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0'15';J Lfl5'l: ","'.,~ L5 !I'lflt;U(;I!JU'l(;1 .. -fl';J 'IlI!J 'I ';J 11 i) \UJ \UJ 'I \It 

.J d ~ ~ .A fill" ttl • 1" I • X. I n"~L~'E~~n'M~flL~'E~~E~~ , n~'u~~~,~,U ~flV,~n~'~~~~n'~ U~~~~UR~U~fl~ 

L i'I~E~~n'l1"1E L ~~E~!1mlu ," ~ ~;fl~R'1m.h~~mJ L'Ii';'"wrfu1 ~tlJ'~'VlE~, ti~M'nUE~'tULL~~{N~tmmLUU 
LL.;'1 anu~1ULL9i ~~fiu~"),~ ~r..J~VI 't11l ;~U'~VI,u~niMU~ u9i 1'l")~U;tl~n~,'tu~mHlJ~~~~~''1 hiR,u, 'fI~i 1; 

LU~'~~U~ ~~fiL'Vl,,~~~~~,u~n;E~Lwuvi;'E~LUa;L~u'tun"r..J~VlLfiu~~~Lfiu1u1ul~ 
"'"' ,'" ... -<~ "11' .,. 't:c:: fI'~EtlmLUU VlVI'~M~n\J~I'l'1'U"iJ~~~tlULL~~VEU~U'1' n,.,u'tln"r..J~<;1r1~EUn'Vl'tl~EtJ n LW 

~~"iJi L iJUEJI~rl~~"iJ ~;E~~~~U't ~~I i'I")'UI'l~IVI L I'l~EU",,'EfI'1'U~VI'VlOl'VI 1 u~'n'lJu'VI~u~"iJ~~m'"iJ::E'-I1~u 
t'I~" ., '.." ,." I ~ ~ '1 
~,., LVlu,nUflVUfI ~,.,u "'U'V~'11U'1,I/lUR1U~'~ 'i'I1'"iJ~rlfl'1'W:10l'i'1 L~'HlU (tolerance) dJu L~' ,~ 

~~f1~i'I~rlr..JOl~i 't liiu~'lU~~"'u~~~~~ • R'~" flU' ::flflU L 'Ii '~'1vrfu 1 ~ LLOl::'t u~ru:; L ~v,fI'u; fl~~U~~lU 1 ~VllU 

R~"fI~::~ni",ufI~'lV 

~f1~~"'~ltJ~tl~UVI~'11~i! ' L uu't~ L ~Ui'I~f111~Ri~tlJu~::')tlflT'i~'t.u't um,' L ~"~;'lJU.lf1'lJfl~~­

~lU911~~'l1U t1~'l L i1ftlfli"'UflI'l11Ufl~1~ L f1~ilU~ L 11~1 ;R~Ri11 ~UO~, r..J~~ fl"Vl '1"iJRtlU U Ol::fl~ 'Ui~l~' ~ntlu 
L 'Ii'~'1Vrfu VIi 't liR;~1 'flU'::11f1f1 ~, 't.u~~iJ~ UO~ '~~Vl LL~ ::o'.;,~ '1"iJRtl~ ti~f1''l,~il1~l ;~'EUfI~~~~fl1' 
~LfI'1::;'lJU~VlL~U~'~U~n~'~'lJE~~~1~flOl~~~~;fl~~1~u'::nEuL;';'lVrfULi1ffl'tliL~Vlnl'R'l~ (fib) 

9l1~f111~;fl~n" L ~,,::"HlnT'i' L f1'~::; LL91n~'~' u"J' n9)tlnl ,9!'t.u L rl't11rrUfI'1'~tJ' 'l flJ~~ '1 ,rivl1~ ~ L~t1U 
"'~~LDufl~'~~~~~ Ldtl,.,,9!~::n~'1n~'tu9!d 1'l~'tli~,::1tJ~U~fl~~'::ntlU~VlR',.,n"u 1f1tJLU'Vl'~'ff1n'­
n"r..J~VI lJ~'flnufltJ 

f11'~;fl~nl,'t~~lU (functional requirement) "'~lt1n~f1'llU;fl~n"~~~'t~~u~,u 

fl J,~ 'tVlfl J'~Mrl~ 11~ fl L f1~fl~~n' 't~R'~' 't1Yl~\:ntJ 1 ;VI1tJ~VltJ~' ::R~ri'lJfl~ ~flflflLLUU 

n, 'n'!.muVlfI,,~vitl~n1' 't~~~u L iJUMU~~'lJfl~ ~fl~nu uu 1if~~1~'t 11~:: 1 ~"iJl nm 'Ri,~viuLL tJU' 

(prototype) ~u~'nflu LL.;''1~fltJ~mm~ L ~fl~l.h::~~~m'Vl'lJiN L f1~fl~ "LL.0l::'t~~~~1 ~ djUU"Yffl~'U'lUfl1 ") 
~f1~U't"J 'Lritl'lrrUfl"ni",ufll'l'1'U;fl~n"'t~~,u L~tl't;L'Ii,'t"J~~u ~fl~~~~"JI,ru'~'1flJ~~VI'~4~ ~ ~~ 
LDuLLtJun"u,::nfltJ (assembly drawing) 'lJfl~ L~~fl~tL'ijnJfYln~~ '11nVl sliding-vane 

,. 
* fll"J,,~u,::~i n'~''11'~ff'ln''~~VlRl,.,nl' Vlru::'ft1n"~ftlRVli U",(9)"'U'~U~flU"nU 



32. 

