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Experiment of Low Temperature Mechanical Properties for Brazing
Structure of Hard Alloy Steel and Structural Steel

GAO Ze, LIU Bo, ZHENG Liyan, WANG Guoxin, MO Guidong, SUN Qichen
(Beijing Spacecrafts Co., Ltd., Beijing 100094, China)

Abstract: In view of the requirements of high tensile strength and shear strength mechanical properties of
materials and connection methods for spacecraft products under harsh working conditions, experiments
designed aim to verify the tensile and shear properties of vacuum brazing and flame brazing specimens in
profound hypothermia to high temperature environments. Vacuum brazing samples show significantly better
results than those of flame brazing. The tensile strength of vacuum brazing specimens can reach 536 MPa at
—233 °C and the shear strength 260 MPa. The shear strength of vacuum brazing specimens is 300 MPa at
—150 °C, and shear strength in the normal temperature is 212 MPa. Furthermore, the effect of vacuum brazing
process on the properties of alloy steel 40CrNiMoA has been studied. The vacuum brazing process reduces the
tensile strength by about 38% and the surface hardness by about 25%. As the results indicated, the tensile
strength and shear strength of the vacuum brazing samples at 200 °C are 804 MPa and 239 MPa, respectively.
The effects of different welding processes on the mechanical properties of the structure after welding are studied
through the experiments. The test results play an instructive role for the follow-up spacecraft structure designs.
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Table 1 Mechanical properties and chemical composi-
tion of alloy steel 40CrNiMoA

7 48 75 H L7 2 fR g i
Pihism i/ MPa =1001
Je MR 55 S / MPa =845
GB/T 228.1—2010
i/ % =12
Wi T i 4 %/ % =55
i/ g =78 GB/T 229—2007
B (C) 0.37~0.44
FE(SI) 0.17~0.37
% (Mn) 0.50~0.80
g #(Cr) 0.60~0.90
| B (ND) 1.25~1.65 GB/T 4336—2002
A1 gccw) <0.25
g W (P) <0.025
i (S) <0.025
1 (Mo) 0.15~0.25
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Table 2 Cemented carbide YG6X performance
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Fig.1 Schematic diagram of tensile specimen
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Fig.2 Schematic diagram of shear specimen
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Fig.3 Schematic diagram of composition of cryogenic me-

chanical testing system
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Table 3 Cryogenic mechanical properties testing system

parameters
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(a) Flame brazing shear specimen (b) Vacuum brazing shear specimen
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Fig. 4 Fracture state of flame brazing and vacuum brazing

shear specimens
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Table 4 Test results of mechanical properties of deep

and low temperature shear specimens

i JJEL 4% 1if |y NS
Rl TSI T
1 9.9 110
2 KIGEFIR 10.19 113 142
3 18.39 204
4 25.58 284
5 B AT 22 244 260
6 22.6 251
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Table 5 Test results of mechanical properties of deep

and low temperature tensile specimens

WEWTAR  ARAE ST UISR 0Y DR P8

#5 Rexd 5 /kN  JE/MPa {&/MPa
1 7.03 358
2 KT JR 6.85 349 372
3 8.01 408
4 11.91 607
5 Ho AR 10.86 553 536
6 8.77 447
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(b) Vacuum brazing specimen

(a) Flame brazing specimen
B5 KIAER RN B A B A R I IR 2

Fig. 5 Fracture state of flame brazing and vacuum brazing

specimens
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Fig.6 Fracture state of flame brazing and vacuum brazing

specimens
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Table 6 Test results of vacuum brazing hardness
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40CrNiMoA # Rt ke 40.6 40.1
39.5
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40CrNiMoA % 7 i B 30.1 30.2
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70.1
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Fig.7 Hardness change of flame brazing and vacuum braz-

ing specimens after welding
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Table 7 Test results of vacuum brazing tensile specimens
5 it g WO /KN  BUREIE/MPa RN /MPa WS MK/ %
1 25.27 1287 1207 16
2 R 2R A PR b5 25.46 1296 1213 14
3 25.72 1321 1248 14
4 29.76 791 602 19
5 G AR ) B 29.97 803 619 20
6 29.63 824 636 18.5
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Table 8 Test results of mechanical properties of high

temperature shear specimens
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e i /kN

& /MPa {E/MPa
1 15.418 214.1
2 19.319 268.3 239
3 16.900 234.7
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Table 9 Test results of mechanical properties of high

temperature tensile specimens
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