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Mechanical Properties of the Slabbing Mill Roll Materials at
Room and Elevated Temperatures

Katsumi SUZUKI, Kenji TAKAHAsHI, Tadashi Nisui,

Hiroshi KoHIRA, and Maseo Horr

Synopsis:

In order to improve the roll material and to prevent the breaking of the slabbing and heavy rougher mill
rolls, the thermal fatigue test, rotating bending fatigue test, impact test, and tensile test were carried out for

the conventional roll materials. The main results are as follows.

(1) Nickel-chromium cast steel (SNI) is superior to chromium cast steel (SCR) and ductile cast iron
(DQ) in the properties of toughness, thermal fatigue strength and fatigue notch sensitivity. It is appropriate
to use the SNI steel as a roll material to prevent the breaking of the roll.

(2) The fatigue notch factors of the roll materials are smaller than 1-5.
(Received May 9, 1974)
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Table 1. Relation between rolling tonnage and the depth of the fatigue crack at the fractured surface.

. t Depth of fatigue| Roll diameter i
Kind of roll %\?“ § Rollm(gt a)mounti, fracture surface at fracture (Dm—n?l Remark
° | | A (mm) D (mm) )
Heavy plate 1 535 607 454 1125 671
rough mill 2 254 963 350 1160 810 Q
roll 3 559 928 400 1135 735 A
4 558 280 420 1162 742 ‘
5 267 014 340 1 222 882 ‘%
Table 2. Chemical composition of the rolls.
Chemical composition (%)
Notation Roll material Remark
C Si Mn P S Mo Ni Cr
SNI-1 Cast steel 068 036 | 0:80| 0-031| 0:029 | 046 | 0-54 | 0-57 | Broken roll
N-SNI 7 0°65 035 1-02| 0031} 0020|044 | 0-54 | 0-56 | Non used roll
SCR-2 v 0'90 1 051 | 0-98| 0-021 | 0019|046 | 0°45 | 0-82 ”
DC-4 Ductile cast iron | 225 | 1-91 [ 045 | 0-072 | 0-008 | 0:48 | 1-85 | 0:33 | Broken roll
SCR-2* Cast steel 0:8410:40( 08 | 0-01 0:01 | 031|044 | 093 | Non used roll

* for experiment of ingot size effect
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A : Austenitizing An : Annealing
Fig. 1. Heat treatment for the cast steel roll.
D
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Time
D : Diffusion annealing
G : Globulizing

Fig. 2. Heat treatment of the ductile cast iron roll.

S : Surface M : Middle
C : Center R : Roll radius
R, =R/2—-50 R;=R/2+50

Fig. 3. Sampling positions in the roll section.

Kind of specimen Details of specimens

. . 226 (170}
Rotating bending k<—65160) 96 (50) 65(50) =]
fatigue test specimen 1 IIL
» -
( ): for the Crause type ‘2“2\} (a0 foass
testing machine R25(15) V2
Thermal fati [ 180
gue test fe— 45 —ope 90 re— 45 —=
specimen 'G'I g 3
N\ X
R25 mie V2

Tensile test specimen

{C type)
{SNI)

M
0
Tensile test specimen SR
(D type} F____, ol — - fe3s — -
{SCR) L J
Ic
toed 30+ 05
l<— 20 50 20 —=>
90 I
Notched tensile test
specimen 10(5)R Mi8 (14)
{ ):for the D type
specimen fots)e
301200 _ ok 30301 0001 3atz01
130 (90} - 74}

Fig. 4. Details of
and tensile tests.

the test specimens for fatgiue

(x1/3.0)

annealing) & #x o % 4 FOERIRILQEE (G : globulizing
or spheroidizing) # — 27 + A4 MLAEE (A : austenitiz—
ing) 3XUWELE L An (Annealing) ZfJ7L2>T\
z 53, Table 2 5% NSNI L§EgkFaoble — Ikt
DC ¥, DG QDR %Lz, ThHOFEMS»S,
Fig. 3 @ R3 EET e —VERE, P, P08 5B
FE2RR L. BB OBk, Fig. 4 W8
DThH5. UIREHABH OYIREFIKETable 3R L
7z. Photo. 1 g GBS Mo — VO REE
OEIE O E =Y. SNIOXRERBIIEHROFINT 7
254 B2, dEFA—RFFA MRRICHEL, -3
4 MIFIKMEEZIBERT LT 5. pEBERIRIRELA
SELT/— T4 MIBIKTHS.

