l n = 3,000,
L~U,1U,LL~1JEl\lFhelln'ilL~m'YI~m~El1Jl{;1LL~n1~L~~El1t.l'Ylnmru,

cWn~ri1a\ta\la(;l (Maximum capacity, Max) ~eJ Fl'Jl~~l~l~[l1Jel\1LFl~eJ\)tY\Jfi•• •
~l~l'ifl#\lJl'YI'ltn 1~mn~~{;1 t{;1tJ1~'i'J~ rlUFl'Jl~~lm'ifll U,nl'i'Yl{;1Jl'YI'ltn,

.
ii4nGlrhi\lr.i'1at;] (Minimum capacity, Min) ~El Fl'Jl~~l~l'ifl?JEl\lLFl~El\l-8'\lYi•
~lm'ifl#\lJl'YI'ltnM'!tEltJ~~{;1 t{;1tJ1~'Yhlli'eJ~nl'i#\I~eJ~~{;1«~~'Yl5mnLnu,n-Jl,
~Fl'J'i\J::Ul LFl~El\l#\l1tJ1~#\I ~l'YI-rU LFl~El\l#\l1~ ellnIu'ar~~\I LtJU,LFl~El\l#\I~~~'J\I m 'i#\I'YI ~l tJ~'J\I

(multiple range instruments) LL~::LFl~El\l#\I~Lt.l~tJU,~1#u,'YI~ltJm{;1'i11~

(multi-interval instruments) ~lLtJu,t;lEl\lFimYlnl'irll'YIU,{;1~l e lli'L'YIm::~~

~\I\J::1~n~1'Jlu,~d

OIML R76 1~rll'YIU,{;1elln'ilL~m'YI~m~El~1{;1~1'YI-rUnl'i1li'Fi'1-rU'iEl\l

#u,LL'in ueerm lli'Fi'l-rU'iEl \I#u, 'YI~\ILFl~El\l#\l1~ellntU,ar~j;]\llnl'il\l~l\l~l\ld t{;1tJ

Elu,rullnlli'~ eJ~~{;1~\I'Yll\l~ltJ'Ii'l\l sn nLL~::~ltJ'Ii'l\l'!tEltJj;]\ld,~

J1V1unt.l~f)(;l.ntla\lat;] (Maimum safe load, Urn) ~El Jl'YI'ltnmn~~{;1~.. . .
LFl~El\l#\I-ruJl'YI'ltn 1iK({;1tJ1~Yh lli'Flruill'vm~::Fl'Jl~ o nt;lEl\l~El\lLFl~El\l#\lLt.l~tJu,1il, '"

j;]\I,xu,Ln ru-nnl'i LLU\I#U,Fl'Jl~ L~tJ\l1JEl\ILFl~El\l#\l1~ ellnt u,ar~lli'LtJ u,1il
1nl~'YI~n Lnru-n~ rll'YIU,{;1j;]\I~El1t.ld

•



ellil'n '1hl'lunlt1'Y1I>1@u (m) LL!'lI>l~lu'l'l"bt:J'/J!l~

L~m'l'l~!l ~liumnt:J3-l1Iil'illil'i'l'iJ-rmeJ~ (e)

L~eJ'/Jl1>1 t1U I t1U Il !Tu HI !Tu [Ill

0.5 e 0< m < 50000 0< m < 5000 0< m < 500 0< m < 50
1.0 e 50000 < m::; 5000 < 111::; 500 < 111::; 50< m s

200000 20000 2000 200
1.5 e 200000 < m 20000 < m$ 2000 < m s 200 < m $

100000 10000 1000

mml'i~l\1'UU Il?1mQvn~l'I1nl1leJ\ln1'ihi\Fl~eJ\I~\I Class III ~\lmd-l~mi'TYIUI?1

OIML R76 bbar:u~ri'l'Y1UI?1L"'~~l Max. = 10,000e bb~:U~\l1 bb~"JbFl~eJ\ltMUl1eJ\I

1,U;nl?1~~eJ~bb~~ L"'c.J~n1'i~\I~Ulb~eJi1eJ111l:U~~~1 Max hIFl"J'ibflU 3000e 'YI~eJ

eJ~l\1~~~l?1n'l'hMbYlrJ\I 5000e 'YI1n~'lJ'hFl~eJ\I~\I Class III LI?1~~l Max. =
q

1O,OOOeJ'unFl\lbUUc.J~?JeJ\ln1'i~I?1n1'i?JeJ\I Display '/JeJ\lbFl~eJ\I~\I~\I:u~1tJbb'lJ\lbb~~

?JtJl tJ«'1! '1!lrubb'i\ll1lu1vHh 11l1UY11\1eJeJn'/JeJ\I load cells Maeb~tJ 1?1d-11ntubb~~~\I

«'1! '1!1 ru~~ b~ tJ 1?1brllLI?1 Fl"Jl d-Ibb'i\I?Ja \I«'1! '1!1 ru ~ \I~ eJU~ \Ibrll J' U~ \Im 'i n 'i~ vh

111\1n ~1"J:U~~ \Ic.Ja ~a Fl"Jl d-Ib~ tJ \l1?1'i\l'/J a \IbFl~ eJ\I~\III?1tJ1?1'i\Ib~ 'il~tl n ~ bb~"JbFl~ eJ\I~\I

Class III uae Class lIU ~1?1~\lLu~m"J~bbdl?1~m.j~~n1'ibtl~tJUbbtl~\I~\leJru'YI.n~
q ••

n1'iku~~ bYieJU'YI~eJm:u M-r'U rrrnu ndU:Ul n «'1!'1!1 ruFl ~Ubb~ b'YI~ n ~1\11 ~ nl1l"JtJ

11l\lJ'UL Un1'i~:Ul'irulb~eJmFl~eJ\I~\lhleJI?11 Uar~b~ aH'\llUL Un1'i~eJ'U

bfi tJ'Utl~an m?J eJ\Ib'YI~"J11l"JtJ15n1'i~\lJl'Y1 ~n Fl"J'i~:Ul 'irul b~ a n bFl~eJ\I~\lI1l\ln ~1"J

L"'~~l'ffumnmnl?1'ill?1'i"J:u-r'lJ'jeJ\I (e) brlln'U

e s 2xlO-3 x MPE.x W

&11fnh\l 1 ~111l'j'rl?1rll'Y1-r'UbbeJ~neJe'leJ~~eJl1l'iln1'i1 'YI~eJ~'i~'YI11\1 5-50 I/min ~\I

~l?1bUUanl1l'ill?1tl~~ll1l'i?J€J\lb'YI~"J#UFl"Jlm~tJ\I 0.5 J'u 'YIantJ~\I ~eJl1l'ilb~eJ

b'YI~eJ b~eJ?Jll?1b~ a ~ 1?1~\I b~l n'lJ'j~'U'Un1'ill?1tl~anl1l'i?JeJ\I b'YI~"Jbb~"Jbrll n'U ±0.5%

?Ja \ltl~an 11l'i'Yl1?1~eJ'U bb~~UeJ n:Ul nit tl~~l ruUeJ tJ~ ~1?1~11?1111l'/JeJ\I~ll1l'ill?1 rll'Y1-r'U
q

bbeJ~neJe'leJ~~~lbrlln'U Vmin = 5 I :U\l~:Ul'irul

n.) '1'11n 111a \Im 'i'Yl1?1~eJ'U an l1l'ill?1tl~ ~ 111l'i'/Ja \Ib'YI~"J11l"JtJ L1\1I1l"J\Iuuu
d-Ill1l'il'/JU11?1 50 ~11l'i Il?1tJ15n1'i~\lJl'Y1~nl1l"JmFl~eJ\I~\l1~eJI1lIUar~~\I~~I?1#U

w = Jl'Y1~n'/JeJ\ltl~anl1l'i'YlI?1~eJ'U (g)

MPE. = eJl1l'ilb~m'YI~m~eJ'/Jll?1'/JeJ\ltl~d-Ill1l'i~l1leJ\ln1'i'YlI?1~eJ'U (%)

• v

'YI~eJ'l;;jl?1~n~tJ'YI'a\l11~1'iJU'YId-IltJd-Ill1l'i111l'i"J:u-r'lJ'jeJ\I (e) l1leJ\lUeJtJn11

'YI~eJbrll n'U 0.2% !jeJ\Ic.J~fjru'i~'YI11\1Jl'Y1~mleJ\ltl~d-Ill1l'i'YlI?1~eJ'U n'UeJl1l'il b~eJ

b'YI~eJb~eJ!jll?1'/JeJ\ltl~anl1l'i'Yl1?1 ~eJ'U ~\litn b~ eJ1 '1'11111c.J~rrrssau bfi tJ'U~U 1 b~eJ fleJ

bb~~bFl~eJ\I~\I ~\I Fl\l~lan'iCll "'c.J~ n1'i~\l111l~~b~tJ I?1bb~~~n 111eJ\lann~eJ bb~~~ n1'i

~l\1'Uuitl'Zi1l1ln'Un1'i~eJ'UbfitJ'Utl~d-Ill1l'i?JeJ\lb'YI~"JI1l"JtJ15n1'i~\lJl'Y1~n~~Jl'Y1~n

hl~\lann:uudlu1tlb~'il~~~eJ~lnl?1'/JeJ\lbFl~eJ\I~\lbb~~eJtln'icl~b~m~eJ\I.. ,

v •

'YIantJanl1l'ill1l'i"J:u-r'lJ'jeJ\I~~lbrlln'U e = d = 20 g, Max. = 60 kg, ~UFl"Jl~bfitJ\I

III ~~"JUbb~I?1\1~lbb'U'U~~l1leJ~ (Digital display) l1leJ\ln1'i'Yl'il'U11'/JU1I?1tl~anl1l'i~

'Yl1?1~eJ'UbYltJ\I~eJ'YI~eJ1~

'/J.) l'I1nl1l'i"J:U~eJ'Uanmll?1tl~anl1l'i'/JeJ\lb'YIm~tl~anl1l'i'YlI?1~eJ'Ubrlln'U 20

~11l'i l1l"JtJL1\1I1l"J\lbb'U'Uanl1l'il'/JU11?120 ~11l'i Il?1tJhil5n1'i~\lJl'Y1~nll?1mFl~eJ\I~\I

hleJI1l1 Uar~~~l#U'YI~ltJd-Ill1l'ill1l'i"J:u-r'lJ'jeJ\I e = d = 20 g Max. = 60 kg, #u

Fl"Jl~b~rJ\I III ~~"JUbb~I?1\1~lbb'U'U~~l1leJ~ (Digital Indicating Device) bb~~hr

'/JeJ\lb'YI~"J'YlI?1~eJ'UbUUeJ~neJe'leJ ~ c.J~n1'i~\I:UlmFl~eJ\I~\I:U~~~l bUUeJ ~1\11 suae
bFl~eJ\I~\lI1l\l n~l"J~\lFl\ll "'c.J~n1'i~\I~~b~ tJ 1?1ann~ eJ'YI~eJ1~ ~~~~1 "'~ll1l'ill?1

q

tl~anl1l'i'/JeJ\lb'YI~"Jvh\llUM~nl1leJ\lbb~U~hbb~~1~~c.J~~1?1

~'U111 U Y11\1tl~U~'YI1 n 111a \Imssuu bfitJ'Utl~ ~ll1l'i'/JeJ\I b'YI~"J11l"JtJ15 n1'i

~\lJl'Y1~n~~Jl'Y1~n~\l1 b~U 1000 kg 'YI~eJ 3000 kg bUUI1lU ~lan'iCln'i~'I'h

111lmn b,leJ\I:Uln 1utr:u:uUU~c.J~11l bFl~eJ\I~\I'YI~eJ~l?1~n~tJ'YI,l\l11~c.J~11l Load cells
q cu cu cu

~\I~~eJ~ln 1?1'Yl1\1b'YlFlil.Fl~:U~~1~1'iClc.J~11l1 'YI111l~1 e 11l1~Fl"Jld-1l1leJ\ln1'iI1l\ll U

•



oWIiI1'HU1 n.)

F1J13-J'V1'lA,lLLU'lA,'1lEl\l5~nm:JEl~ PAlg= 0.8 Kg!l

mn

LL~ L.cr.El\I lill n15 nl'HW'U LVitJ'U 1111tJ15nl''i~\I1-rl'V1 ,:rn'1l El\I L'V1~l'ih LtJ'lA,r;lEl\I

v11 nl'H1El'U LVitJ'U LVi tJ'U n'U r;lmll'V1,:rn ~\I J'lA,L~El ~~ ~'t'l5'l'l~'1lEl\l LL"i\l ~El tJ ~1~\I, ~ .
n"i:;v11~ElU~ml'l"i'1lEl\l5~nEl"El~n'Ur;l3-J~1'V1,rnLL'U'Uml'l"ilViLLl'ln~l\1n'lA,,

o ~ ~ ~ I I ~ ~ IV

'l'llill "i ru 11'13-J'lA,1'V1'lA,n LL'U'Um 1'1"il 'l'l'U 11 Fl113-J'V1'lA,1 LL'lA,'lA,'1lEl\l1'I3-J'lA,1'V1un, '
LL'U'Uml'l"ililFhL'I'hn'U 8,000 nn.!~'U.3-J. ~Fl113-J'V1mLLU'lA,'1lEl\lElln1F11.2 nn.!~'U.3-J.

e ~ 2xlO-3xMPE.xW

. ~
'V11nr;lEl\l mssau LVitJ'U m l'I"ir ~ 1111tJ15n1"i~\I~1'V1,rnr;lEl\lI'l"illil sau 1111tJ

~
~ l'V1,:rn'1lEl\l'1l El\I L'V1m El~l\1,:rEl u L'I'h n'U

. ~
ViElru'V1il;i:l 20°C ,r'lA,~El Pwcigh!, ou

=8 kg!] (l dm3 = 1 1)

e 103 20 x 103
W ~ --x- = = 20 kg

MPE 2 0.Sx2
20kg 20kg

=
Pweight 8.0 kg/ I

20kg 20kg
= =

PAlg 0.8 kg/I
25 I

2.5 1

tt'lA, 'V13-J1tJ [i\l LFl~ El\I ~\I n ~11 (;l1 m "iCll m5 nl"i~\I Jl'V1 ,rn'1l El\lU~3-J1I'1"i

't'l~(;lEl'U1111~\lLL~ 20 kg T~mr\lFl\lliFl113-J~nr;lEl\lLL~:;(;llm"iClv11n1"iI'l"illil(;lEl'U

LL~:;!>l~ ~'lA,llil1111'V11nil e..m ~~ Ln'lA,51'1"ilL~El L'V1~El L~El'1l1 ~~ nl'V1'lA,~ lill nFl113-J'V1'lA,1 LLU'lA,

lil:;L~'lA,1111'h5~nEl"El~ilu~ml'l"imnn-hu~mru'1lEl\lr;l3-JJ1'V1,rn !>l\lJ'lA,,
did od 'Vdl I cv ol~\'_
lil\l3-1LL"i\I n "i:;m L'lA,El\llill nLL"i\I ~ EltJ 1'113-1Fll3-11 n n11 LL"i\I ~ EltJ I'll mern 1'1El~ 3-1'lA,1'V1un

'JJ ~ I fV Q..I dOl IV I

~ltJ L'V1~'lA,Fl113-1LLI'In1'J1\1'1lEl\I LL"i\Isa tJ I'll El'lA,L'lA,El\Isn nm m arnem 1'11\1n'lA,"i:;'V111 \I,
U~ m 1'1"i5 ~ n El" El~ n'UU~3-Ill'1 "i r;l3-1Jl'V1,rn LL'U'U3-J11'1"il il ~1 (Fl113-1'V1'lA,1 LLU'lA,'1lEl\I,

'1lEl\l5~nEl"El~ PAlg= 0.8 Kg!]

U~3-J1I'1"iL'I'hn'U

~ .
~\I,r'lA,5~nEl"El~Viil~lL'I'hn'U 20 kg lil:;il

20kg

PAlg
Elln1F1 PAir = 1.2 Kg!m3 = 1.2 gll)

20kg
0.8 kg/l

= 251

1111tJ L'V11'1d'(;l"iu1 11111L"il (;l13-J1"i C11'1"illil(;lEl'U 1i Fll-r'U"iEl \IT~ tJ1~5\11'11\1 LL'U'U, ,
ml'l"il'1l'lA,l~ 50 ~1'I"i T~tJ15~\lJl'V1,rn11111111tJLFl~El\l~\I~\lil~1#'lA,'V13-11tJml'l"ill'1"illil

-r'U"iEl\l e = d = 20 g 1r;l Ans 25 1-2.5 I = 22.5 I

oWIiI1'HU1 t1.)

L~ El(;l3-J3-J~l i3-J1I'1"ir~U~3-Jll'1"i'1lEl\l L'V1~1v11\11'lA,M Cln r;lEl\l LLa.I'lA,fh LL~:;1a.1il
, ou.. ~

c.m~~ LL~:;'V1~\llillnv11n1"i(;lEl'ULVitJ'ULFl~El\l~\l1111tJr;l3-l~1'V1,rn3-Jll'1"i1\l1'lA, 20 kg c.m, ...
~l\1~LFl~El\l~\lLL(;l~\I~lJl'V1,:rn1a.1~l\1n'U~lJl'V1,rn'1lEl\lr;l3-JJ1'V1,rnLL'U'U3-Jll'1"ilJ'lA,~El,

= Pair. g. VLUEl\llill n use ea tJ !>ll'1lEl\l Ell m F1

c.m ~l\1'1l El\I LL"i\I ~ EltJ!>l1'1lEl\!Ell m F1

(l'lA,L't'l El3-I'1lEl\lJl'V1,rn)

= (1.2 g/l) x g x 22.5 1
=27 g.

'" , . •..
t:J~LL(;l~\I~l~l'V1,rn'U'lA,lilmL(;l~\I~l'1lEl\lLFl~El\l~\I-~l'V1,rn'1lEl\lr;l3-J 20.000 Kg = 0,

= 0.027 kg.

•



L~mU~mJL-nI'J'U~Jl'Y1,xm~mnu 20 kg 'j::'Y\':ll\1Jl'Y1,xntlfl\l(;]~Jl'Y1,xn
-~ •..•• _ o'ld~ , •• "

nu U1'Y1un fl a n fl ea a LLInLFl'jfl \It! \I\I:: LLt1In\IeJ~ m 'jll\l-n LLInn ~1\1nULii.fl \I\11n ~ 'Y15l"1~
~

tJfl\lLL'j\l~flI'J~'l ~~l~l'Y1,xmYhn'U 0.027 kg 'YI~fll"lln~n,xI'J'YIit\ln~fl'YIlmFl~fl\l

~\lLLt1I1l\leJ~n1'j.a-\l~~Jl'Y1,xnVlnlnri'l«\I 20 kg LYh~'U 20 kg LFl~fl\l.a-\l\I::LLt1In\l

~l'Y1,xmr~nflelfl~ 20 kg Lyhn'U
~ ~.

~l'Y1,xntJfl\l~~-~l'Y1,xnLii.fl\l\llneJ~~l\1?Jfl\lLL'j\l~flI'J~'ltJfl\lfl1n1F1

20.000 kg-0.027 kg

19.973 kg = 19,973 g

';i~'U'Ut'YIa6lt"lfa (Load cell system)

'lIeHI t~~eJ\lti'\ll3JeJGIIU:trGi

I'YIa 111L'll~,x'UL;]Uri''l'l\l?Jfl\l LFl~fl\l.a-1l1aJ51nlUm1t!'i4,11lLFl~flll.a-Il~L~nmfl'i4,n If
LL~::hl-r'Un1'j~~ulrYll\llnmbl'JlllU~~l'JtJflll-r~LL~::mFlLflnt!u L~fl(;]fllln1'jLvi:l-l

~11lFl'll:1-1t11m'j(l LL~::Fll1:1-1LLaJU~htJflllI'YI~I1lL'll~ LL~::L~fl'l 'YIl(;]eJ~n1'j-&Il~(ln(;]flll

LLaJUti1lnl :I-I~flfln LL'U'U11' (;]l!'.JL'YIInd'l"Ifl\l::LLUIl'j::'U'UI'YI~11lL'll~~lr;l-r'U n1'j~ ~u 1•
LL~::'i4,I'J~'l-Unu'luu\I\luu 2 'j::~'Ur;l'lI'JnUAfl•

LL~Litflll\llnm'l-ULFl~flll.a-1l1aJ5lnlU~~~~~1 e L'Y11n'U20 g ,rUAfl
d ~ ~ Q..I d c: A' ~ I

LFl'jflllt!Il\l::LLt1I1lIlUl'Y1Un'Y1Ll"I:I-ItJUFl'jIl~::20 g Lt!U 0 g, 20 g, 40 g, 60 g, 80 g,

100 g Lyh,ru ~l'Y1-r'U~lJl'Y1,xn~ 73 g LFl~flll.a-Il\l::laJLLt1I1lIl~1'Y1~m'jl1aJ

t11:I-Il'j~lU~lJl'Y1,xn 1r;lJ ULflll ,r U 'YIm I'J[ill LFl~flll.a-1l~Il n~ll1aJ LVI:I-Il::t1:1-1~L~on
H'LUn1'jt1fl'U L-nI'J'UU~:I-Il In'j r;ll I'J~5 n1'j.a-IlJl'Y1,xn ~ 20 g ~1 L;]U(;] flll LU~ I'JU

LFl~flll.a-1l1aJ5lnh3-J1i'l'YIaJh4~~1e ,rflI'J~IlLYhn'U 1 g L;]Ufl~lll,rflI'J, Max. = 60 kg,

#UFl'll~L~I'J1l 11 nl'j~L'jl(;]flIlL~flnVlnlnrl1«Il~\I~1n 60 kg rY\ld'nL~m~flH

~1'Y1-r'U~1'Y1,xntlflIl5\1lnl\1LL'U'Umln'jl

1. '.i::\J\Jt'H~lnbyj,nb'U\Je:J'I.I1~eJn (A common analogue system)

LFl~flll.a-1l1aJ5 InIu~~~~'j::'U'UI'YI~ 111L'll~ LL'U'UflU 1 ~fl nu'j:: nfl'U'Yl1ll1Ufl ~

,r UL;]U~U LL'U'U~'i4,I'J:I-I'l ~n'U LFl~flll.a-1l1aJ5 1nlU~~:I-Il n~t111l «n~ru::#uln flUn1;•
rilIl1U\I::U'j::nfl'Ur;l'l1'J ~1l~U~ 1

'YIm!'.JL~tl 1 ~'1J'1Jlru(;]lUmllflflntJfllll'YI~InL'll~ (Load cell output)

~~lU'j::mru 0-30 mV

'YIm!'.JL~tJ2 ~'1J'1Jlru~ntl!'.J1I'Jr;l'lI'J~'ltJI'J11'J~'1J'1Jlru(Amplifier) Lvi3-J
~

~Iltluu'j::mru 0-5 V

'YIm!'.JL~tJ3 ~'lLLU'j~'1J'1Jlruflm~flm;]U~~!;lfl~ (AID Converters)

LL'U'U Dual ramp digitiser converts riln1'jLLU'j

~'1J'1Jl rua U1~ fl n'l ri'L;]U~'1J '1Jl ru ~~ Ina a (;]lU 'Y111lfl fl n
_ 0 _0 _ <Lot'"

\11n Inl?JI'J1 I'JLL~::m nl'jU 'U\llU 'lUt1 '1J'1J1 rul"l ~'ll LL'U'U

~~lnfl~

'YIm!'.JL~tl 4 ~lmu~~.g\l::L;]U~l1lalUll1l I'JIn'jll n'UJ1'Y1,xn~ n'j::ril

~fl I'YI~11lL'll~ ~1l~lU lU~'1J '1Jlru~~.g\l::u'j::n ou r;l'lI'JrYll

Jl'Y1,xnlnll'J (Dead Load) L~U Jl'Y1,xnalu-r'UJlmXn

LL~::Jl'Y1,xn~LU~I'JULLU~1l (Life Load) n~flJl'Y1,xn. .
lt1In-n(;]fllln1'jllll•

•



'VI~lmr;,?J 5 1~lFl"iFlEl~YllLIilEl{~::fhm"i~Il«CYCYlcuLn~ (Gating

Signals) E1E1nmL~E1FllU~~m"iLLtJr;,Il«CYCYlCU~lnEl'l-l.l

~E1mU'I-l.~~IilElr;,

'VI~lmr;,?J 6 'VI~Il«CYCYlCU~ln(;hLL'VI'l-i1l4 n~::~n~llhh.b::~lmJ~L~E1

~1l«CYCYlcu1tlL~mLfllnll~llln!'J~mLfllnlliOh (Display)

2. 'H~uut'HGll?lb'lHubuu6i~rmJGI (A common digital system)

L,lElIl~ln ~&J~Iill 'VIr;,InL'll~1r;lL~~~~'I-l. lL'YlFll 'I-l.lr;,~l'VIr;,1nL'llr;,l"'fllm"iLlUl

1 ~ ... ~... ~.t d •••.•
tltl"i::!'J nlil L!flll'l-l.L 'VI'VIr;,ln'VI~l!'Jmn!'JIl?J'I-l. LLr;,::m"i'Yl~Flll~IilElllm"iFllUFl~, ,

LFl~E11l#1l1r;l"i::!'J::'Yll1l1n~~l ni'l-l.lln!'J E1l~~ In~Il l 'VIr;,InL'llr;,vllll~l n~E1LLfllnIl~l1r;l[i1l

20 L~Iil"ir;ll!'Jfll!'J«CYCYlCU!f'l11n RS-232C ~1l&Jr;,l"'Lnln "Digital Load Cell"

LU'I-l."i::UUl'VIr;,InL'llmLUU~~IilElr;,"i::uulmJi'l-l.m r;ll!'Jm"i"il~LEll#'I-l.IilEl'l-l.m"i

fll III 'I-l.~ Ln lni'l-l.l 'I-l."i::UUl 'VIr;,InL'llr;,LLUUEI'I-l.l~E1 nt ,.,~U E1~Jll!'Jt 'I-l.~l'1-l.L~!'Jl"il ~~Il

fllnl"itl"i::m~&Jr;,(;hIl1 t"'~Ur;,1l CU (;hLL'VI'l-iIl~l'VIr;,InL'llr;,~In~1lIIn!'JhhhLU'I-l.r;lElIl

~Il «ru rulCUr;ll'l-l.'YllIlElEln?JEllll'VI~1nL'llr;,1tltl"i::~l~&J~~"'E11l FllUFl ~~ih::!'J::vllIl1n r;,~~ ,
E1E1n1tl~l n(;h LL'VI'l-i1l~1n~lll 'VIr;,1nL'llr;,~n~Il~Ilr;, lni1ru'VIl nl"iflruL~mmll«rurul cut 'I-l." '" '" •..•..
"i::'VIllll'Yllll~nr;ll!'J I!!~tl~ 2 LU'I-l.~n~CU::#'I-l.IilEl'l-l.nl"iflllll'l-l.

'"' "d
o!!l ••C<I

'"' = 0ye:. .t:J
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«CYCYlCUr;llU'YllIlElEln?JEllll'VI~InL'llr;,(Load cell output)

~~ltl"i::~lCU 0-30 mV

'VI~lm~?J 2 «CYCYlcu~mJ!'Jl!'Jr;ll!'J~l?J!'Jl!'J«CYCYlCU(Amplifier) LYl~
.t •• , "I

~1l~U~Fllu"i::mcu 0-5 V

'VI~lmr;,?J 3 ~lLLtl"i«CYCYlCUEl'l-l.l~E1mUU~~IilElr;,(AID Converters)

LLUU Dual ramp digitiser converts fllnl"iLLtl"i

«CYCYlCUEl'l-l.l ~E1nt "'LUU«CYCYl CU~~IilElr;,~r;llU 'Yllll ElEln

~l n ~l~!'Jl!'J LLr;,::fll nl"i'!tu'ii'lU lU«CY CYlCU~~.gLLUU

~t1~ 1 "i::UUl'VIr;,InL'llr;,LLUUEI'\.l,l~E1n(Common analogue system)

60 U1U1ffn::tf.1I;r),1'JIiI

•



'YImm(;l'/J 4 lillU,1U,~(;l.gIil:;btJU,~~~':I'j,j,T~EJIWh1n'UJl'YI,rn~n'j:;'Yh

~ flT'YI(;l~b'lf(;l ~~lillU, lU,~'1!'1!l ru~(;l.glil:;'lh:;n au 11l1EJ
~ ~

Y1~Ul'YI,rnl?nEJ(Dead Load) b~U,Ul'YI,rn~lu,~'UUl'YI,rn
~ G..I ad ~ cv Q.I d tJ do,

bb(;l:;u,l'YIu,nlil'j(Life Load) nF1flu,l'YIu,m~~'Y1l?1fl~nl'j'lf~

'YImm(;l'/J 5 13-1TF1'jF11)3-IYllbl?l1){Iil:;'Yhm'j~\I~'1!'1!lrubnlil (Gating

Signals) 1)1)nm b~1)Fld'U~ 3-1nl'j uil (;l~~'1! '1!l rulill n

1)u,l~1)mtJu,~~I?I1)(;l

'YImm(;l'/J 6 'YI~\I~'1!'1!lrulilln~lbb'YIli~ 4 nlil:;~n'Yh'l:ti\tJu,b~u,I?I'j~

ri 1)U,bb(;l:;Y1lm'j'lf~ b'lfEJl!J(;l~~ 5U,b,:t1)~lillnDIil:5'EJVJan ~

~l\ll b~U, flru'YIJl~, F11l3-l~~i?llT(;l'YI:;(creep), uae, '"
hysteris btJU,l1lU,T~EJ13-1TF1'j~'tJ~~~~i\lfl~'UU,i?llT'YI(;l~

b'lf(;l'fl.a,~~~I?I1)(;l'lf.a,~,:tb~EJri 1)u,~1il:;~\I~'1!'1!lruflfl n1il
Iilln~lT'YI(;l~b'lf(;l~~1'tJ'tJ'j:;3-I1(;ll!J(;l

'YI3-Ilm(;l'fl7 ~'1!'1!lru~\l1'tJeT~lilmb~~~~l (Display) b~mb~~~l!J(;l

t--------- ----~~,,,
I,
I
I,
I,
I,,,
I,
I,,,
I,

~.:
u:
"C"«:'0'~'

,,,,,,,,,.
I,,,,.,
I IL • _

~t1~ 2 'j:;'U'UT'YI(;l~b'lf(;lbb'U'U~~l?Ifl(;l(Common digital system)

•



(Load Cells in Electronic Weighing Instruments)

LFl~E1\1~\IhJ 5 j;) Luar~l U ih)lilUULtJULFl~E1\1a:iE1E1tJmru~~'lJYl'IJ1Yl-#\I'Y1l\l, ,
j;) 'i \ILL~~'Y1l\Iei'm.J~ ElLF1'i~~f1lilLL~~5\1Fl:I.J'IlEl\lLL~aetl 'i~ LYlF1{;1~Elinlil'\.lJl~m FlLL~~L~n~ ~
E1~l\l:I.Jln L,lEl\llill nnnhiitJuEltJ rrsru1 um'iU\I'IJEl ntJ~:I.Jlru~u~l LL~~:I.J~Fhm'i:A'tJ'Ill£J~ , ~
LL~~nl'iLL~nLtJ~eJunu, nl'iLn'Um-§,EIlm 'il:I.J1tJn\lFhB'i'i:I.JLii,£J:I.J~l\l '] '11 El\I

I •• I .J'Q..I t3 IQ

LL(;1~~u'i~LYlF1UEInsn nUeJ\IFl'itJ'IJFl~:I.JCl\l:l.Jl(;1'i~lUm'i~ ~{;1'1ltJ\llllFl tJ{;1i;llVl m'i:I.J,~ ,
VI~ElLLarLL~Flll:I.J LtJUB'i'i:I.J'Y1l\Irrrs ~l 'i~'r'I'-Jl\l'IJFlFl~VI~E1tJ'i~ LYlF1~n r;]l eJ LFl~E1\1~\I,
~ L~nmEl-a.mf~\I LtJuLFl~E1\1~\I!f-a.(;1V1,l\llUVI~l eJtJ'i~LllYl'lltJ\ILFl~tJ\I~\IhJ5{;1Luar~~

1r;]-r'IJm'i-a.eJ:l.JL~:I.J~\I:l.Jln~uL~tJeJ'] -#\ldL,lEl\llillnLFl~E1\1~\I~L~nmtJ-a.ni;l1aJLi'ieJ\I

LtJULFl~tJ\I~\I~ i;ll :l.Jl'i Cl~lUFh ~~ m'i~\l1r;]dl eJLL~~~Flll:I.J LLaJU~h~\lli 1 L~tJ'i~ ~'U

'r'Il't\lL'Yh~ULL~tJ\lliFlll:I.Ji;l~(;1lml(;1L~11U#U{;1E1Unl'i~\I ~n-#\ltJ\li;ll:l.Jl'imil

LFl~E1\1~\I(;)\ln~lltJ'i~eJn(;11~\llU ~ LM£Jl-ntJ\lrllFi'ru'] L~U msmu Fl:I.JtJ~:l.Jlru~U~l, ~ ,
Fl\lFl~\I (Stock) ~\I~leJ~(;1 L~UYlULf1UFlll:I.J~lLtJul Unl'ik\l~U~l:l.Jl~l\li;l~tJ n11',
Lf1UFlll :I.J~lLtJU 1U~lU'i~'IJ'U nl'i~ (;1nl'i~U '] tJ\ltJllili;ll :l.Jl'iCl~ (;1'Yil'\.Jl-rr~ (;1

tJ'i~~l~U~l~U '] tJ'i~nEl'Um'i~\lJ1Vl,:rn1tJr;]leJn1r;] LtJUr;]U

L'ilVmUU\lLVI~inL'lf~ (Strain Gauge Load Cells) tJtJnLtJu 2 ~Trnn

• Canister Type Cells LL~~

• Beam Cells

•• "l • d' '1" .1Cl\lLL:l.JLVI~(;1L'lf~2 lilTrnnUtJllillil~~nLL'IJ\ltJtJn inVl~lnVl~leJ~uLL'IJ'IJ

n{;1l:I.JLL~~n~ru~'IltJ\lm'i'Yil\llU'IlEl\lLVI~inL'lf~lil~~E1~ 3 ~tJLL'IJ'lJr;]l£JnU~E1

• LL'i\l5inLL~~LL'i\l~\I(CompressionfTension force)

• LL'i\l~in (Bending force) LL~~

• LL'i\lLUtJU (Shear force)

•



m~l UlFl~El\lti'\I~l~nmElUn~ TYl~l1Il'2l~11?lyj'lYlUl~ltJUj;J'Jl1Il'J'il~ElU

LJ~:lnruml::lll\l TYl~l1Il'2l~LJl::nElUI?l'J~Strain gauges 'ii'lmUEl~l\lUEl~ 4 j;J'J

l~m.J~I1IEl~nUllrl\lTFll\lh1Yl::(a metal frame) lur;]lllmi\l~ElElmluuH lLJ~l\l~ ~
?JEl\lStrain gauge 'il::ltJUl~U~'J11I?J11I1LJ~mtJu~LJ~l\l~l\llll~'Jll~-rI1l~LJl::~\lFinll

l'1i'\llU ~~LJ~ 1 l~mZl Strain gauge ~\I 4 j;J'J~m~m.J'Yll\I1yJYhl?l'J~'J\I'ill

nl1l5111lnl1llll\l5111(Compression force) m::'YllI1lElStrain gauge ~\I@\lltJU

eJ~l~~'Ju~ltJWIJI1I~'JI1I~El\lStrain gauge ~\I~El\li1nllYlI1lj;J'Jyj'll~lnl1lnll~11I

Fl'Jl~mTZJI1I~'JI1I~\I~\leJ~1~l"ilFl'Jl~ I?llU'YllU~El\l~111~'J11I~111~\I

BEAM CELL

STRAIN GAUGE

:U--------I----~~4~~----flL
.tl~.. §' § 6's4mrn

3.l15mm~ 11'
TL~--_-I-------------. __mf

.6.35mm:-
f------40.64 mm

Figure Beam cel!

SHEARBEAM CELL

i'Yl~Tl1Iuu~11I(Wheatstone Bridge Circuit) :In~I1Ir;t\lUUllrl\lT~Yl::TI1I~Strain

gauges 'il::ltJUj;J'Jl1Il'J'il~ElULJ~~lruml::lll\ll~El \I'ill nJ'lYl un 1?l'J~nll~lul"il

Fl'Jl~l?llU'YllU~lLJ~~UllLJ~\l1LJ~~LJ~2

~'illlrull U~u~ 3a) ltJu~[m::~llrl\lTFll\lT~Yl::1~i1ml::lll\l:lnm::yj'l
~

I1Imu Strain gauges A, B, C, uae D ~\lEl~1u~n'\,l-ru::un~ Vllllllrul

~LJ~3b) l~Eli1J'lYl~n (load) El~UU~'JU-ruJ'lYl~n'il::i1ml::lll\lm::yj'l (F) ~El

j;J'Jllrl\lTFll\lT~Yl::~\I~nl~El~~Elnu ~'JU-ruJ'lYl~n llrl\l TFll\lT~Yl::j;J\In~l'J'il::i1ms

l~~~Um\lEl~l\lltJuirl1l~'Jm~mYl~Unuml::lll\l~:lnm::yj'l j;J\I,fU'illn~U~ 3b)

Strain gauge A uae B IIl::i1~m'J::~n~\llnI1lLLl\l~\I(Tension force) m::yj'l~El

Strain gauge ~\I~El\lj;J\ln~l'JltJueJ~l~~'JU~ltJU~I1I~'JI1I?JEl\lStrain gauge

i1msatn uj;J'JltJUnlll~~ Fl'Jl~ ~l'J?JI1I~'Jl1Il~:Inn~u~\I eJ~1~l"ilFl'Jl~ I?llU'YllU

?JEl\l~I1I~'Jl1Il~~~Ul~unulu?Jru::l~mnu Strain gauge C uae D 'il::i1~m'J::~n

Shearbeam cell

c
c=· ===0

AA B

Dc D

~ Strain gauge

(~~) (~b)

~t1fi 3 Yl~nnllyj'l\llU~El\lT Yl~l1Il'2l~lU~~UlYl~m::wh\l~m'J::1~i1J'lYl~n.. . ~
nl::yj'lnU~[m::l;JEli1ml::"zlYl~nm::yj'l

•



rrrsul ~ tJ'I-HLtl~\I Fl1 Fl113-1(;]lU 'Y11WZlEl\lfllU ~ LiJW1H?I~lV1tJEl\l Strain

gauges -#\1 4 ~leJULiJUeJ~1iJ1mL'i\lm::'Yh~mLY]\lIFl'i\lI~'YI:: (;]ltJL'YIV1it'l\1liJ'i1yJvh,
~\I Strain gauge -#\1 4 L~El3-l~El'i::'YI-J1\1nU V1'itl~ 4 ~\lLnV1Lfl£lFl113-11'13-1V1~~~ ,
eJUL~El\l1iJ1n rnsul ~£lULLtl ~\ltJEl\l Fl113-1l'i'lU 'Yl1UIV1£lLiJU~ V1fllU ~ LLaJuehm n L~El