~IU~~Lflu~nl~D~~nBU~L;L~U11 ~~~~~u~nl~L~~,U (functional performance) - . .. . . , 
BUI~~rl~~B~L~~u~~~6 ~~u~'~lu~,U~u~l~L~ui (rotor) ~~;u~1J~~~~u~,~u~~'~'uU 

(end plate) "r1~luYnl~~,'l ~;u~rl-ziu~1'~ (clearance) L ~u L u,l-i LL~~"U'!JtlI~ L~u";d''iu.J{)~1,~'l ~ 
'" l' 1 .. .. .J',.. .. . 
~u\l ~~,n'lUL"U D Ll'l~'~'l~Vl1 L~t.h~~Vl~111l'l'!J~N L~~u~9t1 ~lnnT~~~I~VlULLUULL~~'l'nnl .'Vl?l~uU 

l'lU11.JU~11~~ L"r11JI~~1J1JI'l,~rl1'i, Lnu 0 • illo mi. 1 LL~~lJI'l,~,jutJn11 o. 0'9 ~~. _ (nl"~"1u 

~~~11~ Ll'l~I~u~"h LV1u;fluLLU~~~!1I'l"1J~1~nj LLc;i1Jl~n~'1tt~Lu~6 Ll'l~,~ LfiJ';,u'!Ju~,~n~llii'.J 

1'l,'WJI,) 

LrlUVl~ltJl'l"1J~tJ~nl"L~~:'U~~~LI'l~tJ~U;' ~~~;u~Vl1n'tJunl~r.l~Vl'l~~LfiJ'l1UJUlJln 
(mass-production) ~l!iunl~n1~UV1 ~UIV1LL~~I'l"~~~,1'l LI'l~tJU~111~U!l~~tJ\l~U~IU 1~!J LUl'l~::{)J'\l­

t:i~!l~~!jr.l~n")~VlU l~uVl ·l~c;itJl'l,,~vitJ\lnl"),.v~'ULL~~ L ~un!l~~~n';'J1' n~,.v~IU (functional 

dimension) 



\l-

33. 

fll'S"liLLUfl"'~u'S ::V~"'JU~ ~ tiu!l~'lotl\lIU . 'lU'1i1\le"l ::iu L 'ill"lIf1~"'Juti'\l~IU 

'~tl~ ID tl,. :;ntlu'l Un, 'Stl~tnu 4 ~LL~Vl" L tiu LLUUtl; ::nuu"llu\lfju~'1U 1'1 ~~u S,UnVl 

'l ,nuU l"Uul~tI .. 
('block) '(ji'l L i/tl 

(pulle y) Lli'l:; ~~nll Vl (stud) lYltl~~'1~~nfhl'~::~"'Jll~Vl L;,f'lU~,ufj" 

'" Stud (press "t In b\oc~ l 

~1IlJ~-l'''l,n~hutil\l~ ;1"J ::'ll1'n"Y1i""U"llu\l,::UU d~lw '1 tl~'U"LL i"'J ~uunLLtJtJf1i"'u" 'h1' 
'(j ,'ll i/V L fllluu~l tlll,l ;U,,,, :;"'-l, "fJ'1CZJtl"'iht'f~fl~lI . LLrI:;?:h~tlrl' tI"llu"~,~fl d'u~u~::; u"rJ.Ju\l-l,,, 

"J,nnl'15 Lfl', ':;; ;;uuflLLUUni",u91·h1.JU""';'''~1l'''fl~~V1rJ~1 LYnrrtJ 0 •• 9 1111 • ' LLrI::.Jtl\l-l'\l~UuU~~V1 
• • '.1 rr • •• _~ !h'll LYll1'i'tJ 0 • 0«' 1J1J • ' '''~uflrl''l~fli'J'U'''U''fl~u fl,"'UlI'11u\l'1," Z = 0.10 ± 0.06 1J1J. ~"UU 

~u""';,"~"n~I'1~~Ufl'111J~u"fl,,'l~"IU LLrI::L'un'::tI:: Z ~-l1 n~t~"'Uf1i"'U91 (dependent 

functional dimension) LV.,T:: Luum,ni,.,u91fu1J:' LLi/:;tU"llCll:: L"u'riu£l~~~::'1;m1J;u"fl1'''''u 

lJ~u~utlunu£l~rlu '1 ~n"'rI,tJ£l~;"'JtJ~u 

'lunl"~~::~"J,'ClI'-l,!l~"llB"~U~'1utl'::f1uU "(component dimension) £l~l,.,uONrln'::Y1u 

vitl~, Z ~'l,'ClIl1;") ,n~mICll::"llu"m,uun.LmtJ n, ~ fl~a\l~fl,,.,~afu,,,u~uumwu:r~'1utl,. :;nau'iftJ-tlau 

n L uun, 'tJ'fl~"J ::~91~U-ll£l~'lflCZJu"~Ua'1u'tfl"l ::rJNrlVl'u~, z LL,,''tun'~~~n~ClI::"llu''nl'SuumLutJ L W 1 tl­
mj,,,~, tI '1 ~"l L fl'n::;~I1Jl'f1'::\, '1 ;~U~-l,£l~'t91rJr.li/fl' ::Y1uvia~':l Z 1fltJnl"~~' ,(lJl~ lnLL UtJfl" 

tl':;flau 



34. 