NSNI 3, SNI &fMICERCTH DL, A, An

Table 3. Stress concentration factors (a) and notch factors ()
of the fatigue and tensile test specimens.

Notch o
. factor) 4

Testing . ( t{mm) Remark
Tt:stlrx'rllgchine \ deg. =2 |la=361a=53
Simplex-type 1-43 60 060 0-15 0-06

Fatigue test f’ t
Crause-type 1-2 60 051 0-13 0-05 —
- : ™ ¢

est at room temperature 43 60 072 0-17

Tensile test /43/5\

Test at high temperature 1-2 60 0-61 014 006
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Surface layer
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Photo. 1. Microstructures of surface and middle layers in the alloyed cast steel
and ductile cast iron roll materials.

(x1/1°7)

Table 4. Chemical composition of various positions in the nickel-chromium cast steel roll.

Distance from Chemical composition (%)

the surface (mm) c si Mn P s Mo Ni Cr
100 0-51 0-42 0-93 0-018 0-013 0-26 0-50 0-56
200 0-53 0-40 0-93 0-020 0-014 0-24 0-50 0-53
300 0-57 0-43 0-97 0-024 0-019 0-28 0-50 0-54
400 0-60 0-46 0-97 0-026 0-020 0-30 0-51 0-58
500 0-68 0-43 1-03 0:035 0-025 0-29 0-50 0-55
600 0-60 0-45 0-96 0-025 0-018 026 0-50 0-55
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Table 5. The type of rotating bending fatigue testing machines used and testing conditions.

Stress ' Temperature (°C)
congeneration 20 100 400 650
Roll 1236|581 ]2[36|53|1 23653 1|2]36]53
material
SNI-1 0|0 0 0 # # o g g o o #
NSNI-1 0|0 0 0 g g o o
SCR-2 0|0}| O 0 $ $| 8 3 3 $| $| 8 3$
DC-4 0 0 $ $ 38
0; Simplex No. I, #; Simplex No. 2, §; Crause.
a0 ™M

B(I)

(890=)h

— B (2)
D c

A : For fatigue test B : For impact test
C : For tensile test (C type) D : For tensile test (D type)
E : For specific weight measurement

Fig. 5. Sampling positions from the 1t ingot.
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ERENRRBRE, Yo Ly JRABITCS IV RBD
SiREERE W ENREREE AV, FiR, 100°C, 400

°C, 650°C DEIRETITIR D/, 2 00MEBEIE, &
BRFFORIVELR 50 THMBEIIC X 22T~
Foo ZORERWE Fig. 7RI IEL, YT vy s R
BIEABRE CHIE Lo nsa XX, 2 7 v 2B <Ml
ELRELD, lkg/mm? Kpork. LEHABF IO
W, B Ev-iTie, Table 5 icfE>7-.

EAPE NUEA BRI B T I TR (k) B A n A Bl
REREZ AV 2o, AEER, RESh AT w75 ALfE
DTRBI LN A I VEEBRRCE25EBTSE
5.

BN AERE 12 9 o o — VO FR R RES
U, Amsi, HERBEORENIC X 2 EIFRINEZERE L
TRE LK. Tihbb, FTREEL2 ZhTh 650°C,
150°C & U, SiRFHICERE, SERHCS BRGNS E#Y 4
IMCEE LTHBRERT S X 5 L. Zo%HE

i ( .
Soogtios _—%7 "’“//.:,Ron axis
@E
250

(mm)

(a)

L : Direction of roll axis
D : Direction of roll diameter
T : Direction of tangent

4 (509 % 30)

50~70 (mm)

A : For fatigue test B : For impact test

C : For heat checking
Fig. 6. Sampling positions from the ingot of roll.

