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Characteristics of New CPC Special Steel Work Roll for Roughing mill of Steel Bar and Wire Rod Rolling,
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Synopsis:

To solve the problem in applying the conventional high-speed steel roll for roughing mill of steel bar
and wire rod rolling, the new manufacturing method that combines the optimum alloy design, controls
cooling technology in CPC process, and special heat treatment technology was applied. The special
steel roll, which has high toughness, high wears resistance, and good surface roughening resistance,
was developed by the new manufacturing method. In this paper, material characteristics of the new
developed roll were introduced. As a result of performance evaluation in front stand of roughing mill,
the typical roll performance of new developed rolls was 3.2 times higher than that of the conventional
adamite rolls. The new developed rolls can offer many merits such as the quality improvement of
rolling product, cost saving through efficiency enhancement of the rolling operation, and the high-
speed continuous rolling under high-reduction.
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Table 1 Chemical composition and denoted method for
title of test specimens

Developed C - Casting| Name of
omposition ;
alloy mold | Specimens
A C-7.5V- Sand AS
others Metal AM
B C-6V- Sand BS
others Metal BM
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Fig. 1 Dimensions of specimen for measurement of the
fracture toughness value and fatigue crack
propagation
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Fig. 2 Facility(a) for fatigue crack propagation test and
the test spectacle(b)
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Counterpart material

S45C

@ounterpart material

Size of counterpart piece

@100 X @35 X 15mmt

Rolling velocity

500rpm (600°C) .

100rpm (800°C)

Temperature of
counterpart material

600°C, 800°C

Size of test piece

D80 X P35 X 10mmt

Load 10kg
Sliding ratio 5%
Test time 2hrs(600°C), 15min(800°C)
Cooling rate Water cooling (700~ 800c¢c)

‘I'est material

3

Fig. 3 Experimental conditions of wet rolling-sliding hot wear tests and experiment apparatus
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(b) after thermal shock test

Fig. 4 Typical microstructures of conventional HSS
alloy and result of thermal shock test
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Fig. 5 Typical optical microstructures of developed alloy
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Table 2 Image analysis results of the microstructures

Speci- Carbide vol. Carbide deznsity Size of grain and carbide
one (%) (1/mm°?) ((m)
MC M,C | Total MC M,C Total | 2-DAS™| MC M,C
uita 1 s0 | 170 | 220 | - - : - - | -
AM 185| 18| 203[ 62680]| 1470][ 64150 282 | 60| 124
- AS 133| 38| 171 15800| 130]| 15930 97.3| 11.8| 650
BM 104 1.1 115| 37370| 1430| 38800| 355| 63| 116
BS | 99| 18| 117 11630| 270| 11900 839 | 98| 317
* 2-DAS means secondary dendrite arm spacing
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Fig. 6 Relationship between stress intensity factor and
crack depth showing generation property of
brittle fracture in conventional HSS
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Fig. 7 Relationship between stress intensity factor and
crack depth showing generation property of
brittle fracture in developed alloy
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Table 3 Tensile properties and fracture toughness of
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specimens

Temp.| E TS. | YS. | EL | FT.
Alloy 1 ey |apa)| PR |(mpa|(MPa)| (96) | (Kyo)
Conv. R.ﬁT. 238 Q.249 865 = - ZL
HSS| 500 | - | - |834| - | - | -

RT. [ 225 10.291| 760 = = 28
AM | -

500 = - 730 - = -

RT. | 222 |10.269| 969 - = 4
BM - —

500 - - 866 | 731 | 0.2 -
Notes E. :'Young's Modulus, P.R. :Poisson Ratio,

T.S. ‘Tensile Strength,  Y.S. :Yield Strength,

El. :Elongation, F.T. :Fracture Toughness
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Fig. 8 Photos showing results of high temperature
oxidation test

Table 4 Results of high temperature oxidation test

900°Cx12hrs 900°Cx24hrs
Speci—|  Weight Weight
mens gain Ratio gain Ratio
(g/m’*hr) (g/m’*hr)
AM 20.7 1 17:2 1
BM 10.7 1/1.9 10.4 1/1.7
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Fig. 9 Photos showing results of high temperature
thermal shock test

ATmaw= (1- v) o5/ aEBo

=((1- v)os/aE) * (A+B/ )

=((1- v)ou/aE) - (A+ AB/hy)

=A(1- v)K + B(1- v)K/hu

ZIT, A LBREE, ol HIRME,

E: Y78, o« [ BERRER. » I A7V 1,
h D WOES, p o BEEREL o | B
K | BB R (koe/aE. B (Biod)/hD & &),
K': BB (0u/aB. fRDEE) ThHh,

(3)

Table 5 (ZIZAATICFIE L 7= F2RE O FAL - WrEEny
W % R . S EE, BURERE x (W/m'K) %
900017 R 5E L 72384, AMM & BMA O Kl %R
B Tmaxld, & 4573C, 821CTH Y, EEDFig. 9
TRTEIFHFREEOFMERL L —HTAHZ L
RREFR L7z ZOORERIE, MREEMEERTRE S
DEPLLFHTEL L), BMHO L) IZEE

