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Abstract

An assembly modeling system, with which a designer can interactively create an assembly of

components ready for the dynamic analysis, has been developed. In this system, an assembly

model is created from the mating conditions between the components in the assembly, and then
most information required for the dynamic or kinematic analysis packages are derived. For this

development, the following problems have been solved ; the creation of assembly data structure,

the structuring of the assembly data, the derivation of the joint information, the inference of each

component’s position, and the creation of the joint coordinate systems. Through this work, the

designer can easily model an assembly by assigning mating conditions, and check the dynamic or

kinematic performance with the automatic creation of inputs for the assembly analysis packages.
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Table 1 Elements of geomemtry of motion

1st element 2nd element 3rd element

Point — Coordinates of
point

Line Direction of line | A point on line

Plane Normal direction| A point on plane

of plane




Feish o TR B4e A% 2YA 20y A= 53

Table 2 Geometry of motion for each mating condition

Mating Mating Geometry of motion for Geometry of motion for

condition feature rotational motion translational motion
Line type Plane type

Against Plane Normal vector of the mating plane | Normal vector of the mating plane
Arbitrary point Arbitrary point
Line type Line type

Fits Center line Yector in the direction of center \{'ector in the direction of center
line line
A point on center line Arbitrary point
Line type Point type
Spherical fits Center point Arbitrary vector —

Center point Center point
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Table 3 Mobility table for the example in Figure 8
Mating condition Rotation Translation
Type Line Type Line
Fits Vector (0,0,1) Vector L0,0,1)
Point (0,0,0) Point Arbitrary
Type Line Type Plane
Aginst 1 Vector (0,0,-1) Vector (0,0,-1)
Point Arbitrary Point Arbitrary
Type : Line Type Plane
Against 2 Vector E0,0,1) Vector |  (0,0.1)
Point Arbitrary Point Arbitrary
Type Line
RESULT Vector : (0,0,1) Arbitrary points
Point (0,0,0)
: gol5e AEAA @z, (0,008 Arw
714 BAEE3 HAolFol Hal 244 5 (0,0, )b3kal AL 202 3 3A 2QEs} &
BE PAE Gl DA Aok 199 55 AU AT U ¢ sk o] Yo A A
#& #7|(intersection) £ R%9 Aok = bz ozfE 3A  (revolute), 3 A (pris-
Edl 27l neEe 5340 ey A, /‘i matic), %% (cylindrical), = (planar) zzz
=t Fd®aio] ohjel ‘Fojal widknl dojof 9 1 (spherical) ZoleE o] §x = 4 glod, &
AE 2T A 2E ‘FoA HA W9 o9 THAN FERES 2= AY 4 (heuristics) &
AAE Ze B 522 vehr] @l Folt), o]y F7t dobdd A2 E uhdzAae 718 4 U
& 54 wfol & drolMdE T5FES 20 4
gl Z+ 73 9ol ute} 7§ = uYy (heuristic approa- &3l 2= (Closed Loop) el =°2lE
ch)& 4833, dg £ ‘Foial wWe A9 v He e g A EAe £ HE Aol 2
g3 Foldl A PE Avte A FoA 4 AEZ} 2z Alolo] FoiAl mbdzzlule 2 FE5 o
Bt 99 AE Ave A4 FEREL ny Arks Zeloh, ozl wide =3 = o QA
A%t B7t Rsckd ‘e Ast A PE A E oo A Bl3o) fa) HLEPS wos HElg
HAo] sln akal Hysiz] ek Qleje o ANE FHFA F= o ASoEe FA 2F
He}, g dze A e A9 gl A& 2l Z3sleh, Fig. 9= A¥Aql £edolr] =gz
Ze AL ‘Folal HA wWE Bt Yojo Hg 7] (slider crank mechanism) 43¢ ¢ 3 ukd=
Ze Bd'Y FESEE A4 4 kv 2 A
e Y A% Brh $4se W Ash Qoo rer
Ag Zte Aol sl £H31x g ‘9l s
Aol Hh, 9 F kx| o+ Table 39 HE %
TEHA Alole FE3ES FT W HEE 4 gl
o}, " Table 3ol 247 A Mo $F34ko] AT
Reme AE F A9 F 3 A WA 3%
T AF FEYAo] Hr wdd "

