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Mathematical Representation of Geometric Tolerances : Part 1

Sangho Park*, Kunwoo Lee**

ABSTRACT

Every mechanical component is fabricated with the variations in its size and shape, and the allowable
range of the variation is specified by the tolerance in the design stage. Geometric tolerances specify the size
or the thickness of each shape entity itself or its relative position and orientation with respect to datums.
Since the range of shape variation can be represented by the variation of the coordinate system attached to
the shape, the transformation matrix of the coordinate system would mathematically express the range of
shape variation if the interval numbers are inserted for the elements of the transformation matrix. For the
shape entity specified by the geometric tolerance with reference to datums, its range of variation can be
also derived by propagating the transformation matrices composed of interval numbers. The propagation
depends upon the order of precedence of datums.

Key Words : geometric tolerance (713} -#}), tolerance representation (& £d),
transformation matrix (& &%)
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AR} ng@so] & Aot} o] EHL A E9] o3 e k82 A EHsd H2d ¥4 29 (nominal
A3 AA GAes L WE 2o ARE ¥} model) 9] HAY B3-S AAdte Sl 2dy Al2d
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generation and verification) 53 22 AA 9} 713l
g9 s FRE A FPr?

a8 dAe &els 2dge 29 AF (assembly
planning), 33 ¥4 (tolerance analysis)oltt ZAH
(inspection) 53 #& AA9} 713 o @ BE B
g IFste AL oAz, ol R HA % 7t
Fo] £EHof APt ol AL FE] At
of 2Al 2% (concurrent engineering)9 7ol =Y
A3 oA 7NE NdLe RE A A FA
742 24 (manufacturing process) & izlste o]
t} o] Y5l A Ed BHE BE ST AHLE F
A 2493} 3 ABstdol gk & o] YR FA A
HE Fitsioo} gk,

AAGAAN A 34 2d2 Fostn FAE
g3t AN gxdte FA 2 7|%E 83 2
Fsteid et dEo] ¥4 (form), AA (orienta-
tion) 2 A (location)E A xzd t)3A2 FA7t
Agsn A Holob ke Aot 7|8} Fae @Y
AAe A L FAE FE4AAY dold (datum)dl
3le] 3o 24 2 I E &I =F HEF A
AAGA Z88 AHd9 Holde] 2 PAE Fdte
712 A %A (reference frame) & A F3t},

ol 71at APt B md® Aladed AAEo )
o4, 7138 $E9 &4 delga £ 1 BF0] 4
& & T A F ] A, 71g FA F
g3 2d 9 A% 22 HAY AF3 (inspection
automation) = % F83 247} A}

=

ol

2. HEdT

Hillyard ®& 35 B3] 43 #8542 o] &4
ey AgdFeAh. 2B Ty (stiffener) 9 FE42
A (constraints)el 71Z3td A4 L At =g
ol it dyaigen F&2AE E7)9%o 34
P4 (rigidity matrix)9] 983S 73 vz ¥y
o] Light5¥el ¢jste] A=At o5 HH& 27HA
9AE ¢tn e 2R AF FA FEHR V)EE
Aol A &3& vk Aol

Requicha®& 4% 718182 FEE ¥¥ele 7
3ty o)L ANEHAT. aE B39 HAE LI
(offset)dte] THEo]A Fhoz FAYHE FEe T
A 329G S dehles 33 ol B39 ZA7L ol
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o Fo]A FAE UEI}E Ao FHES FHLE
g oleld AFE ueo g 9T H o B AFE Rossi-
gnacs el d&lX AYHYL Etesami"® HI£E F
Ajo} Eoff B3t} AR

FATL FolA Exe 2l FhAA GRS H4F
9l e (topological form)E g 829l = &
g AFE Stewart 5l & =AU}

