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Analysis of Rolling Contact Surface on PM-High Speed Steel
by X-ray Diffraction

Han-Young Lee’, Yong-Jin Kim* and Jong-Soo Bae*

Department of Materials Engineering, Keimyung University, Daegu, Korea
*Materials Tech. Dept., Korea Institute of Machinery and Materials, Changwon, Korea

Abstract — Recently, PM-high speed steel(PM-HSS) has reportedly been a good alternative material for rolling
mill because of its superior performance to conventional HSS. This paper has been aimed to investigate the pos-
sibility for application to rolling contact element for PM-HSS by X-ray diffraction technique. The X-ray elastic
constant for PM-HSS has been found by X-ray diffraction during the four-point bending test. Residual stress and
half-value breadth on the contact surface during rolling contact fatigue process by X-ray diffraction have also
been measured. The result of this study shows that the application of X-ray diffraction technique to PM-HSS
could be as possible alternative material as conventional HSS. Half-value breadth on rolling contact surface by
X-ray diffraction is not changed during rolling contact fatigue process. On the other hand, the residual stress is
changed. This suggests that dislocation reaction has been hardly occurred in rolling contact, depending on super-
saturated carbon in PM-HSS.

Key word — PM-High speed steel, x-ray diffraction, rolling contact, residual stress, half-value breadth, x-ray
elastic constant.
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Table 1. Chemical compositions of testpiece
C Si Mn Cr Mo w v Co
ASP23 1.29 0.36 0.33 4.35 4.76 6.42 2.86 0.026
SKHS51 0.88 0.33 032 3.96 4.89 6.13 1.73 -
STD11 1.53 031 0.36 11.6 0.91 - 0.30 -
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Table 2. Conditions of X-ray diffraction test

4-point bending lest‘Rolling contact test

Tube of X-ray CrKa
Diffraction plane a Fe(211)
Current, Voltage 30 mA, 30 kV
Irradiation area 2x2 mm’
Time constant 4 sec
Filter v

Scan speed 1°/min

Angle of ¢ and y,

w.=0°, 10°, 15°, 20°, | ¢=0°, 180°
30°, 35° 45°

w,=0°, 15°, 30°, 40°
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Fig. 2. Relation between 260 and sin’y under various
applied stress (before heat-treating).
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Fig. 6. Change of residual stress on rolling contact
surface by rotation number.
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Table 3. Change of micro-structure by X-ray diffraction and hardness according to heat treatment (Fixed y

method, CrKa)

Diffraction Distance of Half-value Integral Hardness
angle (26) @11 A) width (26)  intensity (cps) (H:C)
Before heat treat 155.836 1.1714 2612 67,800 -
. . - 153.692 1.1764 5.049 37,800 63.9
1 time tempering
Subzero 154.008 1.1756 5.255 49,400 66.1
. . - 154.270 1.1750 5.076 52,400 65.7
3 times tempering
Subzero 153.823 1.1760 5.236 44,500 65.8

Journal of the KSTLE



155.0 T T T -+
154.8 r
154.6 [

154.4

154.2 before test
after 5E3
after 264
after 1E5
after SES
after 2£6

Diffraction angle, 26/deg.

154.0 [

oE<d4q408@

153.8 L L L L

0.0 A 2 3 4
sin®y

Fig. 8. Change of 2@sin’y diagram by rotation number

(without SZ).

T Aok ZEy dekHo Rz #ake 3249 tem-
pering®] A= E¢A3} tempered martensite”} 343
HAAR HolFo] FH-al0] AdI==] dislocation?) I
< Zlo] Fisitt,

A= BuEEFTe] FE0EA] 374 o)
RS W7t Al U A 2 geae] dislo-

e ol

AMN151IM S F58 4= gtk

oj2igt gErAe] Fake TErlR TS L WAy
33l o] 1ALt Fig. 8L SZAFEA &=
AlEe] FEutas] Aol BE 26sindy MES e
Wiz 9ot A7t el wet sldzte) 7has}
o ARG FUElL vke AL & 5 Aotk o
23 A L) B AR Ho|E] 7
FukEAle] skl ARt A8 ¢ F Yok

Fig. 9% 3| wlg ¥WAA7|zke] wsls
el Zloloh Zhzhe Alfe] ek SRk
3I~5F9E A4S 2 Hags vehd Aotk
HollM% & 4= glEo] of Z% Ra, Rz 3|A47}
Sthigtel me} gasle) o] 7MREX L gee o
T Stk o] A sldsel| whe wimarel Wy} 3
ZEA] Qo) IR E7)9] AgWFe ot o
FEEACE Z# Rmax®] A9-= szAzlet AL =]
23A] & Flo njs) WslEo] Ags A3 Al

3 T
—e— Ra(TP)
Without Subzero -0+ Ra(OP)
& —y— Rmax(TP)
-4 —v - Rmax(OP)
s —=— Rz(TP)
] 2| —o-- Rz(OP)
c
£ . v
i I N
° Ve LTI T v - Y
b O V\'.,\,t-—'/‘ =
8 ., ‘\c.\n \/V“R A
8 SR
3
(7]

With Subzero R
/ \IN 1\
A" ‘\ -/ y’\\ )7\

Surface roughness , um
N

Rotation number , rev.

