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Effects of Rolling Condition on the Surface Temperature of
Work Roll in Hot Strip Mill

Yasuhiro SEKIMOTO, Morimichi TANAKA

Ryozo SAWADA, and Masayoshi Koga

Synopsis:

The roll surface deterioration is affected by the temperature of roll surface, and it shortens the roll
life and decreases the availability of continuous mill products. This paper deals with the roll surface
deterioration by analyzing effects of rolling condition on the surface temperature of work rolls in the
finishing train of hot strip mill. A FORTRAN program for calculation of roll temperature with pass-
schedule has been developed. The following were analytically determined by theoritical calculation.

(1) Roll surface temperature becomes higher at the intermediate stands in a finishing train, but a
heated surface layer is the deepest at roughing stands and it is shallower at finishing stands as rolling
proceeds.

(2) Roll surface temperature is more affected by rolled materials, and under the thinner gauge
rolling it becomes higher, especially at roughing stands.

(3) Surface temperature of work rolls which is continuously in contact with the strip is more
affected by roll cooling at the outlet side.

(4) Patterns of heat cracks on roll surface become finer at finishing stands than at roughing stands
and they have been determined to be closely connected with heated surface layer of roll surface.

(5) Damages on rolls such as big comet tail and scale banding in strip rolling are caused by severe
heating, but it has been determined that such damage on rolls is possibly reduced by roll cooling.
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Fig. 1. Calculation model for roll temperature.

Fig. 2. Flow of strip between the rolls.
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Table 1. Input data for calculation.

Rolling condition:

Work roll radius ( mm)
Rolling temperature (°C)
Work roll temperature (°C)
Cooling water temperature °C)
Thickness of strip at inlet ( mm)
Reduction (%)
Rolling pressure (kg/mm?2)
Roll speed (rpm)

Thermal conductivity of roll (cal/cm-sec-deg)
Thermal conductivity of strip (cal/cm-sec-deg)
Coefficient of friction between strip and roll
Thickness of outer shell in roll ( mm)
Thermal conductivity of roll core
(cal/cm-sec-deg)
(cal/g-deg)
(g/ cm?)

Specific heat of roll and strip
Density of roll and strip

Condition of roll cooling:
Roll angle in degree/Coefficient of heat
transfer in cal/cm?2-sec-deg

Condition of calculation:
Number of segment Jx
Divided number of contact time
Constant of y

Output condition:
Number of roll rotation
Distance from roll surface
Roll angle

— 91 —



2340 & & 0 61 £ (1975) 0B

RO it 5.

FHEI&F Lk Table 1 It RLAEEZIEETS. %
BoMECH T o — VEMEBEDORGE® BT 725
TIEARRFR O 5B E 50 & L, KEHEIEE s
HET STHRMZ ST 0D 8 K 4 2 AkE L
fo. x BAMOSFBINBELRLE 5 @M cas
Ltz

Table 1 OEARBFEEAFLIS T 57— 22K
LEMERIEET 5.

23 EHORT

FEEEZ 7 & o — b BEF B WEEER R & Bz %
HIIRD X S5 LTk

@~ ¥ v v FOEEREIY ExkeLund 08T IED
LA Z KD DAV SR F v Ko — v & Tt
L DEEBRFR OB £=0.8(0.84—0.00040) » 53k
o, FEERE O F, 222 F& Fo 24 FRIZES
T 2d0L REL, Fi~Fs ¥ COEEEZEKD
fEE LT, #hxh 0.35 0.36, 0.37, 0.38, 0.39,
0.40, DiE%F v 7z,

WHkA e — v KWK T 5 5T KED 2kg/
cm? THDHEFET D ELTDORD FHEX w=20.2m/
sec ki, BMEERET (8) iz wilid, 6.,
=20°C AT B Z LickoCkdbbh, H=47900
kcal/m?. sec-deg (=1.33 cal/cm?-sec-deg) &4 5. =
DIER Fy PARY) v TEN O 0o — VBT HLCE

YTHLILLEI»EREFMAHC I >TRELE. Tb

B, F12 % 2 Fit B\ TIEERY IS B REH & LT, RSHRE
2.3mm FFETEEZFITONC H Ofiz/5 x —4
— I —KE L RE LT Eh D o — VEMMFED
mE LAZFE L, EFEO o —VBETELT 5 X 57k
HoEZMW5dZ Lix L. Tig. 3 itH & v — VEL
L& LTEREA»S 10mm NEOEE FROBHY o~
WEBRIZ XD CEILT 2 RMETT. COHEOERH»
5w — VREIRE S & i35 & 600°C jEL ¥
TEAL, KB EXOTH LRV EOEEFL $TH
T3 %25, FHEMEGEFIZe — LERORGIERE
—EDRECHSNCTPL . LDEE, v — VEEHFUE
P EEAT SEMIC o — VR 5§ 5~10 mm Oz
IRESHOBKERELN, ZOIRE D FEHBES R, 72
APZAER L—EDREIGESWTd L Z BB DLN
7z. Fig.3 BXDRMETR LD TH 55, OER
b, BmERES H/4=0.332 cal/cm?- sec-deg iz
5L 0—DRE R 70°C CREERD o — VEER
FOELEIBE I 90°C il . FEEhO v —viulg
EOFREEREE» L, v— VKREAFOIRERHE

250
F stond
H/16 {Omm inner from
200t roll surface
. I50F
5
L
3 100
o
053
o,
5
= 50

H/2
H=1.33 cal/cm?® sec-deg

o] 5 10 15 20 25 30
Rolling cycles

Fig. 3. Variation of roll sub-surface temperature
by the value of heat transfer coefficient.

