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Interval Analysis for Assemblability
Checking between Variational Parts : Part 2

Sangho Park*, Kunwoo Lee**

ABSTRACT

It can be expected that the tolerances of the parts are assigned systematically and thus the parts are
designed considering the assemblability in advance in the design stage, if the tolerances can be stored
together with the geometric model of the parts and the assemblability of the parts is verified in the com-
puter. In other words, an example of the concurrent engineering is realized. To verify the concepts
described above, a new method is proposed to verify the assemblability when the tolerance information and
the geometric model of the parts of an assembly are given. This method determines the assemblability by
subdividing the range of relative motion between parts until the subdivided region corresponding to free of
interference can be found.

Key Words : tolerance(Z3}), geometric model(7]3F 2d), assemblability(Z84), concurrent engineering
(B4 &8, assembly(Z®A)
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Fig. 1 The example of an assembly:This figure shows an
assembly container where against is a mate
condition for planes and fits is a mate condition
for cylinders.

Assemblable
Region

Initial
Reglon

{a)

initial

Seperated
Regions

Fig. 2 Assemblability checking : If the parts of an assembly
have variations, assemblability is classified into three
cases as shown in{a) assemblable, (b) dis-continuous
assembling path and (c) not assemblable.
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(interval analysis)& 3t +& 4 o} Agd &
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AL dHYE +E AE (subdivision)dte LHE o] &
g}, o] 38 YL REZ] AU X E Jepie= ¥
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SAYF et st AE L F U ol 2 BAE
E7] 984 2 AR F EAAold oFA HF
(contact)e] Eolue A& HUdloo} gtk & F &
7H AR TS dodleA ofUd A2 HojA deXE
gstaiof gk, o] Z3H (contact state)oll <A
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o JF< 734 €.
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2349 FEAANE ] AslA 2399 WslE
Zte 27 44y d@ o Fig.3% B4 34 o
oL el 99 wsd it FA LT =
Biste] 49 vepdot. o] 13N 7]Eo] He o5
g g gl ol B4 (mate feature)d ¥
HEH Yol AREFA +3Y g olg} £ Ay
 Free’3¥jeta B lstAr,

a3 ALY e g8 H N2 e Y R E
(interference region)°l 3Utt. o|AL /39 o= A
olgte Al e iRe] EAEH 1 FEolA A
Hio] dZche Aolth, o9 2 Al E Interference
et A estat,

nterference Region

The definition of contact states: Free denotes no
contact point, Unknown denotes a contact within
the allowable ranges of variations, Interference
denotes an interference between the inside regions of
mate features.

Fig. 3
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‘[ Unknown

- Interfsrence

Fig. 4 An example for interval analysis :This figure shows
the process to find the region resulting in no
interference between a peg and a hole. The largest
rectanglular region is an initial region specified by
the designer, and the circlular region is the true
solution in which the peg can move without
interfering the hole. The bottom figure is the
detail of the center position of the peg.

Allowable

ange
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Fig. 5 The subdivision process of interval analysis:The
position of a peg is subdivided as quad trees as
shown in Fig.4 because the initial region has
two variables along X and Y axis.



analysis (region)

1: if( Free ) add region to solution

: else if( Interference ) discard region

: else if( Small ) add region to intermediate
solution

4: else if( Unknown ){

5: subdivide region into subregion_i
6: analysis( subregion_i ), i=1,2...n
7}

[VVR )

Fig. 6 The recursive algorithm of interval analysis for
assemblability checking.
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33 oy RelA FEFE M F Aok o=ReA o=
AE FFo| dojuex e F FENY HaAHE AY
dlo Bed & gk £E9 B P HEFE ¥4
AYE Hostx g ot WFezg ALE &5
Fostd 1 AYE Fol 713 7MhE ARE Aoz
AN A& E B9 4 Ao Fig. 394 25% 043
o} 99| A Atelel 71 7WhE At Frdd F 3
go] AFET. T B3l M Fke ARt 852
Vel 2 210 S dodle Fito] EA8HA €.

H2AY (minimum distance)s YA A 431
o Adl Y& Yetde 994 wet o= A= At
"ojz Slevt dhe AS JEHYE 2 2EIY. FHAA
g F 380 AFEA 2HLF de B FAHL
2 Jehd Aoy A RE HE FoX 7HF 7t
& AYE veille JdHYE Fo|t}. wetx HAARE
the 3 Zo| Foizint,

[mindista, mindistb] =
[min(dista), min(distb)], i=1, 2,...n

71N (dista,disth) & B3] dolel i WA HoA
2 B3 A g dehdle 8B A disa, =
FoiR Aste] HALNA 713 7HhE gk Ve
€ Aglelx dishe 4% AZolth ne o] AEd A
Fol H4& Adle nlY (dis,disth) S0l 2s)A 2%
=8 mindistad 4 A9 83kl 2 mindistbe
dgghelt},

ol AaAze] Ag gol $5dd A o] EAjst
A 2ok wekd 8 99 AaAE B
¥ o) 52 8T & ot LAY o1 gho] &
Fd ASde F 23A 9] FA M Y F&o glrhe

Roln 3 gto] B4% F ant 99 9944 ok A

Table 1 Relations between a contact state and a minimum
distance

Minimum Distance Contact State

0 < mindista Free
mindista < 0 < mindistb Unknown
mindisth < 0 Interference
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o}
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a3 g}, ol 3l Y BE HIHE

