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Abstract :

This paper is a study on head bolts that are used in A/C compressors to reduce production cost and solve

leak problems on the head bolt seat area that causes massive intermittent malfunctioning during production. In this
study, the pre-heat treated steel, which was used as a material in the head bolt, eliminated the heat treatment process
after forging. The pre-heat treated steel head bolts, which have 10 % lower tensile strength than the conventional SCM
435 head bolts, were selected after considering the results of creeping rupture properties, axial force, and stress
concentration per tensile strength variation. Then, the performance test and the durability test with the A/C compressor
that was assembled with the pre-heat treated steel head bolts were performed and verified. Based on the results, the
pre-heat treated steel head bolts developed in this study saved 7.3 % in production cost by eliminating the heat treatment
process and the logistics process. Furthermore, the leak problem on the head bolt seat area in the A/C compressor was

addressed significantly on the mass production assembly line.

Key words :
Tensile strength($1 77 )

1. M E

11 A9 Folkn g n A AEA
2104 583 7 ool ok 2% o
Go) BFo] ALEEH 1 FolNE BEE tokd
571 27) e @7 o)A Folxl 715
ak7) 918) AFEE 1L 9l 2ol A a2 3

A part of this paper was presented at the KSAE 2016 Spring
Conference
*Corresponding author, E-mail: 295006@naver.com

588

Air-conditioner(°ll ©171), Compressor(}=71), Head bolt(3l]| = £-E), Pre-heat treated steel(X1 =27,
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Table 1 Comparison of head bolt for swashplate type

compressor
Diameter | Pitch | Length | Length/ | Comp.
(mm) (mm) | (mm) Dia type
8.0 1.25 100 12.5 .
Fixed
Ist 7.0 1.0 140 20.5
generation 7.0 1.0 123 17.6 .
Variable
6.0 1.0 133 222
ond 7.0 1.0 110 15.7 Fixed
e 70 | 10 | 146 | 209 | ¢
generation
6.0 1.0 131 21.8 | Variable
Head Bolt Rear Head

FrontHead

Cylinder

Fig. 1 Section view of variable swashplate type compressor
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Table 2 Comparison of chemical properties for ESW95 vs.

SCM435
C Si [Mn| P S |Cu| B Cr
0.18 |Max.| 0.7 [Max.| Max. 0.0005| 0.6
ESWO3 ~0.23 | 0.35 | ~1 [0.03]0.03 | ~ |~0.005|~0.12
0.33 1 0.15] 0.6 0.9
SCM435 038 |~035[~0.9 0.03] 0.03 | 0.3 0 12

Table 3 Comparison of mechanical properties for ESW95 vs.

SCM435
Tensile Eloncation Reduction | Hardness
strength & ratio (HRc)
ESW95 92-98 2| 45%1 65 % 1 27~31
Kgf/mm
58
SCM435 P 21 % 70 % N/A
Kgf/mm
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ESW95 SCM435
FORMING FORMING
2 v
ROLLING ROLLING
N

QUENCHING,

TEMPERING
v

PLATING PLATING
v v

BAKING BAKING
v v
INSPECTION INSPECTION

v v

PACKING PACKING

Fig. 2 Comparison of manufacturing process for SCM435

vs. ESW
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Table 4 Results of delayed broken test for ESW

Fig. 5 Photo & drawing of delayed broken test jig
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UNIT : Mpa
GLOBAL

. +1.023E+3
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+8.196E+2
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+0.000E+0

ESW95
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+0.000E+0

ESW105

Fig. 7 Comparison of stress concentration for ESW95 vs. ESW105
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Fig. 8 Comparison of axial force for ESW vs. SCM435
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Table 5 Test condition of compressor performance & durability

m

Comp. speed Discharge pressure Suction pressure Suction temp. Sub cool temp.
(rpm) (MPa) (MPa) (°C) (°C)
Performance 800 1.90 0.40 25.8 5
N Frequency Cycle time Acceleration Duration
Direction (Hz) (min) (m/s?) (hrs)
Vibration Up-down, front-rear, 50~350 2 294 14 cach direction
left-right
Comp. speed Discharge pressure Suction pressure Ambient temp. Duration
(rpm) (MPa) (MPa) (°C) (hrs)
High pressure 700 3.14 0.34 110 1000
High pressure low charge
(Ref. 40%) 2000 1.96 0.15 38 400

Table 6 Differential of performance after vibration durability

Table 7 Comparison of head bolt leak for SCM435 vs. ESW95

test for ESW95 Total | June | July | Aug. | Sep. | Oct. | Nov. |Remark
Before After Differetial 14" Jan.
durability | durability %) SCM435| 452 | 0 | 17 | 171 | 208 | 53 3 Dec.
Capa.(kcal/h) 3633 3607 0.7 % Eswos | 1 i 0 0 0 0 0 15" Jan.
800 HP(HP) 2.00 1.94 3.1 % ~Dec.
rpm cop 2.84 2.91 2.3%
Td(°C) 86 88 -1.7%
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