L7ckER 80~100°C LHEE SN/ Wit H O
0.332cal/cm?sec-deg It & B LI Lx.

0 — VOBEERIIFIRR S > FIZlEhs 7 ¥ <
A bo—Cik 0.07cal/em- sec-deg, XX 4 > Fio
fEREh3, v~ v —Thx 0.05cal/cm- sec-deg
L LW, FEEFOEZERT 0.07 cal/cm- sec-deg & L
7o v —vE KUVEIEMF D tEEAE 0.13 cal/g-deg, HME
W 7.7g/cm3 & L.

3. &t BE & B

31 O—-nFrv TTORRE

Table 2 [ZEBIC vz 56 1 o F T AV DFERELEBD
ANT— 2 %R d. BEEMSEY, SEMS XOEDD
SHEMREL, ANLThOREREE 1.2mm, 2.3
mm, KX 3.2mm & L7, FEEEN F, 24>
FARIE Fo 2% FHENDIRE » 5 AT KD 7.
FETRISEIEHEEE & IE ORI —E EEXTRER T
FPOMELCEALZ L FOBEE kD, A4 RO
HflES XA nfioRE» Sikdi. FEF ISR %
Y FOREREY, 77 v b= 5 &F i W Eimes
TRLTERD .

Table 3 W EFIEMITDOWTEZL L FDu— Xy
g PRBTAHFREES (5) ® L (7) *md Lt
7o Pme/4271 X 10-3 DR kDI FERERT. Table 2
& Table 32t LTHBERD T ENBWVLE., T—
Frv v TORBMBWGERICI 5T 52, BETHICXS
EVDEFLIREW EEBRAE, 7o —DLEX
DHEET o —DIEIMBKELLDTWS. o~ F 5
y TORBBIREFEM L LHBER 4 Ficd it L
BOTHKRT HHA»D B0, EHEM & EH itz
E FBRELBEDTVWS. FEMZOVWTIIERHIY

— 22 —



ZEEELEHO V-7 v — A KHBECRETESE

2341

Table 2. Rolling condition.

Thickness of Stand Roll radius [Rolling tempera-| Rolling speed Reduction Rolling presure

strip ( mm) No. ( mm) ture (°C) (rpm) (%) ( kg/ mm?2)
F, 310.5 1020 51 51.4 26.6
F, 310.8 980 97 47.6 42.5
1.2 F; 303.7 940 175 43.2 58.1
(Thin gauge) F, 300.7 900 256 © 31.0 77.9
Fs 306.3 860 326 23.0 93.2
Fe 314.0 820 390 18.2 94.8
F, 310.5 1010 62 40.9 22.4
F, 310.8 980 104 40.4 28.1
2.3 F,q 303.7 950 179 40.5 34.8
(Standard) F, 300.7 920 254 29.0 43.6
¥s 306.3 890 310 19.6 47.7
F 314.0 860 360 16.0 40.2
F, 313.5 980 42 33.0 23.8
F, 308.7 950 67 36.2 27.1
3.2 F, 299.5 915 105 34.4 32.8
(Thick gauge) F, 303.3 880 140 25.9 42.6
F, 310.0 845 170 19.2 26.1
Fq 321.8 810 200 18.3 23.8

Table 3. Calories generated by friction and plastic deformation in roll gap.

. . . Calorie by sli
Thickness of Stand Contact time Calorie by plastic- (cal/ om? -Ysec)p
strip No. ( sec) deformation

( mm) (cal/ cm?) Backward slip Forward
F, 0.0346 32.0 746 620
) 0.0120 47 .4 2 220 2110
-1.2 F, 0.00466 58.6 5010 3530
(Thin gauge) F, 0.00203 56.3 7180 4170
|  Fs 0.00112 50.0 8810 4576
i Fs 0.00073 40.3 8 540 4180
l F, 0.0274 21.4 618 429
r, 0.0125 26.6 1 340 909
2.3 Fy 0.00567 32.9 2 890 1910
(Standard) F, 0.00262 29.6 3750 2120
Fs 0.00147 21.8 3 540 1760
Fs 0.00102 15.0 2970 1420
F, 0.0361 18.4 367 220
F, 0.0195 22.9 747 471
3.2 Fy 0.00982 26.3 1330 810
(Thick gauge) F, 0.00518 25.8 1820 985
F; 0.00310 11.7 1100 546
Fg 0.00229 10.2 1140 560