20 e Simplex
o Crause

Stress (kg/mme)
)

1 1
10° 10*
Number of cycles to failure (/)

Fig. 7. Comparison of fatigue strengthes of chro-
mium cast steels tested by two types of
rotating bending fatigue testing machines.

(KRN C DB BRIE % 40~50 kg/ mm?2 1235 &, <
naEAET, BESSEEEL, BY A 2 UvpIEE TR b
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DA CHIEE L EBERERZ BT L. 2o
$EB . 650°C~550°C BT 6°3 kg/ mm? o FEHERTT,
150~250°C T 318 kg/ mm? DF[5RIG &Y A
IV BEESEEBENABREGTHBRT S L, {Th
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Fig. 8. Combination of thermal and stress cycles
in the thermal fatigue test (Except the
case of tests under controlled strain),
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Fig. 9. Tensile strength (gg) proof strength (66-2)s
elongation (&) of nickel-chromium cast steel
roll material (SNI-1) at
atures.

various temper-

FREBIC X 2BESORESR T ST, HiRmEe
HITHRREBDLENTE . LN 2TERTHRNS
ZAFIHIO G LIINT Fig. 8 it BRNMIC R LcBis X
U EY A 7 vOFETHB LT ok

3. HBRERLIUEZR

3-1 RO —LFOREE LU BRICHITE8EVE
SFUERFHME
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B% Fig. 9~Fig. 11 w5:+.
Fig. 9 1%, Fig. 3 wiRTEHATEKR o —~h b, &
A (C) R M) REE (S) ORBE ZIRE LT,

100},
. 4 SCR-2
90 }° .
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L ]
8o .
_ 70}
5
3 & eop
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£EX & 50}
s
58§
285 O
m e D
558
Fwe 30} a
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Fig. 10. Tensile strength (o), elongation (&) and
reduction of area (¢) of specimens cut out
from the surface of chromium cast steel roll
material (SCR-2) at various temperatures.
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I
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Fig. 11. Tensile strength (o) and elongation (¢)

of ductile cast iron roll material (DC-4)
at various temperatures.

FERRBRE TR OERTH S K@, T, o Bo
IS RIES B L CHUBEL B2 TWE., zoEHED

— 78 —



S —AMo%ES X OERICE T BREE 377

1 DS RMEBEIT X 50Ty &% X KH
BrhoBoRBEYRIELLELS, ThEh 7824k
Lot 7818 TFRBLIFEEDED & LAETRDL
nichof. F7z Photo. | RT T EL, e -2
EKHEED/C— 54 MIRRILBEA TV S5 REEITE
B EBRS—T4 MBEOTWC.

Fig. 10 & SCR MEREFIC 2\ T O5RMABER
T, WIETORRE®X Y, C, Cr &M% \i-oic SNI
Fiz kb~ 10 kg/ mm? P E@WL, i 400°C T
10% LIFT, SNI #4k D 2~10% fK\ . 400°C D) E
THPRRMSII BT T4 525, (hOH D MRHEnL, ¥F
D DEEMHBEF L.

Fig. 11 i3 DC-4 #fic > T ORBREER T, FI5R*
X, {HURAs SNI M~ 1/2 f2E (<400°C) T,
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EINLTWY5.

Fig. 4 %X 0° Table 3 |27R L& @K ERBH I
SWTHFE SR BEER Y Fig. 12 Ry, ZORKR®
SR DK = b OBSE B R X & R T Eim25 58
W hN. BREBEESAE VA, BERIGIB S
JEHCGEEND DI, BEINRKRELBELRDEBDL
£z Hh 5, :

—H iR 0 — L ONEREE 50~200°C TH 5.
I OHBATIEA 0 — VI HEEZ M 5DT, o — ]
DEREAEL X 5ic T BERWHEBERTHS. 50
~200°C TOFEEE, SNI-1 #25 1~4 kgm/cm?,
SCR-2 #t»s 0°6~3'5 kg-m/cm2?, DC-4 44 0-3~
1'2kgm/cm? ¢, oS T SNI-1 25 dBE LT
WHEWLD. .