Bernsteing"" & £ & 2dydA 248 Bdd}e
74 24 YE9Y (constraint network)< ol-&3le
W AN 2 19 AHE Fddte 74
Zz2 Y EYd] oJdte] AAH W(faces)ER o] Fo1 A
Bae] AU E F&3he U PHo] W FHsle
WEYe &4 & (node)E Alol9 ol (arc) 2 UEld
t}. Z Ao gigte o Ao FaPA s v s
E F kEiolg Az ue} W PFS At 4
At 23 29 dFE o WL ok TAE
olRA Y & e NE P AASA Retn
Ak, o)A} FARRE WS o] &8t TS Az 1P
U AARE 293 2" A IUcite{CARDI3}
o falM dFstn e AT =EE Y £ gl

He] T3 (Vectorial Tolerancing)®***® & &
o] AN T BAE Wt 49 dH = 148}
1 EF A4 A HEE FAsgen o YHE
Zte] M4 (deviation)”t 328 YEMES o).

Turner'”= ¥E FA FAPRd EHHE 2
¥ (model variable) 2 Fee}. A& 9, 2%
A EAdAN 259 AAE vehlle 2AE] (edge)e B
Pol g AAE UYehle F A9 24 #MFE 7P
o] £ W% & AYHE BMEY ZAHL o] % 23
g 2Agsle] waAgoz AR, o)& ndws ¥
T2 FaY 74218 THHAG.

B A erist A8 vlax g PAq JEY £
o AdE =det] Ao s FHI o) o] &y
g4 2d3 3 I FEAA ARE ¢ RS 4R
o}, 53] deldd A& AA 2 HAE P& Ve F
A7} FoiA Aol dslA e dlolde $4 £94& 19
3 g Ao dnel o3 1 3L HAs =2 + 3
< Aojth,

3. AEY oYt

289 A

el A4t (interval arithmetic)& &



W olds

& Fokolth. Moore"¥= dukaQl Qe & o
3lof Ansiict. el e AAAHQ 9 JAFeR

(worst case tolerance analysis)9 ¥Wd& #g3lxn
o] Wid BAAQ 71 A/BIEEN BAHA T2
B4 (statistical tolerance analysis)Z 7Fs8tA 8171

ol

3.1 82 & 20f

UHYE = d49] JFoz gid go] Fedd
[a.b]={x|a < x s B}

as} be Aejd49] A (bounds)elz %2lv] ag 3}
3 (lower bound), b 4%zt (upper bound)ehat
81 ax bRETH ALY Zojok gtk Ag e YT,
c=(cc)2 A7 At AEE 49 Z3} Auge ot
3 Zo] ¥ 4 et

width([a,b])=b~a
abs([a, b]) = max(abs(a), abs(b))

el AEY 42 74E n A 9,

A={A,A,,...,A}

- (Yt} fon]

T 398 gt dE 89, U 2 349 239
dele 22t FlA A E Suehde, wide QIH
W 4o 3x¢ dEE 34 FAAA A SHAE e
Aot &, A = HE 9 W3 (variation) & Ve
9 = Qlt o2 @ dE 9] 9 AdigE 3 2o 3
odt,

width(A) = max(width(A, ), width(A,),...,width(A,))
abs(A) = max(abs(4,),abs(4,),...,abs(A,))
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3.2 QIE{dH AN
JHE AihE T3 2ol Fojdd

[a,b]o[c,d]={x°y| x E[a,b] and yE[c,d]}

7N o o€lt,-%/te Ze WA, WA, FAT}
HEAE Uitk Qe S g o ed
o4& g3t ol thAl & % 3l

[a,b]+[c,d]=[a+c,b+d]

[a,b]-[c,d]=[a-d,b-c]

[a,b]x[c,d] =[min(ac, ad, bc, bd),
max(ac, ac, bc,bd))

[a,b)/[c,d] =[min(a/c, a/d, b/c, b/b/d),
max(a/c, a/d, b/c, b/d))

Wed BAAE 8 [odle 0% EdeA e
270] 2790 Que 22 WHR AP YU
o,

[a,b] +[c,d]=][c,d] +][a,b]
[a,b])x[c,d}=[c,d] x][a,b]
[a,b]+ ([c,d]+[e, f]) = ([a,b] +[c,d]) + e, f]
[a,b]x ([c,d]x|e, f]) = ([a,b] x[c,d]) x[e, f]