LYiuu nUJl1 'i::LL'i\l~ \In'i::'Yh ~ ElLLy] \IIFl'i\l I~'YI::~ ul ~£lULLil~\l1 tl uaeri ElLiL n V1

~~~lrul'i'lUElElntJEl\l~lI'YI~V1L'lf~~~myru::LiJuLrl\lL5U (linear output signal)

L~ElLYi£lUnUJl1'i::LL'i\l~m::'YhuuI 'YI~V1L'lf~ ~\lL ieJ~ n1'i1V1J1'Y1oXntJEl\lLFl~El\l~\I

I'i'l£lFl113-1LLaJueh

m(;]~Fl1LL'i\l~u1yJyhEl~lU~1\1 5 (i\l 25 Volts ~\I,rUn1'iElElmLUULL'YI~\I~ltJLL'i\lr;lU

1yJ-W1m::~u, ~ltJ£J1£l~~~lru (amplifiers) LL~::~tlmru~l3-1~l\1"] Limm::l'I3-1
~ , ,

LL~::I'IElV1Fl~ El\Inu oXU~\I ~ Fl113-1~1 ~ ~ ~ ElFl113-1LLaJuehtJEl\ILFl~El\ltl\l ~1 £lL~un U

n1'i1il V1~\lI'YI~V1L'lf~l iL'YI m:: 1'13-1nU'ZlUV1,rU(;]El\lYl1iJ1'iru1L i'iElUFlElULL~::

(;]El\I'Yhn1'i~ V1Jl1'i:: LL'i\ILL'Yl'in'li'ElU ~1aJ (;]El\In1'i1 V1~ eJ~ ~ Eln1'i'Yl1\11UtJ El\I Strai n

gauges ~U-J1 I 'YI~V1L'lf~IV1£lvrl1 il1'113-11'iCl-rUJl1'i::LL'i\l Lnun-J1~ rl1'Y1UV1ElEln LLUU

1V1'1aJLnu 125% LL~El1liJliJ::~I'YI~V1L'lf~U1\11JUV11'113-11'iCl'YluM~\lLL~ 150% (i\l

500% 'YI1nYl1iJ1'iClJ11UL~El\l'i1Fl1LL~lt WUliJliJUU[;El-J1'i1Fl11aJFlEl£lLL~\lmnoXm~El,
Ltl~£lULYi£lUnUEltln'iru5u"] UEln1iJ1nit'I 'YI~V1L'lf~IV1£lvrl1 tll'llm'iCl'Yll\11U1~~t U,
~l\1Elru'YIJl~~FlElUtl1\1n-)1\1 ~El tl'i::3-I1ru~\lLL~ 15°F liJu(i\l 115°F IV1£l1aJ, ~
~lLiJU(;]El\l~l\1liJ'iYlLF!'\YL~El'Yl1'Y1oJ1~'ZlV1L1J£lElru'YIJl~tJEl\lStrain gauge LL~El~l\1LV1, ~
1um&~ rmil El\Inua 'Yl5~ ~tJ El\IElru'YIJl~~\I ~ eJ~ ~ ElFl113-1LLaJueh LL~::nwri1\11U, ~
tJEl\lI'YI~V1L'Zl~~eJ~V1EllliJl~tJV1~lV1'Zlil,V1Temperature-insensitive alloys ~l'Y1-rU

'Yl1 Strain gauge 5n-#\lEl11iJ~~1'Yl1U1JV1L1J£l(compensating resistors) lU'i::uU

l\1liJ'in1'i~\lnm::'Yl11~

3 R

Output

~

t
Input

+12 VDC
~

4

2
5 Pin shield

~tl~ 4 n1'i~m~El3-lLiJul\1liJ'i1yJ-W11'YlI'IIInUU~V1 (Wheatstone Bridge Circuit)

tlEl\l Stain gauges

rle:m~1iJ::An'\Y11 U'i1£l~::L5£lV1tJEl\ln1'i'Yl1\11Wlm\ltJV1~1V1 strain gauge

,run'YllFl113-1Ltl111iJLL~::n1'iL~£lnfllU~l\1"] tJEl\ltlV1~lV1 strain gauge L~£lrlElU~El

(ra~tl~ 5)
UEln1iJ1nit'L'i1eT\I~U-J1I'YI~V1L'lf~~\ltl'i::nElU~l£l Strain gauge El1liJ~n

ElEln LLUUt i1'113-11'iCl'Yl1\11U1~-#\I-ruLL'i\leJV1LL~::LL'i\l!ii\l'YI~ElLLarm::vr\l LL'i\lLUElU IV1£l

El1liJtl'i::nElU~l£ll\1liJ'i~l'Y1-rU Strain gauge ~lmu 2 l\1liJ'iIV1mL£ln~~~lru

~luElElmm\lI'YI~V1L'lf~ElEln1iJ1nnunm::'Yl11~

LL'i\lr;lu1yJ-W1t1El\l~~~lru~lU'Yl1\1ElElmffi\lI'YI~V1L'lfWUU Strain gauge it'

~ Fl1~13-11n L~ElLYi£lUnu LL'i\lr;lu1 yJ-W1~lULtl1'Y1~El LL'i\lr;lu1yJ-W1m::(;]u (Excitation,
voltage) IV1£lvrl1 tlLL'i\lr;lu1 yJ-W1t1El\l~~~lru~lU 'Yl1\1ElElntlEl\lI 'YI~V1L'll~1iJ::~Fl1El~

lU~l\1'i::'YI-J1\1 1 (i\l 3 Millivolts ~El 1 Excitation Volt lutJru::~LL'i\l!ilum::(;]u ,
(Excitation voltage) ~\lEl11iJ1iJ::LiJu1yJ-W1m::LLI'lIn'i\l(DC) 'YI~El1yJ-Wlm::LLI'II'I~U (AC)

[;l:mn'i\l'2.l[;la1[;l (Grid) ~El LiJUtJV1~1V1t1U1V1L~nmn"] :ijV1L~£l\I~lt1V1

n~u1tln~Um'YI~ElliJ::L~£l\I~lLiJul\1n~3-I 'YI~ElEl11iJ~\l3-I3-I45 El\lF!lLtJU(;]U LtJU,
fllU ~ In'il1iJ1 V1LL~::1nElU I'IUEl\l ~El rrrs nl ~£lULLil ~\I Fl113-1(;]lU 'Y11UeJUL~El \l1iJ1n

Fl113-1LAU (Strain) eJULnV11iJ1nn1'iLFl~ElU~tJEl\l~U\l1U~\ltJV1~1V1 strain gauge

IilV1El~ ra~tl~ 5

a1'lfj[;lhhhlyJyh (Matrix) ~El LiJU~l'iEl\l-rUIn::LLm\ltlV1~lV1 strain

gauge (a strain gauge grid) 'Yl1'Y1oJ1~I'IEl\ltl'i::n1'i~l£lnU~miJu~lL~El3-l~V1

'i::'YI-J1\1tJV1~1V1strain gauge nU~U\l1U~(;]El\ln1'i1V1LL'i\l !il\l,rUtJV1~lV1~\I~n1'i

•
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Figure Typical foil strain gauge

LFl~e:Ju~ Fl'J'U~1 tJy.j~m,jtl'U€U\llU"'~e:J Innm LL~::1u~ru:: L~I'Jd tlWil::'Y1TYlttl~iJe:J\I

m';i~In~'J1n strain gauge 1um&~Lnlnm::LL1l1yJY1l~'J1 YI~'UULLyJ\lTFl';i\lT~YI::~\I~lnmln

strain gauge ~1ne:J~~~tJ~ 6b)

GAUGE DESIGNS

matr.x trim matfa;

m4&$t11'tf!\et1t.&m
~mIII1oi

""-_,_ ondio«>o

•,..-r-,

~
I
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Figure a) Typical foil strain gauge
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Figure b) Typical strain gauge installation
Displacement of grid from specimen surface :

H.. '" H. + H. + 1/2 H.

';itl~ 6 a) ~n'l!rru::~'J1tJ'rJe:J\I Stain gauge LL'U'UFoil.. ~
b) m';i~In(;]\I Stain gauge LL'U'UFoil

•



bbn'U1~ (Measurement axis) ~El lln'l-l,(;l1a.1ll'l-l,'J'll'l-l,l'l-l,n'Ull'l-l,'Jl~'I-l,'llEl\1

(;1::llm\l'llI1l~'J11I (grid line) lU'I-l,llmlln'l-l,~\1'Yllm')1I11Fl'J1a.lll'l'l-l, (Strain) 'V1~El

(;1,)'JlIl~'Um,)lFl~El'l-l,~ 'V1~m'llnl')1I11Fl'J1a.llFl~~11I(Stress) 1'I-l,ll'l-l,'JYiFlYll\ll~mn'U

Yill')\lm::'Yll

l~El G ~El TW~]~(;l~~l(;l~:S~l'1-l,nl,)lUEl'l-l, (Shear modulus of elasticity)

~l'V1-r'UT~'V1::(steel) G ilFl1lrhn'U 82 x 109 N/m2

l~El element 'llEl\l1(;1(lilll')\ln')::rllhllmlln'l-l, x rlll"'dll1lll,)\lll~::,
Fl'J1a.llFl~~11I(strain) (;11a.ln.[J'llEl\l~Fl

F1113.aJ11'l.1eHI~::bbWa\l'l.l~Gl1~ (Gauge length) ~El lU'I-l,Fl'J1a.lfll'J'llEl\l

~'J'I-l,~ilFl'J1a.lb~ElFl'Jla.1ll'l'l-l, (Strain) 'llEl\1 Strain gauge l'1-l,YiFl'Yll\l(;1la.l

llm lln'l-l,1111TI1I~~'J1tJlIl::ri1'V1'1-l,I1I,)::~::,)::""'Jl\l~'J'I-l,r;l1'l-l,1'I-l,'llEl\l'll'JI1I~'JI1I~\I'lll1ln~'U

1tJn~'Ua.l1 ~\I~tJ~ 5

0"I: =----L
x E (4)

l'1-l,YiFl'Yll\l y uae z ~\I~\lUlnn'Ulln'l-l, x ~'I-l, 1(;1~lIl::ilm,)'V1I11~'J~\1TI1I~il

5(;1')1 ~'J'I-l,'llEl\IFl'J1a.llFl~~ 111r;l1'l-l,~1\In'U Fl'J1a.llFl~ ~ 111(;11a.llm 'Jun 'I-l,lU'I-l,Fl1 Fl\I~

Fl1Fl\l~d'l~~n 5(;1,)1~'J'I-l,"b'lJEl\l(Poisson's ratio; v) ~'I-l,~El
~

d cv cv "'"

ll'U1lln'U'l.I11\1 (Transverse axis) FlEl ll'l-l,'Jlln'l-l,(;1\1Ulnmmn'l-l,'J11I

90 El\lFl1 lIl::rllm,)1111 Transverse stress 5'1-l,l~El\l1iJ1n5(;1,)1~'J'I-l,"h'lJEl\l

(Poisson's ratio; v) ~\llIl::ilFllEl~,)::""'J1\l 0 (;\1 0.5 ~1'V1-r'U1(;lI1l'Ylntfi(,11I.. "

~
v = Fl'J1a.llFl~~11Ir;l1'l-l,~l\l/Fl'J1a.llFl~~11I(;11a.lll'l-l,'Jlln'l-l,~\lU1n (5)

C:y
V=- (1)

Ex

l~El\lllllnl'1-l,nl,)~I1I'V1~El'V1I11~'J'llEl\lStrain gauge ~'I-l,1~Milnl,)lnl1lnl':i

~11I'V1~El'V1I11~T~IEl\l~'J'I-l,~lU'I-l,'lJI1I~'J11IStrain gauge lY;~\lYiFl'Yll\ll~~'Jlrh~'I-l,

ll~El\lilnT:i~l1Ill~::'V1I11~'Jl'1-l,ll'l-l,'J~\1U1nn'Ulln'l-l,1111~nr;l'J~~\lnl,)~I1I'V1~El'V1I11~'J~\ln~l'J

d'lIl::ileJ~~ElFl'J1a.lll~'I-l,ei'1'llEl\lT'V1~l1Il'lJ~~ilStrain gauge ~11I~\1El~r;l'Jm~'I-l,n'l-l,

lIl1nn.[J'llEl\1~Fl1r;lri1'V1'1-l,11I1"'~1 Fl'J1a.I«a.I~'I-l,5,)::'V1~l\l'V1li'J\lll,)\lll~::Fl'J1a.l

lFl~~11I (strain) ~1'V1-r'U1(;ll1ll'V1i1.mll~::ltJ,)l:: 1'I-l,~'J\I~~l(;l~Fl TI1I~ill~El'l-l,1'll~1'V1-r'U,
cv Cl Q.I dJ"d'" _0

'J(;l~tf'l-l,l1Ihomogeneous uae isotropic 'J(;l~a.ll'l-l,ml1l~'Jn'l-l,(;1~Ell1lll~::~ru(;la.l'U(;1

1JEl\l1(;l11l1~t'l-l,n'UYiFlYll\l1JEl\lll,)\1m::'Yilll~'JlIl::1r;llU'I-l,~\I(;la.lm'),

(7)

(6)

F1113-111'l'Ull'U1lln'U'l.I11\1 (Transverse Sensitivity) ~El 5(;1,)1~'J'I-l,

1JEl\lm,)ltJ~~'I-l,lltJ~\I'V1it\l'V1li'J~Fl'Jla.1r;ll'l-l,YIl'l-l,1JEl\1Strain gauge ~\I~I1I~\lTI1I~

~\1Ulnn'Ulln'l-l,(;l'l-l,la.lFl'J1a.lll'l'l-l,(strain field) (l~~n~l Transverse gauge) lYi~'U

n'Um,)ltJ~~'I-l,lltJ~\I'V1it\l'V1li'J~Fl'J1a.lj;J1'l-l,'Yll'l-l,1JEl\1Strain gauge ~\I~I1I~\I'll'l-l,l'l-l,

n'UlLn'l-l,(;l'l-l,la.lFl'Jla.lll'l'l-l,(l~~n~l Longitudinal gauge)

lnllllloWF1lGle:J{ (Gauge Factor) ~El 5(;1,)1~'J'I-l,,)::'V1~l\lnl,)ltJ~~'I-l,lltJ~\I

Fl'Jla.lj;J1'l-l,'Yl1'l-l,'llEl\lstrain gauge 5'1-l,li1.El\l1iJ1nFl'J1a.llFl~~11I(strain) ll~:: measurand

a3-l1.h::a'VIifmu'HJ13J'l.Ie:J\llnllllloWF1lGle:Jf (Temperature Coefficient. ..
of gauge factor) ~El 5(;1,)1~'J'I-l,'llEl\l'V1li'J~m,)ltJ~~'I-l,lltJ~\I'llEl\llnliJllyjFll(;1El{

(Gauge Factor) ~Elnl,)ltJ~~'I-l,lltJ~\I~ru'V1JJ)'l

0"= El: (2)

(3)

•



KT] - KT"

K,;, T) -TO

£ ~E1Unit strain

v ~E1Poisson's ratio ~:;~~lE1~'J:;'Ydl~ 0 ~~ 0.5 ~1"'~'U

r~~'Yln~u~
q q

(8)

~E1E1CU"'Jl~51~Ei~
q ••

~E1Ln~LLyJFlL~E]'f(Gauge Factor) ~E1CU"'Jl~'Yl~~E1'U
q ••

~E1Ln~LLyJFlLl?lEI{(Gauge Factor) ~ElCU"'Jl~51~Ei~
q ••

(12)

Resistance Strain Gauges

L~m'J1Yl~1'JCUli?ld~11yJW1~~~~u~m.h;1~Fl~~L'Yhn'UA LLi,'i:;~ml3-Jtm

L 'Yhr;ldtJr~~~~~~lFldl3-Jr;llUmU (Resistivity) p i?l~~ur~~i?l~n~TJ~:;~~l

ml3-Jr;llUmUL'Yhn'U

v ,

r;i'~,"u~3-Jn1'JVi(11) ~~~~lL'Yhn'U

dV = ALE(l- 2v) = AdL + LdA (13)

R = pL
A

E = dLlL

r;i'~~ULL'YlU~l~3-Jn1'J~(14) i,'i~lU~3-Jn1'J~(13)

(14)
(9)

L~Eli?ld~11yJWl r;i'~n~ld~n'Yh 1i~n1'J~~r;i'd"'~E1,.,~r;i'd ~lFldl3-Jr;i'lumur;i'~n~ld

d 1::' d"a d d ~ d QJ Q..I d I fV

~:;LtJi,'itJmLtJi,'i~tJ'Yl~UmUEI~~lnn1'JLtJi,'itJULLtJi,'i~tJU1~(i'lU'Yl"'Ull?1~Fl~'YlLmn'U

A LLi,'i:;~Fldl3-JtJ1dL) tJEI~i?ld~l~ULEI~ ~ln,.,~nn1'J~W~i1UtJEI~r~~Al~I?I{~~
., q

L~tJn'h "Piezoresistance" ~~LtJUi?ldtl~'UElnFldl3-J«3-J-WU5~~nULLi,'i:;nU'J:;'Yl':h~

~lr;i'lumu (Resistivity) p n'U~lml3-JLFl~tJ~L~~ni,'i (mechanical strain) L'Jl

~lm'JrI'Yl1~ln1'JLtJ~tJULLtJi,'i~ dR L~mVitJ'Un'U R T~tJn1'J~yJLyJm~tJi,'i~LEI~

~~n1'J~1~'Uu~:;1r;i'11

AdL(1-2v) = AdL+ LdA
-2vAdL= LdA

LL'YlU~l~3-Jn1'J~(15) i,'i~1U~3-Jn1'J~ (10)

dR = pAdL + LAdp + 2 vpAdL
. A2

(15)

(16)

(17)dR = pdL(l + 2v) + Ldp
A AdR = A(pdL+ Ldp)-pLdA (10)

A2

LitEl~~lntJ~3-J1I?1'JV = AL L~m'hn1'J~yJLyJm~tJi,'i~LEI~~:;1r;l11dV = AdL + LdA

dV = Lt l + E)A(l- EV)2 - AL dR = dL (1+ 2v) + dp
R L P

(18)(11 )

•



L (L) L ( l) L [CD
2

dl-ld(CD
2

)]dR=-dp+pd - =--dp+pd -- =--dp+p ---....".....,:-~
A A CD2 CD2 CD2 (CD2)2

dR=_L_dp + pdL_ 2pLDdD (22)

CD2 CD2 CD4
dR'R r dp 1GageFactor = _1- = 1+ 2v + L
dL/L ~!~ (19)

L
vn'jf'l3.Jnl''i~ (22) ~'JtJ R 'iJ~M11

elR dp ell 2dD
-=-+---
R p t D

(23)
b~t!

• L't1 fI:IHL ~n bUu,Fhm'jbtJ~mUbtJ~~ F1'J1a.J~l'I-1,'Yl1U,5U,b.ctt!~'iJ1nrrrs

btJ~tJUbbtJ~~F1J1a.JtJ1'J~t!~~l?Iml?l~'J~1

• L't1f)a.!~af)" bUU~lm'jbtJ~tJUbbtJ~~F1'J1a.J~lWYnu5ub.ctt!~'iJ1nm'j
d J' d Q.< cv

btJ~tJUbbtJ~~~WY1'Y1U1[;11?1

• L't1f)a.!~ ala.! bUU~lm'jbtJ~tJUbbtJ~~F1'J1a.J~lWY11U5ub.ctt!~'iJ1n

~'Yl5~~~t!~ piezoresistance ~\lm'iJbuu1~~~~1'Udmb~~~1~'U 'YI~t!

t!l'iJ~~lb'Yhn'U

elR/R = 1+ r ~ 1- 2dD ( ~)
dl/l .~.~. D \ elL

L
(24)

'iJ1nutJ1a.J5[;1'j1~'Ju"hl!t!\I (Poisson's ratio; v) ~uFit!
dq.-V .cl ~ d"dvClJ

V = F1'J1a.JbF1'jtJI?l1?l1U~1\1(-) I F1'J1a.JbF1'jtJl?I[;11a.JbbU'JbbnU[;1\1~ln~U'Yl'YIm[;11?1(+)

(25)

dp/p = 11: E
dL/L I

(20)

b~t! 11:1 Fit! Longitudinal piezoresistance coefficient f'lla.J1'jtl

bUu1~~\I~1'Udnbb~~~1~'U

E Fit! Modulus of elasticity

'YI~m'j1f'llm'jtl'YI1~lbn'iJbbyJF1b[;1t!{ (Gauge Factor) M~'JtJ5n15m'j'YI.ct~Fit!

R=pL=p~
A C02

bb'YlU~lf'la.Jm'j~ (25) ~\lluf'la.Jm'j~ (24) 1~CJm~Ub~mn'Uf'la.Jm'j~ (19)

Gagel-actor > ~~ =1+2v+rn (29)(21 )

~'Jm'YI~d'YI1m'j1m1'U~lbn'iJbbyJF1b[;1t!{ (Gauge Factor) b~m'j1'Yh
_ a I d J' ~d I

m'j'J1?I dR/R mnm1'UF11F1'J1a.JbF1'jtJl?I(Strain) dL/L = £ bb~~mt!\lb'j1'iJ\lb'jtJm1

'H;nn1~'lJf)" Resistance Strain Gauges (The principle of the resistance

strain gauge) Tl?ltJvi''J1tJbb~'J~1GF (Gauge Factor) 'iJ~~~1t!~'j~'YI11\1 2-4

o _J'd VQ..l

f'llm'U~U'Yl'YIU1[;11?11\ln~a.J C = nl4

~1'Y1-r'U..%U~'YI'U1~I?I~b'YI~tJa.JC = 1

'Yhm'j&lyJbyJm~tJ~llbt!f'lf'la.Jm'j~ (21)

•



I cl I dl :; es d

YfU'Jlb3-Jlll'll GF 3-Jl'llmn '\-l,'\-l,'V13-Jl~Cl\lResistance Strain Gauges 3-J

A'Jl3-J1 'J~\I ~llnTi(;lllU~'\-l,ll\l nl'HtJ~~'\-l,bbtJf1\1Jl1'i::bb'i\l~m::vi'l bb~l"'C.Jf1trrurulru~ ~ ~
1?l1'\-l,meaa n ~ ~n~ru::I'l'JlmU'\-l,b~\I btr'\-l,~l f1\1 bb~l '\-l,~ru::b~ ~'Jn'\-l, ldp 1dR/R p

GageFactor = dL/L = 1+ 2v +?c, ~
'V11n~1 GF ~~ll?il'V1~mXmJ ,r'\-l,'V1m~~\I Resistance Strain Gauges

~1'l'J13-J1 'J~1~1l n1'i(;lllU~'\-l,ll\ln1'ibtJ~~'\-l,bbtJf1\1Jl1'i::bb'i\l~n'i::vi'l~l bb~l"'C.Jf1

tr'1J'1Jlrul?ll'\-l,Yl1\1lllln~~n~ru::I'l'Jl3-JbU'\-l,b~\lb~'\-l,~
bbf1:: dUL = £

I?l\l~'\-l,ymm srrsn b~~'\-l,M11

&1'Hlth" 1 Strain gauge ~\lvi'll?l'J~Tf1'V1:: ~nl~\ll'\-l,by:jlln1'ir~'i::r;lUml3-Jbl'l~~~

(stress) 1,000 Ib/in2 1'\-l,m1\1Tf1'V1::T~~1~ Strain gauge ~~~11'l'J13-J1?l1'\-l,Yl1'\-l,

120 0 bbf1::~bm)bbyJl'lb(;lll{ (Gauge factor) b'Yhnu 2.0 Tl?wH'J\lIiJ'i Wheatstone

Bridge bbf1::r;l'Jl?llWYll'\-l,'I1\1 4 r;l'J~~ll'l'Jl3-Jl?llWYl1'\-l,b'Yhn'\-l, 'J\lIiJ'i~lm'iCl'Yl'\-l,

m::bWliJlmb'V1~\I~lmb'i\l1?l'\-l,1yJvhm::~'\-l, (Excitation voltage); Eex 1I?i1:1.!bn'\-l,30

mA 1iJ\I'V11~lbb'i\lr;l'\-l,1yJW11?l1'\-l,Yl1\1lllln~ll\l'J\lIiJ'iWheatstone Bridge

~R
GageFactor = -

Rl:
~R = (Gauge Factor)(c)(R) = 2x(3.33x LO'5)(l20)

= 7.99xlO'3 0

Eex = IR = (0.030A) x (2400) = 7.2V RI = R2 = R3 = R4 = R

5nrf\l~bVl~\I strain gauge ~bU'\-l,r;l'J!?ll'\-l,Yl1'\-l,b~m~(;l'i'JIiJ:5'uml3-JbA~~~U'\-l,bbrl\l

Tf1'V1::FiAll R1 bbf1::~lA'J13-J!?l1'\-l,Yl1'\-l,btJ~~'\-l,1tJbrllnU ~R bYm::Q::~'\-l,liJln~3-Jn1'i

Yi~l\1U'\-l,~\lbrllnU

b-ctll\lliJlmU'\-l,n1'ir~A'Jl3-JbA~~~u'\-l,Tf1'V1:: (steel) ~\I~~l Modulus of Elasticity

brllnU 30x106 Psi r;l\lJ'\-l,liJlnl'l'J13-Jtr3-J~'\-l,5'i::'V111\11'l'J13-JbFi''\-l, (stress) uae

cO 1""l'l'Jl3-Jbl'l'i~~ (strain) 1iJ::em

e ",= E (R + ~R)R - R 2)J = E _l_~R
AC ex (R + R)(R + R) ex 4R

eAc = (7.2V) 1 (7.22 X 10-30)
4(1200)
eAC= 0.12mV

(J = El:
(J

c=-
E

b~mb'Yl'\-l,~ll'l'Jl3-Jbl'l~~~bbf1::~l Modulus of Elasticity f1\11tJIiJ::M~ll'l'Jl3-JbFi''\-l,brllnU

£ = 1000/30x 106 in/in

•



A summary of load cell type and their applications are shown in the table below.

Type Typical capacity ranges Applications

Single point cells I-50 kg Relail scales
Postal scales
Counting scales
Fish graders
Packaging mac'iines

50- 500 kg Industrial scales

Bending beam cells 5 -200 kg Hybrid scales
Packaging machines
Hopper weighing

Bi-directional cells 5-1000kg Hybrid scales
(tension/compression) Packaging machines

Testing machines
Mechanical scale coo versions

1-20 t Vessel weighing

Compression cells 5 -250 t Weighbridges
Vessel weighing
Aircraft weighing

Shear beams 0.5 -20 t Industrial scales
Weighbridges
Pallet scales
Vessel weighing

Double ended/shear beams 20- 50 t Weighbridges
Vessel weighing

.ca" cv g., 0

\l1'U"l1\1 rPI1 \11 ~ rPI1 3-1'2.1a fl1Vi'U~'2.IeJ\I fl!JVi 3-I1tJ

(Vocabulary in Measuring System for Legal Metrology)

'l1-1,rnetl nU~d\l nl"iEl I?lI1TYln"i"ia-l L~El'V'l~ ~\I LA~El\lorT\ll?ld\l1~'YI~El"i:;'U'U1~:.J, '"
L"i1arn'V'l~~\lAd1a-lLL3-11-1,eh(accuracy) 'YI~ElFld1a-l13-1LL3-11-1,~1(inaccuracy) tlEl\l

'"
LFI~el\lorT\ll?ld\l1~'YI~El"i:;'U'U1 ~;\I n ~ld~ \I~d1-1,i1eJ~ ~ Elnl"i; ~ ~1-1,'llllL~Eln"i:;'U'U'YI~El

,...... I

LA~El\l~\ll?ld\l1~..r 1-1,'1 Eln ;dEl~l\1 L~ElL"i1~~ ~\la-l11?l"i1~'lIEl\l L'YI~d~\li1 F1d1a-lLL3-11-1,~l

±1 % ~1-1,'YIa-l1El~\la-l11?l"i1~lIl:;i1nl"iL~El\lL'U1-1,'YI~Ell3-1LL3-11-1,~113-1Ln1-1,±1 % tlEl\lnl"i

1~'YI~ElillEl'l1-1,~'J\lnl"i1~ (control span) LL~:;'YI1nEl1l1l'YI3-l1El~\lFld1a-lLL3-11-1,~lEl~

illElhdd\l ±1 % tlEl\l~d\lnl"i1~ (control span) ii1&1 &1dm'YIl?ld~Ela-l~;\ln~ld, '"
~\I~El1-1,~l\1L;J1-1,~m1'Url1-1,I~m.tdlu

,. . .
LcW ElElBtJl £J LYJ3-JL~ ~ ~\1 ~~c;j~(lt-b::?J eh' LA~f]\1i\j&11\11 L91"r1 ~El seuu nl,)1 Lil Fll.jl nLi1

F1d1a-l;\I~Ell ud L;J1-1,FilueJ1a-l-#dlU~\larn'V'l'ULL~:;hn 1-1,\l11-1,orT\ll?ld\l1~

\l1'1.1~1'1.1t1'\I(;I1\I'J (;I (Metrology) FiEl\ll1-1,LL~:;Ad1a-lfl1-1,&111-1,orT\ll?ld\l1~

~\lLdEl'Yl1'Y1~ntlEl\l\ll1-1,&111-1,dA"iEl'UA~a-l~\I mbElnl"i1~ LL'U'Uml?l"i1t1El\lnl"i1~,
15nl"i1~ LFl~El\lorT\Im\l1 ~-#\I'YI~lEl~ \IF1"iEl'UFI~ a-l~\I FIru!;'{a-lU~tlEl\l LFI~El\lorT\Im\l1 ~, ,
;\1 n ~ld L;J1-1,lU 1?l1a-l11?lr1U"i:;!;'{\IFlrrn'l ~ \l1'(,l,'YI~El13-1 ~d a-l~\I &Jl~LFI~El\lorT\ll?ld\l1~;\I, '"
n ~ldl11 m"irl~l1-1,eJ~ nl"i1 ~1&1~ n &1El\l'YI~El13-1 1-1,Elnlll1 nd\ll1-1,&111-1,orT\ll?ld\l1~eJ\I

F1"iEl'UFI~a-l~\I-#\I L~El\l'Y1C]'IY~LL~:;uli'U1i~ L~m~ El\Irl'U \111-1,1 ~'h'11 El~1 \11"i~\I'l ~eJa rm

1~LL3-11-1,~1~ n-#\I"ida-l ~\lnl"i'Yl1~d1-1,eJ!;'{a-l'llEl\l111"im\l &111-1,YJ~n~ ~d1-1,eJ11a-l'llEl\l111~,

\l1'1.1t1'\lm\l1(;1(;113-1imiTH'I.I(;It)f)\ln!)'H3ntl (Legal Metrology) L;J1-1,

\l11-1,~d1-1,'YIit~tlEl\l\ll1-1,'l1-1,&111-1,nl"i1~ (metrology) Fl"iEl'UFI~a-l~\lnl"i 'l'fi'm.b El1~,
15nl"i1~ LL~:;15nl"i1~'1IEl\lLFI~El\lorT\ll?ld\l1~ eJ\I"ida-l~\lnl"iU\lA'UHLFI~El\lorT\ll?ld\l1~

•



me L'YlFlUAlL1:'l::1111~ Fl11~r;]Eh'ln1':i~Eh'ln£]'I'ImEJ!lEl\ltl':i::L'YlF1,tU 1 LyjEl~~f1\lFl11a.J

atul:ij 1'Ii'~151':iru~U~\l Fl11a.J~n r;]El\lLL1:'l::Fl11~ LLa.!U~T'i1a.JvY\lFl11~tl1:'lEl[?l.tlEJ~El\l

n1':ihrLFl~El\l~\l1911\l1[?l,tU1 LyjEllI91Cltl':i::~\lf'l~r;]El\ln1':i ~\l1U~dn~El\llU!lEl\l,
1i1'Un\llUn1:'l1\l~\l 1911\l1[?l !IEl\lm,tULEl\l UElnsn nd5\l~\llU~ mlse Lll'Yl'l'lct\l ~El

Scientific Metrology ~\l:ij::LiJU\llUn1':i'l'\1'1'1~1f.11[?l~1:'l]lUvYl'I7 LvlEl1'l1'LiJULL'U'U

Precision ~El ~[?lFl11a.J~lm':iCl~LL~UElU~nr;]El\l!lEl\lLFl~El\l~El1[?l~1r;l-r'U

n1':iElElnLL'U'U'I'I~Elr;]El\ln1':iM~tl':i::~'Yl5m~

m1:wa-1:W1'Hl~1'lr,1~ (Repeatability) ~El Fl11~ln~numn~~[?l

!IEl\le.J1:'ln1':i1[?lU~~lru'l'lct\lr;]1mhu1UFlf\l~LL~UElU~[?l~ElnU~u~mruFhL~f.l1nU

I[?lEJ~1 LUUn1':i1[?lU~~lrur;l\l n ~11~1f.115n1':i L~f.l1nu LFl~El\l~\l1911\l1[?lL~mnu

lu'Ii'El\lu~U~n1':iL~EJ1nu ~'Yi1n1':i1[?lFlUL~mnu I11f.11r;]~1\l':i::EJ::L11:'llL~mnU

«U 1 ~1m'l'll91d~\larn~'IJ':hn1':i'l'l1~lFl11~~lm':iCl'Yi1.J11~:ij::'Yi1I[?lEJn1':iu':i::mru,
'UU~U:ij1U!I El\lFl11~la.!LL~UElU~El\ln1':i1 [?l (uncertainty) ~\larn~'U"h ~1 Fl11a.Jla.!..
LL~UElU~El\ln1':i1[?l~\l~~lUElf.l1:'l\l :ij::~\le.J1:'l1'Ii'~lFl11 ~ ~lm':iCl'Yi1.J11~~1'I ~~1

UElEJ1:'l\l~1m~Unu

'I'I~EllU'I'\'UI'I~El'U1\lL~~El1:ijUf.I1~1'li' Repeatability ~El n1':iL~EJ\lL'UU
, , '

!IEl\le.J1:'ln1':i1[?lYi~lnYi~[?l(The Maximum Output Deviation) :ij1n~lL\l~f.I!lEl\l,
n1':i1[?l~\l'Yhn1':i1[?l~[?l~ElnUL~El~1~iJElUL~1':i::'U'U (input value) L'I'I~Elunu

LL1:'l::m:ij1nLL'I'I~I'IL~mnU~[?l~Elnu

m1:wa-1:W1'HleJ~1PI.J'1 (Reproducibility) ~El Fl11a.Jln~numn~~[?l

!IEl\le.J1:'ln1':i1[?lU~mru'l'lct\l~1EJ~lU1UFlf\l~LL~UElU~[?l~ElnU~u~~lru~lL~f.l1nU

I[?lEJn1':i1[?lU~mrur;l\ln~11LL~1:'l::Flf\ln':i::'Yh~1f.115n1':iLLl91n~1\lnu l~LFl~El\l~\l

1911\l1[?lLLl91n~1\lnU1u~mu~'I'I~El'li'El\lU~U~LLl91n~l\lnU ~'Yi1n1':i1[?l~LLl91n~1\lnU

I11f.11r;]~1\l':i::f.I::n1:'l1v11\lnU~lnL~ElLYif.l'Un'U~1\l':i::EJ::L11:'l1~'Yi1n1':i1[?lLL~1:'l::Flf\l

mf.llr;]~1111::Ln[?l~Ela.JLL1:'l::L~Elul!1n1':il~LFl~El\l~\l!9ld\l1[?l~LLl91n~1\lL~unu

n1':il~Fl11~~lm':iCle.J~191.J1!1El\lLL~1:'l::n1':i1[?l:ij::Ln[?l~UL~El~n1':iri1'1'1U[?l

r;]1LLU':il[?l r;l1LLU':i'l'lit\l'l'l~ElvY\l'l'la.J[?l1Un1':iLL~[?l\le.J1:'l'l'l~ElFl11~~1 srnn n1':i1[?l~El\l

LFl~El\l~\l1911\l1[?l rrnm ~1 Fl11a.J~1 m':i Cl'Yi1.J1arn:ij::'I'\1:ij1n m ':iU':i::m ru~l'U U

~U:ij1U~El\l~lFl11a.Jla.!LL~UElU!lEl\ln1':i1[?l (uncertainty) L~UL~mnu ~1m'l'll91d..• ,
'I'I1nlun1':i1[?l~LL'I'I~I'I'1'1~m'h..ijf.l~rlEll'li'Ln[?l Random Error mn ~lFl11~1a.!

LL~UElU~El\ln1':i1[?ln~\l~I'IL~~~U~\le.J1:'l1'1i'~lFl11a.J~1a.J1':iCl'Yi1.J11r;l~\lmn~u~1'I:ij::

'Yi11'1i'Fl11~~1~1':iClt:J~191.J1~~1~\ln11~lFld1a.Jmm':iCl'Yi1.J11~

" I.J I

m~':i1LLvI\l~1~ ':i1~~\ln1':i!:'fEl'ULYiEJ'ULFl~El\l-B'\l1911\l1[?li'u~\l'I'I~El'l::j[?l~nttEJ'I'IU\l11

LiJU\llU~El\lttnl'YlEJ1 F11!:'f~{~:ij::~[?l FlUFll1'1'1115n1':i1 [?l5u-E''U~ElmL1:'l::1'li'e.J1:'l~1

L~El~El~\lLiJUr;]U

~1!ild\l (True value) ~El ~1~El\lU~~lru~\l~nri1'1'1U[?l1r;]~nr;]El\l!:'f~\!':ici

m f.llr;]!:'f1111::L~Elul ~~ El~!1ru::,t UL~ El~1 &l\ln ~11 Cln ~ ':i1!il!:'fEl'U'I'\1~1'1'1~ElLiJU~ 1.. ..

1u'I'Itt\l~El'U1\lL~~El1:ijUf.I1a.Jl'Ii' True value ~El ~1~1a.!~Fl11a.J~[?l~1:'l1[?l

(the errorless value) ~El\lr;l1LLtl':i~r;]El\ln1':i1[?l~1(measured variabl) LL~r;]El\l

'Yi1Fl11a.JL~11:ijrl ElU11 LFl~El\l~ an n~U[?lCln !:'ff1\l~Um I[?lEJ'Yi1n1':i!:'fEl'ULYif.l'U'I'I~El, ..
el1\l8\ln'ULL'U'Uml91':i1'1'1~Elml91':i]lUr;l\l,tUn1':i1[?l1[?l'J n:ij::~Fl11a.J~[?l~1:'l1[?lEl~1U

, ~ ,
~1!1El\lLFl~El\ll[?l~\l LL~L~a.Jr;]UEl~LL~1

~1:ij~\l (True value) ~I'ILiJU~1'Yl1\l~[?la.JFl~~\ll U'Yl1\lu~u~1a.!!:'f1m':iCl

'I'I1~1:ij~\l1~

~1!il~\la-:w:w~ (Conventional True Value) LiJU~lU':i::~lru!lEl\l~l:ij~1'I,
!IEl\lU~mrur;ll'ln~11~\l~lFl11~LLl91n~1\l~El\l~1:ij~\ln'U~1:ij~\l!:'f~~~!:'f1m':iCl~[?l~1'I1r;l,
n1':iYI1~l:ij~\l!:'fa.J~ ~I[?lf.l~11U!:'f1m':iCl'l'l1I[?lf.l15n1':i'l'\~ ElLFl~El\l~ El~atul:ij 1U~l,
Fl11a.JLLa.!uel1~\l LL1:'l::L'I'Im::!:'f~n'Uu~m ru~l~r;]El\l n1':i1[?l,tU 'J

~11:WU3hnh (Accuracy) ~El ~[?lFl11~!:'f1m':iCl~El\lLFl~El\l~El'l'l~El':i::'U'U

(system) ~:ij::LL!:'f[?l\lM~l:ij~\l (true value) ~El\l~1LLtl':i~r;]ElI'ln1':i1[?l~1(measured

variable) I11f.11r;]!:'f1l11::el1\l8\l ~I'IFl11~'I'\a.J1EJ!lEl\l accuracy :ij::~Fl11a.J

LLl91n~1\ln'UFl11~'I'ImEJ~El\lRepeatability ~\l:ij::n~11~Elltl

•



~\pihbUUI?lEl\l'Yl1nl'm«l~~1t:J!;1nl'i-J~5'\.uiiEl\Pinn systematic errors

bb~!;1::Flf\lb~~nElU~~::,H'lhn~lFll1:!-li;11m'itlt:J~!wJl

Fll1:!-li;11m'itlt:J~lnJl (Reproducibility) Ell~bbi;1~\llu~tJ~El\l~lb~~\lbUU

mln'illilU "S" ~El\l~El:!-l!;1..• ~

Fll1:!-li;11m'itl t:J~In'lh (Reproducibility) bbi;1~\llu~tJ~El\l ~l b~~\I ru U:!-I1In'iJ1U

"s"'/JEl\l~m.;j!;1

_ 1 N

X=-"X'N.L.., I
i=1

X = 10.01124

(2)

n.Ns= I L -2-- (Xi -X) (1 )
N-1 i=1

d
b:!-lEl

N
. ~

~lU1U'/JEl\lt:J!;1nl'il~

X
I d

FllbQ!;1~~El\lt:J!;1nl'il~

1 "N - 2
S = N _ 1 .L..,(Xi - X)

1=1

S =0.00019 ANS

CJ~e:i~ (Error) AEl ~lFll1:!-l1aJln'i\lnu'i::,.,dl\lt:J!;1'/JEl\lnl'i-J~bYi~unu~1

'/JEl\lU~:!-Ilru~t1n'Yl1nl'i-J~ T~~~lu~mru~t1m11nl'i-J~,tUEll~bUU~ ~'H3J7tJ£'H6! nl'ibbi;1~\I~l Repeatability 'YI~ElReproducibility i;11m'imbi;1~\l11?l

'YI!;11~~UbbUUb~U Ell~bbi;1~\lbUUbUEl{b~U{;]'/JEl\lt:J!;1~l\l~El\lt:J!;1nl'i-B'\lJl'YIUn2 Flf\l

Readability 'YI:!-Il~~\I Fll1:!-li;11:!-ll'itll Unl'ibbi;1~\I~lFldl:!-l!;1::b~~~'/JEl\l

t:J!;1nl'i-B'\I'/JEl\lbFl~El\l-B'\I~\la:iitm:!-l!il\ld"Readability AEl ~lt:J!;1~l\l'/JEl\l~l#U'YIm~

:!-Illn'il (scale division) ~a:i~1,xEl~~i;1~~El~~!1lnU~i;11:!-ll'itl~lUM~ln~mbi;1!1l\l, ~

• ~1~~\I (True value)

• ~l~~\li;1:!-1:!-1~(Conventional True Value),
, '

• ~lbQ~~'Y1l\lFl&lnAli;1In{'/JEl\lt:J!;1nl'i~lU1Wfj~'YIit\l,

uae lu'/J ru:: b~~1 nu,tU'YIl n~l Fll1:!-l1aJln'i\l nu A€I t:J!;1~l\l'i::'YI'11\l

t:J!;1~€I\1nl'i-J!1lbYi~unU~l'/J€I\lU~mru~t1n'Yl1nl'i-J!1l t:J!;1~1I?lA€ICJa e:i~ a3-lu'mI'~ ~
(absolute error) bb~tll'Yll n ~lFll1:!-l1aJ In'i\l nUbbi;1!1l\lbUU~l Fldl:!-lbblnn ~l\l U!;1::

~l'/J€I\lU~mru~~n'Yl1nl'i-J!1l t:J!;1~MA€ICJ~e:i~i3-l~U5 (relative error)r;I'JeJth" bFl~€I\1-B'\I~a:i~l#Umln'il~,z€l~~i;1!1l b'Yhnu 0.1 :!-In. uae R7,.;;'aJlu,~ ~
'/J€I\l1JU'YIm~mln'ilYi!;1:: 0.1 un, !il\lUU READABILITY = 0.1 :!-In.

i;11m'imbtJ\lt:J!;1~!1l'/J€I\lnl'i-J!1l€l€lmuu3 U'i::bil'Y11mu '1 A€I CJ~e:i~':i::UU
(Systematic Error), CJ~e:i~6i3-1(Random Error) bb!;1::CJ~e:i~n':i::U'JUnl':i1~,
(Parasitic Error 'H~eJSpurious Error)

~ ~
r;I'JeJtil" bFl~€I\1-tl\lYia:i~lREADABILITY 0.1 :!-In. 'Yl1nl'i-tl\lI?l:!-lUl'YIUn 10 Fl~\I,
11?lt:J!;1nl'i-B'\I!il\ld

n.) CJ~e:i~':i::UU (Systematic Error) 'H~eJ ~leJ~&1 (Bias) bUUnl'i

b~~\I ru U~!1lnl'i'Yh\ll U'/J€I\IbFl~€I\1-B'\I!n1\1-J!1l€I~l\l i;1~1bi;1:!-1€Iuae bUU'i:: bD~U 'YI~€I,
b~mtjlnl'i-J!1lm::'Yl1fll~ 11?li;1flll::b~€Iu1'/J~~lU~:!-Ilruril'YIU!1l b'YIa:i€lU'1 nu bb~f1\1

Fl\ll "'~l t:J!;1nl'i-J!1l Fl\l~~\I ~ltJ~:I-Il ruuae bFl~€I\1'Y1:1-1l~ bb!;1::€I1~ul ~ ~UbbU!;1\11U

b~m~€Iu1'/JbU~~u1u

X1

X2

X3

X4

X5

10.0110 n.

10.0111 n.

10.0110 n.

10.0114 n.

10.0111 n.

X6

Xl

X8

X9

X10

10.0115 n.

10.0113 n.

10.0112 n.

10.0115 n.

10.0113 n.

•



1 'I-l.'YI,r\l~eJ'lJl\1L~~1e;)ii.I'.J1~ Systematic error (or bias) ~eJ nTmJ~~'I-l.

LLtJ~\leJ~l\1~~lL~~eJe;),)~l'hFl\l~ (a constant uniform deviation) tleJ\I'l(;Jn1"i,
Random Error eJ1'l'l:::~1~1"i'l'yhn1"i~(;JtI'I-l.l(;JtleJ\le.J~~(;J1e;) I(;J~n1"iL~~'iil'1-l.,)'I-l.

F1~\ltleJ\ln1"i'Yl(;J~eJ'lJ1~~ln;'I-l.

e.J~~(;J~~ 1'1-l.'lJl\1m&eJl'lrll'Y1'1-l.(;J'l~e.J~~(;J~~ (Random Error) ill'il, ,
L'Yhn'\J'lml(;JFh~\I~(;Jt!eJ\lm"iL~~\lL'IJ'I-l. (maximum magnitude of the dispertion

v ,

of measured value) "ieJ'lJl'ilLQ~~tleJ\le.J~m"i-r(;J (mean) ~\I'l:::L'Yhn'IJFI~\I'YIit\l

tleJ\ltI'I-l.l(;Jl'ilF1,)1~~lm"itl'YhJl1e;) (magnitude of repeatability)

I'ile.J~~(;JJ'\I 2 LL'IJ'lJit (Systematic Error n'IJ Random Error) 1~1r;lil. .
~a rlTVI'I-l.(;J.yjLLU\ILL~n F1,)1~ LL(;Jn ~1\I'Yi-8'(;JL'l'l-l. Random Error eJl'l'l:::~l~l"itl

LtJ~~'I-l.LtJ'I-l.l'il Systematic Error 1e;) L~eJilm"iFl,)'IJ~~Iil,)LLtJ"i~l\11 ~ile.J~~eJm"i
.;.. _ I I 10 de. _ cd _ d v
~\I (;l,)eJ~l\1L~'I-l. e.J~e.J(;J'YlLn(;J'llnLL"i\l~n(;l')meJ\I'llnFl,)l~(;J'I-l.eJln1Fl L'I-l.eJ\I(;J')~

I'i1 LL"i\l~ n lil')tI eJ\I eJl n1 Fl~'I-l.eJ~ n'IJ l'il Fl')1 Wr'm 1 LL~WeJeJ\IeJl nl Fl~\I ~1 ~l"itl

Fll'1-l.')ru1r;l'llnl'ileJru'YIll~ F1,)1~t'l-l.~~i'Yl5 LL~:::F1,)l~Iil'l-l.'\J".i"i~ln1Fl tJeJ\I~eJ\I
, v

tJllU~n1"i 'l 'I-l.n"i&~1~ml'IJ I'illil\ln~l,)e.J~m:::'Yl'IJLiteJ\I'll nLL"i\l~nlil,)'l:::'Yh 'l ~Ln(;J

e.J~~(;JLL'IJ'IJ Random Error LV'l"il:::e.J~n"i:::'Yl'\JLiteJ\I'llnLL"i\l~nlil,)'l:::ill'il

LtJ~~'I-l.LLtJ~\l1tJLtJ'I-l.LL'IJ'IJRandom (;ll~n1"iLtJ~~'I-l.LLtJ~\I;'I-l.~\ltleJ\I~Il1,)::: 'l 'I-l.~eJ\I
~

tJllU~n1"i (l'il~ru'r'IJJ~ Fl')1~~'I-l.~~i'Yl5 LL~:::F1,)l~Iil'l-l.'\J".i"i~ln1Fl ilnl"i

LtJ~~'I-l.LLtJ~\lLL'IJ'IJ Random) LL~'l'l-l.m&~ml'IJl'ileJru'YIll~ F1,)1~t'l-l.~~i'Yl5
, v

LL~:::F1,)l~ Iil'l-l.'\J".i"i~1 m Flt!eJ\I~ eJ\ltJllu~ m"ie.J~ m:::'Yl'IJ LiteJ\I'll n LL"i\l~ n 1il,)'l:::'Yh'l ~

Ln(;Je.J~~(;JLL'IJ'IJ Systematic Error LL~:::~1~1"itl'Yhm"iLLnb1e;) LV'l"il:::l'ile.J~~(;J

LlieJ \I'll n e.J~ n "i:::'Yl'IJit~l srrsn Fll'1-l.') ru'YIll'il1r;l m"i~(;J l'il F1,)1~ ~(;JV'l~1 (;J~1 ~1"i n

'Yh1(;JL(;J~m"iUll'il~Fll'1-l.')ru1(;JltJLLmtle.J~m"i#\I

'Yil\11'1-l.(operating point) tleJ\lLFI~eJ\I-r(;J

e.J~~(;J"i:::'IJ'lJLtJ'I-l.e.J~~(;J~L"ileJl'l~1~1"itl'YI1~lL'YI(;lJ'\l1r;lLL~:::1~1e;) LL~L"il,
~lm"itl'YIl e.J~~ (;J"i:::'IJ'IJ1(;J'1(;J~ nl"iFll'1-l. ')ru'YI~eJ I(;J~1 mEi nl"i~ L'YIm:::~~'l 'I-l.n1"i

rll,)(;J l'il e.J~~(;J"i:::'IJ'IJ-dle;) n1"i~(;JtJ'I-l.l(;J l'il e.J~~(;JLL'IJ'lJit~1~1"itl'Yil1(;J'1(;J u n1"iUl

I'ile.J~ ~(;J-dl tJ'Yilm"iLLm tle.J~~1e;)'ll n m"i#\I m"iL~~'iil'1-l. ,)'I-l.F1~\I~eJ\lm"i'Yl(;J~eJ'IJ

fi eJl'l~ (;Je.J~~ (;J~ii.(;Jit~\llr;l~ n lil,)eJ~1\1 e.J~~ (;J"i:::'IJ'IJ~\IL"ileJ1'lV'l'IJle;) L~'I-l. LFI~eJ\I-8'\I

~~ntJ-r'IJ~l Sensitivity ~1~~ne;)eJ\I

'YI1nL"il1~~lm"itl'YI1e.J~~(;J"i:::'IJ'lJ1r;lLL~L~eJ~'ll"irulLL~T;he.J~~(;JIil\ln~1,)

itill'il L~n ~eJ u L~ o L.yj~'IJ n'IJ l'il F1,)1~1~ LL~'I-l.~1L"il'l:::tJllu~'l ~ e.J~~ (;J"i:::'IJ'IJ~ eJLtJ'I-l.

e.J~~(;J~~L~eJ'Yilm"im"iFll'1-l.,)'I-l.'YI1FhFl,)1~1~LL~'I-l.eJ'I-l. LL~~1'Y11n~'ll"irulLL~TJl,
ua ~(;JIil\ln ~l')itill'il~l n L~a L.yj~'IJn'IJ l'il F1,)1~1~ LL~'I-l.~l'l ~tJ"i:::L~'I-l.l'il t:J~~(;J"i:::'IJ'IJ

LL~:::U11tJ~'ll"irul L~eJ'Yilm"iFll'1-l. ')ru'YIl F1,)1~1~ LL~'I-l.~lt1eJ\Im"i-r(;J

&i1flV1\1~~e:i61~::'IJ'lJFh'l~ L~'I-l.L~eJ'Yiln1"i#\le;)~Jl'Y1,rntl'l-l.l(;J 1 nI~n-r~,
LL~ill'il'l~\I~~~~L'Yhn'IJ 1.01 nI~n-r~ LL~t:J~~#\I~l'1-l.l'il1r;lL'yhn'IJ 1 nI~n-r~,

&i1flV1\1 ~ ~e:i (;l~::U'U LtI~VULL tI~\I n1"iLL~(;J\ll'il ~(;JtJeJ\lm"i-r(;JLn(;J~'I-l.

L~eJeJru'YIll ~tI a \I"i:::'IJ'IJn 1"i-r InLtJ~ ~ 'I-l.LLtJa \ltJru:::'Yilrn "i-r(;JLL~~:::F1~\I, ..
'll.) ~~e:i(;l~3-I (Random Error) I'ilt:J~~(;J~\I'l:::LtJ~~'I-l.LLtJ~\l1tJI(;J1'J1~

~lm"itlFll InF1:::L'I-l.le;)J'\ll'ilt1eJ\ltJ~mruLL~:::LFI~eJ\I'YI~l m~eJ'Yilm"i-r(;J 1 'I-l.'iil'1-l.,)'I-l.F1~\I

~LL~'I-l.eJ'I-l.mn'iil'1-l.,)'I-l.'YIit\lm:::'Yi1~tJ~~lruL~mnMl~1e;)~Il1'):::m"i'Yil\11'1-l.L~mn'l-l.

I'ile.J~~(;JLL'IJ'lJitill'il1~F1\1~ 1~~1~1"itlml'IJ1'i1t:J~~(;J~ LL~'I-l.eJ'I-l.le;)I(;J~'l:::il

~n1!rru:::LtJ'I-l.LL'IJ'IJ Random LV;~\I LL~eJl'l~l ~l"im:::'IJ~,)\ltleJ'IJ LtI(;l.yjLL~'I-l.eJ'I-l.tleJ\I,
l'il e.J~ ~ In~~ e;)')~ F1,)1 ~ ar'l-l.'l'l"i:::Iil'IJ'YIit \II(;J u'l tl'YI~ n n1"i'Yl1\1 ~~ ~ 11'Y11 n'Yil n1"i,
-rln1(;J1 1l1~'le;)L~eJ'I-l.1t1L~~')n'l-l. (LFI~eJ\I-r(;JL~mn'l-l., eT'Yiln1"i-r(;JL~mn'l-l., ~1l1,):::..
LL,)In~eJ~L~l'J')n'l-l.) LL~')t:J~~In~~e;)eJ\lill'il1~Ln'l-l.~,)\ltleJ'lJLtI(;l~LL~'I-l.eJ'I-l.,r'l-l.1 l'il,

F1.) ~~e:i(;ln~::'U1Un1~1(;l (Parasitic Error 'H~fl Spurious Error)

~,)'I-l.1'YIqJV'l'IJ';h t:J~~(;J~ii.(;Jitill'il~\I~l n t:J~~(;Jm:::'IJ')'I-l.n1"i-r(;J Ln(;J'll n t:J~ ~(;Jtlru:::~
d ••

!ill Lii.'I-l.n1"i-r(;JeJ~ eJl'l LtJ'I-l.t:J~'lln eT'Yiln1"i-r (;J L~'I-l. ~1'1-l.t:J~n1"i-r(;J ~(;J LFI"ieJ\I~eJ
•• v

ail n"iru'Yil\11'1-l.~(;J1tJ'YI~eJL~~'YI1~eJ ~ 'YI~eJeJ1'l'ltlLFI~eJ\I~ a1~tl ne;)eJ\I
, •• v

Total error (or inaccuracy) ~eJ ~eJ~lnlnl'il~lnV'l~lln~\I~(;J (the.. ,

•



FllL~£J\lLU'I-b~\I~(;](the maximum deviation value) mnr;l';w systematic error fl113-1hhth.Hti\lba\~G1";i\l (Nonlinearity) ~El nl':iL~£J\lLU'I-b~\I~(;]~ ,
'l::'Vdl\1F1ru~n'l!rru::m~~LiJwil~\I (the actual functional characteristic) nu,
Flru~n'l!rru::11l1~~fh'VI'l-b(;](the specified functional characteristic),

Sensitivity ~El 511l'l151Wlm\lm'lL1J~£J'l-bLL1J~\lC.J~~'l~(output) 1(;]£J

LFI~El\l~E],J(;]Ll1£JUnu m'lL1J~£J'l-bLL1J~\lFll~iJEl'l-bL'Ii'111J11l1~~ril'V1'1-b(;]1(;]£JFll~'l~

(output) ~El\lL~~vhdl~Jl1YH~~£J'lJl1~

'l'l-b51'l-b1JEl\lLFI~El\l~\lhJ511l1'l-bar~Sensitivity ~El Fll1JEl\l Slope 1JEl\l

n'l1'I'J Fill ~ ~~~'I-b(5'l::'VI':l1\IFll ~ LL~ (;]\Il(;] £JLFI~El\I~\I nu Fll.Jl'V1lrn~~\I l(;] £JFll

Sensitivity Fll'1-blruM:i]lnFlll~~~~'l-b5

, 0 .,l'
n!ln1";i";i13-1f11CJiilCJG1 (law of Combination of Errors) n!l'l-b:i]::'ll~

l1Jtf\l C.Ja ~ (;]5'1-bLiiEl\I:i]l n C.J~n1'l'J (;]l(;] £J11l'l\lLL~::C.J~n1'l'J (;]1(;]£Jif El~1JEl\l1J~~1 ru~

~El\lm'l-J(;]~'I-b1 'VI1n1J~~lru'VIii\l Y tln-J(;]I(;]£J'YI1\1ifEl~:i]ln1J~~lrutr:i]:5'£J~l\11~\I
"

~IQ I~ ~1~
Lu'l-bEl~'l::I1lEln'l-bXI' X

2
, X

3
, X4' .... ".,Xm LL~::~l~l'lm(;] (;]b(;]£JI1l'l\l

(3)

L'll~lm'l'Vl1FllC.J~~(;]'l::UU (Systematic Error) .0. Y 1JEl\lm'l-J(;]I(;]£J'YI1\1ifEl~1JEl\l

1J~mru Y :i]::LL~(;]\I'l'l-b~1J~ll1JI(;]£Jn!lm'l'll~FllC.J~~(;] L'Yhnu

(5)
. of aF aF/).Y=--.0.XI +--.0.X2 + +--.0.XmaXI aX2 ex; E = SR

.0.111

l(;] £J~ .0.R LiJ'l-bm'lL1J~£J'l-bLL1J~\l1JEl\lFll~ LFI~El\l~\ILL~(;]\lL~m1J~£J'l-bFll

m~~~\I .0.111 51mFl~El\li\l11l1\l-J(;]~'I-b1 n;i:lFlll~'VIm£J'l 'l-bL~\lL~£Jln'l-b

(4)

fl113-1 btJu di \I bau (Linearity) LiJ'l-bFll~ LL~(;]\IFill ~ ~1 m'ltl1J El\I

LFI~El\Ii\l'l 'l-bFlll ~ ~~~'l-b5'l::'VI11\1 Fll~ LL~(;]\Il(;] £JLFI~ El\I~\I nu.Jl 'VIun~~\I'VI ~El

Characteristic Curve 1(;]£J'YI1\1'Y1'l'l!r~Fll~LL~(;]\lI(;]mFl~El\l~\lnu.Jl'V1un~~\I:i]::;i:l

~n'l!rru::Flll~~~~'l-b5LiJ'l-bL~'l-bI1l'l\l (Ideal Case) 1(;]£J;i:lFllF111~'11'1-b(Slope) Fll

'VIii\l LL~'l'l-bFlll~:i]~\lFll Fill ~ ~~~'l-b5'l::'VI11\1Fll~ LL~(;]\lI(;]£JLFI~El\l~\Inu.Jl'V1Un

~i\lEll:i]:i]::hhiJ'l-bL~'l-bI1l'l\l (Actual Case) 51'l-bLFI~El\l~\l11l1\l-J(;]~'l-b1n;i:lFlll~

'VI~l£J'l'l-bL~\lL~mn'l-b Flll~LiJ'l-bL~\lL~'l-bI1l'l\l (Linearity) ~\lLiJ'l-bFll~LL~(;]\I~\lm'l

L~£J\lLU'l-b'l::'VI11\1Actual Case L~£J\lLu'l-bl1JFll~Ln(;]:i]lnIdeal Case

Stabilization Time ~El Ll~l~LFI~El\li\lHl'l-bm'lLL~(;]\lC.J~m'l~\I ~\I

LiJ'I-b'l::£J::~l\l Ll~1'V1~\I:i]l n 11\1~~.Jl'V1Un ~\lU'l-bLFI~El\li\lnu Ll~1~ LFI~El\li\lLL~(;]\I,
.;., I ~ I~ Q..IQ d ~

e.mm'l'/J\I Fll STABILlZATION TIME 1J'l-bEl£JnUm'lElElmLuuFlru~~UI1lLFI'lEl\l'/J\I~ ,
1JEl\l~C.J~I1lLL~::~Jl11::LLl(;]~El~L~'I-bm'l~'I-b~::LYlEl'l-b

Response time ~El ~lm~l~~El\lm'l!JEl\lLFI~El\l~El-J(;]L~El:i]::'l~C.J~

m'l-J(;] (out put) ;i:lFllF1\1l1~ah~~El (steady state) 'VI~\I:i]lniJEl'l-bFll~ril'V1'1-b(;]

LLU'l-bEl'l-b(a specified input)l1JLL~l

Deadband ~El Flll;h~(;] (minimum input) ~iJEl'l-bL'Ii'lLFI~El\l~El-J(;],
'VI~El'l::uu~~El\lm'lL~Ell1JL1J~£J'l-bLL1J~\lC.J~1JEl\lm'l-J(;]~Mm(out put)

Backlash ~El Fll deadband L~\ln~~l~nUm'l~n'VI'lEl 'VI~El FllL~El

L'VI~m~El1Jl(;](tolerance) 'l'l-bm'lC.J~I1lEl1Jn'lruL~'I-bLn£J{'Ii'u LiJ'I-b~'I-b,

Drift ~El m'lL1J~£J'l-bLL1J~\I~(;]#'I-b'VIm£Jml1l'llLYl£JUnu Ll~l~\I LL~Fll

L~~~'I-b(beginning value) L~El~lLL1J'l~~El\lm'l-J(;]Fll (measured variable) eJ\I

L~'I-b'l'l-bn'l&~ll1l'l-J(;]1JEl\lL'VI~lFlll~LiJ'l-bL~\lL~'l-bI1l'l\l(Linearity) ~El Fll

L~£J\lLU'l-bmn~~(;]:i]lnFllLQ~£J~LI1lEl{LL'l'JFlLI1lEl{!JEl\ln'll'I'J~~'l'ltl'l-b::ml1l'l-J(;]'l::'VIl1\1,
~l\lm'l-J(;]Fll1r;l~511l'llm'l1 'VI~~\I~(;] LL~::511l'llnl'l1 'VI~~1~(;] 'VI~El linearity" , ,
~ El Flll~ 'ln~L~£J\l1JEl\lL~'l-bn'll'I'J~;i:lFll 'In ~L~£J\Inu L~'l-bI1l'l\l

~l'V1-rU~ll1l'l-J(;]L'YIEl{1u,x~ LI1lEl{:i]::lr;l11 Flll~LiJ'l-bL~\lL~'l-bI1l'l\l(Linearity)

'VIm £J~\I Fll L~£J\ILU'l-bm n~ ~ (;]:i]1n Fll LQ~£J~ LI1lEl{LL'I'JFILI1lEl{1JEl\In'll'I'J ~~'l'l tl'l-b::,
ml1l'l-J(;]'l::'VI11\1~l\lm'l-J(;]Fll M~511l'llm'l1 'VI~~l~(;]nU 5 l1l'llm'll 'VI~~\I~(;]'VI~El, " ,
m'l-J(;]lr;l (control span)

•



hJ~nl'HtJ~tI'l-tLLtJ~\I T(;]tI~'J~tJFiTh "drift" tJn~\I::hrnUnl'HtJ~tI'l-tLLtJ~\I~
Q~ Cl.' I I I d do ...,•...

Ln(;]'ll'l-t'YI~\I\llneJl'1-t!l'J\I'i::tI::L'J~l~'l-tLWHN (warm-up period) 'Ylm'YI'l-t(;]b'J

\llnU~';'Yl~eJ~(;]LFl~fJ\lt1\1(;]'J\lr(;]~l'Y1-rUm'i drift 'llfJ\lm'i~fJuLfitlu~l'tib~lm'l-t

(Iong- term calibration) tJn~\I::dl(;]~'l-tL-ctfJ\I\lln\llnn1'i~n'YI'imL~::n1'i

Flf\lit ~lJl'YI,rn~LL'I"\I~\I (~lF1'Jl~~(;]~~l(;]LYhnu 0) fJl\1\1::LU'I-t~11(;]~1'Y1it\ll'I-t

~'J\I (200-2 n., 200+2 n.)

nl'l":i1:J.1~lFl11:J.1hiu UUf)U n1'i'i'J~~lFl'Jl~ hJ LL~'l-tfJ'I-t~l~l'irl'Yh

hl2 15 FifJ. .
L~fJ~'llfJ\lLFl~fJ\I~fJr(;]

L~'l-tl'l-tn'i&LFl~fJ\lt1\1,f'l-tdrift FifJm'iLtJ~ tI'l-tLLtJ~\I~l~LL~(;]\I'llfJ\ILFl~fJ\I

t1\1LYltl\lL~mZfJtI Il1t1hi'm'it1\1 r;l'JtlJl'Y1,rn~FI\I~ L~fJ~'J\IL'J~lLtJ~tI'l-tLLtJ~\I~tJ

1. m'i'i'J~LLUU tnnsu T(;]tlm\l\lln~lFl'Jl~~(;]~~l(;] (Error)

2. m'i'i'J~LLUU Root Sum Square \lln~lFl'Jl~~(;]~~l(;] (Error)

Display
(6)

cl
L~fJ

F. = ~lFl'Jl~~(;]~~l(;]'llfJ\lm'ir(;]Lil,fJ\I\lln~lL'YI(;] i
I ,

Drift

m'i\i::L~fJn15m'i'i'J:!-J~lFl'Jl:!-JhJ LL~'l-tfJ'l-tLLUU~'YI'l-tl'11L~fJn\il n~n'IYru::

'llfJ\I~1 Fl'Jl:!-J~(;]~~1(;],f'I-t []1~1 Fl'Jl:!-J~(;]~~1 (;]~ ~1 Fl\l~LL~::~~ a~1'I-t~n'IYru::~\i::

l1mrl\1n'l-tLfJ\lhll'11L~fJn15 (1) FifJm'i'i'J:!-JLLUUirmau T(;]tI(;]'i\l'llfJ\lFhFl'Jl:!-J~(;]

~ ~1(;] LL~[]1~lFl'Jl:!-J~(;]~~1(;]~ ~n'IYru::~LU'l-tltJlr;l~\I::l1n ~1\1n'l-tLfJ\ll'11'i'J:!-JLLUU

(2) LLUURoot Sum Square 'llfJ\I~lFl'Jl:!-J~(;]~~l(;]

m'i'i1:!-J~lFl11:!-J~~LL~'l-tfJ'I-t~Ln(;]\lln~1~(;]~~1(;]LLUURandom Error \I::

lm5'i1:!-JLLUU (2) L~'il::~lFl11:!-J~(;]~~1(;]~~n'IYru::~\I::~1:!-J1'irll1n~l\1n'l-tLfJ\lhl

m'i'i1~~1F1'Jl:!-J~~LL~'l-tfJ'I-t~Ln(;]\iln~1~(;]~~1(;]LLUUSystematic Error

\i::lm5'i1~LLUU (1) 'YI~fJ (2) ~\lit~'l-tfJ~nu~n'IYru::'llfJ\lFl11:!-J~(;]~~1(;] l1\i::~

~n'IYru::Fl11:!-J~(;]~~1(;]~~1:!-J1'irll1n~l\1n'l-tLfJ\I~r;l'YI~fJ~~

m'i'i'J~~lFl11:!-J~~LL~'l-tfJ'I-t~Ln(;]\lln~1~(;]~~1(;]LLUUSystematic Error

nu Systematic Error \i::lm5'i1:!-JLLUU (1) 'YI~fJ(2) ~\lit~'l-tfJ~nu~n'IYru::?JfJ\I

Fl11:!-J~(;]~~1(;] 11\1::~~n'IYru::Fl11:!-J~(;]~~1(;]~~1:!-J1'ir1'11n~l\1 n'l-tLfJ\lhl'YI~fJ1~

'-----------------~ Time

, , cl, or d'
Temperature Coefficient 'll'l-tl(;]FlleJ~~(;]lnl\11 'Yln~l'J:!-J1'1-tfJl\i'll'l-t

fJ~nU~l'llfJ\I~ru'YI.IJil ~1fJ~l\1L~'I-t LFl~fJ\lo5'\I;i:l~lSensitivity Temperature

Coefficient S 0.00005i"C 'YI:!-Jlt1Fl11:!-Jl1[]1~1 Sensitivity 'llfJ\lLFl~fJ\lo5'\lfi

~ntJ-rULL~\I~ 18
Q

C LL~Ul:!-J11'11\11'1-t\i~\I~21QC (LLlnn~l\1n'l-t 3 fJ\lFtl) ~1F111:!-J

05''I-t'llfJ\ICharacteristic Curve (Sensitivity) ~eJ~~(;]~\I;i:l~lLYhnu 3 x 0.00005

'YI~fJ= 1.5 x 10-4 'YI~fJ1.5 :!-In.l100 n.

. ~
r(;]fiFl'ifJUFl~:!-Jii\l~lFl11:!-J~(;]~~1(;]~l\11 ~\I,r'l-t ~lFl11:!-J~(;]~~1(;] (Systematic

Error LL~:: Random Error) \i::;i:leJ~~fJ~lFl11:!-J1~LL~'l-tfJ'I-t'YI~fJ~n,rtlm:i\l

~1 Fl11:!-J1~ LL~'l-tfJ'l-tFifJeJ~'i1:!-J~1 'I1'Y1~nm'i'Y11\1~~~'YI~fJFlru InFtl ~In{'ll a\I~l Fl11:!-J

~(;]~~1(;]~1\11 tln~".lfJ~l\1L~'I-t~1~1r;l\ilnm'ir(;]r;l:!-JJ1'Y1,rn 1 r;l:!-Jhl~lJl'YI,rn, ,
200 n. LL~::~lFl11:!-J1~LL~'l-tfJ'I-t± 2 n. 'YI:!-J1t1Fl'Jl:!-Jl1l'1-tm'ir(;][;]~Jl'Y1,rn,

H:J.I'l"HIU:::"i.leJ\I:J.I1G1'l1G1(Meter Performance) m'iLL~(;]\lii\l Fl11:!-J

ff~~'l-t5'i::'YI11\1tJ~:!-Jlm~r(;]1r;lnutJ~~11n'i\i~\I~~1'1-t~11n'ir(;]

•



nl'HfeJ'UL-t1VU (calibration) ~e:J#U(;Je:JU'Yl~e:Ji5n1'lL~m"11.J~mrutlehl

LA~e:J\li\l(;J1\1-J(;J~-J(;Jlr;l

Meter Proof ~eJ i5nl'l~r;le:J\lnl'l'YllI"l1~L(;JeJfLLy.jAL(;Je:Jf (meter

factor) ?Je:J\lm(;J'l-J(;J'fJe:J\lLmnIl?ltJLViEJ'\..Jn'ULL'U'Um(;J'l1~~A11:l-l~nr;leJ\I~\ln11L~U

luYimm'UL'ntl'U (pipe prover) 'Yl~e:JYieJ'Yll?l~e:J'UA11:l-l~?JUlI?lL~n(compact prover)

Proving ~e:J i5nl'lm:;yhll?l '1 L~e:J'Ylll"ll ~L(;Je:JfLLy.jALj;le:Jf(meter

!il\l,rU'YllnflJll1:;n1'l'Yil\llUt1e:J\lm(;J'l11?lIillLvn:;wct\l '1 lr;lL1.J~tlul1.J L~U eJ(;J'll

rml 'Yl~L1.J~tlULL1.J~\I:I-Ilndlu11.J, A11:l-l'YlU,l?ltle:J\lL'Yl~1~-Jl?le:J~L1.J~tlul1.J:I-Iln

LUUr;)U r;)e:J\Ii?i'lLitUn1'lfle:J'U LVitI'U m (;J'l-Jl?ll'Yl3,h~e:J'Yll1"l1~L(;Je:JfLLy.jAL(;Je:Jfl'Yl~

l U'Yll\!1.J~U~~\lA1'l'Yiln1'lfleJ'ULVitl'U:I-Il(;J'l-Jl?ll ~~~Jll1:;n1'l'YlI?l~eJ'U ln~L~tJ\I n'U

~Jll1:;n1'l'Yil\llUIil~\!'fJeJ\!m(;J'l-Jl?ll ~m n~~I?lL~ eJlr;ll"ll~ L(;JeJfLLy.jAL(;JeJf~\!l ~,

factor) Fh'ii'lnI?lA11:l-ltleJ\!~L(;JeJfLLy.jAL(;JeJf~\!'Yl:l-lltl~\!5(;J'lla1UtleJ\!1.J~:I-Il(;J'lIil~\!

~~lU:I-Il(;J'l-Jl?ltlru:;'Yiln1'lfleJ'ULVitl'U (proving) n'U1.J~m(;J'l~-Jl?llr;llilln:l-ll(;J'l-J1?l

d ~ I

Prover Calibration AeJ m:;'U1Un1'lbUn1'l'YllAl Base Volume

:iJt(;1eJ{LLv.JFH(;1eJ{ (meter factor; MF) n1'ltmnm.J~(;J.nru'nlu1.J~:I-Il(;J'l

A'l11~:;tteJtI '1 LL~:;i?i'lLitum'l-JI?l1.J~:I-Il(;J'lmtllr;)L~eJul'lJA\!~'Yl~eJLL'Yl'U~:;hlL1.J~tlULL1.J~\!

~'U111~~A11:l-l'ii'lLUU~r;)eJ\!'Yiln1'l1.J-r'U1"l1~~lu1r;l~lnm(;J'l-JI?l~\!eJ~lU~1\1n1'l-JI?l

1~\I~lUn1'l'YlI?l~eJ'ULL~1111~e.J~n1'l-JI?l~~l"llLL~ueh !il1eJ~1\!m(;J'l-JI?l1.J'l:;Lfl'Ylit

lr;lLLrl :I-Il(;J'l-JI?l~l~Un1'ltlltl1.J~n(;Jl:l-l~mi1,'U~n1'lJlaru LUUr;)U LLI'l'Yllnn1'l

teJt11tl'Yl~eJnl'ltlUa\!~ltle.J~(;J.nru-n A'l11~:;:I-Il n '1 II?ltI~lUn1'l-J1?lr;)1t1:1-11(;J'l-J1?l

LWtl\!!il1L~tJ11 Unl'l-J1?l e.J~(;J.nru-nI'll \ltlitl?l nu 'Yl~eJr;)eJ\!'Yilnl'l-J1?l~5(;J'll n1'l1 'Yl~

LL(;Jn 1'l1\lnULULLI'l~:;Af\l~'Yiln1'la\l~ltJ LUUm'ltlln~'Yiln1'l1.J-r'U LLI'l\!LLmtl:l-ll(;J'l

-Jl?llUn1'lteJ'lJltl'Yl~eJ'lJU~ltJLLI'l~:;Af\! r;l1tJL'Yl(;Jit'Yl~\!~l naau LVitI'U:I-Il(;J'l-J1?lr;l1t1,
LL'U'Um(;J'l1'Yl~eJ:I-Il(;J'l-JI?l~\!~lU~eJ'ULVitl'ULL~1~A11:l-lLL~u!'h~\!L~tln11 m(;J'l-J1?l

m(;J'l~lU (master meter) L~eJ'Yilnl'l'Yll~L(;JeJfLLy.jAL(;JeJflu~1\1LLA'U '1 ?JeJ\!

LLI'laearrne n1'l'Yil\!lU ~\I'ii'l LUUr;) eJ\!'Yil n1'l~~!il11.J -rtJLLI'l\1:1-11(;J'l-JI?lL~eJUeJ\Inu

n1'l1.J-rtJLLI'l\!LI?l'1 ~eJl~~:;Lnl?l#uIl?ltll~lr;l-rtJeJurul(;J,~

-J(;JC11.J'l:;fl\lFlmsm ~ L(;JeJfLLy.jAL(;JeJft1eJ\Im (;J'l-J1?ln L~aL~LL1,il~11 n1'l-J I?l,
LLI'l~:;Af\!~A11:l-lLL~UEhLwtl\l~eJ Il?ltll~Fhu'\!~\!flJll1:;n1'l'Yil\!lU~L1.J~tlul1.Jdu

A11:l-l'YlU1LL1-iU, A11:l-l'Ylu'1?l,5(;J'l1n1'l1'Yl~, eJru'Ylfl~, A11:l-l!ilU'Yl~eJArufl:l-lU~, ou ,

n1'l'Yl ~ eJ~U'lJeJ\!L'Yl~1~-J1?lLLl'leJ~l\!1'l n m:l-lu a tI Af\l~~:;'Yil rrrsauuLVitltJm (;J'l-JI?l

mtlLr;)~Jll1:;L~eJu1?Jnl'l'Yil\llu'ii'lLm:;LWtl\l~m1:;n1'l'Yil\!lUflJll1:;'Yl-ct\lLY)l,ru

cl
L:I-IeJ

V = 1.J~m(;J'l~~\I~~lU:I-Ilm-J1?l ru ~Jll1:;n1'l'Yil\llWIJeJ\I:I-Il(;J'l-J1?l

V m = 1.J~:I-Il(;J'l~~lU1r;llilln:l-ll(;J'l-J1?l

V
MF=-Vm (7)

LLI'l~'U11'l:;'Yl11\l'Yilnl'l~eJtJ LVinu (proving) ~ru'Yl.IJ~ LL~:;A11:l-l!ilU.

JlltlLum(;J'l-JI?lLL~:;LLtJtJm(;J'll (prover) ~e.J~m:;'YltJeJ~1\!mnl'leJn1'lFilU1ru

'Yll~L(;JeJfLLy.jAL(;JeJf~\litL~'ll:;n1'l'Ylll"ll1.J~:I-Ilm~~\I '1 tleJ\lL'Yl~1~1'Yl~~lU:I-Il(;J'l

-JI?l'l:;'Yl 11 \I'Yil msaau LViuu r;)eJ\I'Yll~l n1.J~m (;J'l~~ \!~-J 1?l1r;l?JeJ\ILLtJtJ:I-Il(;J'l1~\I

I"la U~l\! LUU.i5'Yll\! ereJ:I-ILL~:;~t1ru'Yll L~eJ\I~l n flJll1:;n1'l'Yil\ll u. lr;lLLrl arunn ~~ , ou

LL~:;A11:l-l!ilU ?JeJ\!LLtJtJm(;J'llLL~:;?JeJ\lm(;J'l-J1?l~\!l u.'Yll\!1.J~U~tJl\!Af\!n~l"lll~

LYilnu. !il\l,rU.L~ eJL~Luum (;J'l~1U.nl'l1.J~u~L~tl1nu.~\! rll'YlU.I?lA11:l-l'Ylmtl

~L(;Je:JfLLy.jAL(;JeJf1'Yl~~eJ

V
MF=~v.; (8)

cl
L:I-IeJ

MF ~L(;JeJfLLy.jAL(;JeJfmm~lU (standard meter factor)

Vpc 1.J~:I-Il(;J'l'fJa \!L'Ylmrn tll U.LLtJ'U:I-Il(;J'll LLti1?J1"l111.JeT\Iarrne
:I-Il(;J'l~lU. (1SoC 'Yl~eJ60°F, 0.0 psig)

•



V me = tl~anl1l"j~~lul[;]'iJlmn(W'il~UmtJ~lhJEJ\I~m'J::~ll11"j~lU

(1SOC 'VI~El60°F, 0.0 psig)

fi1L~61'lil61 (Slippage \1~el slip flow) ~€ltJ~;}.JlI?11t1eJ\JL'YI~'J~5l'l"j1

m"jl'V1Gm,:t\ll'V1G'l~luml1l"jl~T~tJml1l"jl~hnlil'Yhm"j'iJ~,juYin~ltl~ml1l"jfil\ln~l'J

el(;l':ilm':i'\il~11Gi"1 (Turn down ratio), '2i1\1'1.h~a'YI5&Ja (effective range)

'VI~El ~'J\I~lU~lM (rangeability) F1YfYl~\I 3 da:i~'Jl~'VI~lm'VI~ElUnU FiEl

'VImtJ~\I~'J\l5111"jlm"jl 'VIG'ltJEl\Ib'VIG'l'J~EJ\I~\lYll1'I1m"jYll\11UtJEl\lanl1l"jl~hn[;]L~tJ\I

L·l.mltl'iJlntJElULtJl1I~'Jl~~~y.jG'l1~~ri'1'V1UI?l11

bFl-bb-Wm(;li){ (K-factor) 1UU1\1~~\lhJ~lan"jCl~lu~ltl~~1111"j'iJln

~l l1I"jlI?1Ul\1~Ul?ll~l?ItJ11I"j\lLL~anl1l"jll?1fil\ln~l'J'iJ::1~~l LtJWt~'G'l'llLL"j\lfilulyJfh

[;]'JtJL'VIl1Id~\l1!l~1~'J1~ff~~u,h::'VI·:h\l~lU'JU~G'l.gLL"j\lfilulyJvh~C.J~I1I~utJEl\lml1l"j•
1I?1nutl~ml1l"jl'V1G'l~lu~1111"jll?1fil\l,tu

'\'l1\11U (operating temperature) bLG'l::~ll~filuYll\11U (operating pressure). ~ ~
0_1 Cl_CV QJ_ 0 _t.I _'lI0d I Q

'iJlnl?l~1'V1U\lL'Y11UUI?I\lUUtJru::'\'l1nTi'JI?II?I'JtJml1l"jlI?1I11El\l~lU\lL~~ElllElru'VIll~. ~
LLG'l::~ll~ filU[;]El\IhJ a:i~l LLI1In~1\11tl'iJl n~l Elru'VIll~ bLG'l::~l~ll ~ filUtJru::Yllrrrs~ElU. ~
LYiuu an n'iJuLflul tl'iJULtJU~lL'V11111~a:inl"j Ltl~ tJULLtlG'l\l~n'l!l-ru::LLG'l::tJU1I?1tJEl\l•
TFl"j\l~-rl\1mtJ 1ufillm l1I"jll?1'V1~El~ll~'VIitl?ltJEl\l b'VIG'll~Yllm"jlI?1El~ ,tU'VI~ltJ~\I

~ LI1IEl{UyJ~LI1IEl{El1'iJbtl~tJuLLtlG'l\llil LL~El~l\11I?1nl1ll~L~El~ml::m"jYll\1lutJEl\l

~l l1I"jll?1ul ~tJuutlG'l\ll tl'iJl narme L~Elul tJrrrssau LYitJUnYll mssau LYiau 1'V1aJ

L~Eli~l ~ LI1IEl{bbyJ~LI1IEl{LL~l~l ~l"jCl'Vl1~ltl~an 11I"j'iJ~\ltJEl\Ib'VIG'l11[;]'VI~\I

'ill nYll m "jl1?111?1LI?ItJ

tl~ml1l"j'iJ~\l1 ~11?111il= MP x tl~ml1l"j~~lul[;]'iJln~ll11"jll?1

n
K-factor =-

V
(11)

cl
L~El

n = ~lmUFl~\ltJEl\l~m5'~11?11[;]'iJln~1111':i11?1

V = tl~~1111"j~11?11[;]'iJlmLUUml1l"jl(prover)'VI~El

tl~~1111"j'iJ~\l1~l1?1M = MP x Ct1m x Cp1m x tl~~ll11"j~~lUl[;]'iJlnml1l"jll?1

(9) 1uY11\ltl~,jm L~El1'1'\1[;]~lL~-bbyJ~LI1IEl{(K-factor) ~LLaJueh~\I'iJ::

~lLuum"j'Y1I?1~ElU'VI1~1 n LLG'l::~l V 'VIG'lltJ~~\I [;]lm'VIl1ldtl~~ll11"j'iJ~\I~l'V1G'l•

~ml::Yll\1lutJEl\l~lmll?1

Cp1m = ~lLLmtJ~lml~filuL~El'VIltl~anl1l"j~~ml::anl1l"j~lU'iJln

~1l11::Yll\11UtJEl\l~1111"jll?1

Filf:i(;l'Wal(;l (Meter error) UEln~\I~l~ll~LLl1In~l\1tl~anl1l"j~~lU

ml1l"jll?1'iJ~\I (volume discharged) nutl~ml1l"j~~luM'iJlnml1l"jl~ (indicated

volume) ~\I~lu1'V1qJ'iJ::UEln~lLtJubtlEl{b~ui?l

(12)V = n
actual K - factor

~\lL~uM'hl~~EltJ~::l?IlnmnUn~'iJ::Ul~lL~-bLyJ~LI1IEl{ (K-factor) ltl

'VI1"j~lU1U~G'l.gLL"j\lfilulyJfh~C.J~I1IElEln~1U~';'Y1~C.J~l1Iml1l"jll?1L'Y1El{1ulZ~bI1lEl{

'" ~ '" ::"1 '"'iJ\lL'VI~lbuUMeter factor FlEl

M t
Volume discharge - indicated Volumee er error = ------=---------

Volume discharge
% (10)

•



Meter factor = ---
K-factor

adjacent distinguishable values)

(13)

. .
g"o Q.,I d did

'lIan1'ViU~ua ~a 1ij";i'1 bl:J a b 'Via eJbl:J eJ'lI1 ~

Ghwi''U b~~eJ\l1ij1\1u 'U'U~11ij";i'1~1mUfl1~ ~U1~'l1il~ t~'Vi~

u 'U'U~~eJ~.2j~iU'Vi~1t1 ~11ij";i'1bb~~\ltI~~11ij~
(two-

(Specifications and Maximum Permissible Errors

for Graduated Neck Type Volumetric Field Standards)

1U~dn ~TJ(i~rrn ril'V1U~':i1m~::L~~~nl':i~'h~ LFl~fl~m~ LLUUm 1il':i1~

lt1tUJl1Fl~Ul3-1nil,IilT~YI::LLUU~Flfl~~Iil#UYlm~3-I11il':i1LL~Iil~tl~3-I1m~U11il~nlil

ri1~~~1~ 'J lt1t um&U':i':ililrJfl~LYI~1'YlIil~flutl':i1F1lil1nFl113-1r;lULL~::rJru::~y\'lnl':i,
U':i':ililrJfl~LYlI11fl1lilm m':it:l~ 11fln~u AU3-I1Y1~flsru L~tJ1tlrJru::H~lUn1!?l rl1Y1UIil, ~ ~
~ULL~::hrr~mh,rn~lun~1~#~1il1~1~ Lvifll~~lY1-ru nl':iIil':i1lil~flU 1i Fh-rU':ifl~

3-I11il':il IilrJfl~LYI~1LL~::LFl~fl~1il1~tl~3-I11il':iIil~fl ~lilULvifl1tit Unl':itl~U~~lUIil':i1lil

~flUrJfl~L~1Y1-X1~~~~L~~UFl1~Yll~11LtlU\lUU~1~1Unl':irl1Y1UIilLLUU3-I11il':i1rJfl~

~1,rn~lun~1~#~m~1IilluflU1FlIil

J"' Cl _ 'l.I d cv

LUflYl1Fl':iflUFl~3-It:l\l1~~ rrrseunuuu nl':i~':i1~LFl':ifl~m\l LL~::fllil':i1, ,
L~mYl~m~mJ1~ T~~~lil~~\lYlm~liLn~tl':i::T~n,x~flnl':im1lil~fluliFh-ru':ifl~, ,
LL~::nl':iIil':i1lil~flUFl113-1~n~fl~rJfl~L~1Y1-X1~'Y11~Jl1Fl~Ul3-1nl':il~LFl~fl\l1il1\1LLUU

3-I11il':i1~1t1tUJl1Fl~U13-1fl~l\1t:ln~fl~1~mlil':i~lUlil::~1~ ~\lL~~3-I ~,rU~UULL~::~... ,
~InJU1':i::UU~lW~'~m\ll~1il13-1~flri1Y1U~rJfl\ln{]Yl3-I1~(Legal Metrology) li~

t.I 10 .J'CVd _~d_ "'"
Fl113-1~n Iilfl\l LL3-IUm~\I?Ju'Yl~L'Yl~3-I3-I11il':i.l1U~ln~ ~\lUUL~ fl':im!Y1':i::~UFl113-1

~UllilLL~::Fl113-1L~~\lIil':i~rJfl~LLUU3-I11il':i1r;l\ln~11LFl~fl~1il1~LLUU3-I11il':i1~lt1twnFl

~m 3-1~ fl~~':i::~::L1~11Unl':i~flU LViuu 1YI~ ~~~Ufl ~nu nl':i 1~LL~::~Jl1~rJfl~
d

LFl':i€J~1il1~LLUUmlil':i1Lfl\l

•



.
"li'mh'HU~L~~eHI~d\1LL'I.J'I.J:t.J1~";j1 2. 1R&l (Material)•

2.1 nT'H'{~l\1LA~€1I1[WNbL'IJ'IJ:I-l1(;1'j"1~Hl 'j,j,Jl1A (;1'j,j,l:1-l 1(;1(;1~1?TA1'Hu'j,j,,
a dd d' ~ d a ,

L'VI1;1nYl:l-lA1'j'IJeJ'j,j,(;11 (Low Carbon Steel) mm'VI1;1n(;'lLL(;1'j,j,L1;1(;1 (Stainless Steel;

3xx series) ~mn'j,j, 'VIlt1'V1~eJ~:ij'IJLL1;1:;~'j,j, 1 eJ1'ilhTl(;1(;1eJ~l\1~'j,j,~~A11:1-lA\lYl'j,j,~ ,
LL1;1:;L'VI:I-l1:;(;1:1-l

2.2 'j1!'J 1;1:;L5!'J (;1d''il:; 1aJ A 'jtJ'IJ A 1;1:1-l~ \I LA~ a \I (;11\1LL'IJ'IJ:I-l1(;1'j1 r11 t'l1!'Jl (;1(;1, ,
tJ~l\1~'j,j, L~'j,j, 'tm1(;1~n ~1;11(;1~m(;1~:I-lA11:1-lLL~\I (Reinforce Plastic) tJ~~L':;'!'J:I-l

LU'j,j,t'l'j,j, LL~ tJ~l\11 'jn (;11:1-lA ru(;1:1-lU~'IJ tJ\ll (;1(;1~1 ?Tr11 LA~tJ\I (;1')\1LL'IJ'IJ:I-l1(;1'j1 t'l tJ\I~, ,
L(;1~!'J'jJl1~ 1 'j,j,Lti\lA11:1-l~tJ'j,j,LL1;1:;~«:I-lthd~Yl~n1'j'/J!'J1!'J~1 (coefficient of thermal

expansion) 1aJ~\I'il'j,j,Ln'j,j,1t.1 ~\lr11h'1(;1~ 1aJL'VI:I-l1:;(;1:1-ln'IJn1'jhT\l1'j,j,1 um A (;1m:l-l

~ tJ:I-l1;1A ru(;1:1-lU~ Yl1\1 m !'JJl1~'/J a \11 (;1(;1~1 ~r11 LA~tJ\I (;11\1LL'IJ'IJ:I-l1(;1'j1'il:;t'l tJ\I r11 rrn~ , ,
U'j,j, Vi n LL:ij\l11'IJ'j,j,~1LA~eJ\I (;11\1LL'IJ'IJ:!-J1(;1'j1t'l1!'J

1. Y"'&lfll113..1~"lIfh:nfll~fh:J&l1\1W\J'\J3..I1Gl':l1 (Norminal Capacity)

~ n (;1A11:1-l'il'IJtJ\I LA~tJ\I (;11\1LL'IJ'IJ:I-l1(;1'j1 L~ tJ1~ 'j,j,n1'j(;1'j1'il(;1tJ'lJ1,., Fh,
-rmtJ\I'j:;'IJ'IJ:!-J1(;1'jl(;1'/JtJ\lL'VI1;11 'VI~tJH1'j,j,n1'jm\lLtJ~!'J'lJL.y;!'J'lJn'IJLA~tJ\I(;11\1~1~\l1'j,j,tJ~

t'ltJ\I~'/J'j,j, 1(;1~n(;11 "'L'VI:I-l1:;(;1:1-ln'IJeJ(;1'j1 L~tJ L'VI~tJL~tJ'/J1(;1LL1;1:;tJ~:!-J1ru'IJtJ\IL'VIm~Yl(;1(;1tJ'IJ

5n~\ll (;1(;1~1~n'IJ'/JtJ\lL'VI1;11,r'j,j, 1 t'ltJ\l1aJ ria1 "'Ln(;1 eJ'j,j,(;1'j1 !'J~mJtJnU~\l1'j,j,'VI~tJ ~\I, ~ ~
LLd(;1~ tJ:I-l ~1'V1-r'IJ n1'jLA ~tJ'IJ ~1Jl1!'J 1 'j,j,LA~tJ\I (;11\1LL'IJ'IJ:!-J1(;1'j1 tJ1'il n'j:;r11 MLL~ t'l tJ\I

m:;r11t'l1!'J:S5~L'VI:I-l1:;(;1:1-ln'IJn1'j1~\l1'j,j, ~\I~n(;1A11:1-l'il'/JtJ\lLA~tJ\I(;1')\lLL'IJ'IJ:!-J1(;1'j1,
LU'j,j,1tJ(;11:1-l(;11'j1\1~ 1

, ,
Gl1':l1\1.yj 1 ~n(;1A11:1-l'il'IJtJ\lLA~tJ\I(;11\1LL'IJ'IJ:I-l1~m,

3.1 ~'j,j,~1Jl1!'J1 'j,j,'/JtJ\I LA~tJ\I(;11\1LL'IJ'IJ:!-J1(;1'j11~ 'j,j,Jl1A(;1'j,j,l:1-l~r11t'l1!'J

L'VI~ n A1{'IJ tJ'j,j,~l rJIa \I (;11srrsn t'l1'j,j, Yl1'j,j,~ tJrrn n (;1n~tJ 'j,j, ~\I A1'jr11 rrnLA ~ tJ'IJ ~1

Jl1!'J1 'j,j,LA~tJ\I(;11\1LL'IJ'IJ:!-J1(;1'j1'eli1,(;1d't'l1!'J:S5n1'jLA~tJ'lJt'l1!'J~'lJn 1 ~1'j,j, LL1;1:;(;1:;k1 4,
~1'j,j, (Terne Plating) 'VI~tJn1'jLA~tJ'IJ«\ln:;~ (Galvanizing) 'VI~mA~tJ'lJrJl1!'J

Epoxy Resin 'VI~mA~tJ'lJt'l1!'Jl(;1~tJ~l\1~'j,j,~L'VI:I-l1:;(;1:1-l ~\lr111"''/JtJ\lL'VI1;111aJ

(;11:1-l1'j(l ~l'j,j,L~l ~\l1 'j,j,LittJ L'VI~n1t'l 1(;1!'Jt'ltJ\l1t'l-r'IJ A11:1-l Lii'j,j,'eltJ'\J'il1n~Tttn\ll'j,j,

n 1;11\I tl\l (;11\11(;1r1tJ'j,j,

(Nominal capacity; L)

3. n1':lbGl~tJ3..I~b (Surface finish)Standard flasks 0.1-0.2-0.5

1-2 - 5-10

Standard test measures 5-10-20

Proving tanks 20 or more

,r'j,j,FimA~tJ\lm\lYl(;1(;1tJ'lJLL'IJ'IJ:!-J1(;1'j1'IJ'j,j,1(;1L~n (Standard test measures)

~Hi. 'j,j,Jl1A(;1'j,j,l:1-l ~'/Jm(;1~n(;1fh~\I 5 f\(;1'j, 10 f\(;1'j LL1;1:;20 f\(;1'j ~l'V1-r'IJLA~tJ\I

(;1')\lLL'IJ'IJ:!-J1(;1'j1'/J'j,j,1(;11mll (Proving tanks) ~1~'j,j,[l1A(;1'j,j,l:1-l~'IJ'j,j,l(;1~n(;1fh~\I

50 f\(;1'j, 100 f\(;1'j, 200 f\(;1'j, 500 f\(;1'j, 1,000 f\(;1'j, 2,000 f\(;1'j, 3,000 f\(;1'j

LL1;1:;5,000 f\(;1'j l(;1m~~1:;LA~tJ\lm\l'IJ'j,j,1(;11'V1q) '/J'j,j,1(;1 5,000 f\(;1'j LiJ'j,j,LA~tJ\I

(;11\1~~'lJm (;11mu ~ (;1(;11uien (;11'jd' n1'jLA~tJ'j,j,~l !'J(;11:!-J1'j(l ~(;1~\I'IJ'j,j, 'j(l'lJ'j'jYln~ , ,
'VI~tJ'j(lyJ1\11(;11 'j,j,LL'j,j,1~\I

3.2 ~'j,j,~1Jl1!'J'j,j,tJn'IJtJ\I LA~tJ\I(;11\1LL'IJ'IJ:!-J1(;1'j1~1~ 'j,j,Jl1A(;1'j,j, l:1-l Yl1(;11!'J

L'VI~ n A1{'lJtJ'j,j,~1 rJltJ\I LA~ tJ'IJ L\l1~ tJ A1'j L~ tJ'/JtJ\I L'VI1;111aJ(;11:I-l1'j n ~1'j,j,L~11 il~\I LittJ

L'VI~n1t'l

3.3 LA~tJ\lm\lLL'IJ'IJ:!-J1(;1'j1~1~ 'j,j,Jl1A(;1'j,j, l:1-lL~tJ 11~1'V1-r'IJ n1'j (;1'j1'il (;1tJ'IJ

1 "'Fh-rmtJ\11 'j,j,1\1n1'jtJ1'V11'jLA~tJ\I~:I-l rJltJ\lr11rJ11!'JLL~'j,j,L'VI~n(;1LL(;1'j,j,L1:1(;1'V1~tJl(;1(;1~,
L'VI:!-J1:;(;1:1-lI(;1!'JM-r'IJA11:1-lLii'j,j,'eltJ'IJ'il1n~1,rn\ll'j,j,n1:11\1~\I(;11\11(;1

1 'j,j,~d''il:;n~11~\lL~~1:;LA~tJ\I(;11\1LL'IJ'IJ:!-J1(;1'j1'lm l(;1L~n (Standard test

measures) LL1:1:;'/J'j,j,1(;11'V1q)(Proving tanks) L'Yh,r'j,j,

•



4. nl'H)eJmb'UULfl~eJ\l!;l1\l (Design)

4.1 ~t1.~I11F1&1l?1rff\l~lnn'Ullt1.·:mnt1.rff\l!JtJ\llFl~tJ\I(Whm'U'U~lln"ilr;ltJ\llUt1.

~'lh \In 1:1~ll1:1:::i~~tl~l\1~~ltJ ~ tJn1"i"i::'Ul tJ~tJ\ll'VI1:1"JtJa mn n lFl~tJ\ll?l"J\Ill'U'U ~lln"il

n1"inl'V1t1.I?I!Jt1.11n'i'l'iJl"inJl Inl~ Fll llt1.::Ul In1"il\1.y; 2

4.4 r;llt1.~l\1~tJ\llFl~tJ\lIn"J\lll'U'Um In''il!Jt1.11?1b~nMtJtJ n uuu1'VI1Fl\l~t1.

utJ\lnt1."itl~l\1Ulnldm b~tJ'lJ"i"i'iJ!JtJ\ll'VIm bb1:1::UtJ\lnt1.n1"il~tJ'VIltJ l.cttJ\I'iJlnn1"iH
~ q

(ra~tl~ 1)

4.5 bFl~tJ\lIn"J\lll'U'U~lln"il~Hl t1.Jl1F1~t1.1~1 t1.n1"itJtJnbb'U'U'Ul\1ll'U'U

r;ltJ\I~~ll?1"i::&1'U~tJ\ll'VI1:1"JJl1tJ1t1.bFl~tJ\lIn"J\lll'U'Um In"ilTI?I tJ'Yhn1"i~ I?Irff\l111t1.llt1."J

387 lH.J.

rrn:J..J'Y\'\-b1'1%'EltJYi~Iil!lEl~

bb~Ub'YI~nabbIilUL;;\1.'I'YI1€l

bL~Ub'YI~nF'l1{tJElUI;'h *

b~U~l~UVn;;\l~'!IeN

F'lElbrJ1El~Iil'N

(il1vlu)

'!IU11il'Vlnlilrh~~

(Nominal
Capacity)

-
-

.

38 :J..J:J..J.

50 :J..J:J..J.

50 :J..J:J..J.

50 :J..J:J..J.

75 :J..J:J..J.

100 :J..J:J..J.

100 :J..J:J..J.

!IU11il'!lEl~~El~:tJ1V~1

'!I'\-b1Iil(;hYi~1il

L~U~l~UVn;;\l~'IlEl~

'Y\;;\€l1il?1il1:&1tJ

(il1tJlu)

Frll:J..J ;;\11il L!itJ~'Il€l~ rJll:J..J;;\lIilL!itJ~'IlEl~

mlVl'1lutJU mltJI'11U~1~

Yi'l%'mJYialil Yi'l%',JtJYi~1il,
35 El~Al -
35 El~Al .

35 El~Al .

25 eNA1 20 El~Al

25 €l~A1 20 €l~Al

25 El~Al 20 €l~A1

25 €l~Al 20 e:J~A1

25 e:J~A1 20 El~Al

25 El~Al 20 €l~Al

5 ~1il1 98 :J..J:J..J.

13 :J..J:J..J.

0.8 :J..J:J..J.**
20 ~fil~ 0.8 :J..J:J..J.** 98 :J..J:J..J.

16 :J..J:J..J.

50 ~fil1 0.8 :J..J:J..J.** 98 :J..J:J..J.

13 :J..J:J..J.

100 ~fil~ 2.8 :J..J:J..J. 127 :J..J:J..J.

16 :J..J:J..J.

200 ~fil1 2.8 :J..J:J..J. 152 :J..J:J..J. 16 :J..J:J..J.

500 ~fil~ 2.8 :J..J:J..J. 203 :J..J:J..J.

2000 ~fil~ 336 :J..J:J..J. 16 :J..J:J..J.

1000 ~fil~ 2.8 :J..J:J..J. 254 :J..J:J..J. 16 :J..J:J..J.

3.6 :J..J:J..J.

3000 ~fil~ 4.4 :J..J:J..J. 336 :J..J:J..J.

5000 ~fil~ 4.4 :J..J:J..J.

16 :J..J:J..J.

16 :J..J:J..J. 25 e:J~A1 20 El~Al

* LUUrJ1l:J..J'f1Ul fill :J..J~e:J€lnbLtJtJfil1:J..J'Vl nlil rll ~~'Ile:J~ LrJ~ e:J~fil1~ LLtJtJ:J..J1 fil11

** Frll:J..J'Y\ul'1%'e:Jv.yjalil'!l€l~~UI'11U~1~'Ilfl~brJ~e:J~1il1~LLtJtJ:J..Jlfil11LY11ntJ 1.3 :J..J:J..J.,

4.2 1-trb'VI~n-r1?l(Reinforcing Bands) ll1:1::15tJ~l\1~t1.~l'VIm::~~~"JtJ

b~~~ FI"Jl ~ bb~\Iuse b~ tJU tJ\In t1.lFl~ tJ\Ieneuuu ~1 In''ilU I?Ibd m l~ tJ'U"i"i'iJ~ tJ\Ib'VI1:1"J
q

b~~lFl~tJ\lIn"J\I 'VI~m~tJ~mFl~tJt1.tTltJ (ra~tl~ 1) l~mFl~tJ\lIn"J\lbb'U'Umln"iltJ~l t1.. .
IV G IV QQ.I 0 IV d Lo d

II t1."J"i::I?I'Ull1:1::'U"i"i'iJ~ tJ\ll'VI1:1"Jbin~ "i::I?I'Uen ~~ n I?Im 1:1\1!JtJ\llFl"i tJ\I1n"J\llb1:1"JbFl"itJ\I,
1n"J\I&1\1n ~1"Jr;ltJ\l1~ ul ~tJmbtl 1:1\1llt1."J"i::&1'Ul.cttJ\I'iJl mll'V1-Xn~tJ\ll'VI 1:1"JltJ\I

4.3 ~"Jt1.'Ut1.~tJ\IFImFl~tJ\lj;)"J\I~bUl?ltJtJ n 'iJ::b~~~ 1~bb~\llb"i\lTl?ltJn1"i~'U

tl1:11tJar'mh4n1:1~ 'VI~m~tJ~lb~t1.l'VI~n~l?In'UFlmFl~tJ\lj;)"J\I (ra~tl~ 1 bb1:1::~tl~ 2)

~mt1.~l\1F1mFl~tJ\lj;)"J\I (ra~tl~ 1, ~tl~ 2 ll1:1::~tl~ 3) ~ll?1"i::&1'U~tJ\ll'VI1:1"JtJ1'iJbUt1.

tlUI?I weir-type 'VI~tJ bb~t1.tl::n'Ulln"J (glass plates) 'VI~tJ 'VI1:1tJl?lll?1(glass tube)

b~E111?I"i::&1'U~tJ\ll'VI1:1"J111tJ1t1.bFl~tJ\lIn"J\I Tl?ltJ'VI1n bUt1.'VI1:1tJI?Illn"Jr;lEl\lbUt1.'VI1:1tJI?Ibbn"J

'Yhr;l"JtJbbn"JtlUI?I Borosi Iicate Glass 'VI~tJ~ 1:11~~ n1~~ FI"Jl ~ ~Jl b~~ tJ'VI~tJ~

~tl~l \l1~u I?Ild tJ"Jb~ ml\lln 1n"i::&1'U!JtJ\Ib'VI1:1"J(]l'V11:1tJl?lll?1"i::&1'U~tJ\Ib'VI1:1"JJl1tJ1t1.

bFl~E1\11n"J\IbUt1.~1:11~ ~ n'iJ::r;ltJ\Ibb~\Iu"i\l FI\I'Ylt1.ll1:1::l~~nJ::~l ~n'U bFl~tJ\I1n"J\Iuuu ~1 In"il

b~tJ'VI1:1tJI?Ill?1"i::&1'U!JtJ\Ib'VIm &1\1n ~1"J~ n1~\llt1.1 tllUt1.n1:11t1.1t1.'iJt1.bb~\l1~~lm"itl

~tJ\I ~1t1.1~'Yhn1"i~l\1'Yh Fill ~ ~::tJ11?11~ ~::tJ1I?1'V1~tJnl ~tJt1.1'VI~ 'VI1:1tJI?Il 1?I"i::&1'U~ n

•



~ 111~\ITI1I~ 'Yhrrrs l~l:: lFl~e:J\Ir;rJ\l'\J~l'Jru~ lUUn"i'J ~'In ~ n'UFle:JlFl~ e:J\I~1d\In'U'U~nru

'In ~~'JU'UUFle:JlFl~e:J\lfil'J\In1";i~ l~l::'U~ l'Jru~'JU 'Uu'ln ~ ~'JUFla lFl~e:J\Ifil'J\ll~ e:J~e:Ja.J

'l ~ cl Q or. '1. 11.,
'1'1be:J";i::m~'Y1lnl1l~u~ru::'Y1lnl";i'U";i";i~~e:J\lmf'l'J&JlU'I'1f'le:J11Iu 111n1";if:le:Jl1Illf'l::,

tl";i::ne:J'U'I'1f'le:J11I1111";i::&1'U~e:J\I~l~l";if:ln"i::'Yh1&1~l~mn:ihluu~e:J\lvilFl'Jl~~::e:Jl11l

'I'1f'le:J11I1111";i::&1'U&1\1n~l'J llf'l::~e:J\lUe:J\InUn1";i~'J~e:J\ll'l'1f'l'J~lU'I'1 f'le:J1111111";i::&1'U

~ll11";i::&1'U1Je:J\lmm~e:J\llFl~E1\1fil'J\lll'\J'U~lfil";il1aJll~::luull~utl::n'Ulln'J

(glass plates) 'I'1~E1'I'1f'le:J11I1111(glass tube) 'I'1~ml'U'U'll1lnfill~~e:J\la:i~mI1lTfilVm~

laJrle:J'l~dlfiltl";iln£ln1";iru capillary 'I'1~e:Jmeniscus ~\lmmUUl~U~::rle:J'l ~dll1l

&Jf'l~ I1Ilnu5 fil";ill~ Elm ~ a l~e:J~ll1l~ rh'l'1ul1Il~l~ e:JtZllFl~e:J\Iensuuu ~l fil";ill tl'l if
\llU 'l umFl~Ul ~~\la:irrrs ltl~ ~Ulltlf'l\l~e:J \le:Jru'l'1fli'l

, <u

4.6 tl~~lfil";i~e:J\llFl~e:J\lfil'J\lll'U'Umfil";il~::Fl\l~llUUe:JuM TI1I~laJ~e:J\I'lif

lFl~e:J\I~'J~'IJ";j";i~'I'1~e:Jnl";itl-r'U ll~\ltl~mfil";ifll ~'lUlFl~e:J\lfil'J\lll'U'Usn fil";il!il'J~15 nl";i'l11l1,

4.7 lFl~e:J\lfild\l'YlI1l~e:J'U~\le:J~'UU~U";i::&1'Ue:J~l\latUFl\lTl1ImlnU~\I~e:J\I

lFl~e:J\lfild\l~e:J\I~\lQlnn'U~U";i::&1'Ufilf'le:Jl1Ildf'lltl~U~\llU

4.8 mmFl~e:J\lfil'J\lll'U'Umfil";il~ml1ll~ntl";i::ne:J'U!il'J~'t'!~'J l~e:Jviln1";i

REINFORCING
BANOS

d ~ I !lJ c'!: od "" od
llmUlFl";ie:J\lfil'J\lll'U'Um fil";ill1l\ln f'll'J 11I'J~'I'1'1'1'Jl~ e:J'U";i";i~~e:J\Imf'l'J lfil ~ lFl";ie:J\Ifild\l

<u ,

ll'U'U~lfil";il&1\1n~l'J~e:J\le:J~'lUllU 'J~\lfilf'le:Jl1Ildf'll n1";i~ 11I~\I'I'1l~m~l'l'1-r'U'I'1~'JFl'J";i
<u <u <u

~ 111~ 11I'U~l'JruFle:J~ nll'U~ l'Jru n"i'J ~ ~'JU 'UU~ a \llFl~ a \Ifil'J\I -#\ld'n l~ e:JUe:J\In Un1";i

l~~";itlm\l~e:J\llFl~e:J\lfild\ll!ill~ml~'JulFl~E1\1fild\l1Jru::~E1\1mf'l'Jl~~ (l1I";itl~ 1)
<u <u<u

!lJ I ~ od ~
4.9 l~U&Jl~U~nf'll\lFlmFl";ie:J\lfild\lll'U'U~lfil";il~ml1llf'ln (the diameter

of neck of the standard test measures) llf'l::~Ull1l'l'l'1C1i (Proving tanks) ~e:J\I

n-j'l\llY;~\ly.je:J 1aJrle:J'l~lnl1lif~'I'1l~e:J\I nl";i~e:Jn~e:J\I~e:J\ll'l'1f'l'J'I'1~e:Je:JlnlF1~ru::'l~

~e:J\ll'l'1f'l'Jf'l\ll il 8n-#\I ~e:J\Ia:i~Ull1llY;~\ly.je:J~e:Jn1";ivilFl'Jl ~ ~::e:Jll1lllf'l::fil";i'J~~e:J'U

m~ 'l u1!il ll~~ru::l~mnU~Ull1l~e:J\lFlmFl~e:J\lfild\lll'U'U~lfil";il ~e:J\la:i~Ull1ll~mY;~\I

y.je:Jeia n1";i1I11tl~m fil";i!il'J~ Fl'Jl~ l~ ~ \Ifil";i\lfill~ 5 fil";ill~ E1l'l'1~ a l~e:J~l fil~ rll'l'1UI1I

CONCAVE eOTTOM TO
PREVENT CHANGE DUE

TO LlOUIO WEIGHT

I ..-L ; I,-_.J

~U~ 1 lFl~e:J\lfil'J\lll'U'Umfil";il~ml1ll~n (Standard test measures)..

&1\1J'Urll'l'1UI1I1!illl Fl'Jl~ llfil n ~l\l~e:J\I";i::&1'U~e:J\Im f'l'Jm u'l UFlmFl~e:J\lfil'J\lll'U'U. . .
~lfil";ile:J~l\lUe:J~Yi~11I 3 ~~. ~::~e:J\la:i~ll'Yhn'U[Oh~~'lJ";jru~e:J\l5fil";ill~m'l'1~m~e:J

, <u

d d eo Q.I ~

1JleraE1\1lFl";ie:J\Isnouuu sn fil";il'YlVmI1IUU1

•



od 0 •••• Ifi'd

L'I-!.EI,Pill n nl"inT'r"'I-!.[?l~'I-!. 1 ml El\!L5'1-!.t!Jl~'I-!.~ n (,'ll\! FlElLFl"iEl\! IWJ\!LL'IJ'IJ

m (;]"il'Zl'l-!.l[?l L~n LL~::'ZI'I-!.1 [?l~'YI(lJLU'I-!.L~EI\!~:i1Fl'Jl:I-J~ [?l'YI~'I-!.Ll'1ElFl'Jl:I-JL'YIm::5:I-J rl'IJ~ ,
nl"i~~\!1'l-!.~'I-!.JllFl5'1-!.1:I-Jr;l\!~'I-!.L~'I-!.~l~'I-!.ern(,'ll\!FlmFl~EI\!(;]'J\!LL'IJ'IJ:I-Jl(;]"il-#\! 2 LL'IJ'IJ

• ~ "~I ~.l'
Vmnl'YI'l-!.[?lb'YILu'l-!.[?l\!'I-!.

PRESSURE AND
VACUUMRELIEF /OOMECOVER

~:,;.;;:::~ SUBMERGED FILL PIPE
WITH VAPOR RECOVERYGAGE

LAODER-

LEVEL

VAPOR RECOVERY TUBE
5m:m. llh 30mm.
--<--<---
MPE. - MPE. - MPE.

_---'_..."THERMOMETER WELLS

llh Fl'Jl:I-JLL(;]n~l\!'ZI El\!"i::r;l'IJ'ZIEI\!L'YI~'JJll ~~'l-!.FlElLFl~EI\!(;]'J\!LL'IJ'IJ

:l-Jl(;]"il (mm.)

~~=----l+--ANTlSWIRL DEVICE

BOTTOM LOAD ADAPTER
AND VALVE

GFlOUN01NG LUG

SEAL WIRE. .
MPE. = 5(;]"ilL~m'YI~m~EI'ZI1[?l (Maximum Permissible Errors)

4.10 rl m~:I-J'ZIEl\!L'YI~'J~~:I-J El~~ 'l-!.LFl~EI\!(;]'J\!LL'IJ'IJ:l-Jl(;]"il~U, l[?l~'YI'll (a

submerged fill pipe) ~::~[?l~\!m'J"i~n~rl'IJFlmFl~EI\!(;]'J\!LL(,'l::~"":i1e.hu[?l rlEl~::~l'l-!.

'Yl::~ n"i'J ~ till 'I-!.'IJ'I-!.LL~::m'J1il[i\! n"i'J ~ till'l-!.~1\!I[?ltl"r41\!~1 n ~'Jn"i'JtI tillU,~l\! Lrll rl'IJ,
10 [i\! 15 'If:I-J. []1~lLU'I-!.Ell~~[?l~\!mnnl1 1 ria (~~tJ~ 2) ~'J'I-!.'lJu,'ZIEI\!rlEl~l~. .
L~:I-J~::~EI L~EI:I-JL~i'ltl'IJ ~'Ju,'lJu,~ El\!FlElLFl~EI\!(;]'J\!LL'IJ'IJm (;]"il LoWElLUU,'Yll\!"i::'\Jl tI

Ell m FlEIEln ~l n il\! til'JtI L'YI(;]it~\! 51 m"iCll ~vi ElL~:I-J'ZIEl\!L'YI~'Jr;l\! n ~1'J L~:I-J'ZIEl\!L'YI~'J,
(,'l\!LFl~EI\!(;]'J\!LL'IJ'IJm (;]"il'Zl'l-!.1 [?ll'YI'll1til~ru::'Yh nl"iL~ :I-J~EI\!L'YI(,'l'J~1U,'Yll\!Fl EI'YI~EI

~lU,'Yll\!rlEl'Yll\!till'l-!.~l\!'ZIEI\!LFl~EI\!(;]'J\! (bottom loading pipe) 1tilYffEl:I-J1 rl'l-!.

4.11 rlEl"i::'lJltl'ZlEl\!L'YI~'J(;]l:I-JLL"i\!1oX:I-J~'J\!(a gavity discharge line) ~\!

~EIElElnsn n ~'J LFl~EI\!(;]'J\!'ZIU,l[?ll 'YIru~'I-!.[i\!'Jl ~'JU a- LU[?ltilEl\!'Yh:I-J:I-JL~tI\! ~\!~l n LL'I-!.'J~ ,
"i::U1'IJn'IJ~u,LUu,:I-J:l-JEI~l\!oXEltI 7 EI\!Fll ([?l"itJ~ 2) i?llLL'YIU:\!rlEl"i::'lJltl'ZlEl\!L'YI~'J, .
(;]1:I-JLL"i\!1oX:I-J~'J\!'YI~ElEll~lMr:I-J ~ EI~l n'Jl~'JU[?l- LU[?lLl'1ElL~:I-JFl'Jl:I-JL~'Jl 'l-!.nl"i

"i::'lJl tI'ZIEl\!L'YI(,'l'JElElnvin LFl~EI\!(;]'J\!'ZI'I-!.1 [?ll'YI'll rhnsrnn n"i::'Yll 1til LL~hI11 n"iru

1[?l1 tilEl\!LLU:l~",h 51:I-J1"iCl~ltl~EI\! L'YI~'JEIEln~lmFl~EI\!(;]1\!1til5:I-J\j"iru viEl"i::'lJltl

~EI\!L'YI~'JtJ"i::nEl'IJtil'JtI vi El, 'Jl~'JU(;l-LU[?lLL'IJ'IJ~L~EI (butterfly valve) 'YI~EI

LYitl'IJLvilLL~::Ell~:i1~tJn"iruLL5[?l\!1""L~'I-!.nl"i1 'YI(,'l (sight-flow indicator) l[?ltl~(;l
~ IV QJ d' d .J" ~ eta .d
(;]\!C1[?l'YI(,'l\!~lml(,'l1LL'IJ'lJt!JL5E1(butterfly valve) 'Yl\!'I-!.m~Eli:fl:I-Jl"iCl(;]"i'J~5E1'IJnl"i

LEVEUNG JACK

I
DISCHARGE LINE

~'I.Hi2 LFl~EI\!(;]'J\!LL'IJ'lJm(;]"il~'I-!.l[?ll'YI'll (Proving tanks)

~'J'ZIEI\!'J1~1~ru::tJll-U~\!1'l-!.1til ~tJ n"iruLL5[?l\!l""L~'I-!.nl"i 1 'YI(,'l~\!L'YI:l-Jl::n'IJLFl~EI\!j;l'J\!

LL'IJ'IJm (;]"il'ZlU,l[?ll 'YI'll'YI~EILFl~EI\!(;]'J\!LL'IJ'IJm (;]"il~\!hI51 :l-Jl"iCl(;]"i'J~5E1'IJnl"i~'J

~El\!'Jl ~'J1til~1 mtn 'l-!.EIn~l nit "i::'IJ'lJrl EI"i::'\Jl tI'ZIEl\!L'YI(,'l'JElEln~l n LFl~El\!(;]'J\!tilEI\!:i1
~ ..

nl"ifllf1''I-!.Yiaru,Fl\!LL~\!LL''i\!til'JtlL~'I-!.rl'l-!.

4.12 LFl~EI\!(;]'J\!LL'IJ'IJm(;]"iltil El\!1til-r'IJrrrsaa nLL'IJ'IJl""~l tI ~ Elrrrs ~l tI

~ El\!L'YI(,'l'JL~l LL(,'l::~1 tI'ZIEl\! L'YI(,'l'JElElnsn n LFl~EI\!(;]'J\!El~l\! 5:I-J\j"iru l[?l u tilEl\!hi:i1 n 1"i

nl"iU[?l rfU,5U,L.ctEl\!~ln Ell nlFl'Zl'Jl\!'Yll\!EI Eln 'YI~EI(;]EI\!1~:i1~'J'I-!.~'ZIEl\!L'YI(,'l'J'YI(,'l\!L'YI~El

fi'l\!EI~Jlltll'l-!.il\!

4.13 viEl 'Jl~1 LL(,'l::~'JWlb::nEl'IJ~1\!1~\!tJ"i::nEl'IJLUu,~'J'I-!.'YI.ct\!~EI\!

tJ~m (;]"i'ZlEl\!LFl~EI\!(;]'J\!LL'IJ'IJ:l-Jl(;]"il~'I-!. l[?ll 'YI'll LL(,'l::51m"iClClEl ana n1til~1 n LFl~EI\!

•



IWN LL'U'Uml?l'n 1111mJmru~\!'YI3-Il?ll11th1~ 1?l1li'i:J1Bn'l'i~~ufl\!nul11':lEJn'l'i1fl El~'dl?l,
LL~:::I?l:::k'd'YI~fl1Bn'l'i~ L'YI3-I1:::1;'I3-ILL~:::L~U~jf)'UII?lEl~l,rn\!lUn ~1\!.a-\!1?l'd\!11?lL~ fl

1li'n'l'iblfll?l'YI~fln'l'iLFI~flUeJ1El~'dUI'i1\! '] l11\!n~1'dhJ1;'I13-11'iblm:::'Yh1111

4, 14 LFI~fl\!I?l'd\!LL'U'Uml?l'i1?JU11?l1'YIqJ~~I?l~\!hJm'd'i I11fl\!flflnLL'U'U1li'

i:J?J1~\! ~1'Y1-r'Un'l'ilH'U'YI1 'i::: i'U (FId 'i 1~\n ~ tn L'YI~ El3-1L~ 'i1::: ,,:::,H'U'i::: i'U 1111d1 El

LL~:::'i'dI?lL~'dn-J1)

4,15 'ibl'U'i'i'Yl n'YI~ fl'iblvJ'd\! ~\! i:JLFI~fl\! 1?l'd\!?JU11?l1'YIru ~ I?l~\! a ~ 111o \!
, ~ <U

ihen au 111'dmn ~\!~i:J~hu 'dUL-rlEl\!~ a~-r n'\oJ.1'i:::i'ULL~:::1;'IJl1'd:::1;'I3-I1?la er L~ fl'U'i'i", ,
?Jfl\!L'YI~'dL~3-I(~~U~ 2 LL~:::~U~ 4)

u

"'5. 'tI'L.I'H3-I1t13-11Gl~1 (Scales) ....-r--r:-t .•..-- LOCK PIN

~
5, 1 LL~ULL1;'I1?l\!~U'YImElml?l'i1I11fl\! LLtI\!LL'i\!LL~:::'YlU'Yl1Un'l'inl?ln~flU

LL~ULL1;'I1?l\!#U'YI3-I1El3-l11?l'i1I11fl\!~I?l~\!ln~n'U 'YI~mr1\!'YIlZ1L~m.tmJ 'YI~flfl~1111U

'YI~\!?Jfl\!~'dUll?l'i:::i'U?Jfl\!L'YI~'dJl1El1 ULFI~fl\!I?l'd\!LL'U'U3-I11?l'i1 LLl'ihH1m&11?l ']

LL~ULL1;'I1?l\!#U'YI3-I1Elml?l'i1~fl\!fl~vl1\!"ln~'dUll?l'i:::i'U?Jfl\!Lmn1;t3.lLnu 6 3-13-1.

. ~ ~
5.2 Lflfl~l?li\!LL~ULL1;'I1?l\!~U'YI3-I1Elml?l'i11111U'YI~\!~'dUll?l'i:::i'U?Jfl\!L'YI~'d

~fl\!~I?l'Yh~'duufl\!nU~'dull?l'i:::i'U?Jfl\!L'YI~'d (l?l'iU~ 3) LL~:::~'du,Ufl\!nui\!n~l'd
<u<u

~fl\!hJLtJUflU1;'I'i'iFln'Un'l'iblflI?lLU~ElU'YI~fll?llm:::i'U?Jfl\!L'YI~'d,
. ~

5.3 Yl~I?lLL~ULL1;'I1?l\!~U'YI3-I1El3-l11?l'i1(scale brackets) I?lfl\!3-I"lU'dU

L-rlEl\!~flfl~l\!lZflEl 2 '1l1?l~1?l~l?ln'Ui'du-r'U'i1\!LFI~flU~ 'YI~ml1u~u-r'U1111 (adjusting,
or guide rods) LL~ULL1;'I1?l\!#U'YImElml?l'i1":::'YhM~l?ln'U~~l?lfl~1\!LL~U'YIU1LL~:::

~1?l1li'i:Jn'l'i~~Ufl\!nUn'l'iu-r'ULFI~flUeJ1£J (~~U~ 3)

5.4 ti1'dU-r'U'i1\!LFI~flU~ 'YI~ml1u~u-r'U 1111~fl\!~1?l1li'i:Jn'l'i~~Ufl\!nu

m'iu-r'ULFI~flUeJ1£J (~~U~ 3) m'iblfll?l'YI~flm'iLFI~flU~?Jfl\!n~1nu-r'ULLI'i\!'YI~fl"f'h 1li'

LL~U,LL1;'I1?l\!#U'YI3-I1£J3-I11?l'i1(Scale plates) LFI~flU~,,:::hJ1;'I13-11'ibl'Yh1111~lhJ

'Yl1~1£Jml?l~~

~ . ~
5.5 ~u, 'YIm El3-l11?l'i1?Jfl\! LFI~fl\!I?l'd\!LL'U'Um 1?l'i1'11\!'YI3-1I?l FI'd'iLL1;'I1il\!LtJU

~
'YI~'d£J i1~~~I?l'i 'YI~fl 3-I~, 'YI~fl mL (3-I11?l'i1L3-II?l~nL'Yh,ru)

~ .
5. 6 LL~ULL1;'I1il\!~U'YI3-I1Elm 1?l'i1~1'Y1-r'UFIfl LFI~fl\!I?l'd\!LL'U'U3-I11?l'i1a~1111U'UU

(top neck) hJ-J1LFI~fl\!I?ld\!LL'U'U3-I11?l'i1tJmIilL~n (the standard test measures)

'YI~fltJu11il1'Y1qJ (Proving tanks) ~fl\!LL1;'I1il\!~nlilri1~\!tJfl\!LFI~fl\!I?l'd\!LL'U'U3-I11?l'i1

•



bb~::;bb~[;I\ltl~~ll'1';iEl~l\1,zElElth::mru ±1 % ?IEl\l~n[;lrh~\I?IEl\lbFl~El\ll'll\1bbU\J

ml'l';il'IJu,bb~U,bb~[;I\I bb~::;ci'l'Y\-r'IJF1mFl~El\ll'll\1bb'IJ'IJ~ll'1';ilEl~r;llU,~l\1 (bottom

neck) ?IEl\lbFl~El\ll'll\1?1U,l[;1l'Y\C!i(Proving tanks) r;lEl\lbb~[;I\I~n[;lrh~\I?IEl\lbFl~El\l

1'11\1bb'IJ'IJm 1'1';il uae bb~[;I\ltJ~~ll'1';iEl~l\1,zElEltl';i::;~l ru ±0.5% ?IEl\l~n[;l ri'l~\I?IEl\l

bFl~El\lm\lbb'IJ'lJml'l';il'IJu,bb~U,bb~[;I\I

';i::;&l'IJ?IEl\lb'Y\~lr;lEl\l~~[;I#u,'Y\mEl~11'1';il'Y\~nEll1hJ,zElml';h 20 ~~~b~I'I';i use

~[;I#U,'Y\~lEl~lml';iEl\l~\I~lmlhJ,zElEln"h 15 ~~~b~I'I';i (~~tl~ 3)

6.6 #u,'Y\mElml'l';ilbb~[;I\I~n[;lri'l~\I?IEl\lbFl~El\ll'll\1bb'IJ'IJ~ll'1';il ~\lbb~[;I\I
~ ~

btJU,~[;I~U,tJ'lJU,bb~U,bb~[;I\I~u,'Y\mElml'l';i1I'i'El\l~F111~mll'1~El[;lbb~::;~U,?IEl'IJ'I1\1~El\I

~l\1?'/El\lbb~U,bb~[;I\I#U,'Y\~1 Elm 1'1';il El~1\1b~u,1r;l~[;Ib:ijU,

6.7 bb~U,bb~[;I\I#u,'Y\mEl~ll'1';il I'i'El\lbb~[;I\lbFl~El\l'Y\mEln'IJ1Bm';ihr

bFl~El\ll'll\1bb'IJ'IJ~11'1';i1r;llEl11'1t:1tJ';i::;~\lFl1[;1lu,m&Hci'1'Y\-r'IJm';im';i:ijl~bb~[;I\lrh:h• •
"m';i:ij" 'Y\~El"Contains" 'Y\~El"IN" lu,m&l~ci'l'Y\-r'IJm';i~l~ 1~bb~[;I\lrhl1•

5.7 mnm';iElEl n bb'IJ'IJb~El~l~l';imh m';itJ-r'IJbb~::;bFl~ElU,bb~U,bb~[;I\I#U,

'Y\m~ml'l'Jl (Scale plates) Mlu,r;llU,b~~El~l\1b~m 'Y\~\I:ijln~M'Yhm';i~~bbttl

ri'l'Y\u,[;Il~~m';ibFl~Elu,~?'/El\lbb~U,bb~[;I\I#u,'Y\~l~mmlr;ll~m';ib~~~u,JU,I'i'El\l1r;l

~\I~[;IhJdlU, 25% ?'/El\l~[;I#u,'Y\m~ml'l';ilb~n~~[;I?IEl\lbb~U,bb~[;I\I#u,'Y\~l~ml'l';il~ . . "~1~" 'Y\~El"Delivers" 'Y\~El"EX"
, ~ ,

5.8 ';i::~::;'Yl1\1UEl~Vi~[;I';i::;'Y\11\1~[;I~u''Y\~1~ ~ll'1';ilVi El~~ [;Inu,I'i'El\l~';i::;~::;. ~~ ~
3.Jlflfl11F1dl;)..JVI~ltJehl~(il~U"'~1~;}.Jl[;ljl Y1~eHvllntJ 1.5 ~~~La..I[;lj LUl::~(il~U

7. ~mhvl'U61YhFT~ (Special Requirement)

7.1 bFl~El\ll'll\1bb'IJ'IJ~11'1';ilbb~~::;bFl~El\lFll';i~~mJ~&l\l~El1tld bb~::;bb~[;I\I
I d d c::I I ~ d I

El~'IJU,bFl';iEl\11'11\1bb'IJ'IJ~ll'1';il'Y\';iElb?l~U,~\I'lJU,bbt:JU,bb~[;I\I?/u,'Y\m ~m l'I';il'Y\';iElbbt:JU,

1~'Y\::;El~1\1rrm 'Y\~El~ [;Irff\lEl~lntt n'IJbFl~El\I1'11\1bb'IJ'IJm l'I';il~\I~l ~~Elm';i~l u,1r;l

~lmb~::;~[;Ib:ijU,

, u

6. nl'HLa61"L~~eHI""~lEJ'U'Uucj'ULLa61\li'U""a.l1t1a.11G1·n (Scale Marking)

6.1 ~[;I#U,'Y\~l~~ll'1';il b~?'/~lU,lU,tl~~ll'1';i bb~::;5mY';i~u,"] 'lJU,bb~U,
~ ~

bb~[;I\I~u,'Y\m~~ll'1';ilI'i'El\lml';i bb~::~al'i'[;In'IJbb~u,bb~[;I\I~u,'Y\m~ml'l';ilEl~l\1~[;Ib:ijU,

6.2 ~[;I#u,'Y\m~~11'1';il'Y\~n~lm';im~u,1r;l~[;I bb~::;I'i'El\lmlnl1b~u,~[;I

#u,'Y\m~ml'l';il';iEl\l~\lm ~n~\lI'i'El\lbb~[;I\ll'i'lb~?/bb~[;I\ltJ~ml'l';iri'ln'IJ (~~tl~ 3)

• ~mb~::;ViEl~?'/El\l'IJ~';'YleJt:J~1'I~ ~
• b~?/~U,(model number)•
• 'Y\mm~?Itl';i::;~lbFl~El\l (serial number)

• l~[;I~l~'Yh (material)•
• ml~'Y\u,l?'/El\ll~[;I •
• 5~tl';idl'Yl~m';i?l~1~iillI'11~'lJ1An?'/El\ll~[;I~ElEl\lAlb'lJm~~~ (coeffi-•

~ ~
6.3 F111~ml?'/El\l~[;I~U,'Y\~1~~11'1';i1'Y\~n'lJ'\-Ub~u,bb~[;I\I~u,'Y\m~ml'l';i1

~ ~ [;Irff\lEl~ 1'i'1U,'Y\Ul?1 El\I~1U,'Y\~El'Y\~ El[;11[;1';i::;r;l'IJ?IEl\Ib'Y\~1 I'i'El\Iml 1~ UEl~ nl1

6 ~~~b~I'I';i bb~::;~[;I#u,'Y\m~~11'1';il';iEl\l~\lmI'i'El\l~111~uEl~nl1 3 ~~~b~I'I';i

l[;l ~ b~U,~[;I#u,'Y\m ~ ~11'1';il~\I'Y\ ~ [;I1'i'El\IEll1:ijU,~\I?/El'IJ?IEl\Ibb~U,bb~[;I\I#u,'Y\m ~

m 1'1';ill U,r;llU,~lnttn'IJ'Y\~El[;ll[;1';i::;&l'IJ?'/El\lb'Y\~l

6.4 b~U,~[;I#u,'Y\~l~ml'l';ilI'i'El\l~'Y\U,l~Jlb~~El 1[;l~I'i'El\l'Y\u,11~bnu,nl1

0.6 ~~~b~I'I';i 'Y\~El'Y\u,11~,zEl~nl10.4 ~~~b~I'I';i

cient of expansion)

• tl~ml'l';i~bb~[;I\I~n[;lri'l~\I (nominal capacity) ~b~U,~[;I~'i1.tJ'IJ'i1.
~ ,

bb~'i1.bb~[;I\I~'i1.'Y\~1 u~ll'1';il'IJ'i1.F1ElbFl~El\ll'll\1

• Elru'Y\il~ell\1B\ltl';i::;~lbFl~El\lm\lbb'IJ'lJml'l';il (reference temperature). ~
• bd~1~';i::;'IJ1~.Jl'Y\~\I:ijlnm';i1 'Y\~?IEl\l?lEl\lb'Y\~l~'i1.~[;I~\I(drainage•

time) 1'i1.m&bFl~El\ll'll\1bb'IJ'lJml'l';ilbtJ'i1.bb'IJ'IJ~l~
~ , ~

6.5 ci'1'Y\-r'IJbb~'i1.bb~[;I\I~'i1.'Y\~l~~ll'1';ilVi ~[;II'i'\IEl~ r;l1'i1.'Y\~\I'Y\sa [;11[;1

•



7.2 LFl~eJ\lIWJ\I!I"n~1vH1ir;lth'~~~\I'i::r;lu,1'1L~mJ-rU'i::r;lU,jl'\.n\.l, 2 r;l'J

L~ tJ'i:: r;lU ,1'1r;l'J'YIit\l ~~~\I r;l1 '\.l,U '\.l,!leJ\In'i'J tJLU,l::'i:: r;lU,1'l €i n r;l'J'YIit\l ~~~\leJ ~1 '\.l,

LL'\.l,'J'i::'\.l,lUL~mn'\.l,LL~::~\lQl n nUr;l'JLL'in fll'Y1-rU'iCl~~~~\I LFl~eJ\I(;]'J\I'Zl'\.l,1~ 1'YIq)

eJl'l~'i::r;lu,1'l~~~\lU'\.l,r;ll'\.l,~l\1'ZleJ\lLFl~eJ\I(;]'J\lln~nu~'J'\.l,~l\1L~eJ~::mnl'\.l,m'i

«\I tn (;]1)n 1111LL'Y\'\.h\lriM 'i::r;lU,1'l LL~~::r;l'J'l::~~ ~\lU'\.l,~'\.l, 'J1\l~at'\.l,Fl\l Cll'J'i LL~::

ilsen eJUr;l'JmJ1tJ ~ Fl~3-JiJeJ\In'\.l,Fl'Jl3-JL~tJ'YIl tJ ~Q'i~l ,~j\HU'i:: r;lU'ZleJ\I'i:: r;lU,1'l:5'~

l~~nl'i~~(;]::tt'JLL~::m~iJeJ\ln'\.l, (~tl~ 2)

7.3 fl1'YI-rU'iCl~~~~\lLFl~eJ\I(;]'J\I!lm~ 1mll'Ylln hJ~~~~r;leJ\ll'hnl'i~~

~\I~htJ~tl'i::,j1 LFl~eJ\I(;]'J\lLLUU3-J1(;]'i1'YI~eJ15m'i1~ 1 ~l'Y\m::~3-JL~ eJiJeJ\In'\.l,

~ \I LLtl ~ rnl~eJ3-J'YI~eJ~'\.l,~::eJeJ\I~\I amh n (;]n ~\l1 tll '\.l,LFl~eJ\Im\l'Zl'\.l, 1 ~1'YIcU'Zlru::, ~

!leJ\lLFl~eJ\I(;]'J\lLLUU3-I1(;]'i1!lm~1'Y1q! 5(;]'i1nl'i1'Y1~!leJ\I{f3-JFl'J'iil~ltl'i::3-Jlru 15%

'ZleJ\ltl~m(;]'iLFl~eJ\I(;]'J\I LLUU3-J1(;]'i1'Zl'\.l,1~ 1'YIq)~eJ'\.l,1-n LL~eJ~l\l,zeJtJ-n~~ Ll'h nu
Q I ••

250 ~(;]'i(;]eJm'Yl

7.8 tl~ltJf1eJ~lti'U'i'i~rJeJ\lL'YI~'J (fill pipes), f1eJ'i::UltJ?JeJ\lL'YI~'J (drain

pipes) LL~::f1m..z11eJ'i::L'YItJn~u (vapor recovery pipes) ~~~\leJ~nULFl~eJ\I(;]'J\I

LLUU3-11(;]'i1'Zl'\.l,1~1'YIcU~\I~ ~~\leJ~U'\.l,'iClU'i'i'Yl n'YI~1l'iClyJ'J\Ir;leJ\I~~ltJ ~f1eJr;l\ln ~1'J r;l'JtJ~ .. ,
7.9 1~~~~\ln~1niJeJ\ln'\.l,,1'l'J'\.l, (an effective anti-swirl device) L~l

nu n'l'J tJr;ll'\.l,~l\l!leJ\I LFl~eJ\I(;]'J\l3-J1(;]'i1'Zl'\.l,1 ~1'YIq) L~eJl~~ nl'i1 'YI~'J'\.l,'ZleJ\I!!eJ\IL'YI~'J

,zeJtJ~~~'i::'YI-J1\lnl'icl1tJ'ZleJ\lL'YI~'JL~1-eJeJn'llmFl~eJ\I(;]'J\lLLUUm(;]'i1 (~'itl~ 2), ....
7.1 0 ~1'YI-rULFl~eJ\I(;]'J\lLLUU3-J1(;]'i1'Zlm~1 'YIq!lti'~l'YI-rU'ZleJ\ll'Y\~T~il,~

~~1yJ1r;l~ltJ L~'\.l, eJ~(;]Jlruo;1tJL(;]'iL~tJ3-J r;leJ\I~~~\I'i::UU~ltJ~'\.l,L~lnULFl~eJ\I(;]'J\I

LLUU3-J1(;]'i1'Zlm~l'YIcU L~eJiJeJ\ln'\.l,mr~L'YI(;]'llntl'i::'l1yJvh~~(;]~ LL~::~13-l1'iCl~eJ
••• q 'I ••

'i::UU ~1 tJ~'\.l,l~'Yi1\ll'\.l,M'Zlru:: 1ti'\l1'\.l,LFl~eJ\I(;]'J\ILLUUm (;]'i1

7.11 'YIlnr;leJ\lnl'i~~~\I,r'\.l,1~'YI~mt\l-r1'\.l,1aJ11eJ~l\lm'J'i'YI~eJ.t'JFl'i1'JL~eJ

~1'\.l,~~#'\.l,'YImtJ3-J1(;]'i1tl'i::,j1LFl~eJ\I(;]'J\lLLUUm(;]'i1'Zl'\.l,1~1'Y1q) m'i~-rl\1,r'\.l,1~

r;leJ\l1aJ'Yi1l~~tl~l\l'Zl eJ\ILFl~eJ\I(;]'J\Ir;l\ln ~l'JU ~ Ldm 'YI~eJ~eJf1n'l::'YlU~ a Fl'Jl3-JL~tJ\I

, , ,

-n'Yi1nl'i'Zl'\.l,~1!'J'YI~eJ'leJ~eJ~nu-n(;]13-J~1,zn\ll'\.l,nm\lti'\lm\l-J~Liiw~eJu

7.4 ~'J'\.l,U'\.l,~~'ZleJ\lFlmFl~eJ\I(;]'J\lLLUUm(;]'i1~lmWl1Fl~'\.l,13-Jr;leJ\I!J~L~!'JU,
LLf1::~'i:: r;lUL~ !'J'YI1n1ti'LFl~eJ\I-J~'i::r;lUU '\.l,'ZleJUU'\.l,~~'Zla \IFleJLFl~eJ\I(;]'J\ILLUUm (;]'i1•
LL~'J~l m'iCl1r;l'i:: r;lU L~'\.l,L~!'J'Jnu LFl~El\l-J~ 'i::r;lU'YI~eJ 'i:: r;lu,1'1~\I ~ ~ ~\leJ~tl'i::,j1

7.5 n n ~'J'\.l,tl'i:: n eJU!! eJ\I~'J'\.l,-J~'YI~eJ'YIea ~-J ~'i:: r;lU'ZleJ\IL'YI~'JJll!'J 1'\.l,,
LFl~eJ\I(;]'J\lLLUUm(;]'i1, f1eJ LLf1::'J1~'J~\I'YI3-J~'i'J3-I~\I~'J'\.l,tl'i::neJul~ 1 ~\I~eJf1

n 'i::'YlU nutl~ 3-11(;]'i'ZleJ\I LFl~eJ\I(;]'J\I LLUUm (;]'i1 ~l ti'1 '\.l,Jll Fl~'\.l,13-1r;la \I'Yi13-l1'l1 n

eJeJ~(;]'YI~mj',j1'YIlh1tJ LLf1::Cln'Yi1nl'i~f1~\I'YI3-I ~ L~!'J'YIl nr;leJ\Inl'itl-rU'YI~eJCleJ ~ aen.... ..
r;leJ\I'Yi11r;lLQYn::L~eJ'Yi1f11!'J~f1Lf11,f'\.l,

7.6 ~l'YI-rU LFl~El\l(;]'J\I LLUUm(;]'i1!!'\.l,1~ 1 'YIcU~~{f3-l'ZleJ\I L'YIf1'JL~El(;](;]~ ..
!leJ\ll'Y\f1'JeJeJnsn n r;l'JLFl~eJ\I(;]'J\Ir;leJ\I:5'(;]1~~'J1 ~'J!fil,(;] 3 me L(;]!'Jf1eJ'Y1l\leJeJn'YIit\l

1~ ~ eJL~l nUf1eJ'Y1l\l~ (;]'ZleJ\I{f3-I!leJ\ll'Y\f1'J~'J'\.l,1)nr;ll'\.l,'YIit\ll ~~eJ L~l nUf1eJ'i::m!'J

(;]13-lLL'i\lL,z3-lcl'J\I

cl
(;]'i\l'ZleJ\lLFl'ieJ\I(;]'J\lLLUUm(;]'i1

7.12 ~1'YI-rULFl~eJ\I(;]'J\lLLuum(;]'i1'Zl'\.l,1(;]1'YIq!r;leJ\I:5'(;]1'YI15nl'i-J(;]~ru'YIJJ~

rJeJ\ll'Y\f1'JflltJl '\.l,LFl~eJ\I(;]'J\lr;l\ln~l'J wm lti'~eJ\lL~!'JU L'YleJ{t3-l~L(;]eJ{ (thermometer

wells) L~ eJ'Yi1nl'i-J (;]~ ru'YIJJ~'ZleJ\ll'Y\f1'JJll tJl '\.l,LFl~eJ\lm\l ,j1m'\.l,~eJ\I L~tJU

L'Y1eJ{t3-l~L(;]eJ{,zeJ!'J~~~~r;leJ\lilLtJ'\.l,1tl(;]13-l(;]1'i1\l~ 3,

r;)1~1\1ti3 ,j'1'\.l,'J'\.l,~eJ\lL~!'JUL'YleJ{t3-l~L(;]eJ{,zeJ!'J~~~'ZleJ\ILFl~eJ\I(;]'J\lLLUUm (;]'i1,
!!m(;]l'Y1q!

\I'Uii" 500 LYlri'~rhi"bbUU~1Gl'l1
(Norminal capacity); L (i'iGl'l)

Innn-:h 500 L

\I'Uii" 2,000 L 2,000 L
7.7 {f3-l'ZleJ\lL'YI~'Jr;l\ln~1'Jr;leJ\lLtJ'\.l,!fil,(;]'YIeJ!'Jt~\I (centrifugal pump)

LLUU self priming ~\ld!!'\.l,1~'ZleJ\I{f3-lLLf1::'i::UUf1eJr;leJ\I~!lm~t'\.l,eJ~nutl~m(;]'i
2 3

•



~\ldnl''i~~ ~\I~fJ\I L~mJ L'YlfJ{t3-l~Ll>1fJ{L~ln'U LFl~fJ\lI>1'J\ILL'U'U3-111>1'j1

~U1~l 'YIr1i~fJ\I~~Ul~LL!;l:;'j:;£J:;~mY;£J\I'\"lm~fJl~L'YlfJ-rr3-l~Ll>1fJ{(;llm'j[l(;lfJ ~ L~11D1r;i'

5n~\ll(;l~~ltY~fJ\I~ Flru(;l3-ltr~U1Fl'J13-1~fJuM~ LL!;l:;~UL~11Dl ULFl~fJ\lI>1'J\ILL'U'U, ,
3-I11>1'j1L5£J\I!;l\lr;i'lU~l\1'Yl13-13-1D'j:;3-I1ru15 fJ\lFmnmLU'J'j1'U D!;ll£JtJ~ lU~ru:;,
L~£J'Jnun (;l13-11'j[l L~3-I~fJ\lL'YI!;l'JL~11DJl1£Jl U~fJ\I L~£J'UL'Ylfl{t3-1~ LI>1fJ{1r;i'L~ a

~fl\ln1'jL~ fJ~'J£Jl ~n1'jcl1£J L'Ylflru'YIfl~~lmm\lL'YI!;l'JJl1£J l ULFl~fl\lm\lLL'U'U3-I11>1'j1, ..
m~\lL'Ylfl-rr3-l~Ll>1fl{(;l13-11'j[l'Yl1n1'jl~fJru'YIfl~MfJ~l\1~D'j:;5'Yl5m'\"lLL!;l:;L(;l~mm'\"l, ..
LL!;l:;~~l A'run1'j~ ~~\I~fJ\I~fl\l L~mJ L'Ylfl-rr3-l~LI>1fJ{~fJ\I ~ ~~\ll u~myru:;~n1'j~3-I~ ,
~fJ\IL'YlfJ-rr3-l~LI>1fl{~fl\l1~1~-r'U [:J!;lm:;'Y]'IJeJUL,lfJ\I~l nflru'YIfl~ LL'J~~fJ3-I, ..

...,/ ROLLED BEAD OR BAND

"..;;:::=::;>
GAGE MOUNTING

SEAL WIRE

TOP CONE

• ~1'Y1-r'Un1'j~~~\I~fJ\lL~£J'UL'YlfJ-rr3-l~Ll>1fl{1 ~fl\l 1ii1LL'YIU\I~Fl'J'j~~~\I

1r;i'LLri 1ii1LL'YIU\I~\I n!;ll \IFl'Jl3-1~\I~El\ILFl~fl\ll>1'J\ILL'U'U3-I11>1'j1t~ £Jl ~

D!;ll£J~fl\l~fl\lL~£J'U L'Ylfl{t3-l~ LI>1fJ{~fl\l~u1 D ~\l1ii1 LL'YIU\lD'j:;3-11ru

~~F1Uin!;ll\11Jfl\lFl'J13-1(;l\lmFl!il~m\lm:;'Ufln1JfJ\lLFl~fl\lI>1'J\lLL'U'Uml>1'j1, .. ..
• lumru~'Yl1n1'j~~~\I~fl\lL~£J'UL'Ylfl-rr3-l~Ll>1fl{~lU'JU 2 ~El\l M'Yl1n1'j

LLtl\lFl'J13-1~\I'ilfl\lLFl~fl\lI>1'J\lLL'U'U3-I11>1'j1~m~l'YIr1ifJfJmtJu 3 ~'JU

L'Yh1 nu ~lmtu~~~\I~'j:;£J:; 1 lu 3 1~~lmhuD1nFlmFl~fl\lI>1'J\I

LL'U'Uml>1'j11Jm~l'YIr1i!;l\lmLL!;l:;~~~\I~'j:;£J:; 1 lu 3 l~linn~'JU~l\1

'ilfl\lLFl~fl\lI>1'J\lLL'U'lJml>1'j11JU1~l'YIr1i~u1D(~~D~ 4)

• l umru~'Yl1n1'j~~~\I~fl\lL~£J'lJL'Ylfl-rr3-l~Ll>1fl{;ij1U'JU 3 ~fl\l 1ii1LL'YIU\I

~Fll'j~ ~~\I l ~'Yl1n1'jLLtl\lFlll3-1~\I~El\l LFl~fl\l1>11\lLL'IJ'lJ3-I11>1'j1~U1 ~

l'Ylf:UflflmtJu 3 ~lmvl11 nu ~lmfu~~~\I~'j:;£J:; 1 lu 3 1JEl\l

Flll3-1~\ll~~ln~luD1nFlfl LFl~El\lm\lLL'IJ'lJ3-I11>1'j11JU1~l 'YIr1i!;l\l3-111

1ii1LL'YIU\l1ii1LL'YIU\I~\lnm\lFlll3-1(;l\l'ilfJ\lLFl~fl\l1>11\lLL'IJ'lJ3-I1m11JU1~l'Ylf:U.. ~
1 1ii1LL'YIU\ILL!;l:;~'j:;£J:; 1 lU 3 ~fJ\lFlll3-1~\ll~~ln~lU~l\11Jfl\l

LFl~El\lm\lLL'IJ'lJml>1'j11JU1~l'YIr1i~u1D

ANTI SWIRL
DEVICE

DRAIN SLOPE 7°

------ BOTTOM CONE

• ~l'Y1-r'IJlumru~'Yl1n1'j~~~\I~fl\lL~£J'lJL'Ylfl-rr3-l~Ll>1fl{3-I1nn~1 2 !ill

;u1D 'j:;£J:;vl1\1~fl\ln1'j~ ~ ~\I'ZJfl\l~fl\lL~£J'IJL'Ylfl-rr3-1~ LI>1fJ{ I>lfl\lmJ\ll ~

~'j:;£J :;vl1\1 Lvl11 nul ULL~!;l:;'j:;£J:; L~U 'jEl'\Jl\l'il a \ILFl~fl \11>11\1LL'IJ'IJ
~ , ,

m 1>1'j1'ZJU1~l'YIr1i 'YI~El'YI1nI>lfl\ln1'j~ ~!il\lYh~u 'jfl'\Jl\l LFl~fl\l1>11\lLL'IJ'IJ

•



:ln1n'jl~1,.1,l[;1LYI'li~ l~1,.1,l~mrl1,.1,nL"'mJ~'j~t'.J~Vh~'/JfllH~1,.1,'jtJ'U'N L,.,

lyh'1 rl1,.1,i?l'Jt'.J

~lY1-r'UlfOl~tJ~m~ll'U'U:lnIn'jl'/J1,.1,l[;1Lmu~i'l.[;I~"'~QWJ1,.1, llfi~/YI~tJ sau~ ,
rrrsrhrrrssau ll1t'.J'Ul"~IijEl~1~'j'"J[;Il~1 rm L~~El~l~t'.J'Ul'Y1El{[~:i1llnEl{LV1t'.J~2 ~El\!

'j~t'.J~~1,.1,L~11tJL1,.1,LfOI~El~ln1~LL'U'U:lnIn'jl'/JtJ~~El~L~t'.J'ULym{[~:i1 LlnEl{fOI1'j

~1,.1,L~11tJL1,.1,il~ln1~LL'U'U:lnIn'jlhhtElt'.Jn'h30 'lf~. LL~tJ~l~hnlnl~i?lEl~hJ~1,.1,Jl

cover ring
t;=:;;;;;;;;;;;;;;;;;;;;;;;;::r: inspection glass.

graduated

clamping bott
I ===== Vcadjustment

..----_~=::;= sealing ring
! ld overflow collar

..), . I{,settlng
..:>-~ I ~I'-}- collar discharge i

-"~ !r<Vcadjustment I two-way va.ve
: o.sptacerneot body i /

~

~~ /handleVer

,'," J.,
/, ~

. .
51Y1-r'ULfOI~El~ln1~LL'U'U~11n'jll1~~1,.1,l[;1:1nnn112,000 ~In'j nlV1t'.J\!~tJ

8. CJt'HI1'Unl'H{fl\1 (Workmanship)

8.1 'jElt'.Jl~El~YI~mr[;ln~i?ll1,.1,L1,.1,~El~lfOl~El~lnJ~-#\!YI~[;Ii?lEl~L~t'.J'jll~~L'"

L~t'.J'U-rElt'.JL~EliJEl\!rl1,.1,n1'j1nn Fi'l\!YI~ElLU1,.1,rl'U~ n~'UEll m AYI~tJ~El~LYIfi1 ~n-#\!I>lEl\!

hh111"''/JEl\!LYlfi1~11Ylfi
1/1.1

8.2 m'j"fl\!i?lEl~tJ'j~rl1,.1,11hl~Ylfi~ 'jElt'.Jlll YI~El'jElmLlnmLt'.Jn~\!eJ1lij,
~ n~'U zn m AYI~El~a ~LYIfi1 YI~tJYhL,.,m'j'\J'j'j1ij YI~Elm'j'j~'Ul t'.J'/JtJ~lYlfi1l1 m11ij~\!,
~El~LfOI~El\!m\!LL'U'U:lnIn'jl~[;I1tJ

.:1~ Sight glassventllatl~n f ; \.----
~ ;1 1--- v., adjustment

/l~ ~~~~:~;;;~(k
diSCharge:f~~
overflow III ,,"-----v., adjustment

I :~ leve: Indicator tube
I glass

I,..-::::=----ii----=:::..nyt- \{,setting

~
8.3 11 fhi1~YI~ [;Ii?ltJ\!Yh~l1,.1,El~1 ~~ ,,'j~ uae lLU1,.1,El1,.1,llfi~~l1,.1,nl'j

'Yl[;l"El'Um'j~1ntJ1,.1,Ul:1nL~~lWnt'.JLl>lfOl11~~1,.1,~1~~11,.1,tJn~

Voaojustrnent8.5 LfOI~El\!ln1~LL'U'U:lnIn'jl~lm 1,.1,mfOl"1,.1,l~ 'j1~-#\!EltJ n'jru-#\!YI~[;I,
o od 'i.I .:¥T cl T I 10 et (V

tJ'j~lijlLfOI'jEl\!ln1\!lnEl\!tJ'jlAlijln~ fiYl~fiJ[;IL~tJ~ lA'\-} fiYl~ eJ1,.1,"1,.1,~ YI'jEl1,,[;I, ,
LLtJfi rnl fi a ~~ ~lU 1,.1,el1,.1,In'jl t'.J~ Elrrn 1~\!l1,.1,LLfi~fOI11~ L~ t'.J~In'j ~~El~LfOI~El~1n1~uuu

111.3

=====:::;4 protecr.ve COVef

~~..' 'fasten;"9 screw

fi1 "tilling Cor-e
I •.

I'.~'! ;nspeC1io.l1 glassa ~, {boU~ sloes}

.~ wun sca'e

i I I
~tlonom
~ ..- levelling edge

'H.lii 5 ~n'\-}ru~-k11tJ~El\!LfOI~El~ln1~ll'U'U~11n'jl..

•



c:;::====;:f. s~"pp,rg plate
. remforced edge

/ overflow collar

Vc-adlustmentI displacement

J"'"~I"'~:'O-lia-.-.<1-iS-C-h"t--ge---"'l1oo~

- '~<::q
,":eUdlscnarg'l tumed 90

lc.catiQ!1 IOf ;<3~--~<i!
stamps ,/ ~-._.:...~~. seal

~~I'~~~a~~S~;~t~~'th
.; !

11' ik inspection glass

1L
'1'11"1'"
. i A
~Ii' seal

location for ... ~.~i-";"....I~,# ..orctecrve tube.

Stamps ~. screwed

~~

-~ ,-SCaJePl3tes
i ,J ! i. I

secnoo l\~A

overflow vaf\oQ-,

F-'f
VaadJustment

8

T

'r--i--i' space lor liquido i trothinq over

inspection glasses.i multisectional scale Ior--
I

i
section E-F

111..';

IOokif'\9
screw

fmer neck with cap

space for liquid
€--H+-CV frothing over

•scale gUideway

level indicator tube

tastenmq-
screw

chamfered
edge

sealing drop
1 ' 1

~U~ 6 ~m~ru~Yi'11t1~':I'j,rrl?ld~~'UmJ'ULL~'l-b1J~n'U
<U

•



ventilation
sight glass
Vo adjustment
overflow

derivation
~===F"~nooverflowing quantity

Iv;,
I

I

Vocoafse
c;::;===::::;~~vadJustment

grcx.we w,th
~:;:::=::::::l~~l..O·nng

cial11l1ny t:on

I{,selting

S/1.1

~

..,
, sea!

, "'\ \' v, coarse adjustment. :.I::. \ selective
, ~ (excnanqeaote)

lead sef-::- \ dlsolacement body
\y
511.2

• ·1verflow
ll.LtG-lt;adlws:ment

'.!
; Ii -:ouble groove

N:lh O·nng

It, setting

SI1.}

exchangeable
upper part

discharge throttle tn~~
1 -Vc fine acjustrreo

. adiustment

ft
_..lOiaPh,agm

~ ~ ~7rJ""P

Iibdauf
- (wet./!;dfx;r)

J:-J:stage

KantJ5~r-
/ sc.~raLlblJr"l

~~-+~~~ U~twurf-
:r:, mlJf~~"",

SI1.S
f c.L r:, -(;roOp<J'

.----11--- ...•'-- ta$~ du
r ! f'.alila'il()~

Jr,,'CM,m"m,,:'9 mit :;,~h-
c-.;nJdif..ke

, ,.,~

S/1.6

•



~ n1'jU eJ\In'\.tn1'jLn ~ ~(1J(1J1m A'j:; 'r'l':I1 \In1'j~1 mJeJ\IL'YI~1eJeJnsn n LFl~eJ\I(;]1\1LL'U'U

3-l1(;]'j1 T~tJ~13-l1'jC1UeJ\ln'\.tn1'jLn~~ruru1n1A~Fl113-lr;l'\.t -20 kPa (-3 psi).. ~~

AndJ.ucJJ,,;tse
.JicheYtt'1J..f .:

"p, ,••../ schr atl/:fe
?Iombe

.
~~#'\.t'YImtJm(;]'j1~FleJLFl~eJ\I(;]1\1LL'U'Um(;]'j1 (T~m.h:;3-l1ru)

d

GlT':!l"\'! 4

'tI'Il1!il-wn!ilth~'\l tJ~3nm.uiJtl~~!il ~1~!ili'll~~1a~1!il~1~~iJ
(Norminal tillUtJ'Il~!il FlU 6'u a ~vil'1lih\l~61 a::l5tHiHyh

"
capacity) A'IlU.,
5 ~~'l 50 il,,~~t;r~ 20 ~ ~filil'i

20 ii(;l'l 250 il"iiiit>1'l 20 iiCl~ii(;)'l
50 ii(;j'l 250 iill~iim 20 iiCl~fI!il'l
100 Bm 1650 $lCl~§Gl'l 50 ilI1HB!il'l
200 ft~'l 2500 i"iClft&&1'l 100 ~l1ftftfil'l
500 am 4650 ill1Mifil'l 200 ~fti\ftLll'J
1000 ~m'j 8300 illiftHLlI'l 200 ~liftftLll"i
2000 ftPl'l 15600 ~CliiiiLll'j 500 ~ aftLll"i
3000 al1l'j 22800 ~liiia(;l';j 500 iiClaaPl'J
5000 al1l'l 32400 iiClaa91'l 500 iiCl1'l~m

J{ormlJll7lej}
beha.lter

8.6 j;J'j1'\i~eJ'U~eJ~eJ ~leJ~ 'YI'\.hLtJ~'\.tLL~:;~ltJ~Fl'jeJ'U 'YI~eJ'jeJtJ~eJt~1,
t ,M tJ'U-reJmvieJt "'LLU1'\i"h hJ~nT'ir1~3-lTJeJ\I L'YI~1TJru:;ltr\ll'\.t

9. leJ,)::L'Vit)venmiu (Vapor Recovery)

9.1 LFl~eJ\lj;J1\1LL'U'U3-l1j;J'j1TJm~1mlltJ'j:;neJ'U 1111tJrlmZ11eJ'j:;mmJeJ'\.t

n ~'U~\I ~ ~ ~\I atlm tJ'\.teJn l11eJ\I 'Yl1n1'j~m1 eJ~\l1tJ'\i1 n FleJLFl~eJ\I(;]1\1~1~\l1 tl LL~:;.. ,
~\I\n nn'U~'\.t~1 LFl~eJ\lj;J1\1 T~tJeJ~t '\.t'j:;'\.t 1'UTJ'\.t1'\.t~'\.t rt\ldeJl'\i~~~\leJtJ n'jru.. ,
UeJ\In'\.tnT'i~ruru1 n1A 11'1111'\.ttl~ltJrlmZl1eJ'j:;L'YItJ~eJ'\.tn ~'U.. ~~

. .
elGl,)lLlim'Viamlim.l1Gl
(Maximum Permisible Error)

rrrsanu LVitJ'ULFl~ eJ\Ij;J1\1LL'U'Um j;J'j1 fhvl'\.t~ 1,., ~1 Fl113-lhJ LLU '\.teJ'\.t

(exapaned uncertainty) TJeJ\ln1'j~eJ'ULVitJ'Uci'1'YI-r'Un1'jj;J'j1'\i~eJ'U1iFh-r'U'jeJ\I#'\.t

LL'jmL~:;#'\.t'YI~\I~~lLrl1n'U 1 1'\.t 3 TJeJ\l5j;J'j1L~m'VI~m~eJTJ1~ T~tJn1'jtJ'j:;mru

~lFl113-lhlLLU'\.teJ'\.tj;J13-l OIML (Guide to the expression of uncertainty in

measurement) t"'~l k = 2 ~\I~1Fl113-lhlLLU'\.teJ'\.t (exapaned uncertainty) M
Fl'jeJ'UFl~ 3-lt1\1~1 Fl11 3-l1:iJLLU'\.teJ'\.tTJeJ\ILL'U'U~1 j;J'j1~ltl, Fl11~ l:iJ LLU'\.teJ'\.tTJeJ\In1'j,
~eJ'ULVitJ'U LL~:;Fl113-lhJLLU '\.teJ'\.tTJeJ\ILFl~eJ\Ij;J1\1LL'U'U~1 j;J'j1~~n'Yl1n1'j~eJ'U LVitJ'U

9.2 Tl11tJtJn~rleJ1eJ'j:;L'VItJ~eJ'\.tn~'U ~TJ'\.tll11tJ'j:;mru 100 ~~~L~j;J'j

(4 d1) 'VI~eJeJ1'\i1tlrleJ~~TJ'\.t1~L~nn~l1 '\.t'Ul\lmru

9.3 LFl~eJ\l1111\1LL'U'U~1j;J'j1TJ'\.t11111'YIqJrt\l'VI~I11~~leJ'j:;L'VItJ~eJ'\.tn~'U l11eJ\I

t"'~eJtJmru'j:;'U1tJFl11~r;l'\.teJeJn'\i1mFl~eJ\I(;]1\1LL'U'Um(;m~Fl11~r;l'\.t 20-35 kPa,
(3-5 psi)

•



. . . ..,_ d dd od _ a;

f.)1>1'j1b~a bYlaa l~f.)~ll>1~f.)\IbFl'ja \11>11\1uuu m 1>1'j1Y1\1~U11>1b~n bb~::~U11>1

lY1C1!ri'lYlUlnh1~Fl1b'Yhnu ±1/2000 ~f.)\lVlnlnri'1~\I~f.)\llFl~f.)\l1>11\1lbUU3-J11>1'j1Yl~f.)

7. 1f.)'j::bYltJElf.)un~u (Vapor recovery) 'j::uurKn~ulb~::'j13-J1f.)'j::bYltJ b~f.)

Uf.)\InUFl113-J~U~f.)\l1f.)'j::bYItJ~ ri'l~\I~n 1~~1J'j'jtJ1 nlFl

8. "IN "nl'jbl~In\l-J1 lFl~f.)\l1>11\1llUU3-J11>1'j11tii\J-ruh11J'j'j~~f.)\I bYI~1 ~t1~3-J11>1'j

1>113-J~ri'lYlUInH

9. "EX"nl'jbl~In\l-J1 bFl~f.)\l1>11\1llUUml>1'j11~t1-ruh1~lmY1~f.)\lbYI~1~t1~ml>1'j

1>113-J~ri'lYlUInH

" I1nn11

fi1Yl-rU~ In#UYl3-J1tJ3-J11>1'j1~\Ia ~ lmlf.) bl~::hi'Lfl'wVl n Inri'l~\I~f.)\I bFl~f.)\I

meuuu 3-J11>1'j1Fl1tl~3-J11>1'j~~In#UYlm tJm 1>1'j1rK\In~11 ill '11~ell>1'j1b~f.)lYl~f.)l~f.)

'/J11n~Fl1l'Yhnu ±1/2000 '/Jf.)\lVlnlnri'1~\I'/Jf.)\lbFl~f.)\l1>11\1llUU3-J11>1'j1l~UnUYI~f.)~n-J1

lFl~f.)\l1>11\1llUUml>1'j1ri'lYlUlnl'11~f.)ltJFh-r1J'jf.)\I 2 tJ l~f.)Fl'jUf.)ltJFh, ,
-r1J'jf.)\lll~1~f.)\I~ln~um-rUnl'j~f.)UlYitJulmJ

1. 'Y1f.)~Bl~mlf.)\lbYI~1~t1~ltJi?i'lUYI-ct\l'il3-Jf.)~lUlFl~f.)\l1>11\1 (Submerged fill

pipe) 1~fi1Yl-rU1J'j'j'il~f.)\llYl~1~~yJf.)\I,zf.)tJ~~1n l~U Jl31'ubtm'W~\I TlntJ, ,
t1~f.)tJ'/Jf.)\llYl~1~\li?i'lU~l\l~f.)\llFl~f.)\l1>11\1

2. 11~1~1~'j::UltJf.llnlFlf.)f.)n'il1n'Y1f.) (bleed valve) 11~1YirKn~Uf.)lnlFlf.)f.)n

'il1n'Y1E111~1 YI~E1lFl~E1\1t1'j::nElU

3. Borosilicate glass ltJUlln1~UInYl-ct\l~~«3-JtI'j::~Y1~nl'j~tJ1tJi>l1bil,E1\1'i11n

Fl113-J~E1U~1ll~:::r~nlulFl~E1\1Y1mtJnl'jFi'1-J1 Kimax (KG-33) YI~E1Pyrex

4. Epoxy resin tJ1\l«\llFl'j1::"'Ul\1~UIn TlntJtln~'iI::ll~\li>l1i?i'1tJFl113-J~E1U'Yhi?i'1tJ

Polymerization ~E1\1epoxide (l~U ethylene oxide YI~E1epichlorohdrin)

nu diphenol

5. nl'j~u~lnnl'j1Y1~ (Flow cessation) ~1'/Jru::YI-ct\l l~E1~ltJJ1 "YltJIn1Y1~", ,
uaen ~ltJ ltJUlillU 1Ub~n,zEltJYI~E1ltJUYItJIn

6. Sight-flow-indicator = E1t1mrull~In\lnl'j1Y1~ E1t1n'jrutl'j::nElui?i'1tJYI,z11111\l, ,
~~lm'j(l«\llnl>1nl'j1Y1~~E1\1'/JEI\llYl~1~lU'Y1E1M

•



(Definitions of the Base Units)

Fhii,!'J1~~1r;lmJ~H~tJ 1t1itLUUFhii,tJl~'V1U1tJ3.;l~~lU 7 'V1U1tJ~tJ\l

International System of Units (SI) ~\l1r;lnl'V1U(;]H'tuGeneral Conference on

Weights and Measures (Conference Generale des Poids at Mesures,

CGPM) 'tu~t1~tJ\lm1,J-15\lml'ly't\.l.LtJmn'iThe International System of Units,

HMSO,1993

1. b3HiI~ (Metre) AtJ F111~!'J11~tJ\l'Yll\lL~U~tJ\lLL(;'l\l'tU~'1l'1l1mF1'tU~1\lL1~1

1/299792 458 ~tJ\l'V1it\llU1Yi(1ih CGPM, 1983)

2. nt~n-r:J.I (Kilogram) AtJ 'V1U1tJm~~1'i ~\l~F11L'Yhn'IJm~~1'ir;l\.l.LL'IJ'IJ

'i:;'V1~l\ltl'i:;L'YlF11 nT~n-r~ (the international prototype of the kilogram)

(1st CGPM,1889 and 3rd CGPM, 1901)

3. 1'Ult1 (Second) AtJ ~1\l'i:;tJ:;L1~lL'Ylln'IJ9 192 631 770 F11'IJ~tJ\lFl~U~tJ\l

m'iLL~-r\l~~~~utJn'IJm'iLtI~tJU'i:;r;l'IJ1mtltJ~lvhr (hyperfine levels) 2 'i:;r;l'IJ
et cl .,f

'lJtJ\ltJ::;(;1tJ~'(jL'(jtJ~-133~tJ\l~mU:;'WU~lU (the ground state of the caesium

133 atom) (13th CGPM, 1967)

4. bbfJ3.Hb'l.H (Ampere) AtJ F11n'i::;LL~1'VH~lFl\l~LL~:;-rn1,J-lh4F1\l~L~tJtI~tJtJ

F11n'i:;LL~1~Yhr;l\ln~11L~1j;J1..z1L~U(;1'i\l~lU1U 2 L~U~~U1Un\.l.LL~:;~F111~tJl1

tJuu!il5n."t\l~~U~'V1Ulj;J(;]~11\lL~nmnI\JU~tJ~11~fOilit\l~\lLL~:;11\lvll\lnU 1 L~I1l'i

1\.l.~rurulmF1LL~11\J::;'Yh'tiLn(;]Lb'i\l'i:;WJ1\lj;J1..z1L~U(;1'i\l."t\l~tJ\lL'Yhn'IJ2 x 10-7~~~
ii,1j;JU~tJFl11~tJl1'V1it\lb~(;1'i(Cl PM, 1946 approved by the 9th CGPM, 1948)

•



5. bFli.'i1'U (Kelvin) ltJU'VIU1~'ZIEl\l~ru'VI.IJ~l'YlEln~1I'lUl~n~(Thermodynamic

temperature) ~Fillvhnu 1/273.16 'ZIEl\l~ru'VI.IJ~l'YlEln~1I'lm~n~'ZIEl\l~I'l~3

1;lmU::'ZIEl\l1-hlU'i'ililUnU(Thermodynamic temperature of the triple point of

water) (13th CGPM, 1967)

lU~'lb:;~~ is" CGPM, 1967 ~UeJ\lrll'VIUl'lh''VIUltJlFH'l1U(Kelvin;,
K) lil:;~nltTl~ml1;lI'l\lFil~l\1'Z1El\l~ru'VI.IJ~'VI~mH'l~l\l'ZlEl\l~ru'VI.IJ~

ll1;lI'l\lFlll~~~';UB'ZIEl\l Elru'VIil~lFlf'l1U i?l1~Elru'VIil~ El\IFfll'lJf'll~tJ1;l
et qJ ,,<u

(degree Celsius)

T (C) = T (K) - 273.15

6. La.li.'i (Mole) ~El u~mru~lf'l1;ll'i~EltJ (amount of substance) 'ZIEl\l'i:;UU

~U'i:;nElui?lltJEl\lFlU'i:;nElU~f'l9ilU (elementary entities) 'VIf'lltJEl\lFlU'i:;nElU.....
~~lU1Ulvhnu~hmuEl:;I'lEl~'ZIEl\lFll'fUElU-12 'VI'Jn 0.012 nTf'ln-r~ lil:;Hl~f'l
•• I cl cl. ~. I ~I 'f
n(;lm~El~nl'inl'VIUI'lEl\lFlu'i:;nElU~f'l9ilUllf'l:;ElllilluU El:;(;lEl~(atoms).l~lf'lnf'l.. ... ,
(molecules). 1ElElElU(ions). ~l~Fl(;l'iElU (electrons). ElumFl5wJ (other,
particles) 'VI~Eln~~~llYn:;llill:;lil\l'ZlEl\lElUmFli?l\ln~ll(14th CGPM, 1971), ,

7. bbFl'Ub61i.'i1 (Candela) ~El Flll~lil~nl'i~El\llW\l (luminous intensity) 1U

fi Ff'Yll\l~rll 'VIUI'l Flll~ lil ~nl'i~El \lll1;l\l'ZlEl\lll'Vl~\Irlll'i:;'I'l~\lUaI'lU~EltJ-r\l~lEln':i\lFl

(monochromatic radiation) i?lltJFlll~~ 540 x 1012 l~'il'l.g llf'l:;~Flll~lil~

'ZIEl\lnl'ill~-r\l~lufiFf'Yll\lr;l\ln~lllvhnu 1/683 -r(;li>l~El1;ll(;lm'il~tJU(watt per

steradian) (16th CGPM, 1979)

1
l'

Q) I
- Q) I

~ ~ I

E '6:
I

IV
a;"''''c c
IV

" e
Cl>«Cl.
E«
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(Gravitational Acceleration)

1umsaau lYitJ'U~3.n,hvl'Irn#UFll1~l~ tJ\I1'1\1'VI~fJ~mhvl'Irnuuu m Iwn, '"' ~
'VI~fJmj;]lllilU Class E2, F1, F2, M1, ll,,:: M2 j;]1~ OIML R111 ~U UfJmnn..
liJ::~fJ\I~~\llnj;]~fJ~'/JfJ\I~fJ\lI'IfJ'UlYimJlFl~fJ\I#\I'VI~mFl~fJ\IMass comparator. '" .., .
Yitln~fJ\lll"::~F1'Jl~mJutill'VI~l::I'I~n'U\llUl'lfJ'UlYitJ'U~~Ul'V1~nll~"::~UFlll~lYitJ\I

'" ,~ ,
15nllll,,::~Uj;] fJUnlll'lfJ'U lYitJ'UYi~n~fJ\ll'VI~l::I'I~ nll'Yh rrrsauu lYitJ'U~'JtJ

l~l'V1~l~ eJ~'lh::I'I'Unllru 5n-#\l15nllFllU 'JtlHJ"rrnanu lYitJ'Ul~ a I'InJ1itU
'" ,

lltJ\llUeJ"nlll'lfJ'UlYitJ'U ~'JUll~'Jll~~F1'Jl~I'IfJj;]F1~fJ\lll"::~F1'J1~tr~~U5~\lnU

1UnllFllU 'JrueJ"nlll'lfJ'UlVitJ'U~~Jl'V1~n#uFI'Jlm~tJ\lI'I\I~trliJ~tJuae, '"
~'Jll1.h~~fJ\IFllit\l~\lll"::l~fJnm Hl UnllFllU 'Jru ~\lll~"::~l~lltJU~fl\ll'll~'JtJ

F1'Jl~l::arj;]l::l\lll"::lfl'UFlfJ'U ~'Jll'lh'Vl'ct\l~ll11 ~F111~I'Iuhl u~dF1fJ F1'Jl~

l~\llll\lT,z~~1\1 (Gravitational Acceleration) litfJ\lliJlmtJU~lll'lh~~eJ"~flnll

FllU'Jru1Unlll'lfl'U lVitJ'U~u1~~mitfJ\lliJl nnlll'lfl'U lVitJ'U~~JTI4~n5 n~'JtJ,
litfl\lliJl n~lJl'V1 ~n ~~Jl'V1~n#UFll1 ~ l~ u\II'I\l1iJ::~~lltJ ~tJUlltJ,,\11tl, '"

en ~ j;)lllYlU\I~ ~~Jl'VI ~n~ j;]lFl'Ull,,:: 1'll\llU 'UU~uT" m1~fl1ml~ ,,::tJl:: m Fl~,
llj;]n~l\1 nu litfJ\lliJlnlll't'lU-h ~~Jl'I4~n#uFI'Jl~ l~tJ\lI'I\I~~l'llfl ~1UtJl:: l'YlFl, '" '"
1'YltJliJ::1~-r'Unll-rmfl\l~lJl'V1~nliJlntJl::l'YlFl~~ l'YlFlTuT"~~\I l~U ~I'I'VI~U5

I'I1Emru-rlliltJfJlarU,I'Il1'1l'llfl{ll"ui?lltJu~u ~\I~lF1'Jl~l~\llll\lT,z~~'J\I~tJl::l'YlFl..
~\ln~l'J~~l~l\1n'U~lFl'Jl~ l~\llll\lT ,z~~l\11 UtJl::l'YIFl1'YltJ ~\I~unlll 'll~1

Jl'V1~nliJlnl'U-rmfJ\leJ" (Certificate report) ~\lmn'U~~Jl'V1,rn~\ln~l'J~\I,
~fl\l~\ll::l\l

~lF1'Jl~l~\llll\lT,z~~'J\I (Gravitational Acceleration) ~Ul1'1uh

ll"::Ull~fJ ~fl ~\lltJUnlltJl::~lru~lTj;]tJtJl::~lru ~'JtJ~j;]l'VI1~1F1'Jlm~\llll\l

T,z~~l\1'IJfJ\ICassini M11

•



Europe

City gin ms-1 h above sea level in m

Thule 9,82914 77
Hammerfest 9,8_617

Reykjavik 9,82265

Oslo 9,81916
Helsinki 9,8191
Copenhagen 9,81543

London (Teddington) 9.81185 9

Brussels 9,8113 19

Paris 9,8092 66
Zagreb 9,80658 135

Rome 9,8033 45

Lisbon 9,8007
Madrid 9,7997 655

Asia

City g in ms" h above sea level in m

Ankara 9,7992 851
Tokyo 9,7977

Beirut 9,7968

Teheran 9,7940 1232

New Delhi 9,7912 230

Kabul 9,7912 2224

Hong Kong 9,7876

Manila 9,7835

Aden 9,7831
Bangkok *'.,. 9,7831 tk
Saigon 9,78215

Colombo 9,7812

Singapore 9,78065

Kuala Lumpur 9,7803 88

<p
og/oz

Geographical latitude
3.085 ± 10-6

S-2 Vertical gradient

~1'Vl-ruY1n~~lLL'V1U\ltlEJ\ln~\lL'Y1'V'l3-l'V11'\,l,Fl'i~lnim~~~MaEJum3-l~ln

m3-lEJlwct!'.J3-I1'Y1tJ1~lLL'VlU\I~F1UeJ~~nt;Jiil1~11" ..
• ~lLL'V1U\I Latitude (Lf1U{\I) ~ 13 EJ\lF1143 ~tlj;l1 35 Y1~tl~l L'VlUEJ,
• ~lLL'V1U\I Longitude (Lf1ULL"J\I)~ 100 EJ\lF1133 ~tl~l 36 Y1~tl~l

t;J::1UEJEJn

• Sea level ~lm::~uJl'Y1::L~tllun~l\1 2 L3-It;J'i

~lLL'VlU\I Latitude (Lf1U{\I) ~ 13 EJ\lF1143 ~tl~l 35 Y1~tl~l L'VlUEJ,
~uFiEJ 13.7264 EJ\lF11L'VlUEJ~\I,rutl'i::3-I1f.1.!A1Fl113-1L~\lLL'i\lT,x3-lci1\1 (Gravitational

Acceleration) 1~

g = 9.780318ll + 5.3024xI0-3sin2(I3.7264) - 5.8xI0-6sin2(2x13.7264) J
= 9.780318 [1 + 2.985492 x 10-4 - 1.232717 x 10-0]

= 9.7832 m/s2

uEJn~lmfl~'i13-1LEJ1A1Fl113-1d\lLL'i\lT,x3-1 ci1\1t1EJ\ILLm~::tl'i::L'Y1F1LEl11-r'V'lEJ

~\lLtltl LLm-#\ldLL~::-#\I,rul'ti't;J'i1~aEJu5nFlf\lnuamu~~~\l5nFlf\l11a:ln1'il~Al

Fl113-1L~\ILL'i\IT,x3-1ci1\1L'Yh1'iLitEJ\I~l n'i::~u Fl113-1~\ltlEJ\I'i::~u~u ~ L'VlUEJ'i::~U'i::~U

Jl'Y1::L~a:lI:mmEJA1Fl113-1L~\lLL'i\lT,x3-lci1\1LLm~::amu ~,ru 1 ~1!'.JL~Un'\,l,

130 U1U1f{n::i.lIm~71i1

•



Central and South America Africa

City gin ms? h above sea level in m City g in rns ' h above sea level in m

Punta Arenas 9,8131 Casablanca 9,7963

Buenos Aires 9,7970 Capetown 9,7963

Rio de Janeiro 9,7878 Tripoli 9,7955

Lima 9,7827 Cairo 9,7929 118

Panama 9,7823 Pretoria 9,78615 1362

Caracas 9,7823 1042 Conakry 9,7822

San Salvador 9,7817 680 Freetown 9,7818

Brasilia 9,7808 1059 Mcnrovia 9,7814

Paramaribo 9,78033 Harare 9,7812 1470

Belem 9,7802
Accra 9,7808

Kinshasa 9,7793 285
Guatemala 9,7797 1493

Nairobi 9,7753 1660
San Jose 9,7796 1180

Addis-Ababa 9,7745 2300
Mexico City 9,7794 2216

Bogota 9,7739 2592

LaPaz 9,7737 3800 North America

Quite 9,7727 2815 City gin ms? h above sea level in m

Winnipeg 9,8098 232

Australia and (he Pacific Islands Fairbanks 9,8222 157

Anchorage 9,8191
City gin ms·2 h above sea level in m Vancouver 9,8092
Wellington 9,8027 Montreal 9,8063 57

Melbourne 9,7995 Ottawa 9,80606 83

Sydney 9,7965 Chicago 9,8027 205

Perth 9,7940 Washington 9,8009

Brisbane 9,7914 San Francisco 9,7997

Honolulu 9,7893 Salt Lake City 9,7979 1282

Tahiti 9,7869
Denver 9,7961 1584

Alice Springs 9,7865 554
Los Angeles 9,7958

Houston 9,7928
Fidji 9,7859 Miami 9,7902
Darwin 9,7830)

•



Germany

City gin ms?

Flensburg 9,81486

Hamburg 9,81364

Bremen 9,81320

POlSdam 9,81267

Hanover 9,81262

Brunswick 9,81252

Dusseldorf 9,81184

Gottingen 9,81163

Braunlage 9,81125

Frankfurt am Main 9,81046

Darmstadt 9,81028

Nuremberg 9,80919

Ingolstadt 9,80858

Stuttgart 9,80833

Freiburg i.Breisg .. 9,80826

Munich 9,80723

I

~'J13,J'ViU1uUUe:J1 fl1A

11 above sea level in m (Air Density)

~ ~ , I

sau LVieJU r;l:lnhl"UmIUFl'n:I-J LVieJ~(;l~ LL~~~Fl"jeJU Fl~:I-J~~m"j(;leJu LVieJuVi r;lfl~, .. ,
Fh,:t~~~LL"j~~eJeJr;l11UfllmFl LL~::m"j(;lflULVieJu~\lLtJum"j(;leJu LVieJUr;l1eJ15m"j

~~,ll'Vl Un'Vl~fl LU~eJULVieJUFhJTY\Un Flru(;l:I-JU~Ym~ ~n ~L~Yn::(;]1~ fl~~ ~~fl~~,
r;lfl~rrrssnu LVieJULI?IuL~'VIl::Fl1l :I-J'VlUl LLUW/J a~~~~eJ~~r;leJ~ rmseu LVieJU ~1U~

em r;la ~Fh ii~~~~Y15'V1~~ eJ~LL"j ~ ~ fl eJ(;]1

35

54
76

36

150

548

98

144

309

.374

245

278

512

m"j'VllFhFl1l:I-J'VlUlLLUU~fl~fllmFlLl?leJ~11u 'VIu·hfllmFlU"j::nflUr;l1eJ

rh'li1uL[;l"jL~U, eJeJn~L~U, FlTfueJu1I?1fleJn1'lir;] "j1:I-J~~Fl1l:I-J~U1lleJheJlmFl

UeJ n~l ndfll~~~~ LLU~nu ~fl:I-JLL~::~::eJac ~u5mhu 1U 'Vl-ct~ LL~lU ~dL"jl~::(;lul~,
I I dd d' v 0

FllFl1l:I-J'VlUlLmU~eJ~fllnlFlY1:I-Jml:I-JtjU (moist air) 1?11eJ~[;l"jFllU1ru[;ll:I-J

~mLu::"zlLl?leJ Comite' International des Poids at Mesures 'Vl~eJUtJ:l-J5l~~~

LtJU'VlU1eJ~lU BIPM 'Vl~eJ Cl PM (;l:I-Jm"j~ 1981/91 (Equation of 1981/91)

~~~::l?l(;l:I-Jm"j Non-ideal GasWhere no h is given. these are coastal cities. Gravitational acceleration g according to IGSN 11.

p"
pM

ZRT
(1 )

Antarctic

p =
M=

Z

R

T

the real gas factor
-1 -18.31451 J mol K (the molar gas constant)

273 + t (the absolute temperature in K)

the temperature in QC

City h above sea level in m

McMurdo Sound 9,8297676
the air pressure; Pa

the molar mass of moist air
Where no h is given, these arc coastal euies. Gravuauonal l eeeJeration g According to IGSN 71.

