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Table 1 Chemical compositions of ZL114A aluminum alloy
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Diagrams of STX-2 type engine block
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Table 2 T6 heat treatment parameters of ZL114A alloy
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Fig. 2 Dimension diagram of mechanical test specimen
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Fig. 3 Micro—porosity metallurgical defects of STX-2 type engine block casting
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Table 3  Orthogonal design table and test results of HIP process

e IR/ JE J1/MPa A Al /h PRRE/MPa  JEIRIEEE/MPa  GE{HER/% A [GHE EE/HBS
1 500 100 2 260 220 2.0 90
2 500 120 4 280 240 3.2 108
3 500 140 6 300 245 42 120
4 520 100 4 290 235 3.6 105
5 520 120 6 310 245 45 110
6 520 140 2 320 260 5.6 114
7 540 100 6 300 250 6.2 108
8 540 120 2 325 265 6.8 118
9 540 140 4 340 280 8.0 125
Il 22
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Table 4 Range analysis results of orthogonal experiment
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Fig. 4 Curve of yield strength versus temperature
of ZL114A alloy
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Fig. 5 Q value test results of orthogonal experiment
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#5 ETRREFMAENER
Table 5 Fatigue performance analysis results of orthogonal experiment

IEAZIRE T HIP T. 2 Ab R AG ER L HIP T2 AP SRR R AN/ %
1 0.98x10° 2.6x10° 165
2 0.98%10° 2.9x10° 195
3 0.98%10° 3.2¢10° 226
4 0.98%10° 3.0x10° 206
5 0.98%10° 3.4x10° 246
6 0.98x10° 3.6x10° 267
7 0.98x10° 3.3x10° 236
8 0.98%10° 3.8x10° 287
9 0.98%10° 4.1x10° 318
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Fig. 6 Characterization analysis after HIP process
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Table 6 Mechanical properties test results of different micro—porosity grades after HIP process

TS 55 2% PUHTsH B/ MPa JiE HR i BE /M Pa HEf2R/% A7 PR /HBW WG EL
I 352 302 9.6 125 5.1x10°
i 345 286 8.8 124 4.3x10°
11 340 280 8.0 120 4.1x10°
v 306 252 42 116 2.8x10°
\% 274 225 34 108 1.9x10°
I 94
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Fig. 7 Q values of different micro—porosity
grades after HIP process
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Table 7 Mechanical property test results under different times of HIP process

HIP T2} [E)/h Priism i /MPa JiE AR5 /M Pa HEAI /% A FC A B2 /HBS ST IEIRIUEL
1 302 246 3.8 112 1.8x10°
2 334 276 7.8 118 3.8x10°
4 340 280 8.0 120 4.1x10°
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Fig. 8 Mechanism analysis of HIP process
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Fig. 9 SEM test results of grain boundary oxidation
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Effects of HIP process on microstructure and mechanical properties
of micro—porosity in ZI.114A alloy

FAN Zhenzhong'?, ZANG Jidong’, YAN Xiaobo’, WANG Duanzhi’, WANG Shengqiang'*

1. Beijing Institute of Aeronautical Materials, Beijing 100095, China
2. Beijing Advanced Engineering Technology and Application Research Center of Aluminum Materials, Beijing 100095, China
3. Beijing Institute of Astronautical Systems Engineering, Beijing 100076, China

Abstract The microstructure and mechanical properties of different grades of micro—porosity are studied by optical microscope, scanning
electron microscopy, WDW—100KN universal tensile testing machine, and PLA30050 fatigue testing machine, together with the orthogonal
test with three factors and levels. The results show that the most important impact parameter on the HIP process is temperature, followed by
pressure and time. The tensile strength, yield strength, elongation, Brinell hardness, axial fatigue life and @ value of ZLL114A alloy within
the micro—porosity of grade III are increased to 340 MPa, 280 MPa, 8%, 125HBS, 4.1x10° and 475.45, respectively after the HIP process
under 540°C, 140 MPa and 4 h conditions. Cconsidering both the process cost and effect, the optimal parameters of HIP process are 540°C,
140 MPa and 2 h. Compared with the micro—porosity of grade III, the @ values of grade I and grade II are increased by 5.1% and 2.4%,
respectively after the HIP process, whereas the ) values of grades IV and V are decreased by 15.98% and 25.61%, respectively.

Keywords ZL114A alloy; micro—porosity; HIP process; microstructure; mechanical properties
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