Wi EH A& YA o FulEHE (subdistrib-
utive) & At

[a,5]x ([¢,d] +[e, 1) [a,b] x [c,d] +[a,b] X [e, f]

4.0l W Y

W38 g8 (homogeneous transformation matrix,
TZ ®7))2 §459 FFATN §29) dafe] FAE
4x 4 PE 1 Aol A 4 HEE 7)E AR
Aol gt ¥std HxAY X, Y 7239 ¥ el
I A duee AEE R4 JAE vehdd
ztzte] Yo B2y AFAE 6719 AFEES Rz
712 ARA Ee tE 34 FHE FEAC A
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4 x 493 JE 2 F&9 S glon WHE YL HYo
% (translation, Q2 %7]), 84 (rotation, R2 X
71), 8 (scaling, SE #7])8#E 9| Foz FojZAt},

4.1 0|2 g8 o Mo

o ZF A7} 71F FEAZ B W3 P To o)
Zolgo} g o, o] HEA To] (I+A)HE 2 3}
g Fhx 7HEE, A2E ABA = 71E ABA 2R
T(I+A)=T+TA 9] ¥g gd= FANT ¢+ Y. &
& u]4 W3 (differential variation)?l & o s} A

AYse
lim sind =9
50
lim cosd =1
50

2AY 5 Jenz n2 M P AS peje BY

I+ A = Qxyz(dx,dy,dz)nyz(ax,ayvaz)
Syrz(1+Ax,1+ Ay, 14 4y)

2 Jepd £ 9t A7) A = &9 ¥8 32 (iden-
tity transformation matrix), Q= ZEA ] &
Uehlle %3 ol% 32 (translation matrix) Ry, <
#HxA 9] e Jeill= 84 dZE (rotaion matrix)
% Sype i B F48 Uelle Ed FE (scail-
ing matrix)°|t}. wWekA vlA WE PFL g3 2ol
fEeg. @

A’X - 62 6)’ dX
62 A’Y

o

Sy e
(D - - )

4.2 HHEARIS) 0|2 wiste] Fat
S HEAVY vl B89 BAS el 93kl
Fig. 19| (a)% B4 AZEA S BREAE 27 923
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(b)

Fig. 1 Propagation of a differential transformation
matrix:(a) shows the propagation of the effect
of a differential matrix and (b) shows the graph
interrelating transformation matrices and
differential matrices shown in (a).

thpge] o FEd £ HFEAE eI AZEA
o3 £3d A4, BRAEARE AF
A7 B BAo Zo] ¥&zo] glemz BREA
T3 FAoA Hed 2 ¥3 YL Figure(b)e ¥ 3
go] oz AET & Ut} o] 2YZAM AREA
o Zgste v Wl Aud o Autd BaEA
nz Wl ‘A d o BREA Mze W P
& Tp+Tp"Ap 7} BT},
a8y o] AEAE WY AFHAZEY o w3
P2 T, 2 AREAC HEAA FE HEE 0L 4
o] Ay},

Ty +Ty AAB =(T, + TAAA)A Ty

N
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br
3
s
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2,
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A7\ A Tz =TTy 0|22 T, *Ap =T,A, Ty 7}
Hrt. mebA
AAB =TB_l TA AA ATB (1)
=f T, A, . Ty

al |
¥ °l vl& WErt O AEA od 9L vA =

7} ERS F AL 9F GEE o] §3ko] Bu
ARG 5 9SS ool gt



Wats - oldg

HE Po] A A wet e AAE e A
3 g va Mg P A g Bl 2e
A3E e, F, vja e 3L a9 Y] 49
g} & HEA o2 vk BErt A 8- AA vla
Wste) Al 2} vl Agle) ez ¥A1E £ Jdog.ag
HE Tol| oja Feld FHA na b3} ApAy,...4,
ol J&HE B¥E

TU+A) =TI +A)DIT+A)...(I+A)