•



p (the air pressure)

I _ _tI Cl d_ <1.0' CVd I

FllFl113-1~',l,mmA~::~m~~l!'.JLFl'iEh'l3-len~Fl113-1~',l, 'lJ1-b'YlnLLfl::LL'Yl',l,Fll

L',l,fUml'iL',l,'YIU1!'.J?JeJ\IPa

h relative air humidity referred to 1

M (the molar mass of moist air)
fw (p.t)

h, relative air humidity in %

h/IOO

~1 the molar mass of moist air M ~::~nFil',l,lrulr;l~ln the molar

mass M, ?JeJ\lmmALL'I1\1LLfl::the molar content x., rl'U the molar mass M,

?JeJ\llmll (water vapour) L',l,eJ1mA~~Fl113-1~',l, (moist air)

(2)

Ma

=

My =

Xy

(28.9635 + 12.011 (xco -0.0004»)x I 0-3 kg/mol
2

molar mass of dry air

18.015 x 10-3 kg/mol (4)

(3)

Psv (t)

molar mass of water vapour in moist air

molar water vapour content in moist air

0.0004

~\I,fwil1nr;llLLtJ'i~\I'YI3-I~L',l,"'3-Im'iL'il~\lL'YI~eJMolar content Xv ?JeJ\I

lmll (water vapour) ~r;leJ\I'Yhm'i'YIl Xv r;ll!'.J15m'i~\I~eJltJd

"1. nl';j'j'61fh~113-1ih.!f11n1FTi3-l-W'YI5(Measurement of the relative

air humidity) h, 1',l,~tJ?JeJ\I~l %

Molar content x, ?JeJ\llmrl (water vapour) eJ~l',l,~tJmml'i sprung's

formula ~\I~eJltJd

the fugacity coefficient of water vapour in air

~~1~\lL',l,"'3-Im'i~l\1~1\1

fw = a + ~p + yt2 (6)

a= 1.00062

3.14 x 10-8 Pa-1

5.6 x 10-7 K-2
~

y

p air pressure in Pa

temperature in °c
the saturation vapour pressure of water

~~l~\ll ',l,"'3-Im'iiil\1~l\1

(7)

cl
L3-IeJ k, = 1 Pa

kz = 1.2378847 x 10-5 K-2

k3 = -1.9121316 x 10-2 K-1

k4 = 33.93711047

ks = -6.3431645 x 103 K

T = absolute temperature in K
•..

2. n1~161filf1W'H.n3llil61'lh~1\1 td 1Pi1t1 a dew-point hygrometer• •••

x =v

(measurement of the dew-point temperature with a dew-point hygrometer)

"'lm'i(lFil',l,lrur;ll!'.J"'3-Im'i~\I~eJltJd

h x fw(p,t) x Psv(t)
p

(5)
fw(p,tu) x Psv(t,,)

p
(8)

•



. ~
L~€1 td = Qru'VIJJ~~~U1Fi'l\! (the dew-point temperature)

fl (t) = ao +a1t+a2t
2 (12)

2f2(t,xv) = (b, + b.tjx; +(Co +c1t)xv (13)

f3(x,,) = do+dlx~ (14)

a, = 1.58123 x 10-6 K Pa-I

a, = -2.9331 x 10-8 Pa-I

~ = 1.1043 X 10-10 Klpa-I

b, = 5.707 X 10-6 K Pa-I

b, = -2.051 X 10-8 Pa-I

c, = 1.9898 X 10-4 K Pa-I

Cl = -2.376 X 10-6 Pa-I

do = 1.83 X 10-11 K2 Pa-2

d, = -0.765 X 10-8 K2 Pa-2

L~€IfOhu1ru'VI1ril1LL'lhj-#\!'VI:I-I~hi'fOl".i'ULL~1nLL'YlufOll(;l\!lum,jn1".i~ LL~1!l

L'VI~ €IU ':h n-hiJ:: 1111~1fOl113-mU1 LL~WIJ€J\!m m F1ri1€I\!'Yh n1".il ~~1 fOl11:l-lrilU€Jl m F1

€Iru'VIJl~ LL(;l::~lfOl11:l-ltUir:l-l-W'Yl5 LL(;l:: molar CO2 content in the moist air, ..
(XC02) ~€IU~l\!~\!mn ~\!LLar'hiJ::h'I:.m~~lL~€In~l:l-l LL~€I1:vdlUfOl11:l-l~lLUU

tK\!J UL".i1t't1:1-11".ibl'VIl ~1 fOl113-l'VIU1 LL~U~ €I\!m m F11111tJ:Vl n n".iTV~1111tJ15

n1".i1.J".i::mru~lLL'U'U'VIm'U '1 LL~1ri't:.m~Tvwl:v.yh~tJ1 tK\!LLt't~\!lu~1.J~ 1

Z (the real gas factor)
o • cv I ~ <V d"

fOl1U1rufOl1~\!n(;l11~1tJ~3-In1".i~\!U

lU~1U~€I\! fw (P,td) 'VI11111:Vlnn1".iLL'YlU~1 td (;l\!lut't3-ln1".i~ (6)

fw (p.t); the fugacity coefficient of water vapour in air LL(;l:: Psv (td)

'VIlhi':V1nn1".iLL'YlU roll td (;l\!lU~3-In1".i~ (7) Psv (t); the saturation vapour

pressure of water tK\!~1I11n~11mlul'l€IuI11U

(11)

3. m~1~Fh~G'Iml\1't1fl\lflW'H.fI:ih::·••rhu)w'H.fI:ihnnm::L'l.h::ab'l1\1
Of cu '11 cu

~ ~ il ~I dI - 1.1nU~W'H{]3-Ilinnn~::Ll::L1Jtln (tdry -twet) 'tI\l1~~1tl aspiration psychrometer

(Measurement of the temperature difference (tdry -twet) with an aspiration

psychrometer) ~lm".iblrohu1rutK1tJ~3-In1".itK\!~€I11.Jit

fw(p, twet ) x Pv (td •.)" twct)

p
(9)

Pv = the vapour pressure

F11U1ru'VI1fOl11:l-ltKu1€1(the vapour pressure) hi':Vln~3-In1".i

Psv (t); the saturation vapour pressure of water
o 11"~ ~ I 1. I cl'[;J1:1-1sprung's formula LL(;l::~1u ~~\!~:I-In1".i~\!l?1€1 uu

(10)

cl
L:I-I€I CS = 6.62 X 10-4 KI

the temperature of the dry thermometer (C)

the temperature of the wet thermometer (C)

•

did v
LU€I\!:Vlnt'tm'VIlfOl11:l-l'VIU1LLUU~€I\!€I1n1F1'lJ€I\! CIPM 3-IfOl11:l-lblnl?1€1\!t't\!.. .. ..

:1-11n Lnu11.J LL(;l::U€ItJfOlf\!'W'Ul1 LnUfOl113-l~1 LUU tK\!Jul U'Yll\!1.JD,r~~\!l 'Zi'~1

1.J".i::mruI111tJ t't3-1n1".itK\!~l\!~l\!~l:V::LVltJ\!'W€I



Pa / kg m-3 n'jw-n 1 'Ynm,m1::b~~ll.1'ZJ~ilbn(;]~m.j

• 900 mbar :=:;p :=:;1100 mbar

.10°C:=:;t:=:;30°C
40
°C
30 0,

1
20

10

-..-
0

"10

-20
BOO 700

80
• hr:=:;80%

j;J~~lilff~~'Yl5'ZJ~il~lF11l~'I'Ill.1bb";'ll.~fOi1m(U1r;lr;l1tJfl~nl';i~(15) n'U~lF11l~

'I'Ill.lbb";'wYiAlll.1(Um~Albbll.::~lCIPM \1::3~~lb'Yhn'U
0,

1,

1,1

n'jw~ 2 bb~ci'l'l'llnflm1::b~~ll.1'ZJ~ilbn(;]~~~

• 600 rnbar s p :=:;1100 mbar

• _20°C:=:; t :=:;+40 "c

1,

800 1000 hPa 1100

p ----...~ • hr:=:;80%

j;J~~lilff~~'Yl5'ZJ~il~lF11l~'I'Ill.1bb";'ll.~Alll.1(U1r;lr;l1tJfl~nl';i~ (15) n'U~lF11l~

'I'Ill.lbb";'ll.YiAlll.1(Um~Albbll.::~lCIPM \1::~~lb'Yhn'U

fig. Roughly estimated determinauon of the air dens;!) Pa in kg m'; at a relative •.•t humidity h, ~ 50";';. in
the temperature range from ·20 ·C to +40 ·C an the air pressure range from 600 ItPa 10 1100 ItPa (~ mbar).

0.34848 x p-0.009024xhr x e(O.06121)
Pa = kg/rrr'

273.]5+t
(15)

p = the air pressure; mbar 'I'I~~hPa (1 mbar = 1 hPa)
.f ~ ~ •.

h, = F11l~!fll.mnlAfl~V'l'YlD (the relative air humidity); %

t = the temperature; "c

b~~m'Yi1nl';ibtl~tJ'UbYitJ'UF11l~'I'I'vl.lbb";''vl.tJ~ilmnlA~Al'vl.1(u\1lnfl~nl';i~
od! I I de J" 'lJ

'I'I';i~fl~nl';i'l'llF1lml~'I'I'vl.lbbll.'vl.'ZJ~il~lnlA'Yl~F11l~!fll.(moist air) (;]1tJ~IiI';i

Al'vl.1(uliIl~'li'mm::~lT(;]tJ Comite' International des Poids at Mesures

'I'I~~ittJ~ellilrJilbU'vl.'I'I";'1tJill'vl.BIPM 'I'I~~CIPM fl~nl';j~ 1981/91 (Equation of

1981/91) b';ilV'lU:h

•



~U~1\.mTiVl1~1 a'lU't11\')t1:DU~

(Determination of Mass in Practice).
c:I

~H)U't11

1 ll, i'hJ:UUll,(;] L'YI:IlEm 1 ~~l j;]m unun n f'm:u::~ eJ(ILMfJ1~ eJ\IntJ nT'i'YI1, .. ,
~lJ'l'Y1,xn hJ11:U::LiJll,nTJ'YIl~1J'1'Y1,xmm1::LiJll,eJ1~~I(;]fJj;]':i\l 'YI~m~eJnl':i

iil1':i\l~1j;] 'YI~m~eJl'I'/Jm~ 'YI~eJnl':iFl1'/J1fJ'YhEi':in:u 'YI~eJnl':iL~Elm~eJ1m, ,
':i1~.j'Yt\l~ll, 1 ~mnmnEl ~1eJ~l\1L~ll, nl':iiil1':i\l~1j;]'t.h::~1-Jll, nl':i:5eJeJ1'Y11':iL~ll,

LdeJ'YI3-J~n 1 nn. 'YI~eJnl':i~\I~I'I(;]L~eJl 'I1ru1~~,zeJ\I~l\1:5'\I'YI-J(;]'YI~eJ~l\1th::L'YlF1.. , ~
nl':i~\lJ'1'Y1,xn~1LeJ\lL~eJFl1tJFl3-JJ'TYI,xn(;]L'I'l:lleJll,LiJll,L~eJ\I~1'I111 ~-rnFl113-J1'I1El, ..
Fl113-J\l13-JLL'YltJullu~nll,ti'1ll,'YI,z1 ll,eJn:U1ndnl':i~\lJ'1'Y1,xn~meJ1:u~tJ 3-J1n1ll,

':iU'/Ja \I flll,Fl1 ~1 L~:U':iUnl~LLrl flll,FlTi1m1 a L~ll,~111'11':itJ':i':i:Un \I~ ~11'1~n'/J'I-l,l(;]
~ 'U q q

5 nI~n-r3-J LiJll,~ll,

~1m'YIj;]dLFl~eJ\I-8'\I~\ll~-rtJnl':ieJeJnLLtJtJl'11a:l~n1!r(u::nl':i'Yi1\11ll,~LLj;]n~1\1,
nll, 'YI~1 El':iULLtJtJ L~ a1'I1L'YI3-J1::1'13-JntJFl113-J~eJ\Inl':iLL~::-Jj;] tlU':i::I'I\lFl nl':i 1~\l1ll,.. ,
~ n-#\ld1El LL~::a:lFl113-J~1 L~eJ~eJ1ll, ':i::~tJ'YIit\l ~\I,fll,'YIl n~l LiJll,~eJ\ll~LFl~eJ\I-8'\I~

~ eJ\ILMEl1~eJ\IntJ I'll Ei1':i(u::~ll,LL~::~1 El-Jj;]tlU':i::I'I\I Fl'/JeJ\Inl':i~ml1 ElLL~n LU~ Elll,,
'YI~eJ~(;]d1fJ 1 111 ll,LLdL~\I'W1&~JEi':in:u ':i13-J-#\lFl':ieJtJFl~3-J~\ILFl~eJ\I-8'\I~HL~ eJ.. , ,
-Jj;]tlu':i::I'I\lFl1ll,nl':iLntJI;hm~eJ1mLL~::~lEi':i':i3-JLil,El3-J~l\11 ~1El LFl~eJ\I-8'\I~,
n~113-J1,fll,~eJ\ll~-rtJ nl':ij;]':i1:Ul'leJtJ 1'I1~h-rtJ':ieJ\I (Verification) :U1m~1'Y1,z1~-8'\I

j;]1\1-J(;]rl eJll,U 1LFl~eJ\I-8'\llULV\l1ll,

m:U::Ll1ll, 111 ll,nl':ir;i1 Liill,Ei':in:U~eJ'/J1 ElU~ n LU~Elll,flll,Fl1-#\lm Ell ll,,
U':i::L 'YlF1LL~::':i::'YI':h\lU':i:: L'YlF1~1Elm ':i~ ~ ~ ~1'/J eJ\I flll,Fl1'Y1~eJ ~\I'/JeJ\I~1 Elnl':i-8'\I

J'l'Y1,xn flll,Fl1'Y1~eJ~\I'/JeJ\II(;] ElLFl~eJ\I-8'\I,fll,a:l3-Ja~11'1\l3-J1n 3-J1ElL'YI~ eJLnll,l ll,LL~ ~::tJ.. ..
'YI~eJ'YI1n~ (;]111 ll,LL~~::-Jll,na:l3-J~~1I'1\13-J1n 3-J1ElLL~1 ~1 ElL'YIj;]deJ~ LMEl1~ eJ\IntJ

qJ cu CIJ 'I cu

LFl~ eJ\I-8'\I-#\II(;] Elj;]'J\ILL~::I(;] Elera 3-JLL~::nl':i ~':i1 Fl1 flll,A1'Y1~eJ ~ \I'/Ja \1-#\1I(;] Elj;]':i\ILL~::

t(;]mreJ3-J~\I~eJ\l3'lFl113-JiFl113-JL~11:ulll,l5 nl':i-8'\lJ'l'Y1,xn u:u:5'El'YI~eJ~'Yl5~~~a:l~~
• •••• I • ., •

~ eJn 1':i'tJ\lU1'Y1un ':i:: ~tJ Fl113-JLL~ll,Eh tl n ~ a \I'tJe \I LFl~eJ\I'tJ\ILL~::~ii(;] LFl~eJ\I'tJ\IVi.. ,

•



~ehl n11lV; Ell'V\m:;(;1~ nu \11U,~ ~ El\1(;]1lit U,n11tr'J'I-l.lltr'JllullUu,~ \I~1 ~qJllf;~:;'ih lUU,

~El\l'YhFldl~l~11'iluu,~u,~1u,~~n~El\llflmlElu,

1U,l~El\l!lEl\l~U,~1u,n11'VIlm1,'11 u,'\'11\1Ull-u~~\I'il:;n~l'J 1nu,ulEl1udf!]

l'VI~ElU,'il:;lUU,l~El\l~~El\l:i:JFm~iFl'J1~l~11'ill~mnuFlruj;iAl(;1j;i{ll1,'1:;1'Y1t:J1Al(;1j;i{

rnurnw ldEl\l ~u, ll1,'1:;fJ1'ilEl~1u,l:;~U!l El\ln11~\lJl'V1,rn~ ~El\ln11Fl'Jl~ ll~U,~h ~ n

~El\l(;1\1~ln1u,l:;~u'VIli\l fJ1'il1~1~lUU,Fl'Jl~-r~U,1\ilU,lV;Eln11'Vl1Jl'V1,rn~1ti1 u,
'U 'U •••

'\'11\1n11 (;]1lit U,Ol n'il lfltJYi l~ m llul ~ El1~':h lUU,U'YI~u,1\ilu,n,:h M uae lU U,l~El\I~, ...
~El\l'YhFl'Jl~l~11'ilnu,lflmlElu,l~El\l'illnlUu,'YI'l~~U'YI~U,~1U,

~U,1\ilU,n11~\ll~El'Vl1~'J1,'1 (Mass) ll1,'1:;l~Ell'V11~Jl'V1,rn (Weight) 1u,..•
'\'11\1ull-U~~\I!IEln ~l'J~\I~ ~El\lFhit\lll1,'1:;:i:JCJ1,'1ulEln11~\lJl'V1,rn 1nu,~d~El

1. ~'YIEh~1,'1!1El\llll\l1,'1EltJ~'JfJ1n1AulEln11~\I(Effect of force taking air

buoyancy into account)

2, m1,'1j;il~El1i>5qJqJl (Conventional Mass)

3, n11lU~tJU,llU1,'1\1!1El\lFl'Jl~'VIU,lllUU,fJ1n1Fl (Air density fluctuation)

4. ~'YI5'W1,'1!I El\In11lU ~ tJU,llU 1,'1\I!I El\IFl'Jl ~'VIu,lllU U,Ell m FlulElm 1,'1j;il ~

El1i>5qJqJl (Effects of Air density fluctuation on conventional mass)

m (2)

Pm

(3)

Fa = mag
= YaPag
= YmPag

m
= -Pag

Pm

(4)

'ill n (;1~ n11~l\1U U,lll~\l1~ Fl'Jl ~ 5~WU,61:;'V\'Jl \llll \11,'1EltJ~'JEll m AnU

lll\ll~El\l'illnJl'V1,rn!lEl\lm1,'1 m 1~"h

F =
2i!...m

a
a - -0Pm

= 2i!...FmPm
~ 2i!...

Fm Pm
(6)

(5).
1. il'VIB'VHltJe:hHb"HHHltI&1'HI1n1FlGhJn1':i!1\'1 (Effect of force taking air

buoyancy into account)

1U,n11~\lJl'V1,rn~'JtJlFl~El\l~\I~U, lnj;i'illn lll\ll ,z~ci'J\I!lEl\lI1,'1nnl:;'Yh

ulElm1,'1m lnl?llll\l Fm m:;'YhulElm~nl?l1,'1\1uu,lFl~El\l~\I m~n{)!IEl\lit'J~u,

(1)

llull u,!Iru:;l~mnu,n'il:;:i:Jlll\l1,'1EltJ~'JfJ1n1Anl:;'YhulElm1,'1 m tJn~'J(;1'Ju,

tu,ml~El\l'illnU~mj;il!lEl\l~'J1,'1 m (Ym) 1Ull'YIU,~Elln1A~'JmJ~mj;i1 v, r;l'JtJ

U~mj;il~l'Yhnu,j;il~'VI~nn11 Archimedes' principle

F = Fm - Fa
F = (m - YmPa)g

F =m(l-2i!...)g
Pill

(7)

(7.1 )

(8)

•



'illnt'i~nl"i~ 8 ~~b14'1-b1r;l':hl'l-bnl"i~~"hVl'lrnYl~tl'Yl1~lbb"i~"hVl'lrn F

1Jtl~UJ~m ~'I-b~~~'l-btl~n'UU'il~El~~l~CY3 U'il~El Fitl A'Jl~Yl'\A,1bb~u,'/Jtl~m~m

Yl~tl~'J~~l11tl~nl"i~~, ~lA'Jl~Yl'l-blbbU'l-b'/Jtl~mnlA'/Jru~'Yi'lnl"i~~ ~~n'il~~U'il~El

5'1-b'1 5nYl~lElFh~brJlmb~mrJtl~r?l'Jm~'l-bn'l-bbb~~U'il~Elt'i~'I11ElFitl ~lA'Jlm~~,
b~tl~'illnbb"i~ht~cl'J~1Jtl~r~n ~~'il~~'l-btl~n'UrPi'lbbYl~~'U'I-b~'l-br~n"htl~'U~nrul~5n

~~tl~~"i~i'U A'Jl~ ~~'ill n"i~imhYl~ bmrh1"i

2. 3.ld~Ul13Hl'\,HrrunJ1(Conventional Mass)
q ~ ~

~ bYl~tl'l-b'il~bU'l-bb~tl ~~ ri a1't4\n~ A'Jl ~ ir'Ut'i'l-bbb~~~~Ell n ~l n ~lYl-r'U.. ,
~b~El'l-bl'1-bnl"ibbtl~rh:h"Conventional Mass" 1't1bu'I-b~tlm'l!Jol1r1EJb~"il~tll'il

iul mU'l-bmm)l~ ~~ Yl~tl~'J~~In n~~ I'll ~ t'il n~ bb~r?l'Jm1CYCY15'1-b~1n ~~~'/Jtl
dd' I _ od 0 0 Co

tl'l-brulln ru 'Yl'l-b'/Jmbtl~'Jl ":J.J'JfI{;),"):J.JEJUSfUfU7" b'l-btl~'illnnl"inlYl'l-b~Al'1-bEJ1~
Cl'" , ••••••.•

'/Jtl~m~lnl~tl~irCYCYl (Conventional Mass) bU'l-bnl"inlYl'l-b~t'im'J~'/Jtl~nl"i'Yl1

~1~'J~bb~~15m"iYll~lm~r?l'JElm"itl"i~~~'/Jtl~Yl~'JEl~1'1-b"i~Ylll~tl"i~b'YlA~b~mrJtl~,,r'I-bYl~l El(i~bU'l-bri'Tfim~~1r?l-r'U~ ~b14'1-b~tl'U'illnYl~ 'JEl~l'1-b~l~ru"i~Ylll~tl"i~ b'YlA

bb~~'\A,1'1-bltl"i~b'YlA1iilEltl~-rmi:11tltlllu~l wnAm~b~mnu, 'illnbtlnt'il"i OIML

(The International Organization of Legal Metrology) R 111 ~'l-b1r;lUEJ1~m~

Inl~tl~irCYCYl (Conventional Mass) bU'l-bm'l!Jo15~ml'l!Joll

"Conventional Mass

~U~1un1-aVi1~'J a1U 't11\1tJJ].uGi

(Determination of Mass in Practice).
dO

GlflU't1 2

~tl'ill n Intl'l-b~ 1 ~~1r?l~~ (i~~'Yl15~~'/Jtl~ bb"i~~aEl111'Jsn m A~ a~l"i~~

(Effect of force taking air buoyancy into account) ll~CJ~~tl~l'\.ZlYloXn

~'Yi'lnl"i~~ tl~l~h 1'I-b!;1tJ'I-b~ 2 b"il'il~~l~~(i~A'Jl~YlmEl'/Jtl~m~lnl~tl'l-birrurulIU , ••••••••

(Convention mass) b~"il~bU'l-bn~nlt'iln~l 'l-bm"i5l~~~~1J'lYloXn~b"ilhrn'l-b

tl~l 'l-bn'il11n"itl"i~~Tr'l-bbb~~~1'1-btllnt'ilYln"i"i~bU'l-bI11'1-b.. ,

Conventional value of the result of weighing in air, in accordance

to international Recommendation OIML R33 (Conventional value of the

result of weighing in air).

For a weight taken at 20°C, the conventional mass is the mass

of a reference weight of a density of 8,000 kg/m3 which it balances in

air of density of 1.2 kg/m3."

'ill nm'l!Jo15~n(j'l!Jo'lll~'U'I-b~ tl'il~ t'i1tl A'Jl ~Yl~l El,/!a~m a en ~ tl ~ircy CYl

U7U7ffT~~i"m?~7fj) 147

Fm = mg

•



(Conventional Mass) 1!7i'11 b~Elyhm'itY~Jl'Y1,rnhj,'U'i'itnmF1tJnlilm3-J~flfhY1'u'l>I

OIML R33 Fllm~l?Il3-JElttff'1!'1!l (Conventional Mass) :u:;:flFllbYhn'Um~

!IEl~ !7i'3-JJ1'Y1,rneJl~ 5~:fl Fll Fl113-J'YI9,l,1 bbU9,l,!IEl~bdEl3-J1~ byhn'U 8,000 kg/m3
q

19,1,!Iru:;~bdmlEl~m~!7i'3-JJ1'Y1,rneJl~5~:flmu'YIfl~byhn9,l,I?I~Ell>lbyhn'U 20°C bb~:;
q q ~

b~Elyhm'itY~btJ~~'Ub.yj~'I.J'i:;'YI11~m~~IEl~!7i'3-JJ1'Y1,rneJl\l5~n'U3-J1~m3-JEl9,l,ffrulm
" et "" ILl

bb~1b~lci~fl11:;~3-JI>I~'fJru:;tY~19,l,El1mF1~:flFllml3-J'YImbbU9,l,byhn'U 1.2 kg/m3
~ q

:Ul n U~l3-J bb~1~ b'YI~ El9,l,15 m'itY\l uaerrrs rll'Y19,l,1>I~fl11:; b~El9,l,l!1'fJEl\lrm
tY\lrJ(El~m:;yh 1tJ!7i'1u Fl113-Jsau FlEl'Ubb~:;:flFl113-Jb~11:u uae :fltJ'i:;~'U m'iru bV1~\l'\'j El

3-J1n.yjb~~1nl1~:U:;'YI1Fllm~1?I13-JEl9,l,ffrurulM b~9,l, rJ(El\lb~11:Ul1m'i~:u:;yhl 'ti'
q ~ ~

rJ(3-JJ1'Y1,rneJl\l5~:flEl ru'YIfl~ byh n9,l,I?I~ElI>Ibyh n'U 20°C iiEl~l~,xEl~ rJ(El~b~11:u'YI~ n
q q ~

m'i!lEl~ Heat Transfer ~\lnl1~:u:;1 'ti'Elru'YIfl~bdElrJ(3-J'U~bdru~1fl1~9,l,ElmYhn'U
q ~ q

Elru'YIfl~ ~1fl1~ 19,1,:UI>I~~n~1\lrJ(3-JJ1'Y1,rnrJ(El~1~'i:;~:;b1~1~1'Y1~El b~1bV1~~11>1,x9,l,~9,l,El~
et cu q 't cu

n'U'fJ9,l,11>1rJ(3-JJ1'Y1,rn111 mU'YI~Elb~ n 'i13-J-#~e.J~~l~'fJEl~Elru'YIfl ~'U~ bdru~1fl1 ~9,l,Eln
'I '" 'I cu

nm 1>1~\ln~1~rJ(3.JJ1'Y1,rn rJ(\l,x9,l,:U:;b';9,l,M11:fl m'irll'Y19,l,l>Il 'ti'rJ( 3-JJ1'Y1,rn~'iEl-r'U
q q q

m'i~El'Ub.yj~'UrJ(El\lbii'Uln9,l,'ti'El\lb~mn'UrJ(3-JJ1'Y1,rnbb'U'U3-Jll?1'ilbU9,l,bd~lEl~1~,xEl~
q

24 tY1T3-J~~9,l,bEl\l ci19,l,m'i~:u:;~fl\l1 'ti'~fl11:;~~ bb11>1~El3-Jl 'ti':flFl113-J'YIm bbU9,l,

El1mF1Fl~~bYhn'U 1.2 kg/m3 b~m/hm'itY\lrJ(3-JJ1'Y1,rmtJ~~'Ub.yj~'U I>Ib'YI~El9,l,rJ(El\l
q ~

01 d d • ~ 01 " cl' I 01 1~\l'YI9,l,\l'Uu'i:;3-Jlru3-J1n'YIbl>lm~l'Y1'i'Uu'i:;b'YIF1El1mF1'iEl9,l,~9,l,Elm~u'i:;b'YIF1 'YI~ un
q

~:;Fl'il1-ct'b'i13-J1 1>1119,l,Eln:Ul n b~El9,l,l'fJl9,l,u~l3-J bb~1b'il'\'j El~'itJ1!7i'11:fl Fll Flru~3-Julil
~ q q

'YI1~m~fl1'\'jFl\l~~nrll'Y19,l,l>Il1 ~El

bb'i~T,x3-J~1~~~:fl Fll Fl~~(mW 1>1bd~l'fJru:;yhm'itY~

:UlnFhU~l3-JrJ(~ n~11~\l:fl~Elff\l rn 1?111 'YIlnrJ(El~n1'il 'ti'bdEl'fJ El\lm ~
eLl 'J.J \' CLI 'J.J .co d Q

1?113-JEltt~'1!'1!1 (Conventional Mass) bb~:;mmlEl\l~3-J9,l,l'Y19,l,nEll~El\l3-J~ru'YI.IJ3-J

byh n'U 20°C ~ 9,l,'YI3-J1~~~rJ(El\lYll11\lrJ(3-JJ1'Y1,rn~\l~El\lfl1~ 19,1,'ti'El\l~:flElru'YIfl~ Fl~~
q q ~

byhn'U 20°C :U9,l,n'i:;~\lhJ:flFl113-Jbbl?ln~1\l'fJeNElru'YIfl~'i:;'YI11~rJ(3.JJTI'I,rn-#~~El~
q ~ q

n'U Elru'YIfl~!1 El\l'ti'El\l 19,1,ci19,l,'fJEl~Fl113-J'YI9,l,1 bbU9,l,'fJEl\lEll nl F1~ rJ(El\l:flFll byh n'U
q ~

1.2 kg/m3 ~lbU9,l,rJ(El\ltJ-r'UFllFl113-Jt9,l,ff3-J-K'YI5bb~:;~ru'YI.IJ~fl1~19,l,'ti'El\l:U9,l,m:;~\l

FllFl113-J'YImbbU9,l,'fJEl\lElln1F1:fl~lb'Yhn'U 1.2 kg/m3 !7i'1~b'YI~-ct'~\lbU9,l,n1'imn

~:u:;~-rl\l~fl11:; 1 'YI'1!7i'l?Il3-J~Elrll'Y19,l,I>IUm3-J1n 9,l,'YI1\ltJijulil 'YI1n n'i:;YllMii rJ(El\l

b~~~11~~1~~\l3-J1n.yjb~m bb~El~1\l1 'iiiI?l13-J19,l,bb~~:;tJ'i:;b'YIF1iiFl1'i:r1>l1 'ti':fl'ti'El\l

tJiju~n1'irJ(\ln~1111b~ ElH\ll9,l,bU9,l,'fJEl\ltJ'i:;b'YIF1,x9,l, 1 b~El~13-Jl'i(lYlln1'i1?l'i1:U

~El'UJ1'Y1,rn bb~:;~l~'YIElI>I bb'U'U3-J1l?I'il~\l1 tJ~\lbb'U'U3-Jll?1'il~l~\ll9,l,l9,l, 'i:;rJ('UtJiju~

n1'ifl1Fl~9,l, 13-JM bb~El1:U:U:;bn9,l,Fl113-J~1bU9,l,l9,l,n1'i~fl\l'ti'El\ltJiju~ n1'irJ(\l n~11

'YIlnbU9,l,m'itY\lJl'Y1,rnTI>I~~11tJ

. . .
b~ElYllm'if1\l3-J1~f1\l!lEl\l m :flFl113-J'YImbbU9,l,Pm b.yj~'Un'U conventional

mass; me :flml3-J'YI9,l,lbbU9,l, Pc !7i'1~15m'i.&\l19,l,El1mF1 TI>I~~fl11:;~Yllm'i.&\l,x9,l,

:flFl113-J'YI9,l,lbbU9,l,'fJEl\lEl1mF1Pa byhn'U Conventional density of the air (Po) uae

• Reference Temperature in air: 20°C

• Conventional density of standard

of mass at 20°C (Pc):

• Conventional density of the air (Po):

8,000 kg/rrr'

1.2 kg/rrr'• Reference Temperature in air: 20°C

• Conventional density of standard

of mass at 20°C:
d

:Uln~3-Jm'i'YI (8)
8,000 kg/m3

1.2 kg/m3

(8)

• Conventional density of the air:

F = m(l- ll)g
Pm

bb~ ~ b'YI~El9,l,hJ:flm'irll'Y19,l,1>I Fl113.Jb~\lbb'i\lT,x3-J~1\l'YI~El Conventional

gravitational accele ration b;iEl ~:Ul n ~1 bb'YIU\llill>l r#~bFl~ El~tY~bU9,l,~1 u 'YIU~

Fl~~hJul ~ ~9,l,bbtJ~~'YI~~:Ul n ~ 1>1r#~bFl~ El~.&~b~~'UfEl ~ bb~1 rJ(~,x9,l,~lFl113-J b~~

•



~f'lm1::~U,j~~tJe:h'ln1"i~~LtJ~eJ'lJLYieJm::'r'I~1~ •.rJ~~~tJth'l (m) n'IJm~(;m,jfl,*«qJqJl

(conventional mass; me) 'il::lr;l~l

h me

~ m
"'

>..•...•
'(j) Po

(9)
c 1.2 kg/ffilQ)
0•.... Pa
<{

Pc Pm
8,000 kg/ffil

(10)me = m
1 -I?Q

Pc

Mass Density

bbY1\A,FhConventional density of standard of mass at 20°C (Pe) ~'!b'Yhn'IJ

8,000 kg/m3 bb~::LLY1\A,~lConventional density of the air (Po) ~~b't-hrl'IJ 1.2

kg/m3 'il::lr;l~lm~~\JtJfl~ Cm) 'r'IlnLLtJ~~LtJ\A,~lm~{;11:I-Jfl\A,«rurul~~lL'Yhn'IJ, ~~

Reference Temperature in air ~~lb'Yhn'IJ 20°C

'r'Ilnm-rl'ill"if:l.!l 1\A,LL~~fl\J~lFl11:I-Jbb{;1nIPi1\J"i::'r'I~1~~lm~~~~fl~ m n'IJ

~lm~{;11:I-Jfl,*«qJqJl me 'il::lr;l~l

(11 )

(13)

1\A,tJru::b~eJ1n\A,'r'Iln L"il'Yl"il'IJ ~lm~{;11:I-Jfl\A,«rurul ~\lfll'il:I-J1L \A,"itJtJfl~
et •.• cv <u

~lm~{;11:I-Jfl,*«qJqJ1L \A,Lml eJ\I1 \A,1!.mrrrssau LYieJ'IJ (Calibration report) L"il

nf'llm"iCl'r'l1~1:I-J1 ~~\J~fl\l m 'r'Il nL"il'Yl"il'IJ ~lFl11:I-J'r'I\A,1 bbU\A,~fl\lm~r;l\l n~11

Pm r;l1eJn1"i~{;1f'l:I-Jn1"i~ (10) L'r'1..! m
Vm=-

Pm (14)

l-~
Pcm = me ---'-''-

l-Pg
Pm

bb~:: Conventional volume

(12)

v -~c -
Pe

•

(15)



~U~1'I ..m1';i'VI1:J,11atU'¥11\1t1li,r~

(Determination of Mass in Practice)m _ mpo
Pmm - me = m - ---'--'-"'-

1-~
Pc

m - m = m _ m - VmPo
c P1 __ 9_

Pc

-me + mcpo = -m + VmPo
Pc

-me + VePo = -r- Hl + VmPo

LUm'l~~"h",\,rn'VIlm~~!9lEl~ m'lml~L~!'J~~~L UEllmF1~U U~~!'J~~

e.J~mEle.J~m'l~~U~~!'J~~lFl'lJU~~!'J'VIct~~L'VI;jElU1aJ~UFhFl1l~'VIUlLL1.~UEllmF1

'lIru:;'Yllnl'l~~~~~:;~ ~e.J~~~LL'1~~El!'Ji?l1Ellm F1~n'l:;'Yll~ "Ill1:;"~ f7J~'lIru:;~~Ell~,
rlElL~"Ill1:;"~f7J~LU~!'JULLU~~hJ~u 'VIm!'J~\I F11l~Cln!9lEl\lL~!'J~I'I'l~~El~~f7J, ~
UEl!'J~~1utf7J!'JunmLL~1L'll~UllFl1l~'VIUlLLUUEllmF1Lu~!'JmLu~~1r;i'ul\lLLm~:;

m nUEl!'JLVl!'J\llf7J~u~uEl~nu m'l~ f7J"Ill1:;~~ LL1f7J~El~'lIEl\l~El\luilum nl'lll ~

L~!'J~LVl!'J\llf7Jr;l1!'JLctEl~~lnu~~!'J~~e.J~mElnl'lLu~!'JmLU~\lFl1l~'VIUlLLUUEllnlF1

~r;l1!'JnU'VI~l!'JU~~!'J
(16)

"~nl'l~l~UU~LL~11 ~Ul "uh LitEl\l~lne.J~ml\l'll El\lm~'l:;'VIll\lFh

m~~~'lIEl\l m nUFh~1~l'Il~El't~'lJ'lJl me ~ull~Fhu'l:;mruL'Yhnum~'lIEl~

EllnlF1~U'l'l~El~Ill!'Jl Ue.J~ml~U~~ll'l'l'llEl\l(V m- Vc) ~ULEl~

lutJru:;L~!'J1'V1lm'll~lLu~!'JuLYi!'Jue.J~ml\l'llEl\l~lm~~~tJEl\l m num

m~l'Il~El't~'lJ'lJl me LYi!'JunU~lm~~~tJEl~ m 'VI~Ele.J~ml~~~~'Yl5L'll~:;1r;i'

~El~~Lnl'l~ul"ul~r;l\ll U"~nl'l~ 17

3. n1";ibtl~tI'Ubbtl~"'lIe:J"f1113-1'V1'U1bbU'Uel1n1F1 (Air density fluctuation);

i'lPa

i?l~~1r;ln~l11nUI'IElU~ 2 LL~11l"Ill1:;l'Il~ElU~rurul~Unl'VIUf7Jh1, ~ ~

F11l~'VIUlLLUUtJEl\lEllnlF1Pa Lyhnu Conventional density of the air (Po) L'Yhnu

1.2 kg/m3 ~~LtJu1u1r;i'!'Jlnmnlu'Yll\luilumtJru:;'Yllnl'l~\lJl'VI,rn r;l1!'JL'VI~d

lUI'IElU~ 3 L'll~~~:;m'l.:jf7J~\I~'Yl~~~'eJEl\l~lFl1l~'VIUlLLUU'eJEl\lEllnlF1~ml\l~ln

Conventional density of the air (~Pa = Po- Pa) Yi~mEl~l~1~l'Il~El't~'lJ'lJl

(Conventional Mass) El~l~hul\l

~UllEllnlF1U'l:;nElur;l1!'J fh'(j1utl'l'lL~U, ElEln:SL~U,F1l{uElu1f7JElEln1'(j~

::, d' ~ cl' "'~.I .1 .'1 '"
'l1~'Yl~F11l~tlUIll!'J b UEllnlF1 UEln~lnUEll~~"~ uuanuaa ~ LL~:;~:;ElEl\lwUEln,
~lU1U'VIct~r;l1!'JL'VIf7Jdnl'l'VIl~lFl1l~'VIUlLLUUEllnlF1~~LtJUnl'l'VIl~lFl1l~'VIUlLLUU,
tJEl~EllnlF1~~ml~tu (moist air) r;l1!'J~I'I'lFllu1rul'll~~mLu:;ultf7J!'J Comite'

International des Poids at Mesures 'VI~ElU!'J~ei'l~~~LtJU'VIU1!'J~lUBIPM 'VI~El

CIPM "~nl'l~ 1981/91 (Equation of 1981/91) ~~~:;l~"~nl'l Non-ideal Gas

I-EiL
m-me I_~

m 1-~
Pc

;:; I - (I - EiL)( 1+ I - ~ )
Pm Pc

•

;:; po[_l __ 1]
Pm Pc

(17)



L

pM
Po = ZRT

t.Pa (h)
Po

(20)(17)

"il!'J~~l5!'JI?l'Y1l~lU,1~U'r1':I'~j'€J"Fl1l~'Y1U,lllUu,€JlmA (Air Density)"

ll~€J~l~1 "in(;Il~1u~dfil~~€J n~l1 II?l!'JJll'l'l"i1~ 'I'I'lrh rrrsul ~!'JU,lltJ~~~€J~Fl1l~
I ~ IQ.I

'Y1U,lllUu,€JlmA~U€J~mJ

n.) tl~3JlWf'll'f,Jf)'U1Ii1f)f)n 1"llr;l(Co
2

Content) II?l!'J'Y1lntJ~mruXC02

l~!'J~l'Uu,fiIlnFh~~n~l1Jll!'Jlu,~1\1 0,0003 ~~ 0.0005 fiI~rl€Jl,xdll?lnl"i

ltJ~!'JmltJ~~Fl1l~'Y1UlllUu,€JlmA«~~'Y1B (relative air density change) lu

l'Y1€J~~€J~tJ~~lruFll{'U€Ju,11?l€J€Jn1'lli?ltJ"i~mruhll'Yhn'U

t.Pa (h)
Pa

.:::;9xlO-3 (±O.2)

:::;±2xIO-3 % (20.1)

relative air humidity referred to 1

h/100

h, = relative air humidity in %

h

a.) f'l113J~'Uf)1n1F1 (air pressure; p) fillmt~m"i Non-ideal Gas

(~~ m"i~ 17) ~~JU,l"il1r;lFldl~«~~U,B~€J~nl"iltJ ~!'JU,lltJ~\lFl1l~'Y1UlllUU,

m m An'UFl1l~~u,€Jl m A11?l'1UFl1l ~«~~UB~€J~ m"i ul ~!'JUlltJ~~Fl1l~'Y1u,lllU U,

€JlmA«~~'Y1B (relative air density change) 1Ul'Y1€J~~€J~ml~~u,€JlmA1r;l1l

(18)

lmu,~l Molar CO2 content l~!'J~l'UU,tJ~~lru XC02 1tJ ±0.0001 filln~ltJn~il

~lL'Yhn'U0.0004

t.Pa (x
C02

) ::::;O.4(±O.OOOI)
Pa

(21 )
t.p" (p) = t.p

Pa P
(18.1 )

:::;±4xlO-5 S.

L'lpa = Po - Pa (19)

1u,nl''l~€J'UlYl!'J'Ur;lmZlmtnmr;mnu, 'Y1~€Jr;l~Ul'Y1,rnuuum I?l"il, .... ,
iln ~ ll~1 m~'r'hm!'J 1u,,x€J~tJ-r'Um mA€J~ll~1 ~~J Ufilln nl"iI?l"i1fi11I?lll~~'Y11?l~€J'U

'I'I'U1l,x€J~~il"i~'U'UtJ-r'U€Jlm Am"i ul ~!'JUlltJ~~Fl1l ~ ~U€Jl m A«~~'Y1B (the

relative air pressure fluctuation) fiI~il~l€J~1u~1~ ±3%

ll~Fl1l~ ~U,€Jlm AfiI~ilm"iltJ~ !'JUlltJ~~€J~l~ ~l nm m~~'U Fl1l ~ ~~

~ lll?ln~l~ nu filln~I?l"inl"i'Y1l~lFl1l~~Ul~€J"i~~'U Fl1l~ ~~ltJ ~!'JU,lltJ~~1il~ ~
(Barometric height formula)

u.) f'I113Ji'Uel1n1F1 (h) 'Y1ln~€J'Ul~I?l~€J~Fl1l~~u,€JlnlA«~~'Y1B
I'll d

(relative air humidity; h.) €J~Jllmu,!J1~ 30% f:l~70%

uee1,xFl1l~'Y1UlllU um nlAltJ~!'Ju,mJ t1~~Fl1l~~U,€JlnlA«~~'Y1B 50%
'1 et cl I I Q...I

bu,m€J~~€J~Fl1l~!JU€JlmA ~Flll'Y1ln'U

•



_I

LL~~l cJeJ~(;1LFI~a\l#\I LL~(;1\1'lJa'UL'Il(;1aru'YIJl~1 t!\llul1' a ~l\1tT~L'IlULL~'"l LFI~a\l#\lhJ~ , ~
5(;11uar~r;l\ln~1'"l~a\l~1a.Jl'm'Yll\11Ul~a~l\1C1n~a\lm!'J 1U~'"l\l'lla'U L'Il(;1aru'YIJl~~~ . ~

o I ~ er ~ ~ I Qd 0 I 'U •••. d I I""

m'YIu~ LL(;1'Yl\lULL~::'Yl\lUU!f'"l\l'lla'UL'Il(;1aru'YIJla.J'Ylnl'YIU(;1a!'J1\1ua!'J(;1a\la.JFllL'Y11n'U, ~

Po
(22)

Height of the homogeneous atmosphere = 8435 m.

Height

• ~'"l\laru'YIJl~ s'c ~1'Y1-r'ULFI~a\l#\lhJ5(;1IU~#UFI'"l1a.JL~!'J\I I· ~
• ~'"l\laru'YIJl~ 15°e ~1'Y1-r'ULFI~a\l#\lhJ5(;1IUar~#UFI'"l1a.JL~!'J\IIT· ~
• ~'"l\laru'YIJl~ 300e ~1'Y1-r'ULFI~a\l#\lhJ5(;1IU~#UFI'"l1a.JL~!'J\I III LL~::UU· ~

• t; • •••

~'"la~l\1L~U 'YIln'Yllnl'itT\I,.zl'Y1,xn.yjFl'"lla.J~\I (H) Lvhn'U 850 m r;lil,xUFI'"lla.Jr;lU

fl1mF1L'tJ~!'JuLL'tJ~\ll'tJLvhn'U
r;l\l~ ul Unl'iL'tJ~!'J'U L.yj!'J'Un'Uaru'YIJl~51\1~\I 'YI~aaru'YIJl~(;11a.Jauarurul"IU "IU" •• .,

~\lri'l'Y1U~ 11'~ 20
0e n'U~'"lilaru'YIJl~LFI~a\l#\lhJ5(;11 uar~~~a\l~lm'iC1'Yll\11Ul~, ~

a~l\1C1n~a\lm!'Jlu~'"l\l'lJa'UL1J(;1aru'YIJl~ -rc'c ~\I +40oe ~\I~a\lm'i'YIlm'i~ . ~
L'tJ~!'JULL'tJ~\lFI'"l1a.J'YIU1LLUUfl1mF1aa.J~'Yl5mn~~(;1(Max. relative air density•
change) L-d,ail'lllnaru'YIJl~L'tJ~!'JULL'tJ~\I~l\1nUmn~~~ lu~d~'"l\laru'YIJl~~

q flU •• q <u

LL(;1n~l\1n'Uaru'YIJl~(;11a.Jauarurul~\lri'1'Y1U(;1H~ 20
0e ~a _1O

oe ~\I~~lLvhn'U
q IU 'I ••••

o cl I __ tI'ddl_

30 e m'iL'tJ~!'JULL'tJ~\lFI'"l1a.J'YIU1LLUUfl1mF1~a.J~'Yl5mn'Yl~~'Il\lL'Y11n'U

p - Po ~ -10%
Po

(23)

\I.) fHl.Il1Jlilel1n1f'T (t) L~UL~!'J'"lnun'UFI'"lla.Jr;lUfl1mF1 'Illn~a.Jn1'i• ••
Non-ideal Gas (~a.Jm'i~ 17) 'Il::l~F1'"l1a.Jaa.J~U51Ja\ln1'iL'tJ~!'JULL'tJ~\lFI'"l1a.J

'YIU1LLUUfl1 m F1n'Uaru'YIJl~fl1 m F1 1~'1UFI'"l1a.Jaa.J~U5'1la\lm'iL'tJ~!'JULL'tJ~\lFl'"lla.J, ~
'YIU1LLUUalmF1aa.J~'Yl5 (relative air density change) luL'Ylaa.J'Ila\laru'YIJl$l, ~
fl1mF11~11

~Pa (T) ::::; -10 -(+20) ~ -10% (25)
Pa (273.15+20)

1U5'"lUn'iclhj'eJ~(;1 LFl~a\l#\I LL~~\I'/Ja'UL'lJ(;1aru'YIJl$llt!\llu11'a ~l\1tT~L'IlU~ . ~
LL~'"lLL~::~~'"l\l1Ja'UL1J(;1aru'YIJl$l~ri'1'Y1U~a~l\1Ua!'Jr;l\lLL~~\l11'(;11a.J~ri'1'Y1U(;1~l\l'UU, ~

~Pa (T) ::: ~T
Pa T

(24)

T = 273 + t (the absolute temperature in K)

t = the temperature in °e

snn OIML R 76, ~'"l~a 3.9.2 ~ru'YI1J$l (Temperature) 1~ri'1'YIU~

11'11'YIln LFI~a\l#iIhJ5(;1I u~hh::'U1J nu L1J(;1~'"l\laru'YIJl$l1tT\llULL~'"l1'I1~a11 LFI~a\l. . ~
#\lhJ5(;11U~r;l\ln ~l'"l~a\l~lm'iC1'Yll\llUl~a~l\lC1n~a\l.fll!'J 1U~'"l\l'/Ja'UL1J(;laru'YIJl$l~ . ~

s'c ± 2.5°eI

IT ± 7.5°e

_10oe [;\1 +400e 300e ± 15°eITI LL~::nn

•



nl''HU~I:J'ftbb'lh;NFl'J1~'I'I''j,1mi'ftenf1lF1ff:J'I'W'Yl5 (relative air density

change) b,le:J\I~lne:Jru'l'lfla:lbU~I:J'ftbbU~\I~e:J\lbFl~e:J\I.a-\l#'ftFl'Jl~b~I:J\II b'l'1lflU, .. cl
[;11dl\l'Yl 3

L'..Pa(±2.5K)::::; ±2.5 "" ±0.9%
p, (273.15 + 20)

(26)

f1ldbU~I:J'ftbbU~\lFl'J1~'I'Immi'fte:Jlf1lF1ff~W'Yl5 (relative air density

change) b,le:J\I~lne:Jru'l'lfla:lbU~I:]'ftbbU~\I~e:J\lbFl~e:J\I.a-\l#'ftFl'Jl~b~I:]\I II b'Yhti'u, ..
nl'H'I.l~tI\Hb'l.liil\l

m13.J'YlUl~~UUel1mf'1a3-l.w'Yl5

(relative air density change) L'..Pa
L'..Pa(±7.5K) "'" ±7.5 "'" ± 2.6 % (27)
p, (273. J 5 + 20)

Pa

n. u~mruFll{Ue:J'ft1I?1e:Je:Jn1'(j~

(Co2 Content)

±0.2%

f1ldbU~I:]'ftbbU~\I Fl'Jl~'I'I'ft 1 bb",b'fte:Jlf1lF1ff~W'Yl5 (relative air density

change) b,le:J\I~lne:Jru'l'lfla:lbU~I:]'ftbbU~\I~e:J\lbFl~e:J\I.a-\l#'ftFl'Jl~b~I:]\I m U~:; IlIl, ..

L'..Pa(±15K) "" ±15 "'" ± 5.1 % (28)
Pa (273.15 + 20)

Fl. Fl'Jl~!?l'fte:Jlf1lF1

(air pressure; p)

± 3.0%

\I. e:Jru'l'lfla:le:Jlf1lF1 (t), .. ± 0.9% (Class I)

(Class Il)

(Class III and IIIl)

± 2.6%

± 5.1% 'I'I~e:J10.0%
bdl (;l1U f1ldbU~ l:]'ftbbU~\lFl'Jl~'I'I'ft 1 bb",b'fte:Jlf1lF1ff~W'Yl5 (Relative air

density change) b,le:J\I~l n e:Jru'l'lfl a:lul ~ l:]'ftbbU ~\I~ e:J\IbFl~e:J\I.a-\IhJ er [;1T'ft~~, ..
!?l\lbb(;ll?l\llrl 'ft[;11dl\l~ 2

b~ a [;1d'J~sau 8'Yl5't'l ~~Y111l1 Fl'Jl ~'I'I'ft 1 bb",b'ft~aem F1bU~ l:]'ftbbU~\l1 r;\

bb~'JbdlmYl~ldrul ru (;lm'J:;(;l~I?I~~e:J\lbbd\lm:;Y11r;]e:Jm~ m l'ftf1ld.a-\l"t'l'l'l'un,IiIl".il\l\1 2 (;l1Uf1ldbU~I:]'ftbbU~\lFl'Jl~'I'Imbb",b'fte:Jlf1lF1ff~W'Yl5 (Relative air

density change)

(8)F =m(l-&)g
Pm

Lfl~eI\I'Ii'\Ihi.rliltU3lm

tTUfl113l L~ U\I

ti1 \I 'V aut 'Viii

elw'I'Illil. "

elw'I'Illil. "
LtI~UULL'lJGl\l

Relative

air density

'I'll m dul ~I:]'ftbbU~\I~ e:J\Iud\I~ m:;Y11 b,le:J\If1ld Fl'Jl ~'I'I 'ft 1 bb",b'ft~ a \Irn m F1ul ~I:]'ftbbU~\I

'I'I~e:J~l?I~nul:]'I'I,l\l Fle:Jbbd\ll:]n~e:Jl:]~'J (Buoyancy force) bU~I:]'ftbbU~\l1u1r;\b'Yhti'u

change

•

s'c ± 2.SoC ±0.9%

n ± 7.SoC ±2.6%
oft..F=-t..Pa
oPa

(29)III LL<1::: III I ± S.1%

_30°C (MAX) -10.0%



LL"hlLitEl\l'illmlTYlttn~\l1Jehl LtJ~t1ULLthN1tJluL'YIEl3-I1JEI\lAl~3-I~'YI5~\I~'m

;UEI~ n'UAl F1'Jl3-l'YIUlmiumrn Ft~LtJ~t1ULLtJ~\l1tJ

l'i'lm~ partial differential ~3-Im~~ (8)

of o[ m(l-~)g]

oPa

~F= _mo-~Pa
to Pm

~F ~P= -mg __ U =
F FPm

=
-1 ~Pa

0-12) Pm
Pm

(Determination of Mass in Practice)

= _ mg
Pm

.
cO

G1flU't1 4(30)

(31 )

3-Il~\I"''J~E1~i1I;1ltl~!i1E1\1Yl'ill~C\.nnu'illn~L~lml'U3-IlLL~'J1Uj;lEIU~ 3 ~l,
F1'Jl3-l'YIUlLL1.iUEll m FtLtJ~t1ULLtJ~\I'il::~\I eJ~'l "'LL~\I~ EltI r;l'JEIlm Ft~m::l'i'l ~ Elm ~

~\l1JEI\lLtJ~t1U~\I~m3-lmn~E1LL~\I~~5~m::l'i'l~E13-11~LtJ~t1ULLtJ~\l1tJ!i1'JtlL~UnU

LL~::'YIlnYl'ill~ruli1ll3-ln-!)'ibr;lu~E1~ 2 L~mL~\I~~5m::l'i'l~E1m~LtJ~t1ULLtJ~\l1tJ

lU1J ru::~ Al Fl'Jl3-1L~\IItt3-1~'J\lfl\l F1\1ijAl FI\I~ ,tu 'YIm tI ~\l3-Il~1J El\I~ \l1JEl\I'il::

LtJ~t1ULLtJ~\l1tJ~ULEI\I

-mg ~Pa

mO-12)g Pill

Pill

(32)
4. ~'t1G'W~~eh1n1"H t1~fJUbb tI ~\I~eh1f1"J13-1'YiU1u 'IlUel1n1AGieJ3-I"J a Gl13-1

eJUiruru1 (Effects of Air density fluctuation on conventional mass). ~ ~
(32.1 )

LitEl\l'ill nlum~#\lJl'YIttn~ um::'Yillu1Jru::~F1'Jl3-l'YIm LL'I-iU1JEl\IEll rna

(Pa) hlL'Yhn'U Conventional density of the air (Po) r;l\l~ULFI~E1\1#\lJl'YIttn~\I

LVltl\l'l"'Al~'ln~L~t1\1n'UAltJ~::mru1JEI\lAlm~l1Jl3-lm.i'~C1!C1!l (conventional mass)

~ULEI\I LitEl\l'illn lum~#\I~\l1JEI\I~'JtI LFI~E1\1#\lluEIlmFt~'U~lLFI~E1\1#\I~il'l~E1~ij

'YI~ n m ~l'i'l \llUL ~ E1'Y1lJl'YI ttn ~\l1JEl\I~ LLI1Jn ~l\l nUEI~ ~\I'YI~ n m~l'i'l\llU1J El\I

LFI~El\I#\I~ LLI1Jn ~l\l nu dLEJ\lfl\l ~ \IeJ~1,.,eJ~m ~#\lJl'YI ttn 1~ Al ~ LLI1Jn ~l\l nu~ 'JtI

'YIl n LUUnl~#\lJl'YIttn~!i1 El\Inl~F1'Jl3-1L~t1\1~\I LL~'YIln LUUnl~#\I Jl'YI ttn li1l tI

~'J1tJn~lm~C\~::1 n~LL~'lu~dL~ El'l "'L~l 'l'il'YI~n~wGlu1JEI\lnl~#\I~~\I~ n,Jl\l..
~\I'iil LUu!i1E1\1Yl'ill~rullu tJ~:: L~Ur;l\ln ~l'J r;l\l~ UL~E1~lm~C\Yl'ill~rul ~'YI5~~1JEI\I

nl~LtJ~t1ULLtJ~\l1JEI\lFI'Jl3-l'YImLL'l-iUEIlmFt~E1m~l1Jl3-lEl,*~C1!C1!l(Effects of Air

density fluctuation on conventional mass) 'lU1Jru::v1lm~#\lJl'YIttn L~l~\I

LLtlmLtI::~n'l!l-ru::m~l'i'l\llU1JEI\lLFI~E1\1#\I~HElElmuu 2 m&'lmli'l MLLn

(32.2)

•



. . .
n~wfi 1 LFl~tl\Ji\JYi~~~tJUtf~L!ftJl.Ld\l (Weight force) l'ifHLd\lnd~Yi1LiteJ\l4J1n

"hYI 'ltn~ Eh'! ~,,~ El"~" n f;]~"U 'I-l,~1'1-l,':iEl,,-rut-hYI'ltn~ El"LFI~El"~" 'il'l-l,m::-rt,,':i::UU

tlf;] LtltJLL':i"Ill tJ1'I-l,LFI~El"ti',,1(;)tlf;]LtltJu':i" uae L~l~G11ll1:: G1~f;]a nU Lt':i"El'l-l,L-ctEl"'illn.. ,
,.hr,'ltn~El"~"~El"~n f;]~"~l LL~::1i ~.mnl':it"(;)1tJnl':iutl~" ~lEl'l-l,dlf;]'ill nseuu
tlf;] LtltlLL':i"ElElnm 1'I-l,~tl~El",xl'r'l'ltn ~"~El" ':i::UUtlf;] LtltJU':i"~El" LFI~El"'ll"Yi~'YI~ n

nl':i'Yll\ll'l-l,

• nl':iL~tJ~tl'Y1':i\lEl~llltJl'1-l,~1\l~~lG1~n (elastic deformation) L~'I-l,

G1tl~"~El~1mFl~El"~" G1tl~\l G1tl~"'il::ElEln LL':i"toll 'I-l,,xl'YI'ltn~"~ El"'il'l-l,

m::-rt\l G1tl~\l~ nl':i~ f;]tol1LL~::G1-rl"LL':i"toll'l-l,,xl'YI 'Itn ~"~El" L~l ~G11ll1::

G1~f;]~ 'ill mf'l-l,'il::LLtl~"~l~El"':i::tJ::~ f;]1fl1~El"G1tl~"ElEln~ll 'I-l,':itl~El", ..
,xl'YI'ltn tU'l-l,tol'l-l,

. .
d~El:5'f;]G1~nl':iYi(33) 1'YI~ L':il'il::M~ltl':i::mru~El"m~m~El,,*ffqJqJl

me * whnu

1 _e.~m.
• Pmme = m ---'--"'-

1 -~
Pc

(34)

e.J~~l"~El\l~ltl':i::~lru~El"m~m~El,,*ffqJqJl me * num~m~El,,*ffqJqJl

(conventional mass); me G1l~l':itl'YIlM(;)1tJnl':iUlLtJlG1~nl':i~ (34) ~U(;)1tJ

d
G1~nl':i'Yl (10)

l-~
Pm

1- po
Pc

(10)
• Electrodynamics forces

• Electromagnetic forces

• Gyroscopic forces

LL~::L~El':i::UUtlf;]ttltJLL':i"m::'YhL-ctEl"'illmll'YI'ltn~El"~"~El"(;)1tJ':i::UUIfl"

n ~l1L~l ~G11ll1::G1~f;]~ LL~1LL~::LLG1f;]"~lEl Elnm LU'I-l,,xl'YI'ltn ~ G1Jll1::G1~f;]~'il::M.. , ,

l
Po - p, 1

m Pm
1- Po

Pc

[

~Pa. ]
m~

1-~
Pc

[
1 ] ~Pm a

1- ~.~..Pm

m(l- EL)g
Pm (33)

me * ~ltl':i::~lru~El"~1~m~El,,*ffqJqJl (conventional mass); me

'il::L~'I-l,1(;)';hL~ElLtl~tJU LYitJUG1~nl':iG11ll1::G1~ f;]~~G1~U':irum1'il~"~ El", ... .
nl':i'Yll~lm~(;1l~El,,*ffqJqJl (conventional mass) G1~nl':iYi (9) nUG1~nl':iYi (33)

'il::L~w-ll1tol'Yhnl':iLL'Y1'1-l,~lConventional density of the air (Po) (;)1tJFl1l~'YI'I-l,l

mi'l-l,~El"EllnlA (Pa) ~ru::'YhnTl~,,1'1-l,L'YlEl~'Y1l"~l1~El~El"G1~nl':i~ (9)

•

m(l- ~)g
Pm (9)



• [ 1 j LlPame --
l-~ Pm

Pm

kg/rrr' nl'HtJ~£JULLtJi:!~«~~'YH5~El~mi:!m~El~«CYCYl(Relative change of the

conventional mass) :;)::;~~lEl~Jl1£Jlu~'"l~

• LlPa;::mc--
Pm

(35) .
0.10.1 Am,

~ --~
kg /rn:'k . 1 .

10,0001,000 g/nY me
(36)

10-4 ~ Llm: 10-5 (38)--~.
me

L~El~1F1'"l1~'VIU1LLUU~El~Elln1F1~~1~:;)lnConventional density of the

air ~El LlPa = Po - Pa LLi:!::;L~m~:;)1"irulLtJ~£JULYi£JU~lF1'"l1~~U1LLUUmi:!

~~~El~nUFl'"l1~'VIU1LLUUElln1F1LL~'"ltJnm'l'lu;hPm >>> Pa ~'"lm'VI~UL'Y1El~p/Pm

~~~~l,zEl£JmmLi:!::;,zEl£J:;)u~~~ml,xL'Yhnu 0,

mVl:;)1"iruln1"iLtJ~£JULLtJi:!~«~~'Y15t1El~mi:!{;n~El~«CYCYl (Relative

change of the conventional mass) :;)ln~~n1"i~ (36) :;)::;1~11

'l U~ru::;L~ £J'"lnu'VI1n L"ilmlu~ltJ"i::;m rutl El~mi:! {;11~El~«CY CYl

(conventional mass); me * L"iln~lm"iCl'VI1~lmi:!~~~El\l m 'VI1m"ilmlU~l

Fldl~'VIU1LLUUtlEl~mi:!~~n~1'"l Pm LLi:!::;~1F1'"l1~'VIU1LLUUElln1F1t1ru::;'Yhn1"ii\l

(Pa) ~1£Jn1"i~(?l~~n1"i~ (34) 'lmJ

(37)

l-~
• Pcm = me --'-''-

l-~
Pm

(39)

(?lL'VI~Elu:;)::;1~&Ji:!~'I'l5~Ul~u'l:;)L~ElL"i1'1'lU11~lm\ltll'"l~El'lU~~n1"i~(37)

~~lL'Yhn~Film\ltl'"ll~El 'lU~~n1"i~ (32.2) ~\lLtJU~l LtJ~£JULLtJi:!\I«~~'Y151U~l

tlEl~LL"i\l~m::;'Yh~ Elm i:!tlEl~~~~El\l~~~:;)~~LitEl~:;)lnrrnLtJ~£JULLtJi:!\I~1FI'"ll~'VIU1

LLUUtlEl~Elln1F1LlPa

n~w.., 2 LFI~El\l~~~~r;l~~'"l\lJlmrn (Counter weights) L~El~'"l~~i:!nULL"i~
, '" q, I I cv':;'"", od;'"

m::;'YhLUEl~:;)1nUl'V1,xntlEl\I~\ltlEl\l~~n (?li:!\lUU~lU"iEl\l"iUUl'V1UntlEl\ILFI"iEl~'Zf\I:;)U

n "i::;rt~r;l~ ~'"l~Jl'V1,xntl El\ILFI~El\l~\IM ~1\1~ i:!LLi:!::;L~l ~~Jl1'"l::;~~ ~ a nu LL"i~5u

LitEl~:;)l~Jl'V1,xntl El~~\ltlEl~~n(?li:!~~1 LLi:!::;1,x&Ji:!n1"i~~ r;l'"l£Jn1"irilU~l:;)l n ~~ ~'"l~

Jl'V1,xnElElnm 'l u~tJtlEl\lJl'V1,xn~\I~El~ LFI~El\l~\I~~'VI~nn1"i'Y11~lU

• Equal and unequal arm beam balances

• Built-in weight balances

• Bench weighing instruments

• 1/10 ration beam balances

LFI~El~~~~~'VI~nn1"i'Y11\11UL~U,:t:;)::;'l ,x&Ji:!n1"i~~Jl'V1,xn L~El'Vl1 con-

ventional mass MLL~u~h1~~YiL~m LLi:!::;~lm"iCl'l'11'L~El'VI1~1conventional

mass ~\I~~1F1'"l1~'VIU1LL'i-iu1~~~15,000 kg/rn ' r;l1£Jn1"iU1LElll15n1"i'ff(?lL~W

LlF

F
(32.2)

'VI1n ~1 Fll1~'VIU1LLUUti nem m F1~~l\1:;)ln Conventional density of

the air (LlPa = Po - Pa) ~~lL'Yhnu 10% L~mYi£JUnUFI'"l1~'VIU1LLUUtlEl~Elln1F1

(Pa) LLi:!::;L~El'Y11n1"i~\lmi:!~~~El~~~FI'"l1~'VIU1LLUU1,000 kg/rrr' ~ P ~ 10,000

•



LL"i~r;l..JtJ"i::;'U'U'i1umrl:J (the modern force-compensating balances) ~firn3-J

VlUlLLUUEnn1F1L'Yhn'U'1Iru::;~'Yll''r'1~tJhrr;l3-J~'J~Jlmrnml:J 1ULfil~tJ~i~ (Built-in
q

weight)

J:.J~~l~'IItJ~~l'lh::;:!-Jlru'lltJ~m~Jnl3-JtJ"\>«CYCYlme** n'Um~m3-JtJ"\>«CYCYl

(conventional mass); me ~lm"i(lVl11r;lr;l'JI:Jn1"i"zlLEn~3-Jn1"i~ 41) ~'Ur;l'J1:J

~3-Jn1"i~ (1 0) ~::;1r;l

. ~
LL~::;L~tJr;l3-J~'J~"zlmrn (Counter weights) LYltJ~'J~Jn~n'ULL"i~n"i::;'Yll

q q

L-cttJ~~lnJ1V1Un'1l1N~~'IItJ~~~nj;l~~'Uu~'JU"itJ\I-r'UJ1V1Un'lltJ\lLfil~tJ\li\l L~l~~m'J::;

~:!-Jj;l~n'ULL"i\l5m-ctEl\l~lnJ1V1Un'1lEl\l~\I'IIEI\I~nj;l~\lm ~~m'J::;~3-Jj;l~~::;1r;l
q q

•• P'lme (1--')g
Pe

m(l _ll)g
Pm

(40)

. .
n1"iVl1~lm~m3-JEI"\>«CYCYl (conventional mass) ~3-Jn1"iYi(9) n'U~3-Jn1"iYi(40)

~::;L~u"h1r;l'Ylln1"iLL'Y1UFh Conventional air density (po) r;l'Jl:Jml:!-JVlU1LLUU

'llEI\lEnn1F1 (Pa) 'llru::;'Yllm"i~\I~\llUL'Y1E13-J'Y11\1'11'Jl~mL~::;'Ii'll:J~E1'11E1\1~:!-Jn1"i~(9)

~\ldL-ctEl\l~l nr;l3-J~'J\lJ1V1Un~\I ~j;l ~\lEI~ VI~E11'1i'n'ULfil~E1\1i\l~1\1nn nl'1i'L~El~'J\I
q '" '", •.•• • I

~3-Jj;l~'1IEI\lLL"i\l5ULUEl~~ln"z1'VlUn~\I'IIEI\lYi~m'J::;fil'J13-JVlU1LLUUEllmFlL~I:J'Jnu~
q . ~ .

~lL'Yhn'Ufil'Jl3-JVlm LLUU'IIEI\lEnn1F1 (Pa) 'llru::;'Ylln1"i'li'\I~~\I UEln~lnuYifilFlCY
~d ~ I\'_ 'lJ id

nfilEl ~:!-Jm\lU1V1Un (Counter weights) ~::;JnEl\l3-JConventional mass density;

Pe L'Yhn'U 8,000 kg/m3 LL~'J~3-Jn1"i~(40) ~::;LUU~~\I

. .
L~E1:5'j;l~3-Jn1"iYi(40) 1VIa.] L"i1~::;1r;l~1'lh::;mru'1lEl\lm~Jnl3-JEI"\>«CYCYl

m ** L'Yhn'Ue

•

1 - Ps
•• Pm (41 )me m

Pa
Pc

166 U1UlffTY::i:Jlil?v?1iI



, ,
(;]fl~umJn"h 3 bvhtm~5(;1"j1b~m'Yl~m~mJ1(;l (Maximum permissible error;

MPE) !Jfl~bFl~fl~tY~~~n(;ln1~~ 2 kg) 'Yl1n~3-nl1'Yl'ltn'Yl(;ll'1mJ~b~flnhTilFl1Fll1:J.J

'Yl'\-l,lbb1-h'\-l,Pm = Pc + ~Pm m'l::lfT(;I"jlliJl'1fl'Uh'Fi1-rtJ"jfl~ (verification) bFl~fl~tY~

111tJ'l(;]~'Yl5'Y'1rl~il ~mFl~fl~tY~ bVltJ~ifliJ~m~m ~fl ~'Yl5'Y'1rl!Jfl~m"jbtJ~tJ'\-l,bbtJrl~

!Jfl~Fll1:J.J'Yl'\-l,lbb1-h'\-l,f)1n1F1~fl:J.Jdrl(;ll:J.Jfl~~~~1(Effects of Air density fluctuation

on conventional mass) T(;lm"j1(;]fl~n1"j(;]3-nl1'Yl'ltmb'U'U:J.J1(;1"j1 'Yl~fl Conventional,
, ,

mass me ile.Jrl~(;lUfltJn115(;1"j1b~m'Yl~m~mJ1(;l (Maximum permissible error;
~

MPE) !Jfl~~:J.J~l'Yl'ltn~lm'\-l, 4 bvh 'Yl~fl 1/4 MPE t.Jfl~ me bb~lb"j1tJ"j::~n~
cl

l'1:J.Jm"j'Yl(44)

(42)

(43)

, ,
b~flFl1Fll1:J.J'Ylmbb1-hW~JfJ~fl1mF1-n~1~1iJ1n Conventional density of

the air ~fl ~Pa = Po - Pa bbrl::b~fl~1iJ1"jf,lmtJ~tJ'Ub-ntJ'Uroi1Fll1:J.J'Yl'\-l,lbb1-h'\-l,:J.Jdrl

~~!Jfl~ bbrl::Fll1:J.J'Yl'\-l,1bb1-h'\-l,:J.Jdrl(;I1:J.Jfl'\-l,~runnn'UFll1:J.J'Yl'\-l,1bb1-h'\-l,f)1m F1bb~ltJn ~'Y'I'U11, ~~
v d" d d I 'l.I

Pm >>> Pa uae Pc »> Po (;llm'Yl~'\-l,b'Ylfl:J.JPa/Pm uae Po/Pc liJ~:J.JFl1'\-l,fltJ:J.J1n

bbrl::UfltJliJ'\-l,I'1:J.J:J.J~'l'l4bvhn'U 0,

~m:' '" (MPE )_1_ 2 (1_~)~Pa (45)

me 4 me Pc Pm

1iJ1n Pm = Pc + llpm

(MPE)_1 2 (l_Pe+~Pm) Ap, (45.1)
4 me Pc Pc + ~Pm

:J.J1~1iJ1"jru1m"jbtJ~tJ'\-l,bbtJrl~~:J.J~'Yl5!Jfl~mrl(;ll:J.Jfl'\-l,~ruru1 (Relative, ~~
change of the conventional mass) 1iJ1nl'1:J.Jn1"j~(36) 1iJ::1(;]11

<::: (l-~)~Pa
Pc Pm

(44)

Fll1:J.J'Yl'\-l,lbb1-h'\-l,1iJ1nConventional mass density; Pc (~Pm) UfltJnl1Fl1Fll1:J.J

'Ylmbb1-h'\-l,~~'l'\-l,I'1:J.Jm"j~ (46) ~~1'11:J.J1"jblblm~fln'l'l4bU'\-l,(;]mt'1'Yl'ltn~'l~'\-l,m"j.. ,
1iJ1nl'1:J.Jn1"j~(43) 1iJ::b~'\-l,1(;]11'Yl1nPm b~l'ln~'Yl~mvhn'U Conventional

mass density; Pc bvhn'U 8,000 kg/rn' bb~l ~mc·· 1iJ::ilFl1UfltJ:J.J1n

1iJ1n~ fl:J.Ja ~~n ~11~~'lti\U '\-l,b~fl '\-l,1t.J'l'\-l,n1"j b~ fl n (;]:J.Jbb'U'U:J.J1(;I"j1 b~ a.. ,
""lm"j(;l"jlliJl'1fl'U'Yl~fl I'1fl'Ub-ntJ'UFll1:J.J~n(;]fl~ m"j""l~l'\-l,t.Jfl~ bFl~fl~tY~ ~~~ '\-l,'l'\-l,

rrnb~fl n (;]:J.Jbb'U'U:J.J1(;I"j1b~ fl'ltll'1fl'U b-ntJ'UbFl~fl~tY~~~ b~fl n (;]:J.Jbb'U'U:J.J1(;1"j1~ilFll1:J.J, ,
I I "

~n(;]fl~:J.J1nnl1bFl~fl~'I1\1fl~1~UfltJ 3 bvl1!Jfl~5m1b~m'Yl~m~flt.J1(;l (Maximum

permissible error; MPE) t.Jfl~bFl~fl~tY~ ('Yl~~1iJ1n~M"jl:J.Jbfl1(;]:J.JJ1'Yl'ltn~1'\-l,1'\-l,,
'Yl\i~ b~'\-l,(;I"jlliJl'1fl'UbFl~fl~tY~~~n(;ln1~\1 2 kg (;]fl~'ltl~:J.JJ1'Yl'ltn~n(;ln1~~ 1 kg

~1'\-l,1'\-l,2 (;]:J.JT(;ltJ~lbfl1e.Jrl~(;lt.Jfl~(;]:J.J'Yl'ltn 1 kg bb~rl::(;]:J.J~lm'\-l, 2 (;]:J.J:J.J1"jl:J.Jn'\-l,
q 'I 'I 'I

(45.2)

•



!?l\l~U~f)\lb~f)n't'li'~3-l"h~'1Un~ij~lFl'"J13-l'YIU1bb'l,iuYh~3-lJ1'Y1unbbUU3-l1111"i1#U

Fl'"Jl3-lb~EJ\I E1 'YI~'f)'YI1n~f)\lm"i~f)Ub-nEJU~3-lJ1'Y1Um~f)ci1EJt4'1!?lU('NhJnFl'"J"i
et g.. ~ cv dd I

b;;'if)nl1l3-lU1'Y1Un'Yl3-lml3-l'YIU1bbUU,
(46)

Pm = (8,000 ± 66,67) kg/ m3

bitf)\l1iJ1n~lml3-lbbl1ln~l\1Fl'"J13-l'YImbbUUlil1n Conventional mass

density; Pe (~Pm) tJf)\l3-lJ;;'i~IiJ:;Ul3-l1 't'li'~13-l1"iClEJf)3-l1r7l~\I~lEJ3-l1mb;;'i:;~lmXf)EJ

!?l\l~UbFl~f)\I'YI3-l1EJ;;'iU~\l1~~f)\lYiIiJ1"iru1

uf)nIiJ1ndb"i1~13-l1"imh:;EJn&l~3-lm"i~ (46) b~f)'t'li'\l1U'tUm"ib~f)n, ~ ,
?Ju~T;;'i'YI:;b~f)Yh~3-lJ1'Y1UnbbUU3-l1I11"i1 'YI~f)m"ib~f)n~3-lU1'Y1UnbbUU3-l1I11"i1bYlf),
sou b-nEJU~ 3-lJ1'Y1Unr7l'"JEJnUbf) \I':hFl'"J"iij ~1 Fl'"Jl3-l'YIU1 bbUub'Yh1'YI~ bYlf);;'i~ 5'Yl15'Vm,
tJf)\Ibb"i\l;;'if)EJ!?l'"JfJ1m A't143-l1n~~~ !?l\l!?l'"Jf)~l\1~l\1~l\1,

'YI1m"i1hJ~ OIML R111, Table 3 Minimum and maximum limits for

density (p . p "') tJf)\I~3-lJ1'Y1UmbUUml1l"i1#UFl'"J13-lb~EJ\I E1 Yin~n1~\I~\I
mm' max , ~

bb~ 100 g. IiJ:;EJf)3-l't't1~3-lJ1'Y1Un#UFl'"J13-lb~EJ\I!?l\ln~1'"Ja:i~lml3-l'YIU1bbUU!?l\lLb~

7,934 ~\I 8,067 kg/m3 ~UAf)8,000 ± 67 kg/rrr'

1iJ1n!?l'"Jf) ~l\1!?l\l n ~ 1'"JbliU1r;l..h 5 'Yl15'I'I;;'itJf) \Im"i ul ~EJUbbU ;;'i\ltJf) \IFl'"Jl3-l

'YIU1bbUUf)lmA~f)m;;'i11l13-lf)~~qJqJ1ij5'Yl15'I'I;;'i~f)m"i~\lJ1'Y1Un3-l1n-nb~EJ'"J'tu

m&~f)\lm"i~.mn1"i~\I~a:iml3-lb~EJ\lI1I"i\l~\I Ans

'tutJru:;b~EJJnU'YI1nb"i1m1U~lU"i:;3-l1rutJf)\l3-lJ;;'im3-lf)~~qJqJ1 (con-

ventional mass); me" b"i1n~13-l1"iCl'Yl1~lm;;'i~\ltJf)\I m 'YI1nmm1u~lFl'"J13-l

'YImbbuutJf)\l3-lJ;;'i!?l\ln~l'"J Pm bb;;'i:;~lFl'"Jl3-l'YImbbUUfJ1mAtJru:;'Yhm"i~\I (Pa)

r7l'"JEJm"i~~~3-lm"i~ (41) 't'YI~

11I1mh", 1 i?l3-lJ1'Y1UmbUU3-l1I11"i1#UFl'"J13-lb~EJ\IE1 Yin~n1~\I 1 kg. a:i MPE

b'Yhnu 5 mg ''YI~f) 5 x 10-7 kg bb;;'i:;'t14tJru:;Yhn1"i~\lm"ibu~EJUbbU;;'i\ltJf)\lFl'"Jl3-l
~

'YIU1bbUUf)lmAa:i~1 ~Pa = p/10 !?l\lUU'YI1nYiIiJ1"iru1bU'I'I1:;5'Yl15'I'I;;'itJf)\lm"i

bU~EJUbbU;;'i\ltJf)\lFl'"J13-l'YImbbUUfJ1mA~f)m;;'i11l13-lf)~~qJqJ1 (Effects of Air

density fluctuation on conventional mass) UIiJ~m~EJJ b"i1i?lf)\lb~f)n't'li'~3-l

J1'Y1Un~a:i~lFl'"J13-l'YIU1bbUUbYh't~b~f)'t'li''Yi1~3-lJ1'Y1UnbbUU3-l1I11''i1#UFl'"J13-lb~EJ\I

E1 Yin~n1~\I 1 kg. 'YI~f)'t'li'~f)UbYiEJUnU~3-lJ1'Y1UmbUU3-l1I11"i1r7l'"JEJnU

1 _ P••
•* Pcm = me ---

I- £.~
Pm

(47)

( ) [ ) 1~PI11 ~'"
MPE P~
4 me ~Pa

~Pm ~'" [5 x 10-' kgtOaD' kg/m' 1
4 • (l kg) 1.2 kg/rn '

10

~PI11 ~'" 66.67 kg/rrr'

170 U 7U 7 1'175::rX";)J,J']U!

~ , ,

1iJ1nm"ibbEJnYiIiJ1"iru1bFl~f)\I~\lf)f)mUU 2 m&UUb"i11iJ:;'I'IU11bFl~f)\I~\I

m&~ 2 1r7lbbrl Equal and unequal arm beam balances, Bench weighing

instruments, 1/10 ration beam balances uee Built-in weight balances

"i:;uum"i?J~btjEJ'YI~f)ci'"J\lCiJ;;'inUbb"i\lm:;'Yi1bitf)\I"il1nJ1'Y1UntJf)\I~\ltJf)\I~\ln~;;'i\lUU

~'"JU"if) \I-ruJ1'Y1UntJ f)\I bFl~f)\I~\I ~l\11r7l-ru 5 'Yl15'I'I;;'ibb;;'i:;U"il~EJ'tU Y1 Am\l b~ EJJnu

•



~\Pil::il~ fl~,r 'U~fl'il:d1t:J~ri' m11\1flfln 1tJ~\I n'Ull~::n'U (T~tJ'VI~nn1'J) ll~l wm;u::

l~tJ'"Jn'UlFl~fl\ltT\lmru~ 1 ~\lltJ'UlFl~fl\ltT\I~il'J::'U'U!1~l!1tJll'J\I (Weight force)

~flll'J\lm::'Yhlitfl\l'illmhYI'\Xn'eJfl\l~\ltlfl\l~\ln~~\I'U'U5'"J'U'Jfl\l-r'U\h~'1~n'eJfl\llFl~fl\ltT\I

&1'"JtJn1'Jl~tJ~tJm\lfl~Jl1tJl'U~'"J\l5~1~~n (elastic deformation) l~'U ~tJ~\I~fl~

1'UlFl~fl\ltT\I~tJ~\I, ~'U13-Jll~ l'VI~m~ a~fl\1'J::'U'U!1~ l!1tJll'J\I&1'"JtJElectromagnetic

forces 'J'"J3-Jtt\ltJ'J1nnn1'Jci Gyroscopic l~fl~fl\1 Gyroscopic forces ~\lltJ'U

'VI~nn1'J'Yll\11'Utlfl\llFl~fl\ltT\I~~tJ 1'VI~ 'W'Ul1lFl~fl\ltT\I!1U~ electromechanical

weighting instrument 'iI::1'"J~fl~\I~m'J'U mml~::'Jml'J\l3-Jl n nl1lFl~fl\ltT\I!1U~,
counterbalance

'iI::iln1'Jll(;]ml'U'"Jll'J\Jflfln1tJ 2 'J::'Ul'U ~fl ll'U'"J'Jl'U (horizontal) n'Ull'U'"J~\J

(vertical) n'U~'UT~n'YllMJ1'V1~n~t11~'VIltJ1tJll~::1~1&i'~n'Yl1n1'JtT\J ~fl ll'J\Jl'U

ll'U'"J'Jl'U 'W'Ul1lFl~fl\JtT\lmru~ 1 ~\JltJ'UlFl~fl\JtT\I~il'J::'U'U!1~l!1tJll'J\J (Weight

force) ~flll'J\Jm::'Ylllitfl\J'illmhYI~n'eJfl\J~\I'iI::1&1-r'Ut:J~m::'Yl'UilFill'Yhn'U

m 2
(48)

&1'"JtJl'VI(;]dlFl~fl\ltT\J~ \J~lltJ'Uiil fl\lillFl~fl\Jl ~'J::~'U (level indicator),
tJ'J::~llFl~fl\ltT\J l~ fll ~~ 1'Un 1'J~ ~ ~\ll~ fl tJ-rm:: ~'U lFl~ fl\ltT\I n fl 'U1~\ll'U'iI~\J

'Ufl n 'ill n dlFl ~ fl \JtT\I'U1\Jl FI~ fl \Jfll'i1 il 'J::'U'U bu i It - in cal ib rati 0 n we ig ht
• 'i.I , I

l~fl~~5'YlB'W~'eJfl\Jn1'J~~~\llFl~fl\J~\J~~'VI~flln~'iI1nl'Vl(;]~~1«tJ,,

. ,. .
fnl~HrUa:afim.~ (vibration) ~l'VI;Jfl'U'iI::il5'YlB'W~~mFl~fl\l~\I!1U~ Yi

il'VI~n n1'J'Yll\11'Ull'U'U counterweights '\.bmJmml~'iI::il ua n'J::'Yl'U~ElFl'"Jl3-J

'Yll\Jl 'Ull~:: FI'"Jl3-Jll~ 'Ueh'eJEl\JlFl~fl\l~\I dlnunn !1U~,

u')\1 'ill n iI1 tlU£J n 1'Umru~~\J'eJfl\l'eJru::'Ylln1'JtT\JIn ~ ll'J\I ~\I'VI~El~'U

litfl\J'illn magnetic force 'VI~fl electrostatic force n'U~\ltlElmElmFl~fl\ltT\I

~\ll'VI~ld~\lltJ'U~ ElFI'"J'J'J::l\J1'Un1'J1~\Jl'UlFl~El\ltT\J&1'"JtJl~'Un'U

n1,)btl~tlUbbtJiiI\lFl11~"'HUlbb'llU£J1n1A (Fluctuating air density)

~\I'iI::5\1t:J~~Elll'J\J~fltJ ~'"JElln1A~m::'Yh~fl3-J'"J~ 1'U'VI~ltJ~tJ uuu ll~::'VI~ltJ'J::~'U

FI'"Jl3-J'J'Ull'J\J~1'V1-r'UlFl~El\ltT\Jn 'Jru~ 1 ~\lltJ'UlFl ~a \JtT\I~ il 'J::'U'U!1~ l!1tJll'J\I,
, •... ,.

(Weight force) ~ml'J\lm::'Ylll-a,El\J'illnUl'V1~ntlEl\J~\JtlEl\JYi\ln~~\J'U'U5'"J'U'Jfl\l-r'U

Jl'V1Un'eJEl\JlFl~ fl\ltT\J lFl~El\JtT\I~\I n ~1'"JfJ1'i1~lltJ'Uiil El\Jil m (;]'Jn1 'JYllF1~l~l~'"J tJ

llm'eJuru'VIl ~\Jn ~1'"J&1'"JtJn1'J:5'~l14il iil3-JJ1'V1Um~El(;]'J'"J'iI~fl'Un1'J'Yll\Jl'UJl1tJ 1'U~ ,
lFl~El\Jir\J(internal calibration weight)

Fl11a.1b~\ltU3Hh\ltt'!n (Gravitational acceleration) ~\J~1&1n~1'"JH

1'Ul91fl'Uiil'Ull~'"Jl1litEl\l'ill n l'Jl1&1'Yhn1'J ~ ~ ~\llFl~ El\ltT\ltJ 'J::~1~ ~\I,r 'U~\I~ fll1

FI'"Jl3-Jl~\JT'\.b3-J~'"J\IT~n il FilF1\1~ ~l3-Jl'JClI'l ~~\lU'il:5'tJ ~\I n ~1'"J~'iI::1tJil t:J~~fl n1'J

'Yll\Jl'UtlEl\llFl~El\ltT\l1&1(L1g/g < 10-7)

fnla.1t'!l(;1b~tI\I (tilting) 'eJru::'Ylln1'JtT\J'VIlmFl~El\ltT\J1~1&1~\lfl~1 'U

'J::m'U'eJ'Ul~n'U~'UT~n'VI~mFl~fl\ltT\ll~t.J\I'Yll3-J3-Jn'U'J::m'U~'UT~m'Yhn'U a 'iI::5\1,
t:J~l14ll'J\JtI fl \JJ1'VIun ~\ltlfl\l~ m::'Yll ~\J'U'UlFl~El\ltT\llitEl\J'ill n ll'J \JT'\.b3-J~'"J\ltIfl\JT~n

rrrnU ~ tlU uut'! \I £JW'VI.n~ 'UEln'ill n il t:J~~ElFI'"Jl3-J'VI'UlllU 'UtiEl\IfJ1m F1• ••
ll~'"J~\Iil t:J~~ Eln1'J'Yll \ll'Utlfl\llFl~fl\JtT\l5l~ FlmflUFl~\lltJ'UlFl~El\ltT\I~~ tJ1'VI3-Juse

il5'"J'Ull~~\JFil (indicating device) ~\lT~ t.J~'"J1tJ'iI::il5'"J'UtJ'J::m~t:J ~fl ~ &l'"JtJ

~\J,r 'Ul~ fl a ru'VIJl3htJ~ t.J'UlltJ ~\J1tl 'iI::'Yll1'VI1il ltJ ~ tJ'U{,h ll'VlU\J'eJEl\I Zero uae
• <U

span 'eJfl\l5'"J'UlW~\lFil'eJfl\JlFl~fl\l~\l5l~FlmElUFI

Fl11a.1-2fulu£JlnlA (air humidity) 'VIlnilFil~\l3-J1n'VI~El'\.bfltJmn'il'U

In'U1tl ~'"J'Uilt:J~~Eln1'J'Yll\Jl'U'eJEl\llFl~fl\ltT\l5l~FlmflUFI T~tJlQ'Wl::n'UT'VI~~l'l!~!1U~

stain gauges tJ'J::nEl'Ufl~ litfl\J'illml'J\J~'U1yjyh;11'U'Yl1\1ElEln'eJEl\J'"J\J'iI'J(bridge

circuits) lV;tJ\Jl'Yhn'U 10-6 l'Yll'eJEl\Jll'J\J~'U1yjYh&ll'U'Yl1\Jl~l'eJEl\J'"J\I'iI'Jn~l3-J1'JCl

'Yll114t:J~n1'JtT\JltJ~t.J'UltJ1 #'U'VI3-J1t.J3-Jl(;]'Jl(;]'J'"J'iI-r'U'Jfl\J(1e)

•



nl'':i'l..''~mJ'lh::liI (electrostatic charges) m'jtJ~l1ltJ~mJth::1iI1vJvh~~I1lEl• •
~\lu11i11i1::LnI1l1[;]a.nnL~mnmI'1L~1-l.LL~::LLl1\1Lt1-l.l1-l.C]~'Y11-l.Tlu11i1riuFl'l13-JL~El'Y11El

111nu~'l1-l.ilsen UU'tJU\lLFI~u\l~\I~ LU1-l.5L~FI'muil.Fl1[;]

.-'" 0 ...,
Gl3.JU1'V1UnuUU3.J1Gl'a1

q

d1'V1fun1'aGl'a1~avuL~~1fu'av~
t~~v~-t~13J5GlTu:trGi

(Verification standards for
non-automatic weighing instrument)

I I " dnl''HLrJ'VehlHU13HL3H'Hfln (Electromagnetic radiation) 'Y11nLFI'ju\l

~\I~u\ll~'Y1~u&iI1l~\lln~LL'Y1~\l51-l.1~LLa,lL'Y1~nn~u\l~\I'jd'\lCJ~m'j~\I~U11i1~11l~~111l1~

Lt1-l. radio transmitters, broadcasting station, radar facilities, microwave

ovens, x-ray equipment, electromotors, computers LL~::~1-l.1 l1-l.m'jIn'j'llil

5uU~1-l.LLUULFI~u\l~\l1a,15lnl1-l.milnl~ OIML R76 ~\lMi1m'jri1'Y11-l.l1lm'j'Y111l5uU

FI'l1~m3-J1'j(l?Ju\lm'jiJu\ln1-l.CJ~n'j::'Y1U'tJu\lLFI~u\l~\l51-l.L,tu\l1il1nm'jLL~'tJu\l51-l.1~
la d d tJ tJ la ...,dd.,

LL~L'Y1~nlil1-l.(l\lFl'll~(l 1 GHz l1l'lElFl'l1~Lt!~51-l.1~LL~L'Y1~n3V/m LL~'lLFI'ju\lll\l

~u\lfr\lFl\lll1CJ ~m'j~\I~ ~ n ~u\l r;l\l,r 1-l.'Y11nU~';Ylll1li1F1'll~~l LU1-l.~u\ll ~LFI~u\l~\I~
, ,

tJ et Id tJ et d I a tJ ILl

Inu\l nl'jFl'll~ LYIEl\I LLIn~5fll'l::LL'l11l a a ~Ylu11i1~51-l.1~ LL~L'Y1~nFl'"ll~ Lt!~1-l.utJ

n~l r;l\l~ n ~1'l n FI'l'j~ a \I'Y11LFI~u\l~\l1a,15 Inl 1-l.~&i~~l1-l.m'j 1n'j'l1il5UU~1-l.LLUU1nl~

OIML R76

l1-l.m'jtJ~,j&i\ll1-l.t!u\l L:ijl'Y1~l~~\I 1n'l\l111l11-l.m'jIn'j'l1il5uU111Al~mu\l

LFI~u\l~\l1a,15lnl 1-l.~&i,r1-l. ~nlil::i1Alm~Lnl1l~1-l.u~L5~u~lF1'l'j~1iI::L~un 1~~~•. ,
,l1'Y1,rn~FI'l'ji1F1'l13-JL~El\l'j::r;lull1l~\l1iI::L'Y1~1::5~nUFI'l1~LLa,l1-l.~h~n~u\lt!u\lLFI~u\l~\I

1a,15lnl1-l.~&i~ril~\I~u\lm'jIn'j'l1il5uull1Al~mU\l A1~lL'Y1~1::5~nUFI'l1~~n~u\l

LLa,l1-l.£i1?Jfl\lLFI~u\l~\l1a,15lnl1-l.~&i,r1-l.mFl'l'j~liI::Yllill'j(ln 11-l.'Y1~1mL~~~ ~'ltJ LL~•
~\ldLL~ ::~\I,r 1-l.~a \151a.n'j nil n,j&i \l11-l.1~~l L~liIen ~ FI'll ~a,I\I'Y1a.nEl1WIi11-l.::~LU1-l.:.I ••.•

'Y1~'ltJ\ll1-l.L~fl~n'\Y1LL~::,j\l~ul~n!)'Y1a.ntJ~\lIn'l\l111l ~,1'1 2542 1'Y1'1~lnl~UYltJ1Y1
,

'tJu\l'Y11-l.'ltJ\l11-l.

~\lLL'jn~L'jlF1'l'jYl1il1'j(lnriu1-l. ~lLFl~fl\l~\l1a,15lnl 1-l.~&i,r1-l.~n~l1lu~lW#1-l.