ST B O BRI RIS T HEE A5 200,
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T, SIRs&X, (R0, & Edhic, 1t FTOHFEMT
ETLTW5A, 300°C 1T/ b & 2o {HENE (B
n, 600°C TRIFELAEHERTS. 1t @BloR.LER
L, 13t ZEfkn —EKEE20°C 2B 55RHERMER
FERLTH 5.

3.2 FEO—-LMOEREY

Table 2 R LAEEE e — LT OWT, EiF, )
K% (a=36, 53) HKERKZFVWEIE, 100°C, 400
°C, 650°C DEBETCHEBETLY, ZOHERD 1F)
% Fig. 14~Fig. 17 o773, FPR LB L2 4R: &

*RENBRLT 2IET
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S
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N ! ] ] ] 1
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Fig. 12. Effect of stress concentration factors on the

tensile strength of nickel-chromium cast

steel (SNI-1) at various temperatures.
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1 i I ) 1 1 1 L ] 1 i 1 1
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105+ 20} 20 [-
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100 |- - B
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(kg /mme) R T) s ' 0%Q %99 I 20 250 1002 1009 13009
- =
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[¢] [N
oot /N 30} 30} o
so} \ 20} 20f 0 o0
g——-—CD
‘g‘x — /
80} IO} 10}
° X o 8XX
9 1 1 1 -1 L | 1 1 1 ! 1 L 1
20 250 1000 1000 13000 20 250 1000 1000 13000 20 250 1000 1000 13000
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- ox
i 600%T 600°% or /Q’\/8
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- — o 40+ 60} o ° x
o \x o ° ®
a0} % 3 . 50
B 20 - q0k 6007
o
30 1 1 1 1 1 1 1 1 L] 1 ? 1 1 1
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S C S S Cc S N Cc s
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© O D type specimen S; Surface layer
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Fig. 13. Relations between tensile strength, elongation, and reduction of area at various tem-
peratures and ingot weight.

WEIRE E LTERT B0 EFE 2 7. 19 kg/ mm? TERENHERZ T, 106X 104, 4-7x
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¥ 5 #ifk% Photo. 2 ~Photo. 5 {z7k3. Photo. 2 I3, BT, BIRABR TRy Fo I X ARROBENL
SNI % 20°C & X UF 650°C Ti53RIE 18 kg/ mme, V.o ZHIBRFICERAVLEA FBERIhTWik
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Fig. 14. S-N curves of the plane specimens, cut from
the roll materials, tested at room tem-
perature.

a0t .
20°Q
30t o— . &:36

\\Dl:i‘%
25
20f o snI \QBD\KK%"——W

Stress ( kg/mm#)

<
E =
x SCR Ig;'\m__,g,:
I10F & DC
o NSNI

llO5 IIO6 107
Number of cycles to failure { A})
Fig. 15. S-N curves of the notched specimens (a=
3:6), cut from the rolls, tested at room
temperature,

WEEZ LS. Photo. 2c OFRENBETEOMRBIC

o SNI
:é 30} x SCR
g o s DC
2 20 =1 -~ 9 NSNI
] A X ) —~
I 1ok A W\-é._&\
& 650°C 2.
a=
1 1 1
10 10° 107

Number of cycles to failure (A})

Fig. 16. S-N curves of the plane specimens, cut
from the rolls, tested at 650°C.

— 30} 650°C
‘“E =36
a (o]
§, 20F o 3SNI N&D\ %
et x SCR - = X 7o
§ |O_ R DC M =t
@ o NSNI

o 10° 1o
Number of cycles to failure ()

Fig. 17. S-N curves of the notched specimens (a=
3-6), cut from the rolls, tested at 650°C.

WAL E/RL LN, 20°C DREE TR NDOAN
s s LESROBEANEZBEB LSRR LN
7235 (Photo. 2b), 650°C (z/x % L RENHSELEL
T<{ % (Photo. 2¢, d).