"'l'1fl~mlru::\l'1U91'1lJ4~ tv "'l::\~tJ-;'1n9\~\rltJ.';tl\llltJ~'1 Z !itlci In n~~-HJrlu~tl i'l.'lJfl1,\l 

'Utl\l'(jOl \ OIU (p) UOl::i'l,'lJtJ','Utl\101~flt1Vl (5) • ~\lU0191\li.U'~ '" \~, LlI!tJfl!l~9f LrltJ,.utNLlrl::!it.Jrlfl"'i::-

~U~tl~'1 Z fi-;'1 n9\L~\l'U~01"'j:: (independent functional dimension) 

'.J .. ,.. 11:-. ' t: 
L,a'1M~fl'1't.JI91"'l~\l'\lM"'l::91tl\li'l'tJ~~V~'\lL'UlJ\l'91flnV~.'UU'. 5 "a:: P L~'UU 

I .. I ~ .I: I t: ~ "'A • ~ , ..... ~ • 1<' I ~ 1 I 

(llJ~91~\lL01tJt.J'~U~flrl'\l'U~\l'UU01'U~\101'lJ 'U\lfl~i'l.'lJ01'YI~'nL~ulI~ O1'~,tJi'l.'UV"01,tJVU ~ U 

"'l ~ L eiu; V\li'l,U~lJtl J '1\l "1. n;'ilVl L Vi"i':: hj!iir~01~ .~ty"l un, "'j 1. ctl\l'UlJ'lfl,rn 

U~;'1i'l''1lJ;V\lfl'1'''ii.~\l'UnL~lJL~U~UU'Df1 ~V Url,tJ'Utl\l01~nni'l"'l::~tl\llJlt.J~8~nu,utln 
!j,Un91 ua:: i. U'1Jru:: L ~tnt'i'u "'l ::~v\llJ~, \l"'l'ntl,~OI' ~'Utl\l1i'tJtlVlu'n L ~tJn~~tJVl ri\l~l ;~"'l"''''jru,u" LL~. ~ 
i. -?l; L...,Sj tlU L "lJ LLvi~\l~"'l::; tl\lM1 L ~1J L ~u fi~v; tl\lU 'V1~flT"'j"l. L ~ "'j'::; "~tl~"'l' "'jru, ~-;'!i!l~ 1 ~tJ,j'\l~!i 
t.Jafl "i ::MtJ~ tli'l..,1J;V \In, "'jV '-/,\l "l...,J~ L ~1J~U1J 1 f1~ 1.1VlV011 uu ~'fl' "'j~"'l1"'jru, 'h1~"'l' "'jru, i'l..,lJ;V\lfl' "'j i.~ 

\l'1ULL~a::tlJ-l'J Ltiun"'jtiJlu 

;'"'l::i.~fl''''j'Li'l'''j'::;~\lv.,n~tJluDf1~J~u ';atl\l1Jl~"'l''''jru'4~ ~ ~\l~f1~ru::f1''''j~~\l'tJ 
L""!ltltJrltJi.un"'jt'U'Utl\l.u~ m L 9\V\lLLvi~VlLLUa\l~'tJ'1Jtl\l1i,ul1Vl L ~m!tlv lVl~m"'ji'l1~uu.,n4i.; dJuu, ;, L t}u 

L ~ut! n~i.-ii\lIUflO1"'j:: 'l::!ltl~ '" n~ '~,ur1u~tl B , p. LL:~:: 5 ~\lLL0191\l'ltJ.U~.r 
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35. 

u~I'unl~~~I~~IL~v1~uD~L;~lu~~~~~ ~'~LDu~~~L~'L~~'Uln~'~~uu,~~,U 

.I. nn',Vlth ~~Yln' ~ru LL rl~'1J '~~UVlU' nTl ~~nnl~'e)n~J '\l~d",~"l ::'1htl1 ;~~~nl'V1Vl~~~ nJ':!tltJ!I~ 
u;') 1'=l1 u • • 

• ~ ItJ L9ltl",n~ L~tn 1(;ltI'';~f1 '1 D~~L~~~rJA,1JaJ':!tltJLL~'" (~~911;'1JtJ'Vll'l~~1VltlhjrJ~1'1J­
DI'lJtJ\l 

.J~tJ) LL~1~~,,·~,~~,rJ~Oln~::vi'u~~A, Z ~~~1J ~'!lfi',;ti~~'rJ~~V1Vl'i'l~'" L~tlU'1JtJ'Vl,rtJ LCu 
1'11 L flO! 

~:''l';;'''U L-z1U n'YI'n~91'1J4t.1~ Irl L"'i'V191'i'l~\l Lt.I~tlU~'l'1Jn";-'~'1J~\l~'lt'l"~nUVl1Vlv~!I~rltJ "1 rJA,hi Lt.I':!tlU 

. . "" ~ L ~U ~''1JtJ'91 i'l1'1Jn";-'\l~ L t.I':!tltJ 1 t.IhirJtJrln"'i ~V1UV: ~AI z LL~Vl\l";lil~~n';''l1J L tiun~'l.u\l'U 
.U<1" ... ~ 

nl~~~tlUt'l"1Jn'~'l\l"'i~U 

-.:r1Jnl"'i'l\l"'i~U (loop equatiEm LDut'l"1Jm"'i~LLt'l"Vl\l'l; L~tJ~'l'1J~1J*U;'::~";'\ln~'l.u\lIU 