FI'll~L~tJ\lll1l 'Y1~fl Class 1111Inl~m'j~I1l#1-l.FI'llm~El\llnl~ OIML R76 'Y1~fl

n!) n'j::m'l\l~i1,j'lJrY&i11 ~l'Y1~U#1-l.FI'll~L~tJ\I?J fl\l LFI~u\l~\l1a,151nl1-l.~&iLL~::

«'lJ~n'\Yru111LU1-l.1tJln1~ln1'j1\1~1 (OIML R76-1)

1-l.flnsn ndeT\li1L~fl\lm'j LtJ~ tJ1-l.LL'j\lr;l1-l.1vJoWl~~l nu 51 tJ~\I LL'j\lr;l1-l.1vJoWl

n1'jtJ'j::m~CJ~?Ju\l«'lJ'lJlru 51tJ~\I«'lJ'lJlru m'jL~u~ ~ fl'j::'Y1~l\1 LFI~u\l~\I nu

LFl~fl\l PC 'Y1~fl printer ~fl\l1a,1'jum1-l.m'jtJ'j::m~CJ~t!fl\lLFI~u\l~\I 'jlEl~::L~tJl1l

51 ~1'j(l'Y11 ~11-l.1~1iI1n'Y1,r\l~fl ~l,rn\ll1-l.n ~1 \I~\I In'l \I1111"n1'jIn'j'l1il5uU ~1-l.LLUU

LFI~u\l~\l1a,15lnl1-l.mi(Pattern Approval of Nonautomatic Weighing Instruments)"

:h::F1n~, l5flru, LL~::5151n
cl

Inl':il\1'Y! 1 (OIML R76-1)

I

IT

III

UU

~1-l.Fl'll~~ n~fl\lYlLI'1'\Y

~1-l.FI'l1~(ln~fl\l5\1511l.. ..,
#1-l.FI'll~~n~u\ltJl1-l.n~l\1

•

~
~1-l.FI'l1~~n~fl\l5'j'j~11l1



~ ~ . ~
:ijlnU'U~\I:I-I1L~f)ni'UFl'Jl:1-1LVi~\I?Jf)\I(;):I-Ilil'V1UmLtJtJ:I-Illn'Jl (1'11:1-1OIML,

R111) ':hL11:1-11'JCl1'llLL~mLm:n1'J'Yi'l\11'U?Jf)\lLFl~f)\li\l"h1 'I1!;.mn1'Ji\l~n'VI~f)Cjr;]

A1LL'U::lil OIML R76 'I1T~'f) 3.7 LLtJtJ:I-Illn'J1~1'V1-rtJn1'JIn'J'J:ijL1EltJ1'11A1-rtJ'Jf)\I

(Verification standards) 1(;)LL'U::liTJl "mJ.lJ7",unuuumlil·IT~M1unT'iIilJ}ru•
sew 1HfiI5U'JviJIFl~viJi.J Z;/eJliI[uJ.I'1imViJiiFJ'lc.mtJliIZ;/tfiu 1/3 ?JviJeJliI'J71;Jvl",Rv. ... ~ ~
l~v?Jlli1?JviJIFl5viJi:1i7Rl"h",unYlIiI Svuuu "

L~f)r;]lnl'Jl\1~ 2 Y]1'U~Fl'Jl:1-1~r;]1r;]Lnr;]~WU1\1 ~l'V1-rtJiil'Jej'L~~'ULnr;]~ ~
Alm:l-l~'U:I-I111 1'Un1'J~lLii, 'Un1'JIn'J'J~L1f)tJ1'11Al-rtJ'Jf)\I~::(;)f)\I ~ rh1tT~l ~ ~l'V1-rtJ
o a .t.. v ~ cv a d V •.• d et et •

en L'U'Un1'J'Yl\I Fll~:I-I'U1'V1'UmLtJtJ:I-Illn'Jl. L\I'ULr;]f)'UL~l'V1'UTYl. LtJm~~\I LL~::Fll. . ~
mW'r'll'V1'U:: ~1'1if):I-It11'J\I-rm.}1. ~lLflf):I-I'J1Fll?Jf)\lmWVojl'V1'U:: LL~::5'U '] iil\lu'U,
d •.• ~cv • .t. dd v

~\I:I-Il [;l'Jl Fll In:l-l'U1'VIun utJtJ:I-Il In'Jl1Jf) \ILLIn~::tl'UFl'Jl:1-1 L'Yl~\I:I-I'Jl Fll LLY'l\1:1-11nua ~~ ,
Gll\1 n'ULVl ~\l1[;l 'VI1 n~'Jl Fll LLV'l\lLL~::~'Jl FllGll\1 n'U:I-I1 n L'J1Y'lf)~~::L~f) nLtT~:I-I

J' l'V1un~:lhl Fll Cln~ L1[;lLL~::eT\IFl\lt'11eJ~n1'J'Yi'l\11'U1n'J'J~L1f)tJI'llA1-rtJ'Jf)\I Cln (;)El\l1n1:1-1~ , ~
L~In'U1'J:I-Iru?Jf)\ln!l'VI:l-l1~f)~L~f) H'Yi'l\11'U1 'U.fl1FlL1'Ul:1-1LL~::1mjClJ::L~mn'Ufh~f)n

~ f) LLtJtJ:I-IlIn'Jl~ f)l~~#'UFl'Jl:1-1 L~ ~ \I~\I~'U:I-I1Ul\1 L~ f) L11:I-I1'JCl1'llL1f)tJLVinu~:I-IJ'1

'VIun LLtJtJ:I-Illn'Jl~~#'UFl'Jl:1-1 L~ ~\I ~1~\l1 U LY'l'Jl::L~ f)lil(;) :1-1J'1 'VIun LLtJtJ:I-IlIn'Jl•
iil\ln~l'J 1u1~\I1'\'b 'J::~::L'J~l'V1it\l~f):I-I m,i'UEl'U11 Fl'Jl:1-1Cln(;)El\lL~~Il[;1'J\I?JElIl(;):I-IJ'l'V1Un~ .
LLtJtJ:I-Il[;1'J1J'U~[;l~1l 'Uf)n:ijlndn1'JL~f)n1'll(;):I-IJ'1'V1Umf'UFl'Jl:1-1L~~IlL11l '] L~f). ~
L1f)tJLFl~f)llill~~#'UFl'Jl:1-1 L~~Il~l '] n'l~~::~l:1-11'JCl'Yi'11 'I1LFl~f)lli\l#'UFl'Jl:1-1 L~~Il

~1 '] Lu~~'U1 U~Fl'Jl:1-1L~~Il[;1'JIl~Il~'ULLar'ULLGlEl~lll 'l[;l LLCl:l-leTll(;)f)IlL~m~'UL~f)~f)

(;):1-1J'1 'VIun LLtJtJ:1-11 [;1'Jl1 uI[;l ~ aru LU~1 LY'l'Jl::1~ -r'VI~ f) L~l 'l~ Cj[;l an iil'J f) ~11l L~'U, ~ ~ ~
'V11n(;)f)Iln1'J[;1'J'J~L1f)tJ1'I1Al-rtJ'Jf)\I LFl~f)llill class IT LLGlL'Jl~f)(;):I-IJ'l'V1UmLtJtJ:I-Il[;1'Jl,
E1 L~f)H\ll'U [;lLfJ1Lf)IlLL~'Jn'U11ar'ULn'UFl'Jl:1-1liilLtJ'U:I-I1mZf)mVl~Il'l[;l ej'L~~'ULFl~~ ~
1(;)Y'ltJntJ L:5'lmZ l~1Jf)IlU'J:: L'YlFl'VIitll~1l1(;)'Yi'1n1'J~1'J'J~ n1'J1'll (;):I-IJ'1'VIun LLtJtJ:I-Il[;1'Jl,
~~#'UFl'Jl:1-1 L~~\lL11l Y'ltJ11U'J::L'YlFl1'Yl~1'UL1ar~~LFl'J't!I-'in~L~f)llvJ1(;)~ n1'J«lllil Li'l~ ~ ~
(;):I-IJ'l'V1UmLtJtJ:I-Ilml~~#'UFl'Jl:1-1L~~IlL11l 'J::iiltJ E1 liilm'U:I-I1n ~IlL?Jln1~, ~
L~lh11~f)1uvh1:1-1 'VIlnUl:1-11L~f)'l~L1f)tJLVi~tJLFl~f)llill#'UFl'Jl:1-1L~~1l class I

n1~,.tl~:: 'l~L-ctEl\l~lnliil'U 'J'ULFl~f)\lill#'UFl'Jl:1-1 L~~Il'J::iiltJ I J 'U'l'ULLGl~::U'J::L'YlFl~

,zf)~:I-I1n ~::~Hn'U'l 'U'J1lLLFltJL\lY'l1::'JIln1'Jf)[;1L11'V1m'J:I-I#'UL1Il'VI~mlln1'Jlll'U 1~t!, ~
L~~:I-Ilnn11 FlIl1~'l~LtJ'Un1'JL~t!~lI~ ,.t::Fl-rtJ ~1l~Il~mrIlLn[;111'l'UL1ar~~11lL1~1

iil\l n ~11 fJ1~ LtJ'ULY'l'Jl::tJ ~';'Yl'VI ~1 ~tJ~';'Yl L~:I-I~~::u -rtJu 'JIl~ 19lJ'Ul'J::tJtJ n 1 'J'Yi'1111'\.I,,
LL~::n1'JeJ~[;1?JEllltJ~';'YlL~f)'l'VI1CilISO serial 9xxx LVlf)L11:1-11'JCl?Jl~~'\.I,Al~'JLf)1l

'l 'VIlr;l'l '\.I,[;1~l[;l~~n1'JLL~Il~'U~1l

LL~'J(;):1-1J'1'V1un LLtJtJ:I-Il[;1'Jl~ L~Eln1~Fld'J~ FlClJ~n't!l-ClJ::LL~::FlClJL1:1-1u&lLtJ'U. "
f)~l\1h [;1~f)[;l~'\.I,~5[;1'Jl L~m'VI~m~f)?Jl [;l'l w~lfJtJL?J[;11[;l '[ 'Ulll'\.1,ill [;1'J111[;l [;11:1-1i'f)

~ .
fh'VI'\.l,[;l1Jf)lln!l'VI:l-ll~ (Legal Metrology) L'J1L~f)n~:I-IU1'V1UmLtJtJ:I-I1[;1'J1Vi~

FlruL1:1-1U&l[;11:1-1~f)fil'V1'\.1,[;lOIML R111 ~\lL11:1-11'JCl~1'\.1,1[;llwri''Jif) "imll'V1'\.1,[;l• .. ~
LL~::5 [;1'Jl L~m'VI~m~f)?Jl[;l~l'V1-rtJ (;):1-1lil 'VIumLtJtJ:I-I1 In'Jl (Specifications and•
Maximum Permissible errors for Standard Weights)"

(;)'Ju L'V1IndL'J1Y'l f) L1'JUn1'J L~f) n'l ~(;):I-IJ1 'VIun LLUU:1-11[;1'Jl'l '11[;1'J1lntJ#'U. , .
Fl'Jl:1-1L~~Il?Jf)\lLFl~f)\lillhJ5[;11 '\.I,ml iilIlLLL1[;lllln'\.l,[;11'Jlll~ 2

d
#'\.I,Fl'Jl:1-1L~~1l?Jf)1l(;):1-1J'1'V1un LLtJtJ:I-Il[;1'Jl~ L11:I-Il'J Cl1~[;1'J'J:ijL1f)tJ I'llG11''.i1\l.., 2 •
Al'rtJ'Jf)IlLFl~f)\lillhJ5[;11 'Uml

.. . .. . ..
'llUFl113Ufitl\l'llfl\l 'llUFl11:J.1Lfitl\l'llfl\l ~:J.I\.h'H,rnLL'U'U:J.I1GI':il•. .

LFl~f1\l'll\l (OIML R111)

(OIML R76) E1 E2 F1 F2 M1 M2 M3

I • • •
II • • • • •
IIT • • • • • •
nn • • • • • • •

•



r;l')m'YI(;]db'il~\I~~l'irul(;]l"m~ 1 i.'YIm~eJ1'l1b'Y\3.n::1.U.Hi'J\llU(;]'i')~fltlU•
i. 'l1Fh-rU'itl\l~r;ltl\ltJLJulli. U'YIU,)El\llUtltl\l-r.lb'il btl\l fl~tJi. U(;]l'il\l~ 3

Gll'll\1.yj 3 #UFnl ~ b~El\Ir;lanZl'YIUmbUUl-n(;]'il b~tI (;]'i')~fltlul 'l1~l-rmtl\l•
bFl~tI\I~\lhJer(;]Tum;

~ . .
tltl\lr;l~ ~l'Y1UmbUUm(;]'ilbrhnu 50% tltl\l~n(;]rhr.r\lfl\lfl(;]~tI\lbFl~tI\li1\1 ff(;]fiJU. .. .
tltI\lr;l~Jl'YIUn bbUU~l(;]'il m~1.'l(;]:51u,)U1.'l\li.'l1~FhJl'YIUn L'YI~tILrh nu

•
• 35% tltI\I~n(;]rhr.r\lfl\lfll11LFl~tI\I~\I clleJ1.'l~111t1t1\1nl'irh.Jl1r;l...

(Repeatability error) hhnu 0.3e LL1.'l::

• 20% tltI\I~n(;]rhr.r\lfl\lfll11LFl~tI\I~\I clleJ1.'l~111t1t1\1nl'irh.Jl1r;l...
(Repeatability error) hMu 0.2e

nl'i'YIleJ1.'l~l11t1t1\1nl'irh.J11r;l (Repeatability Error) m::rh11111111El

')1 \IJl'YIUm'l111sau r;l,)ElJl'YIUntJ'i::~lru 50% 'lltI\I~ n 111rilr.r\lfl\lfll11t1t1\ILFl~tI\I~\I.. .
•.••••• I •.••

UU~')U-rU~l'YIUn 3 Fl-r\lml11(;1t1nu Fl,)l~LL(;In~l\ltltl\leJ1.'lnl'ii1\1~l'YIUn

L~El')nu'YI 1.'l1El'1Flf\l r;ltl\lhJ m n nl1 ~l fl~\!'iru'1J tI\I er(;I'il L~tI L'YI~ m~tltlll11t1 tI\I

" .
"l1'UFl113H .yjtJ\ltleJ\I

" . "
"l1'UFl11:h1 L.yjtJ\ltI eJ\I~ :hI'I.i1'V1U nu 'IJ'IJ :I-llGl~l•

(OIML R111)

(OIML R76) E2 M3F1E1 F2 M1 M2

I • •
, I ,.... Lt

LFl~tI\li1\1fi~ 1'1'1unu U

11 • •
III • •

1111 •
r;l1eJtil\1 LFl~tI\I~\l1~er(;]Tuarm#uFl,)1~L~El\l (class) III ~nl11rilr.r\l~\I~l11 (Max.)

15 kg ~nl11rilr.r\l~l~l11 (Min.) 40 9 ~~l#U'YI~lEl(;l'i')~fltluM~l-rU'itl\l (e) Lrhnu

5 9 m'iL~EJnrK~Jl'YIUmLUUm(;]'il#Uml~L~El\li.l11L~tI(;I'i')~fltlul'l1~l-rU'itl\l
•. . .

1. a1'UGl~11i1f'IJ~eJ\I~1mG{~:hI (Auxiliary verification device) L~mFl~tI\li1\1
" .

m111Gl\l~')U(;I'i,) ~-rm o \I~,)ElLfl~~ '1'1~eJL~a rKa \I'Yll11fl au LFl~eJ\Ii1\1rK')El~')U(;I 'i')1iI

-rU'ieJ\I~ ua n a a n Lfl~~ ~l \1'1'11n ~') U(;I'i')~-rU'ieJ\ILfl~~ I?l\ln ~l,) rKeJ\I~ eJ1.'l~1111~bnu

1/3 tleJ\ler(;l'ilL~m'YI~m~eJtlll11t1eJ\lbFl~eJ\I~\I~~lJl'YIUn'Yll11fleJU~U LL~cllli1Luu

rK~Jl'YIUn (weights) LUUeJtJmruLfl~~i. Unl'i(;]'i')~-rU'ieJ\I eJ1.'lm::'YlUtleJ\leJ1.'l~l11• •
tleJ\IrK~Jl'YIUn I?l\ln~1')rKeJ\l1~LnU 1/5 tleJ\ler(;l'ilL~m'YI~m~tltlll11t1eJ\lbFl~eJ\I~\I•, . •... •..
fitl a (;]'i')~-rU'ieJ\Ifi ~l~ 1'1'1un 'Yl111sau UU

~
:51U,)U~eJ\li1U'YImEl~1(;]'i1 (n) = Max./e = 15000 g/5 9 = 3000

'Y\lmUUbFl~eJ\I~\l1aJer(;lTuarmtlii.111retail scale :51mU~eJ\I#U'YI~lEl

~l(;]'il (n) Fl,)'i ~~lhJLnu 6,000 r.il'YI-rULFl~eJ\I~\l1aJer(;lTuarmclass III. .
(;]l~ OIML R76 ",)~eJ 3.5 er(;l'ilb~m'YI~m~eJtlll11 (Maximum

permissible error) r.il'YI-rULFl~eJ\I~\l1aJer(;lTum;class III ~::1rKl1

•..
MPE L'UL'YleJ:I-ltleJ\lJl'V1unUl'V1Un'Yll11G{eJ'IJ (m) MPE

Og~m~ 2,500 9 ±0.5e ±2.5 9

2,500 9 < m ~ 10,000 9 ±1.0e ±5.0 9

10,000 9 < m ~ 15,000 9 ±1.5e ±7.5 9

•.. "
2. n1~LL'Yl'UFhul'V1UntleJ\I~:I-lUl'V1UmL'IJ'IJ:I-llGl~l (Substitution of standard•
weights) L~eJ'Yl111!;leJULFl~eJ\I~\I~~~nl11rilr.r\lfl\lfll11LnUnl1 1 GlU flll-n'itli.i1...
Jl'YIun5u '1 ~~ ~l Fl\l~ L~a LL'YlUJl'YIUntleJ\I rK~J 1'1'1un LLUU~l (;]'i11r.lL111ElrKeJ\I:ij'l11•
i. 'l1~rK~Jl'YIUmLUU~l(;]'iltl ~l\llteJEl 1 rKu 'YI~tI 50% tleJ\I~nl11rilr.r\lfl\l!;ll11'1JeJ\I. .. .
LFl~eJ\I~\ILL~,)Lb~Fhi.111~1nnl1 L~eJmm ~l~ U i.Unl'i i.i1Jl'YIun5uLL'YlU~lJ 1'1'1un

•



L'\.l,nT:i(;]'n~m),\J L,., Fi1-rU".i€l\l L';i1rlTI'I'\.l,IiIFh,x1'YI'lt'n'YlliI ~€I'UL,., F1';i€l'UFlfl3-J,
Fh,x1'YI'lt'n-#\I 3 !!1\1t1€1\1Fh!!1\1,x1'YI'lt'nr;l\lL'\.l,(;l1';i1\l~l\l'U'\.l,TliltJrl1'YI'\.l,1iI!l1\1,x1'YI'lt'n

,~ ,
'Yl1iI~€I'U€I~l\l,z€ltJ 10 tl1\1m';i'YlIiI~€I'U, L 'It''\.l,F1m~l'YI'lt'n'YlIiI~€I'\J'Yi~~lLL(;lnr;ll\ln'\.l,

LY;€I'YlIiI~€I'U€I~l\l,z€ltJ 10 ~1 LLfl::~1'YI-r'Um';i'YlIiI~€I'Um';ii\l5'\.l, 1 ~€I\1L~€In

,x1'YI,rn'YlIiI~€I'U~LL(;lnr;ll\ln'\.l,Lvi€l'YlIiI~€I'U€I~l\l,z€ltJ 5 ~1 TliltJ'tI€I'UL'tI(;lL'\.l,m';iL~€In

~1,x1'YI'lt'n'YlIiI~€I'U 1"'F1';i€l'UFlfl3-J~\I,x1'YI'lt'n'YlIiI~€I'U r;l€l1tld,

'1hIl'UnflCiliHI\J MPE ~~'li1'11'1rnLL\J\J~1G1'j1 M2 (OIML R111)

(m) g. YinGlfi1.r~& MPE ~il'j1~ MPE

g. (MPEw,) (MPESTD w) g.

400 ± 2.5 9 200 9 ± 30 mg ± 0.06

200g±30 mg

41.67

•••• tI I •

• U 1'1'1'It'n 'Yl1iI~€I'U~ €I\IFIsnu FIfl3-J!?l\lLLr;lVin IiIrl1~\l1'i1 ~1iI~'\.l,m::'I1\1Vi n IiI, ,

1000 ± 2.5 9 500 9 ± 75 mg ± 0.15

500 9 ± 75 mg

16.67

1500 ± 2.5 9 ± 0.225, ,
n1~\I~\I~IiIt1€1\1LFI~€I\1i\l.. ,

• ~l~Ln ~LF1tJ\I'YI~€I~1,x1'YI,rn'YlliI ~€I'IJ(;l';i\l1'i1LL'YIU\I~El(;l';i1 L~€1L'YI~€1

L~€I't11Iiltl €I\I LFI~€I\1#\I~ nl';iLtl~tJ'\.l,LLtlfl\l 1'\.l,m&~ L,hLFI~€I\1#\I~

Ltl~tJ'\.l,~ltl€l\l#'\.l,'YImtJm(;l';i11~ (Multi-interval instrument) ~~

'YIfl1tJ!!1\1n1';ii\l~€ItJ (partial weighing ranges) l"'L~€In~l

,x1'1'1'It'n'YlliI~€I'U~ 1'i1LL'YIU\I~ ~ m ';iul ~ tJ'\.l,El(;l';i1L~€IL'YI~ €IL~€It111i1~1 tJ

500 9 ± 75 mg

500 9 ± 75 mg

500 9 ± 75 mg

11.11

± 2.5 9 8.332000 1000 9 ± 150 mg

1000 9 ± 150 mg

± 0.3

3000 ± 5.0 9

6.67

• ~€I\11~L~€In~1,x1'YI'lt'n'YlIiI~€I'U~LiJ'\.l,~IiI~~1#'\.l,'YI3-J1tJ3-J1(;l';i1 (scale,
interval) Ltl~tJ'\.l, L"'L~€InI'i1LL'YIU\I~,z€ltJn".h~IiIr;l\ln~11 5e LL'Yl'\.l,,

5000 ± 5.0 9

2000 9 ± 300 mg

1000 9 ± 150 mg

± 0.45 11.11

2000 9 ± 300 mg

2000 9 ± 300 mg

1000 9 ± 150 mg

± 0.75

7000 ± 5.0 9 4.765000 9 ± 750 mg

2000 9 ± 300 mg

± 1.05

l'l1 nl';ii\lU 1'1'1'It'n 3-J1nn-J1 ~1~ n IiIrl1 ~\ltI €I\I LFI~€1\li\l LL~151'\.l,LL~1iI\1

~11~LL~IiI\1t:.Jflm';i#\llIi11 L'\.l,n';i&L!!'\.l,dl'Y11iI'i1LL'YIU\I,x1'YI,rn'YlIiI~€I'U

1"'~~1,z€ltJn-J1Vinlilrl1~\I~\I~IiI't1€1\1LFI~€I\1#\I 5e LL'Yl'\.l,.. ,

9000 ± 5.0 9

± 7.5 9

5000 9 ± 750 mg

2000 9 ± 300 mg

2000 9 ± 300 mg

± 1.35 3.70

11000 ± 7.5 9 4.55
'YI~\I~lnrl1'YI'\.l,IiI~IiI,x1'YI'lt'n'YlIiI~€I'ULL~1L';i1~';itln1';iL~€InLi~3-J,x1'YI'lt'n, "

LL'U'U3-J1(;l';i1M2 (OIML R111) (;l13-J(;l1';i1\l~ 3 ~ln,f'\.l,L';i13-J1Ltl~tJ'ULYltJ'Un'IJeJfl

~ 1iI't1€1\ILFI~€I\1#\I~ tJ€I3-JL'YIi.~ (;l13-JEl(;l';i1L~€IL'YI~€1L~€I't111i1n'U El(;l';i1L~€IL'YI~€1L~mn IiI

'tI€I\I~3-J,x1'YI'lt'mL'U'U3-J1(;l';i1#'\.l,F111m~tJ\IM2 ~::1r;l-J1,

10000 9 ± 1500 mg

1000 9 ± 150 mg

± 1.65

13000 10000 9 ± 1500 mg

2000 9 ± 300 mg

1000 9 ± 150 mg

± 1.95 3.85

•



1iJ::Llhj,hll1~~1,.hl'l..rn'Yll11ffEl'UlI111 MPE 'l!El\1~~JTI'I..rmL'U'U~llil'jl,
#1-l>Fl'Jl~L~£J\1 M2 El\1Fl\1~~lCJ~~l11hiLn1-l> 1/3 tJEl\1eJlil~lL~m'l'1~m~mJ1j;)'l!El\1

d ~ d I 1>' """ ~ i.I

LFl~El\1!l\1'YlFll1-l>l'1'11-l>n'Yll11ffEl'U1-l>1-l>~liJlnj;)l~l\1tJl\1'U1-l> MPEwI/MPESTD_W > 3 'Y.ln
~ .

~lUl'1'1..rn'Yll11ffEl'U Ul ~leJlil~l L~ElL'I'1~El L~EltJlj;)1JEl\1~ ~Ul'1'1..rn LL'U'Umlil~l~1-l>,
Fl'Jl~L~£J\1 M2 ~lLtJ~£J'ULYi£J'Un'UeJlil~l L~m'l'1~m~El'l!lj;)'l!El\1LFl~El\1i\1hJeJIilT 1-l>ar~

11-l>~tJ1JEl\1nny.jl~11

LL~~TYI~Un1~Iil~'JliJffEl'U~1-l>LL'U'ULFl~El\1i\11:NeJIilT1-l>mi (Pattern approval)

tt wih LtJ1-l>LY1~ ElLn1-l>~ ~ El\1rll'1'11-l>l11tJEl'ULtJlilrrn L~Eln1?TFl'Jl~ ~ n ~ El\1LL:N1-l>~ltJEl\1

~~Jl'1'1..rn#1-l>Fl'Jl~ L~£J\1ff\1nl1 n1~Iil~'JliJffEl'U 1'Yi'Fll~mEl\1~\111-l>tJ~::L'Yl A~~ rrn

~ 111aau LL~::1il~'J1iJsau ~~LL'U'U LFl~ El\1i\11:N eJlilT1-l>ar~tJ1\1tJ~:: L'YlA1 ~ rll'1'11-l>1111'Yi'

"v7:m17'Y1unLL!J!Jm(jJ'i7~llfl Un7'i(jJ'i?'iJflfJ!Jv7ULL!J!J LFl1fJlJi.J ZJJeJ(jJ[u3-I1i (Pattern

a;proval) v7fllJ:NFI'7&Jti~(jJZ3-I't/7U 1/10 lffllJeJ(jJ'i7LEim YI§mEimn(jJlJflIJLFl1fJlJi.J

~R7U~'YIUn'YI(jJflfl!Jtfu" ~\1tt1-l>~\1ff1tJn1~L~Elnl?T~~Jl'1'1..rn LL'U'Umlil'jlL~ El

1il~'J1iJsuu ~1-l>LL'U'ULFl~ El\1i\11 'Yi'Iil~ \1n'U#1-l>Fl'Jl ~ L~ £J\1tJEl\1LFl~ El\1i\11:N eJlilT1-l>ar~

~\1LLffl11\11n1-l>m'jl\1~ 4
MPE (g.)

Non-automatic Weighing Instrument
Class III (OIML R76)

Max. 15 kg, Min. 40 g, e 5 g

•... d '-' ~ Q.I et 'lJ

j;Jl~l\1\1 4 ~1-l>Fl'Jl ~ L'Yl1'J\1tJEl\1191~1-l>l'1'11-l>nLL'U'Um1il~1 L'I'W1il~'JliJffEl'U Iil1-l>LL'U'U,
LFl~El\1i\11:NeJIilT1-l>mi

7.5 MPE Class III

5.0

2.51------' MPE M2(OIMLR111)

(OIML R111)

'" ,
~'UFI'Jl:1H \1tJ\1'2JeJ\1

~ d g.,::_
'l1'UFI'J1:1.1 b't1 tJ\1'2J eJ\1 G1:1.1'U1'H'U n u'U'U:I.I1 j;J~1•

-2.5 MPE M2 (OIML R111)

(OIML R76) E1 E2 F1 F2 M1 M2 M3
- 5.0

I • •
MPE Class III-7.5 IT • •

III • •
~tl~ LtJ~£J'ULYi£J'UeJlil~lL~ElLY1~m~EltJll11 (MPE) 'l!El\1LFl~El\1~\1••

l:NeJl>lT1-l>min'U~~Jl'1'1..rmL'U'U~ll>l~l M2,

ITTI • •

LLffl11\111L~lffl~1~Cll?T~ ~J1'1'1..rnLL'U'Uml>l~1 M2 LL~::#1-l>Fl'Jl~L~£J\1,
~ff\1n'h M2 L~ElI>l~'JliJffEl'Ul'Yi'Fll~mEl\11~ 1iJ::L';;1-l>111:N~lLtJ1-l>~El\1hr~~Jl'1'1..rn~ ,
LL'U'U~ll>l~l#1-l>Fl'Jl~L~£J\1 F1 'I'1~El F2 L~£J~'J£JJ1LVl£J\1#1-l>Fl'Jl~L~£J\1M2 riLn1-l>

'l'mLL~'J LL~~l~~~Jl'1'1..rmL'U'Uml>l~l M1 nH'1~Fl~'Ul:N~El\11tJ~El M2 m~n,

•



• •Fl1Fl113..1'H'U1 u 'U'U"lIfl\1 b'Hiil1

1.'Ub'YIfl3..l"llfl\1 API degree

(Gravity in term of API number)

YI~ltJ~eJ'vHntJFl~Il~b~lYlUl~#IlI>l'Nll1l ~eJeJn1tJl>l':i'J~~urh~hJ'vjEl Tl1ltJ
v 'v

bQ'I'll::~l~UYI~El~UUUEll~YfUllnl':itlIlUElnAlFl'Jla.lYlUlbbUU (density) ~Elll

J'l~UYI~El~u~::UElnAlEl~l U~tJ~ElIlFl'Jla.lYlUlbbUU API Ell~'Yhh'bnI1lFl'Jla.lirUj;fU

~1l~~1l'] bb~'Jhl~El::1 ':i~Ul~Ub!?lm~ElIl~ln nl':ibbj;fI1lIlAlFllla.lYlU lbbUU~'JtJ~'Jb~~

API btJUnl':ibbj;fI1lIlAlFl'Jla.lYlUlbbUU~ElIlt:J~I>l.nru.ntJTI>l':ib~tJa.l~~tJla.lTl1ltJj;fmuu

American Petroleum Institute (API) ~EllltJ':i::b'Y1Aj;fYl~]ma.l~nl ~1l1aJl~Ylu'JtJ

ba.ll?l~n(Metric Unit YI~El SI unit) bb~El~lllll1l ~lbtJU!?lElIl'Yhnl':ibbtJ~IlYlU'JtJAl

Fl'Jla.lYlUlbbUU API h'btJw~nhtlu.jG1~n ~El kg/m3 b'l'l':il::Q::~UY\ln~U':i';J~

YI~El~~ l b~l ~uAl~uyj El~l'l'l'J n t:J~ I?l.nruiy\ us 11111Al Fl'Jl a.lYlUl bbUU~'JtJAl API

b';JlnUEln1r1b~lUElnAlFl'Jla.lYlU lbbUUbtJUYlu'Jma.ll>l~nmn bb~'Jnu bb~~btJUnl':i

~tJ'JUb~l a.lln bnu1tJm::~1l bEll~:: b':ilnm'Yh Fl'Jl a.lb~ll~ AlFl'Jla.lYlU l bbUU~ us 11111

AlbtJU API ~1l~El1tJd'Fl~U

b&ia.lY\nb'l'l':il::nl':i~El~ltJJ'l~U (fuel oil) ':i'Ja.l~IlJ'l~U&iU~lll~nl':i

~El~ltJlu~tJ~EllltJ~ml>l':i~ElIlbY\m iKll~UYlU'JtJlllU American Petroleum Institute

(API) 1~~lYlu'JtJ~ElIlFl'Jla.lYlUlbbUU~lYl~ut:J~I>l.nruitJTI?l':ib~tJa.l~llbb~1ut] 1921

!?l'JtJYlU'JtJAPI degreees Tl1ltJ~tJla.l~'JtJ

o APt 14 1.5 _ J 3 1.5
SG@60°F

(1)

YI~ElYlln~::1r1b~a.ltJAb~tJn~lnTable 3 API gravity at 60°F to relative density 60/60°F

and to density at 1SoC (S9°F) ~1l1~~tJla.lHll

•



API gravity at 60 of
141.5---~-=---- - 131.5

relative density 60/60 OF
Product density at 60°F = Specific Gravity 60/60°F * Water density at 60°F

= 0.8423*999.0045 = 841.46 kg/m3

(2)

dl I cv ••.• tI' d
L'I,.!,EI\Pil1nFld1~'VI'I,.!,lLL'I,.!,'I,.!,~3.JVfYlD(relative density) tlEl\lL'VIfid'YlElru'VIIl:i'l

, <U

60°F (15.6°C) Lii~'lJllUFld1~'VI'I,.!,lLLU'I,.!,tlEl\lJ1~Elru'VIIl:i'l60°F 'VI~mf'l,.!,FiEl~l
, <U

Fld1~cid\l:51l'V'l1~(specific gravity) J''I,.!,lEl\l~\I:ud~3:J'VIudml~Iil\lllil 1

LL~'VIln'l,.!,lFl1 API tlEl\lJ1ar'l,.!,UTIil';iL~~~~3:J~lFld1~'VImLLU'I,.!,API

degree 36.51tJLUIil:U1nTable 3 API gravity at 60°F to relative density 60/60°F

and to density at 15°C (59°F) ~:;hl~lFld1~'VI'I,.!,lLLU'I,.!,:51L'V'l1~(specific

gravity) tlEl\lL'VIfid~Elru'VIIl:i'l60°F/60°F hl'JlLvhti'u 0.8423 LLfi~~lFld1~'VI'I,.!,1
, <U

LLU'I,.!,~~ru'VI1J:i'l15°CLvhti'u 841.8 kg/m3 'VI~EI7.013 Ib/gal

:U~L{;u"h:U1n~Fi1'l,.!,druLtJ'I,.!,~lFld1~'VIU1LLUuJ1ar'l,.!,urr.m~~~~Elru'VIIl:i'l
, <U

60°F (15.6°C) 3:J~lLVhti'u841.46 kglm3 LL~~LUIil:U1n"m1\l~ Table 3 API gravity

at 60°F M~lFld1~'VI'I,.!,lLLU'l,.!,~Elru'VIIl:i'l15°C 3:J~lLVhti'u 841.8 kg/m3 :U~L{;'I,.!,
, <U

1[;)-J1Elru'VIIl:i'l~l\lti''I,.!,LYlEJ\I 0.6°C (15.6°C-15°C) Fld1~'VI'I,.!,lLLU'I,.!,J1ar'l,.!,
, <U

UTIil';iL~EJ~n~l\lti''I,.!,LL~d

Specific Gravity 60/60 OF =
Product density at 60 OF
Water density at 60 OF

(3)

'l,.!,Eln:U1nd'U.S. Bureau of Standard 1'1,.!,~armf'l,.!,eJ\lMl"'Fld1~«~W'l,.!,Lh~'VI'J1\l

~lFld1~cid\l:51L'V'l1~(specific gravity) tlEl\leJ~(;1.tlru';UT(;1';iL~EJm'VImnU~lFld1~

{EI'I,.!,~1[;):U1neJ~(;1.tlruiUT(;1';il~~~L'VIfid[;)dEJFld1~«~W'I,.!,5[;)\I~~m';i

Heat of Combustion at constant volume (Btu/lb)

!il\l~'I,.!,l'1,.!,vll\ltJ~ul1Table 3 API gravity at 60°F to relative density

60/60°F and to density at 15°C (59°F) ~\l1[;)-rUFld1~L~El1iEl:U1n'VIUdEJ\l1'l,.!,~\I

';i~!ilU!!l~ LLfi:;';i:;!ilu~ln fi~lLtJ'I,.!,Ldfi1'l,.!,1'I,.!, ANS

= 22.320-3,780x(SG@60cFJ60°F)2 (4)

~1mh\l 1 J1ar'l,.!,UT(;1';iL~EJ~~3:J~lFld1~'VI'I,.!,lLLU'I,.!,API degree 36.5 !il\l~'I,.!,:u~3:J

~lFld1~'VI'I,.!,lLLU'I,.!,~Elru'VIIl:i'l~15°C Lvhh
, <U

'l,.!,Eln:U1nd'eJ\l3:JFi1Fld1~'VI'I,.!,1LLU'I,.!,l'I,.!,'VIUdEJ~l\l1~Fld';im1uLLfi~[;)EI\ll'1i'

!ildLLtJ';i~ruL~mLtJfi\l~11"'ltJ'I,.!,~lFld1~'VI'I,.!,lLLU'I,.!,[;)dEJ'VIUdEJFiElkg/m3 !il\l(;11';i1\l~1

1[;)';idU';id~(;11';i1\l~EIl:UL~m~EI\I:U1nPetroleum Measurement Tables

ASTM D. 1250-80 ~\I:u~3:J

36.5 = 141.5 - 131.5
SG@60°F

SG@60°F = 141.5 = 0.8423
36.5 + 131.5

Table 1 : Interrelation of Units of Measurement

Specific Gravity 60/60 OF =
Pr oduct density at 60 °F

Water density at 60 0 F

Table 3 : API Gravity to Specific Gravity and to Density

!il\l~'I,.!,'VI1mmuFi1 API :U1neJ~(;1.tlrui~'I,.!,Fi'1~uv1E1n~lFi1API lEllm

LUIil~1[;)l1'1,.!,iil'I,.!,Table 3 API Gravity to Specific Gravity and to Density

n:u::1[;)~lFld1~'VI'I,.!,lLLU'I,.!,«~W'Yl5(relative density) tJEI\lL'VIfid~Elru'VIIl:i'l60°F
, <U

(15.6°C) nUFld1~'VI'I,.!,llLU'I,.!,tJEI\lL'VIfid~15°C ll~1'1,.!,'Yll\ltJ~llil:U~\l1 LL~d L';i1[;)EI\I

~ , ,
L';i1'VllFld1~'VI'I,.!,llLU'I,.!,?JEI\I~lii~ru'VI1J:i'l60°F (15.6°C) :U1n(;11';i1\lii 3

l'1,.!,"'d~EI"Fld1~'VI'I,.!,lLLU'I,.!,tJEI\lJ1(Water Density)" 3:J~llvhnu 999.0045 kg/m3

!il\l~'I,.!,J1ar'l,.!,UT(;1';iL~EJ~:u:;3:J~lFld1~'VImLLU'I,.!,~~ru'VI1J:i'l60°F (15.6°C) Lvhnu

•



L,if)\I:jJlntl~~lru~fh'lLYlmeJ~ljl.llruitJT(;I·H~~~L~mlnm::'Yhl~~f)ruYlfl~~ ,~
LtI~~mLtI(;Nl tI:jJ::~\leJ~1~tI~~l(;l':i~f)\lLYlWJtJT(;I':iL~~~LtI~~'j,j,LLtI~\lliliil1m~'j,j,n'j,j,
I co .::: cl" do.&' Q..o' d 0

b[;ltnl ':im (;I':i:jJ::~tn ~L~~~m~ f)f)ruYlfl ~ ~\I~mL~:::jJ::YI[;l(;11a\IL~f)f)runn ~~[;l~\I
•• IU IU •• o:u

~'1rhm ':iLil~~uuil~\ltI~ ~l (;I':i~f)\Im ~1tJT(;I':iL~~~ iil\l n ~11d:jJ:: LU'j,j,«[;l~1 'j,j,

T[;l~(;I':i\ln'U the thermal coefficient of expansion ~f)\lm~1eJ~(;I.nrui

tJT(;I':iL~~~iil\ln~11~\ILtI~~'j,j,LLtI~\I(;Il~Fl11~YI'j,j,1LLU'j,j,(AP I gravity) LL~::f)ruYlfl3'l, ~
~1 LLtI':iLLm~tI-r'U~ltl~m rutilYl-r'U 5'Y15~~~f)\If)ruYlfl3'l~ eJa~f)tI~~l (;I':i~f)\ILYI~1, ~

Convert Multiple by To

Grain (Ib avoirdupois/7000)Jgal 1.711806 E-02 kg/m3

(U.S. liquid)

g/cm3 1.000000 E+03

Oz (avoirdupois)/gal (U.K. liquid) 6.236021 E+OO

Oz (avoirdupois)/gal (U.S. liquid) 7.489152 E+OO

Oz (avoirdupolsj/in-' 1.729994 E+03

Ib/ft3 1.601846 E+01

Ib/in3 2.767990 E+04

Ib/gal (U.K. liquid) 9.977633 E+01

Ib/gal (U.S. liquid) 1.198264 E+02

Ib/yd3 5.932764 E-01

Slug/ft3 5.153788 E+02

Ton(long)Jyd3 1.328939 E+03

ton(short)/yd3 1.186553 E+03

(CII Yi:;a CTL ; the correction factor for the effect of temperature on the

petroleum liquid) ~\Ihi\~mLm ~tI~~l (;I':i~f)\Im~1eJ~(;I.nruo;1tJT(;I':iL~~~m~1'j,j,

m~'j,j,::'U':i':i~ :jJlntl~m(;l':i~~ruYliJ3'll[;l '1 (V T) lt1Lu'j,j,tI~~l(;l':i~~ruYliJ3'leh'l5\1

YI~f)~ruYliJ3'lm(;l':iJl'j,j, (V 0) Y\l1r;i':jJln

(5)

d Q'JJ Co d c Q..oa 0

m~'j,j,::'\J':i':i:jJ'Y1f)runn ~ fll\l f)\lYI':if)f)ruYlfl~ m (;I':illil 'j,j,LL~1n:jJ::~l m':i ClFll'j,j,1rum
•• q QJ q IU ...,

tI~m(;l':i~f)ruYlfl3'll!il '11iil, ~

V - VOT--c, (6)

Remark: 1 Ib/ft3 = 0.1337 Ib/gal (U.S. liquid)

~1l1d~il1\1il\J'VI~f)aIl11t:W1Glii~1U ~El ~.fll'J~Yl 30°C Y1~f) 15°C..•
(59°F) YI~f) 15.6°C (60°F) LL~::Fl11~r;l'j,j,'U':i':imnlF1(equilibrium pressure)

(0.0 psig)

Yll nVl:jJl':irull 'j,j,8mLd~ ~YI-ct\l:jJ::~'Ull ~l Ctl LU'j,j,~lFl11~ «~~'j,j,5

':i::Ylll\ltl~m(;l':i~f)ruYlfl3'leJl\l5\1n'UtI~m(;l':i~f)ruYlfl3'l T
" <U •• cu

Yll~lFl11~YI'j,j,lLLU'j,j,~~ruYliJ3'ltlllU~\ll'j,j, ,f'j,j,Af)~ruYliJ3'l~\lLLd[;l~f)~ ru ~ru::

tlllU~\ll'j,j,,f 'j,j,Lf)\I L':il~\I:51LU'j,j,iilf)\I'I'll nl':itl-r'U LLm'ZI~l~ Fl11~YI'j,j,1LLU'j,j,~f)\I~f)\I

LYIm~f)ruYlfl3'l 15°C 1tlfT\lf)ruYlfl3'l~\ILLd[;l~f)~L~f)(;I':i1:jJ~f)'Ull~lFl11~YlUl LLU'j,j,
q cu q QJ

(;I':i\ln'U~~l API ~L':il'Y1':il'UYI~f)h! r;l1LLtl'.iLUi1.'tIFh1'U~d fieJ r;l1LLtl'.iUn1't1

~hHl"lj'i"u~'t16'WGI'tIeJ\leJW'YI.f1~:ihJGlGieJ'tIeJ\lL'YIGl1(Correction for The Effect. ..
of Temperature on a Liquid); ell 'YI~eJ(CTl) c, = ~o (7)

T

U7U7f{TJ::'livIil?~itn 189
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LL~L,:ttl'PillnFlJl~'Fil~~~1l~lm~tJtl~L'YI~J~~fllJ::1~ j 'il::~~lFl~~hJ

LtJ~El'l-l.LLtJ~~!il~~'I-l.L~tl2 ~fllJ::~~lFlJl~!il'l-l.F1~~Lrlln'l-l. 'il::hl1l
(13)

Mo=MT

PoVo =PTVr

Vo PT-=-
VT Po

(8)

(9) t' 1tJ ••• ~ ~ c1'd' I - I

~El'l'llFll P, Q, R LL~::S ~'illnlnl'jl~?lll'l'l-l. 'Yl\I'I-l.'IJ'I-l.tl~mJFllFlJl~

VI'I-l.1LLli'l-l.tJtl~tJtl~L'YI~Jthl1t1tln'jL~m'HVI~d(LPG, NGL )
(10)

f'l113.1'H'U1LL'Il'U P X 103 Q X 106 R X 103 S X 106

@ 15°C (kg/m~

500-600 4075 5050 27.5 45

601-620 2448.9 2340.9 1.589 1.947

621-640 2225.1 1980 1.588 1.946

641-650 1936.6 1529.1 1.588 1.946

n~w~ 2 Hl'Hf'UJlar'U~'U (crude oil) ~l~l'jtl'l'll~l Ctl l~'illn

!il~~'I-l.'Wtl~'jtJl~1l~~fllJ::F1Jl~!il'l-l.L'Yhn'l-l.l'I-l.~dl-X~F1dl~!il'l-l.'lJ'j'jEllmA,
LLJ;]a ruVlfl;i:l?ltll'lLVI~J ~ fi InJlruitl tin'j L~El~ ~l~ n'l-l.'il::1~1l, ~

(11 )

• Inl'jl~ API 54 A 'H~i1

• 'illnm'jFll'l-l.Jru Ctl 'illn~~m'j~ (14) t~EJLLnbtJ~mln'jltJ~

tlruVlfl;i:l5l~~~VI~tltlruVlfl;i:lmln'j:ijl'l-l. 15°C
•• IIU •• cu ...,

(12)

d I ,

'illn~~m'j'Yl (12) L~tlL'jlml'UFlJl~VI'I-l.1LLliwYitlruVlfl;i:l~flld::5l~~~, ~
30°C VI~tl 15°C (59°F) VI~tl 15.6°C (60°F) LL~::F1dl~!il'l-l.'lJ'j'jEJlmA(equilibrium

a I I Q IV fT'

pressure) (0.0 psig) L'jln~l~l'jtlVllFllFlJl~VlmLL'I-l.'I-l.tJtlI'lL'YI~J~~lnflru'r1

tltln'jL~El~~tlruVlfl;i:l T LL~::F1Jl~!il'l-l.'lJ'j'jEJlmA, ~ C - [-aTxtlTx(I+0.8xaTxtlTl]
I1 =e (14)

~
!il~ir'l-l.~l'Yi'lF1dl~i~nn'U nl'jVll~l Ctl LL~Vllnml'Utl~LL~JMtl1l

LiJ'I-l.nl'j'Yl'Um'l-l.L~ElLL~Jn'l-l. ~l lii'J utJ'j LLril?ltJ-r'U~l tJ~~l ru~lVl-r'U~'Yl5'W~?ltl ~

tlruVlfl;i:l~ ~~~tltJ~m 1n'j'IJtll'lL'YI~J Yl'ill'jrul uiic tl a nsn ~tJ'j:: Lfl'Yltlil,~'IJa~L'YI~J, ~
~filnJlruitltln'jL~El~ 3 n'j&lmuj Atl

K K«r =_0 +_1
2

PIS PIS

(15)

, •..
L~tlFlJl~VlmLLli'l-l.\Jlar'U~'U (crude oil) YitlruVlfl;i:l~lln'j:ijl'l-l. 15°C,~ ..

n~w~ 1 ';1'i1tJTIn·HatJ3.lL'H~1(LPG, NGL) L'jl~l~l'jtlVll~l Ctl l~'illn

• 'illnl'll'jll'l API 54 VI~tl

• 'illnnl'jFll'l-l.Jru Ct! 'illn~I'l'j (Anhang C DIN 51757 seite 19)

~~nl'j~ (13) t~EJLLriltJtJ~mln'jl tJ~~ruVliJ;i:l5l~~~VI~tl~ruVliJ;i:l

~lln'jllil'l-l. 15°C

610.50 < PIS < 1075.0 kg/m}

Ko = 613.9723

KJ =0.0

•



n'lwii 3 dl'\o1i'\JCJ~~.nW"titJt~'lL~mHilL~liI~t1 ~lm"irl'Yll~l c, 1r;i''iJln

• Inl"il\! API 54 B 'Yl~El

• 'iJlnnl"iFI11-1.1ru c, liIln~~nl"i~ (16) L(;lmLfi1t!oJ~mln"ihJ~

~ru'YlJJ~5l\!B\!'Yl~El~ru'YlJJ~mln"i:il1-1. is'c ('hl'l-rUJlar1-1.LtmY'l~\!

r;ilL~'iJ~oJ)

Product type: Fuel oil

838.50 < PIS < 1075.00 kg/m3

Ko == 186.9696

KI 0.4862

K2 == 0

Product type: Gasoline

653.00 < PIS ::; 770.00 kg/m3

Ko == 346.4228

KI == 0.4388

K2 == 0

Product type: Jet Group

788.00 < PIS s 838.50 kg/m3

Ko 594.5418

KI 0.0

K2 0
Product type: Between Jet And Gasoline

770.50 < PIS ::; 787.50 kg/m3

Ko 2680.3206

KI 0
K2 -0.00336312

C - e[-aTx6Tx(I+0.8xaTx6T)]
tll5 - (16)

d
L~El ~T == T-lS °c

e[ -uTx6Tx( I+O.8xuTxl'..T I]

C =-------
t130 e[-er-is,« 1+0.8xaTxI5l] (17)

C _ Ctl15
t130 - C

t130-15 . •..
n~wfi 4 -Ul

(17.1 )

~l C
lI

= 1 L-ctEl\!'iJln ~l Ctl L;J1-1.!i11LLoJ"iLLrihoJ-rU~loJ~mrur;il'Yl-ru

B'Yl5Y'l ~t! El\!Elru'Ylll ~ n"i::'Yi'l J;]EloJ~~l In"it! El\I L'Yl~'J ~ ~ In.nru-ntlLIn''i L~ El~ Lvi1 ~ 1-1.
q '"

5n~\!J1L;J1-1.m"i~~n1"itJeJlEl!i1'J'Yl~El'Yl(;l!i11~1~ln (Iow coefficient of expansion)

L~ElElru'Ylll~t!El\lJl LoJ~El1-1.LLoJ~\!1il ~\!1~ iilEl\!~l sn F](;ll1-1.n1"il'il1-1.'Jrum~loJ~m In"i
q '"

m nl!lJlL;J1-1.tJEl\! L'Yl~'J'Yl(;l~ElU

n1~Ltl~t.J'ULLtliil\l~h ClI Giel~W'\o1{]~

'iJlnn1"il'ilmruY'l'\.rhY'lEloJ"i::mru~ln1"iLoJ~El1-1.LLoJ~\I~l Ctl J;]El~ru'YlJJ~

~LoJ~El1-1.LLoJ~\l1r;i'~~loJ"i::mru

~T == 30-15 == isc
K K

aT=~+-1 +K2
PI5 PI5 (18)

•

L(;lEl~lm"im~Elnm~l Ko' KI, K2 ('iJln ASTM 01250(1980))

nu A'Jl ~'Yl1-1.1LL~1-1.tJEl\!tJEl\!L'Yl~'J ~ ~ In.nru-ntlLIn''i L~El~~ Elru'Ylll ~ ~l 1n"i~11-1.
q '" •••

~ I ~.I.,l'
(;l\llnElbu1-1.



~Ctl = 0.10% Per °c

= 0.06% Per of

(19)

C - .l-O.000841x17x(1+0.8xO'c)()0841xI7)]= 0.9856
tll5 - e

1111mh\l 2 ,x131'u,uTI91·H~El3-l~~~lFrJl3-1'V1U,lLLUU, API degree 36.5 !il\l,tWiJ::~

~lF1"Jl3-1'V1U,lUUU,~e:Jru'VIJl~~ 32°C L'Yhh. "

U1~1 API ~e:J\I,xl31'u,uTI91·H~m,j~~~lF1"Jl3-1'V1mLLUu, API degree 36.5

hhu~Finn Table 3 API gravity at 60°F to relative density 60/60°F and

to density at 15°C (59°F) ~::1111~1F1"J13-l'VIU,lLLUU,~lL'I'l1::(specific gravity)

rJe:J\lL'VI"rl~ml.!'VIJl~ 60°F/60°F 1111~lL'VhntJ 0.8423 LL~::~lF1"Jl3-l'VImLLUu,~. "
e:Jru'VIJl~ 15°C L'YhntJ 841.8 kg/m3. "

PT = POCtl = 841.8xO.9856 = 829.71 kg/ m:'

~:: L{iU, 11 FI"Jl3-l'VIu,1 LLUu,,ze:JEl~\I,tu, 'VIm El~\ltJ~ m 191";iL~ 3-l~U,rJru::~ 3-l"Ja 5\1 FI\I

L'YhL~3-l

Po = 841.8 kg/m3

~lm'3-ln1";i~ (12) L";i1~lm";if:l'Yl1~1F1"J13-l'VIU,lLLUU,~~ru'VI1J~ 32°C 111111

PT = POClI

C - [-aTx!1Tx(l+O.8xaTxL\Tl]
tl15 - e

(12)

(16)

(18)

Fuel oil

838.50 < PIS < 1075.00 kg/m?
Ko = 186.9696
K, = 0.4862
K2 =0

T
186.9696 0.4862 0

a = +--+
841.82 841.8

~T = 32-15 °C = 17°C

= 0.000841

•
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Table 1
Interrelation or Units of Measurement

LENGTH VOLtlloCE AND CAPACITY •

To Convert To ConvClrt Multiply By

!lJmucs
To Ye.rda
ToF ee t
To Ioeh ••

lJ<CHJt.\

To Contimotree

1.0936
3.2808

39,370

O,IHWI

O,3{)(80

U.S. O.u.LOlB
To Cubic Inch •••
To Cubi" F""t •
'1'<>Impena.l G:uo ••••
To O.S. Ba.rreJ.
To Litree

U.S.B"""" •••

T<> O.S. GAll"""
To Cubic Inch ••
To Oebie Foot
To Imperial O..uo •••
To Litfflo

IJaozm:.u. G.u.LONlI
To Cubic Inch •••
To Cubi. Foot
To O.S. OAllo""
To V.S. B"",,,'"
To Ut..,.

COllie FJ:J:T
To Jmp<>rial (laUo •••
To U.S, Gallo... .
To O.S. B"",,,Lo •
To Liteee
To Cubic Met...,. .

WEIGHT

To Convert Multiply By

LoNO To,.,.
To Pound. (Avoirdupoi.)·
ToShmToM
To Motric To.,. (Tonn •••)

SRORT TOll!
To PQ\ln<:l.o(AvQirdupoio)
To Long Tons
To M.tric TOM (TonnM)

):{nuto TON (TON.RU)

To LoogTons
To Short To"",

1'0trWD& (Avoirdupoie)
To Kilogram.

KlWo:tU"'"
To 1'0""<:1.0 (Avoirdupois)

2240
1,12
1.01005

2000
0.8921157
0,907185

0.98421
1,10231

0.453592

2.20462

CuB1C I:wu£.S

To Impeeial O••Uone
To O,S. GAllone
To Litre. ,

LrTlU!:8.
To Cubic Inch •••.
To Cubic Feet
To Imperial 0&11000
T" u.s, GalloM
To O.S. B..",.,Je .

CuD,o MrtlI.""
To Iml"'rial Oallone
To U.S, Gallone
To O.S. B"",,'"
To Cubic Fee~

231 t
0,133681
0,83268
0.023S095
3,78533

42 t
9702 t

5,6H6
34.9726

It>8.984

277.0(2
0.160544,
1,20094

O,0285M
.,54596

TABLE 3
API Gravity to Specific Gravity and to Density

6.2288
7,(805
0.17811

28.316
0.028317

0.OO300t63
0.0043290
0.016387

61.026
0.035316
0.219975
O,2MI78
0.0062900

219.97
26t.17

6,2898
35,315

•

• TheM taet4,.. .,. &Q1&1y (or eenveeaicn at the e&mC! tomperat.ure.
t This re:..~;"•••hip is u •••t by delin1~ioo.



TABLE 3
0-160 API

Table 3
API Gravity to Specific Gravity and to Density •

API GB.A.VITY AT 60°F. TO SPEOIFIO GB.A.VITY 60/60°F. AND TO

DENSITY AT 15°C. API Specific D~n.ity • AP[ Speclftc Density" APt Spect fte IDensity •Gravity Gravlry IS'C. G,,*vlty Gnv(ty I5·C. Gravity Cnr.vlty U.C
60'Y. 6O/60·F. 60'F. 60/60·Y. 60·F. 60160'Y. •

0,0 1,0760 l.07S( S,O 1,0366 1,0360 10,0 1.0000 O,9m
0,1 1,0762 1,074.5 5,1 1,0359 1,03!>! 10,1 0,9993 0,9987
O,l 1,07*, 1.0737 Sol 1,0351 1,0345 10,l 0,9986 0,9980
0,3 1,0736 1,0729 S,3 1,0344 1,0337 10,3 0.9979 0,9973
0,4 1,0728 1,0721 S,4 1,0336 1.0330 10,' 0,9972 0,9966

0.5 1,0720 1,0713 S,5 1,0328 1,0322 10,S O,996lS 0,9959
0,6 1.0712 1,0705 5,6 1,0321 1,0315 10,6 O,99~ 0,9952
0.1 1,0703 1,0697 5,7 1,0313 1,0307 10,7 0,9951 o,ms
0,8 1,0695 1,0689 5,8 1,0306 1,0300 10,8 0,9944 0,9938
0,9 1,0687 1,0681 5,9 1,0298 1,0292 10,9 0,9937 0,9931

1,0 1,0619 1,0673 6,0 1,0291 1,0285 11,0 0,9930 0,9924
1,1 1,0671 1,0664 6,1 1,0283 1.0277 11,1 0,9923 0,9917
1,1 1,0663 1,0656 6,1 1,0276 1,0270 l1,l 0,9916 0,9910
1,3 1,0655 1,0648 6,3 1,0269 1,0262 11,3 0,9909 0,9903
1,4 1,0641 1,0640 6,4 1,0261 1,0255 11,4 0,9902 0,9896

J ,5 1,0639 1,0632 6,S 1,02~ 1.0247 11,5 0,9895 0.9889
1,6 1,0031 1,0624 6,6 I,OU6 1,0240 11,6 0,9888 0,9882
1,1 1,0623 1,0616 6,7 1,0239 1.0233 11,7 0,9881 0,9875
1,8 1,0015 1,0609 0,8 1,0231 1,0225 11,8 0,9874 0,9869
1,9 1,0607 1.0601 6,9 1.0224 1,0218 11,9 0,9 68 0,9862

1,0 1,0599 1,0593 1,0 1,0211 1.0210 12,0 0,9 61 0,9855
1.1 1.0591 1,0585 7.1 1,0209 1,0203 12.1 O,98S( 0,9848
2,1 1,0583 1,0571 7,'l 1.0202 1,0196 12,1 0,9 41 0,984\
1,3 1.0575 1,05B9 7,3 1,0195 1,0188 12,3 0,9840 0,9834
1,4 1,0568 1,0581 7.4 1,0181 1,0181 n,' 0,9833 O,9B21

a.s 1,0560 1,0553 1,5 1,0180 1.0114 11,5 0.9826 0,9821
1,6 1,0552 1.0545 7,6 1.0113 1,0166 12,6 0,9820 0,9814
1,7 1.0544 1,0537 7,1 1,0165 1,0159 12,7 0,9813 0,9807
2,8 1,0536 1,0530 1.8 1.0158 1,0152 12,8 0,9806 0,9800
l,CJ 1,0528 1,0522 7,9 1,0151 1,0145 11,9 0,9799 0,9793

3,0 1,0520 1,0514 8,0 I,Ol~ 1,0137 13,0 0,9792 0,9787
3,1 1,0513 1,0506 8,1 1,0136 I,OJ3O 13,1 0,9166 0,9780
3,2 1,0505 1,0498 8,2 1,0129 1,0123 13.1 0,9779 0,9713
3.3 1,0497 1,0491 8,3 1,0122 1,0116 13,3 0.9772 0,9768
3,' 1,0489 1,0483 8,' 1,0114 1,0108 13,' 0,11755 0,9760

3.5 1,0481 1.0475 8,5 1.0107 1,0101 13,5 0.9759 0.9753
3,6 1,0474 1,0461 8.6 1,0100 1,0094 13,6 0,9752 0,9746
3,1 1,0468 1,0460 8,7 1,0093 l,ooS7 13,1 0,9745 0,9739
3,8 1,0458 1,0452 8,8 1,0086 1,0080 13,8 0,9738 0,9733
3,9 1,0451 1,0444 8.9 I,OOi8 1,0072 13,9 0,9732 0,9726

',0 1,0«3 1,0436 9,0 I,OO71 1,0065 14,0 0,9725 0,9719
4,1 1,0435 1,0429 9,1 I,OOM 1,0058 14,1 0,9718 0,9713
4,l 1.0427 1,0421 9,l 1,0057 1.0051 14,1 0,9712 0,9706
4,3 1,0420 1,0413 9,3 1,0050 1,0044. 14,3 0,9105 0,9699
4,4 1.0412 1,0406 9,' 1,0043 1,0037 14,4 0,9698 0,9693

4.5 1,0404 1,0398 9,5 1,0035 1,0029 14,S 0,9692 0,9686
4,6 1.0397 1,0390 9,6 1,0028 1,0022 14,6 0,9685 0,9680
4,7 1,0389 1,0363 9,7 I,OO!ll 1,0015 14,7 0,9679 0,9673
",8 1,0382 1,(371) 9,8 1,1)014 1,000& 14,8 0.9672 0,9666
•• 9 1,0374 1,0363 9,9 1,0007 1,0001 140,9 0,9666 0,9600

S,O 1,0366 1,0360 10,0 1,0000 0,9994 15,0 0,9659 0,9653

(Density in this table is mass per unit volume at IS·C. expressed in
!dlograms per litre)

This table gives the values for specific gravity 6O/60°F, and density at 15°C.
equivalent to values of API gravity at 60°F. in the range 0 to .100° API. The
relation between API gravity and specific gravity is purely mathematical and
is given by the equation :-

API gravity at 60°F. = 141,~ OF - 131,5
Bp. gr. 60 60 .

This table must be entered with API gravity at 60°F. It
is emphasized that the equivalent density is at 15°C. (59°F,)
and not at 60°F.

Examp~ :
What is the density at 15°C. of an oil having a gravity of 62,15° API at

60°F.!

Enter the table with 62.1· API gravity and note tb&t the
equivalent density is................................................... 0,7307 kg per titre

Likewise, enter the table with 62,2· API gravity and note
that the equivalent dellSity is....................................... 0,7303 kg per litre

This represents a decrease of 0,0004 in density for an increase
of 0,10 APl. Therefore, by simple proportion. an Increase
in API gravity from 62,1 to 62,15· APl represents a decrease
in d6D8ity of 0,5 X 0,0004 Or •.••••••••••••••. ••••• ••••••••• •••••••• 0,0002

Then, the density of oil at 15·C. is 0,7307 -0,0002 or ..•...... 0,7305 kg per litre

200 U1U1Sn::tNPI'N?1iI U1U1Sn::tNliI"N?1iI201
•



Table 3
APl Gravity to Specific Gravity and to Density •

Table 3
API Gravity to Specific Gravity and to Density •15~·API M-f,5" APJ

APt I Speclftc IDensity • API Speclftc DeMlty • APl I Speclftc DensIty.
Cravlty Gravity .C GravIty Gravity

60"F. 60/60'F. 15. 15'0. Gravity G •.••.vlty I 15'0
60"F. 60/60·F. 60·P. 60!60·F. •

15,0 0,9659 0,9653 20,0 0,93-lO 0,9335 l5,O 0,9042 0,9037
15,1 0,9652 0,9647 20,1 O,93:k 0,9328 25,1 0,9036 0,9031
15,2 0,9646 0,9640 lO,2 0,9328 0,9322 25,2 0,9030 0,9025
15,3 0,9639 0,9633 20,3 0,9321 0,9316 25,3 0,9024 0,9019
15,", 0,963.2 0,9627 20,", 0,9315 0,9310 25,", 0,9018 0,9014

IS,S 0,9626 0,9620 20,S 0,9309 0,9304 25,S 0,9013 0,9008
15,6 0,9619 0,9614 20,6 0,9303 0,929 25,6 Q,9007 0,9002
15,7 0,9613 0,9607 20,7 0,9297 0,9292 15,7 0,9001 0,8996
15,8 0,9606 0,9601 20,8 0,9291 0,9286 25,8 0,996 0,8991
15,9 0,9600 0,9594 20,9 0,9285 0,9280 15,9 0,8990 0,8985

16,0 0,9593 0,9588 l1,O 0,9219 0,9213 26,0 0,8984 0,8979
16,1 0,9537 0.9531 21.1 0.9273 0,9267 26,1 0,8978 0,8974
16.2 0,9580 O,9:;7~ 11,1 0,9267 0.9261 l6,2 0,8913 0,8968
16,3 0.9574 0,95\18 21,3 0,9260 0,9255 26,3 0,8967 0,8962
16,' 0,9567 0,\1562 21,' 0.9234 0,9249 16,' 0,8961 0.8956

16,5 0,9561 0,9555 :lI,5 0,9248 0.9243 26.S 0,8956 0,8951
16.6 O,95M 0,9549 21,6 0,9242 0,9237 21>,6 0,8950 0,8945
16,7 0,9548 0,9542 21,7 0,9236 0,9231 26.7 0,8944 0,8940
16,8 0,9541 0,9536 21,S 0,9230 0,9225 26.S 0,8939 0,8934
16,9 0,9535 0,9530 21,9 O,922! 0,9219 2&,9 0,8933 0.,8928

17,0. O,952ll O,9!i23 22,0. 0,9218 0.,9213 21,0 0.,8921 0.,8923
17.1 0..9522 0.,9517 22,1 0,9212 0,\1201 27,1 0,8922 0.,8917
J7,l 0..9516 0.,9510 22.2 0.,9206 0,9201 27,2 0,8916 0,8911
17,3 0.,9509 O,95Oi 22,3 0,9200 0.9195 27,3 0,8911 0..8906
17,' 0.,9503 0,9498 22,' 0,919t 0,9189 :n.", 0,8905 0.,8900

17,5 0.,9497 0.,9491 22,5 0,9188 0,9183 27,5 0,8899 0.8895
17,6 0,94!!!) 0,9485 22,6 0,9182 0.,9177 17.1> 0,8894 0,88 9
17,7 0.,9484 0.9478 22,7 0,9176 0,9171 27,7 0.8888 0.8883
17.8 0.,9478 0,9472 22,8 0,9170 0.,9165 27,S 0.,8883 0,878
17,9 0,9471 0,9466 22,9 0.,9165 o.,91!i9 27.9 0,8877 0.,8872

18,0. 0.,9465 0,9459 23,0. 0,9159 0.9153 28,0. 0,8871 0,8867
18,1 0..9459 0.9453 23,1 0..9153 0,9148 28.1 0.8866 0.,8861
18,2 0.,9452 0,9447 23,2 0.9147 0.,9142 28,2 0.,8860 0.,856
IS,3 0.,9446 0,9441 23.3 0.,9141 0,9136 28,3 O. 8:>5 0,8850
18,4 0.,9440 0.94:U 23,4 0.,9135 0,9130 28,4 0,8849 0..845

IS,5 0,9433 0.,9428 23,5 0.9129 0,912' 28.5 0,8844 0,8839
18,6 0,9427 0.9-422 23.6 0.,9123 0.9118 28,6 0,883 a, 833
lS,7 0,9421 0,9415 23,7 0,9117 0.,9112 28,7 0.,8833 0.,8828
18,8 0,9415 O,9-lQ9 23,8 0,9111 0,9106 2H,S 0.8821 0,8822
18,9 0,9403 0,9403 23,9 0.9106 0,9100 18.9 0.,8822 0.8811

19,0 0.9402 0,9397 2.,0. 0,9100 0,9095 29.0 0,8816 o.,8SIl
19.1 0.,9396 0,9390 24,1 0,9094 0.9089 29,1 O,8811 0,8806
19,1 0.9390 0,9384 2 •• 2 0.9088 e.sosa 29,2 0,880.5 0,8801
19,3 0,93 3 0.9378 14,3 0,9082 0,9077 29,3 0,8800 0,8795
19,' 0,9377 0,9372 24.4· 0,9076 0,9071 29,' 0,8794 0,8790

1'1,5 0,9371 0,9366 2(,5 0,9071 0,9065 29,5 0,8189 0.,8784
1'1,6 0,936.5 0.9359 2"'.6 0,9065 0,9060 29,6 0,8783 0,8779
19,7 0.9358 0,9353 24,7 0..9059 0.9054 29,7 0,8178 0,8773
1'1,8 0,9352 0,9347 :H.8 0,9053 0,9048 29.S 0,8772 0,8768
J9,9 0,9346 0.,9341 24,9 0,9047 0..9042 2'1,9 0,8761 0,8162

20,0 0,9340 0,9335 25,0 0,~2 0,9037 30.,0 I 0,8762 O,ll7S7

I
API Specl6c Density • API Spedftc IDensity • API Speclftc Density •

Gravity Gravity 15'0, Gravity Gravity IS"O Gravity Gravity IS'C,
6O·V. 60/60°F. 60°F, 6O/60°F, • 60oP, 60/bO"F.

30.0 0,8762 0, 757 35,0 0,8499 0, .94 40,0 0, 251 0,8241
30,1 0,8156 0,8752 3S,1 0.,8493 0.8489 40..1 0,8246 0,8242
30,2 0,8161 0,8746 3S,2 O,8t88 0,8484 40~ 0,8241 0, 231
30,3 0, 7~ 0,874\ 35,3 0.8483 0.8479 ~,3 0,8236 O,l!232
3O,", 0,8140 0.,8735 3S,' 0,8478 0,8474 .0,. 0,8232 0,8228

30,5 0,735 0,8730 35,5 0,8473 0.8469 "'0.5 0,8227 0, 223
30,6 0,8729 0,8725 3S,6 0,8468 0,8464 40..6 0,8222 0, !l18
30,7 0,8724 0,8719 35,7 0,8463 0,8459 40,7 0.,8217 0, 213
30,8 0,8718 0,714 3S,8 0,8458 0,8454 '0.8 0,8212 0,8208

0..9 0,8713 0,8708 35.9 0,8453 0,8449 40,9 0,8208 0,8204

31,0 0,870.3 0,8703 36,0 0,8448 0,443 ",I,D 0,8203 0,8199
31,1 0,8702 0,8698 36,1 0,8443 0,8438 .1,1 0,8198 0, 194
31~ 0,8691 0,8692 36~ 0,8438 0,8433 "'1.2 0,8193 0.8189
31,3 0,8692 0,8687 36,3 0,8433 0,842B 41.3 0,8189 0,8185
31,' 0,8686 0,8682 36,", 0,8428 0,84.23 41." 0,8184 0,8180

31,S 0,8681 0.,8676 36,5 0.8423 0.,8418 41,S 0,8179 0,8175
31,6 0.,8676 0.8671 36,6 0,8418 0,8413 0,6 0,8174 0,8171
31,7 0,8670 0,8666 36,7 0,8413 0,8403 41,7 0,8170 0,8166
31,8 0..8665 0,8660 36,S 0,8408 0.,8403 41,S 0,8165 0.8161
31,9 0,8660 0.,8655 36,9 0,8403 0,839 41,9 0,8160 0,8156

32,0 0,8~ 0,8650 37,0 0,8398 0,8393 42,0 0,8156 0,8152
32,1 0,8649 0,8545 37,1 0, 393 0,8388 42,1 0.8151 0.8147
31.:;/ 0..81lH 0.8639 37,2 0,8388 0.,8383 "42,2 O,81~ 0,8412
32,3 0.,863\1 O,863i 37,3 0.8383 0,8379 41,3 0,8142 0,8138
32 •• 0,8633 0.8629 31,4 0,831 0,8374 42,4 0,8137 0,8133

32,5 0,8628 0,862-1 37,5 0, 373 0,8369 42,S 0,8132 0.8128
32,6 0, 623 0.,618 37.6 0,8368 0,8364 42.6 0,8128 0,8124
32,7 0,8618 0,8613 37,7 0,8363 0.8359 42,7 0, 123 0.8119
32,S 0,8612 0., 608 37.S 0.,8358 0,8354 42,8 0.,8118 O,811t
31,9 0,8607 0,8603 37,9 0,335l 0,8349 42,9 0, 114 O,SIlO

33,0 O,S602 0., :197 3S,o. 0, 348 0,8344 '3,0 0,8109 0.81OS
33,1 0,8591 0.8592 38,1 0.,8343 0, 339 43.1 O,SI04 0,8100
33,2 0,8591 0,8578 3S.2 0.8338 0,8334 .3.1 0,8100 O,SOO6
33,3 0, • 6 0,8582 38,3 0,8333 0., 329 43.3 O. 093 0.,6091
33,4 0,8581 0., -71 38,4 O. 28 0,8324 43,' 0.8090 0,8087

33.! 0.8576 0,8511 38,S 0.,8324 0,8319 0.5 0,8086 0, 082
33,6 0,8571 0,8566 38,6 0,8319 0,8315 43,6 0.,8081 0,8077
33,7 0,8565 0.8561 38,7 0.,8314 0,8310 43,7 0.8076 0,8013
33,S 0,8560 0.,8556 38.8 0, 309 0,8305 '3,8 0,8072 0.8068
33.9 O,85M 0,8551 38,9 O,~ 0,8300 43,9 0,8067 0,8064

34,0 o.,85S0 0.,8545 39,0. 0.8299 0,8295 ",0 0.,8063 O,80l19
34.1 O,854S 0,8540 39,1 0,8294 0,8290 44.1 0,8058 0,8054
3.~ 0,8540 0,8535 39.l 0,8289 0,8285 44,2 0,8054 0,8050
34,3 0,8SJ.l 0.8530 39,3 0,8285 0,8280 «,3 0,8049 o.soe
34,. 0,8529 0,852.5 39,. 0,8280 0,8216 «,. O,SOU 0,80{1

34,5 0.,8524 0,8520 39,S 0,8215 0,8211 «,5 0.8040 0,8036
34,6 0,8519 0.,8515 39,6 0,8210 0.,8266 «,6 0,8035 0,8032
34,7 O,85l' 0,8509 39,7 O,8Z6.S 0,8261 '.,7 0.,8031 0,8021
34,8 0,8509 O,85Ool 39,8 0,8260 0,8256 «,8 0,8026 0,8022
34,9 0,86(K 0,8499 39,9 0,8256 O,825Z «,9 0.,8022 0,8018

3S,O 0,8499 0,8494 "'0.,0. 0,8251 0,8247 45,0 0.8017 0,8013

•



Table 3
API Gravity to Specific Gravity and to Density ••

Table 3
APt Gravity to Specific Gravity and to Density •~60· APt 60-75· API

APJ Speciflc: DenAlty • APt Specl!\c Density • AP1 Speclftc IDensity •·C,...vlty C,...vlty IS·C. Gravity Gravity 15'C. Gravity Gravity 15*C
I>O'Y. 1>0/60·F. 60'F. 60/60'F. 6O'F. 60/60·F. •

45,0 0,8017 0,8013 50,0 0.7i96 0,7793 55,0 0.7587 O,7SM
"5,1 0,8012 0,8009 50,1 0,7792 0,7789 55,1 0,7583 0,7580
"5,:.1 0,8008 0,8004 50,l 0,7788 0,778" 55.l 0,7579 0,7576
45,3 0,8003 0,8000 50,3 0,7783 0,7780 55,3 0.7575 0,7572
41;,4 0,7999 0,7995 50,4 0.7779 0,7776 55,4 0,7571 0.7568

45,S 0,7994 0.7991 50,5 0.7775 0.7771 55.5 0.7567 0.7564
45.6 0.7990 0.7986 50,6 0,7770 0,7767 55,6 O,7M3 0.7560
45.7 0,7985 0.7982 50,7 0.7766 0,7763 55,7 0.7559 0,7556
45.8 0.7981 0,7977 50,8 0,7762 0,7759 55,8 0,7555 0.7552
45,9 0,7976 0,7973 50.9 0,7758 O,77M 55.9 Ot7551 0.7~

46,0 0.7972 0,7968 51,0 0.7753 0.7750 56,0 0.7M7 0,75«
46.1 0,7961 0.7%4 51,1 0.7U9 0,7746 56,1 O,7M3 O,754{)
46,2 0,7963 0,7959 51,2 0,7745 0.7142 56,1 0,7539 0,7536
46.3 0,7958 0.7955 51,3 0.'141 0,7738 56,3 0,7535 0,7532
46,4 0,7954 0,7950 51,' 0,7736 0,7733 56,' 0,7631 0.7528

46,S 0,7949 0,7946 51,S O,?732 0,7729 56,S 0,7527 0,7524
46,6 0,7945 0,7941 51,6 0.7728 0,7125 56,6 0.7523 0.7520
46.7 0,7941 0,7937 51,7 O,?724 0,7721 56,7 0,7519 0.7516
46,8 0.7936 0,1933 51,8 0.7720 0.7716 56,8 0,7515 0,7512
46,9 0.7932 0.7928 51,9 0,7715 0.7712 56,9 0,7511 0,7508

47,0 0,7927 0.7924 51,0 0,7711 0,7708 57,0 0,7507 0,7504
47.1 0.7923 O,79Hl 51,1 0,7707 0,1704 57.1 0.7503 0.7500
'7,2 0,7918 Q.7915 52,:.1 0.7703 0,7700 57,:.1 0,7499 0,7496
.7,3 0,7914 0,7910 52,3 0,7699 0,7695 57,3 O~7.~)5 0,7492
47,4 0.7909 0.7900 52,' 0,7694 0,7691 67,' 0,7491 O,U8i!

'7,5 0,7905 0,7902 52.5 0,7690 0.7687 57,S 0,7.87 0,7484
47,6 0.7901 0,7897 62,6 0,7686 0.7683 57,6 0,7483 0,7480
47.7 0,7896 0,7893 52.7 0,7682 O,767() 57,7 0,7479 0,7416
47,8 0,7892 0.7888 52,8 0.7678 0,7675 57,8 Ot74:'75 0,7472
47,9 0,7887 0,7884 52.9 0.7674 0,7670 57.9 0,7471 0.7468

48,0 0.7883 0,7880 ss.o 0,1669 0,7666 58,0 0,7467 0,7464
48,1 0,7879 0,7875 !S3,1 0,7665 0.7662 58,1 0,7463 0.74,60
48.2 0.7874 0,7871 53,2 0.7661 O,7MB 58,2 0.7459 0,7457
4S.3 0.7870 0,7866 53,3 0.7651 0,7654. 58,3 0,7455 0,7453
48.4 0.7865 0.7862 53,4 0,7653 0.7600 58,4 0,7451 0,7449

48,S 0,7861 0,7858 53.5 0,7649 0,7646 58,S 0.7«7 0,7«5
48,6 0,7857 0,7853 53,6 0,7645 0,7642 58,6 0,7443 0,7441
48,7 0.7S52 0,7849 !S3.7 0,7~ 0,7637 56,1 0,7440 0,7437
48,8 0,7848 0,784:5 53,8 0,1636 0.1633 58.8 0,7436 0,7433
48,9 0,78« 0,7840 53,9 0,7632 0,7629 !SS,9 0,7432 0,7429

"9,0 0,1839 0,7836 Sf ,0 0.7628 0,7625 M,O 0,7428 0,7425
49,1 0,7835 0,7832 5',l 0,7624 0,7621 M,I 0,742-1, 0,7421
'9,:.1 0,7831 0,7827 5 •• 2 0,7620 0,7617 59,2 0,7420 0.1417
49,3 0,7826 0,7823 5",3 0.7616 O,76J3 5'1,3 0,7416 0,7414
49.4 0,7822 0,7819 54,4 0.7612 0,7009 59.4 0,7412 0,7410

49,5 0,7818 0,7814 54,S 0,7608 0,7605 5'1.5 0.7408 0,7406
'9,6 O,7g13 0.7810 54,6 0.7603 0,7601 59,6 0,7405 0,7402
'9,7 0,7809 0.7806 54.7 0,1599 0,7596 59,7 0,7401 0,7398
49.8 0,7805 0,7801 54,8 0,7595 0,7592 59,8 0,7397 0,7394
49,9 0.7800 0,7797 54,9 0,7591 0,7588 59,9 0,7393 0,7390

50.0 0.7796 0,7793 55,0 0,7681 0,7684 60.0 0,7389 0,7387

APt Speci!\( Density * API Specific Density • APt Specil\c Density •
Gravity Gravity IS'C. Gravity Gravity 15"C, Cravlty Cravlty 15'C.

607. 60160'F. 60·.·. 6O/60·Y. 60'Y. 6O/60'Y.

-
60,0 0,7389 0,7387 65,0 0,7201 0.7199 70,0 0,7022 0.7020
60,1 0,7385 0,7383 65.1 0.7197 0,7195 70,1 0,7019 0.7017
60,1 O,738t 0,7379 65,2 0,7194 0,7.192 70.2 0,7015 0,7014
60.3 0.7377 0,7375 1>5,3 0.7190 0,7188 70.3 0,7012 0,7010
60,4 0,7314 0.7311 65,. 0,7186 0,7184 70,' 0.7008 0.7007

60,5 0.7370 0,7367 65,S 0,7183 0,7181 70,S 0.7005 0,7003
60,6 0,7366 0,7364 65,6 0.7179 0,7177 70.6 0,7001 0,7000
60,1 0,7362 0.7360 65.7 0,7175 0,1173 70,7 0,6998 0,6996
60,S 0.7358 0,7356 65,8 0,7112 0,7170 70.8 0,6995 0,6993
60,9 O,73M 0,7352 65.9 0,7168 0,7166 70,9 0,6991 0.6989

61,a 0.7351 0.7348 66,0 0,7165 0,7162 71.0 0,5988 0,6986
61.1 0,7347 0,73« 66,1 0,7161 0,7159 71,1 {l,6984 0.6982
61,2 0,7343 0.7341 66,1 0,7157 0,7155 71,:.1 0,6981 0,6979
61,3 0,7339 0,7337 1>6,3 0,7154 0,7152 71.3 0.6917 0,6975
61,. 0,7335 0.7333 66,' 0,1150 0,7148 71,4 0.6974 0,6972

61,5 0.7332 0,7329 66,S 0,7146 0.7144 71,5 0.6970 0,6969
61.6 g.7328 0,7325 66,6 0,7143 0,7141 71,6 0,6961 0,6965
61.1 ,7324 0,7322 66.7 0,7139 0,7137 71,7 0,6%4 0,6962
61,8 0,7320 0,7318 b6,8 0,7136 0,7134 71,8 0,6960 0,6958
61,9 0,7316 0,7314 66.9 0.7132 0,7130 71,9 0.691)7 0,6955

6:.1.0 0,7313 0,7310 67.0 0.7128 0,7126 72,0 0.695.1 0.6952
61,1 0.7309 0.7307 67.1 0.712S 0,7123 72,1 0,6950 0,6948
6:.1,:.1 0,7305 0.7303 67,2 0,7121 0,7119 72,2 0,6946 0,6945
61,3 0.7301 0,7299 67.3 0,7118 0,7116 71,3 0,6943 0,694\
62,. 0,7296 0.7295 67,4 O,71H 0,7112 72,4 0,6940 0,6938

61,5 0,7294 0,7291 67,5 0,71ll 0.7109 71.S 0,6936 0.6935
6:.1,6 0.7290 0,7288 1>7,6 0,7107 0,7105 7:l,6 0.6933 0.6931
61,7 0,7286 0.7284 67,7 0,7103 0,7101 72.1 0,6929 0,6928
61,8 0.7283 0.7280 67,6 0.7100 0,7098 72,8 0.6!126 0,6924
61,9 0,7279 0,7277 67.9 0,7096 0,7094 1"1.9 0,6923 0,6921

63.0 0,727:> 0,7273 68,0 0,7093 0,7091 73,0 0,6919 0,6918
63,1 0.7271 0,7269 68,1 0,7089 0.7087 73,1 o,60H} 0,691.
63,:.1 0,7268 0,7265 68,2 0,7086 0,7084 73,:l 0,6913 0.6911
63,3 0,7264 0.7262 68,3 0.7082 0,7080 73,3 O,6!109 0,6907
63,4 0,7260 0,7258 68,4 0,7079 0,7077 73.' 0,6906 0,6904

63.5 0,7256 0,7254 1>8,5 0,7075 0.7073 73,S O,tlOO2 0,69111
63.6 0.7253 0,72;'0 68,6 0.7071 0,7070 73,1> 0,6899 0,6897
63,7 0.7249 0,7247 68.7 0,7068 0,7066 73,7 0.6896 0,6894
bl,8 0.7245 0,72'3 68,8 0.7064 0,7062 73,8 0,6892 0.689\
63,9 0.7242 0,7239 68,9 0,7061 0,7059 73,9 0,6889 0,6887

64,0 0,7238 0,7236 69,0 0.7057 0,7055 7',lI O,68Stl 0,6884
64.1 0,7234 0,7232 69.1 O,7OM 0,7052 74,1 0,6882 0,6881
64,1 0.7230 0,7228 69.2 0,7050 0,7048 74,1 0,6879 0,6877
64.3 0,1227 0,7225 1>9,3 0,7041 0,7045 7.,3 0,6876 0.687-(
64,' 0.7223 0.7221 69,4 0,7043 0,7041 7.,4 0.6872 0,6871

64.5 0,7219 0,7217 69,5 0,7040 0,7038 7.,5 0,6869 0,&.<167
64,6 0,7216 0,7214 69,6 {l,7036 0,7034 74,1> 0,6866 0,6864
64,7 0,7212 0,7210 1>9.7 0,7033 0,7031 H,7 0,6862 0,6861
64,8 0,7208 0,7206 69,8 0,7029 0,7027 74.8 0.6859 0,6857
64,9 0.7205 0.7203 69,9 0,7026 0,7024- 74,9 0,6856 0,5854

65,0 0,'1201 0.7199 70,0 0,7022 0,7020 15,0 0,6852 0.6851

•



Table 3
API Gravity to Specific Gravity and to Density •

Table 3
APl Gravity to Specific Gravity and to Density •

76-900 APt
90-100· APl

API S~l\c DensIty • APt Speclftc D~slty· APt Specll\c ~.Ity·Gravity GravIty IS'C. Gravity Gravity IS"C. Gravity GravIty 15'C.60"F. 60/60"F. f>O"F. 60/60"F. f>O"F. 60/60"F.

75,0 0,6852 0,6851 80,0 0,6690 0.6689 85,0 0,6536 0,6535
75,1 0,6849 0,6847 80,1 0.6687 0,6686 85,1 0,6533 0,6532
75,1 0,6846 0,6844 80,2 0,6684 0,6683 85,1 O,M30 O,M29
75,3 0,6842 O,68tl 80,3 0,6681 0,6680 85,3 O,M27 O,M26
75,4 0,6839 0,6837 80,4 0,6618 0,6676 85,4 0,6624 0,6623

75,S 0,6836 0,6834 80.5 0,6675 0,6673 85,S 0,6621 0,6620
75,6 0,6832 0,6831 80,6 0,6611 0,6670 85,6 0,6518 0,6617
75,7 0,6829 0,6828 80,7 0,6668 0,6667 85.7 0,6615 0,6614
75,8 0,6826 0,6824 80.8 0,6665 0,6664 85,8 0,6612 0,6611
75,9 0,6823 0,6821 80,9 0,6662 0,6661 85,9 0,6509 0,6608

76,0 0,6819 0,6818 81,0 0,6659 0,6658 86,0 0,6506 0,6505
76,1 0,6816 0,6814 81,1 0,66.'56 0,6654 86,1 0,6503 0,6602
7lo.l 0,6813 0,6811 81,1 0,6653 0,6651 86,l 0,6600 0,6499
76,3 0,6809 0,6808 81,3 0,6649 0,6648 86.3 0,6497 0,6496
76,' 0,6806 0,6805 81,' 0,6646 0,6645 86,' 0,6494 0,6493

76,S 0,6803 O,68(H 81,S 0,6643 0,6642 86,S 0,6491 0,6490
76.6 0.6800 0.6198 81,6 0,6640 0.6639 86.6 0,6488 0,6487
76.7 0.6796 0,6795 81,7 0,6637 0,6636 86,7 0,6485 0,6484
76.8 0.6793 0,6792 81,8 0.6634 0.6633 86.S O,~82 0.6481
76,9 0,6790 0,6788 S1,9 0,6631 0,6630 86,9 0,6479 0,6478

77,0 0,6787 0,6785 81,0 0,6628 0,6626 87,0 0,6476 0,6475
77,1 0,6783 0,6782 81,1 0,6625 0.6623 87,1 0,6473 0.6472
77,2 0,6780 0,6779 82,2 0,6621 0,6620 87,2 0,6470 0,6469
77,3 0.6717 0.6775 82.3 0.6618 0.6617 87,3 0,6467 0,6466
77,4 0,6714 0,6772 82.4 0,6611. O,66H 87,4 0,6464 0.6463

77,S 0,6770 0.6769 82,S 0.6612 0,661\ 87.S 0.6461 0,6460
77,6 0,6767 0,6766 81.6 0.6609 0,6608 87,6 0.6458 0,6457
77,7 0.6764 0,6762 82.7 0,6600 0,6605 87.7 0,6455 0,6454
77,8 0,6761 0,6759 82.8 0.6603 0.6602 87,8 0.6452 0,6451
77,9 0,6157 0,6756 82,9 0,6600 0,6599 87,9 0,6«9 0,6448

78,0 0.671>4 0,6753 83,0 0.6.~97 0,6596 88,0 0.6«6 0,6«6
78,1 0.6751 0,6750 83,1 0,6594 0,6592 88.1 O,~ 0,6443
78,2 0,6748 0,6746 83,2 0.6591 0,6589 88.,2 0.11«1 0,6«0
78,3 0.6745 0,6743 83,3 0,6688 0,6586 88,3 0,6438 0,6437
78,4 0,6741 0,6740 83,4 0,6584 0,6583 88,4 0,6435 O,64:k

78.5 0,6738 0,6737 83,S 0.65 I 0.6580 88,S 0,6432 0,6431
78,6 0,6135 0,6733 83.6 0.6578 0,6571 88.!> 0.642~ 0,6428
78,7 0,6732 0,6730 83,7 0.6575 0,6514 88,7 0.6126 0,6425
78,8 0,6728 0,672' 83,8 0,6572 0.6571 88.8 0,6423 0,6422
78,9 0,6725 0,672.1, 83,9 0.65(;9 0,6568 88,9 0,6420 0,6419

79,0 0,6722 0,6721 84,0 0,6566 O,65r•.,:j 89.0 0,6417 0,6416
79,1 0,6719 0,671 84,1 0,6563 0,6662 89.1 0.6414 0,6413
79,2 0.6716 0.6714 84,2 0,6560 0.6559 89.1 O,64l1 0,6411
79.3 0,6713 0.6711 84,3 0.6557 0,6556 89,3 0,6409 0,6408
79,4 0,6709 0.6708 84.4 0.65~ 0,6553 89,4 0.6406 0,6405

79.5 0,6706 0,6705 84.5 0.6551 O,6MO 89.S O,~3 0,6402
79.6 0.6703 0.6702 84,6 O,6M8 0,6547 89,6 0,6400 0,6399
79.7 0.6700 0,6698 84,7 O,6~5 0,6544 89.7 0,6397 0.6396
'19.8 0.6697 0,6695 84.8 0,6542 0,6541 89,8 0.6394 0,6393
19,9 0.6693 0,6692 S4.9 0.6539 0.6638 89,9 0,6391 0,6390

80,0 0,6690 0,6689 85.0 0,6536 0,6535 90,0
!

0,6388 4),6387

APl Speciftc: Denalty • API Spedftc: De••.•lty • APl Speclftc DensIty •
Gravity Gra1llty 15"C. Gravity Gravity IS"C. Gravity Gravity 15"C.

6O"F. 60/60".1', 60°F. 6O/60oP. 60"1'. f>O/60"F.

90.0 0.6388 0,6387 93,S 0,6289 0,6288 97,0 0,6193 0,6192
90,1 0,6385 0,6385 93,6 0,6286 0,6286 97.1 0,6190 0,6189
90.1 0.6383 0,6382 93,7 0,6263 0,6263 97,] 0,6187 0,6187
90,3 0,6380 0,6379 93,8 0,6281 0,6280 97,3 0.6184 0,6184
90,4 0.6371 0,6376 93,9 0,6278 0,6277 97," 0,6182 0,6181

90,S 0.637' 0,6373 94,0 0,6275 0,6274 97,5 0,6179 0,8179
90,6 0,6371 0,6370 94,1 0,6272 0,6272 91,6 0,6176 0,61'6
90,7 0,6368 0,6367 9',1 0,6269 0,6269 97.7 0,617. 0,6113
90,8 0,6365 0,6366 94,3 0,6267 0,6266 97,8 0,6171 0,6171
90,9 0.6362 0,6362 94,4 0,6264 0.6263 97,9 0,6168 0,6168

91,0 0,6360 0,6359 94,S 0,6261 0,6261 98,0 O,616a 0,6165
91,1 0.6357 0,6356 94,6 0,6258 0,6258 98,1 0,6163 0,6163
91,1 0,6354 0,6.363 94,7 0,6256 0,6255 98,1 0,6160 0,6160
91,3 0,6351 0,6350 94,8 0,6253 0,62.52 98,3 0.6158 0.6167
91,4 O,tl348 0,6347 94,9 0,6250 0,6250 98.4 0,615$ O,61M

91,S 0.6345 0,6345 95,0 0,6247 0,6247 98,S 0,6152 0.611>2
91,6 0,6342 0,6342 95,1 0,6244 0,6244 98,(; 0,6150 0,6149
91.7 0,6:140 0,6339 95,1 0,6242 0,6241 98,1 0,61" O,eU1
91.8 0.6.337 0,5336 95,3 0.6239 0,6239 98,8 0,6144 0,6144
91,9 0,6334 0,6333 95" 0,6236 0,6236 98,9 0,614-1 0,61'1

91,0 0.6331 0,6330 95,5 0,6233 0,6233 9\1,0 0,6139 0,6139
92.1 0,6328 0,6328 95,6 0,6231 0,6230 99,1 0,6136 0,6136
9Z,l (l}\325 0,6325 95,7 0,6223 0,6228 9\1,1 0,6134 0,6133
91,3 0.6323 0,6322 95,8 0,6225 0,6225 99.3 O,iH31 0,6131
91,4 0,6320 0,6319 95,9 0,6223 0,6222 99,' 0,6123 0.6128

92.5 0.6317 0,6316 96,0 0,6220 0,8219 99.5 0,6126 0,6125
92,6 0,6314 0,631' 96,1 0,6217 0,6217 99,6 0,6123 0.6123
92,7 0.6311 0,63\1 96,] 0,6214 0,621" 99,7 0,6120 0,6120
92,8 0,6309 0,6308 96,3 0,6212 0.6211 99,8 0,6118 O,6U7
91.9 0,6306 0.6305 96,' 0,6209 0,6208 99,9 0,6115 0,6115

93,0 0.6303 0.6302 96,5 0,6206 0,6206 100,0 0,6112 0,6112
93,1 0,6300 0.6299 96,6 0,6203 0,6203
93,1 0,6297 0.6297 96,7 0,6201 0,6200
93,3 0,6294 O,6m 96,8 0,6198 0,6198
93,' 0,6292 0,6291 96,9 0,6195 0,6195

93,S I 0.6289 0,6288 97,0 0,6193 0,6192

•
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~'J1a.I'VI'U1 uu'U'lJ eJ\I'U1

(Water Density and Absolute Viscosity of Water)

hl.nl'ltlnU~\l1'1A,Iil'ldliJ~tlU, lil'ldliJ~tlul~l'll~u'ltl\l 'ld~~\lnl'l~tlU

bfi~ubFl~tI\I~\llild\lll?1 bb~:;~'IA,fh~uvitl 1'lA,U1\1#'IA,liltl'\A,'YI~tll'lA,U1\115nl'l nl'l

H\~l ~:;tl1I?1V1~ml1n k'lA,bU'IA,~1'lli(dn~l\11'lA,nl'l~tlU bfi~UVl~tI b~tI1~ 'lA,nl'l

~1b'll'lA,nl'l1~111iJ:;TI?I~'V11\1Iil'l\lVl~tlY1l\l5tI~ ~tI~~l ~bli'lA,tI~,jtl ~Fl~\I b,ltl\l1iJ1n

,11bU'IA,~l'l~~Flru~~U~ ~1'lA,VI~1~ bb~~~1~111iJ:;bU'IA,Flru~~U~Y1l\l~ ~n~'EJa \I,11, "
VI~a1'lA,bb~'EJtI\lFld1~tl~ a 1?I,n~bb~:;Fld1~~:;l?Idn1'lA,nl'l~ I?IVl1bb~:;'llFl1 bU'lA,f'l'lA,

~ru~~u~'V11\1~~n~'EJtI\lJl~ar n'll~ ~Hl 'lA,nl'ltlnU~\l1'1A,AtI ~1Fld1~VI'IA,1bb~'lA,

bb~:;~lFld1~~d\l~l bYn:;~\lIiJ:;~:;y]tI'IA,tIa nsn 1'IA,~tl'EJtI\I~lJ1mrn bb~:;~ltl~~llil'l

v

• ~Fld1~IiJFld1~-rtl'lA,mn (high heat capacity) ir'lA,VlmtJ~\lYI1n,
tlruVlJl~~m'lbtl~tJ'IA,bbtl~\l1tlmn1~mnirn J1f1\1A\I~m~1~1t1ruVlJl~

" IU '\ IU

'EJtI\lJ11~~tI'IA,~l\1Fl\l~

• ~~~tl'l:;~Yltm'l'EJmtJli(d~l (Iow coefficient of expansion) ~\le.J~

1~tl~mlil'l'EJ tI\lJ1~ nl'lbtl~ tJ'IA,bbtl~\Ib~~''IA,VI~tI~I?I~\I ~tI'IA,~l\1iZtltJ

YI1n~m'lbtl~~'IA,bbtl~\ltlruVlJl~
, <u

• m'l~l?Itl~mmb,ltl\l1iJ1nFld1~1i('IA,(Iow compressibility) ~~liZtltJmn

• bU'IA,'EJtI\lbYI~d~'llFl1~nYl1~ltJ~n~\I~ltJ~tlnl'lbnu~m,n

tI~l\1b~'IA,m'l~tlubfitJu Prover tank b~eJVl1tl~mm~~md:;~11il'll\i1'1A,..•
AtI~~md:;Ad1~1i('IA,U'l'lmmF1bb~:;tlruVlJl~bYhnu 30°C ,r'lA,IiJ:;hrJ1~:;tJ1l?1bb~:;

, <u

~~ ~ ~11Flru~~u~ln ~bFitJ\Ibfinu bYhJ1U~~Ylt VI~tImsaau bfiau bA~tI\llild\l, , ,
timl?lb~n b~'IA,1:htlYl tJdb'llil bU'IA,f'l'lA,'lA,tlnIiJ1ndm'lIil'ldliJ~tlu~wh~uvitl~\ltJ1liJ

l-tlbYlFl'llFl'EJtI\Irrrs bbY!'IA,~tl~ ~llil'ltJ a \IbYI~d1'lA,U'l'lIiJ,nru",~dtJJlU~~Ylt~'l:;li(u byh, ,
n'lA,b~tlYI1~ltl~~11il'lU'l'lIiJ~Yl5titl\l m'lU'l'lliJti a \I~'IA,Fh~uvia 1i(\I n~ld 1'lA,m&~" ,

•
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Units in Physics and Chemistry
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999,90431
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998,9240

998,7546

998,5740
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997,74-43
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993,9922

993,6434
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992,9226

992,5507

+C. I

999.B!:!
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m,9>6!

999,96-!

999.971.

999,96<1:

m.9~;J
999,S91 ;
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996,9&91

996,726-

996,454:

990,17:.5

995,88::;

995,;8:.\

995,27<>

99•. 95-:-

994,63:5

_,299:

99J,gS7S

99J,6Vli

993,25Ct

99'2.385~

qq2Jlj:

+C,2

999,S591

999,91n

999,9490

999.9612

999.9111

_,9582

999.9298

999,8365

999,1288

999,7569

999.6714

999,5726

999.4609

999,3366

999,1999

999,0513

998,8911

998,7194,

991,5165

993,H28

998)3110<

991.9236

991.6985

991,4634

997,2115

996,9639

996,6998

996.4265

996,;:4;:0

995.8525
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995,243i

994.925)

994,5996
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993,92J I
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g?2.948S

992,'751
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999,86lJ
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999,969)
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999.9560
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999,4490

999.3234
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998,7016
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998,3229

998,1174

997,9015

997,6155

997,43904

997,1915

996,9379

996,6729

996,3986

_,1152

995,1228

995.5216

995,2117

_,S9lJ

994,5665

994,2l15

993,8SS4

993,5313
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992,SHS

992,4371

+C,'

999,171l

999,9214

999,95'2

999,9701
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999,9537
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999,8161
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999,7409

999.6527
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999,4370

999)102

999,1112

999.0202

998,1516

998,6131
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998,3021

99S,096j

997,1794

997,b52)

997,4152

997,1683

996,9111

996,6459

996,3707

996,0164

995,i93I

995,4910

995,1103

99',8610

994,S3l4

994.1976

993,85)6

993,5018

99J,1421

992,7147

~2.l999

+0,5

999,1711

999,925'

999,9565

999,9708

999,9689

999,9513

999,918'

999,1107
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999,6432
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1un1"iL~ElnHl1ll"il\lll1l,ru 1 ~UEl~ntJFI(lJLtJueJm"'flul" LL~'r'Ilnl~L~El.., ..
n1"iAlWJ(lJ'Yll\l~lu~'J~'l!mLu::,.zll~l1ll"il\l~ 3

u

f>l113-1'V1U(;HUIU'HU'lIf)\I,h (Absolute Viscosity of Water).•.
LitEl\l"l n1Un1"i~EltJ L-nt'JtJLL~::I1l"i'J"~EltJ1r1Al-rtldEl\l I1l~ElI1l"UtI\Irm

11l"i'J"~EltJflUFh~uY; El Ldl111l1~"llLtJU~'Jn~l\l LL~::LtJU~l"im'Jn~l\ll Unl"i r;ll LUUn1"i

1ULL~1Bm"im\ln~l'J~'Jt'J nU'YI~lt'Jn"iru m\l,ruFI(lJ~~,r~~rllAru LL~::~lLtJ '1.1,, ~
~nFlru~~,r~ 'Yll \lYJfln a'll"i:::5l m'J'l!El\lJl ~\I n~l'J ~ El FI'Jl ~'YIit", ~~\l"i cU'l!El\IJl,
(absolute viscosity or dynamic viscosity of water)

FI'Jl~'YIit", ~El FI(lJ~~,r~~El\lL'YI~'J~hJt'JEl~LU~t'JULLU~\I'I1U-¥iY(ul"''lJEl\l,
ElUJll FI'YI~Eln1"iL~t'J\lm'JrJEl\IElUJll FILitEl\l"ln LL"i\l~\I '" "'''i::'YI~l\l T~L~n~ 1umru

q q qJ ••

'l!El\lL'YI~'J3'ln1"iLFI~ElU-nFl(lJ~~,r~m\ln~l'JL~t'Jndynamic viscosity or absolute,
viscosity (~) ~U~ElFl'Jl~~lUYllu5udll1l"lnFl'Jl~L~t'JI1l'YllUJllt'Jl m::'YI':h\l#u

'lJEl\lL'YI~'J1ULLU'J'lJUlUntJn1"iLFI~ElU~

1U'l!(lJ::L~t'J'JnUL"ilL~t'JnFhLro1'IY5'JUn~tJ~El\ldynamic viscosity (~) 1/~

L~t'Jn~l "fluidity"

UEln"l ndiJ\l3'l FI(lJ~~,r~'Yll \lYJfln a~ n ~l'YIit\l~~l LtJU~aen ~l'J~\I ~El,
kinemetic viscosity (v) ~\I,,::3'l~lLYhntJ 5ml5'JU"i::'YI'Jl\l dynamic viscosity

(~) ntJ,.zl'YI~n~lLYn::~El\lL'YI~'Jp

v = 1::
p

"ln~~n1"i~l\ltJum\ln~l'JL"il~\I~tJ~l'YIlnL"ilYldltJ~lFl'Jl~'YIit"'~~\l"icU

a I '"'lJEl\lL'YI~'J(absolute viscosity or dynamic viscosity) L"iln~l~l"itl'r'llFllFl'Jl~'YIUI1l

kinemetic viscosity (v) M 'YI~EllU'Yll\ln~tJnu

LL~LitEl\l"ln FI'Jl~'YIitl1l'l!El\lL'YI~'J"::LtJwrl'\lfl#U'lJEl\lFl'Jl~mu (p) LL~::

El(lJ'YIfl~ (T) 'YI~El~I1l~n~t'J'YI,:t\l':hFl'Jl~'YIit"''l!El\lL'YI~'J''::LU~t'JULLU~\lm~ n1"i,.. ..
LU~t'JULLU~\lml~mULL~::El(lJ'YIfl~!JEl\lL'YI~'J,rU1 "i'J~~\lJl~'Jt'J ,rULEl\l, ..

~l= f(p, T)

•



r;l\l~ Unl 'J ul ~ tJ UllU a \Iif\l F1'J13.Jr;lUll~:: a ru'Ylil ~~\I ~'J U~ t:J~ r;leJm 'J, ~
ul ~tJUllU ~\I ~lFl'Jl3.J'Ylit~

F1'J13.J'Ylit~51\l~\I (reference viscosity)

«3.JU'J::~'Yl6F1'J13.Jr;lU-F1'J13.J'Ylit~ (pressure-viscosity

coefficient)
- E'Yl ih~iiI"ll£1\1£IW'H1l :iHiil CJa r;i£IflI'J13-1'HU61 l'Jl~l3.Jl'JCl'Y\lFl'Jl3.J. ..

«3.J~U6'J::'Yl11\lFl'J13.J'Ylit~nUeJru'Ylil~1r;l11, ~
P F1'Jl3.J~U

l~eJ l'JlmlU'U'iJ-;ijtJ~~ t:J~r;leJ~l ml3.J'Ylit~?J a \ll'Y\~'J'J'J 3.Jif\lJ'lll~'J llr;ll U

um1l'Jl'iJ:: 1~F1'J13.J ~Ul'iJlQ'V'n::J'll'Yh~u r;l\l~Ul'Jl~l3.Jl'JCl'Yll ~lFl'Jl3.J'Ylit~

~3.JU'Jru?JeJ\lJ'leJ~l mU?JeJ\I~3.Jnl'J'iJln~3.Jnl'J?JeJ\I Hardy and Cottington (1949)~ ~ ~
use Swindells (NBS) l~tJril'YlU~l~ml3.Jr;lU~~lFl\l~ll~::~~ll'YhnUFI'Jl3.Jr;lU

U'J'JtJlnlFl (atmospheric pressure) 'iJ::1r;l11

• ~leJW'HIl~"lleJ\lJlil~l o'c ~ t CC) ~ 20°C; Patm. ..

F1'J13.J'Ylit~51\l~\I (reference viscoscity)

~l «3.JU'J::~'Yl ~F1'Jl3.J'Ylit~ -eJ ru'Ylil a:lFI\I~ (constant, ~
viscosity-temperature coefficient)

To = ~ru'Yl.IJ~51\l~\I (reference temperature)

1un'J&?JeJ\ll'Y\m'J'J3.J~\I J'l l'Jl'V'lU11l~eJeJru'Ylila:l?JeJ\ll'Y\m~\l3.Jln~U'iJ::,~ ~
5\1t:J~1~F1'Jl3.J'Ylit~?J eJ\ll'Yl~'J~~ ~\I a 5Ul tJ1r;l11ll'J\lIii\l ~~'J::'Yl11\l13.J l~ n ~?JeJ\ll'Y\~'J~~ ,
B'Yl5'V'l~r;leJrrn ul ~tJUllU ~\I?JeJ\Iml3.J'Ylit~ l~ a flru'Ylil a:llU~ tJu1 U ttUA eJl~ fla runn a:l

q IU 'I IU

~\I~UFI'Jl3.J l~'J?J fl\l nl'JlFl~ eJu~?J eJ\I13.Jl~~ srn u1WZIfl\ll'Y\~'J'iJ::~ F1'J13.Jl~'J l~3.J~\I~U

5\1t:J~1'Yl13.Jl~n~llr;l~::r;l'Jfl~vll\lnU3.Jln~U~\I'Y111~ml3.J'Ylit~?JeJ\ll'Yl~'J~~~\I, ~

J.l = 100 X lOA eP (Centipoise)

130] _ 3.30233
A = 1998.333 + 8.1855(t - 20) + 0.00585(t- 20f]

llr;ll Un'J&llrl~ U'Jl n~ nl'Jrunl'Jcll tJ m13.Jl3.JU~ r;l3.J'J::'Yl11\l13.Jl~ n ~ ~,
B'Yl5'V'l~ r;Ia rn 'J lU ~ tJ uuil ~ \IF1'Jl3.J'Ylit~ l~ fl fl runn ~ ul ~ tJUllU a \I ~ UA m~ fl, ~

CIo rI c'¥ f rI d d~~l d d

flru'Ylil3.J?Jfl\l un ~~\I?JU b3.Jl~ n~?J aeun ~'iJ:: lFl~flU 'Yll'J'J?JUbflm ~'Yl'iJ::3.Jrrrsmsnu
It <u <u <I

~ 'f •• Jt Q ~ ~, f
nu 'J::ml\l b3.Jia ~~3.J3.Jln?JUll~::ln~nl'J'J'J3.J[;1'J (cohesion) nu 'J::'Yl'Jl\lb3.J l~~ a

?Jfl\lllrl ~'Yl~\I'iJl n13.Jl~ n ~tlunun ~ 3.Jl n~u ~ U 'Yl3.Jl tJ~\lFI'Jl3.J'Ylit~?Jfl\lllrl~'iJ::~~l,
c: ~ d co et

l'V'l3.J3.Jln?JUl3.Jflfl ru'Ylil3.J~\I?JU, '" ~

cP (Centipoise)

A _ '\1.3272(20-t) - 0.001053(t - 20)2]
- (t+105)- E'Yl5'W iiI"ll£1\1flI'Jl3-1 ,,]uil CJa r;i£IflI'Jl3-1'HU61 rl\l?Jfl\ll'Y\ ~'J ll~::lbrl ~

'J'J3.J~\lJ'1'iJ::~ ~l F1'Jl3.J'Ylit~ ~\l3.Jl n~ul~ flFl'Jl3.Jr;lU~\I~U litfl \I'iJl n 13.Jl~ n ~ Cln
IU IU et <u

n~r;lul ~fl~lnrni~ nu3.Jl n~u r;l'JtJ l'Yl[;1itFl'Jl3.Jr;lUll~::F1'Jl3.J'Ylit~~\I~ ml3.J «3.J~U6
'" ,~ et

~\lU

•

cl
l3.Jfl 1 Poise = 0.1 Pa.s
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• hydrometers ~il~&l~\.j,'YI:I-l1£J:I-l1&l":i1~tJru'YI.nilth,5\1 20°C L&l£J, ..
tJTiJtJ~l'\.l,'YI~'"J£JtltJ\lFl'"Jl~'YI'\.l,lLb~'\.l, L~£Jn11 "hydrometers for alcohol" 'YI~tJ

tJ~'YI~'"J£J?JtJ\IFl'"Jl~ L~~?JtJ\I~'"J'\.l,eJff~ LLtJfin m'm~1 um a ~tltJ\ltl~~l &l":i (Alcoholic

strengths by volume) L~£Jn11 "volume alcoholmeters" 'YI~tJFl'"Jl~L~~tltJ\I

~'"J'\.l,eJff~LLtJfinm'tJfi1'\.l,L'YltJ~tltJ\lmfi (Alcoholic strengths by mass) L~£Jn11

"mass alcoholmeters"

LL~a ~1\11":in&l1~ L":ilffl ~1":i(l Al'\.l, '"Jru'YIl&ll":il \ltl~:I-l1 ru LtJ15fiLLtJa n tJe:Ja ~

(International alcoholometric tables) ~\lLiJ'\.l,~'"J'\.l,CJff~tltJ\Iethyl alcohol nu ,11

r;l'"J£Jff~n1":itltJ\I H. WAGENBRETH and W. BLANKE (Physikalisch -

Technische Bundesanstalt) - FED. REP. GERMANY m£Jl~\~tJ'\.l,1tl

tJru'YI.niltlru:::Yhn1":i-r&l~'"J'\.l,eJff~tltJ\I ethyl alcohol nmbtJ~":i:;'YI11\1 _20°C nu, ..
+40°C AtJ

• Pycnometers

&ll":il\1tl~:I-l1ruLtJ15mLtJfintJe:JtJ~ (International alcoholometric tables)
d I '1 d cl' I J"' 0 od

'Yl1iJ:::nfil'"Jb '\.l,'Yl'\.l,tJ£JUWI~W\i1'\.l,tltJ\ln1":iFll'\.l, '"Jru 'Y\":itJeJfiliJl nn1":in":i:::Yhn1":i-r&l~\I.. ...
m:;YhL&l£J

12 6 n m; .

p = At + LAkpk-1 + LBk(t-20 0(/ + L LCi.kpk(t-20 0c)'
k=2 k=1 i=1 k e l

1. 0.1. MENDELEEV,

N.S. OSBORNE, E.C. McKELVY and E.w. BEARCE

(National Bureau of Standards) - UNITED STATES OF

AMERICA

2. T. PLEBANKI and B. OGONOWSKA

(Nation Bureau of Quality and Measures) - POLAND

3. T. KAWASAKI, Z. MINOWA and T. INAMATSU

(Nation Research Laboratory of Metrology) - JAPAN

4. P. JAULMES, S. BRUN and Y. TEP

(Montpellier Faculty of Pharmacy) - FRANCE

5. H. WAGENBRETH

(Physikalisch - Technische Bundesanstalt) - FED. REP.

