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Abstract

GH4169 superalloy semi-finished blanks for initiating explosive devices were fabricated by powder
metallurgy injection molding technology. Dimensional inspection, visual examination, metallo-
graphic analysis and tensile tests were carried out on the blanks. The experimental results show
that the dimensional shrinkage data of the blanks produced by powder injection molding meets the
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precision requirements for part manufacturing. Metallographic analysis reveals the presence of
certain internal voids in the test specimens. The tensile strength of blank specimens prepared at
different positions in the sintering furnace exhibits a certain correlation with their locations within
the furnace. The tensile strength at all positions is lower than the average value of the bar stock,
with an average reduction of 21.7%. The elongation of the test specimens is generally lower than
the average value of the bar. The structural strength and initiation performance of the assembled
finished products meet the design requirements and fall within the historical range. Therefore,
powder metallurgy injection molding technology possesses the basic conditions for application in
initiating explosive devices.
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Figure 1. Flow chart of injection molding process
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Table 1. Measured range and accuracy analysis of typical characteristics

= 1. ARESNSEE RAEE S

WEIRE SEWME TE Bl (BAAL mm) EFrFEE &/
L1z 8.6 ¢8.644~¢8.660 0.19% L R~
M 919 918.86~¢18.91 0.26% e R
MRS 28.2 28.03~28.19 0.57% ALY
MK 477 47.57~47.74 0.36% 2R e RS
©8.6 MFLIAI 0.0014~0.0069 — AL A2
@19 S 5 0.0017~0.0083 — AN
08.6 JMES 019 S [ 4k B 0.009~0.014 — AN =]
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Table 2. Test results of specimens from 10 random batches of bar material

= 2. BEHL 10 MR AERHR IR EER

=2 bR E FEfHZE a2 HLhisR FEfHIZR
1 1372 MPa 17% 6 1287 MPa 17%
2 1154 MPa 19% 7 1359 MPa 21.5%
3 1368 MPa 17% 8 1367 MPa 20%
4 1418 MPa 17.5% 9 1308 MPa 24%
5 1398 MPa 16.5% 10 1302 MPa 23.5%
WE 1333.3 MPa 19.3%
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AT @
SE @ @
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Figure 2. Schematic diagram of the specimen position in the furnace
B 2. REHErPuEREE
Table 3. Mechanical property test data of three furnace specimens (density in g/cm?, tensile strength in MPa)
3. DRI LM RN EREF, BERMA g/em’, MASRE BALA MPa)
ME #HE hRE ZMER MBE FE O DhEE TR ME O FE O hEE gk
E—p
b 8.005 1076.3 13.7% L 8.015 1057.2 13.7% W.E  8.060 992.2 12.0%
G 7.960  1097.1 141% i 8.025 11052 157% AN 8.090  1108.6 16.1%
SNF 8.075 1070.4 125% HF  8.035 1053.2 11.7% WT 8.070 1128.5 20.8%
E_opp
4 E 8.080  1051.0 209% HL  8.055 1025.1 19.8% WL 8.120 943.5 11.1%
A 8.025 968.2 173% 9 8.065 1074.9 223% A 8120 10503 17.3%
SNF 8125 999 .4 114% +F  8.080 1062.9 206% M 8.130 994.6 15.6%
FE=p
4k F - 8.070 1066.0 20.1% .k 8.100 1089.8 199% WL 8085 954.9 11.2%
HRHEE - 8.060 999.0 114% H9  8.080 1062.5 149% W 8.065 1091.7 16.1%
SNF 8.095 933.6 11.7% HF  8.040 1069.1 209% T 8.095 1061.2 18.7%
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Figure 3. Tensile strength distribution of injection-molded specimens at different furnace positions
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Figure 4. Elongation distribution of injection-molded specimens at different furnace positions
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T _EFA A B IR 2 R, 25089 11.4%F0 11.9%, CEEEAME R 60%KE 4. 48 R yEST i B
GH4169 R 564 A A SR BRI TR R M, 5 B R 2 e 45 PR N AP AE AL IR, FRAR T A4 R A 9B P AR T
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PR R 94% A b, W RIS L T 2 Redt — DIR A B, miR G S EIREILE] 99.9%
JE o ARBIEFEIN Tt A AR ) A A Ik T2, IS AR R CREAT WL THR MW 5 fros, 2w
fyeiE, 10 £% T AU RTLMIYT. SRS AT 2 HIALHE, i it ), AR MR MT.

Figure 5. Surface appearance of the injection-molded specimen (left) and the surface
appearance after turning and polishing (right)
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Figure 6. Pores in the axial (left) and radial (right) cross-sections of injection-molded specimens
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Table 4. Firing test results of metal powder injection molding specimens
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Figure 7. Metallographic image of injection molding specimens
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Table 5. Cost comparison of two processing schemes
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