... w.:f\lYl1JV1~!l~'i'ln"'i::V1UV:~n~'l.u\lltJn'~tJVl . L91t1~ c;) D~ LYl"'i"~U~,rtJ"l'f1LLU~n1"'it.l~::nClU'1J~\l L~~tl~'~n' 
'..I tt ,.., . 

;'~lnrJrJ~'';;\l'tJn~~tJVl N !I~ ~"l::rJ~1Jnl~1\l'BU~U~"~~Vl . N' ~1Jnli;~tI~u 

n'"'it'l";I\lt'l"1Jnl"'i'l~'~UV1'1~1Vltlnl"'iL~1J"l'~t.Irllb~,tJ'I'l;,tJYld~'1J~",n~'l;""tJn'~tJ'11 ~a:: 
,; LI'1~tltJ~1t.1~~u "1 LLUUm"'it.l"'i~n~u ( assembly) "llnn~~d,,1t.111\r8nD~~d\l 1if"'!n"l!1m~U"1n L~' 

IV' , • ,.....J It; , 

,., ~(J OlUtl ~n LL~ 1 UYI ~111J L Yl1J1 ::t'l"1J "O,)tJn11~ ~v ~tJn~u1J 1V1 L Vl1J iin L iJtJ ~tJ11 fl"'iU'l'" "'i~UYltl~ 

~Gnl"'iL~tlU~1Jnl~1\l"'i~U Yl~~1t.11;L~~tJ91~tJ~"'~~~ . 

~. ~Vln~'l;~lu~n"1 n~'l;ClYLtJ~n~~::U1'''lU~tJL~U1~"'iClU '~"O,)'~~'.~ ~ t.I'::nClunl~ 
~ ." Sl'" ,~ ....J • , If 1 ~. 

V~UIt1 "o')ln,t.I"o.l::LYltJ11'l11!ln~~'1J\lltJfl~~::~~V1\l~1JVl ~ n~Vl"1V~tJV1rJ~~n~::V1U91Clfll Zl ~~L~tJ Vl'l1 

nI1~~'n Zl 1t.1V11~'1J11!lClfi"O,):: Lil.J!I~ A , B. LL'i'l:: C L~Cl~~L;ClULu~n~~::u~,~u~u Ltiu'l""H)U 

'l::~tJ\l1';~<ltJn~u1J,iin LLrl~LtJm"'i1';~<ltJn~u~~hiil9i D LLOl:: E ~<lfl'l~~::~\lfi1ttln~'lVl '1 fi'1111J~::;Cl\1 

'lurlm,'';;';' L tiu~~\1~ Irl nlY11n~,l~1t.1LL;'l iJn~u1J'U"'i"'i~untJ L ~1'" ,~U fi~LVlt'l"\l";,m"'in'YlUI'l!l~L.u\l'U 
ll'\l1J\ln;tl~ :i,.m n Ltiu1\l"'itlU~~·m'fu~111J~tl\lnl."';;"'tJ Zl 



Z, A B c 

E D 

Z1 LLOl:: Z2 L iJun~'l';\:n1.lfl~'I1\Hl 
A, B, C,O, E UOl:: F 

E + D - C B - A 

Z2 = B + C - ' 0 - F 

4~ .;; 

36. 

~. U;~L';~1Uff~'I1~~~1n~a ~ ~1~~~L~1~~V~U~1~L~~~~'I1~1U 1~UL~~~1n~~~1U'l1d~ 

'1Jtl~tl~'tiJ~11.1n;'I11.1~ n1'111.1Vl't,1'!1 LPl~a~'I1~1U Ltitnnll +) ~1'11"'u£l~~ Ll'1~r:l1.l~hM1~'1J~1 LH'I::L'; L~~U 

( - ) ~~'I1~Un~~'LPl~a1.l1'l1t1'Y11~~1U 

Z'I AI B 

.1 Start 1 H.r. _ E o 

N.9ativ~ Dlr~ctlan . ' 
Po.lt Iv. Dlr.ctlon 

-------



37. 

Z1 :;. A ..f. B + C - D - E 

I'l • 

+E+D-C-B-A-Z
1 

0 

a:. ~Vl L ~tJ\l~lJn-l,,) "l~J 1Vl tJ '1.,;' Z1 tJYVlI-:JcU1tJlltJ ~.tJ ~,rltJ '1 '1. ,;'tJ~ 1 tJl1Yl1-:J'1J'"l,1lu 

'1Jtl\lmJnI") -;,)::1~ 

Z1 E + D - C - B - A 

.r • 

"ltJ~tJVltltJ~'1.,;'~~fi1")n1~tJVl'1JtJ1Vl~~~~Un~L;\l,tJ~~")::~n '1 ~~ 1VltJ~LrltltJ1lJ1,,).lJ~tJVl1lJ 
~lJfi1"il"")tltJLLi'.'J::~tl-:J!l~' Lvh~u'1JtJ1Vl'1Jtl"il~\.a-:J1tJn1~tJV1 ~..,n~tJ9! 'il ~lJ~~-;,;tl"n,,,)'l,;' z], rtr-h 

LV:1nU 12.0 ll1J LLa::'l1J-zJru::L~tJ'1n\J;'i.'; E = 90.0 1111 _, D = 1~5.o lJ1J. , 

C = 27.0 lJlJ. I B = 160.0 lJlJ • I A = 16. 0 lJlJ • . -;,) ::1 fl 

E+D-C-B .... A 

I~\J 

= 90.0 + i25.0 - 27.0 - 160.0 - 16.0 

= 12.0 lJlJ. · 

= B+C-I?-F 

= 160.0 + .~7:0 - 125~0 . - F 