GERMANY

6. L. NYKANEN

(International Union of Pure and Applied Chemistry)

p ml~'YI'\.l,lLL~'\.l,?JtJ\I~'"J'\.l,eJff~?JtJ\Iethyl alcohol nuJl; kg/rrr' ~

tJru'YI.nil t CC) LLff&l\lFh1r;l~\I 5 significant figures, ..
Fl'"Jl~L~~tltJ\I~'"J'\.l,eJff~LLtJfintJe:JtJm '\.l,L'YltJ~?JtJ\lmfi (Alcoholic

strengths by mass) LL'Yl'\.l,Fhl'\.l,~tl?JtJ\I'YlF1il,£J~L~'\.l, Fl'"Jl~L~~
~

?JtJ\I~'"J'\.l,eJff~LLtJfintJe:JtJfi1'\.l,L'YltJ~?JtJ\I~'"JmYhnu 12% ~\I~'\.l,

LL'Yl'\.l,Fhp = 0.12 (~ln~'\.l, p = 0)

Fl'"Jl~ L~~?JtJ\I~'"J'\.l,eJff~LLtJfi ntJ na fi1 '\.l,L'YltJ~tltJ\ltl~~l &l":i(Alcoholic

strengths by volume) LL'Yl'\.l,Fhl'\.l,~tltltJ\I'YlF1il,£J~ L~'\.l, Fl'"Jl~

L~~tltJ\I~'"J'\.l,eJff~LLtJfintJe:JtJfi1'\.l,L'YltJ~tltJ\ltl~~l&l":iLYhnu 12%

~\I~'\.l,LL'Yl'\.l,~l q = 0.12

tJru'YI.niltlru:;Yhn1":i-r&l~'"J'\.l,eJff~ 1'\.l,'YI~'"J£J°c ( I.P.T.S. 68), ..
5

11

10

9

4

2

p

q

n

•



k Ak
kg/rrr'

9.982 012 300 • 102

2 - 1.929 769 495 • 102

3 3.891 238 958 • 102

4 - 1.668 103 923 • 103

5 1.352 215 441 • 104

6 - 8.829 278 388 • 104

7 3.062874042.105

8 - 6.138 381 234 • 105

9 7.470 172998 • 105

10 - 5.478 461 354 • 105

11 2.234 460 334 • 105

12 - 3.903 285 426 • 104

k Cl k,
kg/Cm3

•
0C)

1.693 443 461 530 087 • 10-1

2 -1.046914743455169.10-1

3 7.196353469546523.101

4 -7.047478054272 729.102

5 3.924 090 430 035 045 • 103

6 -1.210164659068747.104

7 2.248 646 550 400 788 • 104

8 -2.605 562 982 188 164. 104

9 1.852 373 922 069 467 • 104

10 -7.420201 433430137.103

11 1.285617841 998974.103

k Bk k C3,k k C4,k

kg/rrr' kg/Cm3.oC3) kg/CmJ. °C4)

- 2.061 851 3.10-1 kg/(m3 • °e ) - 6.802 995 733 503 803 • 10-4 1 4.075 376 675 622 027 • 10-6

2 - 5.268 254 2 • 10-3 kg/(m3 • °e2) 2 1.876 837 790 289 664 • 10-2 2 -8.763058573471 110.10-6

3 3.613 001 3 • 10-5 kg/(m3 • °e3) 3 -2.002561 813734156.10-1 3 6.515 031 360099368 • 10-6

4 - 3.895 770 2 • 10-7 kg/(m3 • °e4) 4 1.002 992 966 719 220 4 -1.515784836987210.10-6

5 7.1693540.10-9 kg/(m3 .oe5) 5 - 2.895 696 483 903 638

6 - 9.973 923 1 • 10-11 kg/(m3 • °e6) 6 4.810060584300675

7 -4.672 147440794683

8 2.458 043 105 903 461

9 - 5.411 227621 436812.10-1

k CSk,
kg/Cm3

•
oCS

)

-2.788074354782409.10-8

2 1.345 612 883 493 354 • 10-8
k C2 k,

kg/CmJ. DC)

-1.193013005057010.10-2

2 2.517399633803461.10-1

3 - 2.170575700536993.10°

4 1.353 034 988 843 029 • 101

5 - 5.029 988 758 547 014 • 101

6 1.096 355 666 577 570 • 102

7 - 1.422 753 946 421 155. 102

8 1.080 435 942 856 230 • 102

9 -4.414153236817392.101

10 7.442971 530188783.10°

~u"h~muYl.ll~ 20°C ~u be:d5~bbfl~nfltlfl~U~~'Yl~ (pure ethyl
q •• q

d d I I I Q..I k 3
alcohol) YI".m pure ethanol ~~:J.li'lli'lll:J.lYlUlbbUUb'Yl1nu 789.24 g/rn

I?1ldl\ltJ~:J.lltlJbfl 6~ue ~ n fl sa ~ (I nternational alcoholometric

tables) m:J.l International Organization of Legal Metrology (OIML) 1r;Y
~[i]'Yl1l?1ldl\l

Table I: p = p(p,t)

Density as a function of the temperature and of the alcoholic strength

by mass

interval : 1°C; 1% mass

: from _20°C to +40oetemperature

•



12 6 n 111,

p = AI + IAkpk-1 + IBk(t-20 0C)k + I IC;.kpk(t-20 °cy
k e.Z k=1 ;=1k=1

Table IVa: P20'C = P20'C (q)
Density at 20°C as a function of the alcoholic strength by volume

Lo et '-' l.I d ~ cv I '-' I 11'

In-JElL'YH'lU'Ynmfill'Y1Ul'Yl~h'lI;)'JIl'JI;)'Y1dlt1FllFl'Jla-1btla-l~€I1lr;nu~i;la-l ua ~n€l ema,
lUb'Yl€la-ltl€llla-l'J~ (Alcoholic strengths by mass; p) b~U Fl'Jla-1b~~~€IIl~'JU~i;la-l

bb€l~nmm~1ub'Yl€la-ltl€lllmm'Yhrltl 12% (bb'YlU~l P = 0.12 ~lllui;la-lnl''j) b'nn

fil:;mlt1Fl'Jl a-I'YIU1 bbUUti €Ill b'YI~1'11'J111'ItUbb~'J Fl-rtl bb~[]l b"ilmlt1 Fl'Jl a-Ib~a-ItI€Ill

~'JU~~a-Ibb€l~nml€l~1ub'Yl€la-ltl€llltl~ml;)"i (Alcoholic strengths by volume; q)

b"ilnhi'i;ll;)"il Ul1ll"illl Table 11:~1ln1"i1rKm'll€l1l1;)1"illlnb~a-I~llbb~'JFl-rtl~ ,

interval : 0.1 % volume

Table IVb: p = p( q)

Alcoholic strength by mass as a function of the alcoholic strength

by volume

interval : 0.1 % volume

Table 11:P = p(q,t)

Density as a function of the temperature and of the alcoholic strength

by volume

Table Va: p = P(P20'C)

Alcoholic strength by mass as a function of density at 20°C

interval : 0.1 kg/rrr'

density : from 789.3 to 998.2 kg/m"interval : 1°C; 1% volume

: from _20°C to +40°Ctemperature

Table ilia: P20'C = P20'C (p)

Density at 20°C as a function of the alcoholic strength by mass

Table Vb: q = q(p20,c)

Alcoholic strength by volume as a function of density at 20°C

interval : 0.1 kg/m '

density : from 789.3 to 998.2 kg/rn 'interval : 0.1% mass

12
A "A k-IP = . I + L. kP

k=2

1Bn1'.i'YI1~11 Ul;)l"illl Table 11,Table IVa, Table IVb, Table Va uae
Table Vb ma-ll"iCl'YI1e:hu1rKfilln b€Jn~l'.i International Alcoholometric Tables;

OIML

Table IIIb: q = q(p)

Alcoholic strength by volume as a function of the alcoholic strength

by mass

•

interval : 0.1% mass



(Flowmeter Specifications)

nl"H~E1nt'li'~lIWrr~1JEI\lLVI~lL~E1H1~tJ~mrutlEl\lLVI~1~lEl1~(ltJ"i::~\lFl•
:XEltllmL~mtJ~m,j,~uFi'l (Custody transfer measurement) m~~mllVlu~tlEI\I

, ~
\llu'Ii'\lm\l1~liIlmJmi'lVlU~tlEI\ln£JVlmEl (Legal Metrology) ,rU~llil"i1~1JEI\lLVI~1

~itEl~HnUmmL~::LUU~ElEl~~\J~:v:::i'l~':lEJnU AEI ~llil"i1~~it~L'YlElf1U,x~LIiIEI{

(Turbine Flowmeters) LL~::mlil"i1~~it~~it~ PO, (Positive Displacement
.add •... d Co c3 ct Cl Co '" d

Flowmeters) LLliln~E1n~llil"il~tlEI\lLVI~lE1n~U~VlU\I'Yl~LVI~E1UL"i~L1Jl~l~U'YlUl'Yl

LL~:V::1~-ru rrn ElEl~-ru m nUEIElVI~ElhJ LV;El\It~ ~ El\IFlElEli11~ IiIl ~ ~ nu~ n.y;wa\l AEl

mlil"i1~m~FlEl~E1E1~~ (Coriolis Mass Flowmeters)

L"il3Tn~u':htl E1~~"il El~::L~ El~ ~,xl L~UEIT~ El~ eJ~ IiI~l 1iI"i1~1JEl\ILVI~l~ ~
LL~~::~it~~ UEIl:VLL~~\lVI~E1t ~~E1~~~EIl:VEl~Lu~tJ LLUU~LLIiIn~l\l nU ~\I~ UL~E1~

L"il:v::1~tlEl~~~(ln~E1\1~~u"iclLL~::~l~l"i(l,xl~lYl:Vl"irulLtJ~ElUL.y;ElUFlru~~-ui11
~ cu cu q, , ,

LL~~::"il Elrrrs LV;El~l ~l "inL~Eln ~l j;]"i1j;].y;~ LL~::LVIm:: nu \llU.y; b"il ~E1\Inl"iVl~E1

Lun"i&~:i'l nl"ii11~~\lm j;]"i1~1JEI\ILVI~11U~(llU~ Lbj;]n~l\lnU nl"i~:v:;1~mlu

tlEl~ ~~ Fl"iUcllUn ~\I~::m n~ Elnl"itJlj-Ui11\1lU"il~yf\l nl"i~E1~ LL'lf~t1l1\1-rn'!!l-l Tj;]El
, ,

b~~ l:: El~l \I~ \I\llUfil nu ~ ueFlll ~ ~n~ El\Ib.y;El\IIiI"i\l1JEl\I~l IiI"i1j;]1JEl\ILVI~l ~\I n ~ll

~1'1i'1~tJ~mrutlEl\lLVlm~lEl1j;](ltJ"i::~\lFl~E11JlElLL~nLtJ~Elu~uFi'l(Custody transfer•
measurement) ~\I:i'lml~,h~'q) LitEl\l:Vln~lm"i(ll'1i'buutlEl~~eJl\l~\lbb~::i11~j;]l~

eJ~ m "irll\llU1J El\I~l j;]"i1~1JEl\ILVI~l~ UII eJ\lFl\l-rmn "i::~u Flll ~Ul L~E1~ElLL~::1~

eJa nl"i1 ~tJ~m j;]"i~lEl Flll~ b~ El\I1iI"i\lbV;El\It~ ~\l1~ ~"itJ j;]l"il \Inl"i,xl L~UEltlEl~~. ~
"ilEl~::L~El~tlEI\lmj;]"i1~tlEI\lLVI~1 (Flowmeter Specifications) IiIl~bLUU~E1{~

I'ilVl-rU Flow measurement instruments AEI ISA-S20-1981, Specification

Forms for Process Measurement and Control Instrumentation, Primary

Elements and Control Valves 1JEI\IInstrument Society of American (ISA) LU
cl'

U'YlU

•



bb~eJ~1\11"inl?ll3-1 nm hl'iJ::ri'l'VIul?l'VI~muu~ eJ:51n~1Un1"i"tl L~ueJ~m~fl

Yi~CJ~ 1?l'VI~eJ~bL'Ym:51'V1U1 El3-I11?l"ir~!JeJ\IL'VIfl'J ~ CJ~ In'VI~ a ~LL'Ym:51'VI"b El3-Illn"ir ~

!JeJ\lL'VIfl'JeJl'iJl1leJ\ln1"i"tlL~UeJ~eJl;lfl~U 1 mn~~·;h~m~flr;l\ln~l'J'iJ::LUWLh::Tmf1.r

~eJm "i'Yll\llU!J eJ\I3-11In"ir ~!J eJ\IL'VIfl'J bLfl::1U!Jru:: LriiEl'JnUeJ~thu lCU\ll U 'VI~eJ~eJ~ ~ ~
'VI~eJ0tT\llUlnfleJ~'iJUL:5'1'V1,z1~#\1m\lr~LeJ\lneJ1'iJl1leJ\lnl"i~eJ3;lflL~3-IL~3-I~eJ1'iJLbI?ln

~l\1'iJlmlElfl::L~ El~~1I;i'LL~~\l1 nU'U'Yldn1l;i'L~unu

Jl1&1"1&1tf;l&1L'I'Ill{luuiiL61ll{

(Turbine Flowmeters ISA S20
1 Taq Number

2 Service
3 Meter Location

4 line Size
5 End Connections

6 Body Rati
7 Nominal Flow Ranae

8 Accuracy
9 Linearity

10 K Factor, Cvcles oer Vel. Unit
11 Excitation

METER 12 Materials: Bodv
13 suoocn
14 Shaft
15 Flanqes
16 Rotor
17 Bearmqs: Tvoe
18 Bearing Material
19 Max. Soeed
20 Min. OUIDUIVo~aoe
21 PickoffTvoe
22 Enclosure Class
23
24 Fluid
25 Flow Rate: Min. Max.
26 Normal Flow

27 Operatina Pressure
28 Back Pressure

FLUID DATA 29 Operatina Temp. : Max. Min.
30 Operatina S eciflC Gravitv
31 Viscosity Ranoe

32 Percenl Solids & Tvoe
33
34 Seconda lnstr Taa No.
35 Preamplifier

SCONDARY 36 Function
INSTR. 37 Mountina

36 Power Suoptv
39 Scale Ranoe
40 Output Ranqe
41 Totalizer Tvoe
42 Compensation

OPTIONS 43 Preset Counter
44 Enck>sure Class
45 Strainer Size & Mesh
46
47
48
49 Manufacturer
50 Meter Model No.

51 Secondary Instr. Model No.
Notes:

ISA Fonn S20.24

:J.I1Gl":i1 Gl'l1U Gl L'VIvi1 'lnr~ LGl vi" (Turbine Flowmeters)

"il Elfl:: L~ El~!J eJ\l3-Illn"ir~!J eJ\I L'VIfl'J!lil.~ L'Yla fl'U"ziJ LIna { (Tu rbine

Flowmeters) h;i~3-ItTeJl;lflfl\ll mlElfl::b~El~m3-l1 ULL'U'UvJeJ{3-I~ 1 1n13-1FllLbU::Ul
dOfV Q..o I fV~fVJ'

1n13-1'V1mEl bfl!J'Ylnl n'U'VIu lbbln fl::m!JeJ~\lU

1. liLW~\I'VI3-I1mfl!Jth:::51r;l'J (Tag number) tJeJ\lmln"ir~L'YleJfl'U"z

.fl1Elluh\l\llu'VI~eJh\lnku 'VI~eJTruck loading facilities LUUI1lU L~U 101-FM-

1003

2. U\I'U a n ~\I n1"iUlm In"ir ~ L'YleJfl'U"zb~ eJltTr t;ltJ~m ru!JeJ\IL'VIfl'J!lil.~ 1~
b~U Benzene

3. 1iLL~~\ll1i'lLL'VIu\I~~~rff\ll U'U~L'Jru!JeJ\I~mu~,fu 1 T~El'iJ::u\I'UeJn

LUU'VI3-I1mfltl"i::'U'U'Y1eJ~b'Yhl~ 'VI~eJ'VImmfltl~mU~~~~rff\l L~U 'VImmfltl"i::'U'U

'Y1eJ-DWG. NO.-3-I11n"ir~&l'JYi L~U 1013-230-FM 210

4. !JUl~!JeJ\I'Y1eJ~mln"ir~b'YleJfl 'U"z~~rff\ll U"i::'U'U'Y1eJ

5. litleJl;lflt!eJ\ltleJ~eJ!JeJ~mln"ir~L'YleJfl'U"z ~eJ !JU1~LLfl::~il.~!JeJ\lti'eJ~eJ

b~U 2 in. 150 Ib ANSI 'VI~eJ0 2" 150#

6. Pressure and temperature design rating Yil1leJ\lnl"i

7. Nominal flow range 'iJ::1c;l'iJlntleJl;lfl!JeJ\lCJ~1nLL~~\llUA1!JeJ\llinear

range of selected meter

8. n1"iU\I'UeJnA1Fl'J13-1LL:fJueh (accuracy) !JeJ\l3-I11n"ir~L'YleJfl'Uu1u
9. Degree of linearity Fl"ieJ'UFl~3-IlnfleJ~ nominal flow range

10. Al K-factor LUUA1~mln"ir~L'YleJ{l'Uu1 iA1LUU:51U'JU~fl.gbb"i\lr;lU
L'YleJ3-I!JeJ\Ipercent of instantaneous flow rate

•



1yJyhr'l~\I'iJlnl(;]tl~~1(;]':i'IJeJ\lb'V\m~1'V\~~lU~11n':i1(;]b'Y1eJfl'U,x~\lmln':il(;]b'YleJfl'U,x

'iJ:;~i?l';llbtl':iliilU1u~~.gr;l\ln~11 1'l4bihFhtl~~lln':i~ o1tl r;l1~b'V\lnd~\IhrFllF111~,
«~~mh:;'V\'Jl\1liilu1U~~.gbb':i\lr;lu1yJ~1~CJ~In~u'lJeJ\lmln':il(;]b~eJ'Yl1n1':il(;]'lJeJ\lb'V\~1

~1'V\~~lun'Utl~m In':i1'V\~~lUmln':il (;]b'YleJfl'U,x'iJ~\ll(;]'iJlnuuusn In':il iil\lJ U

12. ~\I 16. ':il~n1':il~~~H~~l\1mln':il(;]b'YleJ{l'U,x~\I~CJ~In'iJ:;r;leJ\ll '14

ieJ~~iil\ln~11M-5'(;]b'iJU 'V\ln~ International Standard 1'V\1~~11n':i:ijlUr;l\ln~11~ ...
'V\1nhJ~nl 'V\l~~lln':i:ijlU'lJeJ\I'U~';'YlerCJ~1n... ~

17. 1'l4u\l'UeJmj,"(;]bb'U~\ll1bU'Ubb'U'Usleeve bearings, ball bearings

'V\~eJ1~~bb'U~\Ibb~bUUbb'U'Ufloating rotor

18. ~,"(;]l~(;]~H'Yl1bb'U~\I (bearings),
d d d

19. bUUFl11m~1':ieJ'U~\I~(;] (Maximum speed) 'V\':ieJFl11~rl~\I~(;]'Yl

mln':il(;] b'YleJ{l 'U,x~lm':im111(;]1(;]~~11n':il(;]1~1r;l-r'UFl11~b~~'V\1~ b~U FIdl~

b~~'V\1m~\ln~bUUr;lU

20 Fll bb':i\liilul yJ~l~l~(;]'iJlnm In':il(;]~CJ~lneJeJnmb~ eJ'Yl1m':il(;]'lJeJ\I. ,
b'V\~1b~m.hlbb':i\lr;luiil\ln~111tl'lb:;m~CJ~b~eJ'V\151n':ilm':il 'V\~ 1u~tl'IJeJ\I min.

output voltage volts peak to peak

21. ~,"(;]iil11n':i1'iJ~'U«'1!'1!lru'iJlnl'U~(;]b'YleJfl'U,x(pickoff) eJ1'iJbUU~,"(;]

standard hi-temp 'V\~eJradio-frequency type(RF) 'V\~eJexplosion proof type

22. ~n'l!l-ru:;n1':ibbu\lbb~nIFI':i\l~~l\1'IJeJ\I'Yl1\1lyJ~l(electrical classification

of enclosure) l1bUU~,"(;] General Purpose, Weather Proof, Explosion

proof class I Div 11 bUUr;lU

23. ~U '] tll~ bb~:;bUUtl':id~~,x~eJn1':iril\11U

24. ~,"(;]'lJeJ\lb'V\m~r;leJ\ln1':il(;]'V\~eJ~1~~11n':il(;]b'YleJfl'U,xl(;]5mln1':il'V\~eJ~

25. 51n':iln1':il'V\~'lJeJ\I'lJeJ\lb'V\~1~1(;]1r;l~\I~(;]bb~:;~1~(;]

26. 51n':iln1':il'V\~ril\11utln!i1~1~eJ~

27. Fl11~iilwn~ 1U':i:;'U'U'YleJ~\lmln':il(;]b'YleJ{l'U,x!i1(;]~\leJ~~51n':ilm':i

1'V\~ril\11utln!i1 (operating flowrate) bb~:;~1~1':irlril\11u1r;ltln!i1

28. Fl11:I.Jr;lUfleJun~'U (backpressure) bUUFl11:I.Jr;lUr;llU'Yll\1eJeJn

mln':il (;]b'YleJ{l 'U,xm~ 1m:;uu'Yl eJ~m iilu'V\~mful1 ~\I'V\1nFl11:I.Jr;lUfleJun~'lJ

m ~1U':i:;'lJ'lJ'YleJ~\Inl1~rll'V\U(;] eJl'iJ~\ICJ~1'l4m In':il (;]m eJfl 'lJ,xril\11U~(;]~~1 (;]lr;l

29. eJru'V\Jl~'lJeJ\Ib'V\~1m~1m:;'lJ'lJ'YleJ~\lmln':il(;] b'YleJ{l'lJ,x!i1(;]~\leJ~~~, ~ ~
Fll~\I~(;]bb~:;~l~(;] I(;]~mml(;]b'YleJfl'lJ,x~lm':irlril\11Ulr;ltln!i1~ , ,

n
K-factor =-

V

n = IiilU 1uFlf\l'IJeJ\I~~.g~1(;]lr;l'iJln:I.Jlln'il(;] b'YleJfl'U,x

V = tl~mln'i~l(;]lr;l'iJlmb'U'lJmln'il (prover)

bb~biteJ\I'iJl n m'i~'iJ:;ul Fll bFlbb'V'JFIbineJ{iil\l n~11mtlH\llUar n'iJ:;bUU

b~eJ\lFleJuil\1l~~:;(;]1n ~\llr;l~ nl'irll'V\U(;] Fll«:l.Jtl'idf'Ylti?l11 'V\~'U~l b~~nl1

"~blneJ{bbyJFlblneJ{(Meter-factor)" ~'V\U1muu ~n'lJ1F1nb:I.JIn'i/PulseI(;]~~Fll

d
b:I.JeJ

MF=----
K - factor

r;l\lJUb~eJ1'l4bUUm1n'i~lUn1'itl~'lJ1i b~mnU~\Irll'V\U(;]Fl11~'V\m~ ~ bineJ{bbyJFIbineJ{

1'V\~ FieJ

d
b:I.JeJ MF ~blneJ{bbyJFlblneJ{:l.Jlln'i:ijlU(standard meter factor)...

tl~m 1n'i'IJeJ\Ib'V\~1m~1 Ubb'lJ'lJ:l.Jlln'il bbri1'IJFlll tl5\1~m1:;

mln'i~lU (15°C 'V\~eJ60°F, 0.0 psig)

tl~mln'i~~lulr;l'iJln :l.Jlln'il (;]bbri1'IJFllltl5\1~m1:;mln'i~lU

(15°C 'V\~eJ60°F, 0.0 psig)

v.,

11. bUU Excitation modulating type 1'l4bb~(;]\llr;lbQm:;l U~tlbb'lJ'U

volts at hertz

•



30. All3-l~Wih b~l::'ZJEh'lb'Yl~1~3-Il1n"'i11nb'Yl1J-flu,x 'I'hm"'i1 ~~ elln"'ilrrn

1'r1mhnuun&i (operating flowrate)

31. ~l\lAll3-l'r1il,~'ZJ1J\lb'Yl~1~i;1lm"'imU~eJUbbU~\l1u1til'ZJru::'I'hm"'i1~

r;i'leJ3-Il1n"'i1~b'Yl1J-fluul~mJ\lA\I t ~~lAll3-1 ~nr;i'1J\Ibb~UEhtU"'i::r;lU~~lb~1J~1JLL~::

LtJu1UInl3-l~1Jnl'r1U~'ZJ1J\In-!]'r13-1leJ

32. mn'ZJ1J\IL'r1~lLtJU'ZJ1J\IL'r1~1~1~~i;1l"'iLL'ZJ1U~1JeJ1J~n~\I~ LL~tll'r1ln

~ i;1l"'iLL'ZJ1U~1JeJ1J~t ~"'i::~ll3-ll1n"'i1 ~L'Yl1J-flu,xtl\l A\Ii;1l3-ll"'iCl'Yll\llU1r;i'~n r;l1J\I'r1ln

~~lU then 1JU'ZJ1J\li;1l"'iLL'ZJ1U~1JeJ1J~t mhu lULU1J{L'llUt9I

33. ~U 1 tll~ LL~::LtJUU"'i::lml,x~1Jm"'i'Yll\llU

34. 'r1ln Tag No. 'ZJ1J\Isecondary instrument ~l\l:ijln Tag No.

'ZJ1J\l3-Il1n"'i1~L'Yl1J-flU,xnt'r1'1~Ht U~1J\ld

35. "'i::~ Pre-amplifier tll~H. .
36. U\lU1Jnmtl'Yi'ZJ1J\lLA~1J\I:fl1J1~(instrument) L~U U\lU1Jnll rate

indicator, totalizer 'r1~1Jbatch control

37. m"'i&i~r;l\l (mounting) bLUUflush, surface 'r1~1Jrack

38. Lb'Yl~\I~leJ~~\I\llUllttnyJ-Wl'llil.~t~ L~U 117 Vac 'r1~1J220 Vac

39. t Un"'i&~~ rate indicator t Wt'l~1J 36

40. t~~lr;i'lU'Yll\l1J1Jn'ZJ1J\Iinstrument LLi;1~\llu~u'ZJ1J\l40-20mA 'r1~1J

21-103 kPa (3-15 psig) LtJUr;lU

41. LLi;1~\I~lt:J~"'i13-lm"'i1~U~3-Il1n"'i~\I'r13-1~tU"'iU'ZJ1J\lr;llL~'ZJ~~In1J~5n

~\lt~U\lU1Jnr;i'leJllLtJU'Ilil.~ reset type 'r1~1Jnon-rese; type

42. U\lU1Jn~l\llii'lL~l::'ZJ1J\lm"'i'll~L1JeJ~l(specify range of compen-

sation) 1Jl:ijLtJU~l\lm"'i'll~L1JeJ~lAll3-lr;lU LL~::/'r1~1J1Jru'r1f1il'r1~1J'r1~leJAll3-l'r1il,~. "
43. Pre-set counter

44. t~u\lU1Jn NEMA classification of enclosure

45. U\lU1Jn'ZJUl~ strainer LL~::'ZJUl~In::LLn"'i\lf1leJtUstrainer (mesh

size) 'r1ln1~mlut'r1'1tT'ZJUl~ strainer LL~::mesh size Inl3-lFllLLU::Ul'ZJ1J\lU~';'Yl

Yit:J~1n

3-I1G1';j'j'G1'!JilGl PD. (Positive Displacement Flowmeters)

"'ileJ~::L5eJ~'ZJ1J\l3-Il1n"'i1~'Ilil.~PD. (Positive Displacement Flowmeters)

t ~L&i3-l~mJ~~\llmleJ~::L5eJl?llnl3-1t ULLUUyJ1J{3-I~2 Inl3-lAlLLu::mlnl3-l'r13-1lm~'ZJ
doG..l Lr I CVVcucY

'YlmnU'r1UlLLIn~::'r11'ZJ1JI?I\lU

1. t ~LLi;1~\I'r13-1lm~'ZJU"'i::lii'lr;l1(Tag number) 'ZJ1J\l3-Il1n"'i1~'Ilil.1?IPD

2. Process Service U~m"'i\llU11?1'ZJ1J\lL'r1~1'llil.~t~t U~lUt~'ZJ1J\I

"'i::UUm"'i'Yll\llU L~U 1I?1U~3-Il1n"'itu#UIn1Jum"'it:J~1n'r1~1JH1~r;i'leJ1InClU"'i::i;1\1R•
custody transfer

3. t ~LLi;1~\lI,hLb'Yl~\I~&i~~\ltUU~Llru'ZJ1J\li;1mu~Ju1 Il?leJ:ij::u\lu1Jn

LtJU'r13-1lm~'ZJ"'i::uuvl1J~L'I'hl~'r1~1J'r13-1lm~'ZJvsssel Ia
4. U\lU1Jn1Jil.I?I'ZJ1J\Irotating element L~U disc, piston, van, helical,

rotors LtJUr;lU

5. 'ZJml?l'ZJ1J\lvl1J~3-Il1n"'i1~'Ilil.1?IPD &i~~\lt U"'i::UUvl1J

6. t~~mJ~'ZJ1J\I~1J~1J'ZJ1J\l3-Il1n"'i1~'Ilil.1?IPD (end connections type) LL~::

ANSI rating L~U 300 Ib, R.F. (Raised Face)

7. t ~U\lU1Jnll~t:J~lnmln"'i1~1Jil.1?I PD LLu::ull ~r;llL~1JUmln"'i1~

i;1l3-ll"'iCl'YlULL"'i\lr;lULL~::~ru'r1lJil1r;i'(body pressure and temperature rating)

L~U 250 psi at 190°F

8. elln"'ilm"'i1'r1~m3-l~~t:J~InLLU::Ult'r1'1tT\llU~flml::~l\lnl"'i'Yll\llUun&i

(normal operating range)

9. 'r1~leJt:J~"'i13-l~L~n~~1?I(smallest totalized unit) L~U 10m3

1o. ~n'\o}ru::nl"'iLLU\lLLeJnIA"'i\lfl-rl\l'ZJ1J\I'Yll\l1yJ-Wl (electrical classification

of enclosure) llLtJU'Ilil.1?I General Purpose, Weather Proof, Explosion

proof Class I, Div II (Class 1, Group D., Div. 2) LtJUr;lU

11. Lb'Yl~\I~leJ~~\I\llw:hlmyJ-wl'llil.~l~ L~U 117 Vac 'r1~1J220 Vac

•



19. (i\l 20. Type of coupling L-dU,Magnetic 'YI~mtJu,Fm.l~n'bl-ru::,

1l1Gl~-r61tlU6ltlUGl PD.

(Positive Disolacement Flowmetersl ISA S20
1 Tao Number
2 SeMCe

3 Lrec xo. vessel No.
4 TVDe01Element
5 Size
6 End Connections
7 Temn & Press. Ration
8 Flow Rate Ranne
9 Totahzed Units

10 Enclosure Class
11 PowerSuoolv

METER 12 Malenals. Outer Housino
13 Main Bodv Cover
14 Rotatinn Element
15 Shaft

16 Blades
17 Bearinos: Tvoe & Material
18 Packina
19 Tvoe of Cou lino
20
21 Reclster TVnA
22 'rotauaer

COUNTER 23 Reset
24 caoaenv
25 Set· StOD
26
27 Fluid
28 Flow Rale. :Min. .Max.

FLUID DATA 29 Normal Flow
30 Ooeralin Pressure ooeran T emoerature
31 Qoeratina Soeedic Gravltv
32 Ooeratina Viscosity
33 Coefficient of Exnansion
34 Flow Units
35 Shut·Off Valve
36 Switch: Sincle or 2·518 e
37 Temoeralure comoensator
38 Transmitter Tvoe

OPTtONS 39 Transmitter Outout
40 Air Eliminator
41 Strain8f. Size & Mesh
42
43
44
45 Manufacturer
46 Model Number

Notes.

ISA Form 520.25

21. U\ltJtJntlU(;l?JtJ\I~"J'lrwYin~l (register type) L-dU, horizontal,

vertical, inclined, inline reading, dial reading, print LtJU,~U,

22. LLa(;l\l:51wm~'JLGl?J?JtJ\I~'mUa(;l\l~1?JtJ\I~'J';i'J3-J(;JGl(Totalizer) ~1

LtJU, LLtJtJ 6 ~'JLGl?J(digit), 5 ~'JLGltl, 'YI~mLa(;l\ll u,~n'bl-ru:: 0-99 'YI~tJ 0-999

'YI~tJ0-99999 LtJU,~U,

23. f11 totallizer ~tJ\ln1';i reset ~tJ\ln1';i't"'L~£Ju,tJtJnH mn totalizer

1~al3-Jl';i(l reset l~fiL~£Ju,Fh~l "none"

24. L~£Ju,:51mu,~'JLGl?J'YI~mJ~mrua\la(;l'tu,mb£J?JtJ\ln1';i1'Y1Gl ~ counter•. ,
m3-Jl';imLa(;l\ll~

25. hM£JU,Fh~l "yes" 'YIlfl set-stop ~tJ\ln1';iL~tJ operate ~'J

shutoff valve, switch 'YI~tJ~u,1LtJU,~U,

27. (i\l 33. U\ltJtJnFlrua3-JtJ1i?JtJ\lL'YIGl'J~HntJm(9l';il(;l PO 't"'3-Jln~a(;l, '
Lyh~lil::LtJu,hi'[(;l£JFlrua3-J,j~?JtJ\lL'Y\Gl'J~\ltJ~tJU,~Wlilu,~am'J::'r11\11U, (operating, •. ~
conditions) u,tJnlillnd'YIl n~am'J::'r11\11U,?JtJ\I L'YIGl'JtJ~'t u,am'J:: satu ration

conditions ~tJ\I'r11n1';i,ju,finH~'Jm-du,nu,

35. 'YIln';i::tJtJl(;l5(9l';iln1';i1'Y1Gl~H3-Jl(9l';il(;l PO ~'Jd~tJ\ln1';i shutoff

valve 't "'L~£JU,Fh~l "yes" LL~~'J shutoff valve ~\ln~l'J~tJ\lLtJu,hJ(;ll3-J

~tJri'l'Y1U,(;l?JtJ\ltJ~';'I'1~(;J~(;l 'YI~tJ'YIln LtJU,tJ~l\1~U,'t ,.,,ju, fin 11'

36. 'YIln';i::tJtJl(;l5(9l';iln1';i1'Y1Gl~1'ti'm(;l';il(;l PO ~'Jd~tJ\ln1';i Switch

't"'L~£JU,Fh~l "yes" LLGl::tJtJn~'J£J~lLtJU,1 'YI~tJ2-stage shut-off control

37. f11~(;J~(9lri'1'Y1U,(;l't,.,i'ltemperature compensator 't"'L~£JU,Fh~l

"yes" 'YI1n1~'t"'L~£Ju, "No"

38. 'YI1n';i::tJtJl(;l5(9l';iln1';i1'Y1Gl~H3-Jl(9l';il(;lPO ~'Jd~tJ\ln1';i transmitter

't "'U\ltJtJn~'J£J~lLtJU,LLtJtJ1(;l L~U, pulse, rate of flow LtJU,~U,

39. 'YI1n1u,~tJ 38. U\ltJtJn~li'lLL~'J 1"'LLa(;l\l~1 transmitter output

"hi'l~11u,~'\JtltJ\I pulse per cubic meter 'YI~tJmA LtJU,~U,

12. (i\l 18. ';il£Jn1';ila(;l~Ha~l\13-Jl(9l';il(;l!fU(;l PO ~\leJ(;J~(9llil::~tJ\l1'", •.
~tJ3-I;;,~\I n~l'J L"''/T(;lLlilU, 'YI1n i'l International Standard L'YI1'ti'3-Jl(9l';i,i1u,~\In ~1'J•. ..•
'YI1n1~i'l fiL 'YI1'ti'3-Jl(9l';il\ilU,?JtJ\ltJ~';'I'1eJ(;J~(9l.... •.

•
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~1~~1~~1~~~~~~~R
(Coriolis Mass Flowmeters)
Location I Soec. No.

Taa Number
Quantity
Service
Manufacturer
Model No.

Service Conditions
Fluid
State
Flow Min./Max.
Temperature
Pressure
Specific Gravilv or Densitv
Viscositv
Area Electrical Classification

Flowmeter Element Tao No.
Size & End Connection
Welled Parts
Mountino
Pressure Dron & Max Flow
Face to Face Dimension

Flowmeter Transmitter Tao No.
Input Power
Calibration
Temoerature Comoensation
Outout Sianal
Accuracy
Housinc
Cable tenoth

5 Soec. Bv
c: 4 Design Aooroval0.;:;; 3 Process APproval:;:
Q> 2 Purchase Oder No.[t:

Vendor1

41. 'YnnLuie:J 40. U\l'lJe:Jn~1ilLL~1 l11LLfI~\lt1il.~~e:J\I Strainer ~1LiJU

t1il.~ "Y", "Basket" LiJu~u -#\ldi?l1 Strainer ~e:J\lfl13-J1·Hlri1\11wnEJ1~~1\1
~

Fl113-Ji?lULLi.'l:;e:Jru'YlJl~LLi.'l:;1JU1~'l13-J'I1\1t1il.~'Ile:J~e:JL~UL~E11n'lJ3-J11?l'lr~ PO uae, "
rfl~~e:J\li?l1L~e:JUL~UL~EJ1n'lJi?l1L~e:JU~e:J\l3-J1I?l'lr~ PO LL~~1'Yl1n~1\1~1ni?l13-J11?l'lr~,
PO l11uwYinH~1tJ

45. ~\I 46. 1'Yll~'IlmJi.'l1?l13-J~'lJ~~'r11113-J1

3-J1G1'a1G13-J1tHU)~eJeJ~a(Coriolis Mass Flowmeters)

'l1EJi.'l:;L~EJ~1Je:J\l3-J1I?l'lr~mi.'lFle:J~e:Je:J~fI (Coriolis Mass Flowmeters)

Ll1L~3-J'IlmJi.'li.'l\llu'l1EJi.'l:;L~EJ~1?l13-JluLL'lJ'lJwe:J{3-J~ 3 ~\lluLe:Jnfl1'l~e:J\I ISA ~u

~\IhJil n1'l~U~U ~1 :fl'Yl~e:JhJ LL~fl~1\1lte:J EJfI~ L'l1Fl1'l'r1'l1'lJifl3-J i.'l~fl\l ml?l'lr~, "
r;l\ln~111~r;l\ld

•



b~~eHI-ii'\ll-u-ii'\I b.rJa rrrs
~fltl1t1Glfl a1fi1';iW~t~tI Gl';i\l

(Weighing Instrument for direct sale to the public)

b,:trJ\I~l n nl''il-J ~ U1nl''i~ rJ\IbFl~rJ\I~\l1rili?l1bUUrJ~l\l ~ a b,:trJ\Iril'J!'J'J:;!'J:;

mnu 1U nl'J1il1bbUnbFl~rJ\I~\lhJ51?lTUar~~~t 'li'rJ~~ UbtJUb~rJ\I~~Fn1:J,l ~\I!'Jl n~ ,
Q..I 9J I ~ ~ d'a I Cl _ 0 od ~ I

bb~:;'llU'llrJUrJ!'Jl\l!'J\I 'Y1\1Unb~'J1:;'J1nl'JeJ~1?lbb~:;'Vl~n nl'J'Y11\llU~rJ\I bFl'JrJ\I'll\luaae

'llUI?J'Vl~mb~~:;bbUU~u1ril~nl'J~~mbb~:;tJ-rUtJ'J\lb'YlFlT UT~~I?l~rJl?Jb'J~l t u~d,
b~rJFl'J1:J,lb'Vl:J,ll:;~:J,Ibb~:;btJu1tJ I?ll:J,l'J:;UU~ln~b'J1~\lt ~Fl'J1:J,l~Ut~nl'J~1?J mJ\I

bFl~rJ\I~\Ihl51?lTUar~l?ll:J,l-J1?l(ltJ'J:;~\I Anl'J t '1i'\l1U~Un ~rJ Fl'J1:J,l~iilrJ\Inl'J'Y1'J1U,
I ~ Q..I c! cl i.I .;., 'V cl';" Cl ad .:... ':i' Q..I ~

Fl1Ul'VlUn~\I~rJ\I'Y1l?lrJ\lnl'J'll\lI?J'J!'JbFl'JrJ\I'll\l'Vl'JrJnFlrJ "eJ~nl'J'll\lU l'VlUn" UUbrJ\I

~l:J,ll'Jmb'!.l\l bFl~rJ\I~\l1~ 5l?lTuar~ (Non-Automatic Weighting

Instruments) rJrJmtJu 2 tJ'J:;bfl'Y1L'Vlq!ril'J!'Jnu~rJ

1. bFl~rJ\I~\I~bb~I?J\I~11rilbrJ\I'Vl~rJ~\lbWI?J\I~11rilbrJ\I(A Self-or Semi-

Self-Indicating Instrument)

2. bFl~rJ\I~\I~bb~I?J\I~11rilbrJ\l1~1ril(A Non-Self-Indicating Instrument)

bb~Lu~ru:;b~mnunrJ1~~
cl .;., Co a Q

o bFl'JrJ\I'll\lm~Fl'Y1'JrJUFl(Electronic instrument)
, •• t.-

O bFl~rJ\I'1i'\lYi~~'JUbb~I?J\I~lUlmrn (Graduated instrument)

o bFl~rJ\I~\I~1~~~'JUbb~I?J\I~lJ1'Vl,rn (Non-graduated instrument)

o bFl~rJ\I'1i'\lYi~:J,il1?l'J1~'JU'J1Fll(Instrument with price scales)

o bFl~rJ\I~\I~Fl1mru'J1Fl11ril (Price-computing instrument)

o bFl~rJ\I~\lYl:J,ll\h1Fl11ril(Price-Iabeling instrument)

o bFl~rJ\I~\I~btJ~!'JU~1~rJ\I#U'Vl:J,il!'J:J,il1?l'J11ril(Multi-interval instrument)
, .. ,

o bFl~rJ\I'1i'\lYi~~'J\lnl'J'1i'\I'Vl~l!'J~'J\I(Multiple range instrument)

o bFl~rJ\I'1i'\I~rJ\lbb~m'\'hnu(Equal Arms)

•



o LFI~El\J#"LL1.JUId L'UEl'fr ~ LL~::L'UU"hlL\JElf (Roberval and Beranger

instruments)

o LFI~El"~"LL'U'Uft~mJ1f(;] (Simply steelyards with sliding poises)

tY'Uf1113-1 bfitl\l'I.~~\l b'VI3-l1::,U-I ?

L~Elli~El(;]FI~El"n'UFll13-lLtJulIl~"3-Iln~ft(;]lwYll\l1.J~u~ t(;]~YllllT;j(Jn,
~"Fldl 3-1L~ ~"IW:i"~ ~ El3-I-r'U11;]n'U";i::[;]'U";ilFll?JEl"LFI~El"#,, ~ ~1.J"i::n El'Urm[;]El\l~(;]'VIl

3-Il,rU[;]El\lhJLL~"3-IlnlllULnu11.J L~"il::"ilFll?JEl"LFI~El"#"lIldhlFllLL~"3-IlmZEl~

~UEl~n'U#UFld13-lL~~\JLL~::VI~nnl"i'Yll"lU L"il~'U'HuVI~l~1.J"i::L'YlFl~LlIl~ruLL~d~ ~
lIl::~El3-l1Vll'Zi'LFI~El\l#,,13J5(;]tu~l'Zi'#"L~Elnl"i~El?Jl~~El ftlemru:: t(;]~[;1"i" (Weighing

Instrument for direct sale to the public) LtJULFI~e.h'l#,,13J5[;1tu~#UFld13-lL~~"

IIJ L~~~dulV1'1i LiiEl"lIllmtJULFI~El\l#"~~"ilFll~El~~1.J"i::nEl'Unl"ift13-l1"i()~(;]~El

'VIl3-11L~€l1'Zi'#\IL~€lnl"i~€l?Jl ~ ~ €lft151"iru:: t(;] ~ [;1"i"1[;] 1U?Jru::~Fldl3-1LL3JU~l?J€l"

LFI~El\l#"a ~1 U "i:: [;]'U~LVI3-11:: ft 3-1LL~::~C.J~ ~ (;]«3-I~U5?J€l" nl"i~" 1Z€l~ L~€lLVi~'Un'U

J1Vl,zn~1'Zi'#\I~mJ1~1.J~n~El ~t(;]~~d11.J 8n~\I~~Fh'1J€l\l~UA1~€l5[;1"ilL~€l LVI~El

L~El'1Jl(;]~~€l3-l1V11[;]ru FhJ1Vl,zn~'Yllnl"i#\lEl~lu5[;1"il~dU~~El3-l-r'U1I;] LL~d3-ll
,. •••. I ••

~:a11LFI~€l"~"~nl"i~(;]~UFld13-lLVi~" III LL~::5[;1"ilL~mVl~m~El?Jl(;] (Maximum

Permissible Error) ~~€l3-lM~1[;]51Vl-r'ULFI~€l\l#"#UFld13-lL~~\I III [;]"lU[;11"il\J

d d 0 ~

'Yl3 (OIML R76) LL~::[;11"il"'Yl6 (OIML R76) [;113-lm(;]'U

.. .
o LFI~€l"~"LL'U'ULLr1U~\I(Instruments of the steelyard type with

accessible sliding poises)

[;]dmVl[;1dVlln~du1.J"i::nElU~l" 1 ?JEl"LFI~€l\l~n~ld3-l1~~dUVlit"~dul(;],
LtJu11.J[;113-IVI~€lVl~ n nl"iyh\llU[;11 3-I'fl€lrllVlU(;]?JEl\ILFI~€l\lLFI~El"ti',,~LLft(;]"Fh1[;]L€l\l

VI~€l~\lLLft(;]\I~11[;]LEl" (A Self-or Semi-Self-Indicating Instrument) VI~El

LFI~El\l#\J~LLft(;]"~11[;]L€l,,13J1[;](A Non-Self-Indicating Instrument) nft13-l1"i()

UltlElrllVlU(;][;]"n~ld3-l11'Zi'Lft~3-IL~3-IL~a.l1I;]UElnllllndLL~lL"iltT"~'U111 U OIML R76

nlll::~tlElrllVlU(;]Lft~a.lL~a.lL~a.lL\l~1::LFI~€l,,#,,~1I;]n~lda.l18n[;]d~

LL~l U ~dL"illll:: 1iFldla.lftull1lL\l~l::LFI~El"#" 13J5 [;1tu~~l'Zi'#\I L~€lrrn
d' I t
'(/€l?Jl~[;1€lft151"iru:: (;]~[;1"i\l(Weighing Instrument for direct sale to the public)

~\lLtJu11.J[;11a.lOIML R76 ~"lIl::HnuLFI~El\J#"#UFldla.lL~~\I 11, IIJ VI~El IIU

~~Yln(;]ril~\lft"ft(;]13JLnu 100 nn. [;11a.l~ElElmLUUHL~Ell'IiLUnl"i~€l?Jl~t(;]~[;1"i"~El~ ,
ft151"iru:: LL~lUnl"i~lIl::rllVlU(;]"il ~~::L8 ~ (;]L~a.IL~a.lVI~mllllll"iruT;h LFI~€l\l#"1(;]

F1d"i~(;]LtJULFI~El"ti'\IL~Elnl"i~€l?Jl~ ~€l ft151"iru::t(;] ~[;1"i\JL~a.IL&la.llllln~ LLU::U11itU

OIML R76 L~€ll ima.ll::fta.lnu1.J"i::L'YlFl1 'Yl~~"LtJU1.J"i::L'YlFl~rll~"~In.JU 1,run1[;]

;U€l ~ numb ~"lU ~-ru~(;]!lElU t(;]tJ [;1"i" 51Vl-ru1.J"i::L'YlF11'YltJ,rU'YIUdtJ\llU ~-ru

~(;]!l€lU t(;]tJ [;1"i\11Unl"irllVlU(;]~ LL~LFI~€l"#"[;1l\Jr(;]LL~::~uAl~uvlm~€ll iLtJul1.J

[;11a.ltl€l rllVlU(;]'1J€l"n!]Vla.lltJ ~"i::"iltfU'l!~~#\I[;1d"r(;] ~.Fl. 2542 1[;]LLrl

51,zn"lun~1\Jti'''m\Jr(;] (Central Bureau of Weights & Measures) ,rULEl"

.J
G11~1\l'Yl 3 (OIML R76-1)

tlllo ~llloJllo;llo~~l~~l~~l 'illn~ril<l~~l~!;I

~l:llo~~l~
,

F\11~ ~~1~rm!l~ (Mill.)

L~~~
~lml~'i1~rm!l~ (n = Max/e) 1~~!l~o11

(Lower limit)
E ~llloJllo~l~~ ~lWlllo~~~~

tlllo IJ 0.001 n. Se S 0.05 n. 100 100000 20e

0.10. S e 5000 100000 SOOe

tlllo 1TI 0.1 o. S e S 2 n. 100 10000 20e

5 n. S c 500 10000 20c

tlllo !Ill 5 o. S e 100 1000 IOc

m 3-Il'Yll Fill a.I Ltllh1UtJl"a.la.la.I€l"';hLFI~€l,,ti',,13J5[;1tu~~Hti'\I L~Elnl"i,
~El'1JltJ~ Elft151"iru::t(;] u [;1"i"~lUEl nllll n LFI~€l"~" LtJul1.J[;11a.ltI€lrllVlU(;] [;113-101ML

R76 LL~dL"ilFld"iL1ZuFlrufta.lU~L\l~l::"lUd1[;]Url,

U1U1,tJ'j~i.1li1?v?tn 241
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j;J1~1\1ti 6 tllil"il L~m'VI~m~tl'tJllil ~1'V1-r'Unl"i(;l'i'Jlil{;Hl'U1ri'Fll-r'lJ"jtl\l~\HL"in

(Values of maximum permissible errors on initial verification)

d ~:: Q.I dd~ cl ddG.l cl Cl d
3. LmEl~Iil~u l'VIUnLL'U'Um lil"il'Y1~~U~'Jl~ b'Y1El\l'Yl~tllil"ilu:,mL'VI1;1tl LtJtl,

'tJl~ (MPE
STD

) UtlElnll'VI~m'Yhn'U 1 11,.1,3 'tJeJ\ltllil"ilL~m'VI~m~tl'tJl~'tJEl\l

L~~El\l~\l1~tlIilTu3Ym(OIML R76-1)

ellil';il \.bl'V1Un't?T'VIIiI<lllU(m) bL<lIiI~h..",.b~

tI1l~Fhv"''VIa.n~!-J11i1';i11i1''i1'iJi\J';i1J~(e)

L~1lb'VI~1lb~1Jtllli1 'If". 11 V". III 'If". 1I11

±0.5 e o < III < 5000 0< III S 500 0< III < 50
+1.0 e 5000 < III < 20 000 500 < In < 2000 50 < III < 200
+1.5 e 20 000 < III < 100 000 2000 < III < 10000 200 < m < 1000. .

'I'I:lJlt1b'l'llil «~Lnlil·hd1~\.bl'V1Unt?T'VIIiI<I<lU (m) 1J,<fIil~l"''VI\.bml1l~FllV''''VI!n~a.nIil''il

1iI';i'J'iJi\J';i1J~(e) 111J~bL~<I~'If".mlW~~~'iJ~~h~n"'1J~L'Yhnu 10 L'I'h

~\ltll'VIln~l 113 LtJ~ElULUU114 'VI~El115 ~\I~~lUtlEl1;1\1~\I~ LL~
cl ~ a~ cl ~ et ~ .d ~ d d~G.f QJ cl d cl t.o

L~"iEl\l~\lnEl\l~"il~l~\I'tJUL'I'l"il:;~~U~'Jl~L'YlEl\l~\I'tJU'VI"iEl~lJlillilElElU'YlLnEJdL'tJlm~ ~
'Yh1ri'~El\l~lill"irulL~~Lm~~nL~unu

LL~tll'Vll n~ ~'Jl~ ~tl\l rm1~L~~tl\l~\l1ri'1;1:;L~EJ('lmn~u 'VI~mfU~'Jl~

L~El\l~\I~U~ ULUUFllm~~~ tlun~'U1tJll L"ilEla~1ri'1'1UA1~~El\lnl"i~\I~l srrsn ~~
1tJ1U'Yll\lmnnll'VI~El'Yll\lUtlElnlllilln~lU 'JU~~tl\lnl"iLUU~lU'JUL'Yh 1~ lilln

~UL"il~\llil:;~lm"itlri'1'V1U~'VI1#U~'J1~L~El\l1~~tl1il "i'J~~\I ri'l'V1U~tJ"i:;LJl'YlLL1;1:;

~;:(.~'tJEl\IL~~El\I~\IT~ElFll1%\1[i\lt!lil:5'El'VI1;11El~lU L~U ~n'l!rru:;n1"i'Yh\llU~ El\I

HLL'VI~\I'I'l~\I\llUlill nrn ElUtlnL~~El\l#\I'VI~tl1~ 1iI'J1'1UAlLUULL'U'ULLri'\I'VI~mtJEln

~~1yJ1~~lEl'VI~tltlllil"i:;Ltl~1~'VI~tlhl "il~l'tJEl\l L~~El\l~\lLL'I'l\l'VI~El~m~El~Elm 1~

\llUlil:;A~'YlU 'VI~tl1~ 'I'ln'l'llEln'VI~m~~ tlU~lEl~:;~'Jn'VI~El1~ L~~El\l~\I~El\lms, ,
LEll1lil1~~LL1;1-rn'l!rlm nUElElLWEl\ll~ ~~'Jl~1;1:;L~El~~ElULL1;1:;~El\ll~~'Jl ~i~l n

uElmwEl\ll~lunl"il~L~~tl\l#\I LUU~U

nl"i~lill"irulL~Eln#u~'Jl~L~El\l'l.lEl\lL~~El\l~\l1~eJInTu3Ym~'VI~n~lill"irul

lii1'U'J'U.ff"nu.ntl3-l1(;1":i1(;1":i'Jlili'U"HI\I (0 = Max/e) lii1'U'J'Ua\la~~f1'J":i1~?
••• •

b~tl~l[i\llillndL"il~\I~l~lill"irulL~~tl\l#\I#U~'Jl~L~El\l HI T~mQ'I'll:;

'I'l'Ull L~~El\l#\l1~eJ~Tu3Yml~#\I L~Elnl"i~El'tJ1El~tl~151"iru::T1nEl1n"i\l~u~'J"i~

~lu'Ju#U'VImEl~lln"illn"i'Jlil-r'lJ"jtl\l~\I~~ (nmax) 1~~'J"iLnU 6,000 ~El\l

n ~ 6,000

lillnlnl"il\l~ 3 (OIML R76) ~uri'l'VIu~lri'L~~El\l#\I#U~'Jl~L~El\l III

~lm"itl~~lU'JU#U'VI~lElmln"illn"i'Jlil-r'U"itl\l~\I~~[i\l 10,000 ~El\l LL~'VIln~lill"irul~ ,
[i\l ~'Jl ~ LUUlil~\ILL1;1:;~'Jl~U1L~tl[i mJEl\IL~~tl\l#\ILL~'J 'VI1nL~~El\l#\ILUUL~~tl\l~\I

~L~~mtl;:(.~~1m 'VI1;1~L'lf1;1L~Ell'li1Unl"i-)~Jl'VIun1u~'Jui\lJl'VIun L"illil:;~El\l
odd I Q,J':: evd 11 Q.I

~lU\ltI\I dead load L~U m~"itl\l"i'Uul'VIUn'VI"itl~lU~\lmmL"i\llillnmln"itl\l"i'U

Jl'VIUn~l\l '1 ~T'VI1;1~L'lf1;1~El\l-r'Um"i:;ritlU~lil:;L~~~Unl"i#\I~Jl'VIum'Yhn'U~uer

L~tll ri'tJ1;1nl"i~\I'I.IEl\lL~~El\l#\lUl L~El~tl LL1;1:;1ri'tJ1;1nl"i#\I~~lL~~ElIn1;1ElIn~'J\I"i:;El:;
,~ ~

Ld1;1l'Yhnl"i~\I IiI\1UUL"il~\l1;1In~lU'Jw~'U'VImEl~lln"illn"i'Jlil-r'U"iEl\l~\I~~ 10,000~ ,
~tl\l L'VI~mWEl\l6,000 ~El\l T~ElElEl~1'V11'V11;1~L'lf1;1~tl\l-r'Um"i:;dead load L'Yhn'U

4,000 ~El\l LL1;1:;~lm"itl#\lJl'VIUn (live load) M6,000 ~El\l~ULtl\l

~lEl '1 rill

1. ri'1'VIUIn111'1UA1~L"i1~El\lnl"i#\lElEl~1ri'~tJ1;1~~1~L'Yh1'V1~~\ltJ1;1~~

~lElmnLL1;1:;tJ1;1~~~lElUElEllilln~lJl'VIUn~~tl\lnl"i

2. L~Eln L~~El\l~\I~~ eJln"ilL~aL'VI~tl L~tl'tJlln~\I ~l Elm nU1;1:;~lElUElEl

(MPEw,) ~~lUElElnll'VI~m'Yhn'U111,.1, 3 'tJEl\ltJ1;1~1n1'1UA1~£.m~-r'UM(MPEsMT)

•



bb~eJ~l\11"in ~ 'YI1n ~eJ~~bFl~eJ\ltY\I{;11m"imb{;1~\lh1111~'1m 'YH'l~b'lJ~~\I

~lii1'1-l.1'1-l.~\.~'Yla..l1~a..I1~"i1ma..lOIML R61 1t>la..l1~"il\i1'1-l.b'Yhn'IJ'Yl~eJ{;1\1n11T'Yl~~... ..
b'lJ~~Fll"ib~eJnt~n'IJbFl~eJ\ltY\I#'I-l.Fl11a..1b~~\I III bb~l b"i1eJ1:ij{;11a..11"im~eJn'Yl~eJ

tJiJ'IJ~lii1m'l-l.#'I-l.'Ylm~m~"i1~"il:ij-r'lJ"ieJ\I:ij1n1a-JFll"ibn'l-l. 6,000 ~eJ\I 1t>lmnn11d

'lJ1\1b~n'l1;'eJmb~iKeJ\l1a-Jbn'l-l.70% tJeJ\llii1m'l-l.#'I-l.'Yla..l1~m~"i1~"il:ij-r'lJ"ieJ\I{;1\1{;1~.. ,
10,000 ~eJ\I (btJ'I-l.Fll1a..1b~'I-l.~1'1-l.iKltJeJ\I~b~~'I-l.)bb~~1'Y11nma..l11{;11m"irl~eJa..Iti

bFl~eJ\ltY\lhI5~T'Uar~t~tY\lb~eJn1"i~mJ1~~eJ{;1151"iru:;T~~~"i\l~lii1'1-l.1'1-l.#'I-l.'Ylm~

a..I1~"i1~"il:ij-r'lJ"ieJ\I{;1\1{;1~10,000 ~eJ\I 1t>l'Yl~eJhl ntJeJ~eJ'lJ111t>lb~eJ\I:ij1n~eJa..I-r'IJ11.. ,
OIML R76 btJ'U~~eJa..I-r'IJt'I-l."i:;lil'IJ{;11n~ bb~~1'Y11mb:;b'YIFl1 'Yl~:ij:;ri1'Yl'l-l.~lii1'1-l.1'1-l.

#'I-l.'Ylm ~ m ~"i1 ~"il:ij-r'lJ"ieJ \I{;1\1{;1~tJeJ\IbFl~eJ\ltY\l1~5 ~T'I-l.ar~t~tY\I b~ eJn1"i~mn~ ~ eJ.. ,
{;1151"irud~~~"i\l~~~\ltib'Yl~eJ 6,000 ~eJ\I n{;11m"irlm:;'Yh1t>lbb~:;~1:ij:;~n11t>l1~

bFl~eJ\ltY\lbb'IJ'lJn~1n~tJ"i:;neJ'lJt>l1~~1'1-l.-r'IJJ1'Y\,xniKeJ\l1a-J~~1'1-l.'Yl~J1'Yl,xn

bFl~eJ\ltY\lbb'IJ'lJbbvl'l-l.tY\lb~meJ1:ij~~1'1-l.'Yl~J1'Yl,xn1t>l~1'Y11n'Yhti~eJ{;11a..11"irl

eJ~m:;'Yl'IJm"i'Yi'l\11'1-l.~\I'Yla..l~tJeJ\I~1'1-l.rk\lFl'l-l.~bb~:;~1'1-l.-rn'\,j-1F1'1-l.~iKeJ\l1a-Jbn'l-l... ..
4% tJeJ\lYln~ri1~\I{;1\1{;1~tJeJ\lbFl~eJ\I~\I.. ,

u

3. 6f1'U'Yl(;1\hlllun (Tare device)

- ~1'1-l.'Yl~J1'Yl,xnri1~\lrlnH\l1'1-l.eJ~'Yl~eJ1~ bb~:;.. ..
- n1"irk\l~ltJ eJ\I~l'1-l.'Yl~J1'Yl,xn 1iK~n1"i ul ~~'I-l.bbtJ~\l1tJ'Yl~eJ1a-J

ti~1'1-l.'Yl~J1'Yl,xnma..l1"irlvl1\11'1-l.1t>lbVl~\I~1'1-l.b~mbvl1~'I-l. b~eJbFl~eJ\ltY\I

iJ\lFl\l'Yi'l\11'1-l.eJ~

'I1a.rJC1! '11(;/ '1i'eJri1'Yl'l-l.~ n1"it~\l1'1-l.d"ila..1 ~\I iKeJ\IbtJ'I-l.1il~l:I-J'1leJri1'Yl'l-l.~
•

'llvfh~'i'U~Lyj3J LGl3Jfi fl'J'i31a 1'V1i'uLfl~eH,'2i'\ll:J.i erGlt'U3JGi1. cU'2i'\I Lyjv m'iiV'lJ1!1

Giv j,'{11)1'iW~ t~!1Gl'i\l

'I-l.eJn:ij1 n bFl~eJ\ltY\l1a-Jer~T'I-l.ar~t ~b~ a m "i~eJtJ1~ ~ a {;1151"irud~ ~ ~"i\l:ij:;

iKeJ\lbtJ'I-l.1tJj;)l:I-J'1leJri1'Yl'l-l.~tJeJ\IOIML R76 bb~l bFl~eJ\ltY\llil\ln~11iJ\I~m'l1;''I-l.t'l-l.

Flru{;1:I-JU~~'I-l.1 €in lil\l~eJ1tJd,

4.14.3.2 ~eJ'Yl'l1;'lYi2 (OIML R76)

bFl~eJ\ltY\liKeJ\l1a-JtJ"i:;neJ'lJt>l1~~1'1-l.~\I{;11m"irlb~~n~lJ1'Yl,xml:I-J (Gross
,~ v

vale) tJru:;Yi~~1'1-l.'Yl~U1'Yl,xn 'Yl~eJ~1'1-l.ri1'Yl'l-l.~U1'Yl,xn'Yl~~l\1'Yl'l1;'lvl1\11'1-l.eJ~

3.1 6f1'U'Yl(;J.J1111unlaJelGlt'U:trGi (Nonautomatic tare device)

"i:;~:;n1"ibFl~eJ'I-l.~ 5 :I-J:I-J.tJeJ\I:ij~Fll'IJFl:I-JFll"i~~lbvl1n'IJ 1 ~'I-l.'Ylm~a..I1~"i1~"il:ij, ,1. a1'Ubbj,'{(;J\I~1111in (Primary indications) ~l'1-l.bb{;1~\I~l'Yl~ntJeJ\I

bFl~eJ\ltY\Ici'1'Yl-r'IJt ~tY\Ib~ an1"i~eJtJ1 ~ ~ a {;1151"irud~ ~ ~"i \IiKeJ\Ibb{;1~\IeJ~ n1"itY\I use
, ,

'1i'a 3;:!~ bn~1 n'IJ ~1 bb'Yl~\In1"ibb{;1~\I~1 ~'I-l.~Yi~ n iKeJ\I, {;1il11:;n1"ivl1\11'1-l.tJ eJ\I~l'1-l.'Yl~
v v

U1'Yl,xn (tare device) bb~:;~1'1-l.ri1'Yl'l-l.~U1'Yl,xn'Yl~~l\1'Yl'l1;'1(preset tare device)

2. 6f'J'Urff\lfl'UV (Zero-setting device) bFl~eJ\ltY\lci'l'Yl-r'IJt~tY\lb~eJn1"i..
~eJtJl~ ~eJ{;1151"iru:;T~ ~j;)"i\l iKeJ\l1a-JtJ"i:;neJ'IJt>l'J~~1'1-l.rk\l~'I-l.~1a-J5j;)T'I-l.ar~ un bl'1-l.

btJ'I-l.n1"ik\lt i~'J'I-l.rk\l~'I-l.~1a-Jer~T'I-l.ar~vi1\11'1-l.t>l1~bFl~eJ\I~eJb\lYn:;bvl1~'I-l.

3.2 a'J'U'Yl(;J.J1111Un~\lel(;Jt'U:trGi (Semi-automatic tare device)

bFl~eJ\ltY\leJ1:ijtJ"i:;neJ'lJt>l1~~1'1-l.'Yl~J1'Yl,xn~\l5j;)T'I-l.ar~ tl1

- n1"ivl1\11'1-l.tJeJ\I~1'1-l.'Yl~J1'Yl,xniKeJ\l1a-J~eJ:I-Jt i~n1"i~~~ltJeJ\I

J1'Yl,xn~'Yl~H bb~:;

v v

'Yl,xn'IJ'I-l.~1'1-l.-r'IJU1'Yl,xnbvl1,x'l-l.

'I-l.eJn:ij1 nd bFl~eJ\ltY\IiKeJ\I@ ~Fl~eJ\In'IJ'1i'o ri1'Yl'l-l.~a ~l\1'11;'eJ~ '1i'eJtJeJ\I'1leJ

. , 1·1cl'
m'Yl'l-l.~j;)eJ u'l-l.

v

f11'Yl-r'IJ~1'1-l.bb{;1~\I~1 bb'IJ'IJ~~~eJ~ iKeJ\I~eJ~~~tJ eJ\I~l'1-l.iK\IfJ'I-l.~ (zero

setting error) 1a-Jbn'l-l.± 0.25e

•



~ ~
1. ~l,hrnrn"YlI11r;]El~~n LWI11~El~l~ClTJ':iUU~lULL~I11~~l"hl'l,xn"Yl111

~~LbtJnElEln:J.n~nnnl':iLL~I11~~lJ1Vl,xn~~El~1~'Z1I11L'ilU

2. ~l.J'lVl,xn"YlI11r;]El~~mb~I11~r;]ltJLFl~El~VI:J.ntJ{;'IU("-") L~Elhla:lJ1Vl,xn

1111'1 UU~lU-ru.J'lVl,xn VI~El

3. CJ{;'I'lJEl~nl':i"Yil~lU'lJEl~~lU"YlI11.J'lVl,xn~ntJm~nll11tJ5j;]1 Uar~ uae
~lUbb~I11~~ln~U:J.nbb~I11~~l~U~b~Elhla:l.J'lVl,xnUU~lU-rU.J'lVl,xnVl~~nl':ibb~111~

i:'flVl-rU bFl~El~~\I~\Ihj~3-IJ1Vl,xmJ':i:;nElU nl':i~\I r;]El~LL~I11\1~l'IJEl~~3-I

J1Vl,xn~~n~11El~l\l'Z1l11b'ilU

b~El~~EltJn ~UFllEl Eln'ill n ~lU ':iEl\l-rUVl~ElCllI11-rU.J'lVl,xn ~lCJ{;'Inl':i
.;.., ~ cv ::. I I ::. d QJ I 4.r cv v

'ZJ\lUlVl Um13-l"Yl\l':il Fll j;]ElVlU1tJu {;'I:;':i1Fll"Yl~Vl3-I111"Ylj;]El\I'ill tJj;]El~tJ\IFl~bb~l11\1CJ{;'IFll\l

11~1 ~':i:; tJ:;L1{;'llVlit~VI {;'I1 tJ1U lYi ~ bVltJ~y.jElmEl~~El 'iI:;~1 m ':iCl~lUCJ {;'I~\I n ~11

MFl':iU. . ~
CJ{;'Inl':i'Z1~Yi"zlVl,xn~"YlBmnn-hF1u~, '" 7. ri1\Hbal11\1-d·H.lba~:J.Ibb~::t:h\HH;{I11\1eJ~"l.IEllE1 (Auxiliary and

extended indicating devices) bFl~El\l~\lr;]El~hh.h:;nElU~ltJ~\I~lUbb~I11\1~ltJL~~3-I

(Auxiliary indicating device) Lb{;'l:;~lULb~I11\1CJ{;'I'lJtJltJ(Extending indicating

device)

3.3 ri1U't1I11\.h~'1,rnel(;ltu:J.I'1i (Automatic tare device) bFl~El\l'Z1\1

r;]El~hh.h:;nElU~ltJ~lU "Yl111.J'lVl,xn5j;]1uiWi

~
4. a1uri1'V1'U[;lU1'Y1,rnl161~d\J"'U1 (Preset tare device) El1~ii~'r\'-b

rilVlUI11.J'lVl,xn"Yl111~1\lVl,x11~ ~1 a:lnl':i us111\1~lJ1V1 ,xn"YlI11~~\l11~1~VI,xlUU~lU

bb~l11\lFh J1V1,xnVl ~ n1U~lU'IJ El\l'ilEl~~uu n bb~111\lCJaun n ml ~ElEln 'ill n CJ{;'Inl':i~~

El~l~'Z1l11b'ilUbb{;'l:;bUuhJj;]l3-1~ElrilV1UI114.14.3.2 l':i':iFlbL':in (OIML R76)

~lUrilV1 UI11J1V1,xn"Yl111~l\lVl,xl r;]El~1~ ~1:J.n':iCl'Yh~lU1~'IJru:;~~lU"Yl111

8. el(;l'nri1unl~,rU (Counting ratio) 5j;]':il~lUnl':i,xU'lJEl\lbFl~El~'Z1~

~a:lnl':i,xU~lbbUUn{;'l1n (a mechanical counting instrument) r;]El~a:l~lb'Yhnu 1/

10 VI~El 1/100

9. 'VI1 n bFl~il\l-t\l thwi'u 1"li-t\l bYlil n1~.:5il"l.llE1Giil alfl1~W:: tl11E1(;l~\I
~

"zlV1,xnril~\l"Yh~lUEl~

b~El~lurilVlUI11.J'lV1,xn"Yll11~l~VI,xl'lh:;nElU~ltJ price look up; PLU

~1"zlVl,xn"YlI11~1\lVl,xlm'il~ntJm~ny.j'~'El3-lnUnl':itJm~n price look up; PLU

5. n1'a-Hl:J.1-t\l (Impossibility of weighing) r;]El~13J~1:J.n':iCl'Yhnl':i~~

VI~ElrilV1Ul11nl':ibFl~ElU~'lJEl~€U~lUbb~I11\l~l (indicating element) ':i:;VI~l\lbFl~El~

~~El~1ur;il bbVll-b~~ElFlUn~ VI~El':i:;VI~l\lnl':i'Yh~lUb~3-IVI~El {;'I111.J'lVl,xnmsnln ~

3'lri1ubbal11\1'alFll (Additional requirements for an instrument for direct sales

to the public with price indication) ~ElrilVlUl11mEl1ud'buU~ElrilVlUl11b~~m~3-Ib~3-I

9.1 nl'abbal11\1Fil'V1;n (Primary indications) i:'flV1-rULFl~El\l'Z1~

~bb~I11\l':ilFllM (a price-indicating instrument) nl':iLb~l11~b~~3-Ib~3-Ib~3-Inl':i

bb1;1I11~~lVl~n(the supplementary primary indications) a:lM ~El nl':ibb1;1l11~

':il Fll mElVll-bltJ bL{;'I:;~lUlUb~U ~ r;]El\l~ltJ u {;'I:;m 'iIbuu1uM~'iI:;a:l nl':ibb1;1I11~~lUlU,

':ilFllmElVll-btJ bL{;'I:;~lmUb~U~r;]El\l~ltJi:'flVl-rU~UFllU':i:;nElU~U '1 ~5\11~a:l

nl':i~~, ':ilFll'IJEl\l~UFllU':i:;nElU~U'1 ~5~1~a:lnl':i~\lLb{;'l:;':ilFlTn3-l~\lVl3-l111 1u

~lU'IJ El~mlvJ bL~I11\1':ilFl1~UFl113J~lbUUr;]El\lLuu1Uj;]l3-1~ElrilV1UI11d'

a I I cv I '-'

6. nl'a:J.Iil\lb'VIU (Visibility) 1;11ULb1;1I11\lFllVl{;'ln~n1;11Uj;]El\lbb1;1I11~CJ{;'I

nl':i~~bbneJ~mb{;'l:;eJ'lJltJ1'I1bi1Uy.j~El3-1'1 nUEl~l~'Z1l11b'ilU i:'flV1-rUbFl~El~~~~a:l~lU
'" '"

bb1;1111~~1V1~ n uuu ~~ j;]El{;'I ~1 b{;'ltJVI~El«qJ ~ m~rui:'flV1-rUnl':i LL1;1I11~~lCJ{;'Im ':i'Z1~r;]El~
9.2 bFl~il\l-t\l~f'ilU1W'alFll1~ (Price computing instrument)

~lU lUb~U ~ r;]El~~l tJ~1~ 'ill n m ':iFllU 1ru'ill n m ':i~ ru.J'lV1,xn ~~~ M nu ':il Fl1mEl

VI"bl tJuaen nt1I11LF1~1Vl1mrLFitJ~nu#u Vl3-I1tJ:J.nj;]':il':ilFll~r;] El~~l tJ~1n~~1;11111l11tJ
'" ,

d cv I I CL;' ::. '-' d I Q.I.f !lJ

3-I'lJU1111~1111;11U LY11nu "Yl~I11lU"Ylbb1;1l11~un ~'llElLL{;'I:;~'lJltJ bL{;'I:;r;]El~~~El~l~,xEltJ

103-13-1.± 0.53-13-1.

•



nT'iFh1-l. 'Jru~ a IlUl Fh,xl'Y1'itn LLl;1::"ilFll ~ e:J'YI'I-b£Im ~~ us ~1l1n~£ILFI~e:JIl-B'1l~'J1-I.

~'Yhnl"iFil1-1. 'Jruhl"h'l1-l.n"iru'l~ 1 r;ErhtJ1-I.~'J1-I.m:t1l11e:JIlLFI~e:JIl-B'1l

#1-I.'YI~lt1~1~"i1"ilF11~~e:JIl~lt1~e:Jllfle:J~FI~e:Jlln1J~e:Jril'Y11-1.~LLl;1::n£]'YImtl

11e:JIlLL~l;1::'l.h::L'Y1F1,r1-l.1~e:JhJ

. .
9.3 Lf'I~E1il';\"ht'i-i'\J\J~nl':i(;l'\.He:h'l (Self-service instrument)

LFI~e:J1l-B'llril'Y1-r1J1J~nl"i(;11-1.Le:J1l1a-l:ihLtJ1-I.~e:J1l:i:l~'J1-I.LLfl~ \IFh uanl"itll:511-1. 'J1-I.2 ~'J1-I.

'YI~ e:J'YI'itI'll~ []1'Y11nLFI~e:J1l-B'\Ifll m"i ClVl~~ eJanl"i#\I ~'J £I~'J'YI~ aLLCl1Jn"i::m'bl-

rrrsuaa \IeJl;1'Y1~ n~ e:J1lFI"ie:J1JFll;1~~Il L'Jl;11~'Yi'1m "i'l ifLFI ~ a Il-B'\I~'J t1tJ\l.(;1fl1-l.Al~,
LL(;1n~l\1n1-l.

"ilF11~e:J'YI~'JtI~e:J\lLLfl~\I"ilF11L1-I.~U "ilF11~e:J 100 n. 'YI~e:J"ilF11~e:J 1 nn.

L~e:JLU~t11-1.fll"i::,xl'Y1'itn1J1-I.LFI~e:J\I#\I L~t1 eJ~e:J'YI~e:JeJ~n£I£In fl1-l.Ale:Je:Jn~ ~
d ~ •.•. ci ~ '" .:., I .., et.... I

:Vl n LFI"ie:J\ltJ\ILLl;1'JLFI"ie:J\ltJ\I(;1a \ILLfl(;111eJl;1m "itJ\In a 1-1.'YI1-I.l1-1.~'J£ItJ'J\I"i:: £I::LJ l;111-1.11-1.n11

1 11-1.1YiLL~'Jnl"iLLfl(;1\1Fh,xl'Y1'itn, "ilF11~e:J'YI~'JtI LLl;1:::511-1.'J1-I.L~1-I.~~e:J\I~1t1~e:JIl£i'1l

Fill LLfl(;1\I'l iL ~1-I.e:J~'YI~1l:Vl nrrrsusa \I~l,xl'Y1'itn mf(;1\I~1 FI\I~ Lflr; t1"ifllY'l LL~'J LLl;1::

LLar'YI~\I:Vln'Yi'lnl"iiJe:J1-I.~1"ilF11~e:J'YI~'JtlLLl;1::~ru::~fl1-l.Ale:J~U1-I.~'J1-I.-r1J,x1'Y1'itnil

~e:JIlLLfl~\I~lAl\1HEl~1\I1Xe:JtI~(;1 1 11-1.1Yi,

LLl;1::L1-I.(;1El1-l.'Yi'1£I~~L~mtJ1-I.nl"iJ1L~El1-l.L1-I. ~d' 11 Flru~~1J (;111El\ILFI~El\l#\I, ,
1a-l5(;1L1-I.ar~Lif#\lL~Elnl"i~El~1t1~e:J~lul"iru::L(;1t1(;1"i\l (Weighing Instrument for

direct sale to the public) ~1~n~1'J~\I'YI~(;1'l1-l.~'J1-I.d'LL~'JLFI~El\l#\I~El\l:i:lFlru~~1J'i,
(;11~~ril'Y11-1.(;11n1-l.OIML R76 'YIlnY'l1J11:i:l~1-I.~'J1-I.'YI~El'YI~nnl"i'Yi'l\111-1.'l(;1'YI~El

51-1.1 ilL iUl~e:Jril'Y11-1.(;1tJEl\lOIML R76 L~1~lU"i::t1n(;11if\l11-1.1~'t11-1.Yi,
I cI.t 'l ~ a

~1~1"iClEl11-1."ilt1l;1::LEltl(;1LLl;1::L1-I.El'YIltJEl\lOIML R76 1-I.~1J1JLLumiJ1-I.

fll'bl-l1'Y1t11(;111-1.'YI'it1l5El"n1':i(;l':i11i1ae:l\Jm"'m\J\Jbf'l~f)\I-t\lhiel(;lt'U:J.IGl (Pattern

Approval of Nonautomatic Weighing Instruments)" ~h::An~, Isnru, ~15(;1
1-I.e:Jn:Vl n L~ ElLU~ t11-1.Ill"i::,xl'Y1 'itn1J 1-I.LFI~ e:J\I#\1L~ £IeJ~El'YI~ EleJ~l £I£In~ ~

Cl '" d ,;., •.• d';"v I et
~1-I.FllElElnsn n LFI"iEllltJllLLl;1'J LFI"iEl\ltJ\I(;1El\ILLfl(;11leJl;1nl"i!l\l rl El1-1.mtl1-1.~'JtI~'JIl"i::t1::

L'Jl;111-1.11-1.n111 11-1.1Yi 'YI~e:Jnl"iLL~(;1\1~1d'El1:v£i'\lFlIlLL~(;1Il~lEl~1a-lLi11-l.3 1mYi

'YI~\I:Vl mEl1~El\l~#\I a Eln1U ~\lLLar11nl"iLL~(;1\1~l,xl'Y1'itn 1~ El~L1-I.~fll'J:: Lflr; t1"iEl~

rlEl1-l.LL~'JLLl;1::LtJ1-I.nl"iLL~(;1\1~1~1-I.J(;1"il1J~:i:lnl"iLL~(;1\1~l,xl'Y1~n'YI~Il:VlnLe:Jl~El\l~

#\lEle:Jn1ULL~'Jnl"i~iJ e:J1-I.'YI~ElLU~t11-1.~1"ilF11~El'YI~'JtI'l 'YIa-l~ElIln"i::'Yi'11a-l1~

'YIln:i:lnl"i~mJ1t1!?l'Jtlnl"iLL~(;1\1eJl;1nl"i#\I~El\lLFI~El\l#\I!?l'Jtlnl"iVl~~ ~e:J~l;1

:VlmFl~El\l#\I~~e:J\I~nVl~~LL~(;1\1H l!?lLLrl ~l,xl'Y1'itn, "ilF11~El'YI~'JtI LL~:::511-1.;1-I.

L~m'J~Yi~ElIl~lt1

[]l'Y11n LFI~El\l#\ICln ea n LL1J1J'li ~1 ~l"iCl Lil1JifEl~l;11n 1-1.'YI~'JtlFI'Jl~:51~e:J1l~ ~
LFI~ElIl#\lrlEl1-l.'Yi'lnl"iVl~~ ~El~~~\I n~1'J~ElIl1a-l~1~1"iClCl n ~\l1 u£i'\I~'J1-I.Vl~~~1~ ~
L~e:J'Yi'lnl"iVl~~1J1-I.~'Jril'Y1-r1J~n Flli18 nL1-I.Flf\l« (;11U

LFI~e:J\I-B'Il~~1 m"iClVl~~iJl t1'Y1~e:JLLClULL~(;1Il"il Fll M~Elll LtJ1-I.1U 1'l1~~e:J

ril'Y11-1.(;14.17 (OIML R76) !?l'JtI

•



~ 0 ~ d In~n1~~~~~aU~1~~~~
q

Lu~\htlJ1~un

L~€I1~ rrrs ~l Lihl.~1 !;1tJ€J~«~Fla-lLa'l€I~LU~ tJ'>l.LLU~~1U nl1L~~~tJ LL~:::

Fllla-l~:::(;nml~Lhzl€l~nl1'IJ'>l.~~~'>l.Fll ~ULLtJtJ'IJ€I~nl1L~'>l.€I~'>l.FllL~€Inl1t€l'IJltJ

rrn LntJ-rn1!l-lFlruFll'Yll~ €Il'vm LL~:::nl1Lnu-rn1!l-l€Il'YIl11r;]tJll'>l.l'>l.a-lln~'>l. Flll a-l•
~:::~l n ~€1nl1u~TflFl~'>l.Fll mla-llil~ llill '>l.1ULLUU'ZI€I~m1lil.nru-n r;]ltJa.l~'YI1~

'U 'U , ,

m~nl1!;1~l~ LL~:::iflil,rtJ~'>l.1~1'>l.LU'>l.J;]lCJ~nJ;]'>l.h1nl1CJ~!;1~'>l.Flll'>l.~ULLUU'IJ€I~

~'>l.FllliuvI €IL~€I!;1€IU~'>l.€I~Flll a-lr;]€I~nl1nU1~~1 !;1J;]~n ~TJ LL~:::,xul'>l.~~LYla-l
.,t ~

U'YIUl'YI~~'lJWYlm'>l.~ .
~l'>l.~~!;1l~l~!;1la-li€lnl'YI'>l.~n.£)'YIa-lltJ (Legal Metrology) ~~1r;]

Fl1€1UA~a-l~'>l.FllliuvI€I 1'>l.L'YI€ImJ€J~U~a-llrunl1m1lil~'YI5'/J€I~~'>l.FllliuvI €I~\1~• ••
U'YIUl'YIL~a-l~~a-lln~'>l.ma-lL~lnunl1wlnJul1ULLuunl1m1lil~uFllliuvI€llur;]ltJ~ ~.

rrrs !;11llil~€IU~'>l.FllliuvI €I~~~l LUUr;]€I~WInJUl15 rrrsa 1llil ~€ItJ~UFll

!;1la-ltlii,~ LL~:::1ULLUU'IJ€I~nl1m1lil~UFllliuvI €I L~€I~lil:::~l a.Jl1ti !;11llil~€IU~l~ .
~UFllliuvI €I~\I n ~ll,t UU11lil~UFll MFl1U!;1la-lU~a-llru~'YI5~1r;],j\lu €Inli'uuJ;]l• •
~UFllliUvI€I 1U'YIUltJ'IJ€I\I,xl'YI,xn (a-ll!;11l~\I), U~a.Jl!;11(a-ll!;11l!;1l\1), Fllla-ltJll

(m!;11l1~) LL~:::'Y\1.iltJ~l'>l.lU,xU

nl1W InJUlU FlFl~l m 1'11~Fllla-lfAll a-l~l srrsn Lilllil~\l15nl1!;11llil ~€IU. ~
LL~:::msrnn Lill U'V'l~ FltJ'YhAlla-l Lil hI'llnu ~U1:::n€lUnl1 L~€I'/J€IAll a-l~la-la'l€I1U~ . ~
nl1tJ11~ ~uFlll 'I1Luul U!;1l a-li€Inl'YIU~tJ€J\In.£)'YIa-ll tJ~\ILUUL~€I\I~ ~ All a-l~ll"l 'Y
LL~:::~lLU'>l.5uJ;]u'YI'ct~~l'YI-rUfll Fl-rlli..•

Lit€l\llilln!;1la-l~m~tJn "~UFllliuvI€I" ,tu A€I ~uFll~1r;]m1lil'YI~€I~•
~\I'I1a-lvl€l~m!;1Ullil:::t€l 'lJltJ 'YI~€I~lmbtJnU!;1la-lU~a-llru~m1lil'YI~€I'11a-lvl€lH,tu• • •

•



hHl'1::~e:J tJ1El'l'l~mhl.,lilEl~\!~'lti\J"i"i'l'l'l~e:J~a.lvle:J~,)El'l'l~e:JlaJfilnla.1 (-ctEJ1a.1lnla.1, ,
YL"i.U. tY\!In,)\!l51 2542) Lite:J\!'Ilnfh-l,f>i'le:J~h!,~ULLUUtJe:J\!liuvlmthUr51LU~~,)~

111El'l ~ "iU LLUU111'Z1~::LLInn ~1\! n~t~e:J ~ nU'ZI-ct1?1fi~f>i'l Lvia f{:: 51')n LLLl::~lEl~e:Jrrrs.. ..~ ~
V'lnV'll'1'1~e:JElntJ~eTl El~') ElFI~FI~L~ mu ~Le:J\!r;l\!U~LL~ ')Fl51r;l\!n ~1,)~\! LU~~e:JCln LOEl\l

tJe:JULtJlntJe:J\I\ll~fi~f>i'lliuvle:J"h FI,)"i'l::~tJe:JULtJlnmn,ze:JEJbYlEl\lL51'l ~ ~ittJmYl El\I

V'l51LLLl::LLElne:Je:Jmu~2 "iULLUUL~LL~TYl1\lFl51LL~LL'Yi'~'I~\lLL~,)~,)~~FI,)la.1«a.I-W~5.. ..
ViLLElnn~e:Je:JnEJ1nAe:J

1. 'tIU6l~h.!~h.hn1eJ~GleJ\lnl'Hhnu6ILLGI 'l~U1\!U"i::L'I'lA~\I~m"i...
-W~~ 1 LL~')fi~f>i'lliuvI e:J~e:J~~,)Eln~ '1'1Lll El"iULLUULLLl::LLClU'I'ln'Zl-ct51'1::~FI,)la.1filAru

•••• CIJ " ILl

LLLl:::ijlLU~ ~ n-#\I:ijl LU~ ~ ~ a \Ims l~-ru m "i f>i'a.IFI"ie:J\I'11n -rlliLvie:JFIru111V'l~1In~ ~, ...,
r;l\l~ ~m"ifh nu 51LLLl'l::FI"ie:JUFILla.Ifi~f>i'lliuvI a LL'I'lU'I'ln'Zl-ct51fill M 'l ~ U1\1U"i::L'I'lA.. , ,
fim'l ~ LL~') FI,)l a.IFl5111L~a n un ~~f>i'1LQV'll::~~ FI,)l a.I:ijlLU~~ a m"i~l"i\!~l Infi

LYlEl\lV'le:JU1\1U"i::L'I'lAe:J1'1laJ~fh~\I L~l'1'1,zl~ LYlEl\!V'la fi e:J1'1rll'1'1~51l1LYlEl\llaJ~t1-ct51

U1\1U"i:: L'I'lAfilaJ ~ m"i rll'1'1~51'1'1~e:Jiile:J\Im"i ~ LLLlfi~f>i'lliuvI e:JLLlElfiliil LL~cll ~t1ClJ'I'Il

n~51m"in~Flf\!'I'Iit\lLU~L~e:J\I '] '] fil1l~ ~\lt~e:J~nU~51F1,)la.1f{la.11"imLLl::FI,)1a.1

iile:J\!m"itJe:J\lU"i::L'I'lA~~ '] fil'1'1-rUU"i::L'I'lAl 'I'lElMrll'1'1~51H 50 "ilElm"ilnla.1,rClJ~

'Yi'1ElU"i::m A m::'Yld,) \!V'l1ru'Zll'l L~e:J\!rll'1'1~51'Z1-ct51LLLl::15m "iLLf{51\1U~a.llrutJa \Ifi~f>i'l

liuvle:J V'l.A. 2543 ~\I'I::laJtJe:Jn~1')'l~~it'l~'I'Il~1~Le:J1Le:J\!~nl1

2. tlUl61t1~3-I1Wa't'lG~GleJ\lm"afhnu6I ua L~L~e:J\lr;l\ln~l')itV'lmLtJ\I, ...
~e:JElLl\llu'l ~ 2 LL~,)FI,)la.1Fl51Ae:J

tJ~ 151n1"iUd"i'l~~f>i'lliuvI e:Je:Jl'1~\le:J~U~L'I'I In~ Lll1 Lvie:J~'l~U"i::'ZI1t1~f{la.11"iCl, ..,
LU~ ElULViElU"il Fll n ~liil~tJ ~ 151Ud"i'l~ Lvh n~ ~ ~Le:J\I ('1'1~e:Jm'l~ L'I'I1n~ a ~~L~ a.I, ,
L~a.Inl~) LL~L~~n LL~,)FI,)la.1Fl51nAe:J'l ~FI,)la.18f{"i::T51El1n"i\!~e:J~U"i::ne:Ju m"i'l::

Ud"i'ltJ~151fi~f>i'lliuvle:Jlnla.1L'I'Iln5~FI,)"i 'I'I~e:JViL~Elnn~LVh 11 "n1"iLL~\I~~, ,
InLll51Lf{~" LFI"iLri\lne:J~l!il'lFl"ilaJLfl\lnT51m'ju'l~~a.lLl\!lufi·:h1~ m"irll'1'1~51tJm51

m"iUd"i'l~~f>i'lliuvI e:Je:J1'1~~e:J~~e:JL~El~LLlnn~l\1n~,rl\1 a ~l\1L~~L ~m"ie:J e:Jn LLUU,
T"i\!\ll~ ril,11uLll LL~Ll::cJ~~In'l::~ L~e:J~ltJL~iil~ 'I'l~m"il,h L-ct~m"i~LLlnn~l\1 n~.. ,
T"i\l\ll~ ,11u LlltJ~ 151L~n e:Jl'1'1::f{l srrs Cl~~ 1n,11ULll LLLl::Ud"i'ltJ') 1?1,11ULll~tJ~ 151,
Ud"i'lf>i'a.I'I'l~ (optimum size) LLLl::f{l~l"imL~\I~~'I'l1\1lnLlll?1l~~U~a.llln"in1"i" ,
Ud"i~bVhnu 220 CC ('l1X3) 'l~tJru::~h\l\ll~~~tJ~151L'I'I~nl1f{la.11"iCl~~1n

,11ULllLLLl::U"i"i'l?J,)51,11uLll~?Jm51U"i"i'lf>i'a.I'I'l~ (optimum size) uaemsrrsn
q "" q

LL~\li'~'I'l1\!lnLll51M~bvhnu 200 CC ('l1.a.I.3) r;l\l~~h\l\ll~?J~ll?1b~nfi'l::b~mU~ElU

'l ~F1nEl111V'l'l ~m"iLL~\I~~ 'I'l1\1InLll51l U bV'l"il::iile:J\lrilm"iUd';i'lfi~f>i'l~?J~ 151Ud"i'l, ,
Lvhnu 200 CC ('l1.~?) ~\I~Llril'l~~u~T.IlFlb~El~LlU"i::Tmj,xbite:J\!'Ilnm"iLb~\li'~

'I'l1\!~l~lnLlll?1 ~~1 bb~tJru::b~EJ')n~fiLl51FI,)la.1«Uf{~'l ~nUU"i::'ZIlt1~TI?1 EllaJT51~

'I'ILle:Jn~,)Elm"iT1l'l!rrul~\!"ilF11~Clnn11bL~'I~\I '] LL~')U~a.llruf{'I'l5fi~f>i'ln,ze:JElnl1.. ,
b~~L~mn~Eln~,)e:J~l\!b~~ ,11U~1~~e:J'I'Iit\ltJ~151m"iUd"i'l 200 CC ('l1.a.I?) "ilF11,
20 U1'1'l 'l~tJru::,11u~1~n~~e:JtJ~151 170 CC ('l1.a.l.

