gharaiulgr skl Al Al 17 ¢ Al 8 & (2000 8 )

Journal of the Korean Society of Precision Engineering, Vol. 17, No. 8, August 2000.

Yol FxEE ZHYE 0[S NSNS
ool HEalAl T Ao AAtol B oA

old=m’, g, HEZ, Y™

A Study on the Production of a Compressor Piston for an Automobile Air-
Conditioner using Aluminum Casting/Forging

Sung Mo Lee*, Shin Il Wang*, Hyo Ryang Kim*, and Won Byong Bae**

ABSTRACT

In this study, aluminum casting experiments are carried out to reduce the grain size of a cast preform and to

spheriodize its dendritic structure by adding Ti+B and Zr, and to modify flaked eutectic silicon by adding Sr. And a finite

element simulation is performed to determine an optimal configuration of the cast preform to be used in forging of a

compressor piston for an automobile air-conditioner.

When 0.15% Ti+B, 0.25% Zr, and 0.05% Sr are added , respectively, into the molten aluminum alloy, the finest

grain in casting of the preform is obtained. It is confirmed that the optimal configuration of the cast preform predicted by

FEM simulation is very useful for forging the compressor piston. After forging the cast preform of the compressor piston

the microstructure and the hardness of the cast preform is compared with those of the cast/forged product.

Key Words : Compressor piston (7

Z A T2 8), Casting/Forging (5 32/%), Microstructure (%] A 2 2}), Alloy
addition (3t 3 7}, Modification (7] % 2] 2]), Preform design (¥ A & ) A 7))

1. ME doh. Fadze 27 ¥4 FEL o8
WEZ M AfEe FHE DL 5 Ao =
BEUFES AFH BYRopIA oA M, 7] Fye HAsA Wrsd @ e vze
AR Az 98 ARs AAEA Be BAS B ATAES 49 F Ak o) AY 2 P
ARAT He AxMFOR A3 AFA B ¥ oh B v2TAY BFoz FYus RaEx
FQU] 430 olgHA Ytk webd A EehAsh 23 AREol rhsste] Amu)y
2§ BRI B = d@oz Fx/ AU Fz@zIdeq FrE Uy
wze s 9xFHY 271 AR YL FES o nAze] HTAE SAH 4R 2 I
ogstel WET ol wEHE Yo AgHTL & WA

*

*ok

B abopeta cishel iAot
o :

Par e 33}

53



o] X .

AR TSA A7 d A8 E

A B Ao E e dE e dojAx
g vM sy $13 FEEPL AHS-II(JIS4032
& frAbhE ALEslY . FrA™e 29
AZ Fy3A e, 1 GAE uAddo|y F=2F7
22 Aol gle FES Fx7) 9T #3759
FEZRAE Z3, o] HH FRzHAA FHAA

< Rela FERAS A7) Aste] TisB, Zr
2 FEdaE drkete Aotk 2vAE A

4ol FA sig MEF Aelde Aotk @
g Al @7k AelE Al Fastgin

d4zAE NAAH AeE BAT7) A
v ouAdYA s ddSHAT FEI WE s W
55 dAsteol g} o] 2}d] DEFORM 3D
g olg3led F3aLsde &%tk o8 AFA
ool HEe AL 2o & &sho] o)A A
£ Agtsla, =23 dHAEAE 8 £ Iy
o dzxg HE2AEL AxIgr)t FF/ohzTo|
st dxg 2748 gofsln, 729 dxAE
I AxE vlusd.

2. F=4HH

2.1 AE AR

AL E ALSI A G228 T AHSI 2
A, WutRAdo) -8t I AA gt 2o} zhE
g Aagd AREE T A} SR AR = AR

AsALe] mfdFol A A E el A g
Table 1 ol AHS-II o] FQ4&& YeE)ATT
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105 3.5 0.3 | Max | Max | Max | Max
W(%) R - _ Bal.
12.5 5.0 1.0 0.5 0.5 0.2 0.2

Fig.2 o “eb R
HA F22HAE 27 Y43t Table 2 9 AlA|
A ol FHEER, £El Flen Fq1y
e WA EA AEEith

&l

L84

54

s,

 Control
: | box | recorder
Water Thermocouple ™
tank

:’—-—kl ‘prcssure Flow , %
;PumP i gauge ’ | meter %
[L—— i

Valve

L_

Casting mold

Fig. 1 Schematic diagram for the casting experiment

Fig. 2 Mold for the casting

Table 2 Casting conditions

Mold temperature (C) 220, 260, 300
Molten temperature (C) 770
Pouring time (sec) 5~20
Pouring temperature (C) 680~720
Water flow-rate (//min) 30
Water temperature (C) 5
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(a) Stair type (b) Tapered type

Fig. 3 Initial configurations of the cast preforms
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Fig. 4 Predicted deformation patterns of
the initial cast preforms

Fig. 5 Modified configuration of the cast preform
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Fig. 6 Predicted deformation pattern of
the modified cast preform
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(a) Upper die (b) Lower die

Fig. 7 Die-set for forging the compressor piston
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Table 3 Optimal casting conditions

Mold temperature (C) 300
Molten temperature (C) 770
Pouring time (sec) 10~ 15
Pouring temperature ( C) 720
Water flow-rate (//min) 30
Water temperature (C) 5
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Fig. 8 Effect of Ti+B and Zr contents on the aspect
ratio of the cast specimen
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Fig. 9 Effect of Ti+B and Zr contents on the grain size
of the cast specimen
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Fig. 10 Effect of Ti+B and Zr contents on the tensile
strength of  the cast specimen
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Fig. 11 Effect of Ti+B and Zr contents on the elongation
of the cast specimen
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Fig. 12 Effect of Sr contents on the tensile properties of
the cast specimen.

7ve} A&S Vet sr 7L 0.015%2 3
Z7vekA] gkskon}, FAAZHE 20

Bo2 39e W MFA3A & Ao vl
AAgo] 35% /e FEE MFEH L o
2olx)7] &S Aol Srol 93 FE] A
3 71xeo] %o| Fu=HER NP ARE 47 A
3 SAAIZre] Pasttn gz f2 ARt
20 5o) A A sio AP aRE FEI) @
g Fglomz Adge $7he B & Ytk

600 45
500 F
= W 4.0
o
Z 400 9
£ 435
o 8
o 300 { wB
5 o
@ 4 3.0 5
B 200 } ) In]
S -@- Tensile strengtrh (MPa)
fid )
100 b —-O- Elongation (%) 125
0 . " N N PN P
0 10 20 30 40 60

Holding time (min)
Fig. 13 Effect of holding time on the tensile properties of
the cast specimen
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(a) Cast perform (b) Cast/forged product

Fig. 14 Photos and microstructures of the cast perform
and the cast/forged product of the compressor
piston
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Fig. 15 Comparison of hardness between the cast/forged
product and the conventionally forged product
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Fig. 16 Final product of the compressor piston for an
automobile air-conditioner
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