F 37.0 lJlJ. 

... 

• 



38. 

'1:1. 

Vl11J \Jn~ LL; ,~, 11J~ 01'191 L ~§flu~ni~u91l'fi~ -ru LLV1' a::n~ flT'l L tiuFl,12Jfla191 L fl§tlUl'11\1 L ~tn 

(unilateral tolerance) l1'fl ~,'12J~a'1fl Lfl§1lUl'ffl"l'11" (bilateral tolerance ) ~lPi UVl'~-

o tJ2JL -iil'fil1 'fu~, 11JU'1 ,n~ tJ'l ::UU'lJ tJ" FI, 12J FI 01111 L fl§m~l'ffl"l'11 \1 ~'fl' '12Jfl a,?! L FI~ UlHli,., -rtJLL~a ::n~'; L lSun 

~"nFl'"l'11J~a"91 LFI~tJUlJ1Vl'l;JIU (standard tolerance) Vl''12JVl1''''~ .., 'Ull'flr.J1I1n LLOl::'U<i.lfU:: L~[n 
~U~'1~''11JFla''?!LFI;flU~1~Fl11~::fl~LU'::~U~U (grade) L~V'~U (~Vl1""~ ~ u,::nuu) L~'1::~U~" 

!lFI')'11Jv.,n.;..,tJ'Unl1r.J~Vl LV:'" '1 flu ""u;'" Ltiu1U1Pifl1'OJni~uVl "'ifltJm~~~1'nn~"~l vtrzi"VFl1"U1'11lJ..,.·it1'Vil" 

Lr)~fl"~n,91nfl~ (~VI"""'''~ llJ U1:: n ou ) 

~1n~'flU""Vl12J1un ~ 1'f2J~~~1 
+ 

Zl 12.0 - 0.4 2JU 

+ 
Z2 25.0 0.4 2JU. 

+ (IT 9-10) ; + A = 16.00 - 0.06 D = 125.00 0.10 (IT 9 

B = 160.0 + - 0.10 (IT 9 ) 
+ 

; E '= 90.00 - 0.08 (IT 9 

27.00 + (IT 9-10) I 31·00 + c - 0.06 F = - 0.12 (IT 10-11) 

~''Vfl''1'n12JFlil1fl L FI§flu~ni",ullm'OJ tL'iln~..," hknn9lv n~"'H)v' '1\)n1; LLVl' Lrffl 'l ,lJ rfu LL ;T~ ::;u" 
\ . ' I • 

!I~11JLnUFI''12JFlOl'''VlLFI§flU'1Jfl''fl''12J;fl''n1''~''1u~ni",uFI L~ 

! O.lQ ! 0.06 ! 0.10 ! 0.06 

+ = 0.40 2J2J. ' 

r-I. fl ,'1ll L ,.,2J1 ::l'flJ'Vfl\1t:l''''~flj91 ~'1"~" 

m"::\I'1JU1fl ',lJ~"FI'1lJFl0l1fl LFI;flUil,,"lULLuu L~VUl'11"'';T,n''lJ ';ni"'U~n~vt'1'l , . 

"' "l' "1"'1 l' "' , 1 ' 'OJ1nt:l,fl,"~'l LULL"'1Jfl\1n1'lr.J~Vl ua::nT5911,'OJl'fflU,11'f1lJ'1'{ll'11 9'1 VltJ lJ!1~.., t11..,1n,1 lJ L'rI2J'1::l'flJ 

fl1'OJ'OJi L tiU;fl'l L ~tJULLUil,,'llUj Lrlfl!lm, L ~vumJil,,~ ::l'1i' ;n~~ L ~9'I~U~1 nt:l'~'1'l~,,'l,.,J nJ§tJu 1, I~., n 

L~2J !lr.J0ll'1i'l;~1F1'1lJFl0l11l Lfl§flUOl:: LlltJ.lIrl,,~U ti'~~1n4un ~ (b) ~"J~vut:l,~",,,~,,',.,J LLYlUri~::'-ii 

'1Jfl"L~lJ'il12J4~ ~ (a) l'1i"l;FI''''lJFlOl'1flLFI~UU'1Jfl''FI'1lJtJ''~'''''lJ9lL~ t 0.003 ~, L~fl~~::rr"FI"'; 
FI,"'lJFlil1flLfldflU'1Jfl'lFl''1lJtJ1'LQ~'1::~,u~Ltiul'f~n!l~1F1''L~lJ ~u ~ 0.008 0, L~',::Q::Buti11J~iLfiu 
'l~\1 , LL;,lJFI"LU§tJULLUil"t:l'~'1,,'el,,'1.l1J 

, 
"'U,U 
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39. 

~m.JVl1fn "j"j ::\,'1JUI~ i'I'1,lJi'I£l,V! L i'I~uu i.~LLu\JmJ ~\l1 tl i'I'1"jv! "j '1"li'!uu~~ I L ~~ tl\l~n "lMtl~l1 ~ tl 

Li'I~tl\l9l'1'''LLr..JU''l::fui'!'lJ'''jtlr..J~V11~V1'lJi'I'1'lJ;u\lm''jl11u1J 1~tJ L~uu'CJ"l,nm"j'\l9l1l:r ~hU!J"\l L-Uu rJ~ A 