X o
CO
BuURAY

Fig. 89 ¥¥9 4% A% £%

X

AL ¥ H Fig. 9 Example of closed loop mechanism



T 9 A Fed H4E Y 2YA 20y Axy 55
A¢ EAFL YUk, o A% U2 0 Y2 34be]  Hze AW F 2L e Re F4 274
of AAzE x% W PA xAEt EAHA & 2
el e FAAE B 2L QoA [ W
Aok, F, oJAldaE = sidut T4IHE Proue o @
P2 32 xzBA SolAg Faol 5 yustel o b pr, 3
oo £& FAoz & HAALFo AHesAL 4 o o
Aze o zdEel @ FHoz s 1% o N
3ol ol Fatel &=L Roldh, watd s P,‘lyz = [T1] Plyz (4)
a7 22 el 9g we AA zlE: g4 U, L,
Atz o2 RE odojal zoEe Xyl W o o
G AE 4 4 Yok 2 AFelMdE vz o) ¥ o N
FATE FolE FA7 HAHA Fagen @ | = T (5)
A Az AgaolA $z We 2UEE %y U, L
F3 $581 Aol 2EA, T Su™ 2o d
+4¢ A=A el ok q714 [T]% [T)e & $%9 2% 715 3%
of gt Hggols Folhord 679 W4 (WY
5. 2Zo| 9 AlM o532 3ot sALERE PE A (@)
5)9 [Ti)e [T:]ol #4724 Z#s)o qleh,
2E 9AE FE] Yool btz A, 27 T4 2740 negodh, YA
e FE2ANE TS Eol l:'é}%tﬂ oty o FEEL 2UEE = AWESE T 4 W
(=]

Rocheleau“’7} o] s A gt u} 311;} ,E_ o Foll A

+ Rocheleaud] #W-g o7t +AS iz 4}
%“l-ﬁittﬂ 2 3 A g3 2

AA, A3 AL 23A AA A AL o}
Uzt 7z 5% 2§ (independent group)o] 5l
FRHG, webd 7t LE JAE At 49
%3 25 (independent group) ol wisted FA3L4
o, gebd 2 $ES ANE Avlt 48 52
2 2F 71F HE (local reference component)
of ol el sivl olel@ ¥ wet Hg
A A4E ¥ 5 A HEH

A, 2984 J= 27 A F5 2714
F7k2 2, Figlodlxeh ol 23z

Py= (Py Py, Py) = (Pa Py, P3,)

Fig. 10 Spherical fits mating condition

41 WgEAL BF wEdE $Ee

wj *
Axe FLsHA AA=HR = geh o ol
9

2 289 4HHA" AA wo] 4o A
7t54€ 7tA 2 glEdl Rocheleauo] ool =}

3 A $E(free rotating part) o] 17} ojal 7
+o AL A% FE8A oo, FAjxwo)
AE g dAe A% Bt dubEal 7 274
o %37 nEEgEd olv &3 Fo},

A S)AQ) 7M4 Hao dEdEe (dF B
Fig. 6o) 4 baseg} polerle], Z&
wristAlo]) 2 Z=qleE9 A4S
Z714 0] Alxwlol o3 REH
£, B o] FLEAAL 5
= Qe 7AE ¥, ¥1, 23 F2zu s}
A P2y ALdE (dE a°1 poles} lower arm
Aol 5), AEAql Qoo F&=7A Al o8 A
#A FF AX7 2 FZ ] w}E RFo] =g
ANZ APshA oA & 45 YA Aok wfet
A ol Aol gt Tz o =g
Adte]l 2o 2AFEE glof Wz ’—‘1
A7 A ", a2#d AA6e =qE
AlZlez s dojzl BETY AdYE F&=
Aoz Arlete] FF AAE At ALE3)
A ek, ol g AL 3w AoA ez

upper arm}
Adse 74
22 FojAA 3
A ZolEe Af

IE%

l‘

l'JoV‘l

N
L, o

i



56 7 A .