Table 6. Results of fatigue and tensile tests of the roll materials.

\loll Mechanical properties
material ] .
Tensile | Elonga- | Reduc- | Hard- | Fatigue a=1 a=2 «=36 a=>53
strength| tion tion of | ness ratio i
OB area Ow-108| Owerof| B | Oweres| B |0weres| S
Temperature kg/mm? ¢ % Hy ow/os | kg/ |kg/ kg/ kg/
°C @© % mm?2 | mm?2 mm? mm?2
SNI-1 816 17-1 17-9 269 0-28 23 21 1-1| 20 1-2] 18 | 1'3
90 | NSNI-1 . 239 20 20 1-0( 18 1-1{ 20 |11
SCR-2 94-7 6-7 12-0 272 0-25 25 19 1-3( 20 1-3] 19 |13
DC-4 39-0 0-4 0-7 0-51 20 20 1-0
SNI-1 81-5 | 15:1 | 213 20 | 20| 10] 16 | 13
ron | NSNI-1
V¥ 1 SCR-2 90-5 7 9-2 23 18 1'3| 16 1-4
DC-4 41-5 25 2-2
SNI-1 77°6 17-7 | 22-6 20 19 1'1 18 1-1 16 | 1-4
400 NSNI-1
SCR-2 90:5 9:0 10-3 24 20 1-2
DC-4 32-8 3-0 2-7
SNI-1 33-0 33-0 86-1 054 18 20 091 20 09} 20 |0-9
650 | NSNI-1 16 15 11 15 1-1 16 | 1-0
SCR-2 41-8 317 82°6 0-33 14 12 1-2 14 1:0 14 1-0
DC-4 16-0 10:0 14-1 0-69 11 9 1.2 11 1-1

a : Stress concentration factor. B : Fatigue notch factor.
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& r & E 6l &g (1975 w32

ot (kg/mm?)

Fatigue ‘strength,

Fig. 18.

(& x 100 (9/10)  20°C o=18kg/mm? (b) x 500 (9/10)
a=5'8
Ny=106x10¢

s

(€) %100 (9/10) 650°C o=19kg/mm? (d) %500 (9/10)
a=3'6
Ny=4-7x104
Photo. 2. Microstructures of the specimens fatigue-tested under rotating bending stress at
room and elevated temperatures for the nickel-chromium cast steel roll material

(SNI-1).
°
° SNI o SNI
x SCR x SCR
301 a £% aDC
: zo% v ZE | onsme
x ® NSNI £ 650°C
A ix %= ool 5 o
20} A= °°~.~‘—‘.. . . g ® | 0—//‘3
| X T o i o= e
o — 59 e G—m e
i 5 [ v —oooemIi I °
2 i N ' L | ~—ye——
] 2 3 p) 5 o} S TR
Stress concentration factor () ) 2 3 4 5
Relation between stress concentration factor Stress concentrotion factor (a)
() and fatigue strength at 106 cycles of Fig. 19. Relation between stress concentration factor
the roll materials, at room temperature. (a) and fatigue strength at 108 cycles of

tho roll materials at 650°C.
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(a) X100 (7/8) 20°C o= 17 kg/mm? (b) %200 (7/8)
Ny=1147x10¢ '
a=3'6

(© %100 (7/8) 650°C () x200 (7/8)
o=17kg/mm?
Np=31x 10
a=1
Photo. 3. Microstructures of the specimens fatigue-tested under rotating bending at room and
elevated temperatures for the nickel-chromium cast steel roll material (N-SNI-1).

| © SNI . . )
| x SCR o SNI
5 20f 4 DC v=36 x SCR
§ - o NSNI X s DC
5 | s 70 o NSNI 20°%
R o e =
[ _o/o'\X—~ *:_’_g— = - 2 |
y ofim b 22
= | 25 Ko e e R
:LU_ 1 2 1 : i N ) LE“- ! = 8_:_:-_: —_———-—
100 300 500 700
Q 1 1 i n L J
Temperature (°C) . 5 3 4 L < -
Fig. 20. Effect of testing temperature on the fatigue Stress concentration factor, «

notch factor (f) of the roll materials in the
case of the stress concentration factor (a)

is 3-6.

