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Multi-step Optimization of the Moving Body
for the High Speed Machining Center using Weighted Method and G.A.
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Y. J. Kang(Grad. Students, CNU),
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ABSTRACT

This paper introduces the structural design optimization of a high speed machining center using multi-step
optimization combined with G A (Genetic Algorithm) and Weighted Method. In this case, the design problem is to
find out the best design variables which minimize the static compliance, the dynamic compliance, and the weight of
the machine structure simultancously. Dimensional thicknesses of the thirteen structural members of the machine
structure are adopted as design variables. The first step is the cross-section configuration optimization, in which the
area moment of inertia of the cross-section for each structural member is maximized while its area is kept constant.
The second step is a static design optimization, in which the static compliance and the weight of the machine

structure are minimized under some dimensional and safety constraints.

The third step is a dynamic design

optimization, where the dynamic compliance and the structure weight are minimized under the same constraints.
After optimization, static and dynamic compliances were reduced to 62.3% and 95.7% from the initial design,

whiie the weight of the moving bodies are also in the feasible range.
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Fig. 1 The proposed multi-step optimization
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Fig. 2 Member cross-section configuration optimization
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Fig. 3 Moving bodies of the machining center
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Fig. 4 Design variables of the crossections
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to minimize:
AX) = B, W 77X m

0.01(m/N) < /(X)) <0.056(m/N)
140( kg) < £,(X) < 260(kg)
300(kg) < A4(X) <470.8(k2)

800(kg) < f,(X) < 1010.5(kg)

safety factor 2 10,
and dimensional constraints.

Subject to:

o 7] A, X(x1~xS5, yl~y4, zl~zd)= AAM o1,
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Table 1. Dimensional Constraints(unit. mm)
slide x-slide y-slide z-side

20.< x1< 38, | 20< yI< 25| 17< zI< 40,
constraint] 10-5 X2€ 35. | 12.€ y2< 30, | 25.< 22 50
for each | 10 x3< 45| 15< y3< 24 | 8< 23< 20,
variable [ o< y4< 20 | 15.€ ya< 30. | 5.< z4< 15,

5.€ x5< 20,
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to minimize:

FAX) = 3 W fa” S0 @
Subjected to: the same constraints as the static case.
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Fig. 5 Optimum solution set on the static optimization
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Fig. 6 Flow chart of the optimization program
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Aol FA2AE 128t A S (population size)t

A7 (generation)= ZH7Z} 503 10022 sloien,
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Table 3 Comparison of static analysis results

max. disp. |tool post disp. | safety

[mm] [MPa] factor
original model 0.102 0.049 22
after stepl 0.055 0.033 20
after step2 0.040 0.011 27
after stepl 0.062 0.023 16
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Table 4 Comparison of the computed weights[kg]
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Fig. 7 Generation-history of fitness function
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Table 2 Comparison of optimum design parameters

design
param%ters x1| x2| x3{ x4| x5! y1| y2| y3| y4| z1| 22| z3| 24
{mm)

after stepl | 25]20{35] 15[ 10]20] 15)20]20| 193212110
after step2 | 26| 26| 34| 14| 9 22| 16| 15]18/20{30[ 10} 8
after step3 |24/ 28{39{16; 8 21| 14| 18] 15/21|28| 10| 8

A HollA) FAAMA HH AR A2 x-Fe}
o]z B $A7F F746ka, y-, z-Egolse F
L

A7 BAHASE & & Aok

32 XpxallM 2ot vl
27144 a5 HHPA 2ol dig 4 7

X-slide Y-slide | Z-slide Total

original model 192 667 257 t116
after stepl 152 603 271 1026
after stepl 155 594 253 1002
after step 160 590 256 1006

o}z 2] Table 59 Table 6& Ztzt A = F A
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Table 5 Comparison of static compliances
Absolute Static Compliance(/a/N)
X-dir. | Y-dir. | Z-dir. [ISO-axis| Reference
original model | 0.008 | 0.120 | 0.006| 0.069
after stepl | 0.010 | 0.053 [0.001| 0.031 O-OL
after step2 | 0.010 | 0.040 [ 0.003{ 0.024 0.056
after step3 | 0.011 | 0.043 {0.003 | 0.026

Table 6 Comparison of dynamic compliances

Absolute Dynamic Compliance(m/N)
X-dir. | Y-dir. | Z-dir. | ISO-axis | Reference
original medel | 1.193 (4.010| 6.089 | 4.210

after stepl |0.020|0.036| 0.012 | 0.380 | 0.05

after step2 | 0.531]1.772| 0221 | 1.030 02

after step3 |0.17710.304] 0.084 | 0.177

Table 59} Table 64 BZo] AR ’é%a}‘)l
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Fig. 8 Comparison of the compliance functions
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