[ SELECT corvenin GET CONSTRAINT

ROT (+)
ROT ¢-)
ALT STEP
VALUE INPUT
ORIGIN
CANCEL
ACCEPT

:' aroune | soen, s
2

PLOT SCREEN SCREEN TOGGLE

Fig. 11 Interactive assignment of a relative position
between two componets in a loop

ged $4 Alade FxE
¢ TPt SY2EF 2 b A4

& AgAelA e Do, Fig 69 3ok,

AgRE 2

o
B
[«

2

£

Jrs 4
—
ot
>
2
o
rt!

oFn 29
ol & A&z}t
€4 o2& A o] Fig. 110

ol AL A4 Aud

d FEY AAE 74
A718 2§ 71F FEo oF

Hef2 sof gk

ZAE Adtde 4 5 AR AA AE ¥

of didt Hel3 Fojdof dln o] E il W

A AssAd +
oA BE FEL 2E WAL

A2 AgHAZH, A 1

Sted e Aj&glo] dole Al

7] wWFol ofx sl 27| HAale] opd 4 gl

af2bA whAep A2 A

olt}, A&t el vehd

ZQEY SXE FHE A

T4 4 Aok

6. Z2AE A MM

Wyie S o4 zzadedds zelE
o 275 t¥ol zale HIAE Wez S Y

component 2

Fig. 12 Revolute joint

=E RIAE Y43

BEEREPIETE LS
zd= HIAE A43E A

£ 7150l a3,

olgh 2o Latslol Qe ¥E A AZAol
Wi 2AE HEA AYAL AL e A

I} 598 Aolr olu] 2UE HIAE 27 HA

o BE zQE w47} 0o] HEE & Ao

gasity, weld 27 Z2ANAE e =QE
)

e

A "k, sk at ojejd =71E EAYE =4l
E #A¥AE e A ¢z
A 4 St

uetA Zh5d qEdle =QJE HEAY A4F
W E ojr e @stedol F= Fig. 1200 e}
A 2L FAe LF 49 AS
| Hdled £ dTelA W3 =2Ae FRA 3
hefoll sl 4] SHAlth olw AlAglE ov]
T BE Aole Ad HAE A Fxm ogled
FE 19 == %9 HAXE EAse A AH
He Vg 43 U whsixE 2£EF 20 s
P V& a9l 2l fEr FilaA s
AL 4 £EFY 24 F3AC distd 4 =ql
E #AZA AE FAse HIYH [N
[T2]7} "o, =<d= #A3A4 (o4 JCS= =

43 go] &

2

\:4



Seie 5 /PR A4S AT =AM 29 Asd 57

)% Fae BEe e 2ok
(1) $4 JCS2¢ QA AAE Ay}, zUE
299 ofu AL AT AAT oAVIHE FF
29) TA BIAL YAH AR ARE AL A
e,

(2) JCS29] 2% AHF =UE F3}

o] JE& gt

A oled z%% £AR ojx

Ak odrlAE Aol HEH Tl
(cross product)stod odo}xl #Hakg
oo weE oA At o]
7 (0,0,1) 3] FebA AHI

(4) JCS29] yZe| wape JCS27h o2& #HIA
(right handed coordinate system) 7} H=% A4l
g & [(T]& AAdd

(5) JCS19 AAE FAsE [TW]& Addh
old) 27 $xolA JCS 17 JCS27b A=Atz 9l
7] wWSol [T17} BF 1ol Ad £F 29 W3
#o] ey

() = [T] [T] (6)
o Aoz A4T 4 3tk
2 FFe &olEe] HidE v YU
2E HIZ A 2 F Jov] olFA AAd
HEPAE L Fig 3o TAH AsTEel A
71A "+

-q
ojo

g o

S8 oz Fig 4ol TAE A Z2 HF
NOVA10 2%¢ Adsgc o =A< 744
BExoz o43d 4 glon o ¥EF
ol zdH 4 2y A
modeling system) & o] &3}e} melElsiglic,
2 o) 2FAF FAS A Foid whdxAL
Fig. 50l EA5o] 3l

o7 RE ZUEE A RUER FEHUL
2xy AL E glolr] $18l poiest lower arm
s}o}, = poles} rear driver 2bo]e] =qlE 7} Fig.
119 A o] nAgsgdch, 28z $EE 4
e A Mol A Ag FAS ] BoYoRH
Aol vh,