3
) "ilF11 18 U1'1'l Lb~'I'IlnFl51

n~'I~\I '] bb~,)"il FllU~a.llln"i,11ULll~e:JU1'1'ln~UV'lUl1,11ULll~~e:J'I'I~\I LbV'l\lnl1

nUu11bU~15m"ibb~\I~~'I'l1\11n~151~laJEl~5"i"ia.lnucJu~T.IlFlfil1l~, ..
~e:Jnsn n itiJ\I ~ b~e:J\IL~El')nu m "iQe:JQLlb~tn nu m "iUd "i"i'l ~~f>i'lliuvI e:J,

~ n15n1"i'l'lit\l~f{-rl\1 Fm a.IL~e:J'I'Ili1 El~e:Jnl"ibb~\I~~bf{~ bbLl::')\Im"iUd"i~~~f>i'l

liUvle:J fiAe:J m"iUd"i'l~~f>i'l T51El~~,)Lite:J~~f>i'1111EJL~ liUvle:J~U~a.llrubYlEl\l b~n,
,ze:JEl'l~tJru::~~')n~e:J\l111t1~::m"iUd"i'l~tJ~151'l'l'lrube:Jlb~Ela.l1n '] bbLl::f{')El\lla.115, ~
m"iL~~it~e:Jl1'1\1'l'l~'I::~e:J~,)\I'l~b~1'l'l11~~f>i'1~~~U~a.llru~a.llnnl1n~e:J\Ib~nnl1

V'lua.lln'l~V'l')mJ~a.I~e:JnTmbLlIn LLLl::,11'l'le:Ja.ILu~iil~

• t1~3-I1Wa't'lGa\la61 Lite:J\I'IlmU~~~f>i'lliuvle:Jr;l\l~~~\!FI,)"if{la.11"iCl. ...,
tJ~eT1EJbbLl::EJnV'lnV'llH'[51EJlaJ'I'\'Irn'l~Ln~luMf{a.lnUm"iL~Eln~e:J Ae:Jliuvle:J T51El

• m"aril'HU6ltlUl61U~3-Il wa't'l GaUFil-HU-HeJ LU~m"iri'l'l'l~51";h,
fi~f>i'1'Z1-ct51'l51iile:J\lrilm"iUd"i'l~U~a.llruf{'I'l5Lvh'l51 Eln~,)e:J~l\1b~~ cJ~~1n,11u~1" ..
iile:J\lm"itJ1El,11U~lfiiile:J\lU"i"i~~~f>i'ltJe:J\I~,)be:J\ll~~tJ~151m"iUd"i~bVhnu 200, 250,

300, 350, 500, 530, 600 uae 700 CC ('l1.a.I.3) bvh~~ LL~'l~b')~lb~El')n~'I'Iln

m"iUd"i~,11u~1~tJm51m';iU';i"i~,ze:JElnl1 200 LLLl::/'I'I~e:Ja.I1nnl1700 CC ('l1.a.I?)

nll1i'1aJl1n~ Ae:JlaJ~m"irllnU51LLLl::'Iln'l'lli,)El\ll~tJe:J\I-rllibL~e:J~l\1'l51 r;l\l~~'I'Iln.. ...
cJ~~In'l'l~e:JcJUd"i'll~Ud"i'llnla.1?J~l51Ud"i'llnl ~~ri'l'1'1~51l n~U"i::mAn"i::m,)\I.... ....,," "
V'llru'ZlI'lM e:Jl1Uij,r~lnla.1U"i::m Am::m')\lV'llru'ZlEl1 U'I'Iit\l~mL~,) m"iri'l'l'l~51

•



..t'J1tJ LL~'J"hf'l,rn~L'Sl~::i:'ll~l'S(l'Ymrn'YI~eJ ~eJr~W1a-J'YI,rnu.'S\1~uLrh.1.1tJ~ U FhJ1

'YI,rnLil~I:]~::i1~ltJ'S::~lru 20-25 nr~n~~ 'YIlnJ1'YI,rnn'h,i~::~eJ':h'YI,rn (~eJ'h

LtlU~l Lil~ 1:]) 'YIl nFlru LL;\1LL'S\li:'llm'S(l~eJ'YI~eJl:]n1&i' 40 nr~ n~~ L~uj;J'JtJ~'Jii1(;11a-J,
'hnu ri1'YI~tJtJ'S::L'YIF11r1l:J[;n~tJ'S::nlF1m::m'J\lYnrutltl L~eJ\ln1'YIU(;Itlil.(;ILL~::lB

nl'SLLi:'l(;l\ltJ~mru'lleJ\I~UFhYitJY\eJ ~.F1. 2543 1&i'n1'YIU(;ItJ~~lrui:'l'YI5i:'l\li:'l(;lt ~eJ~
, cu q cu

rns t UtJeJtJLtJl1lL'YhntJ

. . .
L~e:J\I5(;l':ilLijm'H~mije:J'lJl(;l

erI1l'S1L~eJL'YI~eJL~eJtJ1(;I~ll:],zeJ I:]ri1'YI~tJ rrn LLi:'l(;l\ltJ~~l rui:'l'YI5tJeJ\I~Url1,
et I 0 Q.I et
'YItJ'YIeJnl'YIU(;I(;I\lU

5 n~~ s ~Urlll1tJY\eJlu~ll1l'Sl#\I s 50 nr~n~~

10 ~~~~I1l'S ~ ~Urlll1tJY\eJ 1Uml1l'Sll1l'J\I s 20 ~11l'S

. .
ei(;l':ilLijm'H~mije:J'lJlj;l

i'e:JtI ~::'lJe:J\ltl~~l W~ LLa'j;l\l

1a-JLnu 200 n. 6

3

2

1.5

ril'Y1~tJ~Urlll1tJY\eJ 1&i'n1'YIU(;It ~i1er 11l'S1L~eJL'YI~a L~mll(;l~n1'YIU(;I l-X

LLi:'l(;l\1~(;I1(;11U 'Y\1\l&i'lU tJ~~l rui:'l'YI5~1 n':h~ usa \ILL~1a-J1&i'n1'YIU(;I er11l'S1L~eJL'YI~ a,
L~eJ'Ill(;1~n1'YIU(;I t ~LLi:'l(;l\l~(;IMl U'Y\1\l&i'lutJ~mrui:'l'YI5i:'l\l n"h~LLi:'l(;l\l n &i''JI:]'YI~n, '"
nl'S~ll:] '] m::a:r\ltJeJ\l~tJ'S::neJtJnl'Sn~eJi1Anl:]fll~~eJ~~::'Yhnl'SI1l'S'J~i:'leJtJLL~::

UeJ\InUnl'StJ'S'S~~UrlltJeJ\lj;J'J LeJ\I'1~i:'l\l Lnun~ltJ~mru~ LLi:'l(;l\l ~ n~\l eJ~~I1lLeJ\ln1&i'
'''' '"

Fl~ n Fl~ ntJ ~Url1 j;J\In ~l'J~U~ eJ1&i'~1i1Fl'Jl~ L~lh'lUF! rui:'lmr~tJeJ\I j;J'J~Url1tJeJ\I j;J'J, ,
LeJ\ILtlUeJ~1\1~ LL~eJ~l\l1 'Sn11l1~'YI1nL~l'YI,zl~#\I 11l'J\l1(;1~tJ~1eJ~~I1l'YI~eJeJtJ'S'S~1&1

'" ""
'Yhn1'StJ'S'S~~Urllm n Lnu1 tJ Ln'S\I~l'YI~eJ i:'l\l51'SeJ~~ 11l~::tll (;I'YIun1&i'~ n1'StJeJn, ""
n~1'Jnu1 tJ&i''JI:]Fl'J1~tJ'S1'S(lU1~n~11&i' ~~ ... Ul~(;I

. .
ei(;l':ilLijm'H~mije:J'lJl(;1

i'e:JtI ~::'lJe:J\ltl~~l w~ Ua'(;1\1

6

3

2

1.5

1111~tJ'S::n1F1m::m'J\I~lrutltl L~eJ\I n1'YIU(;Itlil.(;ILL~::lBn1'SLLi:'l(;l\l

tJ~~lru'lleJ\I~Urll'YitJY\eJ ~.F1. 2543, ,rCl!~111I:]tJ'S::nlF1m::m'J\I~lrutltl L~eJ\li1. .
erl1l'SlL~m'YI~m~eJ'Il1(;l i1eJ~~l

254 U1U1fln::i.lIm~7{;/
•



• :lnIW:il\ilU'fJeJ~Jll!!U::U"i'JlIJ~UAlo}iU"'eJ e..J~lnhnl?!~lln'Jl\ilU b~U..., ...
:ln1n'Jl\ilU'fJeJ~'fJ1InLa 'fJ11n~U 'fJ11n1?i'1'V1~eJ'fJ11n,xleJln~~bUUI?!U... ,

2. eJe..J~ In'VI~eJeJU"i'JlIJ~hllJInU 1 bb~::/'VI~eJ~\I bllJlnU1 ~I?!eJ~nl'JU"i'JlIJ 'lli'
cu qJ q et

~UAl Fl~llnbFl~eJUlIJln~bbaln~lIJ~\I alb'VI InltbeJ~'Yh'lli' eJb~I:JUbb~::b~l'V1Ul~#~ In1\1, ~
lln~~~\llU'Yhh;lnn~lU ~\I'VIln~mln~lwrl~lIJu1Inn~Fl11~~1n1n1~ ~. 'J.U. #\lIn1\111n

2542 'V\1n1aJal:1n'JCl~~lIJu1i?lfi~eJ"hl:JmJ'J::TI:J!!u1li'nuhJ bb~eJ~l\1hnm~ 'lFl'J

'Yh'lFl'JnmlU a ~LULlIJeJ~bb~1bm ~::Fl-rU~ ~

. .
5Gl':ilLe:im'H~me:ifl'lllGl

{flEl ~::'lIfI\lU~3.llW;:i LLii{Gl\I

2

. .
cv Cl d d

f1Gl':ilL&Jm 'H~m&JfI'lI1Gl

{flEl ~::'lI f1\1U~3.ll w;:i LLii{Gl\I
3. eJe..J~In'VI~eJeJU"i'JlIJ'fJ1InFl11~ bil 'lllJ'l U 15n1'JU"i'JlIJ bb~::n1'J#\l1n1\111n

cu cu q q

~UAlo}iU'" eJ b,leJ\llIJln~uAlo}iu", meJ\lul\1!fibGl~ n1'JU"i'JlIJnl'lHil hJ 1?!11:J'VI~eJ,
U1\1!!ibGlllJ::~ Fl11~wc;,1na\l bb~::111l1J~i'JeJ\I111m AA1\1 eJ~JllI:JLUbdeJ~UA1~\I,f Un1'J~ ~
lGltJ~~lrua'Yl5TIn I:J!n'J\lm::'Yh 11?!1:J1nuae 'l'fi'b1~lU lU ~\I,fUn1'J~lb'Yl FlibGl'l'VIaJ1,
bil ~11:JLUn1 'JIn'J1l1JaeJutJ~:In ru a'Yl5'fJa \IeJe..J~ IneJll1Jfl\l1aJ bU U ~ I:Ja ~ -rU'VI~ eJ'fJ1 Gl, ~
Fl'"l1~ b~I:J\lIn'J\I UeJnllJlnltfl\le:nllJ~UC1!'V\1~U 1 b~U n1'Jb~eJn 'l'fi'!fibln bFl~f)\I#\l1aJ

Clnl?!eJ\Ib'VI:In::a~ nu \llU bFl~eJ\I#\I~'ltiitTlIJU 'VI~ GlaJll~ uee 'lli' Fl11 ~ b~l:J\I~ll1Jl n~

;1'J bUU~\I eJll1Jbn Intu1~'VI~ll:Jal b'VIln b~U b~eJ~Tlnl:JaJll~ n1'J HbUUb~eJ\ltJn ~,,
ms LtTbFl~eJ\I#\I~1n15b~U~\IbFl~eJ\I#\lb5I:J\I~1nllJubnu1 il (~l'V1-rU bFl~eJ\I#\l1aJeJInTumi),

1aJ~'J::uu 1n'J1l1JaeJUJllI:J'lu1 Un1'JFl1U Fl~ Fl11~ b~I:J\I'fJeJ\IbFl~eJ\I#\I, 1aJ11?!'Yhn1'J,
aeJUbYiI:JU (calibration) LU'J::I:J::eJUFl'"l'J, b~1'/JeJ\lh\l\llU1aJ~~~,xlwumbUU

:In In'J11i\~eJa1~1'JClIn'J1l1JaeJu bFl~eJ\I#\I'fJeJ\I~1beJ\I, bb~::'V\1n~ 1?!~,x1'VIUn n'fJ1Gl,
n1'J~11 ilanu bYiI:JU~\I,fUb~ a 1?!~,x1'VIUn~~1 ~GlllJ1n~rh'VIuln 1R\l1aJm1u bb~::,
d d I de I Q.J' !iJ !iJ I

eJU1 eJn~ln~ll:J UlnllJ1nn1'J'Yl~n1'JU'fJ\I'fJU'Yl1\ln1'JFl1u~::n1'JFl1'fJ11:J'J::'VI11\l

tJ'J::b'YlA~:lnntUlIJUbn Inn1'JU\I rlu'l 'VI"['J\I\llU'VI~ll:J T'J\ll?!eJ\I'VI1LU-rU"ieJ\I~lln'J~lU

nl'Je..J~In'fJeJ\lh\l\llUIn1~~11n'Jl\i1Unl'Je..J~1n Series 9000 uu:h~1I:J\l1U#\l1n1\111n...
1 I?!51U 'VI,l\l b~unu b~'J1::b~1'fJeJ\I1?!~,x1'VIUnbbUU:In 1n'J1bb~::bFl~eJ\I#\I~l\l~\I'V\1 'l U,
'J1I:J\l1Ue..J~mssau bYiI:JUbb~::'J1I:J\l1Ue..J~n1'J 1n'J1l1JaeJUbFl~eJ\lir\lnUeJ~1 \Ia'tn bb~

1u'fJru::b~mnuneJll1JFllnb~Ub~I:J~1'ltT~1I:JTGlI:J1aJib'Yh'Y1u1tJ'VIml:JtJ'J::n1'Jb~unU

eJ~l\lb~U h\l~lUbb"'\I'VI,l\l~bFl~eJ\I#\l1aJeJInTuar~#UFl11~b~I:J\I II l?!eJ\lFllm~u

1U~f)l?!~,x1'VIUmbUU:lnIn'J1#UFl11~b~I:J\I E1 (OIML R111) b~eJ:lnaeJubYiI:JU,

3

2

U~3.llGl':i

b~ a ~ln\lllJGlltbb~1 b'J1:ln Innu mieJ 1:J11arUbn IneJ::1'JtuL Unl'JU"i'JlIJ ~UA1,~ ,
o}iu-",eJ TGlmQ~1::n1'JU"i'JlIJ~UA1o}iu"'eJLumbl:J,x1'VIun 'Yh1~~\lU"i'JlIJ~UA1, ,
bb~1n\l~U11ar nllJ::~tJ~:In rua'Yl5'fJ11n bnUeJln 'J1 b~a m ~ eJb~eJ'fJ1GlllJ1n~ rl1'VIUIn,
(itn~\lL umru~~uC1!'V\1'V1~eJ~lnn[J'VI:ln1:J bb~~~ 11 n~bl:JeJ::) ~1'VI-rU~1~b~I:JU'fJeJ

.::. ~ I Q. _ Cl

eJuru1lnbbaGl\lFl11~FllnmU11bnGlllJ1n 3 a1mln'VI~n FleJ, ~ ,

1. Jll!fU::U"i'JlIJ~UAlo}iU"'eJ,
• ,x1'VIUn'fJeJ\lJll!fu::U"i'JlIJ~UA1o}iU"'eJ 1aJbb'\..iUeJUFl\l~ ~Fllb~I:J\I bUU,

:In In'Jl\i1 ua\l :In n ~\I,fUb~ eJ~lJll!!U::o}iu", a :lnU"i'JlIJ~UA1 bb~1... ~ ,
~ 11tl #\I,x1 'VIun TGll:Jmn,x1'VIun ~UA1 nU~1 bb'YlU,x1'VIun 'fJeJ\lJll!!U::

~u~eJ~(i1~~l (i1 l11\)J,"f.J~Jly\,zn~'J~~\}~d~U~l~tJr4 a n~~~
~lU~:lnrua'Yl5,x1'VIUn~l\lllJ1n~bbaln\l11,

• ~1Jll!!U::~1'VI-rUU"i'JlIJ~UA1o}iu"'eJ~e..J~In:lnbbarU"i'JlIJb~~~nInJll!!u::, ,
bb~1nfl\lFl\l1aJ11?!,x1'VIUnm~~l?!eJ\lnl'J e:nllJbnlnllJ1n'fJmUn1'Je..J~1n

Jll!!U:: 'VI~eJFl113.l~\lh

•



LFl~EI\I#\I~\ln~Tl ~~\l1 LL~'JL!lr;l~'J1.hYl'lrnU'U'Ua-Ill1l'jl.a\'l.A'Jla-lL~EJ\IF2 (OIML R111),
'YI~mEll~~U'YIl-hElmUU F1 n~Lrhl.'YlULL~'JLL~[]l'U~';m'JEJmn 1 ~~ElEJln:8E1E2

nL~m.j~~ 1 LL~'J hJr;lEl\l[i\ln'Ur;lEl\l:8E1r;la-lJl'YIoXmL'U'Ua-Ill1l'jlE1 L~EJFl-r'Ul1T\,l., ,
3TUL~EJ~~nl'jRl LL~::LR1~::L~tln~1L'jl L~tlFh Id LLU'ULLf:1a-1L1l11'\Jr;l'JtI,

r;l'JflUR1~m'El30 n-ra-l~\I~ULFl~EI\I#\lhJelI1lIum;L~mtjlnl'j#\lJl'YIoXn

~Jl'YIoXn 1 nI~n-ra-lr;lEl\l~ell1l'jlL~m'YI~m~mJl~1~LnU ±1 0 n-ra-l

• LFl~EI\I#\I~~a-IFl'J'jL~ElnHlil'YI-r'Unl'jm'j~fluRl~'U'Y;EI~EI LFl~EI\I#\I,

nT'H~£JnLF1~eJ\I-i\l~L'H3-Il::'UlnUn1';j'U';j';jlilaUfohHU-HeJ'lu "'1,nbmfl'HUn"•
~\I~ ULULdEl'YI1?JEI\I'U'YlFl'Jla-ld~\I?IElLUUL~EI\IrrnL~EInL!I!fit~ LFl~El\l#\I~

A'J'jLL~::L'YIa-Il::~a-In'U\llUm'j~ flUR1~'Uv1 ElLU 'YIl-h'JtlJl'YIoXn ~'Yl5LL~::1~ A'Jla-1, .
L~tI\l11l1a-l~r;lEl\lnl'jLYiEl~lm'jmhnl'jm'j~fluRl~'Uv1E11r;lf:1nr;lEl\l11l1a-l511l'jlL~El, ~
L'YI~m~EI?Il~~ril'YIU~ 1nu'\J'j::nlF1m::m'J\lYnru!f~~El1 '\J mm~fluRl~'Uv1E1~

r;lEl\lnl'jm'j~ I~m'jl~::a-IEI\lLuun~a-I1 flUR1~'Uv1E1I1l1a-l?JUl~nl'jm'j~ t~tI~::?JEI" .
LL'\J\lElElmUU4 n~a-Ir;l'Jtlnu ~lnUI1l1a-luru~LLU'UYi'ltl'\J'j::nlF1m::m'J\lYnru!f~, ~
nU1'\JL~EJ

Gll':il\1-n 1
. I.... I

Ltl~EJULYiEJUe.Jf1~lj)tJEI\li'luRl';;'U'YlmluLFl~EI\li\liuFl'Jl~LYiEJ\IIII (OIML R76)

~nlj)rilfi'\lf1\1f11j)1500 nr~ #WY\~lEJ~llj)'jl(1l'l'J~r'U'lEl\l (e) L'Yhnu 0.5 9~ ,
• • 'U •

LfI~i1\1t1\1'tj'-lm11~ Lli!J\I III
Max. 1500 n':i~

e 0.5 9

'I11'1'1,rna~B,
'11i1\1~h~fil-K\J'I1i1

. .
e1G1':ilLtim'l'liimtiil'lll6\

(9)(9)

+MPE (9) -M PE (9)

0.25 -0.2520 -1.2

-2.4 0.25 -0.2540
1. aUFiTHU-Hema~\ltI~3-Ilwa'Y\5U';j';jlilUU-HU-HeJri\lLL&i 20 n-i'3-I• •

ii\l 1 iit~n-i'3-I L~EI\I~lnfluRl~'Uv1E1!fit~d~?JU1~nl'jm'j~~~Jl'YIoXnUElEJ Ell~•
~::LuufluRl'\J'j::Lfl'Y1JlI1l1~mlmUWlfEl\lL~n 1, nlm-J, Imrb&l, 'U::'YI~, LflU'YI~,
+ er dd 0 r:; cJ .•-., I ~ ~

m m 111tI'J, 'U::'YIa-In\l~lL'j~'j'\J, ~1'j'U, uti, eJ\I!f'j~, LLD\I'jtllin, eJ\lM'VJEln LL~::~ . ~
flURlgu 1 11l1a-1'\J'j::nlF1m::m'J\I'Vnru!f~ 2543 LUUr;lU r;l\l~Unl'jL~e:JnLA~EI\I#\I

LYie:]'yhnl'j#\lJl'YIoXn~lU 'JUUEltl1 ~\lnEll~'j'Ja-I1'\J[i\l iil'JJll!fu::mW~'Uv1E1~\l1~,
Fl'J'jL~EIn LFl~EI\I#\I~~Vln~ril~\I~\la-Iln~ULnu1 '\J ~1lElVl~1'jf:1.1l1Unl'jL~ElmFl~EI\I
~ cv ~
!f\l~,m

0.25 -0.2560 -3.6

-4.8 0.25 -0.2580

0.25 -0.25100 -6
120 0.25 -0.25-7.2

140 0.25 -0.25-8.4

-9.6 0.25 -0.25160

-10.8 0.25 -0.25180

-12 0.25 -0.25200

0.5 -0.5250 -7.5

• lu~d?JEI~ln~HL~'Vn::nl'jL~ElmFl~El\l#\l1~5I1lIum;

• L~ElmFl~El\l#\I LYiEl#\lJl'YIoXmYiElnl'jm'j~flUR1~'Uv1El (Jl'YIUnl1l'J,
LdElfluRl'j'Ja-In'UJ1'YIoXn?JEl\liil'J~'Uv1El)~Jl'YI,rmyhn'U 70% ?JEl\l

Vln~ril~\I~\I~~?IEl\lLFl~El\l#\I (Ilj)tlL~'Vn::LFl~El\l#\I~lm'YI~~L'2J~)~ ,
• LFl~El\l#\lFl'J'j~Fl'Jla-lL~tI\lLL~uEilEl~l\lUElm'Yhn'U 1 1u 3 '1IEI\lelml

L~ElL'YI~m~El?ll~?JEl\lnl'jm'j~~UR1~'Uv1El LtfU flURl'~'Uv1El,
Jl'YIoXn~'Yl5 1 nI~n-ra-l tlEla-l1~Jl'Y1oXn~ln~1~lJl'YIoXn~LL~Ij)\I'UU,

300 -9 0.5 -0.5

400 0.5 -0.5-12

500 -15 0.5 -0.5

600 -18 0.5 -0.5

700 -21 0.5 -0.5

800 -24 0.5 -0.5

900 -27 0.5 -0.5

1000 -30 0.75 -0.75

•



~\I,'YIa.n£Ja.n(;]'jl(;]'j'J~-rU".ifJ\I(e) Lyhnu 0.5 9 1um&~tJ~a.nru~'YI5
•

1 lltfin-r3-l (1,000 n-r3-l) 'j'J3-lnu~'Jmtfu::~uvlfJhhllu 300 n-r3-l

~::1!il-:11L~£J\lWfJ~fJn1'j 1tfLFl~fJ\I#\I#UFl'Jl3-l L~£J\I~\I n ~1'J LvifJU'j'j~•
~UFi'l~UvlfJ ~'jtJM!il\l(;]l'jl\1~ 1 LLfi::'jtJ~ 1. ~

r;il'Y1-rU~UFi'1~LL~~\ltJ~3-l1ruLtJU3-l1(;]'jl#\I~::L~Ul1tl'J\I'jfJ£J~fJ'rlfJ\ln1'jLtJ~£JULLtJfi\l
cv d did gQ./dlc!J1 •..•. l:.
fJ(;]'jlLCJm'YIfimCJfJ'rll~'rlfJ\I~UFll'Y1U'YIfJFlfJtf'J\I 180-200-250-300-400 m3-lUU

~n1'j1!ilLtJ~£JULLfi::L5£JLtJ~£JUnUfJ~Ul\1-#\l1~Jl'Y1,xn~'YI5~fJ\I~uFi'1~UvlfJLL(;]n~1\1~ .
nu hJ a.nn,xn LL~fJ1~~::~~ atIii'LLtl,111tl'J\I'jfJ£J~ fJ~fJ\Irrn LtJ~£JULLtJfi\leJ(;]'jl L~a L'YI~a
L~fJ~l(;1~\I n~l'J~:: hJ~~UFi'l~UvI mfu,(;11m'h n1'jU".i'j~ 1uti'J\lJl'Y1,xn ~\ln~l'Jfi•
WfJ-ruYS\l11ii'LL~lUfJU1Flmi1~::~ n1'jtJ-ru LtJ~£JULUU#WUul(;1~~#u~~Fl'Jl3-ltfU

~fJ 1'l1eJ(;]'jlL~m'YI~m~mn(;1~fJ\I~uFi'1~UvlfJJ1'Y1,xn~'YI5~\lLL~ 200 n-r3-l ~\I•
CL' d_ od dI cl I _ ::, et d •... d d d d -

400 m3-l 3-lfJmlLCJm'YIfimCJfJ'rll~L'YIlnU 'YI\1ULWfJfimfi£JU'YI'jm'YI£JULFl£J\lnU

eJ(;]'jl L~fJL'YI~fJL~fJ'rll (;1tJfJ\ILFl~fJ\I#\lhJ eJ(;]t uar~ LW'jl::fJ ~1\11'jn1'jU".i'j~ ~UFi'l•
~UvlfJ'YIfil£JtfU,~ EJ\lFl\lltfLFl~fJ\I#\ll3JeJGltum11 Un1'jU".i'j~

Fl"il'Jd'Yl1m'jlU1LFl~fJ\I#\I~tJ~\I~~Vln~ ril~\I 3 lltfin-r3-l3-l11tf~:: lm!il

'YI~mtJ~l Gll3-la.n~nu Gll3-ln!lm::m'J\I"1 ril'Y1u~l'l1LFl~fJ\I#\I~tJ~\I~eJGl'jlL~fJ

L'YI~m~fJ~lGl~Al~\llUG11'jl\1~ 2

tJ • '1.1

• 'YIlnUl'Y1,xnmtfu::a.nnnl1 400 n-r3-l mfJl~L~fJmFl~fJ\ltf\l~U

Fl'Jl3-lLYi£J\IIII (OIML R76) Vln~ril~\I~\I~Gl (Max.) 3,000 m3-l

#U'YIa.n£J3-l1Gl'jlGl'j'J~-rU".ifJ\I(e) Lyhnu 1.0 9 film!il

Pre&Packaged Good
40

30

K

20 •.. K
.¥

K
10 .... - .. .¥....... -..- ....

~
.......

~ 0
".. ........

'" ¥- - •. -;.. 80 100 120 140 160 ,m "" ". lOO 001> ;0, ••• !ol> r.lJ r.lJ.0/),-...-...-... ...-...-10 -...- ..•.. -~ •• ' ..
-20 ' ..

"'..'..,-30

-40
Net Content (g.)

1- -. -- +MPE.Product - -+-- --MPE.Product --.Ik-- Wt_ +MPE ~W'--MPEI

Yinj;Hh;~ Fi1.ffu~nnV~1(;l~1 Yin(;lfh;~~1,!6I J1'11unfl1ti''I'1fiHHJ\J .r(;l~1L~ilL'I1iiil
(;l~'HJi'\J~il~ (Min.) Lilll'lJ161

e 13luilVn'j, 1'11~i1i'\J~il~

3 nn. 10 n. 100 n. hiLn .•••0.5 nn, ± 5 n.
Ln.•••0.5 nn. t...•1u ± 10 n.

7 nn. 20 n. 200 n, hhn .•••1 nn, ± 10 n.
Ln.•••1 nn. t...•lu ± 20 n.

15 nn, 50 n. 500 n. hiLn .•••2.5 nn, ± 25 n.
Ln.•••2.5 nn, t...•lu ± 50 n,

20 nn, 50 n, 500 n. 13lLn.•••2.5 nn. ± 25 n.
Ln.•••2.5 nn. t...•lu ± 50 n,

35 nn, 100 n, 1 nn. 13lLn.•••5 nn. ± 50 n.
Ln.•••5 nn, t...•lu ± 100 n,

60 nn, 200 n. 2 nn. hiLfi.•••10 nn, ± 100 n.

Ln.•••10 nn, t...•lu ± 200 n,

'I1~1tJL'I1~LA~!l~tT~ftU~~~~Vln(;ui1.r~1I-lLn.•••1 nn. 'h1~1LL.•••mtl .•••LA~!l~tT~#.•••A11~L~EJ~#.•••11I1

"itJ~ LFl~fJ\I#\ll3JeJGltUar~#UFl'Jl3-lL~£J\I III (OIML R76) VlnGlrh~\I~\I~Gl.. ~ ,~
1500 n-r3-l~U'YIa.n£Ja.nGl'jlGl"i1~-rU".ifJ\I(e) Lyhnu 0.5 9

~1 n~tJ~ 1 'YI1m1\1rn Gln'jly.jeJGl"il L~m'YI~m~fJtJl Gl~fJ\I~UFi'l~Uvl a
~::WU~\I~-.i1~ul~1UL~fJ\ltJfJ\In1'jnl'Y1U(;1eJGl'jl L~fJL'YI~ fJL~fJtJl GltJa \I~UFi'l~Uvl fJ

•



£il\loX\.I,L~flli1LFI~eJ\I#\l1.ltl~\lWn(;1ri'1~\I 3 nT~n-r3-JL~ eJH\J~~~~\.I,A1

~Uv1eJ~:i:J?J\.I,l(;1n1~m~~tl~3-J1ru1.l'Y15~\lLL~ 20 n-r3-J (;\1 1 nT~n-r3-J 1.l~~t:J~~(;1, , ,
£il\ll\.1,(;11~l\1~ 3

1.l~tl1£ilLmrhhJLYl3-J1::1.l3-Jmh\l~\I LiieJ\I~lnLFI~eJ\I#\lFI'J~:i:JFI'Jl3-JL~El\l,
LLaJ\.I,~11aJueJEln-J15m1L~mYl~m~eJ'/l1(;1?JeJ\ln1~U~~~~\.I,A1~Uv1eJeJ~1\I'XeJEJ 3 L'Yh,
~::L~W"hYl1nm~~~\.I,A1r;l'Jml1Y1,rn~\lLL~ 20 n-r3-J (;\1 400 n-r~ LFI~eJ\I#\l1aJ,
1.l13-J1~mL1.l(;1\1t:J~~(;11r;lL~~1::LFI~eJ\I#\I:i:Je = 10 n-r3-J 1 \.I,'/lru::~t:J~~(;1'/leJ\I~\.I,A1

~Uv1eJ:i:J~lUeJEln-J1 10 n-r3-J LL~::l\.1,'/lru::L~mn\.l,Yl1mFl~eJ\I#\I:i:Jt:J~~(;11tl 5 n-r3-J

LL~'J~\I~11 ,.;'n1~#\I~\.I,A1~Uv1eJm~~::~(;13-J1 n~\.I,1tl~ n ~'J\.I,~'J\I,x1Y1,rn~\I LL~ 400

n-r3-J~\.I,(;\I 1 nT~n-r3-J F1'J13-JLLaJ\.I,~1'/leJ\lLFI~eJ\I#\lii1aJ:i:J~lUeJEln-J1 3 Lrl1'/leJ\I~1

5(;1~1 L~eJLYI~eJL~mn (;1'/leJ\I~\.I,A1~Uv1eJ £il\loX\.I,~\leJ~l \.I,~'J\I~:i:JFI'J13-J~\.I,l~~1-J1

LFI~eJ\I#\I£il\ln~l'J~:: 1 ,.;'t:J~n1~#\I~~l L~eJ(ieJ1r;lLL~::L~eJ1tr\llmFl~eJ\I#\l1.ltl~\l1 tl\.l, 1\.1,1

t:J~~ (;1'/leJ\ILFI~eJ\I#\I~\I L~3-J3-J1n~\.I,(;I13-J1.l[lTVm~ 1n~~nYl~eJn 1 il £il\loX\.I,L~eJU1

LFI~eJ\I#\l1.ltl~\lWn(;1ri'l~\I 3 nT~n-r3-J (3,000 n-r3-J) YI~eJwn(;1rh~\I~\ln-J1dii~'J\.I,

LL~'JLL~LtJ\.I,1.l1LYI(;Il,.;'n1~m~~~\.I,A1~Uv1eJ~(;11 tl~\lLL~ L~3-J~1 Lii,\.I,n1~ dLLYI~::, ,
U(!JYl1~Ld1~::~utieJElmn

\.I,eJn~lndL~1~\I~U-J11\.1,n1dmd~~\.I,A1~Uv1eJ~:i:J'/l\.l,l(;1n1dmd~?J\.I,l(;1, ,
L~n~:::i:Jrrn l'Zi'LFI~eJ\I#\l1.ltl~\I~u 1L~1~1 n ~l\1tld::L'Y1FlLLUUYlU1UI1lL~mW nl1lri'1~\I ~11

1-3 nT~n-r3-J (Max 3 kg, e 1Og) ~::r;l'JEl~n15Y1~eJ~11l155m:l,laJ~I1l(;\ln\.l,

LL~~LL~ 1 1aJFI'JdUl3-J11~Udd~~\.I,A1~Uv1m~El ~lnn£)m::'Y1d'J\lLd11 ,.;'LFI~eJ\I#\I

1.ltl~\I~:i:Jwn(;1ri'1~\l1aJLn\.l, 1 nn. l,.;'~lLL\.I,mtJ\.I,LFI~eJ\I#\I#\.I,F1'Jl3-JL~El\l #\.1, nn

Gl1~1\1ti 3 Ltl~mJ L-n EJU&.Ill~ (;1'/leJ\I~\.I,AT~UvI a nu LFI~eJ\I#\l1.ltl~\I 'Y'In(;1n1Il\l~\I~(;1
~ ~ ,

3,000 n-r3-Ji\.l,YlmElm(;1~ll;]':m-rmeJ\I (e) L"tl1nu 10 9

'Il1"HUniif"t1G a'UfiTihJ'l1v Lfl~v\li"iiftl~",
tJa \Ia'U fiTH\Jl121

. .
e1G1'l1Le:im"H~me:i2ltJ1(;1 Max. 3000 n~3J

(g) (g) e 10 g

ihu3J1n ihuuvu +MPE (g) -MPE (g)

20 -1.2 5.0 -5.0

40 -2.4 5.0 -5.0

60 -3.6 5.0 -5.0

80 -4.8 5.0 -5.0

100 -6 5.0 -5.0

120 -7.2 5.0 -5.0

140 -8.4 5.0 -5.0

160 -9.6 5.0 -5.0

180 -10.8 5.0 -5.0

200 -12 5.0 -5.0

250 -7.5 5.0 -5.0

300 -9 5.0 -5.0

400 -12 5.0 -5.0

500 -15 5.0 -5.0

600 -18 10.0 -10.0

700 -21 10.0 -10.0

800 -24 10.0 -10.0

900 -27 10.0 -10.0

1000 -30 10.0 -10.0
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oLo •••••• tJo I , ,

,r \.I,Yl3-J1ElF1'J13-J-J1:S'11l?l\.l,F1'J1m YiEl\lI;h~\I~l n?l\.l,F1'Jl3-J LYiEl\I III ?1\1~:::i:J5 (;I~l L~a
LYI~m~mnI1l1aJLYlm::1.l3-JnUn1d#\I,xlY1,rn~:i:Jtl~mru1.l'Y15,xlY1,rnUeJEl 1 £il\loX\.I,,
~U-JlcJt:J~(;IYI~eJcJtld::neJUn1dm~LLnuruYl1r;l'JEln1~~~~ l,.;'m nn-Jl,x lY1,rn~LFI~eJ\I#\I

fU" ••• '\

~l\.1,1r;l (;Id\l~1,x 1Y1,rn~r;leJ\ln1~L~eJ LtJ'I-l>n1d!i(;1L!iEl~l t:J~~(;1~m~Ln 11l~'I-l>YI~eJm~

1aJtl~u~£il\ln~1'Jn-Jl1r;l

'/leJFIEl'l-l>eJm~eJ\I~ n L~eJ\lYlii\l cJL~m.l.LFlEJL~'I-l>1tl{l\.1, ~:i:Jn1d'/llEl rrse 1111'IY, ..
L~El'l-l>~(;1Y1mEJLL~::'lJeJ\I~:i:J~tl1.l'JEl1 n1d'/llElm::'Yhr;l'JEln1d#\I,x1Y1,rn L~l?JeJ\I{l'1-l>

U1LFI~eJ\I#\l1'VJVh (lmYl~I1lL'lJ~) Wn(;1ri'l~\I 20 nT~n-r3-Jm#\I,xlY1,rnm::(;11'IYLL~::

'lJeJ\I~I1lYlmEl~'/llEltl~nFld1'J(;i:: 100-300 n-r3-J L~'I-l>LL~'J~lLFl{11~~~\l1 LiieJ\I~ln

n1dU1LFI~eJ\I#\l1'VJVhwn(;1ri'1~\I~\lm#\I~,x1Y1,rnUeJEl 1 ~::'Yhl,.;'t:J~~I1lGl3-J~'I-l>r5~\I

•



IiIl'll"fj 4 LD~£]ULYimJl!J~~(;]llf)\I~'I-l.Al~U"';e)fi'tJLFI~f)\I#\I.g'l-l.Fl113-JL~£]\I ITT
~

(OIML R76) Yln(;]ri'l~\I~\I~(;] 1500 n-r3-J~WI'l~1£]m(;]';ilj;]';i1'i1-rU';if)\I

, ~
~\lU1'1'1,rmZf)£]n11 20e

2. ~'I..IfiTihJ\';mLalil"D~3-I1U1a'VIG\.J'l'lIil\.J'I..Ii1\.J-HeJ~"LLGi 1 ntG'ln-i'3-I• •
{i" 5 ntG'ln-i'3-I ~'I-l.A1~U"';f)~f)l'i1WU1~ L~'I-l.,l1j;]1~m1£]Cl\l, U::'I'I~, L~'I-l.'I'I~,,
+ d d ."'1 ~ ••1 • 1 • loa • 1 " 'I"mmj;]£]1, 'il1';iU, lJ£], l!J\I!l';ifl, l!J\I'llnnf)n, u'l-l.1l11, u'l-l.fl1L';i'il';iuW';if)~b!l\ll'1-l.,

•• '" 'U 'U 'U

~11fl1';i LLf'i::~'I-l.A1~'I-l.1j;]13-JD';i::n1Am::m1\1W1ru!leJ 2543 LtJ'I-l.~'I-l.[;]\I~'I-l.n1';i

L~E1mFl~E1\1#\I~~E1Yl'il1';i()nt 'I-l.n1';iL~E1mFl~E1\1#\I[;]\ld

(e)L'Yhnu 0.5 9

~ I •••• •

Ul~una't1fi tt'l..lFl1i1U'HeJ LFI=ieJ"tT"tT'I..IFI'J1I-1L;itl"JJI• , ,
'fIeJ"tt'l..lFlli1U'HeJ elGl'll Ltim ~ftmtieJ'fJ1Gl Max. 1 500 ni'1-I

(9) (9) e 0.5 9

ihtl3nn ihtlueJtl +MPE (9) -MPE (9)

1000 -20 2.5 -2.5
1200 -24 2.5 -2.5
1400 -28 2.5 -2.5
1600 -32 2.5 -2.5
1800 -36 2.5 -2.5
2000 -40 2.5 -2.5
2200 -44 2.5 -2.5
2400 -48 2.5 -2.5
2600 -52 5 -5
2800 -56 5 -5
3000 -60 5 -5
3200 -64 5 -5
3400 -68 5 -5
3600 -72 5 -5
3800 -76 5 -5
4000 -80 5 -5
4200 -84 5 -5
4400 -88 5 -5
4600 -92 5 -5
4800 -96 5 -5
5000 -100 5 -5

U1U1S1'l::"r.,tn?~7V1 265 •

• • • I •••• •••

• L~E1mFl~E1\1~\lLVlEl~\lU1'1'1,rmVlEln1';iU'i';i'ilfl'l-l.Fl1'1'1U"';E1(U1'1'1,rn~1•
~'I-l.A1';i1~nu,l1'1'1,rmlEl\l~1~U"';E1) ~,ll'1'1,rmyhnu 70% llEl\lYln(;]

ri'1~\I fl\l fl(;]11El\ILFI~E1\1~\I.. .
• LFI~E1\1#\lFl1';i~FI11~L~tJ\lLL~'I-l.er1E1~l\1,zElm'Yhnu1 t'l-l. 3 ?JEI\lelj;]';i1

, ,
L~f)L'I'I~E1L~mn(;]?JEI\ln1';iU';i';i0J~'I-l.A1~U"';E1•

• LFI~E1\1#\I~fl~Fl1';iL~E1nttlFiElLFI~E1\1#\I.g'l-l.Fl11~L~tJ\IIII (OIML R76)
~

Yln(;]ri'l~\lfl\lfl(;] 15,000 n-r~ ~'I-l.'I'ImtJmj;]';i1j;]';i1'i1-rU'iEl\l (e).. .
L'Yhnu 5 9 t'l-l.m&~D~mrufl'YlEh1~nU~1m'Zf'l-l.::~U"';E11~Ln'l-l.•
15,000 n-r~ 'iI::1~11LYltJ\lWEI~E1n1';iltYLFI~E1\1#\I.g'l-l.FI11~L~tJ\I[;]\ln~11

L~E1U'i';i'il~'I-l.A1~U"';E1 fl';iD1~[;]\lj;]1';i1\1~ 4 'I'I~E1'1'11n,l1'1'1,rn~1• •
m!l'l-l.::~u"';E1'1'1,rn,zEltJ 1 iifl1~1';im~E1nBLFI~E1\1#\I.g'l-l.Fl11~L~£]\I

III (OIML R76) Yln(;]ri'l~\lfl\lfl(;] 6,500 n-r~ ~'I-l.'I'I~ltJ~1j;]';i1...
j;]';i1'i1-rU'iEl\l (e) L'Yhnu 1 9 iiM LL~E1~l\1hiiIi11~L~m~E1mfl~'iI~E1\1

j;]';i1'i1flElUnu ~?J1tJLFI~E1\1#\I~1tJ11 LFI~E1\1#\I~L';i1~ El\In1';i~'I'I~E1LD~1

~~lACllLFI~E1\1#\I~E1\11~-run1';ij;]';i1'i1flElutli'Fi'1-rU'iEl\l'il1n~1,rn#\lj;]1\1
•... ~ • •... et ..,
1(;](;]1tJ'I-l.::FI';iUL(;]mL'ilEI'I'I~lm(;]\I

,. I ••

'iI::Ll4'1-l.11LFI~El\I~\I ~ Fl11 ~ LYltJ\ILL~'I-l.er1m n n11 elj;]';i1L~ElL'I'I~ ElL~E1?J1(;]
~

?JEI\ln1';iU'i';i'il~'I-l.A1~u"';mn'l-l. 3 L'Yh LLf'i::il~'I-l.'I'ImtJmli1';i11i1';i1'i1-rU'iEl\l 5 n-r3-J•
~\ll!J~t li'fll3-J1';iClLLfl(;]\ILL~::LL£]n LLtJ::l!Jf'i~(;]~Ln(;]~'I-l.1~LYltJ\lWEI



3. iluf>iTH'lJl1enLar;:hltl~3J1Wa't15'IJ~~!iI'IJ'U-H\J'Hell;f\luGi 5 nt~nf3J• •
5\1 15 nt~nf3J ~'M~'liiU"riEl~L~'I-I.1 lwt'1ml1ldLL~::eJElI1l~I1l~11l5'1-1.!ilu?JEl\l

n1'lfEl\lL~eJ'I-I.n~El nl~tJrl1l'lL~m.JL'I'I~'"l~l'1'1-rU'I'I\lr;]~?J'I-I.ll1l 13.5 nr~n-r~ LL~:: 15,
nr~n-r~ U~::Fl-rUr11'1-1.uru'l'l1~Lnl1l~'I-I.eJL~eJ'I-I.tJEl~El\ll'I-I.~~~El\l?JEl\leJL~eJ'I-I.LEl\l'WU

~ ~ q ~

':hu ru'l'lltJ El\1,11'1'1,zn ~1 n'l'l ~El,11'1'1,zntJll1ltJEl \Inl~tJr!9l'l L~eJ~ L'I'I~'"l~l'1'1-rU'I'I\I r;]~1'1-1.~ ,
#'I-I.11lEl'1-1.tJ'l'l~ Ln11l~1n m'l~15tJEl\l n1'ltJ'l'l~ LL~::15n1'l-8'\I'!1'1'1,zn hJ1!il Eltll '1-1.'ltl LLUU

q q 'U 'U

~ rl Ell""Ln 11l'l'l~ElL~Eln ~1...,eJ~n1'l-8'\l1ril eJ~ n1'l-8'\I n n r;]El\I LLa-I'1-1.eh LL~::Lt! '1-1.~'I-i 1 L~El~ El~ ~
'I'I~El'WI1lJleJ1l1r;]El\l{El'l::UU15tJEl\ln1'ltJ'l'l~LL~::15n1'l-8'\I'!1'1'1,zn 1'l-l.l'l\ltJ'l'l:ij?J'I-I.1111~ , ,
L~n n'l-l.L~eJnl11ril LitEl\l:ijl nr 'l\lU'l'l~ nl~tJrl1l'lL~ eJ~ L'I'I~'"l~l'1'1-rU'I'I\I r;]~iltJ'I-I.1111L~n, ,
~::l!TLFl~El\l-8'\l1JUI1l~ 4 (platform scale) Vlnl1lril~\I 200 (i\l 500 nr~n-r~ 11l1~~El

L~eJn 'W.'l.U. -8'\lI1l'"l\l111l'W.A. 2466 LL'I'I~::Fl-rU~\lLt!'I-I.LFl~El\l-8'\lLLUULLr1\1-8'\ll'1-1.~tlLLuu

na1n LL~::Fll'1-1.'YI11l'WfEl~1~r;] ~ ~'"l\l?JeJU~'I-I.r;]~ ~'"l\llril ~.fl1'"l::~~11l a LL~'"l~l'1-1.l'h'!l'1'1,zn, , ,
~lnr;]~'!l'1'1,zn ~'"l\lLL~::mn~U'I-I.A'I-I.-8'\I LL~l 'I-I.~ElLfi~~~\I'WU11 cl\l nl~tJrl1l'lL~eJ~,
L'I'I~'"l~1'1'1-rU'I'I\lr;]~Ltl~11 LL~~::cl\lnil'!1'1'1,zn1a-1Lr11n'l-l.L~mL~'"l ~l'1-1.~ln TW (Tank,
Weight) U'I-I.r;]'"lcl\ltJ'l'l~ LL~~::cl\l~::il ~11a-1Lr11n'l-l.LL~::~::il ~1 L~eJ\ILU'I-I.m 11l'l]1 '1-1.

1'l-l.m'leJ~l1l~lm.tElmr11111l~'I-I. hJil~El~~l 'l-l.L~\I~n n1'lll1'W,zn\ll'1-1.tJ'l'l~r;]El\l~ ,
vhn1'ltJdn'!l'1'1,zncl\lLtl~lnU'!l'1'1,znril~tJrl1l'lL~eJ~L'I'Im~l'1'1-rtJ'f~\lr;]~an 15 nr~n-r~

LL~'"l?JeJUr;]~ ~'"l\l~'I-I.AWa'\I L~l ~~.fl1'"l::~~ 111a LL~'"l~ El11-8'\l1!il'l'l,t\l cl\l '1'11n ~ El\11'l-l.LLJ

n1'ltl'l::n~u5'ln:ij'l'l~Ell '1-1.'YI1\1~nulltJEl\lFl~\ll'1-1.1 'l-l.l'l\lU'l'l~LEl\l'l'lln-8'\ln'l-l.Eltll\1dLL~'"l, :.I ,

nUEln 1rill1 1a-1r;]El\lvhm'l'lln'l-l.n'l-l. L'W'll:: 1~Ld~15'1-1.eJl'"l'l-l.1'1-1.'I'Ilmi'l~::Ltl~eJ'I-I.

LFl~El\l-8'\I~lnA'I-I.-8'\ILFl~El\l-8'\l1JUI1l~ 4 Lt! '1-1.'I'I,zlU 111n'!lL'l'l~ El'l-l.LL~~::l'l\ltJ'l'l~?J'I-I.1111

L~n~::ilH'I'I,t\l r;]'"lLL~'"l LL~::LA1U Elnl1 Lt!'I-I.LFl~El\l-8'\lt'l-l.LElrumHLtl~ eJULVieJU (5'1-1.

dl~Fl'"l1~~n~\l1 tlUI1l'l'l'l-iEleJ) n'!l~ LL~Fl\lLtl~eJuLVieJun'l-l.El~'I'I~El1a-1~'l-l.1a-1mlu~~\l1

an-#\ll 'l-l.tJUd'l-l.m'l-8'\I~Fl'l-l.~lm'lm~11 tlLLmmL~\l1rill1l~ElI1lL'"l~1!il\l~'I-I.El::1 'l1 n
Ln11l~'I-I.1ril~'I-I.El~ nu ~tJ'l'l~ LL~::L~l'1'1,zl~-8'\I m\l111l:ij::tlliu~\ll 'l-l.n'l-l.l'I-I.~tlLLUU1111

~~1 Aru LL~::1a-1~\I'I'ItlEl'l-l.lilrrnrn Fl-r:ijn ~ElFl'"ll~ 111LL~LEll1~l~?JEl\l eJA111l1~~111l'l1 6
ILl ..., ou cu

('W.'l. U. '!lar'l-l.L~m'W~\I) 111""Fl'"l1~~lAt1JL~El\ld~.nn,zElmweJ\llI1lLL~::Eltll\11 'lL~'I-I.n'l-l.

-r:ijLEl\lYilFl'l-l.L~tn13J1'I'I'"lLLU:'l-l.El'l-l.r;]El\llril-ru Fl11~~'"l~:I1 asn n'l'l ~leJ rill '1-1.'WfEl~ 1 n'l-l...•
-#\I.fl1 FlLEln1J'I-I.LL~::.fl1Fltl'l::1Jl1J'I-I.

ril~tJrl1l'lL~eJ~L'I'I~'"l~l'1'1-rU'I'I\lr;]~tJ'l'l~cl\l?Jml1l 15 nr~n-r~ ,!l'1'1,zn, ,
tJEl\lL,iElril~tJrl1l'lL~eJ~L'I'I~'"l'l'"l~nU'!l'1'1,zncl\lLtl~l~::l1lnEl~tl'l::~lCU 32-35 nr~n-r~

511l'l1 L~m'l'l ~m~EltJll1l?JEl\l ril~tJrl1l'lL~eJ ~L'I'I~'"l~l'1'1-rtJ'f~\I r;]~tJ'l'l~cl\ltJ'I-I. 1111 15

nr~n-r~~::?JlI1l111l13JLn'l-l. -225 n-r~ LL~::Eltll\1~UEln '!1'1'1,zmn'l-l.13Jl1n'l-l.'I-i:: (mru
~ Lt d d ~d et 10 1_ cl
'l-l.L~'I-I.Vi~::m n) !il\l,z'l-l.Fl'"l'lL~Eln LFl'lEl\l1J\I~Fl'"ll ~ L'YIeJ\ILL~'I-I.mm n rm ElI1l'll LeJEl

L'I'I~m~El?Jll1ltJEl\ln1'ltJ'l'l:ij~'I-I.AT~u"rimn'l-l. 3 Lr11 ~El il511l'llL~m'l'l~m~El?JlI1l1a-1

Ln'l-l.±75 n-r~ (225/3) 1'1-1.~d'l'l1m'llL~ElmFl~El\l-8'\l1a-15I1lr'l-l.mi#'I-I.Fl'"l1~L~eJ\I rn ~
I dLl d d d _c:l'

il~l Max. 60 kg, e 10 g 'WtJdl~ElI1l'llLeJm'l'l~meJEl?Jll1ll1l\l'l-l.

Gll~l\1ti 5 511l'llL~m'l'l~m~EltJlI1lLFl~El\l-8'\l13J5I1lr 'l-l.ar~#'I-I.Fl'"llm~eJ\I III Max.

60 kg, e 10 g

. .
erG! ~lLti en 'VIa entieJ'lIl Gl

o n-r~-5,000 n-r~

5,000 n-r~-20,000 n-r~ ±10 n-r~

20,000 n-r~-60,000 n-r~ ±15 n-r~ ± 75 n-r~

(225/3)

~::L~'I-I.l1~'!1'1'1,zn~'"l\l32-35 nr~n-r~LFl~El\l-8'\l1a-15I1lr'l-l.mi#'I-I.Fl'"l1~L~eJ\I
, d_ cl et od _ c9 d

III Viil~l Max. 60 kg, e 10 g ~ElI1l'llLeJm'l'l~meJEl?Jll1l ±15 m~ ~\I~::~Fl'"ll~

L~eJ\lUa-l'l-l.Jlmnn11511l'llL~m'l'l~m~EltJll1ltJEl\ln1'ltJ'l'l~~'I-I.Aliiu"riEl~ln~\I 15 Lr11

(225/15) H1rilL~eJ LFl~El\l-8'\lFl'"l'l~::il~~nl1l~l'1'1-ru Tare '!l'1'1,zncl\lLtl~lLL~~::

Flf\l~l n~ 'l-l.Fl'1-1.\11 '1-1.U 'l'l~ n LWeJ\ll1ll1 LFl~El\l-8'\l1ril-8'\ILUYI1::L,iEl nl~tJrl1l 'l L~eJ~ L'I'I~'"l, ~
r a", et d "'u~tl1"" ~~l'1'1-rU'I'I\lr;]~~'"l'l-l. 1 13.5, 15 n ~n-r~ LU'I-I.I1l'l-l.'I'I'I-I.'YI1\1'1-1.'WEl'YI~::L'l-l.b l1l~l'1'1'lU

'I od ~ ~ _ I od ~ &' cd ,;.,
n1'ltl-rutl'l\lm'l~15tJEl\lm'ltJ'l'l~ LL~::'"l5n1'l1J\I'I-I.1'1'1'l-l.n LLI1l'l'l1n L~El~\I~El LFl'lEl\l1J\I

!il\l n ~1'"l LL~'"l13JiltJl eJ:ijl n ~eJ~ I1lLFl~El\l-8'\I El1:ijLit El\I~l n LFl~El\l-8'\I!il\l n ~1'"l r;]El\I Lt! '1-1.

•



LFl~eJ\J#\Jth::Lfll1 explosion proof 1?l13-JIEEE nl'11l'i'lnl'jtJ~uFilLL~::Fi(;ll?ll3-J

LLUTYI1\J~l 'YI11tll\JUUYoj'reJW1U'Yi'lnl'jtJ~m.nnU~~I1t:JLFl~eJlltJ1El1 tJl11'JEJnFl\Jul1'1i'

1111Fl~u

I Q.lo I

ii~'U'U'YJeJ tt~~fI Wiit3J'U Gl"lJeJ\I'YJeJ
q

~1'21\11U1Uii~'U'U3J1 Glii11?l

(;lL'YI~eJU-Jl'j::UU'YleJ LL~::Fl'lHmu~tJeJll'YleJ 1UU11l'l1'Jtl eJ~::1~ L~mtleJll nu~ ,
IllU#IlI?l'Jlll(;l1?l13-J'IleJril'YIU(;ltJeJlln{]'YI3-J1El (legal Metrology) T(;lElI?l'jIlL~El.yiL~m

LLr>1eJl~ LUUFl'Jl ~ -r~eJEll n~:: 1 'I1L~l'Y1'1tl~#IlI?l'Jlll (;lLL~::eJ~(;lul~~luLiteJ'YI11 U~'JU~ ~
iiLvieJ LUUFl'Jl~iL(;l~~ LiieJll~l n 1Unl'jI?l'j'J~(;leJU 1'11Fll~U'jeJllm I?l'jl (;l?]eJllL'YI~'J~1l

~(;l~lleJ~lu(;lmit~lEl.JlarUl11\1'jtl (Truck Loading) 'YI~eJ(;lmit~lEl.JlarWYl1IlL~eJ

'YI~eJ (;lmitl(;ltJ~ml?l'j&J~I?l.nru'n1 m::UULFl~eJ~lEltJU~Ill'11\I'YleJ LUUnl'jl(;l

tJeJllL'YI~'J~tl nel (;l111'JElLL'j\ltilu ~Il ~lU 'j::UU'YleJl11'JElell?l'jl nl'j1 'YI~(;l1l 'YI~eJFl'Jl~ L~'J~ ~
Jl1EllU'YleJ~\I 'YI~m:J(;l'Yll\llFnm'j~'huunl'j1'Y1~LLUU Turbulent flow ~1l~::LUU

ell?l'jl rrrs1'YI~~1 'I1&J~F1~Fill UL?!\I'V'llcU1JflL'Yll,tU L~eJtIeJllL'YI~'J1'YI~LtTl3-JltTll (;]'J,
ml?l'jl(;ltJeJ\lL'YI~'J (Flowmeter) LL~::tJeJIlL'YI~'J~nl(;ltJ~mruLuu~L~Elu-reJt:JLL~'J
a '1 _ d et d a et d dnsenn (;lll ilElll'j nusm n'YI'jeJ(;lmu tJ ~1 El'YIl1lL'V'leJLUUnl'j'2leJtJl ElLL~n LtJ~ ElU 'YI'jeJ~ ,
111'JElL'YI1?l&J~ L?!Il'V'llcU1JEl1(;ln 1?l1~ tilll,t U 'j::UU'Yl eJ'j'J~ ~Il m I?l'jl (;l?JeJllL'YI~'J~1l r;i'eJ\I,
'Yil\llUfllEllr;i'(;lJl1'J::Fl'Jl~tilu~\lmn'j::tilu'YIii\ltueJ~nU1Fl'Jn'j~::eJeJnLLUU(;lJl1'J::

(Piping System and Properties of Pipe)
4, ih~FhH1J'HmLal;h'JtI~3.l1t1.1a'YIGU'j'jliluui1Ul1eJ:\lLb~ 15iltan-i'3J• •

5\1 50 iltan-i'3J n1trLLU'Jl11IlLL~::Fl'Jl~Fi(;ll?ll~lU'I1'JtTeJ~ 2 L'V'l'jl::.Jl'y,,rmnu 20

nT~n~~LL~'J FluEln1~lmLL~'J'YI,rnu:: LL~'J~::LUU~ul'1eJ5n'YI~eJ?

o •••• I et ~ I ~ _ Q ~ U~d I

nl'j'YlllllU(;l1l n ~1'J a nl1\1'j::uUl1eJ'2l\l~l m'J (;l?Ja \IL'YI~'J I?l(;ll?l\leJ~ n ~ &J~ I?la Fl'Jl ~

L~ElIlI?l'jIlLL~u~h~JeJllnl'jl(;ltJ~~lrutJeJ\lL'YI~'JtJeJ\lml?l'jl(;lL~unu tilll,rUL'jl~llr;i'eJll

m'YilFl'Jl~LtTll~nuulllluUlll~:I-l:l-leJll ,

m'W 'j13J 'j::UU't'IeJ'2J eJ\I'j::UU 3.11!;I'j11P1'lJeJ\IL'Ha1

'Yil1:1-lL'jl~lll 'I1Fl'Jl~!;hF1f!JnU'j::uU'YleJtJeJllml?l'jl(;ltillln~l'J ? 1uml?l'j

l(;lUl\11Ji(,(;l L~U ml?l'jl(;lLl1eJ~l\J,r r;i'eJllnl'j'YleJ~a:ltJU1(;lFlIl~LL~::a:l'YleJEJ1'JL~UI?l'j1l

ri eJU'YIl1lLtll m I?l'jl (;ltJeJ\IL'YI~'J'j:: El::'YIii\l'YI ~eJell ~a:l'YleJiilLFl'lYLvi eJ~(;l~tJ LLUUtIa Il L'YI~'J

(flow pattern) Ma:l~tJLLUUn1'j1'Y1~ (velocity profile) LUUn1'j1'Y1~LLuuirWlhu

•



fI:I-I'U'iru (a fully developed turbulent flow profile) bbarl1~~t:J~(;]:I-I1(;]'il(;]bYl€)'flmt~ ~
'U1\l'VI~11:J'Ua nl1 hJ rKe:J\ln1'in (;]1:1-1bbm1111I:Jo'i'i :1-1'111~tJe:J\l'VI~ n n1'il (;]b~Udl UFn1:1-1Fi (;]

tJe:J\l~b~I:JUtJ\litl:J:I-Ibb~:;rKe:J\ln1'i~';i):;~(;]1'I1~rle:J~\lbtJUUlU(;]'i\l11l1 1:J'i:;I:J:;Fl11:I-I1:J11'VI,l\l

ne:Jumm~l n'U:I-I1(;]'il(;] bYle:J-flmt 1W~Jru:;~ :I-I1(;]'il(;]tJe:J\lb'VI~15n'11it(;]hJrKe:J\ln1'irle:J

1:J11b~U(;]'i\l n e:JUme b~l m (;]'il (;]tJe:J\lb'VI~1'i:;1:J:;'VI,l\l bVlI:J\lbbmL'I1'i:;'U'Url e:JrKe:J\l111l~'U

~(;]~\lL'I1~bVlI:J\I~e:J~1~bn(;]Fl11:1-1bFl~I:J(;]bb~:;Fn1:1-1bFi'u'UU'VIU1mJ~utJe:J\ll?llm(;]'il(;]

'i1:l-l~\lhJ n e:Jl'I1bn(;]'VI~e:J'Yhl'I1rle:J«ufI:;bl1e:Ju1 tl'i'UnJUn1'ir11\11mJe:J\lm (;]'il(;]

:&1l1lbbn :I-I1(;]'il(;]Fle:J~e:Je:J~fI(Coriolis Mass Flowmeter) 'VI~e:JPositive displacement

flowmeter ~'Ul1 ~t:J~(;]:I-I1(;]'il(;]'\.J1\l'i11:J bVle:JrKe:J\ln1'i~'Yl B~~tJe:J\Ibb'i\lel(;]'VI~e:J~\l

';i)ln'i:;'U'Urle:Jl1m:;r11me:Jl?llmml(;] Positive displacement flowmeter

ne:Je:Jnbb'U'Um(;]'il(;]btJUbb'U'Udouble casing btJUrKU

I?l\l~ U'VI1 n b'i1 b~11tl~ ~lul Un1'i (;]'i1';i)sau 1'11Fi'l~me:J\l'VI~e:Jaau bl1I:J'U

:1-11(;]'il(;] I?l\ln~11 a ~l\lUe:J I:JfI(;]Fl1'i'Yl'iTlJ11'i:;'U'Urle:J ril\l n ~11~ n1'i~ (;]11\l'VI~e:J•
b~Urle:J1I1i'(;]l:1-1b~e:Ju1tJ~rKe:J\ln1'i?Je:J\lm(;]'il(;]?Je:J\lb'VI~lbbm~:;'11it(;]'VI~e:JhJhJ1~bVlI:J\I

bbmL'111'111:l-lfluL';i)bU~l:;b';i)l:;';i)\I bbm1?l1m(;]'il(;]tJe:J\l b'VI~lbVlI:J\ll?ll b~m ~\lelU ~';i)~\l

bb~lm(;]'il(;]tJe:J\lb'VI~1';i):;fl1m'i[1r11\llUbb~:;L'I1t:J~n1'i1(;]111l~nrKe:J\lbb~Uehbb~:;U1
b~e:J~e:J11l11:J'i:;I:J:;n~lelUb'VIm:;fI:I-I111l~um(;]'i1(;]tJe:J\lb'VI~lril\ln~11rKe:J\le:J~mI:JLrK

flml:; b~e:Ju1 tJn1'i~ (;]~\l~ b'VIm:;fI:I-I bb~:;~ ail mru~r11\llU ~l:l-l o~tJ\IFl\lr11\11Ul U. ~
flm1:;~bfl~:I-In1'ir11\llUm(;]'il(;]tJe:J\lb'VI~lril\ln~11 ';i)ln~111lr11n1'i~l\1n£)m:;'Yl'i1\l

~\l1I1lb~\lb~ulu~e:Jd5n~\I OIML m1\1nL'I1Fll1:1-1~h'1'1!lu~e:Jdb~UnU~\ln1'V1U(;]Ml1

~~'U'l.Jn1'~1~U~:t.I1~~"lIehn'YI~1 'VImI:JFl11:1-111 'i:;u'U~tl'i:;ne:J'U11l11:J m(;]'i

l(;]tl~m(;]'itJe:J\lb'VI~l (Liquid-Measuring Devices), e:JtlmruFl1'U (Ancillary•
Devices) use e:Jtlmrubfl~:I-I (Additional Devices)•

flUn~Wf1l1'I.J (Ancillary Device) 'VImI:JFl11:1-1';h e:JtJn'iru1tY\l1W~bA'l,}bU~1:;• •
~b~m~e:J\I'((;]I:J(;]'i\ln'Ut:J~tJe:J\ln1'il(;]

e:JtJmruFl1'U~~1~ru1I1lbbn· ~
(n) ~lUtl~'Un1'ibbfl(;]\lFh~uJ (Zero setting device)

(tJ) ~lW~:I-Ivl"A1 (Printing device)

(1'1) ~lUbbfl(;]\I'i1Fl1 (Price indicating device)

(\I) ~lUbbfl(;]\lt:J~'il:l-l (Totalizing indicating device)

(';i)) ~lUbbtl~\lA1 (Conversion device)

(u) ~lUtl~'Un1'ibbfl(;]\lA1~l\l'VIU1 (Pre - setting device)

flU n~Wta~:t.I (Additional Device) 'VI:I-I11:J1'l11:1-111~lU'VI~e:Je:Jtlmru~ue:Jnb'Vl'lle:J• •
';i)lne:JtlmruFll'U ~~lbtJUrKe:J\lLtY b~m~:I-IFll1:1-1b~mrULUt:J~n1'il(;]e:J~l\1[1nrKe:J\I

'VI~e:J~\ILtYb~ e:J~11:J1'I1n1'it?i'1 bit Un1'i LUn1'il(;]fI:;(;]ln ~\I~U 'VI~e:JbtJUe:Jtln~ru~~• •
t:J~m:;'Yl'Ume:JFll1:1-1bb~Uehlun1'il(;]

e:JtJmrubfl~:I-I~~1~ru1l1i'bbn· ~
(n) bFl~e:J\lrh~1il1e:J(Vapor eliminator)

(tJ) Gas indicator

(1'1) Sight glass

(\I) 1~me:J\I (Filter), ~:I-I (pump)

(';i)) e:Jtlmru~ltY~l'V1~'U transfer point•
(U) Anti-swirl device

('11) Branches or bypass

('If) 11~1 uaevia (Valves, hoses)

LLmLu~db'i1';i):;1~~(;]~\ll?llm(;]'il(;]tJe:J\I L'VI~lbbmb'i1';i):;1 '11Fll1:1-1~1~ru~ ~
bU~l:;'i:;'U'Urlmb~:;e:JtlmruLfI~:I-I (Additional Device) ~~e:J~'VI~e:Jtl'i:;ne:J'U~(;]~\I. ~
e:J~1U'i:;'UUrle:J :1-11(;]'illiltJ e:J\IL'VI~l (;]L'VI~e:JU';i):;il~e:Jtl ~n~ e:JI:J:I-I1n:l-l11:JLUn1'i~ ~

" ,
~';i)1'iru1bi'i.e:J\I';i)lnbtJU'i:;'UUrle:Jl1rKe:J\ln1'iFll1:1-1~(;]L';i)ULb~:;fI~l\1Fll1:1-1L~e:J~e:JtJe:J\ln1'i

:t.I1~~1~U~:t.I1~~"lIfl\H'YI~1 ( Liquid - measuring devices) 'VImI:JFn1:1-111

bFl~f)\I~e:J~111l~u rrrsuan bb'U'Ub~e:JBl (;]bb~:;~\I~ll:JtJe:J\I L'VI~l '((;]l:Jtl~m(;]'i bb~:;

~~lUbbfl(;]\lA1 (Indicating Element) b~mbfl(;]\lt:J~n1'illil me:J1tl1u~ludL'I1

b~l:Jn11 "m(;]'illil"

•



'Yi'lB'Jn'il ~nvY\llUU~':I'j,j,~-r1\ir?lfl\llfl'UJl1~fl1 n'l'ill nn1'J-J~u~mrutJ fl\ll'Vlf'i'J~~ n1'J, ~
'Yi'l~'Jn'illn\l'l'n&~~ 'Y1~mlf'imU~~U~fltJl~ ~\I'iI::n~l'J'J::'U'Uy]mm\l'J::'U'Un1'J-J~

u~m"mm\ll'Vlf'i'J 1UJl1~'J'J~~'J1 ufil\lit

l~ flDfl\l nu y]fl ~~ n1'JtJm ~r?l'Jllf'i::'Y1~ r?l'Jlit a \I'ill n Fm~ filUJl1 ~1U'J::'U'UY]fl

lfl\lllf'i::/'Y1~flY]fl T~Ull~\lfllYi(;\~ ll~'J'Yi'll ~tJfl\ll'Vlf'i'JJl1~ 1uy]mn~ n1'JtJ~l~

r?l'Jlitfl\lFl'Jl~~flU l~ flD fl\l nu y]fltJ m ~1>1'J1U n ~'Y1~mr~mZlllUf'iUtJfl\l 1>1'J

m(;\'J-J(;\tJfl\ll'Y1m expansion loop 'Y1~mnflnarl'Y1~fl Tm~n1 Fl'J'Jfl~r?llU

upstream tJfl\lm(;\'J'JlntJfl\ll'Y1f'i'J

7, 'J::'U'UY]fl rI flUl'fllllf'i:: r?llU me ElEln ~l (;\'J-J~tJEl\ll'Vlf'i'Jr?lEl\11li1llU 'Jl~ m nu

(alignment) T(;\~'Y1lhlUf'iUY]E1r?lfl\lMllU'JI11'J\lnuh;~n1'Jl'Vl~fl~nU vY\lit

l~ ElhJ1 ~Y]E11Ur~'Y1~fl ~\ll>1un'Uml11'J-J~tJfl\ll'Y1f'i'J'J'J~vY\lr?lfl\l'J::-J\lhJ1'Y11~

U'J::lflU 'J::W:ll\1'Y1l1:lllUf'iUy]fl Jll'fll1 ul UY]E1 Ufln'illnitl Un'lrutJ El\Im 111'J

-J~~itlnl'Yl fl{l 'UU:i'1ll11E1{~\I~n Elfl n uuu l~fll 'Y11~\llun'U n1'J1'Y1a ll'U'U~U thu

(a fully developed turbulent flow profile) T~mQ~l::fl~ll~'J ll~litfl\l

'illn~Ull'U'Un1'J1'Y1f'i (velocity profile) tJEI\ln1'J1'Y1f'ill'U'U~WU'JU~1~~fl

n1'J~ n'Yi'lf'il u1Ul~ fl1'Y1f'i~lU'flfl\lE1'Y1~fl~U'J::lflU'J::W-ll\1'Y1l1:lllUf'iUY]E1Jll'fll

1ul UY]E1'Y1~fl~ld'E1Tf'i'Y1::f'i'J~ l~fl ~~UJll'fll1 -JlUY]fl1i11UlUt:Jf'i~'Ulitfl\l'ill n

n1'Jl~fl ~y] fll'fllli1'J~ nu 'J'J~ vY\I'Y1l1:lllU f'iUy]ahl1li1llU 'J111'J\InU~ n1'Jl'Y1~fl ~ nu

lUUr?lU n1'J'Yi'll ~'JUll'U'U n1'J1'Y1f'i~Cln'Yi'1f'il~1ull~'Jn~'UAumluu'Jull'U'U
'" '" '"

nl'J1 'Y1f'i~~\!'Jflh'Y1~ flUl~~ lUUl~ a \I~ r?lfl \ll~'J::~::l'J f'ilU lU~E1 ~~ Fl'J'J

fil\l,fU~l'Y1l n'Jull'U'Un1'J1 'Y1f'itJfl\ln1'J1'Y1f'ill'U'U~Wlhu ~~~mru11i1 n n
'" '" '"

'Yi'lf'il ~1Ull~'Jllf'i:: 1'Y1f'i~lUl'Ylfl{l 'UU:i'1ll11E1{'iI::~\It:Ja rI fll ~ln In~l Fl'Jl~ ~~

~f'il~llf'i::hhb l~fl ~ fll Un1'J-J~ 1utJru::l~~'Jnu5111'Jln1'J'Y1~UtJfl\lT 'Jll11fl{,
fl'il::hJ~::YlflUt:Jf'i'il~\I '1 tJEI\I~lmutJfl\l1 'Y1f'i~\l1 'Y1f'i~lUl'Ylfl{l 'UU:i'1ll11fl{

~ n vY\lT'Jll11fl{'iI::'Y1~u1Ufl ~l\1«'U~uhJ lL~UElUlitEl\l'illnFl'Jl ~ l~'Jn1'J1'Y1f'i~,
n1'Jul ~~UllUf'i\l I11f'iElInl'Jf'il llf'i::'Y1ln l'fll1'i1'Y1~n n1'J'Yi'l\11UtJE1\1m111'J-JIn~it~

l'Ylfl {l 'UU:i'1l(;\fl{fl'il:: l'flll'i1,:h n1'J'Y1~utlfl\lT'Jl(;\fl{'iI:: lUUn1'J'Y1~U(;\ au ~Ufl\l, ,
~fl~Ull'U'Un1'J1'Y1f'i (flow pattern) tJEI\ltJfl\ll'Vlf'i'Jl'U~~tJfl\lm(;\'J-J~~itlnit

hJ1~l~llLJ\ltlEI\I L'Y1f'i'JflElmuu~'Ju '1 l~Ul~mn'U'Y1~n n1'J'Yi'l\11UtJfl\Im (;\'J

-J~tJfl\ll'Vlf'i'J~itln Positive Displacement r?l\l,fU~Ull'U'Un1'J1'Y1f'i~\I~Flll~

1, y]EllU 'J::'U'Un1'J-J~u~m (;\'JtJfl\ll'Y1f'i'J1>1\1n ~llr?lfl\l ~ Fl'Jl ~'Y1Ull¥l ~\I~mlf'i::

~l m'J (l'YlU~ElFlll ~ filu 'Yi'l\I1Ullf'i:: Elru'Y1Jl:i'1'Yi'l\I1UtJfl\l'J::'U'U11i15u it(;\ l'Y1~E1U, '" '"
'iI::~1 m~'Jl::l'JlhJ1li1E1E1n ll'U'U'J::'U'UY]fl ll~TIn~~'J1 Ull~'J'Y11mUUY]E1tJUlln

o 2"- 0 6" ll~larn'il::lUUY]E1~~Fl'Jl~'Y1mY]E1 Schedule 40 ltl~~lEll

1U(;I1'Jl\1~ 3

2, Y]E1fil\ln~l'JlUUY]E1l'Y13-J'Y1~E1y]mrll'Y1lmuuY] m rill ~l~U~~Jl1~~'J1 ul ~

srm llf'i::«\lln 111TIn~Jl1~'J'J~':h ir\l Fl\l~~ Fl'J'JH\llUM~ n ~fl1U'Y1~E11~

3. 'J::'U'Uy]EllU'U~l'Jru'J::'U'Un1'J-J~u~ml11'JtJfl\ll'Vlf'i'Jr?lfl\lM-r'U n1'J'Yl~sau ll'J\I

filUJl (Hydrostatic test) ll~'J'Y1~fl1~ 'Y1~fl~t:Jf'i'YlIn~fl'UmrlflU'Y1l1:lit l~'Jl::

'Y1lm'ilEly]mrll'Y1~fly]m~\ll~ul'Y1~ 'Y1~fly]m~\I'iI::~fl~ll'(j~l~~'i1 llf'i::l~E1I11'J'J'iI

sau1~ Fh-r'U'Jfl\lll~'J'J::'U'UY]E1ln~ ll(;\ n l~l'Y1l1:l~ r?lEl\In~'U~l ~ll it Un1'J~ n

'Y1ln~'UllY]fl ~'JU ~ ua nEll'i1~t:Jf'i~fl n1'J-J~U~~ll11'JtlEI\ll'Y1f'i'JtJEI\I~l 111'J-J1n

'Y1~E1lUn1'J~fl ~ II'(j~y] flfl1'i1 r?lfl\l~n1'J(lfl ~ m 111'J-JIntJE1\1l'Y1f'i'Jll~'JU ll'fll1 U~~

~\ll mJ lUUr?lU ~\lL~~vY\lnf'illlf'i::ril~\ll~l'Y1l1:l~~~E1 ~~lmul1:E1m~E1

l.y;~'Un'UU~~lru\llU

4. y]ml'U'U~(;\::l~'U (seam) 'Y1~flY]fl1~~I11::l~'U (seamless) ~1'Y1-r'U'J::'U'U

m 111'J-JlntJfl\ll'Y1f'i'J1U\llU.a-\I 111'J\I-J~l11l~'flflril'Y1U~t1E1\1n!J'Y1m~ (Legal

Metrology) Fl'J'JlUU'J::'U'UY]E11~~I11::l~'U'Y1~fl ERW (Electric Resistance

Weld) 'Y1ln1~~lm'J(l~~'Y1lY]E11~~I11::l~'U11i1

5. n1'J~ Inr;t\l~l 111'J-J~t1fl\ll'Y1f'i'Jl'fll n'U'J::'U'UY]fl r?lEl\Iatul'i1':hYi Am\l n1'J1'Y1f'i~lU

m 111'J-J~lUUYiAm\l I11l~~ ril'Y1UIn ~\lllar~'Ullm 111'l-JIntlfl\ll'Vlf'i'J'Ul\1~it~

1~~'flfl~ln Intlfl\lYi Am\l n1'l1 'Y1f'i~lU~ll11'J-J~1Un1'J~ ~r;t\ll'flln'U'J::'U'UY]fl

6. 'J::'U'UY]fl~ expansion loop 'Y1~mnElnarl 'Y1~E1Tm~n1 'Y1~E1~5n1'J~U'1

•



ci'lFlL1!~Elnl':iYll\!l'Uti El\!:!-IlIn':ilInVUl?Il'YlEl{lu,.r~ llnEl':ilU'UEl~l\! ~l n

8. tI'Ull?ltl El\! ll':i\!iJ'UoXElIn'VlUlllUl.1'U ':i:;'Vl-ll\!:!-Il In':ill?1t1El\!m WJnU'VlUlllUl.1'U

':i:;UUYl El!ilac lVl~ \!'I'Wlll.1:;m:!-ll:; fl~ l'V'l':il:;'Vll niJ'UoXElInr;Y1~ 'YlEl{n ~\! In'Ul U

Ell'iJ'Ylll r4~lln':ill?1l~~'Vll ~uae 1r4e.Jl.1nl':ill?1~1?I'V'll.1ll?ll'V'l':il:;Ell'iJIn InFnl ~ lFl'U

lll.1:;Fl1l ~ lFl~~ I?IU'U!il1~lln':illn:!-ll n In'Ul U !ilEl\!':i:;aY1?I':i:;1\!lU'U¥llA~l 'Un':iru

~lu'Unl':i~In&f\!:!-IlIn':ilInFlEl~m)~fl (Coriolis Mass Flowmeter)

9. ':i:;uuYlEJ[il\!n~ll~.yhEl\!-ruYlEl (pipe supports) lVl~\!'V'lEl':i:;~:;'Yh\!':i:;'Vl-ll\!

~':iEl\!-rUYlElhlFll':i""l\!:!-Iln'iJ'U~I?I«\!lnln'Vl~m/lllr4YlEl~nl':ill~'UTFl\!&11InnY1El\!

~l\!':i:;'Vl-ll\!Yl':iEl\!-rUYlEl ~\! eJ'U~'iJ~\!nfll :!-Il':itlFll'U lru'VllMll~'iJ:; laJtI Eln ~ll
',r

l'UYl'U

1o. ':i:;~:;""l\!tlEl\!YlElU'U~':iEl\!-rUYlEl (pipe supports) !ilEl\!""l\!n'UM':i:;~:;~

m:!-ll:;fl~ TIn~YlEl~El~lmrl~~\!n'U!ilEl\!laJ:!-IllU~'?I'Vl~El&1'U~\!n'Ulll.1:;n'U
~ ,

11. nl':i~I?I&1\!Yl':iEl\!-rUYlEl(pipe supports) liJlnU~lln':ill?1t1El\!ml.11Ul\!~UI?I

TI?I~1n':i\!'iJ:;~e.Jl.1~ Elnl':i'Yll\!l 'UtiEl\!:!-IlIn':ill?1t1El\!m l.11 l~'U ~lln':ilI?1FlEl~ElEl~fl

(Coriolis Mass Flowmeter) ~\!!ilEl\!lU'U~\!~!ilEl\!'Vl~m~~\! lll.1:;l r4~1?I
~

&1\!nuYl ElrIEl'Ulll.1:;'Vl~\!'Yll \!l iJl ~lln':ill?1 FlEl~ElEl~sun 'U

12. !ilEl\!~15 nl':ioU Elen 'Ulll.1:;aau ':i\!«'Ufl:; lYlEl'U'iJl nYl El«'Ufl:;Y1l'U 'Vll n ~ rrn
ElEln uuu ~I?I'Vl~El"i:;UU'Yll\!l'U~1?I'V'll.1ll?l~'Yln eJem nl"il 'Vll.1~!ilEl\!m':ilI?1U~:!-IlIn':i,
'Vl~El':i:;UU:!-IlIn':ill?1t1El\!l'Vll.11~1?I&f\!El~lmrnU~~

13. 1'Uul\!mru~~nl':il~'U':i:;UUYlEl~1?I (bypass loop) Fl~El~~lln':ill?1t1El\!l'Vll.11

l~El fll srrsnn ElI?I:!-IlIn':ill?1t1El\!l'Vll.111U~El~1 !ill 'Utiru:;~':i:;uu.,..t\!'Vl~l?ItJ\!'Yll\!l'UEl~

!ilEl\!ar'Ul'iJ-lltlEl\!ll~ltJl?I-ltJ I?ItIEl\!':i:;UUYlEl~l?Illl.1:;':i:;UU'flEl~1?I~ n~I?I&f\!1'U

~lll'Vl'l-i\!~J l'VlUm:;UUYlEl hllU l~~Jll':i:;nu &11~lln':ill?1tJEl\!l'Vlm

14. 1'Umru~l~m':iEl~L1!llnl r4~YlEl~1?I(bypass) sau '1:!-1lIn':ill?1'Vl~Elbattery of

meter lr;Y Fl1':i,ijI?l'Vllll~'Ul'Vl~n&1'U(blind) 'Vl~El positive shutoff-double

block-and-bleed valve 'V'l-rEl~&11,j\!UEln I'll lm'l-i\!tJl?IltJI?l1l~1 ~1?I&f\!nu

YlEl~1?Il~Elar'Ul'iJ-lllaJ~nl':il 'Vlm~I?I':iEll?lll~11'UYlEl~I?I&1\!n~ll

15. !ilEl\!laJa:l15nl':ill?l '1 ~'Ylllr4tJEl\!l'Vll.11~1I?1U~:!-IlIn':illthnl?lnl':il~~\!lu'UElEln

'iJlnr4El\!ll?1 (Measuring Chamber) 'Vl~ElYlEl~\!~l~ (Discharge line) lr;Y

&1\!~'Ul~ Ell~':i:;uuYlml~l!ilEl\!laJU':il n[]YlElll?I '1 a:lnl':il~El~ ~El'Vl~El~ ElYlEl

ll~nElEln'iJlnYlEl'Yll\!ElEl n'iJln&11:!-1lmll?1 YlEl~ElEln'iJln&11:!-1lIn':ill?1&1El\!1'Vll.1

1utJ\!~\!umtl'Vl~El 1'Ul~ElTI?I~In':i\!lU'U!il'U l~El1r4ll'l-ih-lltlEl\!l'Vll.11'Yln'Vl~I?I~,
~l'Unl':ill?1ll~111?11 'Vll.11utJ\!~!ilEl\!nl':ilYll~'U 'Vlln~YlEl~ElYlEluunaensnn
YlEl'Yll\!ElEln'iJln&11~lln':ilI?11r4Yllnl':i~I?I&f\!Blind 'V'l{El~~l.1'VlUlllUl.1'U!?l\!n~ll

'Vll n~ll~ln!ilEl\!tJl?Il r4flU'Yl'V'l{El~{El~ l.111?1e.Jn~l.1.,..t\!d'!ilEl\!¥lfl'iJ'U1'Vllr;Y-ll.. ..
ll~1!?l\!n~l11aJ~nl':i~11'Vll.1 ll'U:;'\.Zl1'Vll~ll~lllUU a double block-and-

bleed valve

16. 1'Umru~~nl':i~I?I&f\!'Yll\!ElElnci'l'Vl-rUnl':i~\!~l~ 2 me 'Vl~El:!-llnn-ll !ilEl\!~

15nl':ieJInT'UaY&il~Ellr4

1'Ull~l.1:;Fl~\!~Yllnl':i~\!~l~ tiEl\!l'Vlm!il El\!l'Vll.1ElEln'iJln'Yll\!ElElnnl':i~\!~l~

(outlet) MlVl ~\!'Yll\! l~ m lYll~ 'U

- ElUmcl~l ~Fl1UFl~YiA'Yll\!nl':i 1'Vll.1!ilEl\!llfll?l\!YiA'Yll\! rrrs 1'Vll.1El~l\!~l?Il'iJ'U, ,
17. laJFl1':i&iI?l&f\!YlEl~El'U(flexible hose) ':i:;'Vl-ll\!:!-IlIn':ill?1t1El\!ml.11nml~1

Fl1UFl~tJl?I-ltJl?I (Control valve) l-ctEl\!'iJlnYlEl~El'UEll'iJ~nl':itlm~&11'Vl~El,
'Vl1?I&11Ml~ ElFl1l ~ !?l'UlU~ ~mlU l.1\!tIru:;~lln':ill?1'Yll\!l'U~\! e.Jl.11r4e.Jl.1nl':ill?1

m'iJlnl?liJEl~I?I'V'll.1lI?lM

18. 'Vlln~ll~l':b.n~ (safety valves) l~El"i:;Ul~Flll~!?l'UJll~l'U':i:;UU~lln':i

11?1t1ru:;'Yllnl':i~l~ !ilEl\!laJ~ll~lU':i.n~ (safety valves) ll?l '1~\!&iI?l&f\!El~

r1El'U'I'll\! liJl:!-ll mll?1~ElYlEl~l?IlU tJ\!YlEl'I'll \!ElElntlEl\!~lln':ill?1

19. 'Vlln~nl':inl':i&iI?l&f\!~lln':ill?1t1El\!l'Vll.11'Vll.1l~&11l~~\!tI'Ul'Un'Ul 'UU~llru':i:;UU

nl"ilI?1U~:!-IlIn':itlEl\!ml.11 ll~lYlEl~':i:;'Vl-ll\!~lln':irl?lr;Y1~n'UlEl\!'Vl~El':i:;'Vl-ll\!

3-Jl[;l~-r~ntJbLtJtJt.Jl{;ldl (b~," master meter 'Yl~eJ compact prover)

~~n &i1?l&f\!1..h:;~l':i:;UUnl':irI?lU~:!-IlIn':itlEl\!ml.11 l~'U ll~llU~~'U YiA'Yll\!

•



m~l'V1r.'i, 11~1~::UlmHhlL'VIr.'i1 (drain valve) , 11~1~::UlElnl'lf'VI~El1EltJEl~L'VIr.'i1

(vent valve) j;JEl\llj;J-rum~'Yl[;]~m.Jnl~.rlL~Elnm~ (hydrostatic pressure

testing) LYiEll~LLu1:ir;h hJil m~.rlL~El'I'hm~tJ[;] ~\lEl1~~:: lt111 ~l~l'Vn n

a double block-and-bleed valve Yf~'m.J~\lil~ltl\lUElni?llLL'V1U\lt![;]Lt![;]

'VIr.'i[;]r.'iEl[;]tJEl\lElWllFlLLDr.'inDr.'iEl3.JL~lmj;]~1[;]El~l\1L-d'\.l,'l.'\.l,3.Jlj;]~1[;]'t1il,[;]Posi-, ,
a d I I ' •• 1 Itive displacement meter tJ'\.l,1[;]Lr.'in~::3.J't1El\l11\1~::'VI11\1lJr.'ilmL&mLJ'\.l,(vane)

nU~lL~El'\.l,mm1[;] 0.08 ~r.'i~L3.Jj;]~'VI~El0.003 dl ~\lti''\.l,'VIlnil~\lLLDr.'in

Dr.'iEl3.J~\liltJ'\.l,l[;]1m-un11it'VIr.'i[;]L~13.J1j;]~1[;] PD. ~\ln~11~::YhMEl[;]Fll\1~[;]~ , ,
El~~::'VI11\1Dr.'ilmL~'\.l,Ll'\.l, (vane tip) nU~lL~El'\.l,3.Jlj;]~1[;] ~\I~::nEll~Lil[;]

Fl113.JL5El'VI1Ell~nU3.J1j;]~1[;] &l\lti''\.l,Fll~il15m~~~::Yhm~j;]~1~~ElU~fm::

m~1t1\11'\.l, filter basket j;J··.lEJm~~[;]~\lLn~1[;]Fl113.J&l'\.l,(pressure gauge)

nEl'\.l,LLr.'i::'VI~\I'Y11\1L~l~lmEl\l (Filters or Strainers) LYimtJ'\.l,~lLL~[;]\ll ~

L~'\.l,11 FlJl3.J~'\.l,j;]n Fl~m.J~1 mEl\lil m m.tElElLVlEl~1[;] 'VI1 n~u11 Fl113.J~'\.l,j;]n

Fl~El3.J~1 mEl\l ~~mn n11 ~lD n ~ti' '\.l,'VIm El[i\l il ~~ LLDr.'inDr.'iEl3.J~ n &ln Fll\1 El~

m El1'\.l,~lmEl~m n1'VI~U'Yh rrnna [;]Yh Fl113.J~::Ell[;] LLr.'i::j;]~1~~m~11il

sa ElUntJl [;]'VI~ElhJ LL~tll'V11 n1aJhi''Yh n1~~ [;]~\I Ln~1 [;]Fl113.J&l'\.l,LYiElFlElt!

j;]~l~~ElU~m~ filter basket TEln1~~ filter basket ~::untJl[;]D~ElEll~~\I

LLDr.'inDr.'iEl3.J'VI~[;]L~13.J1j;]~1[;]tJEl\lL'VIr.'iln~\lilmnt'\.l,,

~
tJEl\l11~llt'\.l, 1

20. n1~~[;]~~11fi"lFllU~3.Jn1~1'V1r.'i (Flow control valve) i?llLL'VIU\I~[;]~\I~

L'VI3.J1::~3.JYi~[;] Fll~El ~ j;Jl'\.l,'VI~\l3.Jl j;]~1 [;]tJEl\I L'VIr.'il'V1~El j;Jl'\.l, downstream
, <U

LtJ'\.l,11 fi"1~ il Fl113.Jtll Fi''1!El~1\1~\I tll'V1-rU m j;]~1 [;]tjil,[;] L'YlElf[ u,z~ Lj;]El{3.J1n

n113.Jlj;]~1[;]'t1il,[;] Positive Displacement Meter L~~l::LtJ'\.l,~l-rn'\,j.l

Fl113.J&l'\.l,eYEl'\.l,n~u(back pressure) mEllm::uuliil~l3.Jln~Elj;]r.'iEl[;]LJr.'il

~mj;]~1[;]'Yil\11'\.l,LYiEluEl~n'\.l,laJl ~dl[;] Cavitation 5n~~11~lFll~~lm~Cl

t! [;]- Lt! [;]1j;J~1 [;]L~l LLr.'i::~lU L~ElU1aJ~::[;] [;]LYiElU El\I n '\.l,n1~ 1'VIr.'im:: LL'Yln,
~d'd d •... er

(shock) LLr.'i::m~L~3.JtJ'\.l,'VI~Elr.'i[;]r.'i\l(surge) tJEl~L'VIr.'ilEln[;]lEl '\.l,Eln~ln'\.l,

l1fi"lFllUFl3.J n1~1 'VIr.'ieJ\I-dlElD-rm::uu 1~ n1~1 'VIr.'iFl\l~j;]r.'iEl[;]-dl~m~'Yil\11'\.l,,
tJEl\l3.Jlj;]~1 [;]tJEl\lL'VIr.'il LYiEl-rn'\,j.l~ml::L~ El'\.l,ltJn1~'Yil~l'\.l, ~1j;J ril 'VI'\.l,[;]11 nEl'\.l,

'VI,zlit L-d'\.l,5j;]~lm~1 'VIr.'iFl113.J~'\.l,eYEl'\.l,n~uLtJ'\.l,j;J'\.l,

21. ~lmEl~ (Filters or Strainers) 'Yil'V1,zl~~\lfllFi'ru~~[;]l'\.l,m~uEl~n'\.l,3.Jlj;]~~ ,
l[;]tJ El~L'VIr.'il~El1~1j;J-ru5'\.l,j;]~1 ElLLr.'i::Fl113.JL~El'VIl El~l n El'\.l,m Fl'VI~El~\I uilan,
Dr.'iEl3.J1'V1r.'iLil3.Jlm1[;]tJEl\lL'VIr.'i1 &l~ti''\.l,L~lFll~~[;]~\I filters or strainers
I.J I I.J ~ 0 cv d

[;]l'\.l,nEl'\.l,'Y11\1LtJl3.Jlj;]~l[;]m'VI~UtJ'\.l,l[;]ml3.JCltJEl\lj;]::LLm\l (size of the mesh)

tJEl~j;]~::n-rl~ln~El~ (filter baskets) Dn~LL~l~::~nril'V1'\.l,[;]~lnU~';'Yl

eJCJ~j;]3.Jlj;]~l[;] 1 '\.l,Ul~m&El1~~::'Yil n1~~ [;]~~ j;]::LLn~~~iltJ'\.t 1[;]1'VImn11
<U ~

d d •... ,do eocv •... O.:5.... IV

'VI~ElFl113.JCl'\.l,ElElrrrm m 'VI'\.l,[;]~1 nusun ~CJa j;]L~ Elj;]El\Im ~r.'i[;]Fl113.J[;]'\.l,j;]n

(pressure drop) tJEl~~::UULLr.'i::L~3.J5j;]~lnl~1 'VIr.'iLL~j;JEl~Fhit~[i~11CJr.'i~

LLr.'i::CJr.'iL~Elj;Jl El i:Jr.'i~~Ell~ 1j;J-ru AmtJ'\.l,m~r.'i[;] Fl113.J&l'\.l,j;]nLLr.'i::L~3.J5j;]~1

ms 1'VImitEl\l~l n Fl113.J~'\.l,j;]nFl~El3.Jr.'i[;],zElElr.'i\l LL~~ElL~El~Ell~Ln[;]t'\.l,A ElEll El,
m~ 1t1\11'\.l,tJEl~3.J1j;]~1[;]r.'i[;]r.'i~LitEl~~1 n 3.J1j;]~1 [;]1j;J-ru Fl113.JL~El'V11El~1 n nl~

22. nEl'\.l,'Y11~L~13.Jlj;]~1[;]tJEl\lL'VI~1~::uumj;]~1[;]j;JEl\lilLFl~El~fh5'[;]lEl 'VI~ElEllmFl

(Vapor or Air Eliminator) 'VI~El15n1~5j;]Tmr~~'\.l,1 ~uEl\ln'\.l,laJl'V11El'VI~El

EllmFl ~1'\.l,L~11Dl'\.l,3.Jl[;]~1[;] Dn~LL~lilLFl~El\lril~[;]lEl 'VI~ElEllmFlLtJ'\.l,

LVlEl~fl~L~n 11u'VIit\l~[;]~\lEl~~::'VI11~ strainer LLr.'i::~lm[;]~1[;]tJEl~L'VIr.'i1 LL~

j;JEl\llaJ~[;]~\lln~~13.Jl[;]~1[;]3.Jlmn'\.l,lD~'\.l,El1~'Yil1~Ln[;]m~1'V1r.'i'VI3.J'\.l,1'\.l,(swirl),
'VI~El'I11r.'ilEl~DLLUUm~1 'VIr.'i(flow profile) 5n~\lLtJ'\.l,~1r.'i[;]Fl113.JL~1tJEl\lL'VIr.'i1

T[;]Elt!El3.J1~tJEl\lL'VIr.'i1Fll\1El~mEl 1'\.l,fl\l LtJ'\.l,~1\1~::m:LJr.'il'V1it\l 1 '\.l,'Y11\1'Yl~'\,j.~

-dl~ LJr.'il ~\I n~11~::LtJ'\.l,-d1~ L1~1'\.l,l'\.l,~El~l ~Ell m Fl'VI~El1ElLn [;]t'\.l,m Ell '\.l,

tJEl~L'VIr.'i11'VIr.'i3.J1[;]13.JrlEl1j;Jr.'iElEl~1t'\.l,~1'\.l,U'\.l,~[;]tJEl\lilLFl~El\l ril~ [;]1El 'VI~El,
El1mFlLtJ'\.l,i:Jr.'i1~ilm~LLtl\l#m::'VI11~tJEl~ L'VIr.'i1LLr.'i::nl'lf'VI~El1El T[;]ElEl1mFl

'VI~El1El~::El~~1'\.l,U'\.l,~[;]LL~::tJEl~L'VIr.'i1 El~ j;Jl'\.l,~l\1 L~Elnl'lf'VI~El1Elil3.Jl nt'\.l,~::
<U, <U

~\li:Jr.'il'V11Dn[;]1~~::&lutJEl\lL'VImr.'i[;]~1r.'i\ll'\.l,tJru::L~mn'\.l,11fi"1~~El~~1'\.l,U'\.l,~[;]
<U ,

(a float-activated vent valve) ~::'Yilm~LtJ[;]1~El1n1Fl'VI~El1ElElEln1D

•



23. nl'mJ~£1'\.l.'1!'\.l.l~y]ElFl"J'J~·h lit'\.l.n"l'J 111ll~"JL~~'ilrlEl'\.l.L~1~'J::uUy]Ell '\.l.EnCln

U~L"JCU'J::U1.J3.ml'J-J~'1!El\lL'Y1~"JVl"lml1 LU'\.l.r;lEl\l~~'1!'\.l.l~Y]Elr;lEl\lL~ElnltTY]El~~

~ of' "-' I 1(reducer) UUUWEl\l':j'\.l.£1 (eccentric reducer) nU'J::UUYlEl '\.l.LL'\.l."J'\.l.El'\.l.

LL~::r;lEl\lltTy]El~~LLUUI?l'J\I':j'\.l.er(concentric reducer) nm::uuy]Ell'\.l.LL'\.l."J~\I

LL~I?lEl\lhJm::'Yh 111~ n"l'JLtJ~£1'\.l.LLtJ~\lFl"Jl:I-Jr;l'\.l.El~l\1~'\.l.LL'J\I'YI~El:I-JlnLn'\.l.1tl,
~\lEll'il1 tJ'Jum'\.l.Fl"Jl:I-Jr;l'\.l.l?lnFl~El:I-J:I-J1I?l'J-J~'1!El\lL'YI~"J111LtJ~£1'\.l.LLtJ~\l1tl LL~::

fT\lEll'il'Yhll1eJl?l'Jln"l'J1 'YI~~1'\.l.:l-Jll?l'J-J~'1!El\ll'YI~"JLtJ~£1'\.l.LLtJ~\l1tJL~'\.l.n'\.l.

'\.l.Eln'illmll '\.l.U1\1mrum n Ln ~ n"l'JLtJ ~£1'\.l.LLtJ~\IFl"Jl:I-Jr;l'\.l.fl1£11 '\.l.'J::UUY]El

'ill n Fl"Jl:I-Jr;l'\.l.~\I~Fl"Jl:I-Jr;l'\.l.~1LliEl \I'ill n ms LtJ~ £1'\.l.LLtl ~\I'1!'\.l.l~y] ElElwyh 111

~m'\.l.::n"l'J1'Y1~~LU'\.l.'1!El\lL'YI~"J~"JW) (single phase flow) Ln~~yJEl\lEnn"lFl

'YI~mU'\.l.1mJ~:l-JnU'1!El\lL'YI~"J (two phases flow) ~\lL'Y1~ld~"J'\.l.~e.J~~El

Fl"Jl:I-JLLaJ'\.l.eJl'1!El\le.J~n"l'J-J~tJ~:I-J1I?l'J'1!El\I:I-J1I?l'J-J~'1!El\IL'YI~"J-#\I~'\.l.L~'Jl:::l-Jll?l'J

-J~'1!El\lL'Y1~"JAEl:l-J1I?l'J-J~'1!El\11'YI~~El~l '\.l.~!m::L~ £1"JAEl~fl1"J::'1!El\lL'YI~"JLY]l,r '\.l.

24. 1'\.l.mrultT:l-Jll?l'J-J~'Yhn"l'J-J~LviEl-rue.JfiI?lJlCU-nL~l(]\lI'Il'JEl\l'1!'\.l.l~ 1'YI'1i 111&l~
~ .

r;l\l"Jl~"Jn'\.l.n~u (check valve) U~L"JCUr;ll'\.l.'Yl1\1ElEln:I-Jll?l'J-J~'1!El\ll'YI~"JLYiEl

\JEl\l n'\.l.1aJll1:I-Jll?l'J-J~-J~tJ~:l-J1CU'1!El\lL'YI~"JJ1~nFl#\l1r;l

25. mruFl"Jl:I-Jr;l'\.l.fl1£11m::uuy]El~Fl"Jl:I-Jr;l'\.l.Luw5'\I'YI"J:: (pressure pulsation)

'YI~ElFl"Jl:I-Jr;l'\.l.L-ri:I-J~'\.l.'YI~El~~~Mn£11m::UU:l-Jl n Ln'\.l.1tJEn'il~lLU'\.l.r;lEl\l&l~~\I

surge tank 'YI~El expansion chambers 'YI~El pressure-limiting valve

'YI~ElEltJmci~'\.l.1 ~~lLU'\.l.,

26. Thermometer LL~:: Pressure gauge l'\.l.'J::uU:I-J1I?l'J-J~'1!El\lL'Y1~"JFl"J'J

ElElnLLUU111~l:1-J1'JCl-J~ElCU'YIJl~U~::Fl"Jl:I-Jr;l'\.l.m£11'\.l.'J::UU:l-Jll?l'J-J~'1!El\lL'YI~"J, ..
1r;l1?l"J£1T~£1Thermometer Fl"J'J&l~~\lEl~l '\.l.1;hLL'Y1~\lln~:I-J1I?l'J-J~'1!El\ll'YI~"J

:l-Jln~ ~ ~ LY]1~ vh 1r;lLvi El~1 srnn 1?l'J"J'il~ElUElCU'YIJl~'1!El\l'1!El\lL'Y1~"Jm £11'\.l.r;l"J, , ..
:I-J11?l'J-J~'1!El\lL'Y1~"J1~'1n~LFi£1\I:l-Jl n~~~ LY]l~'Yh 1r;l LviEl1tTLLnh~'YlB~~'1!El\l,
ElCU'YIJl~LL~::Fl"Jl:I-Jr;l'\.l.~\I~ e.J~ ~ El:l-J1m-J ~ LL~::'1!El\ll'YI~"J~'Yh n"l'J-J~eJl?l'Jl n"l'J, ..
1'Y1~El~'1!cu::,r'\.l.

27. 'J::UU~l £1ml"J(;]th::~lY]El r;lEl\l~~1~L~£1U-rEl£1 m m::uuy]El~'J::uu\JEl\ln'\.l.

n"l'J5n'YI'JEl'YI~Eln~n~El'\.l. (Cathodic protection) r;lEl\lar'\.l.1'il111aJ~n"l'J

.r"J1'Y1~'1!El\lm::LL~1yJ.yh:l-J1'Jum'\.l.n"l'J'Yh\ll'\.l.'1!El\lr;l"J:I-J1I?l'J-J~'1!El\lL'YI~"J

LL'\.l."JL~El:I-J'1!El\l'J::UUy]ElEl~U'\.l.~'JEl\l-ruy]El'YI~El1aJ'YI1n~Ur;lEl\lll1'Yhn"l'JLLn11J

L~ 'Jl::'YIl n L~ Ely] El~ m 'J'1!£11£1r;l"J~ ~'YI~ L~ 'Jl:: Fl'"Jl:I-J-rEl'\.l.1'\.l.1?lnun "m-J'\.l.'il::

'Yh111LL'\.l."JL~El:I-J~~'YI~ElL~£1~~nu~'JEl\l-rUY]El LL~'"J'il::Ln~ n"l'J.r"J1'YI~l?ll:I-J:I-J1

~\I e.J~111'J::uu :l-Jll?l'J-J~'1!El\lL'YI~"J~l'Jl1 tJl?l'J"J'il~ElU111Fil-rmEl\l1aJ~1 L~El~El

U1\1F1'\.l.Ell'il'il::~~ElTl?lufT\ll '\.l.1'il111aJ1I?lL~mnU\ll'\.l.-8'\lI?l"J\I-J~ L~£1 LL~l '\.l.Fl"Jl:I-J

~ ~'1!El\leJL~£1'\.l.'YI1 nL'Jl'Yh \I1 '\.l.El~1 '\.l.Ell~~ 1~ LL~"J Fl'"J'JLL~~\lll1L{;'\.l.~\I Fil11.. ..

28.

29.

"~ElEn~~" r;l"J£1 (LU'\.l.Fl"Jl:I-JL{;'\.l.'1!El\l~L~£1'\.l.)

'YIl m::uuy] El'1!El\I'J::UU :I-J11?l'J-J~~ msul ~ £1'\.l.Y1FI'Yl1\I~l\1'J::r;lU n'\.l.l '\.l.U1 \I~'"J\I

Y]Ell '\.l.~"J'\.l.~El~'J::r;lU~\I~~~ 1'\.l.LL~~d"J\lr;lEl\l~~ 111~ Y]El Vent LviEl'J::U1£1.. ..,
mm FI~ Fll\1 El~1 '\.l.Y]ElCln'J::U1 mL~::I'Il'Y1-ruY]Ell '\.l.~"J'\.l.~El ~'J::r;lU ~1 ~~ 1'\.l.

'U 'U cu "
, .., , s.-

I I e;Ol.I CVI Cl OdD _0

LLI?l~::rl'"J\InI?lEl\l'il~'YlEl drain L~El'J::Ul£1'\.l.l'YlLn~'ill n n"l'J'Yl~ ~ElU LL'J\I~'\.l.'\.l.1

(hydrostatic test) HI?l"Jm~'\.l.n'\.l. 'YI~mvimU'\.l.n"l'JI?l'J"J'il~ElU111r;l filling

line 'J::UUY] ElT~£1~1JEl\lL'YI~"JL~:l-Jm£11'\.l.Y]El~:I-J\J'Jci? r;l\l,r'\.l.n"l'J&l~ ~\lY]El

vent LL~::Y]El drain rlLviElr;lEl\ln"l'J'J::U1£1Elln"lFl'YI~El'1!El\lL'Y1~"JEl~l\1~'\.l.~1aJ

Yi\ltJ'J::~\I Fl1'\.l.n"l'J-J~ ElElnsn m::uuy] Elrl El'\.l.LihLL~::ElElnsn n :l-Jll?l'J-J~'1!El\IL'Y1~'"J

111fl1£1l m::uuY]El ~ LL~'1!El\I m ~"J~ r;lEl\l n1'J-J~ Ly]l,r'\.l.LL~::El ~1 '\.l.~fl1"J::

'1!El\lL'YI~"JLyJ~L~mly]l,r'\.l.I'Il'Y1-rU:l-Jll?l'J-J~'1!El\lL'Y1~"J

'J::UU y]El~ rnsm ~ LU'\.l.~ L~£1u-rEl£1'YI~e:J1aJ ~ flqJ ~ n'lfci'YI ~aEn'il LU'\.l.r;l"JeJn'lf'J

U\lU a n111'Yl'J1U11 LU'\.l.ria ~ltTu~ nl'J'1! e:J\IL'Y1~"J~ L'Jlr;l e:J\Inl'J-J ~tJ~:l-Jll?l'J

1?l"J£1:I-J11?l'J-J~'1!El\lL'YI~"J m n1 tl l'ile:JY]e:J~fT\l1aJ'Yl1~'I1U'YI'IX1~\I ~"J'\.l.1'YI'1i'il:: LU'\.l.

'J::UU~ Epoxy ~UEl'J'\.l..g L~'\.l.1tl L'ile:Jy]e:J~\I~n'Yl1~'Je:J\I~'\.l.~LL~\lLL~::I?l'J\I'Je:J£1

~ El'1!e:J\lY]e:J'YI~ElLL'\.l."J'Je:J£1l~ e:J:l-Jy]ElfT\l1aJ~ rmm ~ rlLm::Ul111 Cla £1'11~n ~U

I'll un \11Wl rlEl'\.l.Fl-rU En'il'il::Ue:Jn11ar'\.l.~\l1tJn'1!e:J£1e:J:I-J-ruLL~ar'\.l.LU'\.l.15n"l'J

~-rl\1 FI"Jl:I-J~1 L~e:J~ o Ll~::fl1~~'il,rLvi e:JUlm a \l1'ln 'J1 tl fT\I'J::r;lU~1r;l-rU rrrs

30.

•



eJEI~-r'UlU~::(;]'U~ln~LYfn::\lluit1aJ1tI\llUL~U"] n'U'U~';'YlL~n"] 'U~'IY'Yl~

mir~~~(;]'"JeJ1uftn'IYru::\llUEl Eh.nl'Yl n F1UFI\lml'U LL~::In~::'V1,rn&i1l::F1-r'Ull,
LUUEI~l\1h

31 . ~I11L'I1:ih1E1'V1~E1:S5m~~~1~1~tI~E1'ULYieJ'U'V1~E1In~'"JliJ~E1'Uh.,Fi'1-r'U~E1\1~lln~rl11

tlEI\I L'V1~'"J(;]\ln~1'"J1(;]tl11eJL'I1~:S5m~~E1'ULYieJ'U (proving) ~lln~rl11t1E1\1L'V1~'"J

1(;]'V1ft\lliJl n ~ 111rff\lm In~r 111t1El\I L'V1~'"Jtl11eJ~El\lFl\l~~.fl1'"J::m~r1l\11U (L~U

Fm~(;]U, elmlm~l'V1~, E1ru'V1ll:HLL~::~U"]) 1aJ~l\1liJln~.fl1'"J::tlru::H\llU, ..
r1lm~rl11tJn~

32. .fl1'V'l~'"J~LL~'"J~E1\11l~::'U'UrlEl~L~1~lLRm~E1\1n'Ud::'U'Umln~rI11E1~LU~.fl1'V'l

'V'l~E1~LtJ\llU-nU Yi -nu Yi~ ~lUm~In~'"JliJ~E1'U t '11Fi'l-r'UdEl\l'V1~E1~E1'ULYieJ'UliJln

fll,rn\llUn~l\1tT\lIn'"J\lrl11

33. rrrs ~111rff\l~::'U'Url Elt!E1\1~::'U'U~lln~r 111~ E1\1tJ~U~ 1nl ~ n{)'V1m eJtIEl\ltJ~:: L'YlFl

LL~::Fi'lLLU::"zlt!E1\1'U~';'Yl~C.J~1n

34. ~U"] ~nmn~leJ InEludun1aJElElnFl-r'U 'V1ln'YhuLI11UnElElnnt!E1L'I1'UElnL'I1

ml'U(;]'"JeJ

S

E

Allowable Stress Ib/in2

The Quality Factor

LL~C.J~ ft'V'lBliJl n ~ ~ n l~~l \I'Uun1aJ1~ (;]'"JL~t!~lU '"JUL~ ~ L~eJYiL&ieJ'"JLL~n

LmrL~eJ\lLL~'"JtrI11L'I1LUU~lU'"JUL~t!~lmUL~~~\lr;l'"J ?lEl Sch. 20, 40, 60, LL~:: 80

LUU~U

American Standard Association (ASA) l~ri'l'V1UI11LLU'"J'Yl1\1m~L~E1n

F1'"Jl~'V1UlrlEl~~A'"Jl ~ir~~UBn'UFI'"Jl~(;]UEIEI n LL'U'U.fl1eJLU rlElr;l\lLUlnl~l\1~ 1

[;Il~l"ii 1 Fm~ir~~UBtlEI\lFI'"Jl~ r;lUr1l \I1urn eJLU ~::'U'UrlEln'U F1'"Jl~'V1'\.l.1rlEl

LUr1lt1E1\1 Schedule No.

American Standard Association (ASA) Schedule No. of Pipe

Pressure Class

~ 250 Ibs/sq.in. 40

300-600 Ibs/sq.in. 80

'tiel (Pipe)
900 Ibs/sq.in. 120

1500 Ibs/sq.in. 160

liJlm.h::~Fll~ln{elUeJl'"JU1UtlEI\lEllnm'V1m~~m~C.J~lnrlEltu~~mL~n "],
m In~~l ut! El\Irl E1~\Ir1ElU~l\1liJ:: LLInn ~l \In Ulnl ~ ~ C.J~ In liJu1~~:sr (i!J U 1 n l~; um~ ..
L~E1ri'l'V1UI11~11n~J1ULL~::LLtl\l#ULL~::~':;'I11t1E1\1rlm~E1L 'I1Luu1 tJt wYiFl'Yl1\1L&imnu

tl11eJAmerican Standard Association (AS A) ~\lnElrff\lLutJ 1918 M':;'eJ1~

F1'"Jl~'V1Ult!E1\1rlEltU~tJtlEI\I 'V1mm~tI "Schedule No." ~\I~':;'eJ1~ll

2500 (1/2 in. - 6 in.) Ibs/sq.in. XX (double extra strange)

250 (8 in. and larger) Ibs/sq.in. 160

Rule of Thumb: h'Yl1\1tJ~U~'V1lnL~11aJ~1~1~mtJl11lnl~l\1'V11

F1ru~~'U1itlEl\l'tiEl1~~lm~tI~1:S5m~~I11r;l\ldFiEl,

Schedule No.
1000 x P

SxE

Actual insidediameter (inches) + 3 inches
The wall thickness (inches)

'"
L~E1 'V11n1(;]C.J~ft'V'lBlnn~\lLu~'"J\ltl11nliJ::ml'UllrlEl(;]\ln~l'"J~I11LUUrlEl Schedule No. Lrll1 ~

P = Operating Pressure Ib/in2

•



co ,
&l1':i1\1't1 3 &l1':i1\1't1f1

,a ,
• 1J'I,l,l(;]'t1m~nm1 0 6"

TABLE
PROPERTIES OF PIPE

(Reprodoced by pennu.sion: PIPlltt Dn~";;,d HIf.Jm•.mJtl.cvPYflsht 1951, Cn.lllt! vllnpany. Providence, R.I.)• Schedule 10 LL~:; Schedule 20

.
&l1':i1\1-n 2 &ll'nrvn Schedule No. !K1EJ15~(;] Secltoo moUulw (il~hclll ::: 0098'l (~I J')

Rxlim 01 $}'r.tUOfl (in •.hClj ::: ox, .,fif+. JI

I WCtl(ht of (>fpe ~ root (pounds) = IO.IiaO'!t (D - I)
Wntj:hl ol ',"Kt ptr bM (pounds) ;:::;O.3405J1.
Squa~ ftt1 OUfW.V ~U((a.ct' per lOot = 026ISD
Sc.tlJ:.lrt fc.d. iruidc .toUfr~C' PC' boc = o.2618J
Imllk ;\~;a (Jq\t,;tIe inches) = O.iM.4~
ArT" o( IIKISI tstuan iuc:hn) ::: 0.7&-, (O: - -11)
:\lomMI of lnen~ (u'lChes') :: tUH91 (D' - I')

= AwRi"

A.,::: Area or Mct;al (MloJ,I(C .tKhci)
J = (n~de Oi.2meter (I"('h~)
D '= Ouuide [)iamcln' (il",-hes)
R, = Radius ofC,..ration (ihGhn)
I ;;;; Pipe W a " llnd.rM':U (;'KhM)

tThc CCn'tic ilainlc:s "",«It m..lt be ~botll ;~ ku, .md ,he tllblcomBC

,I:)trllas :tt«h 1Ib;101 1"lo .!:,fc-a\(;r than thC' ""IIIf"'t ~htiWn in fhis la~c
which .ale hno..t 00 weigh" I<Jfea r bon steel.

Actual inside diameter (inches) + 3 inches
The wall thickness (inches)

Schedule 30 40 to 50

Schedule 40 29 to 39

Schedule 60 25 to 29

Schedule 80 20 to 23

Schedule 100 16 to 18

Schedule 120 13 to 15

Schedule 140 11 to 13

Schedule 160 9 to 11

X<>n: a .. \ S-!'\. H)61O S,cd ('Ip:xht'dule ~umlxl1
b. A.S A. 0 J6 10 Slnl Pipe (\I,)fninal Wan Th"'kncu l)c:li!tnalioos.
c. ~\ S.A. B jIj,19 5fainb SI~1 PIpe. Schedule NUfllben

~~--.----r-, ---r-, --;-----;---.--.1---- 'I -..---.--"'-"
Schcdute Wall Inside! ~lebl &t r, Sq f" I W . h Wf'i.Sht. :\Iom~ot i See R.'ulius

;\umber- Thick.- Oia.m: IMide Du..uid~ (n~df' ·tl~. l'lvr W:1W of '\'I)(i~~:~Gym.
......... R_"._ .._ ..H.__ :~. e:~~. ::~: ::~::. pt~7:'St;~~:.IW;bt. I*;bfl. in.' t:::~I'

• •• _. __ .~ •••• _.,,_ "._ ••• _. m •••• _· •

108 O.O·I!) 030i O.ONO O.OS·H~0.106 OOS(H 0 18G 0.0321 0.00·'37 1271
o ~a.5 ..•0 Std .os 0.008 0.2'6 o.osss 0,0;20 0.100 0.070S 0 2~5 0,0:2.16 OOO$!:!rl 1I.1215

____ SON~" $)..~ 00% 0.21 0.0064 0 (W!S 0.106 0.0563 031!> 0.015, 0-')0122 0 ()(k,(XI! 0 lUll
'"'iOSo.oIiS o.:tlu 0. '1320' "o':'~jiO~~0'Hl o.tO:;3' 0330 o.O>")Tf'''"O-OO.ml 'oouiiT("o"'i6il~1-

I.~ .1O.std -It'l') 0038 0 aG-I O.IO·U 0.1'250 0 UI O,O!,~•• 0 ,)2S O.O~.)I O.OOlJl o QI2lt) 0 iezs
O.~!,O SO X5 ~1~19 .O_..~2 OO!H) O,la;" 0,141 O.07tH 0 sss 003tO 0.00378 0.013% 0.1517

IOS! 0 ees 0.5·15 O'Z33J '0.12-16 0 In -OiTv- o.~23 "otoiT -o.oOS&1 0.Ot73;" <)'2wJ
h 40 SlJ -"os O.OH! 0 I:!J' 0 l'.HO 0.1610 0 liT 0 1'•..'1.15 0 S68 c.ose: 0.007:)0 0 O'ZIQ) 02'()<JO

o srs so XS SOO O.J2tJ 0.42: 0.1403 02173 0 In 01106 073"J 0 ()OOfJ 0.00$62 o 02S;>·1 0 tlJ'Jt
'''iCis '-0'033 "O.~7'\·0 357' 0 1');1 o zeo O.tif;5' ~'o-'6ii'--O~ -0.01-131 O'-03U- -0 2~9'l

-10 $W -IOS o.u» 0.62: 0 30~ 0 zsoa 0.220 0 Iti2S 0.8.)1 o iare O.OIiIO O.O·IOi 0 ZUIJ
J4 80 XS sos 0 147 O.s.m 02:HO 0.320 0 xl(} 0 1..a:).3 I O~ 0 1013 0.02010 o.ans 0 .!.'".oa

0840 IW XXS ~.~ ~ ~~~ ::!! ~:: ~.~~~ :.~i:~~~~~.:~ ~~~~I ~~:~
--- -- ---" -~- "()"005 o i o·_t;ti5 O2OU 0' 2ia 0 UOO 0 uia- 0 :!8S2- 000151 0.0161 !_ ..O3-$9

IOS 0.083 O.W 0 (jl~ 02.521 071.'l 0 :!311 0857 02001 OO'l'J;O OO,')6(i j 0343
Y. ..a0 Sui ios 0,113 O.S2~ O.a;U 0.333 O.21~ 0.2157 1 131 02301 O.03iO 0.0;06' O.:ll-l

I (J.50 80 XS SOd o.rs- 0.7-12 0 ':1'2 O.t3:t O.2i.? 0 ItH3 1.-I7.- OISi'S O.O·HS 00853 0.321
160 0213 0611 0 'Z'.Jt)I 0.570 O.VS 0 un; I U:1i 0 1284 O.(}5'.!i O.IOO~ 0.3<»

XXS 0 308 O"'3~ 0 Ui!l 0718 0 'la 0.1131 2 Ht 006-11 o.osre 0 t1().1 0 'lS-W>
-_. -- -- SS 0 oesU- I~ O.2~ O.it40ai0 0 8G8 O~ ~ 00100 -o:t.il··-

IOS 0 IO'J l.O'Ji 0 '.HS 0 413 0 3.\4 0 2872 1.40-1 0 409 0 0157 0 LtiJt O.l'28
t ..aO Std ..K)S 0 133 1.041: 0.86.\ 0 IQ..I 03.\4 0.27016 1 tJilJ 0.37.' 0.0814 0 132<J O..a:U

1315 SO XS 8():) 0.119 0.95_ 0 it!) OI..>3'J 0.3'-4 O.Z:;'ZO 2: 101,0 311 0.1056 0.1006 O..aQ7
iso 0.250 I 0.81" 0522 08a6 0344 0 ~134 2 !:tU 'I 0 '...~.;,.·I 0.12;".2 0 100...1 0387

XXS 0.358 i O..:t.1. 0281S 1 076 0.3&·, ~ 305tJ 0 l'!ll 0.1405 0.2137 0.31)1
--- -- -- -ss -O'06$ITS3OI~')- -0 m 013-1 0101 t 107 -o.:-V7'- o~i03s-!~- -O~·~-

108 0 10') 1 'Hi 1 ti33 05.11 0..•34 0.378 1 sos 0.707 . O.HlOS : 0 l?ll O;\SO
Il~ ·10 Std ..,,; 0110 1 ~ 1 100 0 om 0 .•3< 0.361 2.273 0.618 I 0.1943 10.ZJ16 O.MO

t.~ 80 XS 80S 0 19\ 1 2; 1 '!83 0 &sI 04:)4 0.33:) 2007 O.II.\S I 0241$ I 0.2913 0.524
160 - - 02.S0 I 1 lOS7 I 107 0.43.• 03O-l 3.765 00158 0.2839 0.342 0.506

XXS - 038210 06.11 1S3..a ~J~.!:!!.:!..~~I~-!:.~~
~- ::::- :.s100tiS 1;7 ~037~- 0497 O·tu3 121-4 1.007 O.I!)8() 101003 O.tH9

I.!)()(J _ tOS i O.IO'J 1682 2 m 0 til3 0.·197 0 ·UO 2035 0.902 0.2·'69 02[)9\) 0634

Pi
()"t;..itlt

l>ial1tt;(~•..
in.