Fig. 21. Relation between the stress concentration
factor (&) and the fatigue notch factor(g)
of the roll materials at room temperature.

— 83 —



&
T
Rl

AL 3

%

20°C o¢=18kg/mm?
a=36
Ny=267x104

650°C o=16kg/mm? ) x500 (9/10)
a=3'6

Ny=211x10¢

(c) %100 (9/10)

Photo. 4. Microstructures of the specimens fatigue-tested under rotating bending stress at
room and elevated temperatures for the chromium cast steel roll material (SCR-2).

SNI
= 3t R Rotating bending fatigue 4,/d, Materials
o @ x SC . 3500rpm 0-3; tZZSgkg ingot
= ° 100°C 032 |- e
o5 2 o0 s be “= | 8% &l e
@ O ) — =13+ (surface)
25 < A o NSNI ~ 90r
2 L gEmeiogT o mEEes €
u? g 40 +
2
I { ! 1 1 1 ~ 30}
2 3 4 S 6 7 a
Stress concenfration factor, o & 20}
Fig. 22. Relation between the stress concentration 10}
factor (a) and the fatigue notch factor , . L
(8) of the roll materials at 650°C. 10° 10° 1o’

Number of cycles to failur (Ny)
Fig. 23. S-N curve of nickel-chromium cast steel
on the ingots of various weights.
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x100 (171)

660°C

o= 14kg/mm?
Nf:—‘fl)( 104

a=36

Photo. 5. Microstructures of the specimens fati-
gue-tested under rotating bending stress
at elevated temperatures for the ductile
cast iron roll material (DC-4).

Photo. 3 ¥, NSNI % 20°C % X Of 650°C, &4k
i@ 17 kg/ mm? BETE CoMR LI 1 147x 104, 31x
10* EOREEEOHET, BEOEAREEL O
FrvY, WEROBETHTHAMEL, WABAMSEL
V. EAEEOBEIIHIEWATED RS 0T L
B EXBUMRKE Lic L a5 (Photo. 3d), HiBD BEIT
A0S 5 S RNRFEEL 5<% 5 (Photo. 3a
REN)

Photo. 4 ¥, SCR % 20°C ¥ XU 650°C T, &7
RIE 18 kg/mm?, 16 kg/mm?, RHHETE T OLE LK

a) % 100 \(5/6)

267 x 104, 211 x 104 FORELEEOMET, Fh =54
REGAFEORRICHEAE LTk Y, 650°C OFHEBEL T,
FRDBEAT W HDORRBRD LS.

Photo. 513 DC-4 % 650°C ‘TS HEIE 14 kg/ mm?
DHERZ TV, 5%104 ElgaE LIS T i L -3
BB OWEREOMET, AL 24 b XEUATAE
LTW5. ,

Table 2 (2 R F{LEMK D SCR-2G iz >\ T, FI5E
HE L UEHET, EEETOMHNES, HEEEMTENE
BFAERECL, 100°C CTB& L7 #558R% Fig. 23 o
F.

20 kg, 250 kg B X O )t RO REE D 10° BEFEH
mxx, 31~32 kg/mm? TAET DS, 1t SRERAUL
#C 23 kg/mm?2, 13t FEfko —LEHET 27 kg/ mm?
i, PEVETLTCWS. Zhoiiio~vr ok
U g o affskix, 250 kg X O] 1t AR FULERTIE,
ViEWas R o4, BEHEHEBIERo e 24 b7
=74 MT, 250kg gA¥RX D, 20 kg fMBRDH L/ —
S4 b xR MERBER D7 Uik, 3
— 54 PEROBEX, VRN LR KR O R RE
ODETHES LTWE EHz DI
3.3 SRO—-LBOHREN

HR o H TR 2 BENRERFE R %, Table 7
T, FES»S DC o—up, BENICx LEDTHL,

Table 7. Results of thermal fatigue tests of the
roll materials.