!1~, Lvi,f'fu i6.00 :t 0.06 lJlJ • ' u""~r..J~V!1~tJi.-tlLi'I~u"f1~\l LL£l::LrluL~tJtJ'Q-;;"f19l,"jI\l91 III i'l"l1~tJLi'I~tl\l 
n~,,~uu;'\li.l1J \l'U9I~~V1tJunlJ'''l::~i'I'11lJi'I£l'9lLi'I~uUuYLU~'1\l'1Ju\lLf1''jV!IT-9 ~\l!1~,tl"j::lJlru :t 0.022 

• . 1"'1 l' ~ " . .J.J'" I 1JlJ. LL i'lV! \l1,i'l,lJ""'Hl~~9l VI V!tJ lJ L iJtJtlryl1, L l~"j1 ~i'I'i'l1;'1lJi'I£lli'1 L i'I'£ltlU'1Jtl\l L !'l"jtl\l~f1"j!lU'EltJf1'11!'l, i'lTllJ 

I'l ~ IV! L i'I~tluff n 1l1UV! l1 ~utl,"l "l:: L.a L !'l~tl\l L ~ tJ "j 1 U i. U f11 "j r..J~V1l§'u~,ud'fll; LL~~""';~ 1.rJ'~ ::i\lf1~~'.u L !'l~tl" n~\l 
i'!1l1~tJrJ~~u "1 Ml1 ~n L un! "j91"lI"jrul!'l~'U1'ftJ9Iri~, 1; 'l\l;U L ~!J~ LL~~'f1"j"jlJ~~m "j ~~9l '11~ tl 

L i'I~tl \l~f1 "j~L .atll"l LL9l nvi,,,f'fu tluf11 tl Lvi ,tlu 

; 1l1, f1~'~'i'1'lllJi'I£lli'1 L !'l~tltj9!" L!'l"i 1 ::l1L ;~~ ,UtltJ Ll'iu1 tl 1JOf,lJ, "jtl ~~9l1 ~ l11u;tl\l '1..a~,,,.a 

~,tJi\li.Uf11"j~~9l U'''l!1!'l'1'lJ''l1Lfiu;tl\lL.al1~nf1'''jVl'\l~n~L;'lJ'~'1~LUf1'''j!'l1U~ruL~tl'1JtJ,tJ";~'~1,U!'l£l'~ 

L i'I~tltJ!l~ 1lJ.-:1f1fU ( "j 1tJil:: L fl tJV! ~ '1;-;;, 1 f1 L tl ni'!, "i~' \ltl \l il1~U91 ~) ~~f11 "j~f1tlJ 1 \ll1rl\l9lOf1lJ~ "itl L 9ilJ!'l11lJ 

!'l il1i'1 L !'l~tlU'1Ju\l LL~ ~::rJeii. ,1r!'1JU, ~lJ, f1~U . 111'1; ~tJ n1"~~ LL tl£l\l LL fit '1J ;ULL tJtJ'll1J L ~tl£l~-;;' 1U1UrJ~ '1 .a\lIUtli'!"j:: 

., .., ,..,. l.J r: , ' ,J • • 
'll1lh1.u1lJUtltJ£l\l L'1IU tll'(jv,n'4tJV1 . 41., ~O. LL£l:: ~~ .-;;,:: Ll1U1, n~V1!1~£lf1"j::V1Ulltll'l1 Zl -q::~!'l£l') 

"l1f1 ,r Ltiu ~ LL£l:: C'l 1I1lJ~1~tJ L!'ltJ9IfiU\lIU'lultWf '9'9 Cal_ 1;';;nf1f1""lU1fiu~1U9I iii LL£l:: • lJ,.,'1lJf'fu 

-a"l'UfiU\lIU'1.U,tJVf IiIIiI (b) 1;-;;'1f1fn"iU1fu~,u9! VI lJli'l1lJf)flf'i\J;ULLtJti9!~i'lLLtlil\l"l1,j'i\llJ.tJVf ""0 LL~.~tltJlJl 

V11nl"j~~f1~\l~l1~\lL~tlL,11;"l::tJ:: B' 1I1lJ;tl"f11"j ~n~ru::'1Jtl\lfU\l'U~\lLu4tl91 ' IiI'iI ( b) -q::nilluL~ 

nU1tJu'::f1utJUtltJ (unit sub- assembly) 
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41. 

vn1Jtln~hL~"l9'l "l,1J9'lOl,~ L 9'l~'E)tJ t:f.1V1 '{tlfl~~1Jrr r.Ji'lm ::VltlVl'mn,1J;'E)\3m "j'l.-tl\3,tJ (non -

functional dimension) !fn-.;)::1Jn1V1tJ~i'l\3'l.tJLLtltl L~tJtJ LLVl'OtJ1J L~t1tJ LtiuVl1J,tJ LVlI1 L rltJ')fltJ9'nl1J9'lOl'~ LI'l~iltJ 

yf')1tln1fltl1-i'-ll,\3 '1 LLtltlL'lItltJ ~\'lLLt:f~\3'ltJ4tl~ <;)l£1 lvltl~ 

+ v 

+ w 

+ 
'1JtJ,~'1J'E)\3 V LLOl:: + W 'l.; L~'E)m,nl'l'),1JAOlI~ LI'l~'E)tJ1JI~"i!i,tJV1'1JV1I"n\'l~ <!) LLvil'l'J''l.; 
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42. 

<)0. \JVHq~ 

