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Study on the Fire Crack of Slabbing Mill Rolls.

Chiyuki UTauasHl, Takayoshi Y ANAGISAWA,
Mikio Hacuisu, Takeomi OxuMoTO, Eisuke NIIYAMA,
Juro WATANABE and Tsuruo SHIBAZAKI

Synopsis:

A series of experiments were carried out on the effects of rolling variables on the occur-
rence of fire cracks on the roll surfaces of a universal type slabbing mill.

Types and arrangements of the nozzles for the roll cooling water were changed in succe-
ssion, while observing the roll surfaces after rolling. It was established from both experi-
ments and theoretical consideration that cooling of roll surface should be done at a location
as far from the delivery point of the slabbs as possible, in order to prevent thermal shock-
ing, causing severe fire cracks. - Yet, cooling should be performed in such a way that the
rolls may be cooled sufficiently to minimize the rise in the overall temperature of the roll.

The maximum temperature of the roll surface at contact with slabbs was determined by .
inspecting the hardness and microscopic structure of the quenched steel pieces plugged in
the roll surfaces before rolling. The surface temperature was found to be from 470°C to 600
°C, where the ’cemperatufe of the bottom rolls was higher than that of the top rolls by about
30 degrees. The depth of heat-affected zone was found to be approximately 2mm from the
surface, beyond which an instantaneous rise in temperature was less than 200°C.

The mode of machining and the roughness of the finished roll surface had no apparent
effect on the occurrence of randomly oriented fire cracks, while they had definite influence
on the occurrence of circumferential cracks. Every sharp notch on roll surfaces created by
machining did not fail to lead to severe circumferential cracks. Apparently smooth surface
provided by a flat-tipped bit also induced circumferential cracks. On the other hand, consi-
derably rough surfaces provided by a sharp-tipped bit did not lead to such cracks.

" Wear profiles of the top and bottom rolls were obtained by micrometer. The top rolls were
worn 35% more in average than the bottom rolls.

Roll speed was recorded by means of l6mm motion picture. The top roll was found to
‘revolve 2 degrees more than the bottom roll during a pass, which was an indication of the
existence of slip between the top roll and the slabs, causing more wear on the top roll than
the bottom roll. The greater wear of the top roll than the bottom roll was considered to be
the main cause of the fact that less severe fire cracking was observed on the top roll than
on the bottom roll.

Thanks to the two years study reported here, the rolling efficiency twice that of the ini-
tial state has been attained. (Received 15 May 1964)
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Photo. 2.

N £ioh

Typical microscopic structure of a

roll used in the study X400 (1/1).
Table 2. Subjects and procedures of ’experi—
ments. ’
Subijects Procedures
(1) .
Roll surface (a) Photographing . .
observation .
after rolling (b)  Plaster replica
2) . (a) Alcohol thermometer
; vi‘;nup:‘;;flalig (b) Contact thermocouple
measurement| (c¢) Plugging technique
) (a!) Di ter ‘ : '
Roll wear < iameter measurement
measurement with micrometer
(‘4) : ) ’(>a) Photo i (

L graphing of roll sur-
‘f;‘;repicg{lf}j; faces with the change in
adjustment ' pick-up height
(5) (a) Photographing of spray
Fire cracks (b) Photographing of roll
vs. roll surfaces with the change

cooling water

in cooling conditions

(6T) ts of (a) Observation of spray .
ests o pressure distribution by

water spray silica board test

nozzle

@) (a) Photographing of roll

5 ;rer:lxl‘acks surfaces with the change

surface finish |

in machining. conditions

(8)

Measurement

of roll speed

(2)

Motion (64 frames per
second) photographing of
rotating rolls.
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Table 3.

Changeé in roll cooling variables.

Period Changes in roll cooling variables
i) Adjustment of flow rates of both rolls.
1 ii) Bottom roll cooling header angle; 30° upward->35° up.
iii) Bottom roll cooling header angle; 35° up—0°.
i) Bottom roll cooling header angle; 0°->15° downward.
I ii) ~Auxiliary cooling pipes; five pipes (1!/,B) above . bot. roll sled
] around the roll, each with twenty 2mm¢ holes.
iii) Slow cooling header (3kg/cm?).
I Pick-up height; 3 in — 2~2!/; in.
¥ ' Nozzles on the middle 870mm of bot. roll; No. 1/2 KB 5750—>No.1/2 KB 6520
v All nozzles for bot. roll; No.1/2 KB 5750 —> No. 1/2 KB 6520.
Main cooling pipes.and the auxiliary pipes replaced by new main pipes above
) ' sled, with 1/2 KB 5050 nozzles. .
Slow cooling header remained.