=TH(I+Ai)

o Hed Bl st AL e eng v g
759 Qa8 Uehe e FA Wit Bk
248

T+TA=T+TA, +TA, +...+TA,

n
=T+T ) A
1=1

2 Yehd 4 gl3 mebA A vla ste

A=2Ai

7F At

F REAR vk dsle] A FAE oA FAEA
gAsto] e = ded 12,009 HFAL v4 W
& 7MY olEo] jREAN F= vi (1)
(2)4] 98 27} 2o] INE + U

@

2 drdie &3z, B, 2AE, AT 2L 8a
S ¥4 84 (shape entity or feature)g 33t
4 22d $AY & Je d4 WA E Ust
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We #s} (variation)7} FolAW 1A& W3 g4
(variational shape)elgtx 3t W37t Foix)A] ¢
A4S 33 ¥4 (nominal shape)elgtn @tk &
849 FoAE ¥ste AHYE £2 749 ik W
Pddz Fdo| 7heditt. 974 A £2 FAE 1]
& A% gHold P 7 847t AEY $9% 9
ugtt, 34 343 W 349 WAe 2 gio Fo
A #EAS A P 2 WIS Yehe vja H
38 o] &3l thgt o]l FHE = Qi

> rlo o

!

[o

Ty =T, +T;A

A71elM Te 33989 AR2AE dehlle B8 94,
T 33943 A8AE vehle 98 32, A §
ol M3E Fe dHY £2 FAE va ¥ P
o Wt B4l AAE vk He JEY £2 Aty
TS} 2L % 99 Rt B d7dA e e
o Z1AR-FAM 71kt g B2de] A7t 3
Holu} 93U Yeeg o] 5] Wste] s Yof
A& Ay gl e obel st

5.1 &5l 4o

3N Y &5 6709 5P 24 o) F
ot} e FPoles vt 8a0z UrR 3
Ne A4S vedd, o] 6719 SHEYA 84+ 6 2+
% (degree of freedom)ehz £}, o] 6345 4
o] A9} B&E A eten AR # Qg a8y F
o7 YAte] EHol wek X o e Hslglo] 3Y
F e AREE 23T & ded, g AfEe d
A AF+X (open degree of freedom)2x T} &
EH, dH A4 g 2s = HEHY Wgozg
HeJol gL ok W g FulslA] ¥t €A ARES}
A=Y, 49 ¥ yehlle 48E 23 5 4
o 9tg oz, A5 ko] Walglo] Yol FatAt
3HE ¢ gle AFIHE 9 AREE 2H] ¥erl
T o] Ed AREE Zeud, 2R dFEe
M 24 ge

DRAEEE A9} wake] wsiglo] F Heke 2 Wy
o] 4 L, & Wdke] B3t HAF 4 et o] F
HolF Afee FHY YA AE e FZo|x Aol
F AfEe fA WE ) Wk A Aot mekA
AL 6719 ARE FAA ol 39 4 AHv=
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€ 7R Y o2 st HHE 3H o X9} W
< AFE 9.

Hae U YHE ARA Y ZFolgtn 3, HHe
A Wste Mk 9S PE9 d,, d,d,9] Aoz &
& & g a8y XoF Y Afse 98 gen
E o] ¥ @¥o2e Wil 4, d,E 7H s gl

ot7tA 2 g A Wste va A
Ox:0y,0z 9 o2 748 4 k.

7o) #F A AfEE dlonz 6,9 wsg
© 7 & v weA #E2 i ¥ gy
9] dz,0x,0y o) A ¥ MHE S £ U & W
YW (variational plane)& A(dz,0x,0y) 9 nla
g gdz uges 248 <+ gloh

PP

5.2 Hsl Ysd

ol A A E R B fASHA FHS TR
2 59 A% BN 9 ARE AFE + Ao
F& 452 AR5 T dggle] ATz 9
Polgd & A FAFYY el A E + AUt
agez 952 2719 4¥ AFEE 7HAH, o] E™
AFEE 2t ARk F YEE ARE 3
o £ A5 A9} eEtto] opx ¥R Sl #
¢ W3tz mejstoiop o}