&11f1ti1\1 1~L~'I,l,~l'l,l,roT'I,l,tin~l\lmEJ1'1,l,r1tJ (ID) Lr1lntJ 12.5 .ct:1LL~:;F1113.nmlr1tJ..
Lr1lntJ 0.75 .ct:1 liJ\I'YIT:hLU'I,l,rltJ Schedule 1(;]

12.5+ 3
0.75

20.2

(OD) 14 ib

F1(lm3.Ju~r1tJ~hr\ll'l,l,1 'I,l,1\1nl";jtJj;]~l'YIm";j3.J h\lnk'l,l" F1~\lJ'1ar'l,l" seuu, ,
YJ'I,l,~\lYll\lrltJ LL~:;~'I,l,'] ~~nl";j 1tT3.Jlj;]";j1(;]YJtJ\lL'YImL~tJ1tT1(;] L~tJnl";j~tJ1JlEJuanLtJ~EJ'I,l,

fl'l,l,~lLL~:;~(;]roll'l,l,1ruJll-H.tJlm (Custody transfer) ~l\11tTrltJr;l\l1 'I,l,j;]l";jl\l~ 3

•



TABLE (eonullu.d). PROP£RT1~SOf PIPE

~:E~;: ~::~7.~~:~.:~'::::~~ ~~:~(~.:;~.~ :,~~~.'~v~~~~~:2::: ~;:;~~~.I~::~
in. rl - oe,\.'t, f'1~r, IJ(I in. Atl in. iSur(.tCf'. Sun~:e, Ib pelbfCt.. in." lion.
~.•ur~. ('f, If. b e in In per CL per ft, iD,' m.

1- iOO-=--=-o.M;I~--:;;-;;: 1496 'l2'-~ l.m'0087~ ~~ !!811

I~ - n 718 7 1~~ 40 G 1784 2258 1 S82 60 63 11,(10 UO 6 3l.G 2 £tJ7
8 ~ IlO _ - 0 HI2 7 (X)I 38 ~ 19 UJ 2 258 1 833 67 16 l6 69 1.538 3..S7 2 777

8 8~a _ XX~ - 0 87;) 1\875 31 1 21 30 2 258 1 800 72 42 16 00 162 0 37 Il 2 7;)7
100 - - 0 '106 6 8131 36:. 21 \)7 2 25S I 184 14 i't) 13 bO 1659 as 5 .._.~!..---:::-=- bS 0iJ.i"~2i--s63 ~ 2 81~ 2.1401!15~4-31:-:5 ~ -Tt"i.•- 3.7tl

IUS 0 IlL", 10 .•2Oj s.s 3 s. Jit '2 !:lIS 2.128! 18,10 36.9 169 14 30 3.74-
20 1 - 02;,0 10'lSO! 82.s 8.26 2.8t~ '!.ll83j2S t~ as.a 1137 21 16 371

- 02i" 10 I!J'!! tU s 9.lS 281S 'l 6t)8 i 31 20 3S 3 125.0 23.012 3.10
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I d del' Q.I.... I Q.I a _ a IV d

L"i\lLFI"ieJ\I£J'fl,lntJ'fl,~len ~'I11\1~l ~?!'fl,~\ILtJl'Y1lLL'I1'fl,?!\I'fl,l'Y1'fl,n ~l~\I"it:1 £J'fl,In'U"i"i'l1n.. ,
LeJ\I~\I'I11\1L~£J'Un eJ\lltJ1?i'1£JFill ~ ~l'Ul n eJ~ LL~l FI"il1it ~ mn £J'fl,I'1'Ud"i'l1n ~\I ~1'fl,.. ,~. ~
"ieJ\I~'UU1'Y1Un'YI~mLY]'fl,t1\1(platform) "it:1£J'fl,I'1'Ud"i'l1nnL'Udn~FI~'Uli)lnU'fl,nli)::,
M~'fl,L~£J\I LLY]'fl,~\lJl'Y1UntJ eJ'ULLnl\11tl m?!'fl,n'U~m'U'umJ eJ\I~l'fl, "ieJ\I~'UJ1'Y1Un

'YI~mLY]'fl,~\I (platform) ~LL~lLFI~eJ\I~\lJl'Y1UnFl\lileJ1£Jm"i1~\ll'fl,«'fl,mmLU:'fl,eJ'fl,.. ,
v •.. ~I ' cl' v d'o1 ,... 1- IQ •.

FI"i'UmLu'fl,eJ£Jl\1'fl, eJ'fl,'fl,L~lneJ\IulLFI"il::'YI Stress, Strain, Shear Moment,

'YI~eJ Torsion 'YI"ieJnU:::FI~'U 1W~Jru::L~mn'fl,'Ul\1~m'fl,~~~i'tn~\lIl11::JlY]1~

tJ"iln{JllJ1Ln~L~11 tJ~\leJ~Il1£J1mJeJtJeJ\I~l'fl,"ieJ\I~'UJ1'Y1Un'YI~mLY]'fl,~\I(platform)

'YI~eJ'Ul\1Flf\lu a dl ~ LLInn{11ilJl~~ L~lm L~eJ~\I Ll ~l hr\ll'fl,nH,1~Jl~'UJleJ eJn

:Vl nu eJtJeJ\ILLY]'fl,~\lL~£JFlf\l'YIit\l T~£J13-111?i'~\l1tJYllm"iIn"illi)~eJ'U (1F1"ili)::n~l L~"il::

'Ul\1 Flf\l~ n ~\l1 tJeJ~L~'fl,L~£Jnil) ~'fl,~l'fl,tJeJ\lLFI~eJ\I~\IT~£JL\l~l::~'fl,~l'fl, ~il m"i

dl£J'I1eJ~Jl'Y1Un1tJ~~1'fl,LL~~\le.J~m"i~\I'YI~eJ~'fl,~1'fl,n~ln~ilm"iLFI~eJ'fl,~tlru::

'1'11 nl"i~\lJl'Y1Unll il ~it.~'YI~eJ!J~ ~l mZeJmVl£J\l1~ LL~\ll'fl,it~ LLU:1 il11?i'il L~£J

LLU:'fl,eJ'fl,FI~'UeJ~l\11l LL~lnl~?!'fl,'U'I1L~£JFI~'U tJru::1'fl,l"i\l\ll'fl, ~'Yl'fl,~armeJ\InLt:1eJ::FI~'U

13-1'I1dl'Ull LU'fl,L~"il:: m "ineJ~{l \ILFI~ eJ\I~\I"i t:1£J'fl,1'1'U"i"i'l1n Ln~~'fl, fi'YI~\IT~ £J13-1il,
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nl'l11\1 bbC.Ju,llVl~mnYh nl"i'\J-rU'\J1\11:Hnu, ~ bEl1-n'VHr\ln (;l13-J-nU:W:; ~U'hil:;

Vhm"inml-l1\1bUU,bUU,~U,~1u,"iEl\l-rmhvI'UnVl~mbviw&\I (platform) bb~:;bUU,~\I

~nnbbviu,~\lJ1mrn 5m!l{l.!:;bFl~El\l~\ld~~\lbumbviu,~\I~bUu,TFI':i\l1:l-l1\1T~Vl:;T(;lI'J~

m"i~(;I ~\lTVl~(;I b~~l n(;l1F1"i\l1:l-l1\1T~Vl:;~'Yi1bUU,bbviu,~\lJ1Vl-un U1\1nbUu,U El~ n

~\ll '\J~1 m:;!?lU ~1t1U,U,~lVl-rU11 \IbbviU,~\lJ1Vl-un !?l\l~ U,b~El"itll'Ju,t;]U"i"i'Yl n~\I~u,,
I ,;., ~ <I.' a v 0 I '11 a ~ et (V d cl I I ~

un U,~ \lu, 1Vlu,n n (;lEl\I'Yl1m ':ib"i\I(;I11'JFl113-Jm b~3-J~U,"i:; (;IUVlu,\I b3-JEl"in El~U uu 'YlU,~ \I

n~:;vhm"ibU"iFl~\lC.J~l"'bbviu,~\I~m':iku,bb~:;~El\l-rubb"i\lb~3-J#u,T(;Il'Jhhhbuu, U'1jVl1

b~3-J"] ~mb~1F1-ruvi1U, lu,'U1\11:lmu,~~\I~ln(;lj;J11'J~u,~ n~:;~5n'l!l-ru:;nl':i
o~d';" 'IJ d dd d'c: •... d';"'1Io
(;l(;I(;l\IbFl':iEl\l~ \Iuuu b~1- ElEln 'Yl1\Ib(;ll'l1 FIElb3-JEl"itll'JU,(;l1\1b~lVl1 bFl':iEl\lM umrn rrn
,;.,~ Q..I a ((' av 0 r! Q..Ii.I IV cv::'
~m 1Vlu,n b1:l"i~"itll'Ju,(;lU':i':i'Yln n(;lEl\l'Yl1m"i1\1 n ElI'JVl~\lI'JElu,n ~U 3-J1'Yl1\1b~3-J [;l\lu, U,

1U,~1\1"itll'JU,t;]U"i"i'Yl nElEln!?l1na [;lVl5\1d~FI-ru aYu,nri Ell",dl [;lbb"i\lm:; un nMb~u,nu,,
bEl1~:;l'Jn!?l1El~l\13-J1nbI'JEl:;bb~1F1"i11d3-J1~~FI-rui1b"i1F11"ivhm"inEl1:l-l1\1'Yl1\1b~lElEln

bFl~El\l~\I':itll'Ju,t;]U':i':i'Yln nu,El~1\11"i~\I~:;bVl3-J1:;1:l3-J,

7777 \\\\

n1"i~ ~El\l nl':i l"'''i:;!?lu~u,tlu, U,bb~:;tlU,U, 'Yl1\1b~l ElEln bFl~El\l~\I':i tll'J u,t;]

U"i"i'YlmUu,'Yl1\1':i1U b~I'JUEl~l u,"i:;I?lUb~l'l1nu, b,lEl\l~lnb"i1 hJ~El\lm':i l"'''itll'Ju,t;]~\I, ~
b~l ElElnsn n bFl~El\l~\lJ1Vl -Unbuu,m"im:;'Yi11"'bn [;lbb"i\lm:; un n!?l1bFl~El\l~\I"iU,bb':i\l,
3-J1n~u,bnu,l '\J mn ~1U,"iEl\l-ruJ1Vl-unVl~mbviu,~\I (platform) ~El\lbFl~El\l~\lJ1

, . , .
Vl-UnEl~"i:;j;Ju 1:l\ln-J1':i:;!?lUtlu, u,'Yl1\1b~l ElElnsn n!?l1bFl~PJ\I~\I b~PJ':itll'Ju,t;]U"i':i'Yln1\1~ ~ ,
b~l3-J1~PJ\I'Yi1m':i b~\IFl113-Jb~1b~ PJl"'''itll'Ju,t;]#u, UU,bFl~El\l~\I ~\I~:; bUU,nl"i b~3-Jbb"i\l

m:; un n1", nu bFl~PJ\I~\I bb~:;b~PJ':itll'JU,t;]U"i"i'Yln bFl~ElU,!?l1PJ~UU,bFl~PJ\I~\Ibb~:;bU"in, ~
b~PJVlI'J[;l':itl ~\I bbarbFl~PJ\I~\I"itltJu,t;]U"i"i'Yl nM-ru m"iPJ PJn uuu 1VllF1"i\l1:l-l1\1~"iPJ\I-ru, ,
~1U,"iEl\l-ruJ1Vl-un (platform) ~nl':i 1", !?l11j;JVl~El"iPJ\I-runl':iTtJ nFl~PJu,~PJ\I~1U,

':iEl\I-ruJ 1Vl-un lj;J':i:; I?lUVl,l\l b~ PJ~ [;lbb"i\lm:;~l n ~1 n rrrsru "i FI"itI ~ bn(;I#u, ~ ru:;~ u,

T(;ItJ~:; b~U,M-J1 bbviu,~\I~:;~ m "i bFl~ElU,~1 '\J~1 \lVl 'It 1- Vl5\1(;l13-JbbU,1~ El\I !?l1"itl tJu,t;]

U"i"i'Yln~1F1~nPJu,~ bbviu,~\I~PJ\IbFl~El\l~\I~:;VltJ [;l-d\l~-lEl3-J~\lJ1Vl-un ~PJ1'\J bb~Vl1n, ~ ,
"itltJu,t;]U"i':i'Yl n urs m n b~PJVltJ(;IPJ~l\1':iU,bb"i\l Fl113-J1:l13-J1':itll", !?l11j;J~PJ\Iuvi\l~\lPJ1~, "
bnu,~ ElUb~(;l~1:l13-J1':itl'YlU,'Yl1u,l[;l1i\lPJ1~nPJl"'bn [;lFl113-Jb~tJmtJ m3-J3-J1 b~u,nu,b~ PJ

"itltJu,t;]U"i"i'Yln bFl~PJU,~ElEln1'\Jmn'Yl1\1PJEln~Fl113-J~1[;l~u,~nn~:;1 '\Jb~Wl1"i:;bb"i\l,
m:; un n1", nU~1u, "iPJ\I-ruJ1Vl'ltn~ El\lbFl~PJ\I~\I~n b~u,nu,

use 1u,'U1\1mru ~U-J1U1\11:lmu,~laJ1:l13-J1':itln1Vlu,[;lYiF1'Yl1\1"itlU"i"i'Yln ,
1Vl1\1b~l PJPJn bFl~PJ\I~\llj;J I?l\l~wJU bUU,b~PJ\I~m m:; j;Ju~u,tlu, u,nU"i:;!?lu~u,~ El\I

~1U,"iPJ\I-ruJ 1Vl-UnbUU,"i:; I?lUb~I'l1 nu, ~\I'Yl1\1b~1 uaern \IPJEln

~lVl-rU m"i~ [;l'Yl1\I~\I b~l PJPJn bFl~PJ\I~\I Fl1"i bUU,'Yl1\1~ u tJn ElPJn 3-J1~1 n n u,U,

b~U,'Yl1\1Vl5m~ PJUEl\Inu,laJl"'''itltJu,t;]~u,"] ~laJ(;] El\lnl"i~\lJ1Vl-Un~\I ~1U,~1U,

':iEl\l-ruJ 1Vl-unVl~mbviu,~\I (platform) T(;ItJlaJ~l bUU, U,Elnsn nd 'Yl1\1~bbtJnPJEln3-J1

~1 n tlu, U,b~u, 'Yl1\lVl5 n ~ PJ\l3h:; tJ:;'Yl1\l1'J11-nbVl3-J1:;1:l3-JT(;ItJFl1"i :ih:;1'J:;'Yl1\I(;l"i \In PJu,

v d ~ " .d Q.J I I

m ':iPJPJn bbUU'Yl1\1b~l bb~:;'Yl1\1PJPJn bFl"iPJ\I!1\1"in tJu,(;lU"i"i'Yln 3-JVl~ n rrnarm, ~
Fl1"iPJElnuuu l"'''itltJu,t;]U''i''i'Yln~\I bbunJ1Vl-UnU"i':i'Yln3-J1 n "]PJ~bb~1~ u,~\I b~1~~1U,

'I et cu cu

cv ~ Q..I d I r:... '11 a '1.1 I I cl
"iPJ\I"iUUlVlu,nmmb'Ylu,!1\1 (platform) (;I1tJFl113-Jb"i1~1"] PJtJ1\1(;lmu,PJ\lbb~:;1:l13-J1':itl

VltJ(;11(;]El~1 \I-d3-JU,1 ~ b~ El!?l1"i n tJu,t;] PJ~U uu vi U,~\I bU U,~ b~tJU -l EltJ bb~:;':itI tJu,t;], ~
U"i':i'Yln1:l13-J1':imFl~Elu,!?l1PJPJn1'\J~1 mbviu,~\lj;J1tJFl113-J b~1'1l1"] laJ~PJ\I b~\l3-J1n-un

PJEln1'\JPJ~l\1-d3-JU,1~ Vl~m::J(;I~ n-utJVl,l\l-J1t1U,U, 'Yl1\1b~l bb~:;'Yl1\1ElPJn~l n bbviu,~\I

J1Vl-un ~PJ\IPJ~1 u,':i:;!?lUb~tJ1nu,(;l~PJ[;ll",-runu, ~\I !?l1t1U,u,n PJu,~u,UU,bFl~PJ\I~\Iuae
'Yl1\1PJPJn~l n bFl~El\l~\I b~ PJ1","i tI tJu,t;]~\I m1U b~l ~tlu, u,Vl5 n ~ Ell '\J !?l\l~ u,1U,nl':i

'Yi1UPJ~lVl-rU11\1bFl~PJ\I~\I~u,b~PJ~[;l~\lb1:l~~~-lEl3-Jl'1l\llU, bbviU,~\lJ1Vl-un (platform)

~ PJ\IbFl~ PJ\I~\I ~1U,~ a3-Jer1:lT[;ltJ(;l"i\l nu ~ PJ"in tJu,t;]U"i"i'Yl n~ U,bbVl~:;FI-rU ~ PJ\Ibvi1nu,,
nU"i:; I?lU~u,tlu, u,~\I'Yl1 \Ib~l bb~:;'Yl1\1PJEln (!?l\ll U,~'\J~l\1~l\1) ~ n~\I Fl1"i~TFI"i\l

Vl5\1 Fl11:l-l1\1FI"iPJUFI~ 3-JU~b1ru Vl~ 3-J~1 'Il1:l-l1\1bFl~ PJ\I~\I ~\I db~ PJUPJ\Inu,&Ju,bb~:;, ,
bb1:l\lbb(;l[;l bb~:;U El\I nu,l aJl",€u,~1 u,5 b~ FI'Yl"iElUFIT(;IU,bb1:l\I ua [;lFl113-J-lPJU,bb~:;

ml3-J~u,3-J1n~u,bnu,l '\J
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. .
Fl1lwhil:: i9i'tJ\11\ILtll ~l'Yh nldi\l1-hylttn il rnd:5'I1l1l\ll>1'JdCl£JU~1.Jdd'Yln (~\I ell ~ild Cl,
l'h\l) ~\I'YI~l1ItJ~lULLU'JL5Ul1Id\lntJu~~\lLtll5LFl~tJ\I~\I?1l 'l hli9i'tJ\lL~\lFl'Jl~L~'JLL~::~ ~. ~ ~.
d'lmrm1\1'Y1~I1I'1ltJ\ldCl1.Jdd't'JntJ~1.JU5'JUdtJ\I-r1.J,.zl'YI,xn'YI~mLr1ui\l(platform) LL~'J

n Fl tJ£Jnnrnn t,., 'YI£J111it \I'W~tJ~15L1.Jdni'ltJ FlU1J1.J~\I~l rrsn£JU~1.Jdd'Yln'W~tJ~, ,
'yhnld~\lJl'YI,xn 1W~Jru::~dCl£JU~1.Jdd'Yln LFl~tJUI>1'JtJtJnsn n 5'JUdtJ\I-r1.JJl'YI,xn,
'YI~tJLLr1U~\Inhl i9i'tJ\I'Yhnld't4 n L~£J'Ja ~1.JU5'JUdtJ\I-r1.JJl'YI,xn'YI~tJLLr1U~\ILr1l'itLdl

n~::~l ~ldCll ?1LFl~tJ\I~\Idrnrrsn nMm'Ju lU~ULL~::tT\I t,., I:J~ m d~\I Jl'YI ,xn~ u:l,
od d cl'

LntJna£Jl'JUlU'IlU

LFl~tJ\I~\ldCl£JU~1.Jdd'Yln~Ldl n~l'J t U ~dLtJULFl~tJ\I~\I~ ~ 111~\I tJ~ n1.J~, ~
tJ~l\l rrrn nld~~::~l ~ldCll ?1LFl~tJ\I~\ld Cl£JU~1.Jdd'Yln L~a LtJUI>1TU\l1.Ja mJ~m ru,
~UFi'l~dCl £JU~1.Jdd'Yln tJ~L~tJ1111m.ld::~\I Fl1UnldttJ'Ill £JLL~nL'\J~ £JulULV\I'WlrunEi,~ ,
LFl~tJ\I~\lI>1\1n~l'JJ;]tJ\lilFlru~~1.J~'IltJ\lLFl~tJ\I~\l1aJ5I11Iuar~#uFl'Jl~L~£J\IIII I1Il~~,
nl'YIuI1I1i1un!jm::'Yld'J\I ellJ01mj'lm~l1Il~ 'W.d.1.J.~\l11I'J\l11112542

1U 'Yll\lL'YlFl,:!,FlL-cttJ\I~ln LFl~tJ\I~\ldCl£JU~1.Jdd'Yln LtJULFl~tJ\I~\I~ ~ 111~\I,
111I£J~~ er~ n1.Jsrmem m A~\I LLd111~ tJ~111I£JI1Id\l 1>1\1,rU~\I J;]a \I~l ~l dCldtJ\I-r1.Jrrrs

L'\J~£JULL'\J~\I'Yln~Ill'J::1aJ1l~::LtJu ~ul1In LL~\lLLI1II1IFl'Jl~tU LL~::~U~::tJtJ\I, ,
LtJUJ;]U 1>1\1,rU~\I LtJUL~tJ\Im n m n'Wa ~~ Fl'Jd~~::~l md mh 1"'LFl~tJ\I~\ldCl £JU~

1.Jdd'YlnilFl'Jl~L~£J\ltJ~l WgUFl'Jl~ L~£J\I III l1I~tJl1I~'J\ld::£J::Ld~lnldH\lluII1I£Jil, ~
~lU'JU#U'YI~l£Jml1ldll1ld'J~-r1.JdtJ\I(n) dlun1l 3,000 ~tJ\I ~\I~L'Y\i'ltJU1l~lmu

,xtJ£J~tJ\lLnu1'\J~~\I 'l LL~I:J~~~1J;]~l,run~tJ~:: 1"'1:J~nld~\lJl'YI,xn~U:lL~tJ~tJ~\I

l1I~tJ11I~'J\lnldt?1\1lULL~1ll:J~ nld~\lJl'YI,xn tJl~ 1"'Fll~'YI £Jl1.J1'\JUl\l nl1ll~ LL~

LtJl~::L'YlFlIuI~~ ntJl~il rrrs L'\J~£JULL'\J~\I~InlUl L~~~U 1>1\1,rutJ~l\l~~~l1In1aJ

U:lLnu 5,000 ~tJ\lnL~ALL~'J il'YI~l£JFl~\I~L:5'l'/JtJ\lLFl~tJ\I~\I'Im~tJ\I'YI~tJJ;]tJ\lnldM

eJl:J~I1I'YI~tJeJ~I1I~\lLFl~tJ\I~\ll"'~~l\lLFl~tJ\I~\I~~l~ldCl~lu~::L3£Jl1Il "'~ln 'l LLU:~::~ ~
~ 1:J~11I~tJ~1aJJ;]tJ\InldLfl£J~ nFi'l1 '\J tJl~~U£J a ~~~::'Yh 1"'LFl~tJ\I~\lI>1'JLtJ\I~lu1i9i'

~::L3£J11I~\I8,000 ~tJ\I LL~'WmtJlLtll~~\I 'l~::'W1.J1l1"'1:J~nld~\I~1aJU:lL~tJ~mtJl
• I •• 'IJ

L~£JL~£JFl-r1.JLL~::ell~ehLL~n1lLFl~tJ\li\lYiil1Ju'YI~l£Jml1ldll1ld'J~-r1.JdtJ\l3,000-5,000

~tJ\lL~£JJ;]'J£JJl LL~n£JtJ~-r1.J1l1ULFl~tJ\I~\ldCl£JU~1.Jdd'YlnLL1.J1.Jn~1n~ULnl 'l ,ru, ,
~l~ldmh1i9i'~~lmL~:: 1"'~lU 'Ju#u 'YI~l£J~ll1ldll1ld'J~-r1.JdtJ\I(n)Lnun1l 3,000 ~tJ\I

LL~::tT\lFl\lilFl'Jl~LLaJUeiltJ~ tJ~l\ldl.Jl\lFl~\lnJ;]tJ\I£JtJ~-r1.JFl-r1.JLL~lu~dLdl~11I1 U

t U5'JU '\J~n ~tJ£JLL~nil5'Ju~l AruL~unu n~ tJLFl~tJ\I~\ldCl£JU~1.Jdd'Yln~~ ,
LtJun':!'I1II'YI~I1IL'l1~Fldd~I1I~\lLFl~tJ\I~\ll"'v\l\l~ln'YI~mL'\J~\l1y.j.yhLd\l~\I'YI~tJ~ml1ltJ{

'/JulI1l1'Y1'!i ~\lell~LtJULL'Y\~\l5\1Fl~U'W~\I\llU (Electric noise) d1.JndUnld'Yil\llU

'IltJ\ILFl~tJ\I~\l1J;]
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1aJm)I1lFl~fl~nu~il,I1lLL~:;i'l-l,'Zle:hlStrain gauge load cells Fldl3-l~nmfl~uaJ'l-l,eh

'Y1~flnl';i L~fJ~LU'l-l,'Zla ~nWYll~l'l-l,LFl~fl~~~ LLUU.an\):; 1'I1C.Ja1aJu l L~a ~ a L~'l-l,n'l-l,

LY'l';il:;tf'm digital display Lfl~~l3-ll';imLtl~~flmrqJqJlru~1m-rmln Strain

gauge load cells 1'11~:;L5fJl1l~flfJ~~3-Iln~'l-l,~~L~~fl'l-l,LtJ'l-l,nl';iL~3-I :5l'l-J,'J'l-l,

#'l-l,'Y13-1lfJ3-Il~';il~';id\)-rmfl~tt'l-l,Lfl~ LL~l'l-l,'Zlru:;L~mn'l-l,n\):;1'tJ~I1lFldl3-lUlL~fl~ fl

Llifl~\)ln Fldl3-1LL';i~'Zlfl~ilqJqJlruL~mLtl~~ a fJ~\l3-Iln 1 ~a3-lil'tJ~3-IlruFldl3-1LL';i~'Zlfl~

ilrurulruUflfJ ~~ tf~ C.Jl;11'I1ilrurul rur?l~n~lddl fJ~fl rrnn n C.Jl;1m:;'Ylml nrneua n••.• ••.• •.• •.• cu

'Y1~flTl1lfJ';ium'l-l,\)lnilqJqJlruJllfJ'l-l,fln1mdlfJL~3-I~'l-l,L~'l-l,n'l-l,

f)l\)\):; 1aJl~~~';i~11lLYlfJ~LL~LtJ'l-l,nl';i'tJ';i:;3-Ilrunl';i Y'lU~lci'l'Y1-rULFl~fl\l~~

~hn'Y1l;1I1lLYll;1~\lhrStrain gauge 'Y1l;1lfJr?ld3-ll~mtJ'l-l,d~\)';il'Yl~T~'l-l,U~11l(L~fl~.a

mfl\l1'tJ'Y1l~l'l-l,1'l-l,'Y1,x\l5fl "nl';i~';id\)~flUm'l-l,LLUU LFl~fl\l~\l1aJ5~T 'l-l,aYm" 'Zlfl\l

ci'l,xn~l'l-l,nl;1l~~\I~d\lll1l) LL';i\lr?l'l-l,1yJ,yh;ll'l-l, meoa n'Zlfl~d\l\)';il'Yl~T~'l-l,U~11l(the

bridge's output voltage) ~\):;rifl l'11~d'l-l,LL~I1l\lFhLL~I1l~FhL~3-I~'l-l,1e (#'l-l,'Y13-1lfJ

3-Il~';il~';id\)-rmfl\l) 'Zlfl~T'Y1l;1I1lLYll;1\):;il~l'tJ';i:;3-Ilru 10-6 Lrll'Zlfl\lLL';i~r?l'l-l,1yJyll~

~lfJ1'tJtl~d~\)';il'Yl~T~'l-l,u~I1lL~flm:;m'l-l,T'Y1l;1I1lLYll;1(the bridge's supplier voltage),
'" ., ILlCl cl I Q.I t.I cv cv t.I d Q.I et 0 Q.I

'Y1';iflL';ifJn'Jl LL';i~l1l'l-l,m:;~'l-l,d\l\)';i 11l~'l-l,'l-l,'Y1ln ~fl~ nl';iLFl';ifl~~~3-I\)l'l-l,d'l-l,'Zl'l-l,'Y13-1lfJ,
3-Il~';il~';id\)-rmfl~ 10,000 ~fl\l fJnr?ldfl~l\lL~'l-l, LL';i\lr?l'l-l,1yJyh~~lfJ1'tJtl~d\l\)';i

l'Yl~T~'l-l,u~I1lL~flm:;m'l-l,T'Y1l;1I1lLYll;112.5 DVC r?l\l~'l-l,1e/T'Y1l;1I1lLYll;1= 10-6 x 12.5,
= 1.25 x 10-5 V = 0.125 !IV/T'Y1l;1I1lLYll;1'Y1lmFl~fl~~\I';il:lfJ'\-l,l'lm';i'YlnH'

T'Y1l;1I1lLYll;14 r?ldLL~d1e 'Zlfl\lLFl~fl\l~\lLrllnU 4xO.125 !IV = 0.5 !IV \):;L'i1'l-l,~l

~lLL';i~r?l'l-l,1yJ,yhml'l-l,'Yll\lflfln~dll1l\)ln Strain gauge load cells 'Y1l;1lfJr?ld3-ll~fl

LtJ'l-l,d\l\)';il'Yl~T~'l-l,U~I1l'Y1~~\)l nilJl'Y1,xn n';i:;'r'll il ~lUflfJ 3-Iln1'l-l,nl';i~ mfl~ LL~I1l~

nl';iL'tJ~tJmL'tJl;1\1'Zlfl\lJl'Y1,xnumFl~fl\l~\I 1 #'l-l,'Y13-1lfJ3-Il~';il~';id\)-rmfl~ (e) rrrs

sru L~fJLL';i~r?l'l-l,ilrurulru~~Ul LtJ'l-l,vld\l5n L~fl~mi\l 'Y1ln L';ilmfl\l nl';iFldl3-lU l L~fl~a<u... •.. •..

\)l n m ';i'Yll\ll'l-l,'Zla ~LFl~fl~~~~ ma ~-ru m ';iL'tJ~ fJ'l-l,LLill;1\1~l3-1~Jlld:;~\I LLd111~ a 3-1

';id3-l~~~'l-l,l;1:;flfl~ nl';iL~3-I~lLL';i~r?l'l-l,1yJ~lml'l-l,'Yll~flfln~Lnl1l\)ln Strain gauge,
load cells 'Y1l;1lfJr?ld3-ll~mtJ'l-l,d\l\)';il'Yl~T~'l-l,U~I1l'Y1~~\)lnilJl'Y1,xnm:;'Ylla:l~lUflfJ

, ~
ri fl 'l-l,~'l-l,L';il3-ll 'YllFldl3-li~ n rlU15 m ';i'Y1l:5l'l-l,d'l-l,~'l-l,'Y13-1lfJ3-Il~';il ~ ';id\)

-rmfl~(n) r?l\lLL~I1l~1ml'l-l,~3-Inl';i~l~~l~.a ~l3-1 OIML R76 (Nonautomatic

weighing instrument)

n = ~ax ~ 3000
e

'Y1ln~\)l';irulLFl~fl\l~\l1aJ5~T 'l-l,m;.ff'l-l,Fldl3-lL~fJ~III 1'l-l,~.an~mFl~fl\l~~

';il:lfJ'l-l,l'lm';i'Yln~'l-l,Lfl~~l3-ll';il:lil:5l'l-l,d'l-l,#'l-l,'Y13-1ltJ3-Il~';il~';id\)-rU';ifl\l(n) 1m~~~11l, .. ,
[i\l 10,000 ~fl~ ~l3-1 OIML R76 ri'l'Y1'l-l,11l1m~l3-1LL~Llifl\l\)lnJl'Y1,xn'Zlfl\l~d'l-l,

';ifl~-ruJl'Y1,xml:lfJ'l-l,l'lm';i'Yln (Platform) ~'l-l,'tJnl~htJ'l-l,TFl';i~~{l\lTl;1'Y1:;~il'Zlml1l,
lmuLLl;1:;a:lJl'Y1,xn3-lln Tl1lm\lY'll:;LFl~fl~~~~'l-l,Lril1 \):;a:lFll'l-l,L~fl3-lTfJ\lL~fltf\l~l'l-l,~ ,
Jl'Y1,xn~'Yl11ln'l-l,1'tJ'Yl11ln'l-l,3-IlL~fl ~~3-Iltl~~d'l-l,LL~I1l\l~l~il,I1lFl'l-l,~\I r?l~~'l-l,nl';i~\):;

'Ylll'11il~l'l-l,d'l-l,#'l-l,'Y13-1ltJ3-Il(;]';il(;]';id\)-rmfl\l(n) 1m~~~I1l[i~ 10,000 ~fl\l ci'l'Y1-rU

LFl~fl~~~';itltJ'l-l,l'lm';i'Yln.ff'l-l,Fldl3-lL~fJ~III ~'l-l,~\lLtJ'l-l,L~fl~fJln [i~LL3Y~lLFl~fl\l~\I,
';il:ltJ'l-l,l'lm';i'Ylnl'l-l,i1\)\)u'l-l,\):;'f1'l-l,3-IlH'Strain gauge load cells 3-IlLL'Yl'l-l,~';i:;UU, ,

I 0 Q.I w; Q.I ~ t Q,.I I Q.I ~ cv d d., f1'

Fll'l-l,'Yl11l~\I m l;1~n (;]l3-1 111\I'l-l,'l-l,'l-l,l'Y1'l-l,n'Zlfl\l ~d'l-l,';ifl\l';iU'l-l,l'Y1'l-l,n'Zlfl\lLFl';ifl\l~\I';i1:ltJ'l-l,(;]

m';i'Yln~\I~mtJ'l-l, Dead weight 'Y1~fldead load '/.Ifl~';i:;UULFl~fl\l~~il,lW~:;~fl~l,
a:lJl'Y1,xn~fl'l-l,~l\l~\I tfd'l-l,lmu\):;a:l~lfl~l'l-l,~d\l 20-25% '/.Ifl\l~nl1lri'l~\I'/.Ifl\lT'Y1l;111l.. ~ ..

1'l-l,ul\lFl~\lmf)l\)Y'lu~lLFl~fl\l~\I';il:ltJ'l-l,l'lm';i'Yln~lif Strain gauge load,
cells \):;a:l~d'l-l,LL~I1l\lC.Jl;1nl';i~\lJl'Y1,xn~\lf)l\)1'I1~l~l'l-l,d'l-l,#'l-l,'Y13-1lfJ3-Il(;]';il~';id\)-rU';ifl\l

(n) ~\lLiiflU 10,000 ~fl\l fl~l\l.an'Zlfll 'I1Yl\l';i:;l\1mdtJ~lf)l\)\):;LtJ'l-l,nl';im:;'Yll~1aJ..
Q.I dI a I I Q,.I d d d I

L'Y13-1l:;~3-InUnl';iLl;1flmLl;1:;LYl'YlFll~d'l-l,LL~I1l\lC.Jl;1nl';i~\I'Y1';ifl'YlL';ifJnJldigital display

'Y1~flload cell digitizer ~\ll 'l-l,~d'l-l,.aLtJ'l-l,~d'l-l,~-ruilqJqJlru\)lnStrain gauge load

cells 3-Il'/.lfJlfJilrurulru, mfl\lilrurulru, 'tJ';i:;3-I'J~C.Jl;1LLl;1:;LL~I1l\lC.J~LtJ'l-l,tfd'l-l,~a:lCPU
••• ILl •••••••

'Y1~fl~3-Ifl\lnl;11'l-l,nl';i'Yll\ll'l-l,~\I'Y13-1I1l'/.lfl\lLFl~fl\l~\Ir?l\l~'l-l,'Y1lnnl';iL~fln digital display

•



srm hnTl~ (;]El\I LL~I>1\1nTJLtl ~ tI'\.1,LLtl~\I'ZIEl\",hY"rnU'\.1,LFI~El\ltT\I 1 #WI'I ~1 tI

~ll>1'lll>1'll~-rU"iEl\l (e) 'I'I~m.:i1>15n,rm'l,:t\lLU'\.1,m'l~1>1:51'\.1,1'\.1,#WI'I~ltl~11>1'llml~

-rU"iEl\lhhteltln~l 10,000 ~fl\l r;l\l~1r;ln~11mLL~1~1~~1:51'\.1,1'\.1,#'\.1,'I'I~1t1~11>1'l1

l>1'll~-rU"ifl\ltl'l:;mru 3,000-5,000 ~fl\l ~\lU1~:;L'I'Im:;~~LL~:;U1L~fl~fl~\I~lnn~1

t '\.1,'Y11\1tl!lU~'V'lU~lLFI~fl\ltT\I'lCltl'\.1,(;]U"i'l'YJ n~tm 'I'I~1>1L'lfmJibl>1 Strain

gauge load cells 'I'I~1t1r;l1 TI>1t1~Wnl>1ril~\I~\I~l>1ttT\l1mJfl\lT'I'I~I>1L'lfmL~~:;r;l1~:;

tiLL'l\lr;l'\.1,1vJYhr;llWYll\lflflmJfl\ll\l~'llYl~TI>1'\.1,U~1>1 (the bridge's output voltage)

'I1fl\l Strain gauge tl'l:;mru 1.5-2.5 mV~fl V LL'l\lr;l'\.1,1vJYhm:;~'\.1,r;l\l~'\.1,'I'Iln

LL'l\lr;l'\.1,1vJYhm:;(;]'\.1,3'l~lL'Yhnu 10 V r;l\l~'\.1,LL'l\lr;l'\.1,1vJYhr;l1'\.1,'Y11\1flfln'Zlfl\ll\1~'l,
lYl~TI>1'\.1,U~I>1'11El\lT'I'I~I>1L'lf~r;ll~'\.1,3'l~lL'Yhnu15-25 mV t'\.1,~dL'llL~flnT'I'I~I>1L'lf~

~t iLL'l\lr;l'\.1,1vJoW1r;l1'\.1,'Y11\1flflmJfl\l1\l~'llYl~TI>1'\.1,U~I>1'11fl\lStrain gauge L'Yhnu

20 mV LL~:;'I'I1mFl~fl\ltY\I'lCltl'\.1,(;]U"i'lYlntmm~I>1L'lf~r;l1r;l\ln~11:51'\.1,1'\.1, 4 r;l1,
~:;1r;lLL'l\lr;l'\.1,1vJoW1(;]1'\.1,'Y11\lflfln'l1fl\lT'I'I~I>1L'lf~~\I'I'I~I>1L'Yhnu4 x 20 mV = 80 mV

1>11~~1r;ln ~1111Ltr fl\l (;]'\.1,~1T'1'1~1>1L'lf~ r;l\ln ~11 (;]fl \I-ru m 'l:; Jl '1'1-In'Zlfl\l ril'\.1,'lfl\l-rU

Jl'l'l,rn'l1fl\lLFI~fl\ltT\I'lCltl'\.1,(;]U"i'lYln~\I~mU'\.1, Dead weight 'I'I~fl dead load,
'I1fl\l'l:;UULFI~fl\ltT\lt '\.1,~dt itl 'l:; m ru L'Yhnu 25% 'I1fl\lWnl>1ril~\lVfl\l'l:;uuT 'I'I~1>1

L'lf~~\l'l'l ~ 1>1~ L~a n1tr r;l\l~ '\.1,~w n 1>1rh ~\I ~\I ~ I>1tJa \I LFI~fl\ltT\I'lCl tI'\.1,(;]U"i'lYln~:; 1r;l'" , ,
LL'l\lr;l'\.1,1vJoW1r;l1'\.1,'Y11\1flfln'l1fl\lT'I'I~I>1L'lf~~\I'I'I~I>1L'Yhnu60 mV (0.75 x 80 mV)

LL~:;~ml:; hl3'lJ1'1'1,rn~:;3'l LL'l\lr;l'\.1,1vJoWlr;l1'\.1,'Y11\1flfl n'l1fl\l T'1'1~ 1>1L'lf~~\I'I'I ~ 1>1L'Yhnu

#'\.1,'1'1m tI ~ll>1'lll>1'll~-rU'lfl\l ~\I,zEl tI~\I L'Yh1'l Iarn ~~TI>1tI'lum'\.1,mn ~\I;'\.1,L'YhJ''\.1,

TI>1t1~:;ri\leJi;1~fleJ~m'ltT\lt i~I>1'V'l~11>11tlLL~:;i;11>1F111~L~~tI'lm'V'lVfl\leJ~m'ltT\lLL~:;

m'l'Yi1\11'\.1,Vfl\l LFI~fl\ltJ\I

r;l\l~ '\.1,Lv{flU fl\l n'\.1,nl'l'lU m'\.1,r;l\l n ~11~\I LU'\.1,L~fl\1:51LU'\.1,LL~:;ci'l~ cy ~\I

F11'lfl an LLUUt i ~1 LL'l\lr;l'\.1,1vJoWlr;l1'\.1,'Y11\1fl fl mm \IT'1'1~ 1>1L'lf~~\I'I'I ~ I>1Vfl\l'l:;UUtT\I

J1'1'1'\.1,nl>1fl1 ~fl\l#'\.1,'I'I~lt1ml>1'lll>1'll~-rU"ifl\l3'l~l~\ln~l the noise level d

LL'I'I~:;F1-ru ~fl L'I'I1>1eJi;1Vfl\l m'l:51 n 1>1:51'\.1,l'\.1,~fl\l#'\.1,'1'1m tI ~ll>1'lll>1'll~-rU"ifl \Ihit i~\I, '"

mn~'\.1,Ln'\.1,1tlci'1'l'l-rULFI~fl\ltT\I'lCltl'\.1,(;]U"i'lYln~tm'l'l~I>1L'lf~ L'I'Il>1eJ~'I'I,:t\l, ,

tlnr;llfl ~l\l LFI~fl\ltT\l1~51>1T'\.1,mi~ttTci'l'1'1-rUm'l~ml1 mL~mtl~ tI'\.1,1>1eu LLYl'\.1,

t '\.1,'ltl~l\11 'I'I~flm'lU1eJ~1 tlAI>1~lm';fllm F11'lfl~t W#'\.1,F111~L~tI\lLL~:;F11'l3'l
'" '"

:51WJ'\.1,#'\.1,'I'I~1t1ml>1'l11>1'l1~-rU"ifl\l(n) 1r;lr;l\lt'\.1,1>11'll\1'1i'l\1~1\1

.1iI1'U'J'U
:'U~~l~~lm~lm~dlilfu~~\I

Max
n= --

e
(OIML R76)

LFI~a \ltJ\l'l CltI'\.1,(;]U"i'l'YJn

(Truck Scale or Lorry

Weighers)

III ~ 3,000 - 5,000

SI " tJ

o mV r;l\l,r'\.1,'I'I1mFl~fl\ltJ\l3'lwnl>1ri1~\I~\I~1>1 30 r;l'\.1,LL~:;(;]fl\lm'l:51'\.1,1'\.1,~'\.1,'I'Imtl
'" ,

~ll>1'lll>1'l'J~-rU'lfl\ltl'l:;mru 3,000 ~fl\l ~:;1r;l~1 1 ~fl\l#'\.1,'I'I~ltl~ll>1'lll>1'll~

-rU"ifl\l3'l~lL'Yhnu 10 kg (30,000 kg/3,000 ~fl\l) LL~:;3'lLL'l\lr;l'\.1,1vJYhr;l1'\.1,

'Y11\1flflnVfl\lT'I'I~I>1L'lf~~\l'l'l~I>1L'Yhnu 20 IlV ~fl 1 ~fl\l#'\.1,'I'Imtl~lm1ml~-rU'lfl\l

(60 mV / 3,000 ~fl\l ) LL'l\lr;l'\.1,1vJ-Wl'l:;r;lud~:;~LL~:;tl~fll>1.r1t1~lm'l'lUmmJfl\l

electric noise ~\lLnl>1~lnm'lL'I'I,:tmU1LL'l\lr;l'\.1,1 vJoW1~1'\.1,~1t11vJoW1LL'l\lr;l'\.1,~\I'I'I~fl

Lnl>1~ln electric arcs 'll~~\I~'\.1,l~LL~L'I'I~mU'\.1,(;]'\.1, ~\larn~:;3'l~lfl~t'\.1,~'J\l 8-10

IlV r;l\lJ''\.1,'I'IlmFl~fl\ltT\ll iLL'l\lr;l'\.1,1vJ-Wlr;ll'\.1,Yll\lflflmJflIlT 'I'I~I>1L'lf~~\I'I'I~I>1~fl 1 ~fl\l

LFI~fl\ltT\lci'1'l'l-rUV1t1tl~n

~fl~lEi1'lru:;'1l'\.1,TI>1t1I>1'l\l

(Retail Scales)

III ~ 6,000

IIICrane Weighers ~ 2,000

~lnI>11'll\1~l\1UWI:h~t~LU'\.1,n£J Lnru'l1 fl::1 'l~1>11t1r;llmn,rn L~tI\l LU'\.1,

nl'lLL'\.1,:;Ul~l'l'l~mv{ flttTLU'\.1,LL'\.1,'JYll\lnl'l~I>1~fl'l'l~El lm '\.1,m'lflfln LLUU TI>1tI~'J\l

•



Fh~ LLU::~litLtJULLU ') Fm ~ Fi InFltl 1,1,1u'Yl1\1t1u-rm;i1.I'J~'I-i::Fl-r'U LL~~~!ltI'UFl-r'U,
LV1cn::~ul'il1i?lu1uLLarU'il::1i?l~~nT'i-i\1~tJ1'il'il::'YI1'J1'U1uU1\1n(;n~

(Certification Report)

. .... ..,..,
b5'1 'a fJ\I '2'" n \J

t\Jf\J'afJ\I'a1t1\11U&J ~ n1'a't1 &1 GtfJ\J

L~tlnT'i~lrl1 1'J'i::'YI11\1U'i::LY1Ffm I'J1UL~ n1'Ud1i?lLU~I'JULLU~\1'il1n15n1'i

ii Inn U5U~11J tI\1U'i:: Ln Ff~hl~ \1U'i:: ~ \1Fl'YI~a i?ltI\1n1'i1i?lLU~ 1'J'U'Yl1\1rrn ~1 n'U

U'i:: LYlFfli11 'YI~f)L'Y\1n~~lln ~In LLl1LL~'il::ei'1\1~\1i?l')I'Jn1'in1'Y1UlnflTI~n1'i~ 15u~lJ 1,1,, ,
mrl1I'Jluu'i::LYIFfj;J')LtJ\1M~\1L?i'lH 'YI~f)~i1.I'J~L~I'JnnU11 "n1LLV1\1m~" LL'YI~::Fl-r'U

~1 LtJUn1'i ii InnU~U~l i?l')1'J15n1'i'Yl1 \1LYlFli1.Fl'YI~tI FlrumV1~lln'YI ~ tI FlrumV1, ,
~\1LL'"lIn~tI~'YI~f)LLarm::~\1 n1'il tTLL'i\1\11UcJ~tJ1!'J'1.ttlI'Jn11~ n1'Y1UIni?l,)I'Jnl?ll~ L:5'lj;J,)~ ,
15 n1'i'Yl1\1 LYIFli1.FlitLtI \1'Yh1'Yi'Lfllnrrn ~uj;J') LL~::U-r'Uj;J,)1Jf) \1m Flf) I?l~1'Y1m'i ~ nu,
11,1,')1 I'JL~I'JYlL~!'J') LL~::~\1'Y1,t\1~YlnFlul urn Fla I?l~1'Y1m'i~ LL~::l!11~V1~ L~!'J')?i'f)\1, "
arnj'~nnu~un~f) ~ll?l'i~lU~ln~L~n (ISO; The International Organization

for Standardization) LIn!'JLUV11::ISO series 9000 itLf)\1 LV1'i1::'YI1n~U'i::nf)'U

rrna 1?l~1'Y1m'i~li11~~ I?lLL~::~ n1'i~ i1In1'i5U~1 j;J')Lf)\11i?l1?l1~~11?l'il\i1U ISO, ~
series 9000 LL~,) Ltln1~~'il::~15U~1j;J,)Lf)\11UL~Uf)1J11'J1un~~U'i::LYlFf~'i,)~,
j;J')nUL~tI~tI'itl\1'Yl1\1LFf'i'l!l-l\in'ilLL~::n1'i~lM'YI~lI'Jn~~th::LYlFfLFf'i'l!l-l\in'iln~~ln;u.., , ..•
j;J')f)~l\1n~~U'i::LYIFfLFf'i'l!l-l\in'ilL~U The North American Fee Trade Association, ..•
(NAFTA), The European Union and the European Free Trade Association

(EU and EFTA), The Southern African Development Community (SAD C)

'YI~mLarLL~n~~U'i::LYIFfLFf'i'l!l-l\in'il~th::LYIFf1Yl!'JL'i1LtI\1«\1nlnf)~~tI The Association,... ~
of Southeast Asian Nations (ASEAN)

'YI~1 I'J'U~';-Yl~1\1'Yl~ LY1L~Unnc LL~::Yl-rV1I'J1m~U'I!l-£l1Jf)\1 j;J')Lf)\1L~ f)1 'Yi', ,
'U~';-'Yl1Jf)\I j;J')Lf)\11i?l-r'Um 1?l'il\i1UL~ n j;J\1n ~1,) n1'i~ ln~tI LFl~tI\1~ tI ail mruLIn I'J... ,
LUV11::LFl~f)\I-i\1, LFl~tI\1I?l,)\1LL~::LFl~tI\111n ~1\1n i?lf) \1L~I'Jn'YI11'U'i1I'J\11U -r'Ultl\1

~~n1'i~tI'U LYlI'J'U ~\11U'IJ1\1Fl~\I LLYl'U'il::V1'U11i?la \1L~I'JFl11tT~1I'JLIn!'JLum::Fl11 'U

298 U1U1STl::i,lIm~?1iI

•



" ,
"i1I'J\ll1-l.CJ~m ssau LYiI'JtJ~ 3.;l ~ 1"11rm ntJ'YI"iEl~\I n~1"i1 Fl1!lEl\l LFI~El\li\l LFI~El\l(;J'"J\I

d d ILl det d id I d ~ d d d _ d d loa

'YI"imFl"iEl\l'"J11l'Yl'llEl'YI1a.J1LflI'JEln fl'"J1-l.LFI"iEl\l'l1\ILFI"iEl\l(;J'"J\I'YI"imFl"iEl\l'"Jl1l'Yla.JEl~Ll1la.Jn

~\I'YI1'YIU'"JI'J\ll1-l.~ fl1m"ifl aau LYiI'JtJ1r;ln1-l.El~l\l fl1-l.nfl1-l.1U 1UtJl\lmbI'J\l1U1r;l-rtJ,
L~Ulinn 1"11tJ~m"iff1'YI-rtJ rrrs lli'tJ~m"iflEltJ LYiI'JtJL~a.J~UEl~l\ll1U(;J1 L-i1UYiL~I'J'"JFI-rtJ

1UtJl\lFlf\l m"i~11l'YI1LFl~El\l:NElElUndflJLl1l !'JL\lY'll:;LFI~El\l-rT\I,LFI~El\l(;J'"J\ILL~:;LFI~El\lrl1l,
LEl\lnY'ltJ~l~ m"i~l1l~El a.J1l1-l.FlflJJllY'l~ fl\l m n:UULflUFI'"J1a.J1ii1LtJU'YI~El~Lnu Y'lEl\11a.J, '"
~\I~(;J1a.Ja.J1nAm~u 'YlEl\l~r;lEl\l~l 1'J1U~FI-rtJa1'umn LnUFI'"J1a.J~lLtJU LFlI'JY'ltJntJ~

L~I'J'"Jt!l f1!1U me r;llU Metrology 'yhU,.,,:t\lt!l'"J ~l\lU"i:;L 'YlFtYl1Ufl1 a.J~l'ri11a.J

U"i:;L'YlFt1'YlI'J~\I~m"ik\l~Elr;lmr1'YIUn#UFI'"J1a.JL~I'J\lfl\l"i:;l1ltJ E1 LL~:; E2 (OIML R, '". •..
111) mn:UU~l1l«\lLn(;J :S\l:U~\l1LL~·:H;ra.J~1'YIUniuFl'"J1a.JLYiI'J\I"i:;r;ltJE1 UULL'YltJ:u:;,
~Fld1a.J~1 LtJUL\lY'll:;'YIU '"JI'J\l1U"i:;l1ltJ~fi'1 m"i~~ 1'J"i:;l1ltJfl\l L~ Ell ~r;l a.JJ1'YIUn#U

'" ,

U:U'll,jUY'ltJ~lFlflJJllY'lLFI~El\l-rT\I~CJ~(;Jm,fu~'"Jul'Y1ruLL~'"J:u:;1r;lFlflJJllY'l~U1Y'lEl1:u

LL~~U 1 n\l'"J~ ~l'YI-rtJ rrrs 1~LFI~El\l-rT\llUfla1'I'JU:U:U,j~n A Elm"i~ 11lrff\l1r;]L'YIa.J1:;fla.J,
LL~:;flnr;lEl\lLYlI'J\lll1l m"il~\l1ufln~5'Y1~ElhJ

'" '"
t.I d.., ~ ov dd~ d •.•. IlL' ~ d

- (;JEl\la.J(;Ja.JU1'YIun LLtJtJm (;J"i1'Yla.Jt!UFl'"J1a.JL'YlI'J\IflEll1lFI~El\l ntJt!UFI'"J1a.JL'Yl1'J\I!lEl\l,
LFI~El\l-rT\IL~Ell~(;J"i'"J:Usau FI'"J1a.JLL~Ufl'l ~ n r;lEl\ILFI~El\l-rT\I

'"' • • t

'lIUfl113-1 bfi tl\l'V ih1bfl ~eJ\l'll\l
tI :' _ 0 _

m3-lUl~UnUUU3-l1m'lal~'U•
m'1'1laeJu1~~lfu'eJ\l

OIML R111

OIML R76

I E2, F1

II, ,
m1a.JLYiI'J\lI1l\ln~TlflEltJLYil'JtJ (calibration) LFI~El\l~\I~UFI'"J1a.JLYiI'J\I~\l1 L~I'Ja.J1n

n~l~tJ~';'Yll't'"J 11uFm:u:;1~

r;l\l,fUhli'T~'Elit~\I~ Fl1ma.J~Ua.J1~1 ~Fl'"J1a.J~lLtJU'YI~El1~ ~:u:; lli'

LFI~El\l-rT\lmtJ-rtJdEl\l"i1I'J\l1UCJ~m"i'Yll1lflEltJ (Certification Report)

m"i~LFI~El\l-rT\lmtJd1I'J\l1UCJ~m"i'Yll1lflEltJ 'YI~El~L~I'JnnU~l Certification

Report ,fU'YIln:U:;tJEln~1~n~1~~n1~U1(;Jn 1:u'YI~mtJU~U1 n5'"J LY'l"i1:;L~El~1u

"i1 1'J\l1UCJ~ msnssau LL~'"JFl1m a.J~Ela.J1nAEl LL~'"J1tJd1 I'J\l1UCJ~I1l\l n ~1'"J:U:;lli'

FI'"J1a.JL~El~El1r;l~ru ~L~ElU 'YI~El~U :U~\l1 LL~'"J(;JEltJhJ1r;lL~I'J~1:U:;U1L~El~El1r;]

!'Jl'"JU1ULYl l'J\lll1l m"i~:U:; lli'LFI~El\l-rT\I~~ El~U 1 L~El~El(;J~Ell1l~'"J\I"i:;I'J:;m"ifi'l\llU

,f U ilsenau r;l'"JI'J'YI~lI'JU:U~I'JLL~:;L"i1F1'"J"illi'FI'"J1a.Jflul:u 1UL~El\l~El1uit

- LFI~El\l-rT\I~1~\l1Ur;llu-rT\I(;J'"J\lrl1lL~Elm"i~lLUUD"in:u~mnI'JLL~nLU~I'JUFI'"J"iLtJu,
• I • I •

LFI~El\li\l~U (Model) L~!'JdntJLFl~El\li\l~uYi~lUm"i(;J"i'"J:UflEltJr;lULLtJtJ (Pattern. ,
Approval) :U1n'YIU'"JI'J\l1U!lEl\l-r:iLL~:;'YIU'"JI'J\l1uYiU1L~El~El

- L~mtJuLFI~El\l-rT\I~UL~I'J'"JnuLL~'"J 1u#u(;JElum"iCJ~(;J nr;lEl\lLtJu1u(;J1a.J"iULLtJtJ, '"
LL~:;1~r fll1l LL~:;ElU n"iru'Yl nt!Ul1l L~UL~ I'J'"JnuntJ LFI~El\l-rT\I~~lUm"i'Yll1l aau, , ,

III M2

III M3

'lJ'~CL.I ')..Id d I ILl

- (;Ja.JU1'YIun LLtJtJa.J1(;J"i1(;JEl\la.J"i1I'J\l1UCJ~msaau L'YlI'JtJ:U1n'YIu '"JI'J\l1U!I El\l"il\j, ~
'YI~El'YIU'"JI'J\l1U~U1L~El~El itLL'YI~:;ff1Af1!~r;lEl\l~ltJd1I'J\l1UCJ~m"i'Yll1lflEltJ 'YI~El
, ~,

YiL~I'JnnU~l Certification Report L"i1Y'ltJ~lqa.J~1'YIUmLtJtJa.J1(;J"i1YitJ~';'Yl

eJLtJUL:ij1!lEl\l'YI~ElFl"iEltJFI"iEl\l,f1-l.a1'n~uru'YI11'Y1ru 1 El~ 2 L~El\lAElm"il~r;la.J
cu •.• •• cu "

J1'YIUn~11l~5 L~Um"i 1~:NEl:ijm1\lr;la.JJ1'YIUnTl1lI'J(;J"i\l ~\I:u:;fi'11li'Fl"i1tJL'YI~El,
ba1'u1 U~tJtJU~'"J'YI,z1r;la.JJ1'YIUn 'YI~EllUtJl\l"i1I'JEl1:u~m"ifl'"Ja.JLL'YI'"Jun:u:; 1U,
fl-r1\1"iElI'J~l1l!l'"JutJU~'"J'YI,z1r;la.JJ1'Y1Un1r;]r;l'"JI'JL~UnU ~nuru'YI1'YIit\lnAEl~\lr;la.J, ~,
J1'YIUmLtJtJa.J1(;J"i1a.J1(;J"i'"J:UL~El!lEl-rtJltJd1I'J\l1UCJ~m"iflEltJLYil'JtJYJn 1 U ~\I

Tl1l1'JYi''"J1U'YIl nH\I 1Ur;la.JJ1'YIUn LLtJtJa.J1(;J"i1flthen n~5nhJ r;lEl\l~1a.J1flfltJ LYiI'JtJ, '"
'YlnU'YI"ifl nFl-rtJ Tl1l1'JYi''"J1U LL~'"Jfl1 I'JFl1-rtJ"ifl\l!lfl \I r;la.JJ1'YI un 1UtJl\lU"i:;L'Yl Ft, "
n1'Y1ul1lM~~\I 2-4 u L~I'Jr;l'"JI'JJ11u -rt\lit~ufl~ntJ#UFI'"J1a.JL~I'J\I!lfl\lr;la.JJ1'" ,
'YIun LLtJtJa.J1(;J"i1Lfl\lr;l'"JI'J~\lY'l ElI'Jnl1l'"Jfl~l\l1r;]I1l\ll U(;J1nl~l\1~l\1itLtJUr;lU

•



, ,

'1IElUl'1l[;l'1lEl\l5[;l'i1l~m'Vl~m~mn[;l (Maximum Permissible Error) 'i1~(i\llBm'i

m1:;)~ElU1""rhrmEl\lGb1-1.1'V\CU'1lEl\llFl~El\l~\lh!5[;l11-1.~~n~\lEl~u1-1.~mi1'Vl1-1.[;l'1lEl\I~ ~

~
G1301thlllumL'IJ'IJ3011 j;J"n•

(Period of validity of verification)
OIML R76 El~ll~1F1-rU lll?ln1'i~~l\l'i:;UUm'i[;l'i1:;)~ElUllG'i:;~ElUl-nl'.lut;i'1l'.1

U FlG'i1mml'.ll1-1.u~';'Yl11-1.'i:;'Vll1\l hrlFl~El\l.a-\l1~ 5 [;ll 1-1.~~Fl1U~n1-1.1tl'Vl ~\I:;)l n ~11-1., ~
E2, F1, F2, M1 uae M2

[I i

M3 llG'i:;~1-1.r;i'lG'i\l~l

'Vl~Elweights for checkweighers

11-1.Ul\ltl'i:;l'YlFT~ilm'in1'Vl1-1.[;lElll'.lt:.JG'im'i[;1'i1:;)~ElUl""Fh-rU'iEl\l (Period,
of Validity of Verification) 51'Vl-rUlFl~ElIi.a-1i1~5[;111-1.~~:;):;El~ml'.ll1-1.~11i'i:;'Vll11i2

tJ (i\l 4 tJ ~1-1.El~nm1l'.l'i:;l5l'.1[;ltl~n~Ell'.ll1-1.l~ElIi'1lElIi'Vl~nm'iyj'11i11-1.'Vl~El'Vl~nm'i

ll~[;lIit:.JG'im'i.a-1i'i1~ 1il(ili~ n~ru:;m'i H\I 11-1.l~El FI'iU n1'Vl1-1.[;l'i:;l'.I:;l1G'i1~Ii n ~11

ll~1 ~ltJ1-1.l:5'l'1lElIi'Vl~tJ~FI'i tJUFI'iElIilFl~tJli.a-1i1~ 5 [;111-1.~~~Ii n~11 t;i'tJlill:5'1il:5'l'VlU1~

1tlyj'lm'i[;1'i1:;)~Elu1""Fl1-rmElIi1'Vl~l~l'.IntJ1-1.~:;):;hrIi11-1.Ml?ltJ1tl5nFlfli'Vlitli

Q..I d ~ 9J 9J ~ Q..I I

- :;)[;l'i:;UUFl1U~~llG'i:;m'i[;1'i1:;)~ElUlFl'itJlit!Ii[;l1l'.1~~1-1.1'Vl1-1.mlUU~1[;l'i1 It!1-1.Ell:;)

ilm'i~ElUl-nl'.lU 1 Flflil?ltJ11-1.'Vl~tJ 1 EllYi[;l~I?lEl11-1.'Vl~El 2-3 11-1.l?ltJFlflinM

ll~1lll?lo'i'i~t!1~'1ItJ\I n:;)m'i~~HlFl~tJ\I.a-litf 1-1.']

Elm~ rrrsHlFl~tJli.a-\l~ClnlB1""llncJyj'lm'i.a-1i d1-1. m'i11\l~\I'1ItJli~yj'lm'i.a-\I~ ~
G'i\lU1-1.~11-1.~\InG'i1IiCll[;l.a-\l'YlnFlfli llG'i:;U~l1rul~~'YlnFlfli n:;):;l""t:.JG'im'i.a-\l'1ItJ\I. ,
a1-1.~1,]11-1.11-1.mn']~~l1-1.m'i.a-lil~l'.I\llU1-1.l?lllin1-1.UtJl'.I~ln ltJ1-1.t;i'1-1.

- l'YlFl~Fl51-1.']~~llU1-1.11-1.lll?lG'i:;n:;)m'i~'1IEl\lo'in:;)tf1-1.'] [;11~Fl11~l'Vl~1:;~~ ~\I•
Ell:;)~tJli'1ltJ:;)ln~t:.J~[;1'Vl~tJ~ll'Yl1-1.~lmbmFl~tJ\I.a-\l~lin~111""~lll~~ lltJ1-1.mru ']

1tln1t;i'

'Vl1nil~\I~n~11~\I~l\lU1-1.ll~1n~tJl1lV;l'.I\I'WtJ'i:;~U'Vlitli ~\ltfU1~,]lltJ1-1.

lG'il'.lt;i'tJ\I'1ItJ1U'i1l'.l\llut:.JG'im'i'Yl[;l~tJUlFl~tJ\I.a-\Il~m~1-1.'YlEl\l1tlltl~1'] l~tJ1 'Vllt;i'lso

series 9000 l[;ll'.l'1l1[;lFl11~l~lh~ll'\-1:;)~\I'1ItJ\llFl~tJ\I.a-\l[;l1\11[;l lll?l'VllmJ\lFI\I

t;i'El\lm'i1m1l'.l\ll1-1.t:.JG'im'i~tJUl-nl'.lUlFl~tJ\I.a-\l'Yln 6 l~tJ1-1.'Vl~El 1 tJ l[;ll'.l~[;l11l~l'.I•
~1hr~ll'.111-1.nl'i 1t;i'm '11El\11m1l'.l\ll1-1.t:.JG'inl'i~ElU l-nl'.lU lFl~El\l.a-\lltJUl~1-1.lV;l'.I\ll~ n

utJm~m-nl'.lunum'i1t;i' ISO series 9000 n1~11tJ~l\11 'iFl-rUlYm:;ltJ1-1.l~1-1.'YltJli
I Id d' &:S.dfilQ.l Cl I eLK v

'1ItJ\I'Yll1-1.ll[;l'Yl'W[;l'1l1-1.~lm'WElb'Vll'il~ll'.l1-1.tJl'.I'Yl'WWG11-1.llG'i:;l'1l11:;)bottom line '11El\I~ ~ ~
\ll1-1.i! ~\I'VllnlVl1:;)n1-1.ll~1l'i1ntl'i:;'VlET[;ll~1-1.1...,num~1l'.1\111-1.'1ItJ\I'Yh1-1.llG'i:;tl'i:;l'YlFT

1~mnnutJl'.IFI-ru

51-1.~:;)~\lll~1lFl~tJ\I.a-\l~ ~l1-1.m'i [;1'i1:;)asu1...,Fl1-rm tJ\1:;)1n 51,xn.a-1i[;11\1

1 [;lMa1t;i'11 ~l1-1.m [;l'i~l1-1.Ull~ a1t;i''i:;~u'Vlitli-n l~ l'.I1F1-rU ('11ElUElm l'W'i1:;

•



.:.,r G.lg" oa JO er
n1-a'lh'lU1'V1Un~'HJm~n'n-aflUna

LL~~n1-a'lh~3..I'J~CJ~.
d

GlflU'n 1

1UtllillilUUnTlvn.J 1V1UmJiJI1~11'tJtJl1~iKtJl1rrrsrmu m::'Yi1 nu VI~1 ~~5n1'l,
n1'l1 rrLFl~tJl1il1 n LiJULFl~tJl13ltJVIitl11U VI~1 ~~ 5n1'l LL{;]'/Jru::L~m nULFl~tJl1il1 LtJl1n

~VI~l mJitl11LL~::HVI~n n1'l'Yi1111U ~LL(;1n{;]ll1 nul il LL{;]~l1dLL~::~I1,r u1 U ~dL'l1lil::

1~Fl'J1~~u1lilL\lYn::LFl~tJl1#I1~~VI~nn1'l#11.J1V1uniK·:wLL'lI1L ,z~~'JI1'tJtJI1L~n 1U

LL'lm~~ LFl~tJl1#I1~'Ju1 VlqJlil::LiJULFl~tJl1il1 uuunaln LL~::Fl1U YlI11.J1V1un lil1n,ru

L~3-I~r;),m1Lrr1~n1'lil1.J1V1UnLI11~~tJtJn'lru~L~n'YldtJitn5Ltl1m~~'JUL~mtltJl1nu.. ,
3-I1n~U LFl~tJl1il1~L~n'YldtJitn5~I1LiJuLFl~tJl1#I1~U1Lm'l::uu~L~n'YldtJitn5~~ml3-1

LL3Ju~h~niKtJl1~I1'Yi1111u~'J3-InULVI~I11L~~tlitl11tJu1~tJn (analogue load cell)

(1 UtllillilUUL~3-I ~L VI~111L~~tlitl11 ~~ (;1a ~LL~'JLL{;]fJl1l3JLL'W~VI~l ~ nU3-I1 nun) L~tJ,
LVI~111L~~1iK-ruJl1'l:: LL'lI1~m::'Yi1 nlil::~l1ffru nnruen n1tJ1 U'ltJ LLuuffruru1rutJU 1

'" '" cu '" '"

~tJ LLuuff'1!'1!lrutJm~tJnl tJLiJuff'1!'1!lru&l~(;1tJ~ ~I1LiJu~m.;l~'tJtJl1~~n1'l#11 1U

'tJru::L~mnuffruru1ru~~(;1tJ~f1ll1 n~1'Jnlil::Clnu11 tJtJ'l::m~~'J3-I nU~tJ3-I~e1111~I1~U1
'" '" cu cu

~U'l'lliltJ~1 u~'Ju?JtJl1'l::uutJ'l::m~ ~~ n1'l#11.J1V1un L~tJU1~tJ3-I~~hl3-l1~11V1~ 111, .. ..
LL~::t1tJ3.;!~e1111~l1mtJ'l::m~~~LL~::LL~I11I1~~n1'l#I1V1~tJUuYin~~n1'l#11 VI~tJLLarLL{;]

1rrnUI11utJ'l::~n&1{;]1111 L~U 1Un1'lFl'JUFl3-l'l::UUn1'l'Yi1111U'/JtJl1#U(;1tJUn1'l~~(;1, ,
,

(;11111

_ d':'" 0 a 0 d'~ I g" 0 _

~ FlLL'ln 1 '/la 11n1'l'W InlU 1 LFl'ltJl1tll1m~ nYl'ltJun ~U U 'WU'J1'/ltJlil1 n 111aa 11
,.... , .

Fl'Jl3-1LL3Ju~hClniKtJl1'/ltJl1'l::UUn1'lrrl1 'l'J3-I'I111Reproducibility '/ltJI1LFl~tJl1~I1Cln.. ..
rl1V1UI11LI11~ Fl'J1 ~ L~~ ~ 'lJl1'W LL~::Fl'Jl3-1Cln iKa 11LL3Ju~h LL~::U 1 L~tJ~ tJ'tJtJl1ml n'l ru.. ,
~ L~n'YldtJitn 5 LL{;]1U tllillilUULFl~tJl1#11~ L~n'YldtJitn 5111LVl3ltJUlil::Cln~ln 111iK'J~Flrum'W

" cu cu "

'/ltJI1LVI~I11L~~ 'l'J~~I1~n'l!l-ru::'/ltJl1n1'lu11 tJ1rrnul11'j.l,LL~::n1'l~ 111~I1LVI~111L~~ L~~

•



bUU~l u1'Y1qj r;l\l,ruCJ~~~1 utrqJ qJlrur;llWY1l\l eH) n'/J€J\IT'YI~I?Ib'lJ~~ \I r;l€J\I~ n

1 bFl':il::", r;ll ElFIdl ~':i::arI?I':i::-J\Ib-ri€JiJ€J\InUn1':i~ I?Irff\lT'YIa I?Ib'lJ~~ ~~15'Y1~€JhIb'YIm:: ~~

u€Jn:in ndn1':iYlI?I~€J'Ur;llEl15 Reproducibility ii~'U bUU15n1':i'YI,:t\l~~lAqJ use

£l\lbUUr;llU \I'U€Jn'YI~€J~(;\IFill ~ b~~ El':iIl1~'/J€J \ICJa n1':ii\llhi',~n'/J €J\IbFl~€J\li\l

r;l\ln~ll 1U ':i::El::Elllr;llm~UnU

'YIl n~::~ I?I(;\1Fill ~ b~~ El':iIl1~'/J€J\Irrrs 1"11\11 U':i::El::Elll,rU U€Jn~l n

FlruIl1~'/J€J\lT'YI~I?Ib'lJ~~~ bb~l£l\l~'YI~lEl €J\lFltb::n €J'Ur;llm~UnU b~U nl':i 1"Ii\llU,

Long term drift ~::bb~I?I\I€J~1U~l'/J€J\I % '/J€J\Ispan uae dead load
I d Q ~

offset of zero 1iI~€Jl?ltJl\1':i::El::bd~l1 U mb'YI~'/J€J\ln1':ibnl?lLong term drift U

~lu1'YIrudll?l~l nmerm 1"I1\11U'/J€J\I~U~lU5b~nmm1n~~ ,

1UbFl~€J\li\l5 b~nm€Jun ~b~ €J"bl~11 "Ii\llW~'\lJ'1'Y1~n~\I~'Ul1~ CJ~~I?I

mnmEl '] bihmb~tJdi'€J\I'YIln~~1':iru11UbQ~1::r;llbFl~€J\li\lb€J\lbb~1~::b.;1u1r;l11~

2 ~lu1'Y1qj ~€JCJ~~I?I~bnl?l~lnT'YI~l?Ib'lJ~b€J\Ir;l\l,rUT'YI~~b'lJ~~~bb~::~lm':iCl"blm

1"1i\llUb-ri€Jn1':ii\lJ'Ti'I~n1r;lFll':i~ linearity error u€JElnll'r'l~m'Yhn'U ±0.1 % 1U

'/Jru::b~tJdnU linearity error '/J€J\I~'\.Jmcl~U~lu5b~nm€Jun~~arEl1'Y1aJ~::~~1

€J~bUUorder of ± 0.01 % ~€J1r;l11€J~1u#U~El€J~-r'U1r;l

. , •... , .
bFl~€J\I~\Ib'YI~1::~~ n'UB':i':i~tJl ~ bb~::~n'lYru::'/J€J\I\I1U rrrrn \I'YI~€J~ I?Ir;l\lbFl~€J\I~\I

5b~nm€Jun~1r;l~lbUUlill~i'€Jril'Y1Ul?lbd€J\lr;lu'/J€J\lFllbbU::"bl'/J€J\I~CJ~1iI TI?IElbQ~l::

bFl~€J\li\l~1"1i'i'l~ n n1':ii\lJ'l'Y1 ~n r;ll Elu':i\lTU~nl\1'/J€J\IT~n bb~l r;l€J\l1~~\I ~lU ':i€J\I-r'U

J'l'Y1~n'/J€J\IbFl~€J\li\lb€J\Ibb~::~\I'/J€J\I~r;l€J\In1':ii\l ~1 m':i ClbFl~€Ju~1r;l €J~1\15~':i::1U

bbulrff\lQlnn'U~uT~nTI?IElr;l€J\l1aJ~bb':i\l~U'] mElu€Jnm::'Yh'YI~mbYl':in bb'lJ\ITI?IElb~I?I'/Jll?1

~1'Y1-r'U':i::'U'Um ':ii\l J'1'Y1~n r;ll El5 b~nnsa un ~ ~ b'YI~ €JUb':i1r;l€J\I'Yi'lFill ~

b'll11~(;\Ibb~::r;l€J\IFlUbFlEln'UFll~€J1'\.Jd,

1. ~'Ufj1'UtleHIn1"a.J'\lJ1'\11,rn~·UJ"at\J\Jab~n't1'H)'nna~·UJT'\IIiiI~b"lal...•
b':i1~::hl~1?I (;\I':il El~::b~ElI?I'/J€J\I'YI~n n1':i'Yi'l\11U'/J€J\IT'YI~I?Ib'lJ~tJUI?IStrain

gauge load cells mn~n 'YIlnr;l€J\ln1':iml'Uii~1~1':iCl'YIlfhu1U'YI~\I~€J

"n1':iIil':il~~€J'Ur;lUbb'U'UbFl~€J\li\l1aJ5Ii1Tuar~" '/J€J\I~l~n\llUn~l\1i\llill\1-J1?I TI?IEl

~11'\.Jbb~1~nl?lrh~\I~\I~~1"1i\llU'/J€J\lT'YI~l?Ib'lJ~bb~~::r;l1~::1~bb':i\lr;lu1~~lr;llUYl1\1€J€Jn~ ,
'/J€J\ll\1~':ilYl~TIiIU'U~1?I(the bridge's output voltage) '/J€J\IStrain gauge 'YI~€J

r;llUYl1\1€J€Jn'/J€J\lT'YI~~b'lJ~th::~lru 1.5-2.5 mV ~€J V bb':i\lr;lu1~~lm::~u

r;l\l,ru'YI1mb':i\lr;lu1~~lm::r;lU~~lb'Yhn'U 10 V r;l\l,rUbb':i\lr;lu1~~1r;llUYl1\1€J€Jn,
'/J€J\ll\1~':ilYl~TIiIU'U~I?I'/J€J\lT'YI~l?Ib'lJ~r;ll,rU~~lb'thn'U15-25 mV 1U~db':ilb~€Jn

T'YI~I?Ib'lJ~~1~bb':i\lr;lu1~~lr;llU Yl1\1€J€Jn'/J€J\ll\1~':ilYl~TIiIU'U~I?I'/J€J\IStrain gauge

(norminal output) b'Yhn'U 20 mV bb~::'YIlmFl~€J\I~\l1m'YI~l?Ib'lJ~r;l1r;l\ln~11

~lU1U 4 r;ll ~::1r;lbb':i\lr;lu1~~1r;llUYl1\1€J€Jn'/J€J\lT'YI~l?Ib'lJ~~\I'YI~l?Ib'Yhn'U4 x 20 mV

= 80 mV bb~€J~l\1hiilil1~~'Ul1 bFl~€J\li\l~lu1 'YIqjr;l€J\I~~lU':i€J\I-r'UJ'l'Y1~m-ri€J

':i€J\I-r'U~\I'/J€J\I~r;l€J\ln1':ii\lbb~::J'l'i'1~n'/J€J\I~lU':i€J\I-r'UJ'l'Y1~nr;l\ln~llbuuJ'l'YI~n

FI\I~~T 'YI~I?Ib'lJ~r;l€J\I-r'UIl1':i::bb':i\lr;l\ln~llli1~€J1?Ibd~l ~\I~muu Dead weight

'YI~€Jdead load '/J€J\I':i::'U'UbFl~€J\li\l1u~d1~'\.J':i::~lrub'Yhn'U 25% '/J€J\I~nl?lril~\I

'/J€J\I':i::'U'UT'i'I~1?Ib'lJ~~\I'i'I~ I?I~b~€Jn1"Ii r;l\l,r U~~ n I?Irh~\I ~\I~I?I'/J€J\IbFl~€J\li\lr;l\ln~ll~ ,

Linearity tle:J\le:JtJn';iW~h~n'n'HJ'umf A€JFll1~~:f-I~UB':i::'YI11\1•
trqJqJlrur;llUYl1\1bi'l (input) n'UtrqJqJlrur;llWYll\1€J€Jn (output) 1UYl1\1~I?I~FI~

bb~1F1l1~tr~~U5':i::'i'll1\1trqJqJlrur;llUYl1\1b'll1 (input) n'UtrqJqJlrur;llUYl1\1€J€Jn

(output) ~::bb'\.J':iiJu~€JnUbUUb~UIiI':i\lr;l\l,ru linearity error ~\I~nril'Y1uI?l1~bUU

Fll1~b~ El\Ib'UU~lnFll1~ bUUb~UIiI':i\l1u~'\.J'/J€J\I~l % '/J€J\I~l\1n1':i'Yi'l\11U~\I'YI~1?I

(full span) '/J€J\lbFl~€J\li\l,ru'] 1UYl1\1'\.JliU~b':il~::ril'Y1UI?l1r1~l\1n1':i'Yi'l\11U~\I'YI~1?I
• I I I •

(full span) '/J€J\lbFl~€J\lt1'\lA€J~l\1n1':i~\lYir;l€J\ln1':i(weighing range needed) ~\I
d 'JJ dl<v1 ~~ .d~

EllnYl~::~€JI?IFI~€J\I'YI':imYl1n'UtJl\1n1':itJ\lblil~~bn~'/J€J\lbFl':i€J\ltJ\I(full scale of the

weighing instrument)

Temperature influence ~\I'\.Jn~bb~lbb~I?I\I€J~1u~'\.J'/J€J\ITemperature

coefficient 'YI~€JTempco of the span and zero of the electronic instrument

Tl?ltJ~ Zero ~€J~ml:: the dead load offset 1Un1':ibb~I?I\lFh '/J€J\ITempco ~::

bb~I?I\l1UFhppmtc 'i'I~€Jpprn/F

•306 u1u1ffn::.,y.,IiI?~ilil



i!'iJ:;1Cilbb"i~l11u1yJvhCill'l"'m~eJeJn'Zm~I'Ym!?lb'llf1-#~'VI~!?lb'r'hnu 60 mV (0.75 x 80 mV)

'VI~~'iJln"'n~l dead load 'EJeJ~"i:;UU1tlbb~1 bbf1:;~m1:;hJ3h!1'V1Un'iJ:;~bb"i~I11U

1yJ~lCillU'YI1\1eJeJmm\lI 'VIf1!?lb'llf1-#\I'VI3--I!?lb,thnu 0 mV 111\1,rU~1\1n1"i-B'\lJl'V1Un1Cil

(effective weighing range) 'EJeJ'HFl~eJ\I-B'\I~\leJ~lU~1\1 0 - 60 mV

g,., c:I:l Co

2. n1'm,;}~GlU1\1li1,;}1'nablllU\J,;}Gl (Wheatstone's Bridge excitation)•
'iJlnn1"i~ Strain gauges uuI'VIf1!?lb'llf1~m~eJ~~m;Jm\l'iJ"il'm~Ir;mu~!?l

(Wheatstone's bridge) I!?l!'J'iJ:;~bb"i\ll11u1yJ~lm:;~ul-Xun1\1'iJ"i b~eJhJ~bb"i\l

m:;'r'h~eJI 'VIf1!?lb'llf11\1'iJ"iI11\1n~11'iJ:;eJ~1 u~m1:;~~!?lwf1:;1-Xbb"i\ll11u1 yJ~lCillU~ .
'YI1\1eJeJn'EJeJ~1~'iJ"ib'r'hnu 0 mV 'iJUn"i:;vt\l1\1'iJ"iI11\1n~11~bb"i\ln"i:;'r'hyh l-X~m1:;

~~!?l f1'EJeJ\l1~'iJ"ib~!'Jbbf1:;bn!?lbb"i\ll11u1yJ~l r;llU 'YI1\1eJa n'EJa ~1\1'iJ"ib;JUir!?l ~1uI!?l!'J [;I"i~•
nUm"i:;bb"i\l~n"i:;'r'h i!~eJ'VI~nn1"i"';l\11U'EJeJ\lI'VIf1!?lb'llf1'llit!?l Strain gauge load

cells bb~eJ~l\1hn[;ll3--1V'lu-Jl"i:;UU n1"i-B'\I'VI~mFl~eJ\I-B'\I~b~ nmeJitn ~ 1 r;l1eJl'iJ

tl"i:;n eJU Cil1!'JI 'VIf1!?lb'llf1~1 U 1U 'VIf11!'J r;l1 n b;J u1Cil I!?l!'Jn1"i'l-il I 'VIf1!?lb'llf1-#\I 'VI~!?l

I d QJ a d ~ J IIV

m [;Ia b~ eJ~ n UbUUbbUU a um~ 'VI"ieJbbUU'EJU1 U U U'EJUeJ!'Jnu m "ieJa n bbUU'EJeJ\I. ~

llJ •• ••••

I11~UU'VI1mFl~eJ\I~\la:l-wn!?lrll~\I~~~!?l 30 r;lUbbf1:;~~U'VIm!'Jm[;l"il (d)

b'r'hnu#U'VI~1!'J~l[;1"il[;1"i1'iJ-rU"ieJ\I (e) I!?l!'J~~lU1U#U'VI~1!'J~l[;1"il[;1"i1'iJ-rtJ"ieJ~

-#\I'VI~!?l 3,000 ~eJ\I bb~1'iJ:;1Cil-JlbFl~eJ\I-B'\lI11\1n~11a:l#U'VI~1!'Jm[;l"i1 (d) b'r'hnu 10

kg (30,000 kg/3,000) bbf1:;~bb"i\ll11u1yJ~lCillWY11\1eJeJn'EJeJ\lI'VIf1!?lb'llf1-#\I'VI~!?lb'r'hnu
~

20 !J.V ~eJ 1 ~eJ\I~U'VI~1!'Jm[;l"il[;1"i1'iJ-rU"ieJ~ (60 mV / 3,000 ~eJ\I )

V'lu-Jl1uh~\llUClf1\1b'V1~n'iJ:;~ Electric noise ~\lbn!?l'iJlnn1"ib'VI~m'l-il•
bb"i~l11u1yJ~l ~lU~l!'J 1 yJ~lbb"i\lI11U~\I'VI~mn!?l'iJln electric arcs "i1~~\I~U l~bb~

b'VI~m;JUr;lu ~\larn'iJ:;~~leJ~lU~1\1 8-10 !J.V 111\1,ru'VI1mFl~eJ\I-B'\ll-Xbb"i\lI11U

1yJ~l CillWY11\1eJa n'EJeJ\lI'VIf1!?lb'llf1-#\I'VI~!?l~eJ 1 ~eJ\I#U 'VI~1!'Jm[;l"il [;I"i1'iJ-rtJ"ieJ\I~\I

UeJ!'Jf1\1b'r'hh IeJn1~~I!?lU"iundu'iJln Electric noise mn~\I~ub'r'h,ru I!?l!'J'iJ:;~\I

eJf1~ eJeJf1m "irt\ll-X~!?lV'l f11!?l1iluae f1!?lFl11 ~ b~~!'J "ifl1V'l'EJa \IeJf1nl"i-B'\I use rrrs

"';l\11'\-!,1JeJ\lbFl~eJ\I~\I

1 u~i!b"i1'iJ:;m!?l~\l15n1"i1JeJ\ln1"i'iJ:;n"i:;r;lU Strain gauges uuI'VIf1!?l~ .
b'llf1~\lb~eJ~~m;Ju1\1'iJ"il'r'l~I[;Iuu~!?l (Wheatstone's bridge) Cil1mb"i\ll11u1yJ~1~

bb[;ln~l\1nU 2 'llit!?l~eJ

2.1 rrn1-1nyJ~ln"i:;bb~~~U (the alternating current (AC) bridge

supply)

2.2 n1"i1-1nyJvlln"i:;bb~[;I"i\l (the direct current (DC) bridge supply)

n"i:;r;lU1\1'iJ"il'r'l~I[;IUU~!?l (Wheatstone's bridge) r;l1!'J1yJ~1n"i:;bb~~~U•
(the alternating current (AC) bridge supply) ~'li'eJ~~eJ the eventual

thermocouple effects 1 '\-l,"ieJ!'Ju!?ln~l U 1\1'iJ"il'r'l~I[;Iuu~!?l'iJ:;1~~~'r'lBV'lf1~eJ rrrs
~lu~lJl'V1Un eJ~l\1hn[;ll3--1n1"ibtl~!'JUbbtlf1\1~lFl11~'iJ (capacitance change)•
m!'Jlu~lmFlbUf1 'VI~eJn1"ib'VI~m'l-ilbb"i\lI11U bbf1:;5u1 eJl'iJ~\leJf11-Xbn!?lFldl~hl

~~!?lf1'EJeJ\l1\1'iJ"ib;JUb'VI[;IrieJl-Xbn!?leJf1~!?ln1"i-B'~Jl'V1umbUU~~ (random weighing•• •
errors) r;l1m'VI[;li!1 U'YI1\1tl nU~~\lV'lu-Jl"i:;UUn1"irt\l~Y1u~ar!'Jl U!'JFlU'iJ'iJUU~

'I ';"J 'I "

bbU1I U~"'U~l1-1nyJ~l m:;bb~[;I"i\l b~ m;JUbb"i\ll11u1 yJ~l n"i:;r;lU 1\1'iJ"il'r'l~I[;Iuu~!?l•
f ~ ~

(Wheatstone's bridge) 'EJeJ\lb'VIf1!?lb'llf1nUmn'EJu

111\1,rUb~ eJUeJ\InUn1"i"iU mUI11\1 n ~11~\I b;JUb~ eJ\I~l b;JUbbf1:;rll Flqj~'iJ:;

r;leJ\ll-X~lbb"i\ll11u1yJ~lCillU'YI1~eJeJn'EJeJ\lI 'VIf1!?lb'llf1-#\I'VI~!?l1JeJ\I"i:;Uu-B'\lJl'V1Un~eJ 1

~eJ\I#U'VIm!'Jm[;l"il[;1"i1'iJ-rtJ"ieJ\I~~1~\ln-J1 the noise level lun"i&i!bb"i\lI11U

1 yJvhCillWY11~eJeJn'EJeJ\lI 'VIf1!?lb'llf1-#\I'VI~!?l'EJeJ\I"i:;Uu-B'\lJl'V1Un~eJ 1 ~eJ\I#u'VIm!'J

m[;l"il[;1"i1'iJ-rtJ"ieJ~~~lb'r'hnu 20 !J.V ~\I~lnn-Jl 8-10 !J.V ~\I~eJ-JlbY;!'J\lV'leJ~eJ

n1"iueJ\lnUn1"ibbmn-6eJU"iUndU'EJeJ\I electric noise bbf1:;nb;JUb'VI[;leJf1'V1ct~~-Jl•
"';11~ r;la ~rll'V1U!?lbFl~a ~rt\l-Jl r;la \I~ ~lU1U ~eJ\I#U 'VIm!'J m [;I"il [;I"i1'iJ-rtJ"i eJc1~1-X~\I

~ln'iJUbnu1tlrll'V1-rUbFl~eJ\lrt\l~b~nmeJitn~~\llm'VIf1!?lb'llf1 [;Il~lu OIML R76

(Non-Automatic Weighing instruments)

•



bbarlT'i::UIJ nl'l~\nl-l'l',,xn~lm y.J.yhm::mf(;l'l\l ~1i'eJ~i'lG'ilm.h::nl'l bb~n

~~m~m~ununF1eJ~FI'J13-J~n1'J (sensitive) ~eJ thermocouple eHects JllEllU

'J \I~'li'YHl T(;lUU~ 1?1UeJnsn nitEl\l'V'lUl11 UElFIu 'In b~3-JiJru 't'lli'l ~ n~'V'lutl a El3-Jln1 (;]bbrl, ~
FI'Jl3-Jb~ ~ El'l Jll'V'l?J eJ\Ibb'l\I!ilu1 y.J.yh n 'l:: us 1?1'l\l~~l Elm m::(;]u 'J\I ~'li 'Yl~TinU U~ 1?1,
bbG'i::~lbtJU(;]eJ\I~ DC amplifier eJ~l U'l::UUnl'l~\lJli'l,xn

'"

d ~o.a CIIo d'

3. Lf1I'H)""lh'lfH6'ln'¥1':iel'Uniil' (Electronic weighing instrument)

lUnl'lbbtl\lth::b.ll'Yli'l~mfUI?1?JeJ\lbFl~eJ\I~\I~b~nmm~n~~U~(;]'JElnu

i'lG'ilni'lG'ilEl15nl'l bb~l U ~itb'll3-JT~~l'lCln 1 U~'JUbb~I?1\1Fh?JeJ\lbFl~eJ\I~\I ~\lbbtl\l

eJeJn1(;] 2 ~UI?1i'l~nF1eJ

I la a dIU

3.1 iil'1ULLiiI'!;HI~1'!1UIPIElU16'1Eln (Analogue display) bFl'leJ\I~\I

~ b~FlmeJUFI luElFlbb'ln 1 hTb'YlFlUFll Unl'lbL~I?1\1FheJ~nl'l~\I(;]'JEl slide wire,
compensator TI?1El«'1!'1!lClm'l\l!ilu1 y.J.yh (;]lU 'Y1l\leJa nsn n Ti'l~ 1?1b'lf~~::~ n ~\l3-Jl El\l

slide wire compensator by{mtJ~ElUbfiElunUbb'l\l!ilu1y.J.yh~l?1b~El (Vc) 1U Null

amplifier ~\litbb'l\l!ilu1y.J~ltfl?1btfEl~lm'lm~3-J~Ui'l~eJ~I?1~\lM TI?1El3-JmlneJ{~::

'Yhnl'ltJ~UeJ~l\l5 InTuarm~um::Yi'\lbb'l\l!ilu1 y.J~1 (;]lU meuansn nTi'l~1?1b'lf~ ~ I"h
b'Yhnu Lb'l\l!ilu1y.J~l~l?1btfEl (V c) bb'l\l!ilu1 y.J~l!il\ln~l'J~::~mtJ~ElUbtJUeJ~nl'l~\I

Jli'l,xn?JeJ\lbFl~eJ\I~\I !il\lbb~I?1\11u~tJ~ 1

iJ'1!i'l1?JeJ\lnl'lm::~u'J\I~'li'Yl~TlnUU~l?1b~El\lbUu1tJ (drift in the bridge

excitation) uae DC amplifier ~3'leJ~lU'l::UUnl'l~\lJli'l,xn~lmy.J~lm::bb~In'l\l

~\I bFlElLtJUiJ '1!i'l1 LLG'i::LtJU~l Li'l~ 3-Jl n ~ ~1?1?JeJ\IeJ~ ~ 1?1~Ln I?1~Ul urn 'l~\lJli'l,xn

L'V'l'll::iJ'1!i'll !il\ln ~l'JLtJU~l Li'l~ rleJ1 'I1Lnl?1F1'Jl3-JhIL~~El'lJll'V'l?J eJ\Irrrssau LfiElU LL~

iJ'1!i'll~n~l'Jm 1(;]i'l3-J1?11tl L~ eJ1(;]~1'l::UU FIa 3-J-W'JLlneJ{~\l3'li'l~n nl'l'Yll\llULLUU

~~In a ~ LL~::nl'l11?151n'l1~'JULL'l\l !ilu1 y.J~l(;]lU me eJeJn?JeJ\I'J\I~'l~ eJLL'l\l!ilu1 y.J~1

m::(;]u'J\I~'l (dVN) 3-Jllmi\lMeJ~mnfiL~m,

~li'l~UU'1!i'll LL'l\l!ilu1 y.J~1 n'l::~u'J\I~'li'Yl~Tlnuu~I?1~\I El\l (;]eJ\I ~
a id od _ Q..I.et od Co I

ran El'l.llTW L'V'lEl\l'V'leJL'V'la 'l n'l!l-l'l:: I?1UFI'Jl3-J ran El'l.lll'V'l?J a \IeJC\Ji'l.ll 3-J'YlLn 1?1m 'l LL'V'l'l, '"
n'l::~lElFl'Jl3-J~eJU (heat dissipation) mu 1 uT i'l~I?1L'li~ 1ULFI~eJ\I~\I~arEl 1 mJ

'V'lUl1iJru't'll!il\l n~l'JeJ~l U 'l::!ilu~hhuLL'l\lm n,xn~ '" ,
d oc::fCL.Id •..• O_ •..• Co ~I lOa od

LUeJ\I~l n LI?13-J'YlEl\l3-J?JeJ~ln l?1'Yll\lI?1lUL'YlFlUFI?JeJ\ltfU~'JUeJ L~n'Yl'leJun ~

~\leJ~ 1 ~Ell n~~::1(;]eJ~nl'l~\l3'leJ~~I?1~lnl1 ±0.5% L~mfiElunu~'J\I nl'l~\I

(nominal weighing range) LL~L~eJL")~1~lU1tJ~nl'l~InJU1€U~'JUeJtJmcU~L~FI,
ma UFI~ UFI C\JJll 'V'lLL~::nl'l'Yll \11U?Ja \I~ L~n'Yl'l aun ~~ LL~::li 1 L~eJ~ eJ3-Jl n~u 1 U,
u~~uu LFI~eJ\I~\I~L~nmeJun~~\I~lm'lc\1'l1eJ~nl'l~\I~eJ~~I?1~lnl1 ±0.05%
d d _ I ~ cv I I d ~ eo a ca d'd d

L3-Jm'YlElUnu~'J\lnl'l~\I Elnln'JeJEJ1\1Ltfu LFI'leJ\I~\lm~nmeJun~'Yl3-J Max. 6 nn.,
•••• • I "

e = 2 g ~UFI'Jl3-JLfiEl\l TIT fi-wnl?1fh~\I~\I~1?1~51n'llL~mi'l~m~eJ?JlI?1L'Yhnu'" ,
±1.5e i'l~m'Yhnu ±1.5 X 2 g = ±3 g i'l~m'Yhnu ±3 g/6000 g = ±0.0005

Figure Slide wire compensator principle

'a'U~ 1 i'l~nnl'l'Y11\llU?JeJ\I Slide wire compensator.,
~

(;]'JElLi'llnUFI'Jl3-J L~~ El'lJll'V'l LL~::FI'Jl3-JbLaJU~h?JeJ\I'l::uu nl'l'Yll\ll U,
?JeJ\ILFI~eJ\I~\I (;]\1n ~l'J~\I~UeJ ~ nu FI'Jl3-J L~~EJ'lm'V'l?J eJ\I?JeJ\Ibb'l\l!ilu1 y.J~1 m::~u'" ,
Ti'l~I?1L'lf~ (V E) LL~::Lb'l\l!ilu1y.J~151\1~\I (V R) TI?1El~ULtl\l ueJn~lnit~::~eJ\l3'l

.. ::,
i'l'leJ ±0.05% UULeJ\I

•



"gap" L~n 1 "iflUill'l~a.lI'I~'Uu slide wire compensator LvifliJfl\lflU"i::;'U'U'illn• •
n1"iLLnl\1hJm (oscillating) 'tlfl\lt:J~n1"i#\I lumu::;L~mnumla.1j'anb (sensitivity)

'tlfl\l Null amplifier iHl'U"r1'Ul'Yl~lAClJa.llm~UnU LL~::;'Vllm~a.li1ClJ'VllFldla.1hJ

L~~EJ"im'W'tlEl\l'tJEl\l"i::;'U'Un~1n'tJEl\l~d~'Ua.lElLI?lEl{LvimJ-r'UFh'Vl1LL"i\l~u1yJvh~JI'ILYiEJ

(Vc) 'ilul ii1l"llL'Yhn'ULL"i\l~u1 yJVh~lU'Y\1\1ElEln'illnT 'Vl~I'IL'l1~ n~\lhh~a.lt:J~~1'I

LL'tJ~\lElUl~ElmUU~~l?lfl~ Digital voltmeter 1r;l~nulhJ'tJ-r'Ul~Lvifln1"irll\11U

'tJEl\lLFl~El\l#\I~L~Fl'Yl"iEl,:tFllUi1'il'il,runfi'\ll~\llUEl ~LviEllm Un1"i#\lJl'VlUmL'U'U~lEJ 1. ..
L~U l~Fld'UFla.l"i::;~'U'tJEl\lL'Vl~dlU~\ILUUr;lU•

'Vl5n n1"irll\11U'tJEl\l"i::;'U'Uii' FlElUlr1'\lirClJClJ1IJHL"i\l~u1yJfh;11U 'Y\1\1ElEln

'illnT 'Vl~I'IL'l1~'Vl~Ell\1'il"i~'Yl~Tl?lu'U~1'I(Wheatstone's bridge) LL~::;LL"i\l~u1yJYll

n"i::;r;1Ul\1'il"i~'Yl~Tl?lu'U~1?l(excitation voltage) ~\l1'tJfi'\I Digital voltmeter (DVM)•
'Vl5\1'illmrU~\lLUU'Vl'IZ1~'tJEl\l DVM rlln1"iLL'tJ~\ll"llirClJClJ1IJm"i\l~u1yJfhr;llU

'Y\1\1ElElnsn nT'Vl~1'1L'l1~1tl LL~I?l\lLUUl"ll ~~I?lEl~

~lL'Vll?l~riEll i"i::;'U'Unl"i#\lii'l it:J~~11I1~ Lnl1l'illnr;llEJnU'Vl~lEJ~lL'Vl1?l• •
F1Elt:J~~l1IluT'Vl~I1IL'l1~,n1"i~l1Irk\lT'Vl~I1IL'l1~,Fll1a.1L~~mm'W'tJEl\lLL"i\l~U'tJEl\lLL'Vl~\I

~lEJ1yJYhm::;r;1m\l'il"i~'Yl~Tl?lu'U~I1I, Fll1a.1LUUL~\lLirU (linearity) LL~::;Fll1a.1•
L~~EJ"im'W (stability) 'tJEl\l~l Digital voltmeter (DVM) ~\I~uTI1IEJt:J~~I1I"i::;'U'U

n1"i#\I'tJn~~\lEl~lU~d\l ±(0.5-1.0)% 'tJEl\lFull Scale

~
'tJEl\l"i::;U'Un1"irll\11U'tJEl\lLFl~El\ltT\I~n~lEJ ~\lUUt:J~~I1I'tJEl\l"i::;'U'U'il~\l1 LL~li1l"ll

tl"i::;a.llru ± (0.5-1.0)%

3.2 H1'1.HtA6h'l~1"lfUI?lI?l'ill?leJ~(Digital display) luLL"im~a.I

~U 15n1"i LL"in~l~Lvi ElUl1"ll t:Ja n1"i#\I LL~I'I\ILUULL'U'U~1 L~'tJ~~I?lEl~ m::;rll TI1IEJ

LL'tJ~\ll"lln1"iLL~I1I\lt:J~'illnElUl~Eln 1tl LUU~~I?lEl~ r;11EJn1"i~l1Irk\l LL~U~\I'U"i"i'ilTFi'Yl•
L~ln'UL'W~l'Vl~U'tJEl\l slide wire compensator 'illn~u~\lltT photo cells rlln1"i

~lUl"lla.1a.1~'Vla.lu1'tJ'tJEl\lL'W~l'illmL~U~\I'U"i"i'ilT~'Yl TI1IEJ1\1'il"iLL'tJ~\ll"lla.1a.1LviElLL~I'I\I
q q q 'I

1"l1f.JEln LUULL'U'U~~ I?lEla r;l1EJL'Vl&1ii'Fll1a.ILL~U~l'tJEl\I"i::;'U'Un1"i#\lii'~\I~UEl ~ n'Ut:Ja. ..
~11Ir1'\I'Vla.ll1l'illnT'Vl~I?lL'l1~'Udnr;ldEJt:J~~l1Ilu slide wire compensator ~\llil"llt:J~

~1?lr1'\I"i::;'U'Un1"i#\lJl'VlUm.l"i::;mru ± (0.5-1.0)% LL~::;± 1 digit (d) 5. 'Yiinm'mtl~\lb\JU~~G1eJ~ (Digitizing principle)

5.1 t'YIFlilFlnl'~,r'lJlii1U1uaruru1W.w~ozI (Counting of Unit pulses)

'Vl5nn1"iLL'tJ~\lirClJClJlruElUl~f.JmuuirClJClJlru~~I?lEl~ LL~I1I\llu~'tJ~ 3 'il::;L~U1r;l11
4. Digital voltmeter system
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Figure Digital voltmeter principle
Figure Analogue/digital conversion with unit pulses

~'l1;:i 2 'Vl5nn1"irll\11U'tJEl\l Digital voltmeter (DVM)
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L~E1UElULL'S\I~u1vJYh~'Hn~dEJ~1Fl\l~~1,.,it\H'{hn'U V LL'S\I~U1vJW1~\In~ldIn

'il:;~mtJ~EJ'UL-nEJ'Un'ULL'S\I~U1vJw151\1~\I Vref ~\lLnl?l'illnm'SL~~LL'S\I~U~UL~E1EJ'1

lu~n'el-ru:; pulse train LL~:; charging pulses ~L'{h '1 nU'illnm'Sm:;'Yh~JEI\1~d

pulse generator m'S charging 'il:;"'EJI?I~\lL~mL'S\I~u1vJW1~UElUL~1~1V ~~1, In

L'Yhn'ULL'S\I~u1vJW151\1~\IVref

~\ltfwii1mu pulses 1U pulse train n'il:;~nU'Ul?ldEJ pulse counter

LL~:;1-.4CJ~LtJu~hudUL~'IlliilUdUL~ ~'VfrEl~ LLi.1I?1\1~lLtJU~~I?IEI~Fldl~LL~U~h~JEI\1

m'SLLtJ~\I E1U1~E1mtJU~~I?IEI~(AID conversion) ~\I~UEI~n'UFldl~Li.1~EJ'Sll1~

'/JEI\I~d pulse generator LL~:;d\l'il'Sril,.,-r'Um'SLtJ~EJ'UL-nEJ'ULL'S\I~U1vJW1tfU~El

the switch-over point II?lEJtJn~LL~dCJ~~l?Im'SLLtJ~\I~lLtJU~~{;JEI~~~ltJ'S:;mru

±(O.1-0.3)% 'IlEl\l Full Scale

LL'S\I~u1vJW1~~El\lm'S11?1Vin 'il:;~nUElUL'/Jl~~dLn'UtJ'S:;~ (Capacitor)

ll1EJ1U~d\l'S:;EJ:;n~lFl\l~~1,.,it\l (T) ~\ltful1i'dEJ~lLL'S\I~u1vJyh~I1i'El\lm'S11?1~~

~1 LL'S\I~u1vJWl LL{;Jn~h\l nUll1EJ1U~d\l'S:;EJ:;n~l Fl\l~~l,.,it\l~\I'il:;~ nu ElUL~l ~d

Ln'UtJ'S:;'il (Capacitor) 'ilU~LL'S\I~u1vJW1L~~~UL~ElEJ'1 ~u1tJ~\I'S:;~'UFld1~i.1\1, ~
(amplitude) ~LL{;Jn~l\1nU "'~\I'illntfu condenser 'il:;tJ~l?ItJ~ElmL'S\I~u1vJW1

(V dis) II?lEJ1'1i'LL'S\I~u1vJw151\1~\lFl\l~ (V ref) ~l,.,it\l~\I~#d{;J'S\I'/Jl~n'UtJ'S:;~ 1U~d

Ln'UtJ'S:;'il~lU~d~1WY11ULi.1~EJ'Sll1~i.1\1 (highstable resistance) 'ilULL'S\I~U, ~
1vJW1~A1\1El~1U~dLn'UtJ'S:;~ (Capacitor) "'~1?I1tJl1i'dEJ~d\l'S:;EJ:;n~lLL{;Jn~1\1nU

1tJ~UEl~n'U~lLL'S\I~u1vJW1~Al\1El~lu~dLn'UtJ'S:;'il 'Y\1nLL'S\I~u1vJW1Al\1El~lU~d
IIU 'U 'I cu

Ln'UtJ'S:;'ilmnnl'1i'n~11um'StJ~l?ItJ~E1EJLL'S\I~ul-.4~I?I~\lU1U~UL'Yhtfu,

Q cl' a Q ell':'l cl .:.-
5.2 The dual slope principle L'YlFlUFlULUUL'YlFlUFl'Ylti lULFl'SEl\lti\l

~L~FlmElUFlnUEl~l\1LL~~"'~lEJ1WU'il'ilUU ~\lLLi.1I?1\11mtJ~4, ~

Ulwm-n~Fld1~LL~mh~\I tiUI?I Quartz-crystal oscillator clock 'il:;

LtJU~dr-hLUI?ILd~l ~\ltfu~d\l'S:;EJ:;mnFl\l~~l,.,it\l (T) LL~:;~d\ln~1tJ~l?ItJ~ElEJ

LL'S\I~u1vJW1I1i'dm]{;J'SlLL'S\I~u1vJW1Fl\l~(V dis) ~lu~di?llumULi.1~EJ'Sll1~~\I

(highstable resistance) lu~tJ~ 4 n~El t, LL~:;t2 'il:;~mL'YlU~l1i'dEJliilUdW~'~.g~

LL'l,iUElUII?lEJ'iiludu~~.gn~1 (time pulses) 'IlEl\lLL~~1~d\l'S:;EJ:;n~1'il:;~nu'Ulu

~dU'U counter LL~:;l-.4CJ~LtJU~~{;JEl~~{El~LLi.1I?1\1~lLtJU~~{;JEI~LL~:;~'l-bi.1ul'il5n

~~,.,it\ltfU~E1 LL'S\I~u1vJw1~i?lEl\lm'S11?1Vin 'il:;~nUElUL'/Jl~~dLn'UtJ'S:;~(Capacitor)

'il:;LtJU«1?I~dull?l EJ{;J'S\In'U~d\l'S:;EJ:;Ld~l~ condenser 'il:;tJ~l?ItJ~Eluu 'S\I~u1vJWl

~\ln~1d (t, LL~:; t2) I1i'dEJ5mlLL'S\I~u1vJW1Fl\l~(V dis) 'ilULL'S\I~u1vJW1~Al\1El~

lui?ldLn'UtJ'S:;~ (Capacitor) "'~1?I1tJ

v

Fldl~ LL~UEh'llEl\lLFl~El\l~\I~HL'YlFlUFlit 'il:;1~111i'-r'UCJ~m:; 'Yl'U'il1n ~d Ln'U. ~
tJ'S:;~ (Capacitor) "'~E1Fldl~~«~~1ruU1wm (clock frequency) L~'Sldl'Y1\1

2 i1'il~EJ~~'Yl5~~~ElmlvJlu~tJ~ 4 -#\ll1i'lU~~Fldl~-8'uLtJU'lJdmL~:;m1vJ~~

Fldl~-8'uLtJu~'Ulu«l?I~duL'{h '1 nu

T

Figure
12

The dual slope principle

~tI-rl4 ,.,~nm'S The dual slope principle
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nT'H~flmh\l"i::I'J::Ld~lFhlYiFlTI'lit\l (T) t'l-l.fl~nUnl"iflflmLUtJ'J::UU

L~'I-l.flT;)1..rT = 1/60 l'1-l.lYi LU'I-l.!9l'l-l.