A Adl W FAH} PFo] dojd F Gl W
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EAste Wald S Agste neistA |

WA AsAAe)e AR E ANE] e A

< Hd9 FFAZ AFAA et Ho] Bt 4}

(Fig.7 &%)

gyae HEAE Aetn stz A HHe HEAE B

o o dd rf
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o

o

PoainfX.Y.2}

),
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Fig. 7 A relation between a variational plane and a
variational point:A is the coordinate frame given
to the variational plane and C is the coordinate
frame located where the variational point is
projected on the variational plane.
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wpebd sty AggEge Ade H3HA P,
o cHEAY 449 B P Aole] Azle 2o
B2 (1) @4 93

Pplane = (I +A AC )(Oa 070)

[dista, distb] = Zof (Pyins — Fptane)
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O Porano

Fig. 8 A distance between a variatonal plane and a varia-
tional point: This figure is shown at the cross section
of C coordinate frame in the figure 7.
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et & 7H g @ (Fig. 98 #%)

1. fits2A e F T4 95 349 FAHA (centerline)
o] & A (colinear)3l| EANF=E F&3ch? &
AFoME 4% B9 4 HFE 257 dHA
A=

2. fits A2 1&HE 45U AFA F9
o)A WEQ A(dy,dy,0x,0y) 7t 93] B
3E JehliA 8ot AFo] dojdF e WEE F
7} el Ad ojsjq 2

3. ¥ Wy dtole A& JUgde Zoldd e
& A4 (end rim)olA Lot oA A
9 9 e 7HgREst BdEdY FE HEAE
Apolell ZAJ3IH XA HFFo| dold F &S
3=
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BAC =¢ TB AB i Tc (5)

g o] zojAd qrjoy LA T TP T =

Fig. 9 A relation between two variational cylinders :A and
B are the coordinate frames given to the variational
cylinders and C and D are the coordinate frames
where a contact can happen.

A, BS} C FHE Aold] g dolr}. Fig.10 € C &
AlM T W3t dFHe dHg et

Fig. 10 A distance between two variational cylinders:
This figure is shown at the cross section of C
coordinate frame in the Fig. 9 where a contact
can happen.

of ¥ ddd 94% Yehie Mgd e 9348 A9 B
FHZA NN CHEAZ WEE v|2 A PP s

Phole = (I +A AC) (03010)
P =(I+% A¢) (0,0,0) Q)

2 FAt. P, P e CHEAY 43¢& FHe
dolM P £o 49 Wshyelx (0,000 9
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A9 A€ vdehle AEgholnt. 224 o] gELS
HY 2 U] dEd FA3E Al 79EH &
e S XY AEE (%, Vih (K Ve AL 3
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A7 C HEAY ¢ BFIA T Bl 1Y B2
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[dism’ dlStb] = (Rhole - Rpeg) + XOf (Rz(_¢)(Blole -P, peg)

371914 R, R & C2EAL 282 Eahste 2
o)X R Fo| BHe WA Foln Xofe T FY
XZ#o|th, DREANNE 22 ez 78 & gl

5. HE0

6
[ o4 ] 1] ¢0.4 [A]B]C
[#] 004 [ATD] o]
[¢]
w li]
- T
20
2y
’ (]

Fig. 11 A drawing example with two holes
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Fig. 12 A drawing example with two pegs

ol F & ZYHANE A7 o= Az §& |
£ 7Y 2} o] 75dA FolA FAE nEsA &
& 3 FELY A FAE 2 A2 yrol
ZH4< gdstid.

Fig.13 & o|%¢] 232 B 2 & (window)d 74
< Bolx Ut} (a)E Fig.113 129 EWe| Fojd F
A BEH IR AR 7 7 (view)d ©E EA 9
FHE 2 B9 FAolt}. 53 o ¥l Uehte
88 Hee oA AEd dhgel s mAlEsit
(b)e ()9 % FA 180 H& 5 sty =hq F
AR FEA A 2AsI 2AFE Tl B 9 A
AE 28 A9 FAold}. o]g addlE o] 2HE de
o 2l AT ARsle A dolg BAE

Fig. 14v A& 23] &L 33 EAY 294
geld W3t dojt}. Fig. 15 4%E Uehit}, 238
veille 2804 2% Yo Jelve Free 992 5
HEol N2 & YoyA da ol g3 + A=
F9elxn &% oo vetvhe Unknown 992 52t
2 A=A JHoz ¢d FE Uehle 99
o] el Zo| B3] AL w7A AL AEFod of
P2 EAHA && Aot 9F oo Yehte
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Up view 150 view
Front view | Side view
(a)
initial Free
region region
interference | Unknown
region region
{b)

Fig. 13 The configuration of result windows:(a) is the
viewing windows of the drawing examples and
(b) is the configuration of result windows
zoomed up by five times from the view of (a).
The results represent the regions of the relative
positions of the peg with respect to the fixed
hole.

Fig. 14 An example for assemblability checking
between nominal parts
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Fig.15 The results between nominal parts : The initial

region is d,=d,=(-2.0,2.0]. The maximum depth

of subdivisions is & and the computation time is
38.01 CPU seconds.
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Fig. 16 An example for assemblability checking between
toleranced parts
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Fig. 17 The results between toleranced parts: The initial
region is d, =d,={-1.2,1.2) and 4,=(-2.0,2.0).
The maximum depth of subdivisions is 4 and the
computation time is 346.43 CPC seconds.
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