Bottom roll

Top roll

, (x1/15)
Roll surfaces after rolling with
different cooling arrangements
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Table 4. Nozzle test data.

Nozzle number 1/2 KB 5750 1 1/2 KB 5020 1/2 KB 5520 1/2 KB 6520 1/2 KB 3880
Applicatioh Horizontal roll | New product | New product | New product | Vertical roll
Spread angle 50° 20° 20° 20° 80°
Flow rate(//min) ) [
at 3ke/cm? 57 50 55 65 38
v 107 © 9476 1036 123
"~ at 10kg /cm? , . -
Pressure - _ _ - _
Sitribation ‘Photo. 5-1 5-2 5-3 t 5-4 5-5
Size of depression ) . .
on silica board 65X 295 75X 185 85X 180 - 80X 190 65X 450
(mm) o
Distance (mm) 290 468 468 S 468 290
Spraying time (sec) 8 14 7 v 5 24
Judgment (standard) poor - good - good —
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Table 5. Chefnicalv composition and quenching temperature of plugged-in '
test pieces for estimating roll surface temperature.
s ' L ’ Quenching
| c Si | Mn P S ’ Cr ' Mo, g are
' Cr-Mo Steel 0°89 | 0°35 | 0°87 | 0°010| 0v010| 108 | 0°48 * 850°C
-Carbon steel (SK-3) 103 0°25 043 -0*018 | 0°013 —_ — 900°C
Corbon steel (SK-7) 0°81 0°30 061 0°*007 | 0°012 — — 850°C

Photo. 6. Roll surfaces and plugged-in piece

after rolling (Xx0°8).

NFLZE, NU R R Y VRV TEITSTEICR > T 5~15
B, COILCHERD v VT V4 PR AT SR
AT, FEETHRICBDINL, FOES 3 LU0z
Lints, EHEFR O R — VREERH#ESE L. 70 BRI
| BRI G 7 b huieAs, F ORTIC A RS D
FTHEESBERAHETHo T2,

O EERERE D BRI X > T—ERSOREL

DD, THE 200g D74 7 e By b — AW FRIELE
BAMSEHBERE L. COBA

, HARUEL E FEROFERE, FICEEFRCEZTDE
RURME Ge o | oA %27 01sec 2 L
THELUREROEAES 1 hr L LA B EEL
T, Fig. 9 0T SRREECHTHES 5 LUK

OB LE KD THE, AWK OES CMMOBILE T

nEWRD T L X - T, EEHITH ~VEEMREREL

FRERERHE L. ks, EEoD — VEFLEE
RIOME LBRLZZ 50T, HRLIC X SHES R
OB R I ETEELERLOBE L M- T M
T b. A0, EILLFROBECOWT, V5
b\;_')@‘{mrﬂ’%ﬂ%h Imin FERLH&, K& %ﬁtﬁ
5 e 2 OFRRE U, Wl X O = 0Zb e F~re.
ZOERIE Fig. 9 OEMICFTCLTH Y, High
REL O (EH) ST, BREUBBORIC ST

Pmm>6uEL¢T&k%ﬂ
—UETEIC I%gmrwﬁﬁbfmm

300 ¢

HEBEOREZTTHLOTHS.
Photo. 6 Thbird X 51T,
<7 A MRS R vt o
LD LBV TERLES, & RN
KEC e — VRHEIC e L
KRBT » TWiehd, TOZREH,
WOEEMEECT ) L bR
LMo Bl B R 35 KIET
R e O I v - 4
D LRI, B~V EE
WHIL T3, AT S
REBIC TR o728, T DS
@@Ur—ﬂ/ﬂ%mz‘%%bf P
2ok ERET ST
’aV;of Z DBO LM~
PEEE R B T —t

800y

\,
S
’
7’
,

Hyv (20g)
N
S

/’ \

o
S

A’epezzifz/ z‘fmpgrmy
(0 Zimes)

S

Tempered  fardness |
o
S
s

200+

100+

Continvous tempering

\/

400 °¢

E
EABRIE Vi BIRD

CUdets, SUEIEEAD 10p0fz Fig. 9.

A0
7€mp€rmg lemperature

00
°c)

600

Hardness and structure of the steel for plugglng (X 2000).