Table 5 Mechanical and physical properties used for
analysis

Speci.| E | 0| u v al c| A r
AM [ 225[ 760 9000 0.201 11 [448] 21 | 7620
| BM | 222|969 9000 0.269] 11 [450] 27 | 7590
E:Young's Modulus(GPa), os :Tensile strength (MPa),

v :Poisson's ratio, « : Coefficient of expansion (10™/K),
1t :Heal transfer coefTicient (Wlmz'](),

A :Thermal conduetivity (W/m*K),

©: Specific heat(J/kg* K),

r:Density (kg.v’m3}
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Fig.10 Experimental results of wet rolling-sliding hot
wear tests

3.2.4 EFEREITFN
EEMOMALEETRETAHEITIL, BYEL
ARG HITMEICL ), o= LB mICER
T5, Bz, EHEDEEL T TIVICEE LD X
BUZEIERMER T X A 0 — VREEASA X . FOMR
PEEINTWE, XEYZITOREE T X TS ITHEEL
JEHET A EEIFIC O - VEHREBEZRET L1201
LIFFICEETH L, By IR L SRE
Sad MR LEND L ZEUEIEGERE da/dN 23R, I
SV AR mE (LT AK &30d) & OB TEE

44



To7ze T3, MEMTHLBMM EEFENA A
DFMEERE Y, Fig11 & Fig1212R 7,

107 =

da/dN(mm/cycle)

| [ Esevelt;p;ad(iBM)
i '] Convlen‘tional‘

. I ERRRERATAER
WS WAl aa iatianiiniii

AK, (MPa + m™)

Fig.11 Fatigue crack propagation for AK1

“or 7
| E7ZZ Developed
[ Conventional

)

0%%5? 2% .

Speed constant, m  AKth(MParm ") K, (MPa-m %)

Fig.12 Comparison of the crack propagation characteristics

AKiH A LIc s s, SEFRITLIED,
ZOMEX, AK & OMBBEAE R L, AK A
M35 &I EITHEFEIEIREL R D, Y EHEE
EHE 0 4 (da/dN- AK D 7 S T RS 3L R AR 8
(AKw) Z RO 7245F, BB BM) &R T, £
NFEN 17.1MPa-m®’, 12.2MPa-m™CdH 5725 AKn
M EROFEARGUEEZ R L, KEWIZEES
HmlIEwEwbhTwa, FSEHBM)D AKnE
— N A AT d B 2%C-5%Cr-5%V-5%Mo-1%ColZ
T AHNESY OF A MERO 105MPa-m™ X D 5
WEZ IR L 720 AK1IE AKn & U K E Wil TParis-
Erdogan® 4R35\ da/dN = C(AK)", SN LD Z &
SN TE N, BT RS S EHCII B
(BM)D 4 TlE 2.4X10", BEFED N A AL
23X107DfEF /R L, HEMOMEE &I mifid, #
BMOWE 541TH Y, A 015.04%° — N A

45

ARY D11.661Z IL~<265LL v 2 & A5 b B

DEIZFRITHEIIIEF 1B, ERTLENSE
&4T?%®aﬁ f3 N Do KIT, ANELEMIEE
mﬁWﬁﬁ%#”i?%ﬁ%ﬁﬁﬂﬁﬁmom
T@‘Km:mmkﬁﬁfﬂﬁ,Kmﬁﬁ‘%%ﬂ®
BMA# A% 40MPa-m™ . HETF4F @ 25MPa-m™ %> —
A AMY D20MPa-m®™ I ARG WA R L, BE
o THEMIE, EY SHUFERT O THIEAF O
INA AR R —fgNA AKE (2%C-5%Cr-5%V-5%Mo-
1%Co) ICH_ENL I EPFHERTE, HIFTLo —
Ve LToMMEfssits,

325 B - SMOHEZEAO—ILADERZER
ETONUFMTEL L 2R L BMM 25
ﬁﬂﬁﬁ MM T I BWCHTEIED — L2
WH Lz, FEGEOMo— LT3, MEOT &
A MEEEAE DT WA A, FREMIZHER
M CIREEET 4 EL EER L 2, [
JIRO T ER DR S bE 72010 M7 ) OpfE &
WLk, METHALZ EHNTE S, Figl3ll7
¥4 M EDORE—EL b Y Toa— Ll
WML BEREERT, BIEHIEHEERR % L
ENnREHFLTWEZ &0 905, Fig14iz
A Y FOBETOREETOREAR 2R
T BLEL INA AT — VIR XHD(E
FICEBHEERR L 5 L, FEFICEIWAREKTEAL
FIRLTWw5S, BZEM O EEEIIEED L
*4\4ZMJDZPU¢f%LTw7

(a) conventional

b A

(b) developed
Fig.13 Comparison of surface roughing in front stand
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Fig.14 Comparison of surface roughing in rear stand
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Fig.15 Typical roll performance in roughing mill
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