,:., ~ tu 1).1 Q a Q er

nTj'th'J'U1'H'U n /?I1 tJ a b~ n 't1'ieJ'U n a

bb~~n1'i'lh~3-I1~~~

!9l':lLLtJ~\I~~(;lfl~(dual slope digitizer) i!1..r resolution ~\l3nn ~'I-l.?ifl
o ..,.,. id cl d I ~ .J'

~lWl'\.t'V'l~'lJ 'YI"ifl digital increment 3-ImnVW'Y1F1"iflUF1~3-Inl\1nTj!hl'I-l.fln~ln'l-l.

.
cl

GleJ'U't1 2

.. .. •..
internal resolution n~l3-ll"i[l~m'lJ'Y1(;l11'J pulse frequency, measuring time

fl~1 'I-l.~1\150-100 msec. LL~::~(;lF11l3-l~lm"i[ltlfl\li?l1 pulse counter

L~fl'l-l.b~L'YIm::~3-I~l'YI-rULF1~fl\l#\ln?ifl i?llLLtJ~\I~~(;lfl~ (dual slope

digitizer) ~ internal resolution ,jl'l-l.l'1-l.L'Yhnu40,000 increments 1~\ll'l-l.~l3-1nu

external resolution (~l'1-l.LL~(;l\lFll) Yi~,jl'l-l.l'1-l.~'I-l.[1\110,000 increments 'YI~fl

1'I-l.K(;l~l'1-l.4 : 1 'YI~flfll~'I.:j(;l~n,rI'J'YI~\lll LF1~fl\l#\lLL~(;l\lFllL~3-I~'I-l.1 #'I-l.'YI3-Ill'J

m(;l"il (d) ~fl,jl'l-l.l'1-l. internal resolution 4 ~~.gLU'I-l.F1TIXfll'J~(;l~L'YIm::~3-I1'1-l.

'Y1l\Itl ~ ul1

6. Ratiometric measurements

~l n'YIi(n nl"i'Yh\ll'l-l.tlfl\l I 'YI~ (;lL'lJ~~'I-l. KqJqJl r1JLL"i \Ir;l'I-l.1~~l !9ll'l-l.

'Y1l\lflfln~lnl'YI~(;lL'lJ~'YI~fll\1~"il'Y1~I(;l'l-l.U~(;l (Wheatstone's bridge) hJLVlI'J\I~::

LU'I-l.K(;l~l'1-l.nUF11l3-1hJ~3-I(;l~L-ctfl\l~l n uscsn m::'Yh ~fl I 'YI~(;lL'lJ~LL~er\lLU'I-l.K(;l~1'1-l.,
nULL"i\lr;l'l-l.1~~lm::!9l'l-l.l\1~"il'Y1~I(;l'l-l.U~(;l(excitation voltage) ~n!9l11'J,

r;l\l~'I-l.L~fl'YI~ n L~I'J\ICJ~~(;l~lnnl"i~\I L-ctfl\l~l nnl"i~'I-l.LLtJ"i1 'I-l.LL"i\lr;l'l-l.

1~~ln"i::!9l'l-l.l\1~"il'Y1~I(;l'l-l.U~(;l~~\l3-Ilm::!9l'l-l.l\1~"i ~\lF11"i'Yhnl"i-)(;l5(;l"il~1'1-l., .
"i::'YIll\l KqJqJl r1JLL"i\lr;l'l-l.1~Yll!9ll'l-l. rnea a n~l nl 'YI~ (;lL'lJ~(dV) nu LL"i\lr;l'l-l.1~~l

m::!9lm\l~"i l'Y1~I(;l'l-l.U~(;l(excitation voltage)(V); (dV IV),

!9l11'JL'YI(;li!5(;l"il~1'1-l.dV IV ~\I~~"i::LL~::hJ~'I-l.~flnl"iLtJ~I'J'I-l.LLtJ~\I,
LL"i\lr;l'l-l.1~~lm::!9l'l-l. l\1~"il'Y1~I(;l'l-l.U~(;lLL~mh\l1 "i ~\I CJ~1..rnl"i~l'l-l.CJ~nl"i#\I~\I,
LU'I-l.K(;l~1'1-l.~flF11l3-1hJ~3-I(;l~tlfl\lLL"i\l r;l'l-l.1~~l~-) (;l1!9l'Y1l\lflflntlfl\l1'YI~(;lL'lJmVlI'J\I,

•

CJ~~(;ltlfl\lnl"iLLtJ~\I~~(;lfl~~F1l'ltfll'Jnll'YI~m'YhnutJ"i::mrIJ ± (0.1-0.2) %

tlfl\l Full Scale tlfl\l~l\1nl"i#\l1!9l

1'I-l.~tJ~ 5 LU'I-l.nl"iLL~(;l\l'YIi(nnl"iYil\ll'l-l.tlfl\lnl"iLLtJ~\I ~~ (;lfl ~~l'YI-rU

nl"i-)(;lLLUU Ratiometric measurement 1(;l1'J~'YIi(nnl"irff\lfl~U'I-l.~w\n'l-l.'YIi(nnl"i.. ..•
LLtJ~\lLL"i\lr;l'l-l.1~~l(voltage) 1tJLU'I-l.All3-l~ (frequency) L~fl strain gauges 1'1-l.

l\1~"il'Y1~I(;l'l-l.U~(;l~nm::~'I-l.!9l1I'JLL"i\lr;l'l-l.1~~lV E ~lmL'YI~\I~lI'JLL"i\lr;l'l-l.BS; bridge

su pply LL~::~n~fl1 iler\li?l1LLtJ~\ILL"i\lr;l'l-l.1~~l LU'I-l.F11l3-1~ (voltage/frequency

converter; V IF2) ~\li?llLLtJ~\lr;l\ln~ll~::1..rF11l3-l~flflflm~F1lL'Yhnu F2 LU'I-l.

K(;l~1'1-l.nULL"i\lr;l'l-l.1~~lm::~'I-l.l\1~"iV E



i'Yli;lI(;Juu~~ vE 1r;lr;l'Jm~unu Fnll-l~ F I 'il:;~niJe:mhJ~\I(;)'J'ltu (counter; C)

I~EJ'il:;l11f)\I~lU gate ~\I~nFl'Ju~l-I~'J\lb'J~lnl'JtJ~btJ~r;l'JEJFl'Jll-l~ F2 bbi'llU'lJru:;

b~EJ'JnuFl'Jll-l~F bf)\lnbiJu«~~'JUI~EJ(;J'J\lnubb'J\I(;)u1vJvhm:;l11u'J\I'il'Ji'Yli;lI(;Juu~~2 ,

Y E b~unu ~bb~'Jarm~f)l-IIEJ\lnU'YIl-I~U:;Flru

(Cl

Figure Voltage to frequency conversion digitizing system

(Voltage to frequency conversion digitizing system)
Correction

1WIJru:;b~EJ'JnUbb'J\I~u1vJvh~bn~'ill n rrnsm b~EJFl'Jll-li;ll-l~ ~'lJEI\I'J\I'il'J•. ~ ,
i'Yli;lI(;Juu~~b~E1~bb'J\lm:;'Ylluul'YI~~b'lJ~1~1r;l'illn'Yll\ll11lu'Yll\lElElnl'YI~~b'lJ~dV

~\lbiJu«~~'Jubb'J\I~m:;'Ylluul'YI~~b'lJ~bb~:;~\I~IElnli;l1r;lrut:J~n'J:;'Ylu'illnbb'J\I~U

1vJvhm:;~u'J\I'il'Ji'Yli;lI(;Juu~~ YE b~unu «t1jt1jlrubb'J\I~u1vJ-WldV 'il:;~n'/JEJlEJ

1'I4~~l~\I~U ~\ldb~E1\1'illn~l bb'J\I~u1vJVh~lU'Yll\lElEln'ill n1'YI~~b'lJ~(;)\ln~l'J'il:;~

~l'uElEJl-IlnEl~l u'J:;(;)u1l-1IFl'JI'J~ri 'YI~\I'illmrun'il:;tln~\l1 tJ~\I(;)'JbbtJ~\lbb'J\I~U•. •.
1vJ-WlbiJUFl'Jll-l~ (voltage/frequency converter; VIF I) I'lEl1tl

~lFl'Jll-l~~1~'illn(;)'JbbtJ~\lbb'J\I~u1vJ-wlbiJuFl'Jll-l~~\I 2 ernmnu FI

uae F2 'il:;~n~\l1tJ~\lI11'J'ltu (counter; C) b~mi:l1tJbbtJ~\lbiJUt:J~nl'JtY\lJ'l'YI'ltnlu

~tJbbUU~~(;JEI~I'lEl1tJ

'YI~nnl'JbbtJ~\lbiJU~~(;JEI~ (Digitizing principle) ~bbi;l~\lH'lu~tJ~ 6

E1BUlEJ1~'hiilu 'JUFl'Jll-l~ FI I~EJ'YI~nnl'Jbb~'J'il:;biJu«~~'Junu«t1jt1jlrubb'J\lI11U

1vJ-Wl~lU me ElElnsn n1'YIa~b'lJ~(dV) 'YI~E15n'ltEJ'YI~\In~E1~lJ'l'YI'ltn~ m:;'Yll I'lEl

1'YI~~b'lJ~~UbEl\l bb~:;~lriilU'JUFl'Jll-l~~\ln~l'Jn~\li;llm'Jtl1~rut:J~m:;'Ylu5u

b~E1\I'ill n m 'Jul~EJUbbtJ~\I'YI~ElFl'Jll-l1~ bi;l~EJ'JJll~'/J El\Ibb'J\I(;)u1vJvh n'J:;111U'J\I'il'J,

Figure Digitizing principle with voltage to frequency conversion

';itl~6 'YI~nnl'JbbtJ~\I~~(;JEI~~'JEJVoltage to frequency conversion..
'illn'YI~nnl'Jrll\llU~\ln~l'J~\lb~uM"hriilu'Ju~~.g~'ltu1~'illnFl'Jll-l~ FI

~\I'ltuM~'JEJI11'J'ltu (counter; C) 'il:;~nl'JtJr'lJbtJ~EJuEI~l\l5(;Jluar&i'Yllmb'J\I~u

1vJ-wlm:;l11u'J\I'il'Ji'Yl~I(;Juu~~ YE 1~b~~EJ'JJll~'YI~mtJ~EJubbtJ~\l1tJ'/Jru:;rllnl'J,
tY\lJ'l'YI'ltn ~'JEJb'YI~d5(;J'Jl~'JU dYNE 'YI~E1ration metric measurement

~\l5~'J:; uae l~~UI'lEl rrrsul ~EJUbbtJ~\Ibb'J\I~u1vJ-Wlm:;l11u 'J\I'il'Ji'Yli;lI(;Juu~~ bbl'l,
rJ~l\ll 'J ~\lt:J~1'l4nl'J~lut:J~nl'JtY\I~\lbiJU«~~'JUI'lElFl'Jll-l1~~l-I~~'lJEI\I bb'J\I~U

1vJ-wl~l~ l~'Yll\lEl Eln'IJEI\l1'YI~~b'lJmYiEJ\IEl~l\l b~EJ'J

I I I 0 ~ Q d'd" I IV d

bb(;J~U'JlFnll-l bbl-lUEJl'IJEl\Iseuu nl'J'el\I'elU~U'/JUEI~nu Fl'Jll-lian EJ'JJll~

'lJEI\I(;)'J'lJEJlEJ«t1jt1jlru(amplifier; A) bb~:;Fl'Jll-lb~~EJ'JJll~bb~:;Fl'Jll-lbiJUb~\Ib5U

'lJEI\I(;)'JbbtJ~\lbb'J\I(;)u1vJ-WlbiJUFnll-l~ (voltage/frequency converter; V/F) ~\I

2 111'Jt:J~~~I~EJ'J'Jl-I'lJEI\I'J:;UUnl'JtY\I'eli1,~dtJn&ibb~'J'il:;~~l'l1:E1EJnll±O.1 % 'lJEI\I

Full Scale '/JEI\I~'J\lnl'JtY\l1~

•



El~1\11~n[;11~ lFl~El\l~\I~ l~ FlmEl~Fl~':I'\,l,l'Y1'1i~eT\IFl\lilmi' nn1~"Ii'l\11U

r;l\ln~Tni 1r;]iln1~tH'Ul'1l Microcomputer ll'YlUr;l'J'lt''U(counter;C) l-ctEl\l~ln

Microcomputer fll ~1~Cl"li'l\11u1r;]mnn'Y1 ~lElmZl~l W~!ru:;~"Ii'lnl~~\lll~:;

fllm~Cl[;l~'J~flEl'Uflmu:;tlEl\l~:;'U'U (system constant) 1r;][;I~Elr,m~1 l~U

[;I~'J~flEl'U~l gain of amplifier ll~:;e:I[;I~1~'JUll~\lr;lu1yJW1I1iElFl'Jl~~(voltage/

frequency; V/F) tlth'lr;l'JlltJ~\lll~\lr;lu1 yJWllUUFl'Jl~~ (voltage/frequency

converter; V IF) Uf.)n~lnd' Microcomputer eT\lfllm~Clmll~:;[;I~'J~flf.)'Ufl.nl'J:;

1:!.liill~\lm:;"Ii'1'Y1~f.)zero point ~f.)\I~:;'U'U

r;l\l,fU'Y11nflmU:;tlf.)\I~:;'U'U (system constant) uae zero point tlf.)\I

~:;'U'Uiin1~ltJ~ElUlltJ~\I~ln~le:11\1~\lll~'J Microcomputer ~:;"Ii'lnT'iFhu'Jrull~:;

"Ii'ln1~tJ-r'Ulll1i\l~l[;11~Fl'Jl~~llUUnf.)Ullflf1l\leJ~nl~~\lJl'Y1ibn

pC

LOAD CELLS (1) (2) (3) (4)

Figure Block diagram typical load cell digitizer

1U~ ru:; l~ El'Jn UlFl~ a \I~\I~:;"Ii'l n l''iri 1U~l eJ~ n l~~\lJl'Y1 ibn r;]'JEl

~lWm'Y1~lElFl~\lI1iEl1 1Ull1 ll~:;~:;"Ii'1n1".iln'UeJ~n1~~\l1n UmbElF1'Jl~~lt1f.)\I

Microcomputer eJ~n1".i~\I~:;ltJ~ElUlltJ~\l1tJl~f.) Microcomputer ~'U11eJ~

n1".i~\I'Y1~lEl'1 Fl~\I~f1l'1 nu I1il\1~ln~lJl'Y1ibneJ~n1".i~\I~ln'U1n U'Y1U'JElFl'Jl~~l

lFl~ f.)\I~\I ~1 'Il'Y1ti'n m ~"Ii'1\11Ur;]'JElr;l'JIIil ~\lll".i \Ir;lu1yJWllU UFl'J1~ ~

(voltage/frequency converter; V/F) Tf1lEl1f1i'iin1".itJ-r'Ul'IlMicrocomputer unu

r;l'Jib'U(counter; C) ~:;1'1i'eJ~~f1l~El\ln1".i~\lJl'Y1ibnii~libf.)Eln11±0.05 % tlEl\l Full

Scale tlf.)\I~'J\ln1~~\l1f1i'

(1) Front end analogue signal conditioning

(2) Analogue/Digital conversion

(3) Microcomputer and digital processing

(4) Front panel control and display block

7.1 Front end analogue signal conditioning tJ~:;nf.)'Ur;]'JEl

• Bridge excitation l'I~eJ Bridge supply lUUll'Y1~\lll~\lr;lU1yJWl

m:;~u 'J\I~~1'YlflT[;Iu'U~f1l(Wheatstone's bridge) ~f.)\lT'Y1~f1ll'll~tJ~n~~:;ii~l

10-15 Volts DC

• Sense amplifier "Ii'1'Y1,z1~[;I~'J~flf.)m:;r;l'Ull".i\lr;lU1yJwlmElluT'Y1~f1l

l'llml~:;~:;eJ~rml".i\lr;lu1yJWlei'l\1~\I(reference voltages) l'Yhn'U± 2 Volts til'Y1-r'U

hrlUr;l'JlltJ~\lKt1Jt1Jlruf.)Ul~ElmUU~~[;If.)~(AID Converter)

• Offset (of zero) l'I~eJ zero offset block ~:;1'1i'~lll~\lr;lu1yJWl

calibrated voltage l~mjf1lltJEldead load ~dlf1l~uTf1lEln1~l'1l\llU~f.l1~ill~~~U~ln

7. Microcomputer controlled load cell digitizer

~'ml 'Y1'1ilFl~f.)\I~\I~ l~ Flmf.)~Fl t'larEl1'Y1:!.l1r;liin1".i'j.i11~TFl~Flf.)~~'Jl[;lf.){

l~1~11?il Un1~Fl'J'UFl~n1~"Ii'l\11Ull~:;n1~Fhu 'JruJl'Y1ibn Tf1lElU1Krurulruf.)U1
, ~ u

~f.)nsnn T'Y1~f1ll'll~~llltJ ~\lltJuKt1Jt1Jlru~~[;If.)~,fUil'Y1ti'nn1~"Ii'l\11UtIf.)\Irrrsuil ~\I

lUU~~[;IEl~~f.)\lT'Y1~f1ll'll~Tf1lEl~'J1tJfllm".iClfl~tJ~f.)1r;]lUU'U~f.)n1f1lf.)llm~r;l\ll U".itJ~7, ~
r;l'JlltJ~\I~~[;If.)~(digitizer) ~mltJ\lElf.)mUu 4 'U~f.)n'Y1ti'n'1 Fif.)

•



dead load b~:J.Ib~UeJl~~~\ltJEl\l(;1nFll\1El~U'l-j,fllU'iEh'l-rUbFl~El\l~\IbUU(;]UI~El offset
cl' 1'JJ d d cv

voltage U~:: ~~ln Sense amplifier by.jEl'Y1:J.1U~l:1-11'i(l(;1'il~~ElUbbn::'iElEln1'i

btJ~ElUbbtJ(;i\llUbb'i\l!ilul y.ji'hnd::(;]uh'l(;i~b'lJ(;i~n~El\l (box terminals) ~\lI'YI(;i~•
b'lJ(;ib~El:J.I~ mlu ~1 El«CljCljl (u~~::~\I ElEln1il ~\I'YI~1EltJ'i:::J.Il(;ic.J(;i

• Signal amplifier block 'YilY11.hYi-ru«Clj Cljl (U(;]1UY11\IElEln?JEl\l

T'YI(;i~b'lJ(;ibb(;i::Fhoffset voltage srm zero offset block ~lmfu'Yil sclae U'i\l!ilu

1y.jYll'il:J.I (combined voltage) (;11:J.115n1'iSPAN gain calibration «CljCljl(U

(;]lUY11\1ElElntJEl\lSignal amplifier block ~::bUU DC signal ~\I~::~niJElu1tJ~\I

Aid converter ~El1tJ

t
Vin = Vrcf T

Vin a: t

~1mf U«CljCljl (U(;]1U'Y11\IElElnsn n!ill uil (;i\1«CljCljl (UElU1~Elm UU~~ (;1El(;i

~::(l n~\l1 tJ~\l1:J.1TFI'iFlEl:J.IVhb(;1d ~\I~::~ nTtJ'ibbnd:J.IL~bbtJ(;i\l~l\l'i::El::bl (;iltJEl\Irrrs
tJ(;i:tJ~Elmb'i\l!ilu1y.jYllElEln~ln!illbnutJ'i::~ (discharging time; t) 1tJbuuFh!ill

b(;itJ~~];lEl(;ib~Elbb~];l\lElElnbUUFh,xl'Y1,rn~\ltJEl\l~'Yiln1'i~\I

7.2 Analogue/Digital conversion

'YI~nn1'i'Yil\11UtJEl\l AID converter ~::bUUbbUU"Dual slope ratiometric

integrating" m:J.I~l~El 5.2 'V-lEl~1tJ~El'1 n1'i'Yil\11U!il\ld' b~mb'i\l!ilu1y.jYll~(;]El\ln1'i

r~ V· ~::(lniJElUb~l~J;]lbnutJ'i::~ (Capacitor) m ElLU~l\l'i::El::bl(;ilF1\1~~l'Y1it\lIn qJ cu q

(T) (;]lElb'YI~d''YIln~l bb'i\l!ilu1y.ji'h~(;]El\ln1'jr~~~l bb'i\l!ilu1y.jYhb];ln~l\1nU use

!ilu1 y.jYll b'YI~ltfUb~ El(1niJElUb~l~J;]l bnutJ'i::~mEl 1U~l\l'i::EJ::bl(;ilF1\1~ ~l'Y1it\l.. .. ,
bb'i\l!ilu1y.ji'hn1EJ1uJ;]lbnutJ'j::~~::b-ri:J.I~Ub~ElEJ'1 ~u1tJn\l'i::!iluFlll:J.1~\I (amplitude)

~bb];ln~l\1 nutfuA Elm EJlUbl(;il b'Yhnu bL'i\I!ilu1 y.jYh~\I~::~niJEluL~11 uJ;]lbnu

tJ'i::~ 1(;]:1-11nn11 LL'i\l!ilu1y.jYh~ ~ln11 LL(;i::1ULFI~El\l~\I~ L~F1'Y1dElil,F1LL'i\l!ilu1y.jvh~

(;]El\I~l'ir ~!il\l n ~lld'n A ElLL'i\I !ilu1 y.jYll~ r;llUY11 \IElElntJEl\lT'YI(;i~ L'lJ(;itfULEl\l

'YI~\I~lntfu condenser ~::tJ(;i~tJ~ElmL'i\l!ilu1 y.jYll (V dis) T~EJ1-tlLL'i\l!ilu1y.jYll

51\1~\lFI\I~ (V ref) ~l'Y1it\l~\I~#l];l'i\l~l:J.1nutJ'i::~ 1uJ;]lLnutJ'i::~ 'Yiln1'itJ~ElEJ

tJ'i::~~lUJ;]l(;]lU'Y11UL~~El'im'V-l~\I (highstable resistance) ~ULL'i\l!ilu1y.jYll~

Fll\1~~L uJ;]lLnutJ'i::~'YI:J.I~ 1tJmEJ1U~l\l'i::EJ::bl(;il LL];ln~l\1nu1 tJ~UEl~ nU~lLL'i\l

!ilu1 y.j~l~Fll\1El~L uilLnutJ'i::~ mn LL'i\liilu1 y.jYll 1'11\1El~:J.I1nnl-tlbl~lu lU~U... ..
L~EJn~l\l'i::EJ::bl(;ild'11 discharging time; t

LL~];l\lFlll:J.1«wKu5'i::'YI11\1~l\l'i::EJ::bl(;i1~~n1'i5~tJ'i::~L~1~J;]lLnutJ'i::~

(Capacitor) (Charging time; T) I~EJ~ll tJtJ'i:::I-I1(U 100 mS num,ltJEl\ln1'i

7.3 Microcomputer and digital processing

'i::UU ~ElEJtJEl\In1'itJ'i::m i.'1c.Ji.'1~~];lEl(;itJ'i::n ElUr;llEJ Master oscillator,

Programming unit LLi.'1::Microcomputer (/lC)

Master oscillator LUUJ;]lfl1Lil,~ real time synchronization ~l'Y1-rU ~i-

crocomputer (/lC) ~\lJ;]l Master oscillator LEl\lLUUFI~~J;]i.'1(crystal) Yi~n
•.• cl

F1lUFl:J.I~lEJml:J.1(l3,072 MHz•
Programming unit ~::~nFllU~:J.I~ln Master oscillator LL(;i::LUU

J;]ltJ'i::~lU\llUnU Microcomputer nu AID converter

Microcomputer (/le) ~::~nTtJ'iLLnd:J.I1~'Yil\11U

- c.J~];l AID timing signals L~:J.I~\lLL~l\l~'in1'iLLtJ(;i\l~l~ln

charging time; T ~un\l discharging; t

_ bLtJ(;i\l~~];lEl(;itJEl\l~l\l'i::EJ::Ll(;il discharging; t l];lmYiElunu

internal full scale count ~\I~ resolution 40,000

- ];l'il~~ElU~ml:: in-motion

- 'YIl~l,xl'Y1,rn gross, tare LL(;i::~l net weight

- LLtJ(;i\l«CljCljl(uc.J(;in1'i,rU~lUlU~(;i.gmEJ 1ul ~LUULL~~\lLUU~l
~

#U'YI:J.I1EJ:J.I1];l'i1(d) 'YI~El~l~l'Y1,rn

- LLtJi.'1\1~El:J.I(;il'Y11tJEl~LUdtJLLuuBCD LL(;i::'Y11n1'itJ-rutJ1\1~m~(;i.. .. ..
1"''''u~arm~El~\l1tJ~\I output ports

•



7.4 Front panel control and display block

lUFI'J1:!-J'Yla-nmJEh'lfront panel control block ~:;FI'lEl'UFI~:!-J~~~:!-J

FI'J'UFI:!-Jn1'l'Yh~lU1JEl~bFl~El~~~~b~FlmElUFI-J1~:;'Yl1~1,x1mrmUU~1NET 'Yl~El,
GROSS ~El~n1'lbU~fJU'Yl"iJfJ~ln Ib bUU kg 'Yl~m'J:!-J~lti'I?l'l'J~~El'U~[m:;n1'l,
'Yh~lU~ El~bFl~El~~~-J1~'JUbb~l1l~~1'Yl~El11l1vJr;l'U'Yl~ElhJ El1~'l'J:!-J~~n1'lb~El:!-J~ El

M'UEl{l1lbb~:;bFl~El~oW:!-J~bUU~U

± 0.151lV + 20 ppm/C

0.01 % of span, 0.01 % of dead load offset

Zero tempco:

Long term drift:

over one year

~'JU front panel display block ~:;th:;nEl'U~'JfJ~'JUbb~I1l~~ll>i''Jb~~

bFl~El~'Yla-nfJ'lJJn~'UlU~'JUbb~I1l~~l'Yl~n'l'J:!-J~~LED indicator, center-of-zero

indicator, l>i''Jbb~l1l~on-off bUU~U

nT'n..J~~3-I161CJ6ItliI3-161 (Data Processing)••
'Yl1n~q:jl1l ~~'l1 fJ~:;b~ fJI1l~El~b'YIFlUFIn1'lU'l:;m~ t:J(,'1~El3;l(,'1(Data

Processing with microcomputer techniques) ,fUFI~bUUb~El~mmb~:;~El~H

n~l Eld1~a-n n bb~:;Tl1lfJVil'i'n:;~b~fJ'U b~fJ~nhn~~'U'YI1~ ~lwdb~tI~'JtI bb~'Yl1n

~:; rl1'YlUI1l~El'Ub~I?l~~l ibbFl'U~~TI1ltI:!-J1~Ul~ b~'Vn:; b'YIFIUFIm 'lU 'l:;:!-J'J~ t:J~1lEl3;l~

tJEl~bFl~El~~~~b~FlmElUFI~'J'] 1tJ~~Hl:!-JTFI'lFlEl:!-JoW'JbI?lEl{'I'W~1u1~r;l~ l u'U~Eln

1I1lmbn'l:!-Jl u~tJ~ 9&11m.h"t1eJ3-I6I'tIeh'l Microcomputer controlled load cell digitizer••
bFl~eJ~~~~b~FlmeJUFI~ir tll mJ1~~n1'l"il1:!-J TFI'lFla :!-JoW'Jbl?leJ{b~lm Lti'

l Un1'lFl'J'UFI:!-Jn1'l'Yh~lUbb~:;n1'lFi1U 'Jru,x1'YlUn «tu t"U1ru~lWYl1~ aa nsn nT'Yla 111, ~~
b'lf~~:;~n~~a-nEJ~ Microcomputer controlled load cell digitizer 'Yl~m~tlnTl1lfJ

deJ-J1 l>i''JbbtJ(,'1~~~I?lEl(,'1(digitizer) bviElu'l:;m~ uri1~ 1?l'l'J~~eJ'U1leJ3;l~uae

bb~I1l~t:J~n1'lti'~ uwYin 1leJ3;l~ bUU~U 1leJ3;l~Tl1ltl~'J1tJ1JeJ~I>i''JbbtJ~~~~l?leJ~

(digitizer) l>i''JEld1~

•... 211651b

Analogue input

Sensitivity:

Full scale range:

Figure Typical load cell digitizer
(courtesy of Analogic Corporation)

1.6-65 IlV per display increment (d)

15-65 mV

AID Conversion

Resolution: Internal: 40,000 counts

1,000-10,000 (d) selectable n1'lUElU~eJ3;l~51~~~ (reference data) b1l11tJlUtJ'lJJUn1'ltJ'l:;m~t:J~

~1a-n'l(ln'l:;y'h~lU'YI1~ key board 'Yl~mrl?l'lb~l:;~ ~~El1~'W'Ub';;u1r1i'mnlwu~~uu

eJtJn'lcl~l~ wffUI?lEluu'l:;m~t:J~1leJ:!-J(,'1tJ'l:;neJ'Ur1i''JtIRandom access memory, ~
(RAM), Read only memory (ROM), bb~:;Central processing unit(CPU) uansnn

Display:

Accuracy.stabllitv and reliability

Linearity:

Span tempco:

Within ± 0.01 % of span full scale

Maximum 20 ppm/C

•



,:ttJ1~1~ RAM LGl1a.JL~a.JL~a.JLvi1JHl um'iLiiu~ 1J3;jmvi1J'\.HULLGl(;hlc.J~t;l'JElVisual

display unit (VDU) LL~::LFl~1J\lYla.J~

~1 U«qJ qJ1 rut;ll U'Yll \l1J1Jn~l U eT\I~".mu 'i:: a.J'Ja c.J~ ~ L~n m1J ii.n a

(electronic data processing; EDP) ~U 1,ruu'in~~::n'i::'Yil~lU opto-couplers

Lvi1J~LLEln'i::UUn'i::LLGl1~-W11J1JnLtlU2 'i::UU~lnnu

I a I a d Co

6. aU13Hb:lH'Han (Magnetic fields) GlU1a.JLLa.JL'YI~n'll\11J1~Ln~~ln

electric arc ~lULL~lLL~LtlUGl1L'YI~1'I1L'Y1,iEll'-'1n'i::LLGllUl\1~'i~L~n'Yl'i1Jii.nam El1U,
LFl~1J\ltt\l ~ L~n'Yl'i1Jii.na ~\I eT\I~\Ic.J~~ 1JFll1 a.J'\.bL~1J~mJ1J\Im 'i'Yl1\11WlJ1J\I'i::UU

m'ii\l'-'l'YI~n

7. Lightning from thunderstorms as well as electrical transients

m'iLn~-W1~1-W1LL~U~\lLtluU'i1n!lm'iruD'i'ia.Jt11~ ii~c.J~~1J'i::UU~L~n'Yl'i1Jii.na

m ElLULFl~1J\ltt\lL~UnU 'ila.J~\lm'iL~a.J'YI~1J~~~\I-nufh1ul~'lJ1J\lLL'i\l~ul ~-W1

mElluGl1El~\I L~unu(Sources of error due to the electronics and electrical installation)

'YIlnhJ1'14Fl'J1a.JGluL~m'i~~~\I&i~~\l1Jumru1~-wlLL~::1JUmru~L~n'Yl'i1Jii.na, ,
~L'Yh~Fll'itJ1~n1JL'14Ln(;lc.J~~~m'itt\lLLuu~a.J (random weighing errors) LL~::,
m'i'Yll\llU~~'YI'ihYi (operational malfunction)

1. n1'H~ualvaqJqJ1Wbba~alvl'WYh (Cable and electrical instal-

lation) 'YIln(9m~Gl1JuhJ~ 'YI~1JhJ~m'i~1JGllEJ~\ln'ill(;]~~Y-m (9J~1J~~uFlrum~,
L~1Ja.J~1J'lJ1J\ll\1~'iLL~::'i1Jmr~n~L~1Ja.J~1J13-l~ ~\IL'YI~l,:ttJ1~LtlUGllL'YI(9J'lJ1J\lc.J~~~,

8. nl':ibb\'1~n'liiluliIlnaqJqJ1W1\'1~ (Radio interference) ~lnFl~U

1'YlEJ~1JGl1'i~lUFll1a.J~VHF 'YI~1J~ln~'[a.J'YlFl1JU'['Yl~~l'YI~UFl1UFla.JLFl'iU, '
, cl

9. Microwave radiation from radar station m'iLLc.Jn'i::~lEl'lJ1J\lFl~U

L'i~l{ ~\lLtlUFl~U~lUFl11a.J~~\I~lnGlm-cl,~U~\I

Processing OutputInput
2. ilW'H.n3la"'H~il~ldlu1tJ (Excessive temperature) m'i~1Jru'YI.n~

" <U <U " cu

'lJ1J\I~\ILLl~ ~ 1Ja.J'YI~1J1Jru'YI.n~U1Llru~ ~ ~ ~\ILFl~1J\I~1J1JUn'iru~ ~l Gl\l 'YI~1J~1 LnU, cu 'I cu

REFERENCE OATA

3. fl11:J.1iULUilln1A (Humidity in the air) 1J1~LtlUGl1L'YI(9J1'14Ln~,
m'iFllU LL~U'VI~1JtJ1~~~'YlD~~U1a.JlruFll1a.J~UmEl1U1JUn'iru,

ROv

•

rI ~I ,... cl
4. bbnabba~~Ua~ilil" (Gases, Fumes etc) b~EJLrw~l::~l~ln'Yl

LtluLLtiGl~n1J1'I4Ln~m'in(;ln~1JU ~\lLL~~::~1Ja.J'YllL'YIiu~lun~ln 'YI~1JrwulU'YI~1J

'YI1r1«a.JiJGl'lJ1J\ll\1~'il~-Wl ~t1qJ'YI11t;lt;l'Jm~unu L~uLLtiGl~m~1J{1~1J1Jnl'l1(;]'YI~1J

nla.J::(]U~nnL'lJ3-l1'irlElU!9l

Figure Typical data processing system
5. Mechanical shocks, vibration etc. tJ1~~\lc.J~~lEl~1Jm'i'Yll\llU'lJ1J\I

~u~lun~ In 1m::uUm'i#\lJl'YI~n 'ila.J~\I~U~lU~ L~n'Yl'i1Jii.nGl1t;lt;llEl



(Definition and Realisation of the Unit of Mass)

'lh::L'YlF!1'YlrJLu-rt!i:UrrJ~'i::'Ul'Yl53-1L~IiJ~'i::3-I\lnnLmh~lfl~~'Jm\l~'i::,:.J ••

n'lO.nIthI?lLmh'l L'I4L5ul'U~n'l::m'J\l3-I'YIl1?l1'YlrJ L5Ul'U~n'l::m'J\I~'i::Fl~\lLL~::,
L5Ul'U~n'i::m'J\lUFl'i'Ul~ th::tf3-l'\.J1mYlnu'YhFl'Jl3-lLliuL~fl"zl3-ll'Yl~Ln~lL5ufl, ..
(~l\l\l fidlrJ3-IlnL 'l4Ei'flun~'U1'\.J~lU "'\.J'i::~nl'i#\lj;J'J\l1j;J?Jfl\l'\.J'i::L'YlF!1 nu" L~'il::

&JL~rJUj;JI?I\lln3-ll'Ul\lci'JUL~flFl'Jl3-la1'U) IiJULu ~5j;J~'\.J'i::tf3-l'Ylmn~1"1 mlrJ'ilrJ\llU
cu •• "cu

Fl'Jl3-lLliuL~fl ~.F! .2454 ~l'\.J'i::LY1F!1nsm Fl'J'iL~lLtJu53-1l~m~fl-r'U Lfll15 L3-Ij;J~n

mL'lI ~\ldL~ flL'I4'i::'U'U#\I j;J'J\l11?1t1fl\l'\.J'i::L'YlF!5fll?lFl~fl\l j;Jfl\ln'U'\.J'i::L'YlF!flUl'irJ::~\I

'Yl~l rJ'i'J3-1~\l5m~ m 'i Iilj;J~ fl F1ltJl rJtJfl\l.IJ~m FlLL~::tIfl\l T~n LL~::1I1i'm\li'lliJl'irul

Lliut!fl'U l1i''JrJ n'i::'Yl'i'J\I Ln'IYj;J'il5nl'i LU5a1'rJ5a.!L~IiJ~'i:: L~l~rJl .ea n'la.!'Yl~'J\I

'iltf'U~~L'inn'Yl~LtJm5ul'U~n'i::m'J\I~\l1I1i'LL~\lFl'Jl3-llii'lU\l1'\.J£1'\I-rl\i'lJl~~.r\lLF!5L~fl, "I •••

tJm1htJumFi53-1l~ne:JltirqJqJlL3-Ij;J~n (The International Metric Convention)

~\lLtJumbrJ\llU~~nrlfl(ff\ll1i''JrJFl'Jl3-l~'J3-I~fltlfl\l 17 '\.J'i::L'YlF!rlfl~\lL~fl Fl.F!. 1875

(~.A. 2418) ( ~-rfla.!n'U~j;J~\I'Yl~'JrJ\llU'ifl\l~\l3-IlL~fl'\.JiN~i\llU~n 3 'Yl~'JrJ,:nU1I1i'LLrl

General Conference on Weights and Measures LU~e:J~.r\lLA5Fifl Conference

General des Poids et Mesures (CGPM) , Flru::n'l'i3-lnl'i#\lj;J'J\l11?1'i::'Yl-Jl\l'\.J'i::LY1A

(International Committee on Weights and Measures LU~e:J~.r\lLA5Fifl The

Cornite Internation des Poids et Mesure; CIPM) LL~::~lUn\llW~-\lj;J'J\l11?1

'i::'Yl-Jl\l'\.J'i::LY1A (Bureau International des Poids et Measures; BIPM) ) ~

'\.J'i::L'YlA~.r\l LA5 '\.J'i::L'YlA1'YlrJ111i'L~lLtJumA 53-1l~n flUirru nnL3-Ij;J~nLL~::-r'ULfll15, ~~
L3-Ij;J~n3-llLtJU'Yl~nnl'i~\lj;J'J\l11?1t1fl\l'\.J'i::LY1AL~fl~.A. 2455 (Fl.F!. 1912) LtJUj;JU

mliJu~\li1liJliJuu IiJ::Lliu111i'-:h'\.J'l::L'YlA1'YlrJLu5a1'rJL~3-Ij;JUfi'r1U5a1'rJhJUflrJ L~unu,
fllliJliJ::LtJUL~'il::~~'\.J1n'IYl'lltfnl'lLL~u~ULtJUFlU~.r\lLF!5fiLtJu111i' Litfl\lliJln'Yl~\I

flltirqJqJlL3-Ij;J~n (The International Metric Convention) rlfl~\l1I1i1.utJ Fl.F!. 1875

•



('VtF!. 2418) D";i::b'YlF!1'Ylm";iln1Iilb~lbu"u'f:!-Jl~nluu FI.F!. 1912 tlln:!-JlbW£J\I37 U

beN bb~l UUlillil,jm";il.,blil::tht'l~\lll,U~tJ\lti'\lI?l'J\lllnlilln£J l"iDtJTilbUU 100 U n11il, ,
'YI~tJtlllilY\l\lnU 37 Ubrilb~:!-JntJllilbuuM lF1";i1il::1Dj'

LFI";i\lt'f{l\ltltJ\I'YIU'J£J\llU";i::Iil'Ut'flnt'itJ'fj>trqJqJl b:!-JI?l~n (the Metric

Convention) uae International coordination of Metrology 'YIlnhJ1liltJ~lu
<u

'J\lnl";i'd'nlnbb~'J~\ltr'Ut'fUUl\l bb~b~tJln LFI";i\lt'f{l\ll UI?l\lbbt'fIn\lHl U";iD~ 1 eJllillil::
<u <u <u

b~llli1fll'W 11il'Zl1?lblilU:!-Jln ~\I~U bbt'i::liI::11ilml'Ull eJ\IFlnl";id~ C.Jt'i~eJLt'in:!-Ju'b}~:!-Jln,
,zeJm.w£J\llln nl 'I4:ij'Ul!]btllbeJ\lFI-r'U

~\lbb~m";iD";i::'tJ:!-JFlf\l~m:t\ltleJ\I~ll m";iD";i::'tJ:!-J1mUlllil'J£J:!-JlI?l";il~\lI?l'J\llln, , ~

r(General Conference on Weights and Measures) lu~eJ~~\lbF!t'f~eJ Conference

General des Poids et Mesures (CGPM) 1UU 1889 ('W.F!. 2432) Mt'f";iDbbt'i::,
1'l4Fil'i4.£Jl:!-J~eJ\I'YIu'J£Jmt'i (the unit of mass) I?l\ld

Cu~s~mt!JJt le CIP!It1A<lf lef ~t1est!j,)n'!-~ui
;~I;( 15001: $(lUmIS6$, Ch.-r;1)1! C<3flJlie. (!5t r~;ktJ

tNt! tilt mtlmb,,, de CIPM et !eno'it
10&rltprt~l1tl.lnu de:s 1<I~rntoltiJ5 "atlr.:l~lH')!

11'10$1q:.tl!l d", ~x;)4<rb

Give ad.•\« to th. ClrM on matte" f~~tred
to them. Eaetl I. ehaired

by a ImKnbe, of the CIPM and rons:ls.lS
of ,.preuJ'lbtl¥8S from MtlOnaI13lxl(;uorn,.

&nd otM' -..xpcm

Comites consuttatits '01:

"The kilogram is the unit of a mss; it is equal to the mass of the

international prototype of the kilogram"

b:ijll?l'Jbb'U'UD";i::Cl:!-Jt'flnt'i'YIu'J£JnLt'in-r:!-J(the international prototype of

the kilogram) 'YI~eJI;;h~eJlu5n'b}";i5\1ml'b} ~eJ IKP ~~n'b}ru::bUUm\ln";i::'UeJn~\I

39 ;i:lt'i~b:!-JI?l";ibbt'i::'IIUllnb~U~lU~U~nt'il\l 39 ;i:lt'i~b:!-JI?l";ib~UnU vhlil'J£JLt'i'YI::

5t'it'ieJ~~\I~~'JUD";i::neJ'UIil'J£J platinum ~lU'JU 90% bbt'i:: iridium ~lU'JU 10%

b~£Jn~eJlu5n'b}";i~eJtleJ\lbb~i5ll?lLl?lm'J:!-J ~eJ Pt-Ir (platinum- iridium) FI'Jl:!-J'YIUl,
bbUU~eJ\lbb'U'UD";i::Cl:!-Jt'flnt'i'YIu'J£JnLt'in-r:!-J~~lLI?l£JD";i:::!-Jlru21,500 kg/m3 m";i~~

m";ib~eJmtll platinum- iridium :!-JlrllbUU Prototype ,ful!]b'YIiieJuliI::11il~nl";i1'14

b'YII?lC.Jt'i~ll FI'Jl:!-JFI\Ib~UFl\l'Jll Ub~eJ\ltleJ\lI?l'Jmt'itleJ\lLt'i'YI::5t'it'ieJ~'tJ~l?ldUlb~eJ ~eJ,
11il UtJ nlill ndl Ub~tJ\ltltJ\I nl";irllDljn~£Jl n'U~\I tn In~tJ :!-Jfll£JUtJ ntltJ\lLt'i'YI::5 t'it'itJ~

~
'tJ~1n platinum- iridium ~,ztJ£J (chemical passivity) ~m1\1~FI'Jl:!-J'YIUlbbUU~\I

:!-Jln~\lC.Jt'il'14~U~~'JtltJ\I€U\llu,ztJ£Jt'i\l (very small geometrical surface area)

I?l\l,f ULtJrnt'f~~ ~'J tr:!-J~ t'f,ztJ £Jn ~\I ~LtJ m t'frll'ulj n~m n'U ~ \Im In~ a :!-J,ztJ£Ja \I1il'J£J

Convention ClI Met1e
1875

Conference generale des poids et mesures
(CGPM)

1b~s~mt'l" It'$' deicgu% 1.16 ~ ICf h~t~fr.I,m!l'<Hi

et 'l>CI f;JUn't t.-:l!J~:tu, qnaire <PIli:

Mc~b e'¥e'l f6ur~ea" and t(m,jlt~ (It

d~tt'gatfl ft6m all Memi>ecr Sbhe.

Comite international des polds et mesures
(CIPM)

C(>"*((:1w. lSt.:-!'.uit f1l~mbft!>5 i,I>.J~a trtee pcn><)Ol'lel
9dS :<1(."QPM !I (lS' cl\,H'gc ue ""I*ni'Wf I~ alf'M o>t

io;.;tt'~ '<3'.!> !ltl.!rc~tjt. la c()",.,,~rttli):'1 dlJ Mf:ln~,
Le C:PM ~ t~O:'llt toes w.s ,lnS'W Bif'~

ConsAsts of t'lehteen i"di\'kluah~ iMeC'lfHJ by the CGPM,
It IS c:h,Hged .Ith .uper\llslon of the BIPM
aruJ thf affairs of the Convention dl.l Mette.

The CIPM meeH artfW31ty at the 81PM

rrait~
dlf)If)m~tlqu~

GlKflt't!>rrHH'IWIlU

dt;$ E~ mernbH:lI

(;Q~rnmenbot
Member Stat&s

Ctt;~ft'l><ttlom~
!~hon)3titnmkl'!ji

IntHmrtJonal
organllaUorl1

t_----.,
i..a>1;,lI)rotP:if~

n;;ItiM'uO

Bureau international des polds et mesures
(BIPM)

ceotee internotjUlltll ee la m!'ttut<>W1! !Ji~il"r.(!liq\J'"

L••OOriltQil~ et ~,.Ht!')lll •• S~¥te-s avec
C!lVIW'l'Wi.\a~t&di .•.~.fS"tll'l(l~ de n~ti<t1mlitM>jii"t:rh'~s.

,,,t~m;J!:IOMJ e*nll. for nwtJ()I(ltP'
laOOtstort.s a(jd offices e t S• ..,o.,

~lth an jnt"mat!oml !Jtutf 01 ~boo\ d\'&lity

• S. rltpQf'\~.\I tnb 1»#.14 p!)Ut1Jtlid. '"" com.itk c~tm..
• s- u.f. !:Ill Comtt." Ct.M,Uft.n"" !Il: tellt !)f1 \)!IIg_ J.4

Nali<1nal
f3bof3to~.

LFI"i \I t'f~l\l'/J tJ\I'YIU'J £J\llm::I?l'U t'fl n a tJutr tu nn b:!-J[;J~n (the Metric, ~ ~
Convention) uae International coordination of Metrology

•



'!'lMrnClWIlGI
Mi.'Ior('.co'lCr;f;t:1n

I

Diplomatic 1(I'fef 1------------ -----------_.
$clenflfic cnd teCr)l1ttu! 10'101

Imernafionol Bure-m,
Of Wtl!gN~or.d M«:Wt6S BIPM

Fig. The oruan 01' the \ktre Conveuuon and intcrnmional coordmauon of metrology Ihc Consultative
Conmuucc CC;\l (l~e COtl1I1l'" Consuh.inf pour la masse et !I!S grandeurs apparcnrccs) was esrabhshed In 1990.J~
the g!h Techrucnl Conmuucc

~'lI~1.. (mf) 'YI~elladl£J'1 5n~tJLLUU'YI~~~e:h'lTFl';i~~~1~~El~'YIU,)£J~lU';i~!ilU

~ln~ ElU«rurulLa-Jj;J~n (the Metric Convention) LL~~ International
• u u

coordination of Metrology

L'1l'fl,nU LL~~L~~a-Jc;l,)£Jn1';i Lnu-rn't!l-l~ LEl11'ill~ LLfld~Flrum~ n ~~~~1~ Fl,)l a-Jtul'iJ•
"hlU';i~£J~m,)LL~,)Fl,)la-JL~~£J';im~~El~a-J,)~~~~ElU~l\1~~~ lu~tJ~ 2 LUULLUU

tJ';i~(la-J~ln ~'YIu,)£JnT~n-ra-J,i~ n:5'~bnum£Jl Ub~Eln'YI~mhFl';iElU LLn') (glass

bell-jars) 3 #u jan11'il~~n1';i Vacuum El1n1Ftm£Jl'fl,~lFl';iElUbbn,)c;l,)£J(~~tJ~ 3)

lWU'il'ilU'fl,bbuutJ';i~(la-J~ln~'YIu,)£JnT~n-ra-J'YI~ElIKP 1c;l(lmnu-rn't!l-lHbUUEl~1~~~. ~
Bureau International des Poids et Mewsures (BIPM) 'YI~Ell'fl,~ElJl1't!1-15~nC]'t!I-

L~£Jn11 International Bureau of Weights and Measures ru dlEl~ Sevres

ln~n';i~tJl~~•

~'lI~2 bbUUtJ';i~(la-J~ln~'YIU,)£JnT~n-ra-J(the international prototype of the..
kilogram) 'YI~m.h~Ell'fl,5n't!l-';i5~nC]'t!I-~e:JIKP

bbUutJ';i~(la-Jmn~'YIu,)£JnT~n-ra-Jdtc;l~nCJ~j;JT~£JU~';'YlJohnson, Matthey

& Co. lum~~El'fl,~e:J'fl, 'lh~b'YlFt5~ml't!l- l'fl,tJ 1879 (~.Ft. 2422) ~l'fl,,)U 3 €u

c;l,)£Jn'fl,~e:J~I KII use KIIItJ';iln!l11€'fl,~ 3 ~m~e:Jnl'l1bUU IKP b.cte:J~'illnl'fl,tJ

Fl.Ft. 1880 The Commision Mixte nu M. Collot 1c;l'Yhn1';itJ-rUbLm~,11'Y1,rnKI

KII bb~~Km 'YI~1£JFl{~'ilUm~vt~~u11 KIll ~~lb'Yhnu mass of "Kilogramme

des Archives" m£Jlu~,)~~El~Fl,)1a-J1~bbuue:JU~e:J~n1';il~lUbFt't!l-~')U 1000

•



( 1l1.tJ F1.F1. 1883 (ytF1. 2426) International Committee on Weights

and Measures ll1.~mJ.r\lLF1\'{~1) The Cornite Internation des Poids et

Mesure; CIPM 1IilL~1)nl.x KIll LUl1.IKP LL~~~mn General Conference on

Weights and Measures ll1.~1JCJ.r\lLF1\'{~1) Conference General des Poids

et Mesures (CGPM) n1)l1.3-J~l.xLUl1.bb'\.J'\.JtI"l::mHflmnnl·;aJnt~nf3-1 (the•
international prototype of the kilogram; IKP) YI~\I'illmfl1. IKP nLul1.~i:S'mul1.

'Yll\lnl'rJl :ihUlnf]i" K 1)1)'iI~\l1 LL~l~:S'nl mtl!l 1)\1l1n'\ol-'jK 1JUIiI(;]l11n'\ol-'j Gothic.. ..
(the Gothic letter K) flTV1-rU KI ,rl1.~mJ'j~mF11.xLul1. reference standard 1l1.

!lru~~ KII fJ\lFI\I~n:S'IiILnuHLUl1.e:J~l\l~ll1.~.r\lLF1\,{

1l1.tJ F1.F1.1884 (YtF1. 2427) U~';Y1L~mnl1.~\'{~l\1 KI, KII LL~~ KIll

,rl1.~e:J Johnson, Matthey & Co 1Iir~\muutl'j~(l3-J 1 nl~n-r3-J5n 40 ~n 3-JlfJ\I

BIPM L.tjm11m'jtl-rULL~\I,xlYl,znll1.~l\1'j~'Vdl\ltJ F1.F1. 1885 (i\l F1.F1. 1888 LLUU

tl'j~(l3-J 1 nl~ n-r3-JY1n a n'il~~ m'j'Yh LFI~e:J\lYl3-JleJUl1.~l€l1.\lll1.~\I'iI~ L;1l1.LUl1.'je:JeJ...
LFI~e:J\lYl3-JltJ1Iirii ~m~e:Jlilll1.3-J3-J~~ m'j\'{~y] 1)l1.?Je:J\I~l€l1.\lll1. ~l\l'ill nuuuihenu.. .
\'{ln~YI...iltJnl~n-r3-J (the international prototype of the kilogram; IKP)

(i\lLLarl1.LUl1.~i:S'nnl1.1l1.l1.13-J :ihUlnf]i" K LL~nhJ~m'jYhLFI~e:J\lYl3-JleJ~\lUl1.~l€l1.

\lll1.LL~1)~l\llli1 !l1)UL!lI'I~eJe:J3-Jl.xc.J~~1iI (tolerance limit) ll1.m'j~\lLtl~eJULYieJU

LLUUtl'j~(l3-J 1 nl~n-r3-J~\I 40 €l1.nu IKP ,rl1.'iI~eJe:J3-J1Y11~Lnl1.±O.2 mg LL~

LUl1.m'jtJl n~'iI~'Yh1lir &l\l,r l1.1l1.m'jtl'j~1J3-JFI~\I LL'jmJe:J\I~':hm'jtl'j~1J3-J 1Ylru-h&lltJ. . ~
3-J11'I'j1~\ll'Il\1rlil (General Conference on Weights and Measures) 1l1.~e:J

~.r\lLF1\'{~e:JConference General des Poids et Mesures (CGPM) ll1.tJ 1889

(YtF1. 2432) ~\lri'lYll1.1iI1.x?Je:JUL?JI'I~eJe:J3-J1Y11.xc.J~~1iI(tolerance limit) L~3-J~l1.LUl1.

±1.0 mg ~\lYl3-J1iI42 LLUUtl'j~(l3-J (Prototypes) 5n 2 ~n~L~3-J'illn 40 ~n ~1) KI
~

LL~~ No.1 ,zl1.Le:J\I

'illmill1.1l1.~\lYl3-J1iI 42 uuuthenu (Prototypes) ll1.tJ F1.F1. 1889 ,rl1.

30 ~n'il~(ln~\l1tlm~'illtJ1tlfJ\ltl'j~LY1F1\'{m~mL~~ BIPM 'jl~~\l 2 ~n~Lnl1.m'illn.. .. ..
40 ~n ~1) KI LL~~ No.1 ~\l~mUl1. Reference standard (ternoins) n~n~\l1tl

Lnu-rn'\ol-l~ BIPM ~~e:J3-Jnu IKP &lltJ tl'j~LY1F1\'{YI~wj\'{lemru-r1\iLtJ1)'jarl1.1&l..•
No. 22 LL~~~1\iBavaria 1Iir No. 15..•

Fig. Sectional \ le\\ of an onginal contamer for a kilogram prototype. 1\ Pt-lr alogram prototype. Q Quartz
plate as flat surface (or the prNo!,) pe. P. I' Base plate (1') With brass cvlmder (1'). A Brass crown (L) wuh srlver
nng (A) (1110., diamerer 42 mm) for protection agains. possible Side movements of the prototype. C. C' Glass bell.
Jars secured against Side movement b) a ridge 00 the base plate (P). E. F Fixtures secunng the outer glass bell-Jar
(C). Fixture E IS attached. '''tUft F " removable, S Safety device for the removable fixture (F); The imernauonal
prototype IS addruonally protected b~ • thud glass bell-jar whrch I"" On a poh'hed glass plate (Fig. 22.6)

~\l~e:Jmll1.tJ F1.F1. 1882 KIll 1&l~m~11tl:S'IiILnU-rn'\ol-1e:J~1\l~~ BIPM (i~I'Ie:Jl1.d

~L~tJl1.~1l1.1 il~ll1.3-Jl n tJ 1)~-rU-Jl3'jl1.L~ mt'1) tJLml~~ e:J\l1tlYll~lWJl mass of

"Kilogramme des Archives" ~e:Jn~h~1) 3-JlfJ1)l1.n~u1tll'le:Jl1.&ll1.,rl1.L'jl1.x

YI...iltJ?Je:J\lm~ (mass) ~e:J "gram" lliltJ 1 gram ~FhLYhnum~?Je:J\I 1 ~nUlF1ri

L'lJl1.~L~I'I'j?J1)\l,xl~1)ruYl.flil 0 e:J\lF1lL'lJ~L~tJ\'{ LL~ll1.L1~l~e:J3-Jl 1&lLtl~eJl1.MYI...iltJ. ..
?Je:J\lmmUl1. "kilogram" ~FhLUl1.~l~?Je:J~ 1 ~nUlF1riLIiI~L3-JI'I'j?Je:J\I,xl~e:JruYl.flil.. . ..
4 e:J\lF1lL'lJm~tJ\'{ 'ill1.1l1.tJF1.F1.1799 (Yl.F1.2342) 1&l~nl'jY11~1~&lmLUU (Prototype

of the mass) ~l1.lliltJ:S'IiILnu1nl1.~:S'IiILnUL1)n~1'jfllFlqJ (archives) ?J1)\ltl'j~LY1F1

~.r\lLF1\,{ LL~ltJm~nil.tJ13-JLnl&l\ln~ll &lltJLYI~d3-Jl~&ll1.LLUU (Prototype of the

mass) ~\l1&l~~e:J-Jl "Kilogramme des Archives" ,rl1.Le:J\l

•



lull Fl.Ft. 1905 'iilU1U Prototype lu BIPM b~~~UbUU 4 ~n~EI

No. 8 bb~::No. 32 (KI , No.1, No. 8 use No. 32) bb~bitEl\Pil1n~ml~~[;]'\'l~l[;]

1u'j::'YI~l\1#U(;]ElUnl'HJ~(;] No. 8 f:ln'YllbFl~EI\I'YIm~~[;]hJn~11~Elf:lmh~ ~
bFl~EI\I'YImmUU'YImm~~41 ~\ltfu~\lb~~n No. 8 bUUNo. 8(41) lUbl~l~Elm

luu 1925 No. 7 ~nl~buu Reference standard (ternoins) bb'Y1U~

No. 1 bitEl\l~ln No. 1 bfi[;]ml~b~~

1UU RFt. 1938 'iilU1U Reference standard (ternoins) ~Fl'jEl'UFl'jEl\l

rKl~ BIPM 1rKb~~bUU6 iu T[;]m~~ No. 43 bb~::No. 47

bb~bitEl\l~ln Working Prototype ~EI\I BIPM 'iilU1U 2 iU~EI

'YI~lm~~ No. 9 uae No. 31 ~n1'jUl~ll~tlElmb~1'Yllh1bUU~1(;]nn\ll~~\I

ml~~nrKEI\I~\lril'Y1U[;]h1fllm'jf:lUlmlmrKb¥l~\I 1 Fl~\llu'jEl'U 5 U ~\ltfulull

Fl.Ft. 1958 ~l Working Prototype ~ll mJ~EI\I BIPM n~bfi[;]~urKl~'YImm~~

No. 25 fl1'lhb~1 BIPM Fl'jEl'UFl'jEl\lPrototype ~\I'YI~[;]6 Reference standards

(ternoins) ~EIKI, No. 7, No. 8(41), No. 32, No.43, No. 47 bb~::~4 Working

Prototypes ~EINo. 9, No. 31 uae No. 25 ~\lbbfl[;]\llu~tJ~ 4

1U'j::'YI~l\1U Fl.Ft. 1929 ~\I Fl.Ft. 1993 1rK~nl'j:ij[;]'Yll Prototype

b~~~u~n 37 iu b~mb~fl~l~l in'UtJ'j::b'Y1Ft~bUUflm~fl(;]l~Eluirrurulb~(;]~fl, ~~
(the Metric convention) T[;]~~lb~~b~~u'U~m~~rKubuu No. 41 ~\I No. 77

1UU Fl.Ft.1951 tJ'j::b'YlFtfl'YI~U5fllDl'jru-r~b~EI'jaru1rKNo. 52 'Y1[;]bb'YlU

No. 22 ~bfi[;]Flll~b~~'YI1~1tJlu~l\lfl\lFl'j1~T~flFl~\I~ 2 bb~drK-r'Ub~~~n1 iu
~EI No. 55 lull Fl.Ft. 1953 bb~::~Elm No. 55 n~fl~\I~lbn'U-rm~l~ PTB

~lU No. 15 ~-r:fj Bavaria 1[;]1tJl u'YIu\I~EI~~luhJ~n1'jfl~11~\lfl\lir~flru'Yl1~..• ~ ~
1tJ1Ufl\lFl'jl~T~nFl~\I~ 2 b~unu luu Fl.Ft.1987 PTB n1rKb~~~1~n 1 ~fl~EI

NO. 70 fl1tJtJ'j::b'Y1Ftfl~1~flFl'jElUFl'jEl\lKilogram Prototype ~1rK-rU~lfl BIPM

bb~::emn1'jbtJ~~ubYi~unuIKP ~\llU(;]l'jl\1~ 1

1utr~~uU~lUn\llUn ~l\1~\l1'1l\I1[;] 1rK~tJ'j::n1Ftfl'j::'Y1'il\l'\'l1ru~EJ,. •... . .
dlo !Vd Cl..lCI..IQ cv Q..I

b'jEl\ln1'Y1U[;]bbUUm(;]'jl~U'YIU\I(;]l~'\'l'j::'jl~Uf1Jf1J(;]m(;]'jl~\I(;]l\ll[;]'\'l.Ft. 2542

Fig. Depot 01 the kilogram prototype and the earher metre prototypes at the I3IPM. Above: the metre
prototype III II~ metal coruarner Below: the international kilogram prororvpe (centre) and the six reference
standards (lcm0uB} In the rOh.'grounc there are two thermometers. an~; 00 th~ Id) 15 a hair hygrometer.

'itJ~ 4 ~:ij[;]bnUIKP uee meter prototype ~ BIPM..
'itlu-u: meter prototype ~f:lfl:ij[;]bnum~l un~EI\lb'YI~fl.. ~
'itl,h\l IKP 'YI~EIMr. K ~::EI~(;]'j\lfl~l\1fl[;] ~lU~fl 6.. ~,
Reference standard (ternoins) EI~rK1U~l\1~1~~11~EI

KI, No. 7, No. 8(41), No. 32, No.43, No. 47 ~lU 4

Working Prototype ~EI No. 9, No. 31 uae No. 25 hJ~
'd'

bbfl[;]\l11twYiu

'\'l.Ft. 2550 ~\l1U~ 4 ~.Fl. 2550 ri'1'Y1u[;]h1m(;]'j:fjlUbbvl\l~1~rKlum~~ElrK~..• ,
Jl'Y1Ufl 1 fiT~fl-r~i>lUbbU'lJ'j::'YI~l\1tJ'j::b'Y1Ft(International prototype of the

kilogram) 'YImm~~ 80 (;]1~tJ'j::fllFtfl'j::'Y1'il\l1'Y1~lFtlfl(;]'hb~::b'Y1FlTuT~~

b~EI\lri'1'Y1U[;]~1(;]'j:fjlUbbvl\l~1~b~mnum..b~1[;]tJ~~lrubFl~EI\I~EIEltJfl'jclbb~::..• ,
1fl[;]ei'l\1B\I~H1Un1'j1[;]tJ~~lru ~\l1U~ 13 n.u. 2549 ElEIfl(;]l~Flll~1u,
'\'l'j::'jl~Uf1J~~~I>},JU1'j::UUm(;]'j1'Y1mbbvl\l~1~'\'l.Ft.2540 bumbUUmml#U'YIit\l

'Y11\1m~(;]1~'\'l'j::'jl~Uf1J~~m(;]'jltJ\lj;ll\I1[;] '\'l.Ft.2542

•



&11'11\1\1 1 r;l11.Jth::L'YlAr;lJn~nFl";j1JUFl";jeN Kilogram Prototype ~1r;l-rUlilln BIPM

LL~::C.J~n1";jL1.J~EJULYiEJUnU IKP
No.34
No.35
No.36
No.37
No.38
No.39
No.40
No.44
No.46
No.48
No.49
No.50
No.51
No.522
No.53
No.54
No.553

No.56
No.57
No.58
No.60
No.621

No.641

No.65
No.66
No.68
No.69
No.704

No.71
No.72
No.74
No.75

Table National Kilogram prototypes compared with the international
prototype of the kilogram in the 3rd verification 1989-1992 [22.20]

BIPM reference standards (temoins):

KI
No.7
No.8 (41)
No.32
No.43
No.47

1 kg + 0,135 mg
1 kg - 0,481 mg
1 kg + 0,321 mg
1 kg+0,139mg
1 kg + 0,330 mg
1 kg + 0,403 mg

BIPM Working prototypes:

No.25
No.9
No.31

1 kg+0,158mg
1 kg + 0,312 mg
1 kg + 0,131 mg

National prototypes:

No.2
No.31

No.5
No.6
No.12
No.16
No.18
No.20
No.21
No.23
No.24

2 Official prototype of the kilogramof the Federal Republic of Germany, last
comparison at BIPM 1985 with working protoypes No 9 and No 31

3 Until 1989/1990 prototype of the kilogram of the former German Democratic
Republic (GDR).

4 Manufactured in 1987 with diamond-worked surface.

Rumania
Spain
Italy
Japan
Russian Federation
Hungary
Great Britain
USA
Mexico
Finland
Spain

1 kg - 1,127 mg
1 kg + 0,077 mg
1 kg + 0,064 mg
1 kg + 0,176 mg
1 kg+0,100mg
1 kg + 0,012 mg
1 kg + 0,053 mg
1 kg + 0,021 mg
1 kg + 0,068 mg
1 kg + 0,193 mg
1 kg+0,146mg

1 Later compared with working prototypes No 9 and 3, 1992/1993

Acadernie des sciences de Paris
France
Norway
Belgium
Switzerland
South Korea
Sweden
Australia
Indonesia
Denmark
Austria
Canada
Poland
Germany
The Netherlands
Turkey
Germany
South Africa
India
Egypt
Peoples Republic of China
Italy (IMGC)
Peoples Republic of China
Slovakia
Brazil
Peoples Republic of Korea
Portugal
Germany
Israel
South Korea
Canada
Hong Kong

1 kg + 0,051 mg
1 kg+0,189mg
1 kg + 0,206 mg
1 kg + 0,258 mg
1 kg + 0,242 mg
1 kg - 0,783 mg
1 kg - 0,035 mg
1 kg + 0,287 mg
1 kg + 0,321 mg
1 kg+0,112mg
1 kg + 0,271 mg
1 kg + 0,111 mg
1 kg + 0,227 mg
1 kg + 0,207 mg
1 kg + 0,121 mg
1 kg + 0,203 mg
1 kg + 0,252 mg
1 kg + 0,240 mg
1 kg - 0,036 mg
1 kg - 0,120 mg
1 kg + 0,295 mg
1 kg - 0,907 mg
1 kg + 0,251 mg
1 kg + 0,208 mg
1 kg+0,135mg
1 kg + 0,365 mg
1 kg + 0,207 9
1 kg - 0,236 mg
1 kg + 0,372 mg
1 kg + 0,446 mg
1 kg + 0,446 mg
1 kg+0,132mg

•



~ln~m1ULL~".rJ1LLUUth:::m.jff1n~Ylu·wnl~n-r~ (the international

prototype of the kilogram) YI~eJFh~eJlu,eln'l!r"iel\lm]'\Y ~eJ IKP Yi1rK';l!'JI~YI:::

el~~mr~\I~ri'Ju,th:::neJurK"lEJ platinum ~lmu, 90% LL~::: iridium ~lmu,

10% L~fJn~eJ1u,eln'l!r"i~mleJ\I LL~Ln~ l(;leJ"i'J~ ~eJ Pt-Ir (platinum- iridium)

FI'J13-JYlU,lLLUU,tleJ\lLLUUth:::m.jff1n~YlU'JeJnl~n-r3-J~1"111(;leJth:::~1(u 21 ,500 kg/m3

~\lLL~"hl~YI:::el~~mr!lU(;l platinum- iridium Yi1tJ~n~eJ1rlU~IlLL'J(;l~eJ3-JmeJu,eJn

UeJeJ (chemical passivity) n(;ll3-J LL~lU,FI'Jl3-JLUU,~~\lLL~'JrK'JeJLFI~eJ\I mass

comparator ~'I1U,ffareJff1m"iClm'J~ffElU~u'h Pt-Ir Prototype LtJ~eJu,1tJrK'JeJ

el(;l"i1tJ"i:::3-J1(U 1 Ilg ~m~eJu,meJlu,~'Ji!Ld~l 3-4 L~eJu,LL"inYl~\I~ln~~m"i

Yi1F1'J13-Jff:::eJ1(;lLL~:::L.aeJi!~lnm"i3-J15l U,n1"ieJ~(;l n1"iYi1 ~'J1U,#U,(;leJU,ff(;l'l11eJLL~:::,
••• I ~ IV d ~ ~

ffm'J:::LL'J(;l~eJ~L"i1~Ud1u,1Y1u,mJeJ\I Pt-Ir Prototype 3-Jm"iL~3-J~u,(;l~eJ(;lLd~l

LL~:::L~eJ~l\1Yi1F1'J13-Jff:::m(;lLL~'Jnffl3-J1"iCl~(;lJ1Y1Un~L~3-J~u,1rKri'Ju,Ylit\l(reversible

increase in mass; ~mr) tJ"i:::3-J1(U0.5 -3 Ilg ~eJtJ LL~£l\l~J1Y1Un~L~~~u,LL~:::

1~ffl3-J1"iCl~(;l~\I (irreversible increase in mass; ~mi) tJ"i:::m(U 0.1-1.0 Ilg

~eJtJ YI~\I~lnYi1F1'J13-Jff:::eJ1(;lLL~'J~nfl'Ju,Ylit\lrK'JeJL~u,rlu, ~~tJ~ 5

(Load Cell Matching Non-automatic Weighing Instrument)

L.aeJ\I~ln 1u,tr~~uu,LFI~eJ\li\l1~el(;l1 u,ar~!lU(;l LFI~eJ\li\l~ L~FlmeJuFI~\I~,
I YI~(;lL'l!~LUU,ri'JU,tJ"i:::neJu~~lAcyar n1rK-ru FI'Jl3-JUeJ3-JL~eJnl'li'rlu,eJ ~l\1m n eJ1~~:::

rK'JmYll'1eJ~~l\11 rK'JeJrlu, L~U, ffl3-J1"iClU1eJ~n1"i~i!1tJ~(;lLnUUu,Yin11lu,FleJ3-Jv:l'JLl'1eJ{,
L~ alti1 u,\l1u,~m.aeJi!~1 n m"i~\l1~11~:::LUu,m"iU~Yl1"im"i~(;l rrn 1U,L~eJ\In1"i

FI\IFI~\I~1"ieJ\I~U,A1 YI~mUWIi1u,~eJ3-J~rK1U,n1"il'1~1(;l ~eJ1tJl u,eJu,1F1l'1 YI~eJ1U,U1\1..• •.
n"i&n L~ eJ1 ti1 u,n1"iFl'JU FI~ m"ieJ~ (;l~u,A1l YlLrK3-J1l'1"i<i1u,FI(Um~ ~U,A1l'1~eJ (;l, .. ,
"i:::eJ:::Ld~lm"ieJ~l'1 LUU,rKU, 1u,~(u:::L~mrlu,~~~ LFI~eJ\I~\l1~ ell'11u'ar~ L&l~~ LUU,

n ~1n eJ~ n rKeJi!n1"itJ-rutJ"i\lYl~eJ LtJ~eJU,LLtJ~\IL~eJ1YlLrK"itJLLUUn1"iYi1\11U,FI~1 eJFI~\I.., •.
rlULFI~eJ\I~\I~L~FlmeJUFI (Electronic Weighing Instrument) LL~n£li!Fli!

rKeJ\Im"i~tJ LLUUn1"i~\lYI~eJ rrrsuaae eJ~1u,~n'l!r(u::: L&l3-JLLUUna1n-#\ldL~ eJLUU,'Y11i!

L~eJn L~a Ln(;l1vHhj;]u -#\ldrK'JeJm"itJ-rutJ"i\lYl~eJ LtJ~eJU,LLtJ~\lri'JU,LL(;l(;l\l1"11~eJ\I,
LFI~eJ\I~\ILLUUn a1n~~ ri'JU,LL(;l(;l\l1"11LLUU eJu,1 ~ eJn1 'I1(;l1m"i ClLL(;llil\lLLUU&l~l'1a a1(;]

rK'JeJrK'JeJm"iL~3-Jri'JU,LL(;l(;l\l1"11LLUU&l~l'1eJ~L~11tJ llileJlmYI~(;lL'l!~Yi1Y1U1~LUU,j;]'J

LtJ~ eJU,LLtJ ~\I LL"i\l~ri\lci1U,3-J1~1 rrseuu n ~1 n1 il £l\lri'JU,LL(;llili!1"11LLUUeJU,1 ~ a nYl~eJ

Au,ii!YI~eJYlUTUlill'I1LtJ~eJu,1il LUU,LL"ii!~ L~FlmeJuFlYI~eJ ~cy CY1(u~L~FlmeJuFI~ U,LeJi!

~1 n~ U,rii!~CYCY1(u~L~FlmeJuFlj;]\ln~l'J 1tJ£l\lri'JU,LL(;llili!1"11LLUU&l~l'1eJ~ LL~ri'Ju,-ru

J1Y1Un (load receptor) £li!Fli!LUU"i:::uun~1m~u,L~3-J L"i1L~eJmFl~eJi!~\ltJUlil~

n~1'J3-J1d11 LFI~eJi!ii!1elU~lil (Hybrid Weighing Instrument)

j;]i!~u,~:::Lliu,1rK11I YI~(;lL'l!~LUU,€U,ri'JU,~l Acy€u,ri'Ju, Yliti!tl eJi!"i:::uu rrrs

ii!-#i!Yl3-J(;lYleJi!LFI~eJi!ii! m"iL~eJn I YI~(;lL'l!~1'I1LY1m:::(;l3-JLL~:::~tJ"i:::~Yl5m~LVleJi!

~ eJ~eJ FI'Jl3-JiileJi!rrrsI'llsa lilFI~ eJi!rlU#U,F1'Jl3-JL~ eJi!YleJi!LFI~eJi!ii! ~i! LUU,L~eJi!~iileJi!

1 'I1F1'J13-J(;lu,l~ iil'JeJLYll'1dneJu,~ L"i1~:::m L~eJU,TI5m"iL~eJ nl YI~(;lL'l!~1'I1LYlm:::(;l3-J, •.
rlU#U,FI'Jl3-J L~eJ\lYleJi!LFI~eJi!#i!13.1el(;lI u'ar~ L"i1FI'J"i3-J1~ LL~:::An'l!r1~ eJ~l rl (;lLL~:::

-2;~[
-200 ;

€ I
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l' ~~
lkg L 11 -

1950 1960

~..,I 7
1970 1980 1990 0 2000

f-

fig. Changes In mass of the kilogram prototype No.52 .Yn, irreversible, longstanding increase In mass. 6m,
reversible increase 10 mass due to surface layers that art removed b)" clearung

•

Jtl~ 5 LL(;l(;li!n1"iLtJ~eJu,LLtJ~i!lu,m~YleJi! kilogram prototype Ylmm~'/l 52 ~

F1"ieJUFI"ieJi!l(;leJPTB



L~e:),"1,1'ZJ'ZJ€J\lLFI~€J\I~\lhJelI?lIuar~l?ll~~rhy,uI111nu OIML R76-1 (Nonautomatic

Weighing Instruments Recommendation) 1Uid~€J 4.12 ~\I~€J"''j"1JII11~F1~''n

1~ll '

'iJln"'~m'j"~l\l1Jud'L'j"lmYl'iJl'j"rulLFI~€J\I~\lhJelI?lI uar~ 2 ~l~dn~€J

(1.1) bf'l~eHI-i\lih~f'lVI'H)Uf'l ,rWYI~l~~\lLFI~€J\I~\I~~~':m

1J'j"::n€J1JLtJuEiL~F1m€Jil.F1LL~::1J'j"::n€J1J~d~I 'YI~I11L'l!~LtJumi'n1umru ~\I,ruI 'YI~111

L'l!~~Ylnl11fhl\l~\I~111 (Maximum capacity of load cell) LtJU1tJl?ll~L~€Ju1'ZJ1. 'li'eJfh~'I'U(;JAl'H-i''Ut'VI;;H11b''l1~ (Requirement for load cells)

~"b~l hY\llUn1J LFI~€J\I~\lhJell?lIUar~,rU i>l€J\I~Ylnl11ril~\I"'\I"'I11'ZJ€J\lIm~111L'l!~'" ,
(Maximum capacity of load cell) LtJu11Jl?ll~L~€Ju1'ZJ Emax ~ Q x Max. x .l.

N

R~ QxMax. x-
N

Lii€J\I'iJln ~l R ~\l1u"'~m'j"~l\l1Ju~~lL'Yhn1J 1 Lii€J\I'iJln~dU~l~'Y1€J111

Jl'YIUmlln~dWrm!l'YIUnhJ~n~1n11111 H'['YI~I11L'l!~II11~I?l'j"\I

(1.2) bf'l~eJ\l-i\l1eJ1J~(;J (Hybrid Weighing Instrument) 'iJln~

1~n~ld~n'l!l-ru::'ZJ€J\lLFI~€J\I~\I~il.l11iillLL~d ~\I,ruII11~1Jn~LL~d'iJ:: 1~ 'YI~111L'l!~

LVl~\I~dL~m1um'j"rll'YIUl~LtJU~dL1J~~uLL1J~\lLL'j"\I~~\I~lum'iJlm::1J'un~1n

11J~\I~dULL"'I11\1~lLL1J1J€JUl~€Jn'YI~m'lU~\I'YI~€J'YI'lhu 1111~L1J~~u11JLtJULL'j"\IEiL~FI

m€Jil.F1'Y1~€J«t1!t1!lruEiL~F1m€Jil.F1~\I,rUI'YI~I11L'l!~~Ylnl11ril~\I~\I~111(Maximum ca-

pacity of load cell) LtJu11Jl?ll~L~€Ju1'ZJ

Max

~€JYlnl11ril~\I"'\I"'I11'ZJ€J\lI'YI~I11L'l!~'" ,
~€JYlnl11ril~\I"'\I"'I11'ZJ€J\lLFI~€J\I~\l1aJ5I?lIumi'" ,
~€J ~lUduI'YI~I11L'l!~

~€J 51?l'j"l~dU~111(Reduction ratio)'ZJ€J\I~\I~luJl'YIUn (T,3,3)

N

R

R= FM
FL

Emax ~ Q x Max. x R

FM
dOl ~ ~ Q..I

F1€JLL'j"\lm::'Yll1JU"'dU~\lm'YIUn

(the load measuring device)
~

~€J LL'j"\lm::rll1JU~dU-r1J't,~l'YIUn (the load receptor)

~€J ~lLLm'ZJ (Correction factor)
2. \l1'U1'U3-l1nfi;;'1'(;J'lJeJ\l'lieJ\l:'U'VI3-l1tJ3-l1Gl~1'lJeJ\lt 'VI~(;Jb"l1~(Maximum•

number of load cell intervals) ~~lm1~n1JLFI~€J\I~\l1aJ5I?lIuar~

Lii€J\I'iJln ~l N ~\l1u!;l~m'j"~l\l1Ju~~lL'Yhn1J 1 Lii€J\I'iJln1~'YI~I11L'l!~

LVl~\I~dL~m

FL
Q

~l'YI-r1J~lLLm'ZJ Q > 1 Yl'iJl'j"rul~\l1 umC\h.mn'j"::'Y11J~LtJu11J1~'ZJ€J\I
~ ~ ~

m'j"dl\l~l'YIUm~€J\I~Uer, ~l'YIUnl?ll~ (dead load) 'ZJ€J\I~dU-r1JJl'YIUn,~d\lm'j"
~ ~

~\I~UerFl-r\lLL'j"n (initial zero setting range) LL~::m'j"m::'iJl~m'j"::Jl'YIUn~1aJ

"'~lL!;l~€J

, ~
~ludumnYi~I11'ZJ€J\I~€J\lifu'YIm~mml (nLCmaxl (~ OIML R60) 'ZJ€J\I

I'YI~I11L'l!mL~~::~di>l€J\l1aJu€J~nll~ludU~€J\I#U'YIm~ml?l'j"ll?l'j"d'iJ-rm€J\I (n) 'ZJ€J\I

LFI~€J\I~\I

nLCmax ~ 1I

•



. . " ,.
~l'YI-ru LFl~eJ\I~\lYi~~'J\Inl'i~\I'YI ~ltJ~'J\I 'YI~a LFl~eJ\I~\lYiLU~tJU~l~eJ\I

#U'YI:lntJ:l-Ilj;j'i11~ ~lU'JU:lnn~,,{;l~eJ\I~eJ\I#U'YI:l-IltJ:l-Ilj;j'il (nLC a ) ({;l
"I max qJ

OIML R60) tJeJ\lT'YI~{;lL'lf~LL~~::~'J(;]eJ\lhJ,zeJtJn"h~lU'JU~eJ\I#U'YI:lntJ:lnj;j'il
, , ,

j;j'i'J'iI-rU'leJ\I (n) tJeJ\lLFl~eJ\I~\lLL~~d'J\lnl'i~\I (weighing range) 'YI~eJ~'J\lnl'i

~\I~eJtJ(partial weighing range) load cell verification interval)

#umnmnj;j'ilj;j'i'J'iI-rU'ieJ\I,zeJtJ~,,{;l~eJ\lT'YI~{;lL'lf~ ({;l OIML R60), ~
(;]eJ\l1aJ:lnnnl1#um.nmnj;j'ilj;j'i'J'iI-rU'leJ\I~eJ\lLFl~eJ\I~\lh15j;jTuar~ e ~ru~'JtJ

5j;j'Jl~'JU~1?I R ~eJ\I~'m~\I~luJl'YI,rmL~::'YI1'J~'JtJ'Jln~"eJ\I~eJ\I~lU'JU N

T'YI~{;lL'lf~

, ~ ,

5ULiteJ\I'illn.fll'J::Ul'Y1,rnj;jltJ~1~{;l (the minimum dead load output return) ;

DR (~eJ ~lFl11:l-lLLj;jn~l\1~eJ\I(;]lU'YIl\leJeJn~eJ\lT'YI~{;lL'lf~~[m::Jl'Y1,rnj;jltJ~1,,{;l,
, ~

L~eJ'Yhnwr{;lneJULL~::'YI5\1'i11ml\lUl'YI,rn'Y1{;l"eJU;(;l OIML R60) lii'eJ\I"eJ{;lFl5eJ\I~ Vmin
ex .R

,IN
nu

~1'Y1-rULFl~eJ\I~\I~~~1\1nl'i~\I'YI~ltJ~1\1~hn'YI~{;lL'lf~L~mnUmnn11 1

~1\1nl'J~\I 'YI~mFl~eJ\I~\I~LU~tJU~1~eJ\I#U'YI:l-IltJ:l-Ilj;j'J1M'iI::LL'Y1U~le LL'YlUIii''JtJe]OR R0.5 x e, x -
N

• • v

(3.1) bFl~eJ\I'21\1ih~FI\1'Hl'ilFl ~U'YI:l-IltJmj;j'Jlm1'i1-rU'leJ\I

,zeJtJ~,,{;l~eJ\lT'YI~{;lL'lf~(Minimum load cell verification interval) ~~lL'Yhnu,

Vmin
1eXJN

, 'v

~1'Y1-rU~'J\lnl'J~\I:lnnnl1 1 ~1\1 ~1~lU'YIl\leJeJn5uLiteJ\I'illnm'J::Ul'YI,rn

j;jltJj;h~{;l (the minimum dead load output return) ; DR (~ OIML R60)

(;]eJ\I"eJI?IFl~eJ\lnU

(3.2) bFl~eJ\I~\l1",'U~1?I (Hybrid Weighing Instrument)

#U'YI:l-IltJ:l-Ilj;j'J1j;j'J1'i1-rU'leJ\I,zeJtJ~,,{;l'ZleJ\lT'YI~{;lL'lf~(Minimum load cell,
verification interval) ~~lL'Yhnu

DR
Vrnin ex R

•



4. ml:J.1'\.Jaa(;1.nml1nn1~tti\llULFI~eJ\I~\I i'J~mtl3-l1r;\fl~1'1-1.

OIML R76, 4.12 lbml 'l-l.lff£J'Ilfl\llF1'Jm~flflmLUUd::UULFI~fl\ltT\l 'YI~fl'i::uu1~ 1

niKeJ\l~\l'i::ar~'i::l\lFl'J1J-lU~eJ~.n£J~lnnl'i1'1i'\l1'l-l.~\l'lleJ\l~eJeJnLLUUr;\'J£JL~'I-I.n'1-1.

iK\l,f'l-l.1urrrraan LLUU'YI~eJL~eJnHT 'YI~~ L'lJ~nULFI~eJ\ltT\l 13-l5 j;JT'l-l.arM~lLiJ'I-I.iK eJ\l

Fil;:t" [i\l Fll F1'Jl J-lU~ eJ~.n £J1 'l-l.nl'i'Yil\ll'l-l. 'YI~ flil eJ\ln'l-l.F1'Jl J-lL~£J'YIl £J~ eJl~ Ln ~

nuT'YI~~L'lJ~liK iK\l,f'l-l.L~m'ilmlUFhYln~fh~"~"~~'IleJ\lT'YI~~L'lJ~ (Maximum
v •

capacity of load cell); Emax LLfi''J ~lLiJ'I-I.iKeJ\lL~eJnT'YI~~L'lJ~~~Yln~fh~\lti

~\lnl1 Emax eJ~l\ltteJ£J 30% [i\l 100% U'l-l.~eJ

Fil'a,£J1J-l~U'iln nfl~ L'YIiteJL~'I-I.Yiu5'1-1.1r;\LLnFilmeJ1ud ~eJFlru~J-lU~'Ilfl"
~ v •

T'YI~~L'lJ~~\l~~~iK'JJ-llrffIlLLm#'I-I.j;Jfl'l-l.nl'ifleJnLLUU'YI~eJtil'YI'l-l.~11i~L~'I-I.rffIlLLmfleJnLLUU

Safe load limit ~eJill'i::LL'i"~"~~~m::'YilmeJT'YI~~L'lJ~LL~'J13-lneJh1Ln~
v •

'YI~eJ'Yilt iF1ru~n'IYru::~J-l'i'i(m::u'i::~liK'J T'YI~ ~ L'lJ~LU~ £J'I-I.LLU~1l1U~l n L~J-leJ~lll rrm
•
Minimum dead load of load cell, Emin ~eJ ~l'lleJ"m~tteJ£Jii~~L~eJ

'JlIlU'I-I.T'YI~~ L'lJ~LLfi''J1~ neJt ..1Ln~eJ~~~Ln'l-l.nl1~til'YI'l-l.~

ESelecled ~ (1.3-2) Emax

I d d
Maximum dead load of load cell, Emax ~eJ F11'lleJ"m~mn'YI~~LJ-leJ

'Jl\lU'I-I.T'YI~~ L'lJ~LL~'J1~ ria 1 ..1Ln~eJ~~~ Ln'l-l.nl1~til'YI'l-l.~

~'J'I-I.Fil.a,£Jl J-l~U'il n!]eJ ~liKL~'I-I.iiu5'1-1.1r;\LLn Fil meJ1 ud ~eJ iK'JLLU'i~1l

~1J-ll'imU~£J'I-I.LLU~1l1r;\~lld~'I-I.eJ~nu~m'J::L~eJ'I-I.1'1lnl'il'1i''YI~eJnl'i'YI~~eJuT'YI~~L'lJ~
L~ eJL'ilmlU L~eJ'I-I.1'1lLL~::~eJtil'YI'l-l.~tJeJ" T'YI~~ L'lJ~~1l~ n L~eJm~ eJ'l'li'1l1 '1-1.

nULFI~eJlltT\l13-l5j;JT'I-I.ar~j;J1J-l OIML R76 LL~'J,f'l-l. Fl'il'JdL'ilJ-ll~l'1-1.'YIllliKl'l-l.~eJ

til'YI'l-l.~LL~::nl'iLLDIl!f.a,~'IleJIlT'YI~~L'lJ~j;J1J-l OIML R60 (Metrological Regulation

For Load Cells) n'l-l.Ulll L~eJ'liL~lh[ill.a,mJ-l'lleJIlLLm~::Fil~Il~::'l'li'n'l-l.L'ilmL~J-l

r;\·J£J~U

Minimum load of measuring range Dmin ~eJ~l.lll'i::LL'i"~l~~tJeJ\l

Maximum load of measuring range Dmax ~eJ~l.lll'i::LL'i\l~\l~~'IleJll

J"' _co d..,.., d _ 0 _e.

'l-l.eJn~ln'l-l.L'il£JIl'l-l.mJ-l'YIlP1eJll'iLL~::Lnm'lleJllnUnl'inl'YI'l-l.~F1ru~J-lUIP1'1leJll
v •

T'YI~~L'lm1r;\LLn

Minimum dead load
of load cell, Em;n

Maximum capacity of
load cell, Em•x

load Maximum measuring range Safe loa

Measuring range
..

d limitNo Cl ~ •.••

Load cell verification interval (V) F1eJ 'Il'l-l.'YIJ-ll£JJ-lllP1'illP1'i'J~'iU'ieJ"'IleJll

T'YI~~L'lJ~~~n1tit'l-l.nl'i'YI~~eJuT'YI~~L'lJ~1'1-1.nl'i:ij~#'I-I.F1'J1J-lL~£J1l LL~~Il'YI'J.i'J£JmmiJ'I-I.

nT~n-rJ-l

Minimum load cell verfication interval (V min) ~eJ ?T'I-I.'YIJ-l1£JJ-l1j;J'i1

j;J'i'J~-rUdeJlltteJ £J~~~'IleJIlT 'YI~~L'lJ~~~lm'iC1 LLDIlann 1iKill£J 'l'I-I.~'J" nl'itTll'tJeJll•

MInimum load
(of measuring range),

Dmin

Maximum load
(of measuring range),

Dmax

T'YI~~L'lJ~ (load cell measuring range)

•



tT'UflI'J1:J.1L fitl\1t"'16'1~L"lf~ (Accuracy Classes)

mdlltJ\I.a\l.Fl1lm~I:J\lt'Yit:i(;ll'lft:i,xUOIML R60 hi'~(;IlltJ\lflflmUU 4 #U

Flll:!-ll~I:J\l1(;]lln

Maximum
Permissible Load m

Errors

Class A Class B Class C Class D

0.35V o ~ m s 50 OOOV o s m ~ 5 OOOV o s m ~ 500V o ~ m ~ 50V

0.70V
50 OOOV < m ~ 5 OOOV < m ~ 500V < m ~ 50V < m ~

200000V 20000V 2000V 200V

1.05V
200 OOOV < m 20 OOOV < m ~ 2 OOOV < m ~ 200V < m ~

100000V 10000V 1000V

Class A

Class B

Class C

Class D

fii1'U'J'U:J.I1nfi~~'tIeJ\1"lieJ\1i'U'VI:J.I1t1:J.11~"i1't1eJ\1 t'VI~~L"lf~ (Maximum number•
eJ~tj~flI'J1:J.1~1:J.11"Hl,th.J11~ (Repeatability error) 'flfl\lt'Yit:i(;ll'lft:i1(;]nl'YiU(;IH';h

e.Jt:i~l\lmn~~(;I'flfl\lmd'Yl(;l~flUFl1l:!-l~lmd(1'YhJlM~lU1U 5 Fl-r\l,
~(;I~f)flu~hl''1-rut'Yit:i(;ll'lft:iClass A uae Class B uae

of load cell intervals)

nl'V1U(;I1li'r5lu1U:!-lln~~(;I'flfl\l~fl\l.ffU'Yi:!-lll:J:!-ll{;1dl'flfl\lt'Yit:i(;ll'lft:i·nLC, ' m~
~~lmdmltJ\lvfll:Jt:i\lMmn~~(;ImI:J1u~1\1md1(;1M'flfl\lt'Yit:i(;ll'lft:i (load cell

measuring range) l~fl(1n~lhJ'lh~nflU~(;I~\lnUlFl~fl\l.a-\l1:iJ5{;1tu3T~ ~~(;]fl\lflV~ ~
rnn1U'flflUl'fl{;1~nl'YiU(;I1nUmdl\l~l\l~l\ld

e.Jt:i~l\lmn~~(;I'flfl\lmd'Yl(;l~flUFl1l:!-l~lmdm'hJl1(;]~lU1U 3 Flf\l,
~(;I~flnmhY1-rut'VIt:i(;ll'lft:iClass C llt:i~ Class D (;]fl\l~~l1:iJmnn'h~l~:!-l\!dru

, ,.. '"
'flfl\l5{;1dll~fll'Yi~fll~fl'fll(;l'flfl\l~l'Yi,xn'Yl(;l~flU~l,xU

Maximum number of load cell intervals; nLCmax

Lower limit Upper limit

Class A 50000 unlimited

5000 100000

500 10000

100 1 000

o CL.! Q.I Q.I

t:il (;IU{;11fln'IYd

2. ~lU1Umn~~(;I'flfl\l~fl\l.ffU'Yi:!-lll:J:!-ll{;1dl'flfl\lt'Yit:i(;ll'lft:i (Maximum,
number of load cell intervals); nLCmax l~U 3000 interval lUU(;]U

3. Y1 FI'Yll\l'fla \lmd~ IId\I~t 'Yit:ieu'lft:i~na fl n uuu :!-lllli' ~l :!-lld(11~1 (;I

~" ,flld~lld\lb(;ll'1JU

Class B

Class C
1. #UFl1l:!-ll~I:J\I'flfl\lt'VIt:i(;ll'lft:il~U Class C nll~(;I\I':h C lUU(;]UllUUflU

llt'Yit:i(;ll'lft:i#UFl1l:!-ll~l:J\I Class A Vfl:!-l~nll Class B llt:i~1~t:i(;l'Yi~UnU{;1l:!-l
Class 0

5G1d1L~m'VIi!im~f)'lI1G1'l1eJ\1L'VI~G1b"lf~ (Maximum permissible load cell errors)

1li''Yhmd'\Hu1'Yil'Yit:i(;ll'lft:ill~(;I\I~ll'Yhnu~uti~t;illl'YiU\I minimum dead load

(;]\I,xu~d(;] Fl1l:!-l~:!-l';U5'flfl\l5 {;1dll~a l'Yi~fl l~fl'fll (;IlYiI:JUnuJ'l'VI,xn'Yl(;lsau (m)

nu actual value of the load cell verification interval (V) ~l'Yi-rUnld{;1d1~~flU

1li'Fh-rUdfl\l#ulldn 'Yi~fl{;1d1~~flU(;]UllUU

•



LL'j\l~\I (Tension) 'YnneJfJumtuhJ~ OIML R76, 3.9.2.1 uae 3.9.2.2 mOJ~'V'lu';hbFl~fJ\I

-8'\lhleJI'lTu~liinl''r'lUI1I'Ill\1fJru'YIf1~~fJI1IFl~fJ\lnU T'YIG1~H'llG1l1b'llub~!'nnU~fJ'YI1n, ..
bFl~fJ\I-8'\ll~ eJl'lTu~liil~'j~u fJru'YIf1~'l'Zi'\llU.J U 'YI~l tJ(i\l bFl~fJ\I-8'\IiilfJ\I~lm'j(l 'l 'Zi',, ..
\lluliilmtJ'lu'Ill\1fJru'YIf1~ _10°C - +40 "c bbm(]l'YIlniilfJ\lnl'j'j~unnl'YIUI1I'li, .. ,
~'Ill\1fJru'YIf1~~Y1l\lluliilfJ~l\lUfJtJ ~\I'l Ul'll'jl\l~l\l~l\l, ..

bb'j\leJl1I(Compression)

i
~

~

i
i or ~

i ~
~i OIML R76 Temperature Range

bb'j\lbUfJU'YI~mb'j\l~11I(Beam: shear or bending)

bb'j\l~\l/bb'j\leJl1I/bb'j\lbum'!/bb'j\l~11I(Universal)

Class I

4. nl'YIUI1I'Ill\1fJru'YIf1 ~H\'IluT 'YIG1111b'llG1'YIl nT'YIG1111b'llG1l~'j~u'lll\1, .. ,
fJru'YIf1~H\llU.JU'YI ~ltJ (i\lT'YIG1111b'llG1~lm'j(lY1l\lluliilbbfd ieJG1~l1Il~ bnunll~, ..
nl'YIUl1Im tJ'lU'Ill\1 fJru'YIf1~I'll~#UFlll~ b~tJ\I?JfJ\IT'YIG1111b'llG1~\lit, ..

Class IT

Class Ill, IIU

5. ~ml~nl'jY1l\llumtJ'liilFlll~btJtJn~u 'lum&~T'YIG1l11b'llG1l~liil-ru

'YI~fJl~~lUnl'j'YlI1l~fJU "humidity test" I'll~~nl'YIul1IliLu OIML R60, 15.5 bb~l

T'YIG1l11b'llG1~\ln~lliilfJ\lbb~I1I\1~mJG1iilltJ~leJn'l!f'jll"NH"

5. 'jltJG1~b~tJI1I5u1 ~iilfJ\I'j~~ 1iilbbn. .
- ~mbG1~~mwYi?JfJ\I~eJ~1'l

- serial number bbG1~tJYi(:.J~11I

Temperature Limits

Class A uae Class B +10°C _ +30°C

Class C bbG1~Class D -10°C-+40°C

'l um&~~ nl'j'j~U'lll\1 fJru'YIf1~'Ill\1'l11l'lll\1'Y1~\lli1fJ\I~'Ill\1fJru'YIf1~l~UfJtJ
q q ~ q ~

n1l~nl'YIUl1IlnUl'll'jl\l~l\l~l\l

- Minimum dead load, Maximum capacity, Safe load limit

Temperature Range - Minimum load cell verification interval; V min
d

- fJU1

UfJnOJlnitT'YIG1111b'llG1'Y1~\I ~lfJlOJ~#UFlll ~ b~tJ\I'YIG1ltJ#UFlll ~ b~tJ\IFiliil

~\lit;UfJ~nu~n'l!fru~nl'julhJ'l'Zi'\llUlllt1H'lu~n'l!fru~-rubb'j\l~\I bb'j\leJl1I'YI~fJ

bb'j\lbUfJU'YI~mb'j\l~11Ib'llU

Class A

Class B

Class C uae Class D

C2 i 'YImtJ(i\l T'YIG1l11b'llG1#Uml~b~tJ\IC , ~ nLCmax 2000, beam

C1.5 ~ 'YImtJ(i\l T'YIG1l11b'llG1#UFlll~b~tJ\IC , ~ nLCmax 1500, beam

•



od Cl cl' '1.1 Q.I '1 d r I cYa
leJ1 i:1~l~ eJ~l t:l\!'iJIil~t:l1 ~~~b'iJ'jl £J~~leJ £J1il?JeJ\!b'VIi:1lill'lJi:1~l n n-n un, ~

~l~l'jtlltJAn'\,j.l~~Frht'l1~l~l~ OIML R60 l~~l~~lill~55mF1£J l~~"m1JeJ\!

U'YlFldl~dn'iJ~m~\!'iJIil~lFlru n~eJm'j£J n r;l'JeJ~l\!n1'jl~eJn'lJUlill 'VIi:1lill'lJi:1lri'l'VIm~~~, ~
nUlFl~eJ\!~\!h15Iill~ar~ llil£J'fJmltJ\!eJeJmU~ 2 n'j&An'\,j.l~eJ l~m&lFl~eJ\!~\!

U'j'j'Yln'jt:l£J~~lluuni:11nll~r;leJ\!m'jlm'VIi:1lill'lJi:1~11'1i'\!1~lli:1~ll~Iil\leJi:1m'j~\lllUU,
r;l'Jli:11J~~lileJi:1~eJ~llU~lFl~eJ\I~\llelU~1il l~n'j&~ 2 'iJ~lU~lFl~eJ\I~\lm'j'Yln,
'jt:l£J~~~eJeJmluulri'~m'jlm'VIi:1lill'lJi:1~'J~1 ~1~'J~ 4 r;l'J

&i"HIt;'\lfi 1 lFl~eJ\I~\lU'j'j'Ylmt:l£J~~lluuni:11ml~r;leJ\lm'jlm'VI~lill'lJi:1ml'1i'\ll~,
lli:1~ll~Iil\l~i:1n1'j~\llLUUr;l'J Li:1?J~~aa a (LFl~eJ\I~\llelU~Iil) r;l'J£Jl'VIi:11ilL'lJmoW£J\Ir;l'J

L~ml~m'jvilmXl~LU~r;l'JLtJ~£J~LLtJi:1\1LL'j\l~~\I~1~~1'iJlm~Uuni:11nltJtT\I~'J~

LL~Iil\lFh LLUUeJ~ l~ eJn'VI~eJFl~~\I'VI~eJ'VIUltrIillri'ltJ ~ £J~1 ilLU~ll'j\l ~ l~ FlmeJUFl

'VI~eJ«qJqJl ru~ L~FlmeJUFl 'ill n~ ~~\I «qJqJlru~ l~ FlmeJUFl!il\l n ~l'Jl iltT\I~'J~

LL~Iil\lFhlLUU~~lileJi:1llil£JFlru~~ullLdeJ\lr;l~?JeJ\lLFl~eJ\I~\llLuuni:11n~!il\ld,

~ll'jlL~eJnlm'VIi:1lill'lJi:1Flru~~u~!il\l~l\1~l\1 'il~loW£J\I'I'W~eJn1'jvil\!l~,
Ll~~LL~~cilLoW£J\I'I'leJ~ a m'jllil~i:1 m'j~\lJl'V1,rn lr;l'VI~eJ1~

150 nn.

C5 (Class C , nLCmax 5000

interval)

#~'VI~l£Jmlil'jllil'j'J'il-rU'jeJ\lUeJ£J~~Iil?JeJ\ll'VIi:1IilL'lJi:1(Minimum load cell,
verification interval) Y min

15n1~
1il'j'J'il~eJU~nlilril~\I?JEl\ll'VIi:11ilL'lJmoW£J\I'I'lEl~Elrrrs 1'I1\1l~'VI~Ell~TIil£J1'1i'

R
Emax 2 QxMax.x-

N

I
150 kg 2 1.3 x40,000kgx-· = 65 kg

800

'illn~~m'j!il\ln~l'Jl'jllm'VIi:1IilL'lJi:1loW£J\lr;l'JL~m r;l\l~~ N =1 uae
~~'illZll~'J~~m'jlU~'il~\I 'illn~~Iil'j'J'il~ElUFl'Jl~tJi:1Ellilil£Jlill~l~El~l?J~ 4 'il~1r;l~1

~nlilfh~'\I~\I~1il (Max)
~
iJ~'VIm£Jmlil'jllil'j'J'il-rU'jEl\l (e)

40,000 nn.

10 nn.

1/800 150 kg = 2.3 ~El~l~ safety factor ~~\llmr;l
65 kg ~

R
FM
FL

1
800

, ~
FM ~mL'j\lm~vilu~~'J~~\lUl'V1,rn (the load measuring device)

~
FL ~mL'j\lm~vilU~~'J~-rUU1'V1,rn (the load receptor)

~'ill'jrul ~\ll ~n'j&eJ a n 'j~'YlU~lU~1 tJM?J El\In1'j'Jl\1Jl'V1,rn l~ El\I~~t1,

•

•... •...

Ul'V1,rnlill£J (dead load) 1JEl\l~'J~-rUU1'V1,rn,~'J\lm'jr;l\l~~t1Fl-r\lLL'jn (initial zero

setting range) Lli:1~m'jm~'illWll'j~Jl'V1,rn~l~~~lL~~El ~\ll ri'FillLm1J Q = 1.3

Ymin :::; ex R

IS g :::; 10 kg
800

12.5 g hithu



16,000 nn.

C2 (Class C , nLCmax 2000
~1eJth\l~ 2 LFI~tl~~~1.J"j"jY1mtl!'Ju!?l~m)mLl.Jl.Jhi'~nl''jlm'''1:1I?1L'2l1:1~''JU1'ii'lU"JU,
4 1?l"Jtl?l!'Jl>i'tl~n1"jLFI~tl~~~'lJ"j"jY1mtl!'JU!?l~~F1tlH'l~ulill?l~d, ,

interval)

#u,.,m!'Jmrn"jlrn"j"J'iI-r'lJ"jtl~Utl!'J~f.'1I?1~m~t"'1:1I?1L'2l1:1(Minimum load cell,~ ,
~UFI"Jl~LYi!'J\I

~nl?lri'l~~f.'1~f.'11?1(Max)'" ,
#U"'~l!'J~lrn"jlrn"j"J'iI-r'lJ"jtl~ (e)

III 3 nn.verification interval) V min

40,000 nn.

20 nn.

~lL"jlL~tlnlm"'1:1I?1L'2l1:1~~"'~I?I'ii'lU"JU4 1?l"Jtl?lmL~1:1~I?l"J~F1ruf.'1~UIilI?l\l,
~1~~1\1 'iI~LY;!'J~·v'w~tlnwvil\11ULL1:1~1:1~L5!'JI?I~tl~tln1"j11?1e.J1:1n1"j~~Jl""Un11>i'

rnl~F1"Jl~l>i'tl~n1"j,.,~tl1~

R
Emax ~ Q x Max. x N

\
\6,000 kg ~ I.3x40,000kgx4' \3,000 kg

10,000 nn.

C3(Class C, nLCmax 3000
16,000 kg x 4 = 1.6 ~tl11~ safety factor lml>i'

40,000 kginterval)

#u,.,m!'J~lmlm"J'iI-r'lJ"jtl~Utl!'J~f.'11?11m~t"'1:1I?1L'2l1:1(Minimum load,
cell verification interval) V min

LL1:1~lri'Q = 1.3

1.5 nn.

I1LCmax ~ n

2000

•

R
Emax ~ Q x Max. x N 1

Vmin ~ ex r..
v'N

20 kg
3 kg ~ J4 10 kg

I10,000 kg ~ J.3x40,000kgx- = 13,000 kg
4

'illnf.'1~n1"j~~n~l"JL~tl\l'illmtJULFI~tl~~~~L~F1mm~F1~"Jul?l~~U R = 1

LL1:1~~~'iI,xLL~"JA3-In1':ila.l ~\h.!liI~\l i5\lGi'eJ\l~~eJnt'YIiiI~~"lfiil~11'Y1a.l~~Giliil'l.!1'\.!
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