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A Study on Manufacture of Aluminum Automotive
Piston by Thixoforging

Jung il Choi’, Jae Hun Kim”, Joon Hong Park”, Young Ho Kim', Jae Chan Choi™"

ABSTRACT

Aluminum engine piston is manufactured by thixoforging according to forming variables. It is very important
to find effects of forming variables on final products in thixoforging. In order to find the effects, however, many
researchers and industrial technicians have depended upon too many types of experiments. In this study, the
process parameters which have influences on thixoforging process of aluminum automotive engine piston are
found by a statistical method and the correlation equations between the process parameters and quality of product
are approximated through the surface response analysis. Forming variables such as initial solid fraction, die
temperature, and compression holding time are considered for manufacturing aluminum engine piston by
thixoforging. Hardness and microstructure are inspected so that optimal forming condition is found by the

statistical approach.
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schedules and data

Die liquid load standa.rd' hardness
temp. | fraction dw?ll 1 2 3 4 5 6 7 8 deviatio average
time n

200 0.4 0 |44.8| 40 402|462 |452(659| 63 | 58 | 1031648 | 50.4125

200 0.4 60 |43.1|42.1| 42 |53.1[53.2{623| 60 |56.5| 8.180978 | 51.5375

200 0.6 0 357 137.8138352.849.5|53.4|588| 54 | 8902638 | 47.5375

200 0.6 60 (389 41 |42.1|54.9|54.5{543|53.2| 54 | 7.071465 | 49.12125

300 0.4 0 |43.1]43.8[42.7(45.6(56.7]59.9| 62 |56.5| 8233978 | 51.2875

300 0.4 60 | 447454 | 47 |51.3|554|58.7 | 63.3|552| 6.693227 | 52625

300 0.6 0 |4031425[42.1{50.2482|57.8(56.6|544| 6886724 | 49.0125

300 0.6 60 [43.9(452146.6|46.2 (535 56 | 58 |55.7( 5.703868 | 50.6375

250 0.5 30 ]39.1(41.3[43.9/49.250.1|58.1(59.7|56.1| 7.823853 | 49.6875

250 0.5 30 42 [42.7143.11482| 53 | 60 |60.1|57.11 7.789691 | 50.775

200 0.5 30 422(40.5(41.7[49.5| 55 |58.3]61.1|55.4| 8.148433 | 50.4625

300 0.5 30 43 |44.71458(56.5]552( 60 |59.1| 54 | 6.771461 | 522875

250 0.6 30 |412]4331455|54.1 |563] 57 1578] 55 | 6.770894 | 51275

250 0.4 30 |453 ] 42 [43.3]53.1158.6(60.5]61.2|568| 7.949843 52.6

250 0.5 60 |452(453]47.6|52.1|53.6]60.5|60.7]573| 6371014 | 52.7875

250 0.5 0 }1432(44.1(453| 50 [56.4| 60 |61.2] 55 | 7.227527 51.9
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Table 2 Variation analysis of hardness average

S |DF{ V Fo |F(0.05)[F(0.025)

3.06745| 1 [3.06745]| 1436 | 7.71 12.2

114093 1 (11.4093| 53.41 [ 7.71 12.2

4.02038 | 1 |4.02038] 18.82 | 7.71 12.2

m|aQ|lw| >

0.00367 | 4 10.2136 (b) Surface of standard deviation
Fig. 6 Response surface (fixed compression holding
time at 30 sec)

A - Die temp., B - liquid fraction, C - load dwell time

S : AEg DF : AHG %
vV AFEF Fo : FH|

Table 3 Variation analysis of standard deviation

S |DF| V Fo [F(0.05)| F(0.01)

A [6.04436 | 1 | 6.04436 |2391| 7.71 12.2

B [[2.95241} 1 [ 2.95241 [11.68] 7.71 12.2 Rl
Uqyy, > 052,

"action

C 559499 | 1 |559499 |22.14; 7.71 12.2

E [0.00036| 1 | 0.2527

sStandard dev-

(b) Surface of standard deviation
Fig. 7 Response surface (fixed die temperature at
2507C)

(a) Surface of hardness
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Table 4 Optimum value of process parameters

liquid | Comp.Hold | hardness | standard

Die temp. .
time

fraction deviation

average

275.146 | 0476 60 sec 52.00 6.17
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