O 57



*

ﬁﬁn ——11/0)774 ¥z
%ibi%b‘/‘ 3:77~’53’LZ> 2%, HEE LINEWSAIBE 1T 5> g9sition of plugged piece :C . .. . D .
PRORCHRELIEA TS L LBBDEND. ChUC et roll Gamy s Tiodle 0 o
ﬁM%ﬁH@@EﬁLJ%&E@ﬁ@%;U% B Lhn

B OFRRHOMAHOFESFE L LTHELLN
58, w?mkbf%&ﬁmﬁ®%ﬁ@@mmkpf
Zh V5L, TECHERCE CHERRMRO LS

TRV LB OB B/ B, fEo T
L8 =V EEOR

@m%@ﬁwﬁﬁéﬁﬁim%tof
, ERRBERAE ZREIC L 5 T LoD LBV SO

7

TN Y

- WVVW ‘N W
S W
NoS . Mo.2— /Vo 3=

@) 7op roll

“No.4 [

. mAAkA,mAk \@\AMNAWNNVL

AMWM'M

/056’6‘

K010~ NoJI— /Va/z -

Fig. 1.

‘ b1 Bottom roll
Fig. 10.

ol A Blc D E
w.S. |
5—/ X
00 : i
(6/7) c T ©— -0
600 ’ I
3 e |
>
S
Nm- (497) A - !
N b
< (492)
NI
QW—‘(;?BO')' g 8
S
E;w (325)‘ AN
Swf
m_
. NENENE
NI
N R NS BN

1
100 M 300 400° 500 600 700
: Temperature °c .

' Procedure toiobtain roll temperature

from the hardness of plugged steel
(Test No.?2). :

— 49 —

'Recorded temperature of roll surfaces
measured with contact thermocouples.

Top roll

Bottom roll -

%3000 (3/5)
Electronmicroscopic structure of
plugged pieces after rolling.

Photo. 7.

rEZBNB. .

10(a), (b) W&¥.
DR SRR OB,
TWiR.
EDRERTLREE
TERFORBTEECRKERENEDLNINL

4.2 ERERETOEE o

BERHERERIC X B v — VIRERIE R R O —fl% Fig.
BERERICE7 V55, Th
o~ VOEEEE BT LS —FL
E7RAE AN — VRSERERRL, O
CE LD O L s X OUERE R & B
EE D

6,w@@iot%ﬁ%tmﬁ?rm,%ﬁmiofm
BEhico —VOBRELDS, BENL e —VERLD
BEEBOPECEMABOEE P AE VWD sBbh

fit-T, TOXSEEEE,

5LV L EBBEEREETDD, e —LOBEEST

EE LD TRASHREEE N 2 X 5.

7t¥% Fig. 10 @

HiEHI, Fig. 6 CARLZE 1 B Eoixb&Eo%
ED0HDTHY, k, Tuo— N3 BETOEELHE
B, 774?77/7@%%ETH—W@ME#ﬁV
L5 buﬁﬁﬂzé 5.

ko —ouHEA

Mg11k;UImMo7ﬂ%Nﬂm ZHDBED

HEOEMMPS 10 OB BITE <.

ety )~ AW LETFHEBSEHEBRER LD TH
5. ZORZRLND X5, BRES OFEREMHEEHE
REBOEEKTHOBE D, ThThoRBER R
v~ VEREOEEREIRESTIN, e ~vhRT
X 470°CIE78 » TWo Z ERHEEZINS.

A&7 % R LI D3,

Fig. 11 O X5 LFEHRTRkDI-o
Fig.

—~ VRERE O
12 % X% Fig. 13 TH 5.

Fig. 12 VX, BEVHAKSREOHEDO LT v —vigow

‘

O — VERRTETH



‘, '50 ' _ g > M & 514 (iéés) ®=1E

' |
0.+ & o Judged from stracture
A o Judged from fardness
60 ]
s W -
N AN
v X .
: §4oo
8 ¥ o a
S Top rotl. - Q%:
N
200
]
100}t
Ws 1000 s00 0 500 1000 DS.
o Dislance along ral length (mm)
. Fig. ,1’2. Roll surface temperature (Test
No. 2, period ). .
ol *  Judged from structure -

o Judged from bardness

| ey,

o4

“
< 7
§ @
§300
8
o4
Jaot
W.S. 5‘00 I 100 4 100 50005
' ' Pistance  along roll length .- (mm)
Fig. 13. Roll surface temperature (Bottom

roll, Test No.5, 'per‘iod ).

600
S0,

SNy

C —% <

N e S Bottom roll (—-a--)

3 T 4 ‘

S Sy ‘

QS\ Qé \\-‘

: }E)- 20 N;z ________ :
c:ur:-

il fop roll (—o—J.

Swface 02 - 04 06 08 10 172 14 16 18 20
Distance from surface  ¢mm)

Fig. 14. Temperature distribution in the -
surface layer of a roll at the
‘middle (Test No.4 period V).

HELBRO—BITHS. COBHICEWTIEE, T

v —VOIREEFPEVEERL TED, KEFEEED
BIRBBDOND. Flon —BEREREMNTTARK

HEAFRL, EEAD 2mm ORETIE 200°C % 7 %

X570 L ew.