5.2.191 ) ¢ W] vl 4 gt

A5 FASLYEE 25008t & | ZFd] B E HY
o5& d¢ . wety d%L X9 YEWgozgt
Ao HSE A BE vjd WS PE 4,40 JE
o2 YXNE 75 4 v} BT 7S] AT AL
de Jonz zEd 39 o & AL Y=
o2 Wg P9 Oy, 0v9) Wzt 459 W Wls
YehlA "ot el WEl 9% (variational cylin-
der)d A WIS T i ¥ PP
A(dy,dy,6x,0y) o]t}

5.2.2 WA 89| Hl4 W

2% W 5e) WeE B Aol Fig2 § 24,
25 999 REAL AREANA 23] BN ¢ B
2 34¢ ATAS BAEAGD AP, 95 U9
o Alxg WAs) WatE Eda) Ane ¢ 7}
[0,27] bl 213 Qele] @olnt. 2R 5 2HEA
Aole) Ag P&
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Fig. 2 The coordinate frames of a variational cylinder :
Setting up coordinate frames to find the compo
nents of the differential matrix to define the radius
of a cylinder.

ATy = Ry (9) 3

Z FAY, A7)l R(P) e ZZo) B 34 W
PHolc},

BREA 71 & e vk HE P o3 WalF
9} dy,0y,Ax o] H¥o] uix 2] Wty AA L,

wetA BREA A HAE ¥stE T&3te i
gk PP L 02 ¥rjdte] P(dy,0y,Ax) 9} o] H
&7},

SellA g F ula AE PPE o] 431¢(3)9 A
ZEA 9 BREA Aol ¥E FHo 37 Zo] vja
H3lg & 4 U

= (I + A(dy, dy, 85,80 )Ry ()1 + B(dy, By, Ay)

= R.(9)+ AR, (9) + Ry ()0 ©)
@AM & % 5o] AFAL A5} YL Aa}
7 A% 409 MY ES BASE A A% 3

o WegE e et

. BAte| Hut

P2 AAE 2&ste A AL 34 FAe dHd
9 v]2W3 PP o] §3lo] gollA A st P4
& ol g3te dE AT £ glov b Y4& e
o2 3t 4] YL AAE F&3= FAe 2 7]
#ol H& dold (datum)o] BL3A Hx, deojd &
% (datum feature)o] FojA= FAr9 F3&F-E A



W5 o) e

o olgd JBe golgez FoiRt 2 49 e
=8 13 T Ane BUAN 49 & slon
o) Astol tlold 71 E HAAE Ssleick B},

6.1 dio|Ezt cllo|g Y&t

dolde FHH dlol®d ¥4 (specified datum fea-
ture) & o€ 29 715A Al 4 (true geo-
metric counterpart) 2% FEd, o]g¥oa F%
& A (point), &4 (axis)Ex ¥ (plane)Solth. =
3 dHolde ¥F 349 94 Exe 78EHA §Al
g9 94 (origin)& Yehd},

A7 87 2Po4 715E deEE 49 Holdh 7}
FE BE9 A dolg ¥4 Atoldle Aol7t Yt
ol 3L vlo|gd S FYdte Kol FFY HAA ¥
Aolth, YAL golgd oz Asly] JAAE dod 4
¥7]% (datum feature symbol)7} 20| A= F2
SdNE T 2 A9 deoy & €L FAde

A97k sleh o] A% HolPe 1 FRE 202 $H &

9l (precedence) & 714 °]&& AY dlo|¥ (prima-
ry datum), A°] ®o]® (secondary datum)z A4t
do]g (tertiary datum)olgtz st}

6.2 dlolg 7|1& =B

HoldEZ $hHE Hold 71& 2EA (datum ref-
erence frame)e 3719 o2 FFsla £ A3
AZHE o] R PHoz FAHe FFAE LTI,
HFAE o|&Ne2e EAAT, XEe &AM
A et dojg ¥He 27 $4 &9 w2
A3 e AFAA BE AA §4& F-4A FF
AAN Agspd, -7

