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In order to improve the wear resistance and service life of mining sprockets, 40CrNiMoA sprockets cast by

centrifugal electroslag casting were selected as the base material to study the effects of heat treatment processes on
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microstructure and mechanical properties of the alloy. The effects of different heat treatment processes on the mechanical
properties of the steel, such as microhardness, friction and wear, and tensile strength were investigated with the orthogonal
experiment method. The test results were analyzed by range analysis and comprehensive weighted scoring calculation to obtain
the optimal heat treatment process parameters. Finally, experimental verification was conducted. The results show that the
optimal heat treatment process obtained by the orthogonal test method is quenching at 880 ‘C for 0. 5 hours and high-
temperature tempering at 600 °C for 2 hours. The microstructure of the sample after heat treatment is mainly tempered
sorbite, with a Vickers hardness of 364 HV, a tensile strength of 1 166 MPa, and a wear rate of 0. 427 X10 " mm®’/ (N« m).
The validation test results are similar to the orthogonal experimental analysis, and the sample performance after heat treatment
can meet the usage requirements. Therefore, the research results can provide a theoretical basis for the heat treatment process

of mining sprocket parts, and are of great significance for effectively solving the wear resistance and service life of sprockets.

Keywords: ferrous metals and their alloys; 40CrNiMoA steel; heat treatment process; microstructure; mechanical proper-

ties; orthogonal experiment
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Tab.1 Main chemical composition of

40CrNiMoA steel

E314 C Cr Ni Mo Si \%

A8/ % 0.41 1.23 1.10 0.16 0.22 0.17

1.2 HAEBTEHRET FIH
SEM & fiff BE i A }*FT%‘EJ%E?E RE

R FIE S5 vk - A 7 A [l FR AR B T2 a) BEREIRSEH b) IARBRER T
SO 40CrNiMoA 4 42 Jy 2 1 BE 1Y 32 A1 #nsmERBRRELE &R
PAEREEHGE TR, S50k R Fig.1 Schematic diagram of sprocket structure
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2 EXRRBWHEREHH

2.1 EXKWER
FRE BT Y 1E 38 086 P R K BUE 2% L 38 5 Mintab 8015 1 1 38 3K 56 3¢ X A5 4 BE & 0 47 #4d 2340 56
Ay RR I L e A5 Rk 3 s,
%3 EXRRBZER

Tab. 3 Orthogonal experiment results

i A B C D B /HV  BURIREE/MPa BER X 10" /(mm® /(N » m))
1 1 1 1 1 220 1215 0.712
2 1 2 2 2 236 1258 0.641
3 1 3 3 3 278 1104 0.897
4 1 4 4 4 237 1002 1.603
5 2 1 2 3 321 1230 0.254
6 2 2 1 4 278 1020 0.322
7 2 3 4 1 268 1069 0. 849
8 2 4 3 2 277 1163 0. 785
9 3 1 3 4 305 1225 0. 899
10 3 2 4 3 256 830 1. 250
11 3 3 1 2 307 1224 0.462
12 3 1 2 1 308 1047 0.592
13 4 1 4 2 278 1045 1.223
14 4 2 3 1 301 1 246 0.522
15 4 3 2 4 289 1093 0. 650
16 4 4 1 3 258 1012 0. 685
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Tab.4 Range analysis of microhardness

HV
W?{: KU Kz; K.ij K\j }"lj ij k3j kl/ Rj
A 971 1144 1176 1126 242.8 286.0 294.0 281.5 51.3
B 1124 1071 1142 1 080 281.0 267.8 285.5 270.0 17. 8
C 1 065 1154 1161 1039 265.8 288.5 290. 3 259. 8 30.5
D 1097 1098 1113 1109 274.3 274.5 278.3 277.3 4.0
k5 RIIREME S
Tab.5 Range analysis of tensile strength
MPa
S Ky; K,; K; K; ky; ky; ky; ky; R,
A 4 579 4 482 4 326 4 396 1144.8 1120.5 1081.5 1099.0 63.3
B 4 715 4 354 4 490 4 224 1178.8 1088.5 1122.5 1 056.0 122. 8
C 4471 4628 4738 3 946 1117.8 1 157.0 1184.5 986. 5 198.0
D 4 577 4 690 4176 4 340 1144.3 1172.5 1044.0 1 085.0 128.5
k6 BBMERESH
Tab. 6 Range analysis of wear rate
X10" " mm®/(N « m)
lﬁi KlJ KZJ' K3/ K4./ }‘)U ij k3,/ kﬂ RJ
A 3.853 2.210 3.203 3. 080 0.963 2 0.552 5 0.800 8 0.770 0 0.410 7
B 3.088 2.735 2.858 3. 665 0.772 0 0.683 8 0.714 5 0.916 3 0.232 5
C 2. 181 2.137 3.103 4.925 0.545 3 0.534 3 0.7757 1.231 2 0.697 0
D 2.675 3.111 3. 086 3.474 0.668 7 0.777 8 0.771 5 0.868 5 0.199 7
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Tab. 8 Result of orthogonal experiment

£ A/C  B/h  C/C D/h BMEE/HV PURLSRE /MPa BEHIR X 10"/ (mm®/ (N« m)) LD
1 1 1 1 1 220 1215 99, 288 86. 55
2 1 2 2 2 236 1258 99. 359 89. 25
3 1 3 3 3 278 1104 99. 103 91. 94
4 1 4 4 4 237 1002 98.397 84. 92
5 2 1 2 3 321 1230 99. 746 99. 55
6 2 2 1 4 278 1020 99. 678 90. 83
7 2 3 4 1 268 1069 99. 151 90. 15
8 2 4 3 2 277 1163 99. 215 92.79
9 3 1 3 4 305 1225 99. 101 97. 22
10 3 2 4 3 256 830 98. 750 84. 70
11 3 3 1 2 307 1224 99. 538 97. 63
12 3 4 2 1 308 1047 99. 408 94. 89
13 4 1 4 2 278 1045 98. 777 90. 87
14 4 2 3 1 301 1246 99.478 97.21
15 4 3 2 1 289 1093 99. 350 93. 23
16 4 4 1 3 258 1012 99. 315 88. 07
K1 88.17  93.55  90.77  92.20
K2 93.33  90.50 94.23  92.64
K3 93.61  93.24 94.79  91.06
K4 92.34  90.17 87.66 91.55
R 5.44 3,38 7.13 157
MR FEK 2 3 1 4
% A3 B1 C3 D2
2.4 BABTIZARABWIERARSH (9 KiEXksaR
WMEOMEN R T 2 54, B 880 Tab. 9 Results of the validation experiment
CHK 0.5 h,600 CRERMEI A 2 h, BE 3 KR WEMES  EBUR/ % RMEE/HY B E/MPa
. 2R T B0 4 L5 IE 58 5 e 4K AT ! o -~ L
2 0.384 369 1146
9. 3 0.437 364 1177
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Fig.5 Microstructure and morphology of alloy samples after heat treatment under scanning electron microscopy
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