FEWOIE S PRBESIAEIL LR EDT EABPLPIC
ot BEAZ L Ko < o SR EEEIC X A REE
ETEZSLEL LB bbb TETET, T2 %
VETKREL LB N (5) RLHELAA I SE
JERE ORI X > TR & o — v & D[ MEmHEE
BEIMT D EDPRELREELTCWDEFZALND. &
MEEDHEIETEAAEL LD, EEMO7 o~
M, XOICERENOBEAI X D CEEEA
THEIDLEEILND,

32 B4y ECHBTEH0-ILRAREK

Fig. 4, Fig. 5, 3 XU Fig. 6 W, EHEMB X
CEMEFNFNEELILEORRY Y FikiTbo
~ VEMMEDIRESHEFE LIEREZTRT. Thb
DIBEES VY 0 — VEREAS, WD THEEM & #EitL7-d
LN sBEo o — VEESEOIRESHER LD
TH5H. v— VEEOMPIRER F, £ F, 2% FT
13 65°C, F, =% FTik 60°C, Ty, X% FTI3,
55°C, F, 2% KTk 50°C, F¢ 2% o FTIE, 45°C

— 23 —



2342 & & 0N

# 61 £ (1975) 102

1 000

Strip thickness : F, inlei 20.0 mm
Fe outlet 1.2 mm

800

)

600

Temperature (°C

400

200

O I L1 L 1 1 1 L ] 1 1
o] 0.2 0.4 0.6 0.8 1.0
Distance from roll surface (mm)

Fig. 4. Roll surface temperature at rolling a thin
gauge strip.

800 Strip thickness = F inlet 24.0 mm
F; outlet 2.3 mm

600

400

Temperature (°C)

1 1 1 1 )3
0.6 0.8 1.0
Distance from roll surface (mm)

1 1

1 1
.0 0.2 04

Fig. 5. Roll surface temperature at rolling a
standard gauge strip.
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Fig. 6. Roll surface temperature at rolling a
thick gauge strip.
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Fig. 8. Variation of roll temperature during rell revolutions.
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Fig. 9. Variation of roll temperature during first revolution.
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) .
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Number of roll revolution (N)

Fig. 10. Variation of roll temperature during roll revolutions.
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Table 4. Distance from roll surface which attained

to critical temperature (mm)

2 €mp I ,.

~~.__Gauge
\ Thin gauge | Standard | Thick gauge
Stand No.

F, 0.66 0.57 0.58
F, 0.44 0.4l 0.46
Fy 0.28 0.29 0.33
F, 0.18 0.17 0.21
Fs 0.12 0.11 0.14
Fe 0.09 0.09 0.10
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Fig. 11.

PRI ONT I 74 ¥ —2 5 o 713D, £
DREERGFHEMTH DL Fi 22y PR L hE T,
Aa L Ripb Fg 222 FETTRER F, 222 FO
9 70%, 50%, 30%, 20%, 15%, EicoT\5. @
o FEERE D © — )V FTH 15 BE VAR e ERR I e~ T <
BHHS, EHRMEEIE Ty, 2% RTCELLEDOLTH
DALY FCRENEEEb LA . i, EHEL
TR ERMBERIEL LB EM»B BN, 774 ¥ —
77 vy VDRI DFEULEMETTLIOLELLNS. &
D X 5 EIRNNEFIR E OZEBHE Table 3 253085
PIEE SO — v E FREM & OEMBERINEE LTS
Lwxb, EBDYT y VIFXOER L FOEMITE
Fo -V THHBEIhTV5.

42 FEEREOCEENTHICRIITEE,

BIEERAZ L FERWWF, F, 24> RicfiAxhi-7
=4 ro—nxBEEvbSBEoR{bEEICSE
bh, 774 %¥—25 5 4BRELTVBM 0 — T
EAEFERNELWY. L LEPEERIZIE 9 — VO
{LEEBARELET, MEBRIFENS B T2y — s
FoOBELRTL, o—0) BHBE 24T E L
HLLAMKRTS. 72, v—VOFERBIIA4L Fiok

Variation of roll temperature during first revolution.
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800+ 1 F, stand
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Distance from roll surface (mm)
Fig. 12, Variation of roll temperature by cooling conditions.
Table 5. Roll surface hardness during contact
700k Weight : 10kg to strip (Hv).
T Gauge . .
600 L . T Thin g Thick
\ tandard
Indefinite chill Stand No\ gauge anaar gauge
_ 500 |- F, <35 <35 90
T F, <35 <35 65
= 400t F, <35 <35 50
2 F, <60 <60 90
5 300} F; <60 90 190
8 Fs 70 150 230
200 FSteel based adamite Adamite for Fy~Fy
Indefinite chill for Fy~Fg
100}
ORT 200 400 &0 800 5. Table 2 1% Lo & 5 i EAEE T T3 X ORHE

Fig. 13. Variation of hardness of roll materials

Temperature (°C)

with temperature.
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