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A Study on the Forming Technologies for a Motor Piston and Improvement of

Mechanical Properties
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J. O. Park, Y. H. Kim(School of Mech. Eng. PNU)

ABSTRACT

The purpose of this paper is to investigate the influences on mechanical properties of motor pistons manufactured
by casting, conventional forging and powder forging, using the comparison of characteristics like microstructure,
hardness, tensile strength, and elongation. To form conventional forging piston, the experiment of visioplasticity was
performed. As the model material, plasticine was used. To form powder forging piston, the shape of piston was
simplified as simple cup shape. Material properties like workability, density variation before and after forging, and
strain loci of material during forging were investigated. Powder forging and conventional forging technologies were
effective to gain dense microstructure. In powder forging, distribution of such dense microstructure was uniform. For
hardness, pistons from powder forging and conventional forging technologies were much better than that from casting.
For tensile strength and elongation, powder forging and conventional forging technologies were also advantageous.
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(a) Vertical Cross Section (b) Horizontal Cross Section
Fig. 1 Material Flow of Plasticine Forged Pistons
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Table 1 Chemical Composition of Aluminum Alloys

Divi- Chemical Composition
sion Si | Cu|Mn|Mg| Cr}|Zn| Ni| Fe| Ti| Zi | Al
ACBA 11.0-10.8-10.03/0.8:/0.03]0.03|0.8 0.4 0.:.0.03 Re
. m
13.0 {1.3 |} 131} | 1.5 Lol
11.0-10.3-/0.03|0.8- 0.5 0.0
Al 40321 . 0.1 {025 1.0 0.25 {Rem
13513 (L |13 1.3 |

Table 2 Experiment Condition of Conventional Forging

Condition
Die Temp. 210°C
Material Temp. 460°C
Lubricant graphite (m=0.3~04)
Forging Device 630 ton mechanical press
Heat Treatment soltlti()n quencﬂhing ag?ing
2207C-5hr 23C 190°C-5hr

22 RYUCkx

22,1 2o =M ¥ AE=H
Aol 189 F F& FLL 1L.5%9 HEAE
F&ea UE  Alumix 123 (59, Ekat Co,

Al-4.5Cu-0.5Mg-0.7Si)°1 5, HZYE+E 200mesh, °]&
BeE 2790|th 7)ol Friz YA T Ve FEE
52 Hrislgtt Table 201 Aol AL gE B9
FazAol veht gtk BRaddzde) og A2E
AR89 APdZHES Table 49 Tt}

Table 3 Chemical Composition of Aluminum Alloys

Composition | Al | Cu | Si | Ni | Mn | Mg | Micro-wax

Weight-% |89.8|45|15]20}05;05 1.2

Table 4 Experiment Condition of Powder Forging

Process Device Condition
Mixing V-type Mixer 30rpm-30min
Compacting| 200ton hydraulic press 2ton/cm’
Die Floating Die Lubricant : Micro-wax
Division Dewaxing Sintering ]Cooling
Sintering Temperature (T) 400 590 150
Holding Time (min) 25~30 25 30
Atmosphere N2
Division Condition
Die Temp. 250TC
Material Temp. 450C
Forging Lubricant graphite (m=0.3~04)
Forging Device 200 ton hydraulic press
solution | quenching | ageing
heat treament  IST0T 30min] 23T |170C-18hr
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Fig. 2 Workability of the material
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Fig. 3 Shape and Dimension of Preform and Product
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Fig. 4 Microstructures of Casting, Conventional
Forging, and Powder Forging Pistons
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Fig. 5 Hardness on Head Region of pistons
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Table 4 Comparison on Mechanical Properties of
Pistons

Mechanical Properti Tensile e ongation(%)
cal Properties ongation|

echant P strength(MPa) & ?
Casting Piston 232 24
Conventional Forging Piston 299 13.4
Powder Forging Piston 500 8.0
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