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ABSTRACT

This paper presents a multi-step structural design optimization method for machine tool structures using a genetic
algorithm with dynamic penalty. The first step is a sectional topology optimization, which is to determine the best
sectional construction that minimize the structural weight and the compliance responses subjected to some
constraints. The second step is a static design optimization, in which the weight and the static compliance
response are minimized under some dimensional and safety constraints. The third step is a dynamic design
optimization, where the weight, static compliance, and dynamic compliance of the structure are minimized under
the same constraints. The proposed design method was examined on the 10-bar truss problem of topology and
sizing optimization. And the results showed that our solution is better than or just about the same as the best
one of the previous researches. Furthermore, we applied this method to the topology and sizing optimization of a
crossbeam slider for a high-speed machining center. The topology optimization result gives the best desirable
cross-section shape whose weight was reduced by 38.8% than the original configuration. The subsequent static and
dynamic design optimization reduced the weight, static and dynamic compliances by 5.7 %, 2.1% and 19.1%
respectively from the topology-optimized model. The examples demonstrated the feasibility of the suggested design
optimization method

Key Words : Genetic algorithm(f 3 €118 %), Optimal design(3 * 4 A]), Dynamic penalty($3 ¥ @ &), Static
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Fig. 1 The 10-bar, 6-node planar truss structure
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Table 1 Comparison of 10-bar truss optimization results

. Best solution_found
De;lgn . Belegundu'”

Variables | This paper CONMIN OPTDYN
x1 30.9537 25.2824 25.7740
x2 1.1294 1.89736 0.1000
x3 22.8726 24.8677 25.1138
x4 16.5550 15.8272 19.3830
x5 1.1008 0.1000 0.1000
x6 1.0248 1.7464 0.1000
x7 8.1894 16.7571 15.3591
x8 22.5968 19.7282 20.3224
x9 21.5689 20.9786 20.7437
x10 1.0419 2.5100 1.14018

weight, f(x)| 5369.4400 | 5563.3200 5471.2480
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Fig. 2 Optimum truss shape after topology optimization
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Table 2 Optimized design variables and weight

This Paper Hajela" Deb®
Element no. (unit: in%) (uni{: in%) (unit: in%)
30 28 30
2 24 24 24
3 16 16 16
4 6 6 6
5 21 21 20
6 20 22 21
Weight(lb) 4912.85 4942.70 4912.85

423 S5 x5z = SKSTEP 3)

53 A8l Fig 29 EYATRY 23 HAF
y8#F22 3500cos(wf), b9 &F& 7tete] 7452
AL wEste B WA EH%TE Ao

Table 3 Comparison of dynamic design optimization

Design variables[in‘] Object functions

x1| x2| x3| x4 | x5 | x6|weight[Ib] dynamic

compliance
This | 331941 15] 6 | 20|20 49339 | 5.38E-4
paper i )
Deb®| 30| 24] 16| 6 | 20| 21| 49123 | (6.66E-4)
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Fig. 3 Original design of crossheam structure
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Fig. 4 Optimium topology of the crossbeam
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Fig. 5 Representation of the feasible set
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Fig. 6 The dynamic optimization model
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Table 4 Comparison of design variables & total
weight after each design step completed

Ve(lﬁarges x1]| x2| x3| x4| x5| x6| x7| x8 W;iig)ht

After step 1] 20§ 20| 20| 20| 20{ 20} 20| 20| 594.2
After step 2| 13| 8| 9| 9| 23] 28] 20| 35| 551.3
After step 3| 13] 8| 9]30]| 22{28[ 20[ 20| 559.9
Original
structure

number of components = 24 971.0
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Table 5 The results of calculated the absolute
static- & dynamic-compliances

. Static Dynamic

ste pliance| Compliance(am/N ) | Compliance(sm/N)
L iso-axial iso-axial
After step 1 0.00138 0.01673
After step 3 0.00135 0.0134
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