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Automated Assembly Modeling using Kinematics Constraints
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Abstract

A common task in assembly modeling is the
determination of the position and orientation of a set
of components by solving the spatial relationships
between them. Assembly models could be constructed
at various levels of abstraction. They could be
classified into component or geometry-level assembly
models. The geometry-level assembly design approach
using mating constraints such as against and fits is
widely used in the commercial modelers, but it may
be very tedious in some cases for designer. In this
paper, we propose a new method to construct an
assembly model at the component-level by extracting
joint mating features from the kinematics constraints
specified between components. The assembly model
constructed using the proposed method includes
hierarchical and relational assembly models,
component/sub-assembly  positions and degrees of
freedom information. The proposed method is more
intuitive and natural way of assembly design and it
guarantees the topological robustness of assembly
modification such as component replacement and
modification.

Keywords: assembly modeling, kinematics constraints,
assembly information.
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Tablel. Assembly conditions

Assembly Condition

Base mating feature | Mate mating feature

Concave Convex
Convex Concave
Concave Concave
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Table 2. Degree of Freedom represenation

Freedom | Type Description |
Tr Translational rigid
T Translation along an axis
TDOF AN B £
Te Translation on a plane
Te Translational free
Re | Rotational rigid
Rotation about any axis in
Rv . .
a given direction
RDOF Ra | Rotation about given axis
R Rotation about any axis
vP through a given point
Re | Rotational free
Simple motion ZA¥F-Fo| HIFE WE o],
o 3t A L ks Fol] )3 olFH A
o zgoz mARH, o9 olnw AL Az
EZPHolth. ¥ =Edae BFe o] 5(TDOF)I}
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Table 3. Joint transformation scheme
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Fig.2. Joint transformation based on Table 3.
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Table 4. Joint mating feature extraction

Joint Mating Mating Geometric
Type Features Information
e the normal vectors of
two planes, where two
prismatic | two planes planes are not parallel
®ea point on the
intersect
line of planesl,2
e cylinder axis
cylinder, ® center points of conic
revolute [planes intersect| sections that intersect
with cylinder | between cylinder and
planes
— . e cylinder axis
cylindrical cylinder oa point on the axis
e the normal of plane
planar plane .
e a point on a plane
spherical sphere e sphere center point
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Fig.5. transformation of cylindrical constraint
and joint mating feature extraction
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Fig.6. Relations among b, m, ma of the mating
geometric information of cylindrical constraint
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Table 5. Joint coordinates of the incremental constraint solving system

Mapped : .
Joint Geometric align Joint Coordinate System
Type Information type " na : ma ma
(base, mate) 1 (X) NaT(r) Ny(z) ™ Origin)
) ) Nopa Moo, align _N;lnl - N:m _N;m X_N:m P&,m,m,
prismatic >
Pfr\i(phl,phz) anti-align - Nzh =N - N;m X —-N:m P::m-m;m:
N_.. align ngm Mm; XN . N, CP;:W »hn)
revolute 3
CF ifoutgn) | anti-align Ly TN XN -N2, C'Pw.;m
o ... align Nt | Vow* Vi e Fo
cylindrical 5 .
P o anti-align N.LN",;,,, N X Nmm - N:m P
N align NJJ\':.., Nah XN L7, N;m P:m
planar
Pp&n anti-align N.uv;,, - N:h . NJJV:.. - Nﬁm P;’m
spherical CP,, - Nz xN Nin, N, CPy,

*V . the normal or the directional vector of geometry, int(geol, geo2 ): the intersecton of geometryl,2. F: a peint,
CP: center poirt, pin: plane, cid: cylinder, sph: sphere, N 4 : a vector which is pependicular to N Zg the Z

axis of global coordinate system.
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Fig.8. the automated assembly modeling system.
(a) display window, (b) assembly hierarchy model, (c)
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Table 6. Joint and alternatives of Fig.9(d)

Base Mate Joint Alternatives
P1 P5 revolute 32
P5 P7 revolute 16
P7 P8 cylindrical 4
P1, P8 P2 revolute 8
P1, P8 P3 revolute 8
P5 P6 revolute 8
P2, P3 P4 revolute 16




HE &3
= A O
stlad

U
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(d) axle assembly model

Fig.9. Assembly model constructed by
automated assembly modeling system
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(b) assembly model2
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