Number of cycles to

failure (N/) Remarks

SNI-1 4020 4231 Not fractured
SCR-2 790 1388 4 053 Fractured
DC 5 8 Fractured

(b) x500 (5/6)

N;=4020

Photo. 6. Microstructures of the specimen, tested under thermal stress and fractured at 4 020
cycles, for the nickel-chromium cast steel rool material (SNI).
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Test under controlled strain.
Strain=0 650°C-550°C
Strain=0-59 250°C—150°C
(tensile)

Photo. 7. Microstructures of the specimen, tested under thermal fatigue and fractured at 128
cycles, for the nickel-chromium cast steelroll material (SNI-1).

N ;=790 %500 (2/3)
Photo. 10. Discontinuous defects observed near an
inclusion in the chromium-cast steel

Ny=128 %3500 (5/6) roll materials (SCR-2) tested under
Photo. 8. Typical cracks observed near the de- thermal fatigue and fractured 790 cy-
fects in the specimen, under thermal fa- cles.

tigue, for the nickel-chromium cast
steel roll material (SNI-1).

©) X100 (4/5)

a,b : Ny=907 c :Ny=790
Photo. 9. Microstructures of the soecimens, tested under thermal fatigue and fractured at 790
cycles, for the chromium cast steel roll material (SCR-2).
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Nyp=790 X500 (8/9)

Photo. 11. Tipical cracks observed near inclusions
in the spesimen tested under thermal

* fatigue and fractured at 790 cycles for

the chromium cast steel roll material

(SCR-2).

Photo. 12,

(a) ’ >;260 (8/9) - (b)
Np=35

© 100 (8/9) @

Nyp=344

%200 (8/9)

(650°C % 15 ming—> Water quenching)
Typical cracks observed in the section
of the specimen tested under heat check-
ing at 100 cycles for the nickel-ch-
romium cast steel roll material (SNT-1).

%500 (8/9) .

%500 (8/9)

Photo. 13. Typical cracks observed in the specimen tested under thermal fatigue at 35 and 344
cycles for the ductile cast iron roll material (DC-4).
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% 61 4 (1975) 3=

SNI + SCR Tl3, SCR A2385<, %7 SCR iifthed
2B LHANRT, ES2EBAKEVWI bR 5.
Photo. 6 ~Photo. 13 T &SI o ~ VDR EE /-
OF A E b BE W ER % 177 D 7o B D IR & D
! fj% 3. Photo. 6 1, SNI #fizc>w Fig. 8 @
WE—IGEDT, FEMEESOEERENAREZ TRV,
R L#504 020 EICoEmEEDOMSETSH 5. Photo. 7
W, FCEEBA I DV TEAHE o h SR 7k
W28 ETCHE L2 0O EOMBITH S, N
FTOHE L N OV Photo. 6 DEAICIT, 5
REDZETLE D75 { Do XN EESRRIIERD B Vs,
Ny 9358\ Photo. 7 DIEEITIE, HRNBO5XhT
HWACERPELTVS. T, WFhOBEETH, B
HOMEEHERE LSEEY, FROBMSHIC X 5ZERE -
VAL A TE D, BYEhRRED E, BT
DOFEFEOMEEE ML HEDLDTWS. Photo. 8 I,
Photo. 7 L Rl—3URIHh TRIMZES & T2 SHOFEERK
MERLIZDDTH D, BFERKBRIT I THEDSE
HORAEWCIL D EHD» 5, BMEESETT 5 & LT g
THEEHNT A EW, RFExiEm s Lo /lBE UMY
ZHEELTWL LD EEX LN