~~~n~n~~~~~~n~~uvu~~U~'~U~~~~~~~~I~L~~uU n~~n~~~U~u~~L;~~V'Un~~~~~~ln 
1mJ L \l'Vi ~ ::uU~\ln\l'qu~viU\l ';!'l,,1J~:: L liVV11Jlnifn~ ::nTnl1J~\ltll n L un~ ~r.I~Y1 LL~::;u\l L ~v~~ L;~'Vi" ~ L {)u 

L -uui! L Vi '5 ~::~ ::viu\l ';!'lU\lIU~!l!'l~~~'1f;UIf\i1JIf) ,; L !'l~u\l~f)1"~n~,f'l~ UVi" LL ~::i'fil';~fY~'if'l~U tl,~!l~"'U L t!lu 

~viu\l~\l1J~f)L~ul~ Lun'5~~~~~11J1~~ul~~I~;u"nl~ LVi'5~::~::~un~~f);~u~f'l~~~~~~~L~~BU il';~~U 
rJ~L V1 "1 ~; L tiu;u\l!lOl'5~ L ~~~ ::l1'uJ~\l"1 tJUl'ltiu lJ-;I~:: d:iuL ULL";'lJ'U"m~1J;B" n~'LUn~'5L;"'U VI"ll1J-

L ~~~ ::il'~~B \l~TD~\l~\l ~~tl~ 1 ~vufl\l~mJ'lhvl'l~l~ ~~~1'f1' Uf)I~ r.I~~~tl\l L ~~tl"~n"j LL~::"l U~tlI:: L ~tJ~rrUBI~ . 
;B\l!lnl~ L ~~vuLLtJ~\lLL;l~;tJLL\Ju'~J L ~fJ~;';~~Vll;";'Vfu ~"~~,, "1 L~~~~itu-;~ntl~:: 1tJ'1fU~~n"tuLL";'-'n" 
f)~~~~;U~UnT'l~~~ ,,; ~;~~~ 1 ~"n~ L ~~.fu LL~::~~n:J~~~tlIfl~'~~T"lil'u\JL; L~'uUuV~" LYl'5~::!l~hui'f~ ::;'U\l • 