Hold 71& AFA Y duse W g F43)
£ e dolgd FolAe AREE meidt] 44 7t
29 EA9 FXAE 234 g, d& E9, 99 o]
A 749 £E& 7 vlo]d ¥4go] AY Holjel 3
Aol Aol wolge] 2404, A4t dold] 134
o2 J&Jt}. oj AL HFo] 6719 AREE Fted 2
ZAAM Ad dolde] 3749 AREE, Ao| Holdo| 2
Mo AR=E, A4 geldo] 119 AfEE FEEE
gt &, 4 £9 (precedence)E Zn M2 Fzb
ol "olgde Af=7} dold 7IE FAFEA (datum ref-
erence frame)3 24 3A d}. Fig. 3= vloldy &
A &9 dsld Hel® J1E FEAE oJ¥A 2HY
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1.— Secondary Datum
Tojerance Zone
Dajum Reference Frame

Pe Acfual Feature

Prlmarr Datum

|
14

(@)

] oo

A

(b)

Fig. 3 Construction of a datum reference frame:
(a)shows fitting the datum reference frame in 2
dimension and (b) shows setting up A, B and C
datum in 3 dimension according to their precedence.

F JE7HE Bole adelt. Fig.(a)e dold +4 &
919) deg dvstax e 2399 ASolth. A4 F
E9 dold 4 o’ 71# ARAE %& A+, ¥
A 9ol et 94 AY dolgE %5a 1 vl A
o] yo|§ & ©3A At

ol A4 doldol weold 71E AEA Y ] 3
F ol ARz 3 AREE WA T&3T Alo] o
o]go] & X Wik § o|F AFEE FETE 9|
g}, 0 Ao] Hold S WA 231 AY deolgS %
Zohd, Ao] dlol¥o] X Wike] B o] F AfHzst 3
A AFEE 7432 A Y vloldol Y 4e] 43 o F
AHEEZ FE5T o]AL HolHe 4 ¢4 7FHq
qZUEE AY woJgn Ao] Ho|de] 2 A A
EE 758 7 e Atde 4 294 det AL o
ojdo] 1 AREE T&3IA He Aot AA FEL
o3 A 3o dlolg 71E FAAA st FolH F
A g dete] Esteiof drt,

Fig. 39 (b)e (a)9 d& 3392z 33 180
th. AE A, B C7F 47 A, Aol Ak Heldez
FARE A4, ol & volde AfErt $AeHd wet
7% #FAY AREE el vld wg g9 AR
A dy,dy,d,,85,04,6,9 6745 AR dA Ad
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dlolgQd Ae 71E FBAY dy, 04,0, 3749 AR
& 743tk 282 Ao] doldd B dy,6y,6,9 3
e AREE F&h) Sy & AY dHoldd 22 A+
EE 7&22 JFE AFAA 98 vAA 2o
b2 A4t dol’ed Ce dy,6y,6;, 8 F&3ht
Oy € AY dolga 2 AREE FE2 6, & A
o] Hold# 22 A{EE TEHRE o8 FA Ak
EE 71E 33 A 4 vXA 2ok weA 2ol
0|9 AH%EE Table 18 Zo] oJE2 FHe 7|&
#A7A9 AHEE F&I

o2 9L & volde AREE Uehle v

Table 1 Degrees of freedom for a datum reference
frame : Datums constrain the degrees of
freedom of a datum reference frame, according to
their precedence where the frame has six degrees

of freedom, dy,dy,d,,0x,0y,0;

Precedence of Datum | Degrees of Freedom

Primary Datum dz,0x,0y
Secondary Datum dy,dz
Tertiary Datum dx

82 g3t 2ol Atgtoed 4uE £ g

AR(dX’dY’dz’aX’éY’al) =
A Ap(dz,65,6y) +7 Ag(dy,67) +¢ Ap(dy)

A7)dlH Ak w2 ¥e §Yolx of2f B4 RE o]
" 71% F3EAE Uiz, AB.CE $4 &9 me
o9 e vepiY, Qe A3E 2 actei, fol
9 rlzez st 94l datel 4 dojge b 7
Qo wje} 340 AHES FEIGR & 4 A

3 49 7120] S ¥ A 1B delge] e A
EZ 748 ¢ Gt 0 G 28 971 28 oY
o 2 AREF PEET,

meb F4HE ARES Yehle 4 W8S A5
o2H Holy Y4l FolAE FAS 1 YolUe NZ
22 sk B40 AHY & Aok ol e nAFL
ol g3t] 4T 5 ek,

1.7V $4¢971 e delde] Wat A Astac,
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2. 1A AgE volde] ¥she Adfetn g e
9] dlo]g o] Msirt Astett,
3.4 971 7P R dol'A e AFE wE
Liss

7. 580

Fig. 4 & 2& & Azts) BA.