Photo. 943 30 SNI & [F—&HCHEHEGDER X
COTHME RS SCR-2 HHiz DWW TRV,
B & TR LEDS Fh 2 907, 790 Bl A i
OB THS. F—HBTIIMTT = 54 135 <
HOERGT L, =T A4 FDBERG LB D, T
AE—TH 5. WEIFED BEKIE Mt L (Photo.
92), Ny=907 DIFE, BEEEIRREISESET? S
SHPNICHER LTV 5 (Photo.9(b)). Z %K
KHAED RICWISHER L CEERINMETT 5 2 &ic
XDOTETBES5THS. Photo. 9(c) IR
TRV CORMERE & L W2 TT.
Photo. 10 ¥, Photo. 9 ¢ LR UM THIEMES bE
BN 2 {770 D7 BT ITIAE TS S h - MW
Bl OHHISEFT R E TR Lizd 0T, #hEhitiarhic
FBELILDD LE Z Lz, Photo. 11 [XFE—aEd4
ENERa L L ERHOEBIREZ R LADOTH 5.
CDELEDEROELFIXEEMBLBEERHB I SIC
Bbhs. ZoOWMBEFIED S, Photo. 12 i T
& BMBEFBRZ TR o T E BOERIRIC oW T gl
L7z, ZOBRBEROFXRSHEEBSEV-IOIZE
B\ Z EAFERR S hu/m.

Photo. 13 X DC #Hz oW R L &G CHRIERS XU
THHEELERBETA V. N=35 KLU 344 Eozxk
B R WL E DMK TH S. Photo. 13(a) i x4

A M REFRLEL, HTHPDEZLO>TEELTVS.

(b) IEmD HET Lz S8 BHREEET S B TE
BLTV3. BHOLZELT, HKkex 24 FhER
ERRECHETH DL 2FTHLTH Y, HFFENL
FERES R & 0 HIET 3 B IR 0 & R E DRI B B
TRWIZEETRLTWS. (c) REH%E>T (d) 1k
RACWZ B O T EEPEF LTV GERRYTT. 250
BB AL o 4 I B R S T v 5.

3-4 SNI-1 # & SCR-2 HODBEDAEICDINVT

HiRR XLUEROST R, HhHBE L UsgEhs
BRI Y, SNI RBEniSX, ERRIfloEhiES
%5, SCR X D3&<, 5BEMX, #IRoERRAIENE
Xk SCR OEFMBERTWA Z & RS L.

SCR ¥, 0:9%C, 0-519Si, 0-5%Mo, 0-45%Ni,
0-829%Cr TIHITMTITVIBITICE T 505, #Fsik
REDMBI S — 54 bDB»A LKLY, WO X 24
MIFED BNV F72 Cr 25 SNI X D %\ 7omd, £
AMEBREL, BEL KBRS @R Wit xs.
SNI 3 0°65%C THEIMPCE LAWT 7 = 54 FossE
SRHLSICHT I L7 AR RS, AT = 94 b3
HREEETRARIC T % 2 EBFAETH D, oM
EOTHROKEBRAELL LB I S5THB. TR
BN LCh, KEEN DI SNI-1 05 BELT
w5,

EENRX T A RBORENL, HBRELICIoT
B30 LEzbN, ZOHRCOWTORHEIXZ 2T
TR o Twinu.

9. & B

Ni-Cr $4%8 (SNI-1), Cr #$ (SCR-2), m#:ek
(DC-4) D& o —rific>E 5o — e LCOERE
Bt Ui Bk o S8R .

SNI %2 SCR,DC Tl "EHENSRE A L <3<,
EE HWESER TV 5. EAFER L CEIROENA
X% ERFR (<108 44 »v) flcF<h, SCR X
IR EEZHUEH»E Y, SNI b2 bEAXEE, F
NigX, RN, & EORMELEBETRE, Sbio
—WE LTI IR S NAMEBTEIRTTHS.
FOIDIMBE—RIC D X 5, BAKEZED, »
DAL TS L EDICBEHIKRDO T = T4 FERE—IC
SEE LD DDOBERMNTHS.

F R RBGEH - FHROUREEZHITOL L, IKRE
0T 15 LITC, TIRESGRMTENES ¥ IR X0
E=ghiFEhES &, B E LB Z &R TES.
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