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Ground Beam-Joint Topology Optimization for Design and Assembly of Multi-
Piece Frame Structures
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Abstract

Most frame structures cannot be manufactured in a single-piece form. Ideally, when a structure is built up by
assembling multi pieces, assembly at the joints should be rigidly performed enough to have almost full stiffness, which
is difficult for practical reasons such as manufacturing cost and time. In this research, we aim to develop a
manufacturability-oriented compliance-minimizing topology optimization using a ground beam model incorporating
additional zero-length elastic joint elements. In the present formulation, design variables control the stiffness of zero-
length elastic joints, not the stiffness of beams. Because joint stiffness values at the converged state can be utilized to
select candidate assembly locations and their strengths, the technique is extremely useful to design multi-piece frame
structures. An optimal layout is also extracted based on the stiffness values.
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Fig.1 The joint spring element to consider joint

stiffness effect
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Fig. 2 Proposed joint modeling approach with joint
spring elements and intermediate nodes
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= JSI 1-6: one-piece manufacturing,

= JSI 7-12: class A assembly (highest strength welding or
bolting is required),

= JSI 13-22: class B assembly (high strength welding or
bolting is required),

= JSI 23-28: class C assembly (moderate strength
welding or bolting is permissible).
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Fig. 5 Optimized topology and joint number
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Fig. 6 Joint significance index

Fig. 7 A suggested assembly according to the joint
significance index (e** : class A assembly, * : class
B assembly, and - : class C assembly)

Table 1 Optimum joint stiffness and joint significance

indices
Percentage to SI
Joint maximum (significance
stiffness index)
J1 79.50 3
J2 79.28 5
I3 61.95 19
J4 61.84 20
J5 63.46 16
J6 63.30 17
J7 73.94 9
J8 73.20 10
J9 60.58 21
J10 60.17 22
J11 53.10 26
J12 55.83 23
J13 65.76 13
J14 65.76 14
J15 84.20 2
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J16 85.32 1
117 74.16 8
J18 74.67 7
J19 63.25 18
120 64.55 15
121 44.28 27
122 44.01 28
123 78.07 6
124 79.29 4
125 54.02 24
126 53.82 25
127 67.46 11
128 66.66 12
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Fig. 8 Layout for an automobile sub-frame assembly
problem

AR A1
ayHo R
A 224 Lyu and Saito®°]] 2]a}o]

FEEE

OEISLLX-]

1P
[

Fig. 9 Optimum assembly of the sub-frame: (a) JSI,
and (b) assembly strength (e : class A assembly,
e« : class B assembly, and ¢ : class C assembly)

Table 2 Optimum joint stiffness and joint significance
indices of the sub-frame

. Percentage to SI (significance
Joint . . .
maximum stiffness index)
J1 80.35% 3
12 69.23% 9
I3 67.58% 12
J4 70.73% 8
J5 74.65% 4
J6 83.71% 2
J7 53.48% 16
J8 58.70% 15
J9 51.88% 18
J10 68.76% 10
J11 72.34% 7
J12 68.76% 6
J13 73.38% 5
J14 52.14% 17
J15 66.11% 13
J16 64.10% 14
J17 67.99% 11
J18 97.49% 1
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Fig. 10 Layout optimization involving multiple cross

sections for a force couple (F =100 N and
10% mass usage)

Fig. 11 Results for a force couple case in Fig. 18 (eee :

class A assembly, ¢ : class B assembly, and =« :

class C assembly)
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