B} 2z F93 FFAc UL Bl ¥y
WAgs A 250 AFES Folra 450
4 Btele FHEY WPl 257 A}ES o
Fig. 5% Zo] Foizctn ¥ 2t g3 44X dAe
Zt g A e A g o) o) ek < g

96000
g;o_e.oa- $0.4 AIBICI
0.04 $0.2 {A
S e07 [A]0] Q|

7] 002 |
L] 01 |a]
8
=]

f B

2
/\
b 100

200

100

7| 0.02 l

40

Fig. 4 A drawing example

24 14
IB 2 A,
Y Y
z 2
]A X R .
T i T -
[ . 1] ,
. l_fa g . e
- 2 x

Fig. 5 The coordinate frames of the drawing example
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AGRde HAHEY} 0.022 FUA ULBE o] &

Fite vl ke

A,(d; =[~0.01,0.01])

oleh.

Bl AzEs) WY FolAYT. 0,022 F
o34 gl BHES) vl WeE WA wela

Ag(d; =[-0.01,0.01])
o] dct. 0.12 F4A JA4T& X&d et 71¢71E5
3 8-5t3 FE 50 B $2l JLeBR Y&F do]
o] Wl 208 FolW AZ x| whro} Fojof gt} wpet
AN AZze] vl Wshe o3t 2ol "
Ag(8y =[-0.05,0.05]/20)
T AT AP B FoiA denz AFY
o v ¥3E BYZe s Ansi
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ol Zolof @ik, WAl Azkee) v Wake
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ol dvt. & AA=FAE A B, C343 ddH 3l
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Table 2 The results of tolerance representation of
the drawing example

Feature | Form and Size Orientation Location
A(d) | dz=[-0.01,00])
B(A) |dz ={-0.01,0.01} | &x ={-0.05,0.05]/20
D(®) | dx =10,0.06] 8y = [-0.1,0.1]/20 dxy ={-0.2,0.2]
AAp AAp
BA,
CAp
E(®) |dx =[-0.02,0.02] dx = [~0.1,0.1]
dx = [0,0.06] AAp
DAL
8.4 E

o4& Bg P L o] £ FAY (L3 na FAY
(differential tolerancing)°lgtx 3t#t)& 49 BF
gl Fgho] 15t nlA FAY L YU A5 o
o] 2312 BYE & dn =T TS FIES voly
o 4 €98 133 tdE BAE P g §
o Aite g AAES gk, ofd dd FA] ¥
A%e CAD/CAMS B&el QoA % 383 &S
G2E £ Sl o & 59, i FAYEL 3Ll Y
2 B FAT O EAd 44 248 $ 90t o
yshd Wals F3sle v He g8 7 R F
e} A 4AE Zhe dEE $E FAHA7] gl
o} ol § AEE 4 Aatd] FAF Y-S e
EAAY T2 ¥4 (statistical tolerance analysis)©]
7Hed Aot}

ZPAE A% LY FFo WU d5o=
o] ol 7| W&o 25 FHalw AR $isld o]
F 340 nsigch. 22v 79, =¢HE (torus)
ojv} AFFR G A FAE FAAY o5 AN
o YA & nstaz} e Aol vk HE Yo
AES B9 5 %= AFstodof & Aol
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Fig. 6 A data structure for tolerance representation
This figure shows the class hierarchies to represent
tolerance using C+ +. The Differential class stores
tolerance information and the Feature class plays a
role of bridge between geometric modeling system
and tolerance information.
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