BEREO.X 5T LTI » 727i%% 5 Bl O EBRTIE, Wi
b PRI OIRE SR B2 R LRI - CRAEEE
BETLTW5. Table 6 1I32hDDERERD 5B,
PREORRIREE L KGEEOZELE LD RRLELID

T ThHB. ko —EER 470~535°C , Fu — ViR

520~600°C & 75 » T\ 5.

LT AT v — L ORiC Bl SR 2 AR T

W, v~ VREREI R S v — VO FIEE, $ib

CERLELDTHY, E, FTo i bhRBomE
25 & km — VTl 470°C (B E 35 OREEE) Fu -
VT 600°C ICRL TV B A, FBSCIh - CTIRER
Tad D, mRHD 600mm ORLE TIL300~350°C %
RUTED, b, FOELAR. & Fig. 1313581
BB EEOBEO T ~ VOV COBRTHS. |
— VR TRERE LR LT TR R 2 &k, 48
- FHOBELERTH S P, To —vffeT 530°C &
B X D B9 70°C DREERTBRD b, KEEHhz
 BRILLEHRSEDN TS VR LS. BRWTho
CBACDEBMOLEsOEELEEI DD, BSOK
W DR L ZIREDIE S BEWEZRL TW5EHE, T
 DRAESHDOREEDIES 2, BEMBICES
T B DT, TEEENC IS 2> b OHEEIET 7 — VIRE
ZHBTH LI L. |

Fig. 14 138 VAR EHOHEO L, Tr—vifisk
BRiC 1) 5 AR, RE» DB WREREL THSZE
{ba RDEBRCE ST, v~ VEFRIORES %

LIV 650°C LY, FRESEE AW EE IE TR E S
CHE L IRB. ZHITH L 470~600°C &\ 3 SEEIEES
TR, Lad, BEEENS X CEMENT X 5 #R
DIE, FEBOBBEEPREKL D /NS WD DIRE LF

R ERFETE, ERHEEE STEWIZS THELR

TSR, COZROFERREE LTS, FF
RO EIAAL L v — VoM OBLE, KERE S
X DB AR AN THWE VWO TEROEIXS - &

AN

5. EEATBOMEE o R FKEIIEIIERE

X > TEBRBRPNS DT, BEOERVEIPERS
CEIis. &DICHEARIK X HHEMEITe —v Eo—

EASHBE & BT 5 0t isec MO EEY 5L S

L 0T, EHERAREOREEEL 525 b 0TI
WZEREETRETHAS. 2OLd 5THELTHBE

T AN YTy v RERBEEETS 5 X T, HRII

BEMERE & D b Z OFENEDE 5 BT L HEESSE

R HERERTEE VXS,
D~W%%ﬁ<@ﬁ§%¢%%ib%ﬁw:&m,0 

— 50 —"



D —VDT 7 AY Y T v DBRE . ' 51

Table 6. Summarized data of roll surface temperature.

R . Roll surface temperature (°C)
Test number - [Plugged-in material -Roll cooling* : -
’ ' B , Top roll Bottom roll
1 » " Cr-Mo steel Moderate (1) 535 ' —
’ " Carbon steel Strong at the () : E .
2 (SK-3) " middle of roll 470 600
L - Carbon steel Strong along (V) :
3 (SK-3) ' the entire length 510 580
Carbon steel . '
4 (SR ” (V) 500 520
L  Carbon steel ' : . .
5 (SK-7) 7 (D - 530

* See Table 3 ‘
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- Plastic Torsional Deformation and AFracture of LoW Carbon |

Steel at Low Temperatures.

Synopsis:

Genjiro MiMA and Shigenori Hori

The present 1nvest1gat1on was carried out for the effects of testing temperatures and the -
ferrite grain diameters on the low temperature torsional deformation and fracture behaviour

of 0°08 percent carbon steel,

using a newly developed dynamic torsion machine.

Dynamic

torque-twist curves were obtained photographically at various temperatures.
Variation of lower yield stress 7, with grain size 2d in torsional deformation satisfied the

Petch formula c,=r1;+k,d~'/?, which was obtained from tension test.

Value of z; increased

rapidly with a decreasing of the testing temperature and also A, increased with a lowering

of the testing temperature.

It is shown experimentally that the flow stress zy at constant

"strain is related to the grain diameter by ry=rzs+ksd~1/? where z;f and ks are constants.
~ Value of ks at various testing - temperatures is Iower than those of ky and k; has a small

sensitivity to temperature.

S

At the slow rate of straining, a transition from ductile to completely brittle behaviour

occurs at —183°C, when the grain diameter is d-'/2<5°23.-

Substituting values of 7y, d~1/2
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