Fig.9. Change of surface roughness on rolling contact
surface during test,

o} Wl &8sk FAYL U F gt

A= diale] Atk nlEiRlel] o) AHel| Y&
< W FHdS & F Sk A olge Axw
FARR] SZAE| Rl wet o)2idt XjolE Hole 9
2 2P et R85 Foll WEI Aol Hol=

$2 T&EIPYe] TEoHe] B TEviIe)
PN XA1%S olgel AR A3} the
e @At QolA).

RYVEEFTRY AR FEEOR AN 1
B R XA7)4e 9% s
ol 7F5E Bt ohizt olm AMEEE XUH 8
B43kw 71l st Ae) fale Rew W
2) X488l o8 YATEEFTRe FEoba

S
_
~—

o Jpr
1

Vol. 19, No. 1, 2003



e}

)
o
m 1-N

Atet Az IR-3EE %EH:L&_"?];*JOI #as]

SHET R wE &F5He] AYHE 3HY

Bgor} wrREe 79| Wa} glo] FEHE

dislocation?+-20] A2l ¢l Aoz vHFT.
3) o)&dt Qglo g BAlke] thEke] 8Eho]

o8t disloction®] F2Fakgol 23t Zo= AWz
ool Az Faugrgrrye] FErHRA ] 4
& 7Fsde B2 Ao et

o]
Bl

o mlm

a

rlo

28

it

1. K. Goto, Y. Matsuda, K. Sakamoto, Y. Sugimoto,
“Basic characteristics and Microstructure of high car-
bon HSS roll for hot rlling mill,” ISIJ inter, 32, 11,
pp 1184-1189, 1992.

2. BIKE, S8R ERE, B, pl189, 1982

3. K. Ishii, T. Hayasaka, E. Endoh, T. Abe, Y. Kamit-
suma, “Full Density Sintered High Speed Steel with
Good Wear and Pitting Resistance,” Metal Powder
Report, 6, pp.533, 1986.

4. XEMESRE TR 4Bt L B RE, <X
2k b o — VERIEGFME,” M, 28, pp.847-851,
1979.

5. B 8L, SERANAR, AR, BIEES, “XREic
L BRI O VO EEIRSEGET H,” L, 65,
14. pp.2067-2075, 1979.

6. o18g, Wi, WA, FYREEFFFe| vbE
iR EA v Cool ¥, &8EIIA, 15, 2,

Journal of the KSTLE

10.

11.

12. 4

13.

14.

15.
16.

17.

ojgyd - A8 - v

pp.156-163, 1999.

. BARPRMEE XIS PR 1982,
. o)3ty, “xA3 A o3 APA g AFoLHY

o|EAe] og=A » g4l x|, 34, 2, pp.150
-157, 1996.

CB T, AT BRI X AT #, 23, 11,

pp-828-831, 1978.

FREZAM, BH &, ILARECE, “S45CEE L L —
7 OEH O FEIUCHT 2P, i, 21, 4, pp.256-
271, 1976.

Z= BB IR 12, “XEEITIC & BRI
B AHFFCA), b7 A Ke P 2 b, 34, 11 pp.815-
822, 1989.

SSo] REHAME, FoKE—, XHEMTEIC L 29
MOESORESHEITHOWT, AME ), 43, 2,
pp-43-57, 1987.

RAGED, AR, M #, FEEEAR, aRERE
F5%Cr-29%Mo-1%V 1 — VEHOME ¥ & i
eom L, M 7at X, 4, 2, pp.466-469, 1991.
T. Kimura, M. Ishii, K. Amano, S. Ueda, Y. Oka, S.
Nakano, “Secondary Hardening Characteristics and
Those Effects on the Wear and Thermal Shock
Resistance of 5%Cr-Mo-V steel roll for Cold strip
Mill,” ISIJ Inter. 32, 11, pp.1224-1231, 1992.
BASSAE, “MoMER,” HE, AF, pp4a27,
1969.

E. Rabinowicz, “Friction and wear of Materials
(2nd),” John Wiley and son, pp.33, 1995.

BWE i, “FIA4Rey BEEEE, BAK, pp63,
1985.



