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A Numerical Study on the Structural Stability Optimization of the
Core Components of a 17cc Automotive Compressor
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ABSTRACT

Fuel economy has always been a major issue for the automotive industry due to environmental concerns.
In particular, it is known that only 5-20% of the energy generated in a car that mainly uses an internal
combustion engine is converted to increase fuel efficiency, many methods have been proposed. Among these
methods, weight reduction is most commonly used because it is the simplest and cheapest. Weight is always
the main reason for energy consumption, therefore, reducing weight is the best way to increase fuel efficiency
while simultaneously saving on material costs. To reduce the weight of a compressor, material substitution is
used. However, aluminum (a lighter metal substitute) is more fragile than steel, therefore, structural stability
must be verified through testing. In this paper, we performed a 3D analysis to investigate whether aluminum
can be used without compromising structural stability. Our investigation included static analysis and thermal
analysis. As a result, we found that an aluminum swash plate can be safely applied on a shaft instead of
steel; it reduces weight while maintaining stability that is equal to or better than steel.

Key Words : Vehicle Air-condition(X}2 O|0171), Compressor(2F=71), Numerical Study(=*|217), Finite
Element Method(78t24~H), Structural Stability(T-2=2HA)
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Fig. 1 Sectional view of swash plate compressor
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Fig. 5 3D modeling of assembly
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Table 1 Chemical composition of steel

Chemical composition
Type
C Si Mn P S
S45C| 0.42-0.48 |0.15-0.35| 0.6-0.9 [0.03max | 0.035max

Table 2 Chemical composition of aluminum

Chemical composition
Type
Cu Si Mg Zn Fe

ADC12| 1.5-35 | 9.6-12 0.3max | 1.0max 1.3max
Table 3 Mechanical properties of steel

Chemical composition
Type | Yield point | Tensile strength | Elongation |Hardness

kegf/mm® kgf/mm® % HB

S45C| 50 min 70 min 17 min |201~269

Table 4 Mechanical properties of aluminum

Chemical composition

Type |Yield point| Tensile strength |Elongation| Fail strength
kgf/mm’ kgf/mm’ % kgf/mm’
ADC12| 19 min 30 min 2 max 18 min

Table 5 Material of 3D modeling samples

Samples | Shaft | Swash plate | Piston | Shoes
M1 S45C S45C S45C S45C
M2 S45C ADCI12 S45C S45C

0o 50 2000 gmery

Fig. 6 Mesh of 3D modeling

B: Static Structural
Static Structural
Time: 1.5

[A] Displacernent

[BY Pressure: 1.5 MPa
[B) Pressure 2: 1. MPa
[B Pressure 3:1.25 MPa

[BJ Fixed Support

Fig. 7 Boundary conditions of modeling analysis
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E: Static Structural
Total Deformation

Type: Total Deformation
Unit: mm

Time: 1

0.0039952 Max
0.0035513
0.0031073
0.0026634
0.0022195
0.0017756
0.0013317
0.00088781
0.00044391

0 Min

Fig. 8 Deformation of steel shaft and swash plate

E: Stati Structural
Equivalent Stress
Type: Equivalent (von-Mises) Stress
Unit: MP3
Time: 1

43.068 Max

38282

33497

28712

23927

19.141

14356

9.5706

47853

5.197e-15 Min

Fig. 9 Stress of steel shaft and swash plate

B: Stati Structural
Equivalent Elastic Strain
Type: Equivalent Elastic Strain
Unit: mm/mm
Time: 1
0.00059783 Max
0.0005314
0.00046498
0.00039855
0.00033213
0.0002657
0.00019928
0.00013285
6.6425e-5
[ E—— SS—

1.396e-19 Min

Fig. 10 Elastic strain of steel shaft and swash plate

E: Static Structural
Safety Factor

Type: Safety Factor
Time: 1

15 Max

10

5.8048 Min
1

0

Fig. 11 Safety factor of steel shaft and swash plate
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B: Statk Structural
Total Deformation

Type: Total Deformation
Unit: mm

Time: 1

0.0063916 Max
0.0056814
0.0049712
0.004261
0.0035509
0.0028407
0.0021305
0.0014203
0.00071017

0 Min

8500 e

Fig. 12 Deformation of steel shaft and aluminum
swash plate

B: Static Structural

Equivalent Stress

Type: Equivalent (von-Mises) Stress
Unit: MP3

Time: 1

38719 Max
34417
30115
25813
21.51
17.208
12,906
86042
4.3021

2.5325e-14 Min  — —

Fig. 13 Stress of steel shaft and aluminum swash
plate

B: Static Structural
Equivalent Elastic Strain

Type: Equivalent Elastic Strain
Unit: mm/mm

Time: 1

0.00059783 Max
0.0005314
0.00046498
0.00039855
0.00033213
0.0002657
0.00019928
0.00013285
6.6425e-5
1.396e-19 Min

o0

Fig. 14 Elastic strain of steel shaft and aluminum
swash plate
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Fig. 15 Safety factor of steel shaft and aluminum
swash plate
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B Ternperature: 120. °C
Convection: 22. *C (rarnped), Tabular Data

000 4500 20,00 (e
)

2250 6750

Fig. 16 Boundary conditions of thermal analysis

G: Steady-State Thermal
Ternperature

Type: Temperature

Unit: *C

Time: 1

120.06 Max
11935
11863
117.92
nw2
1165
11578
115.07
11436
113.64 Mh L 4500 kel

250 50

Fig. 17 Temperature of steel shaft and swash plate

H: Static Structural
Total Deformation
Type: Total Deformation
Unit: ram

Time: 1

0.31915 Max
0.28369
0.24823
021277
017731
014134
0.10638
0.070922
0.035461

0 Min

—
250 6150

Fig. 18 Thermal deformation of steel shaft and
swash plate

J: Steady-State Thermal
Temperature

Type: Temperature

Unit: *C

Time: 1

120.04 Max
11955
119.05
11855
118.06
117.56
117.07
11657
116,08
11558 Min

0% 5000 16000 ()
]

Fig. 19 Temperature of steel shaft and aluminum
swash plate

K: Static Structural
Total Deformation
Type: Total Deformation
Unit: mm

Time: 1

0.17378 Max
015447
013516
011585
0.096543
0077234
0.057926
0.038617
0.019309

0 Min

0% 5000 10000 (nm)

i

250 7500

Fig. 20 Thermal deformation of steel shaft and
aluminum swash plate

Table 6 Comparison of static analysis

Deformation| Stress | Elastic Safety
Samples i
(mm) (MPa) |strain (mm) factor
SA1 0.004 38 0.0003 5.8
SA2 0.006 38 0.0006 7

Table 7 Comparison of thermal analysis

Temperature Thermal deformation
Samples .
min (C) (mm)
SA1 113 0.32
SA2 115 0.17
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