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ABSTRACT

In this paper, a shape optimization technique is applied to design of an air-conditioner mounting bracket.
The mounting bracket is a structural component of an engine, on which bolts attach an air-conditioner
compressor. The air-conditioner mounting bracket has a large portion of weight among the engine
components. To reduce weight of the bracket, the shape is optimized using a finite element software. The
compressor assembly, composed of a compressor and a bracket is modeled using finite elements. An objective
function for the shape optimization of the bracket is the weight of the bracket. Two design constraints on the
bracket are the first resonant frequency of the compressor assembly and the fatigue life of the bracket. The
design variables are the shape of the bracket including thickness profiles of the front and back surfaces of the
bracket, radius of outer bolt-holes, and side edge profiles. The coordinates of the FE nodes control the shape
parameters. Optimal shapes of the bracket are obtained by using SOL200 of MSC/NASTRAN.
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Fig.2 Finite element model of the air-conditioner
system
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Fig.3 Results of the resonant frequency design
sensitivity analysis for density : Mode 1

Fig.4 Results of the resonant {frequency design
sensitivity analysis for stiffness : Mode 1
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Fig.5 Initial design of the bracket for shape

optimization
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Table 1 Design variables of the bracket for shape

optimization
: Lower | Upper
Variable Number bound | bound
1 Upper plane 228 -9 45
Upper plane chamber
2 | " edgel(point 5678 % 10 9
Upper plane edge
3 {pointl,234) 48 0 ] 4
4 Lower plane 248 -9 9
Lower plane ~
5 (point 56,7,8) 142 91 9
Lower plane edge
6 (point1,234) uz 0 4
7 | Point 5 chamber edge 9 0 14
8 Point 6 chamber edge 12 0 10
9 Point 7 chamber edge 12 0 10
10 Point 8 chamber edge 10 0 14
11 Point 6 outer circle 44 0 4
12 Side 3 plane 12 0 9
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Fig. 6 Initial model of the compressor ssembly
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Fig.7 Stress contours of the initial model

Table 2 Dynamic characteristics of the intial model

Natural Maximum stress
Mass(kg) | froquency(Hz) | (Von-mises. Mpa)
Value | 1279 230 0
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Table 3 Constraint values for the shape optimization

W o (Hz) 0« (Mpa) Safety factor
Case 1 235 872 1
Case 2 240 871.2 1

Table 4 The shape optimization results of the bracket

problem
Mass(kg) | @, (Hz)| @y (Hz) |Remark( %)
Case 1 1.07 2345 252.2 225
Case 2 116 239.3 252.7 156
5.006+05 * . * Objective Function

o
€
E

ki
£ 3.00£405

3

2.00E405

1.00E+05

0.00E+00

01 2 3 46 6 7 8 9 1011 1213 3415 16 17 18 18
Design Cycle

Fig.8 History of the object function (case 1)

Fig.9 The shape optimization results of the bracket
(case 1)
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Fig. 10 The shape optimization results of the bracket
(case 2)

Fig.11 Stress contours of the optimized bracket
(case 1)
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