Fig. 13& =49 7748 $%3, = Fig. U=

SELECT COMMAND ASSEMBL ING

RSSEMBLY SEL
MATING CON
MAKE ASSEMBLY
MANAGEMENT
ASSEM DISPLAY
FILE

oUTPHT

RETURN

=
CNOW 1 CRE CANCEL D

CADAL

PLOT SCREEN SCREEN TOGGLE

Fig. 13 Components of case study

SELECT COMMAHD ASSEMBLY DISPLAY

SKETCH
HIDDEN
RETURN

CADAL

PLOT SCREEN SCREEN TOGGLE

Fig. 14 Final assembly of case study

t}. Fig. 14¢] 2ol FHZAEL

4 AAE 2 HFIA0lx, wet
JEE EY A% F Y 2=
Gz gAA Balh

2
‘?L
I
o

SOy



58 2 A .
et A, F4 28 5 AAA HozA
7z FEE AAAAY #4E 4 A Hgln =
i 2YA Y A B4 E EE 9 =g

Ao el Lol
a8 2o BEG ALH0] FHI Hdlds o
+34 2E 7% M5 A4E £ o AA,
Z1E7 FZ ol g dolx A&zt 9 glol
22 4 Slojok A E
ool Hasiet, JA FEA
A7l gz doges ‘23 F I (screw
fits)’, ‘7lo] # & (gear contact)’, ‘@ 3o H=
(rack and pinion contact)’ zglz ‘GUv M HE
(universal contact)’ 5& AZ4E 4 Ut AA,
Al & Aladlo] FogA )4 zZzadse] A
AL A% 234 22 A9 HrE 528 F4
gt eolflol ALgA7t &5 247 (motion gener-
ator) =& ¥ 24 (input force element) o]
4 Slolob st diA], ¥ Alavle] g
?%“oL 298] AAHE o] &5t A WA
FE78Y S AAE + e 5L F)
St vixlgle g =z A9 =27 £AF F
7%l Yebd 83 Agdl, oo A%
AF71 olv] Koo} Lee'®of o)} a)3led

¥ 1 2 #

(1) Stuctural Dynamics Research Corporation, 1986,
“GEOMOD USER’S GUIDE”.

(2) Schlumberger Technology Corporation, 1987, “Ap-
plicon MECHANISMS Users Guide”.

(3) Shape Data Ltd., 1985, “ROMULUS Users Guide”,
Cambridge, UK.

(4) Mechanical Dynamics Inc., 1981, “ADAMS USER

GUIDE”, Michigan, USA.

(5) Haug, E. J, 1985, “Computer Aided Kinematics
and Dynamics of Mechanical Systems”, Center for
Computer Aided Design, Universisty of Iowa.

(6) Rocheleau, D. N. and Lee, K., 1987, “System for
Interactive Assembly Modelling”, Computer Aided
Design, Vol. 19, No. 2, pp. 65~72.

(7) Mortenson, M. E.,, 1985, “Geometric Modeling”,
John Wiley.

(8) Braid, 1. C, 1976, “A New Shape Design System”,
CAD Group Document No. 89, University of Cam-
bridge Computer Laboratory, Cambridge, UK.

(9) Braid, 1. C. and Hillyard, R. C., “Geometric Model-
ling in ALGOL 86”, University of Cambridge Com-
puter Laboratory, Cambridge, UK.

(10) Lieberman, L. 1. and Wesley, M. A. 1982,
“AUTOPASS : An Automatic Programming System
for Computer Controlled Mechanical Assemblies”,
IBM J. Res. Devel., pp. 321~333.

(11) Eastman, C. M., 1981, “The Design of Assem-
blies”, SAE Technical Paper Series, Society of Auto-
motive Engineers, USA.

(12) Tilove, R. B, 1983, “Extending Solid Modeling
Systems for Mechanism Design and Kinematic
Simulation”, IEEE Computer Graphics Appl., Vol. 3,
pp. 9~19.

(13) Lee, K. and Gossard, D. C., 1985, “A Hierarchical
Data Structure for Representing Assemblies: Part
17, Computer Aided Design, Vol. 17, No. 1, pp. 15
~19,

(14) Lee, K. and Andrews, G., 1985, “Inference of the
Positions of Components in an Assembly : Part 27,
Computer Aided Design, Vol. 17, No. 1, pp. 20~24.

(15) Horowitz, E. and Sahni, S., 1983, “Fundamentals
of Data Structure”, Computer Science Press, USA.

(16) Ko, H. and Lee, K., 1987 “Automatic Assembling
Procedure Generation from Mating Conditions”,
Computer Aided Design, Vol. 19, No. 1, pp. 3~10.



