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A Conceptual Information Model of Mechanical Assemblies Incorporating

Assembly and Kinematic Constraints, and Tolerances

Han, Y.-H.*

ABSTRACT

This paper proposes an ohject-oriented conceptual information model of mechanical asscmblics,
named open assembly model {OAM). The proposed assembly model primarily defines hierarchical rela-
tionships between parts and subassemblies. Together with the assembly hierarchy, the model also pro-
vides a way to represent lolerances, kinematic inlormation, and parametric assembly constraints.
Relational information such as mating conditions and degree of [redom between parts and subassern-
blies is captured via assembly teatures and rclationships thereol. The information model is described
using class diagrams of the Unified Modeling Language (UML), and instance diagrams are used w
exemplify the proposed information model. The conceptual inodel presented in this paper is an inte-
grated information modcel for assembly representation. which could supply necessary information for tol-
erance analysis and synthesis, kinematic simulation, and asscmbly simulation. Such a conceptual
information mode! plays an important role for the exchange of information between modeling, analysis
and plamming systems. Hence, the proposed model could scrve as a framework for developing daty
exchange standards of mechanical assemblies. The proposed madel is demonstrated through a case
study of a planctary gear assembly.

Key words : Mechanical assemblies(”) A\ ZE ), Object-oricnted representation(2] A A1 & 3#£3), Unificd
Modeling Language(UML; 5§t 298 9lo]), Conceptal information model(7i'd HE &
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Table 1. Assembly relationships of output housing asscmbly

AA Artifacts AFs  ACs

fe2 Qutput housing Inner cylinder (becaringScatl:AF) Coaxial Pamlltfl Angle
Bearing| Rim of bearing (outerRacel:AF) w/dimension

fcd Qutput housing Entire part : FixedCompént

*AA: Antilact Association, AFs: Assembly Features, ACs:

I :Parallel] I I :Coaxial [ I :AngleWithDimension J

Bssembly constrmnt

(eature

- fearure - "
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Fig. 10. Instance diagram of output hausing assembly.

A7, R WA Ao At wjoly) Alele] =
d B2} o] 7 FF-8 oA 7)g5Eel €]
Bl XA AEE 2YE 7] R, o] F e F§
AL F33k= anifact associations> Fig. 42] £7
22 A FolA Connection2] 3H9) F42
FixedConnectiono| 4 4 4] $}(instantiation) = &, ©]
WAl fe22 o) § BoH). o] £ FiE Ajolg] z}A|
3 ZHA B @2 assembly feture association©l] 2
8l TP =), dEE 2y SHEAN 238 AR
Q) 2§ 4 o] Table 19 YR} 9} o] &
B P4 2L vlo]ge] fx)o} WY E FHS 8-
Aol s A7)z vl o d Aot} gx A
3t 2 BASS FH] A YA S 25 e
BA7} Fig. 102} 214E12 tlojo] 2o YeR} ok,

Assembly Constraints

HR, f2d710] YA FAE F2 A 21F4)70
71 A= 34 shie] FE5E 2 91219 4el7t
37k oA S E[ojof iy, o] ddlX 2 E 3}
o] 2 A iy AT, o] REL
FixedComponenteh= 29 723 2718 7[Aof gt}
Table 19] artifact association fcd7} ©o] ZYPAAZ
vepdct. o] Aol AU anifact B =Y 53 Y
ol & Y EAFTHAFTH R ground7| HHE
o anifacte} 2 A7ZbE TE QUth. o] ZHAERE
T8zl ol 283 AASH 25 74 A2 94
Fig. 100 JER} Slct.

7.2.2 S1RIZ=EIN|-SIPIZRIH| Hr2A|: 2% o1
210 M2 S =R A

Fig. 8(b)2] 23 AZF7zoIM TV £8= 597
ZHA L W F43710) Aelo] J1=A Alele]
ZHAAIE 4 B2 o] #AlE Fig. 8()lxlet 7
o] fAd71el A sflzgA S| &% FHS
b Sl ZFEA ) WlojY HOo7 FPWUAM o)F
o)Zlt}. o] 2P A ol e A A 8ol Table 29}
Fig. 11 el ek 313 artifact association med
= AdAE 58 3k EelA AZAAAE vehiR
= Fg 49 FY& AFTE T MovableConnection
ANA AAE, J7lole ZEAS T 2ol 213
AIZ17] SIt 21 7 205 7 A Ale)2] A
A} S 7wl A% 2§ &% 27
(rpS:RevolutePair) 5 27k &5-2] 2H4R7F 23

Eof 2t

Table 2. Assembly relationships between outpul hausing assembly and planet gear-carrier assembly

AA Artifacts AFs ACs KCs
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4 Inner race surlace of hearing Coaxial Parallcl Relative motion
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Fig. 13, Tolerance specification of sun gear.

Table 3. Assembly relationships ol between sun gear and planet gear-carricr assembly

AA Arlifacts

Als ACs

Planet gear-carricr assembly

Shaft surface (outputShalt: AF)

pol

Sun gear

Shaft surface (inputShalt: AF)

Coaxial Parallel
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Table 4. Tolcrances and relevant features of sun gear

qdg

Features

Tolerance

Feature Control Frames/
Dimensional Tolerances

Datum axis Al {axis!:DF} N/A

N/A

Perpendicularity tolerance

_L 305 A_I]

(perpTol1:PerpendicularityTolerance)

End surface
(endSurface: TF)

Flatncss tolerance

(7[00 ]
(flatTol 1:FlatnessTolerance)

Dicmnsional tolerance

{9$22.23) 2 0.03
(dimTol1:Dimensicnal Tolerance)

Sun gear teeth
(sunGear:TF)

Dimensional tolerance

(12.95) £0.0
(dimTol2:Dimensional Tolerancc)

Cylindricity tolerance

A [o

(cylTol l:Cylindricity Tolerance)

Shank
(shank:TF)

Dimensional folerance

{£3.59)+0.03
(dimTol3:Dimensional Tolerance)

Dimensional tolcrance

015.85~¢15.90
{dimTol4:DimensionalTolerance)

lnput shaft* Position tolerance
nput shaft*

(posToll:PositionTolerance)

DimensionatTolerance

CyliddricityTolerance | | DimensionalTolerance

tolerance tolerance
shank:TF
e e | S22 |
N / tolesance
AN / dimTold:
N / Dimensional Tolerance
AN

N
artifact
sunGear:Part | artifact

tolerance

sunGearTeeth: TF

datum axisl:DF

dimTols;

PositienTolerance

i feature Dimensional Tolerance

} feature feature ] tolerance
endSurface] :TF | tolerance dimToll: inputShaft: AF

f Dimensional Tolerance

: . tolerance tolerance tolerance

f perpToll: flatToll: posToll:

i

'ngmdiculm’ity’l‘olcrmce FlatnessTolerance

datum
darmAxistDatum | d8m
[ —

TF : ToloanceFeniure DF : DalmFesture

Fig. 14. Instance diagram of tolerances of sun gear.
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