., !'i" , '" " Jt'1 .. ~L~VU~~\lLUUuVl\ln\l~l~tJ'5::nU\Jnl"j~Vlil'~~n~,~~utl~~L~~l~val~~'nu;~~nn~~UL~L'1f 

"u.ffu~utJ nl111 \l LLr-JU n 1 ~ r-J~~ 1vlv L mn ::uu l\ln \l L i< III r1um, r-J~Vl L riu~;uJu~ 1 n 

1. Gladman, C.A.: Geometric Analysis of Engineering Design: Australian 

Trade Publications Pty. Ltd. (1972) 

2. Gladman, C.A,; Control of Quality ·in Production Engineering: Annals of 

C.I.R.P. Vol. XIV No.2; Pergamon Press (1966) 

3. Peck, H; Allocating Tole~ances and Limits; Longmans, Green & Co~ Ltd. 

(1968) 
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43. 

VlI'I\l~ <;) 

STANDARD TOLERANCES 

FOR LINEAR DIMENSIONS R910 riCIn bl'."" Toleronc. Grad .. and Mochlnlno Proc ..... 

Millim'itrQ' Sqricn 
Mochlnlng Normal HIGh Coar .. 

0,0010 0,010 0,10 1,0 Proe ... . Ouoltty Duollfy Ouollfy 
Tol Grod. Tol Grad. To' Grod. 

0,0012 0,012 0,12 1,2 Drill 12 II 

0,0016 0,016 0 ,16 1,6 

0,0002 0 , 0020 0 , 020 0 ,20 2,0 

Mill. 5101 , Pion. II 9 12 
Turn ond 80r. 9 8 II 
Ream e 7 

0,0025 0,025 0 .25 2,5 
Commerclol Grind e T 9 , 
Fin. Turn and Fin. 90r. T 6 

0,0032 0 ,032 0,32 3,2 Hon, T 6 

0,0004 0,0040 0,040 0,40 4,0 BroocH 7 6 
Fin. Grind 6 !! 

0,0050 0 ,050 0,50 5,0 lap 4 3 
0 ,0006 0,0060 0,060 0,60 6,0 

o,oooa 0,0060 o,oao 0,60 8,0 

- . , ~ --- -_ ._.- --_._-- .---- . _--,...--.--- --
4;-'r ~f ;;~;;;-

- ----~------ -----
Lor,,_ lal.rQf'lcg, 

r (Nor for fit" 
Bo'" ,-- - - .- -

~ - ' . --- ._-_ .. -._-
ttl,,",. ,.~. 

jon,...) r---- -
IT./ '1 .2 1T3 'T. ~ IT.!! IT. ' 1T7 

--0;;;- l;i"Ind'" r--" r---- -
I.' 2 3 • 5 7 9 

I 3 I--
3 6 l' 2 3 • 5 8 12 

- - -
6 10 I.' 2 .3 • • 9 

" 
10 18 I.' 2 .3 5 8 " 18 

- --
18 30 I,' 2 • • e 13 21 

r-- ' -- r-- . 
lO '0 2 3 • 7 • " 25 

'0 80 2 3 , 8 13 " 30 

80 120 3 4 • 10 " Z2 35 
f----

120 180 4 , 8 12 18 25 '0 

1110 250 5 1 10 I. 20 U 4a 

2'0 315 • 8 12 IS Z, 32 52 

31' 400 7 • I! 18 15 3t &7 

400 !!OO • 10 " 20 27 40 I! 

ToI.rOrK' 

IT.S 

" 
18 

22 

27 

l3 

39 

•• 
5' 

n 

7Z 

.f 

" 
11 

I 

Grod .. 

IT.9 

25 

30 

3. 

'3 

'2 

62 

7' 

a7 

100 

II' 
"0 

,.0 

1M"'" 

IT.IO IT .• IT 12 ITJ3 IT.l4 IT. e 

40 60 90 140 2'0 '00 

48 75 120 180 300 480 

58 90 150 220 360 '80 

70 .0 180 270 '30 700 

8. IlO 2'0 330 520 8·40 

100 ISO 250 390 620 1000 

120 190 300 •• 0 TOO 1200 

140 220 350 540 870- ,.00 

180 250 400 630 1000 1500 

la5 210 460 720 1150 18:10 

210 320 520 810 1300 2100 

2!0 ~ '70 .'0 1400 2300 

2'0 <100 ,130 '10 15'0 2500 

u .. trade IT. I for II'ncr.lo", O~uf~u 

Un fro". IT,2 ,~ ...,.. Ou.'" (k,u,41. 

IT'/' 

600 
--
7'0 

900 

1100 

1300 

1600 

1100 

2200 

2'00 

ZgOO 

3200 

3800 

'000 

U .. OI"ocf. IT.3 "IT" for 0"4 O\UIIY'" 0.", •• 
V ..... ,6ft IT & II IT I '" C,,,,,,,,,'rlool ......,...., 


