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Experimental research on high temperature pin-disc wear for hot work die steel

Zhang Saijun', Ding Weiyang', Song Shiguang', Tang Xiaoping
(1. School of Mechanical and Automotive Engineering, South China University of Technology, Guangzhou 510641, China;
2. Jiangxi VHST Auto Parts Co. , Lid. , Jiujiang 332400, China)

Abstract: In order to study the high temperature hardness of three commonly used hot work die steels and the change laws of wear rate and
friction coefficient at 100 and 300 °C, the laws for the hardness, friction coefficient and wear rate changing with temperature for three
types of hot work die steels were obtained by high temperature hardness test and high temperature friction-wear test. The results show that
the hardness gradually decreases with the increasing of temperature. Although the surface nitriding treatment greatly increases the hardness
of the material, the hardness decreases more obviously with the increasing of temperature after nitriding treatment. At 300 °C , the resist-
ance to deformation of the pin-disk contact surface is reduced, and the friction coefficient between material and plate is less than that at
100 °C. At the same time, the pin surface produces a thicker oxide layer at 300 °C, and the wear rate is less than that at 100 °C. The sur-
face nitriding treatment of the material improves the wear resistance of the material at 100 °C, but at 300 °C, the wear amount increases in-
stead. Thus, the test results provide reliable basic data support for the selection of mold materials and the improvement of mold wear resistance.
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Table 1 Contents of main chemical elements in three types of hot work die steels and 22MnBS high strength steel

( %, mass fraction)

Kt C Si Mn Cr Mo v P S B
CR7V-L #ERLELH 0. 420 0. 500 0. 400 6. 500 1. 300 0. 800 - - -
1. 2344ESR # A HAR 0. 400 1. 000 0. 350 5. 000 1. 300 1. 000 - - -
H13 #ERLELR 0.370 0. 940 0. 320 4.900 1. 280 0. 900 0.019 0.011 -
22MnB5 i 0.258 0. 250 1. 240 0. 143 0. 005 0. 006 0. 021 0. 005 0. 003
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Fig. 1 High temperature friction-wear test equipment
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Fig. 2 Size diagrams of high temperature friction-wear samples
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(a) Pin sample
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Table 2 Vickers hardness values of high temperature microhardness (HV)

R/ C
o

25 100 200 300 400 500 600
CR7V-L # AR EA (RBK) 581.3 572.0 554.5 530.7 478.1 456.3 429.8
CR7V-L AR EAA (Bk) 1259.0 1155.8 1087.9 1011. 1 808. 4 700.9 533.3
1. 2344ESR AR EA (RBK) 551.7 526.9 530. 1 511.8 452.9 445.9 417.2
1. 2344ESR #AERCEAN (B0%) 1218.3 1050. 0 958.5 862.3 824.3 675.7 539.2
H13 R EA (RBRR) 548.0 533.5 523.3 519.5 507.5 486.0 430.2
H13 #UEREA (Bk) 1184.9 1107. 4 1072.3 1023. 6 860. 4 757. 4 614.9
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Fig. 3 Change curves of Vickers hardness for hot work die

steels with temperature
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Fig. 4 Change curves of friction coefficient for CR7V-L hot work die steel with time

(a) No nitriding, 100 °C
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Fig. 5 Change curves of friction coefficient for 1. 2344ESR hot work die steel with time
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Fig. 6 Change curves of friction coefficient for H13 hot work die steel with time

(a) No nitriding, 100 C
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Table 3 Friction coefficients of pin-disk specimens for

different materials

. LB/ C
Ak FimB R
100 300
S RKEBA 0. 58666 0.51587

CR7V-L #f i EL

BA 0. 68613 0. 44102

RKBA 0. 54576 0. 48758
1. 2344ESR K B4

BA 0. 63124 0. 46549
H13 S0/ AL RBA 0. 57854 0.46112

PAERLH
BR 0. 64979 0.43714
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Table 4 Wear experiment results

JFht/mg 15 2/ mm BRI, B/
bR BRMLE RE/C —————— — Nt o L
BEBIAT  EBUS  BEBET EBUE me mm (X107 mm” + (N+m)™)
100 4078.578 4071.916 11.069 11.036  6.662 0.032 3.247
RBER
300 4105.950 4102.432 11.073 11. 051 3.518 0.022 1.714
CR7V-L $AERH A
100 4068. 326 4063.408 11.048 10. 983 4.918 0. 065 2.397
300 4068. 846  4054.058 11.015 10. 883 14.788 0.132 7.206
- 100 4084.700 4079.000 11.063 11.030  5.744 0.033 2.710
ABRE
1. 2344ESR $EfHE. h 300 4077.600 4073.600 11.067 11. 040 3.992 0.027 1. 883
kil 100 4079.200 4073.700 11.078 11.033 5.486 0. 045 2.589
300 4072.000 4060.300 11.077 11. 002 11.738 0.075 5.584
) 100 4053.300 4048.100 11.072 11. 040 5.212 0.032 2.459
300 4077.400 4068.800 11.073 11. 026 8. 634 0. 047 4.074
HI3 PR
100 4076.500 4071.300 11.077 11.040  5.236 0. 037 2.470
300 4054. 600 4040.300 11.071 10. 966 14.376 0. 105 6. 783
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Fig. 7 Wear rate curves for three types of hot work die steel X/mm
materials at different temperatures (b)
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Fig. 8 Wear scar depth distribution of disc sample
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Table S Wear volumes of disc specimens corresponding to

three types of materials( mm®)

S A
Bk 100 <C 300 C 100 °C 300 C
(CRBZER) (RBA) (BFR) (BR)
CR7V-L $EH ELAR 0. 4964 0. 1797 0.6042  0.1671
1. 2344ESR #ERSELAN  0.3255 0.2611 0.8256  0.1153
HI13 A A 0.2096 0. 1637 0.3400  0.0816
09 100 C, KBEH
e [1300°C, ABR
0.8 | 100 'C, B4
o o
= 07} BN 300 C, BA
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& 03
02 -8 P N | R
o1 | F] N =
0.0 L= 7NN Z\NIM ZANN |
CR7V-LIME  1.2344ESRIVE  HI3HVEREAN
TEEAER TEEAN
AR EER R}

Fig. 10

10 3 Flop sk xd iz £ iURE ) IS B AR B4 A
Wear volumes distributions of disc specimens conesponding to

three types of materials
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