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Abstract: The variable-swash-plate compressor has recently been adopted as a vehicle compressor to improve fuel
efficiency. The rotation torque in the variable-swash-plate compressor and the pressure-affected piston have a great
influence on the swash-plate design and deformation. This paper suggests the optimal configuration design by using
Chebyshev orthogonal polynomial and optimization techniques. The orthogonal array (OA) and analysis of variance
(ANOVA) techniques and response surface optimization, are employed to determine the main effects and their optimal
design variables. According to the optimal design, we confirm an effective design variable in swash plate and explain
the optimal solution, the usefulness for satisfying the constraints of maximum stress and deformation.
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Fig. 1 Layout of variable swash plate for automotive
compressor: view on the hollow piston, shoe and
swash plate
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Fig. 2 Scheme of hollow piston subjected to pressure
load

Aol glom Alge] 9F gl 7719l
Eo| AP AR wjHHo] qdrk Amat v
£ Abolol W mF] 77 ARl 9wl A

A=l 3

P AR 4571 AER AW o)
FEA Ao A5 457 et 33
g gk ZeHel o st Fo Az
o} ARFHe| 457] o AgHeh. Fof o
) 7bA AbRe At Aol EHAA ¥
E e ng £5% dha 92ES 7 o3

ool
N

Table 1 Suction pressure for hollow piston

Distance from

shoe center (mm) d d ds dy

Pressure (Pa) 0.13 1.05 2.0 2.7

Fig. 3 Boundary condition of variable swash plate for
automotive compressor
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(a) Stress distribution
Fig. 4 FEA results of variable swash plate for automotive compressor
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(b) Stress in swash plate

(c) Deformation in swash plate
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Fig. 5 Design variables of swash plate for automotive
compressor
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Table 2 Design variables and their levels

i
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Table 3 Layout and FEA results for L;c orthogonal arrays

Variable | Unit | Level 1 | Level 2 | Level 3 | Level 4

X1 mm 2 4 6 8

X mm 2.4 3.6 5.2 6.8

X3 mm 2.4 4.2 6.0 7.8

X4 mm 0.4 0.7 1.0 1.3
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Table 4 Analysis of variance for maximum stress

Design variable ssc;lu?rgz DOF | Variance | F-ratio lj:fi)c(t‘:/: ;:
Linear 189.32 1 14.38 1.19 0.93
o Quadratic 198.47 1 13.28 1.1 0.86
Linear 107.51 1 37.93 3.15 2.46
2 Quadratic | 338.97 1 53.61 4.45 3.48
Linear 0.34 1 145.65 12.09 9.44
3 Quadratic | 296.19 1 136.79 | 11.35 8.86
Linear 51.44 1 161.58 | 13.41 10.47
Y Quadratic 160.09 1 174.76 14.5 11.32
X1X, |Interaction | 32.57 1 183.92 | 1526 | 11.92
X1x3 | Interaction | 24.77 1 123.11 | 10.22 7.98
X1X4 |Interaction | 771.41 1 177.66 | 1474 | 11.51
XoXx3 | Interaction | 40.95 1 13491 11.2 8.75
XXy | Interaction | 37.67 1 107.34 | 891 6.96
x22x4 Interaction | 78.13 1 78.13 6.48 5.06

Error 12.05 1 12.05

Total 2339.86 | 15 128.05 100

Table 5 Analysis of variance for maximum deformation

Design variable Sum of DOF | Variance | F-ratio Eff‘ectsve
squares ratio(%)
Linear 8.5x10° 1 0 0.01 0.01
X1 -
uadratic Ix A .
d 2.7x10° 1 0 0.01 0.01
Linear 0.96x10° | 1 | 3.27x10° | 2034 | 11.85
X
2 Quadratic | 2.51x10° | 1 | 3.13x10° | 19.43 | 11.32
Linear 0.13x10° | 1 | 0.06x10° | 0.35 0.2
X
3 Quadratic | 4.42x10° | 1 0.25x10° | 1.58 0.92
Linear 0.02x10° | 1 | 343x10° | 21.32 | 12.42
X
¢ Quadratic | 3.38x10° | 1 | 3.81x10° | 23.67 | 13.79
XXy | Interaction | 0.77x10° | 1 26x10° | 16.19 | 9.43
X1Xs | Interaction | 621x10° | 1 | 2.07x10° | 12.86 | 7.49
Xox3 | Interaction | 0.05x10° | 1 | L62x10° | 10.1 5.89
XoXy | Interaction | 251x10° | 1 | 3.48x10° | 21.6 12.59
X3Xs | Interaction | 021x10° | 1 | 0.17x10° | 1.06 0.62
x32xy | Interaction | 3.72x10° | 1| 372x10° | 23.1 | 13.46
Error 0.16x10° | 1 | 0.16x10°
Total 3.625x10% | 15 171.62 100
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Fig. 6 Comparison between FEA and Chebyshev ortho-
gonal polynomial; (a) volume, (b) maximum
stress, (c) maximum deformation
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Table 6 History of optimal solution for swash plate
lteration X1 X X3 X4 Volur§1e Maximum stress dﬁiﬁrﬁ?ﬁn
(mm) (mm) (mm) (mm) (mm’) (MPa) (mm)
1 4.7 4.8 6.2 0.57 41717 19.9 0.01378
2 4.7 4.8 5.7 0.59 39254 19.9 0.01488
3 4.7 4.8 5.8 0.6 39263 19.6 0.01478
4 33 3.5 4.2 0.7 27127 19.2 0.00474
5 4.8 4.8 5.8 0.6 39546 19.1 0.01447
6 33 3.5 4.2 0.7 27149 19.5 0.00475
Opt. 33 3.5 4.2 0.7 27127 19.2 0.00474
Al 4= (orthogonal polynomial coefficient)!'?S o] & 3F - Initial
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