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Mechanism of Heat Streak Formation in Cold Rolling of Thin Gauge
Steel Strip

Tkuo YARITA, Kunio KITAMURA, Masanori KITAHAMA, Kenji KATAOKA,

Kichizaemon NAKAGAWA, Sigeo AOKI, Osamu MATUDA, and Akisige YOSIDA

Synopsis :

Heat streaks are surface defects which often occur in cold rolling of thin gauge steel strip. Rolling con—
ditions influencing the heat streak formation have been investigated using the commercial rolling mills.
The mechanism of heat streak formation was revealed by microscopic observation of work rolls and rolled
strip surface, and by analysis of oil film conditions in contact arc using elastohydrodynamic lubrication

theory.
The summaries are as follows ;

(1) Grinding scratches on a work roll form heat streaks in each case of heavy reduction rolling, high
speed rolling, rolling of hard meterial and cooling with an insufficient coolant flow rate.

(2) Grinding scratches extremely increase oil film pressure and temperature around the scratches.
When the oil film breaks out due to the increase of pressure and temperature, heat streaks occur.

(3) Two effective countermeasures were obtained. The first is to control the size of roll surface de-
fects under 3 ym, and the second is to use rolling oil of high boundary lubricity which can endure high

pressure and temperature.
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Fig. 1. Schematic diagram of experimental method
(experimented in 4 stands cold tandem mill).

Table 1. Experimental rolling schedules in 4 stands tandem mill.
Stand No. Reduction (%) Hot gage | Mill gage
Schedule \ 1 2 3 4 Total (mm) (mm)
A 42.8 41.6 41.6 25.0 85.4 2.6 0.38
B 37.5 37.5 50.0 25.0 85.4 2.6 0.38
C 42.8 38.0 38.0 25.0 83.5 2.3 0.38

Schedule A : Standard schedule.
Schedule B : Heavy reduction at No. 3 stand.

Schedule C : Insufficient coolant flow rate at No. 4 stand, standard schednle.
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Fig. 2. Relation between cold rolling conditions
and heat streak (experimented in 4 stands cold tan-
dem mill).

200

O standard schedule
180 | A Heavy reduction at No.3 STD

O Insufficient coolant flowrate at

No.4 STD
»ﬁ: 4

( ):Stand No. of heat .
160 | streak occurrence/:‘/ STD)

No.3 STD
/‘( [} )

140 |

120 ¢

Coil temperature {°C)

100

1 [ A 1 |
0 200 400 600 800 1000
Rolling speed at No.4 STD (m/min)

Fig. 3. Relation between coil temperature after
rolling and rolling speed at No. 4 STD (expe-
rimented in 4 stands cold tandem mill).
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Table 2. Experimental rolling conditions in 5
stands tandem mill.

Roll roughness at | Rolling speed at No. 5 stand

No. 5 stand (m/ min)

(#mRa)

Top Bottom Ist coil [2nd coil | 3rd coil
0.3 0.18 1 300 1400 1 500
0.3 0.3 1 300 1400 1500
0.3 0.5 1 300 1400 | 1 500
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Fig. 4. Relation between surface roghness of bot-
tom work roll at the final stand and heat streak
after rolling of 3 coils (experimented in 5 stand
cold tandem mill).
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Fig. 6. Surface profiles of heat streak on work roll and the corresponding part of rolled material.
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Fig. 7. Calculation flow chart of Elasto-Hydro-
dynamic Lubrication model.
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Fig. 8 1w Table 3D — A A2 X = — LEEFMN
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Table 3. Load and speed conditions in Elasto-Hydrodynamic Lubrication model.

. Load per unit Mean Hertz Velocity of strip | Velocity of roll
Case width (kg/mm) |pressure (kg/mm?) (mm/s) (mm/ s ) Heat streak
A 530.8 63.85 4920~10 029 9917 Occur
B 559.3 65.58 2 348~ 4862 4 800 Not occur
C 461.5 59.72 5914~ 9979 9 967 Not occur
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Fig. 8. Influence of the roll scratch on film thi-

ckness, pressure and temperature.
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eV REE T /e B = E i B, Table 4 iz Table 3
r—z A, B, ClzoXxre—-nEHICHES 10pm oM

Table 4. Influence of rolling conditions on film

thickness, pressure and temperature, (With scra-
tch Position : X =0, Depth : 10pm)
Case S max hmin | T oil T roll | T strip
(kg/mm2)| (pm) | (°C) | (°C) | (°C)
A 221.7 3.422 | 267.1 | 103.1 91.65
B 210.0 2.607 | 212.0 | 109.3 | 104.9
C 204.9 3.623 ' 142.1 | 75.24 | 69.91
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BB krbnB. -

DX 5 KEESAMHTEEC 1o b v — R ENC B EI R
DWRENA 75 » FICXBHNRDB &, FOWHTRIBHY
CEHNER, BEEFNELLLIRD, HECHEEH HEE
fFECED Z ERERFEER»OFEER S, chale
— APV I BEDAH=XATHAS,

4-3-2  [UfE & MFED HoEk

CCTR, r—ntFABEOEMIY b 2-RYNEA
LIcHEXBE LIIYEEABIA 72 5 » 50 X 5 I MIE
2 e — VERECHFELIHECOWT, EilREBORL
IEB Ui, FHERIET & Ry — 2 ADFERESH:
o, MBEOHSIX EI 6 pm, MFEOLA/IT EHX6
pm O ZABHRECOWT 7ok, HOREIZ X =0
(RS2 SN ThH 5.

Fig. 9 Wil &, MlEE 7, #FERE ORI
BF B 5N ERT. MIEOHE IO REMRTIC I
TEN, BENEZEA Ly, MEOBACIIIEOIEM
CEWTER, RENEERALTW3%, o4, Mk
CHRTMHEOIR SAES, REELEL LY, BER
RBOBEL S, b= FA P —Z2NFEELRT W 2l
5.

4-3-3 EOKE I OPE

T, X=0 (i AHYSE) MR M B
BAHER, ToOXREZ (MUK FEX, M B ©X
BEMIMNAORIBIKE X, RAMEERES, SKihER
ErkiETEErHRit L. Fig. 10 A E 2 &
EN
MfE, Mt E bRk E L e Bic Lo Wik E X ik imd
LEN, BERBEKAKTEONRLEL. WTFThOAkEXT
MR L, RO SRR LV IERRBI b &
EWbhb. FRME, LD 3pm PJEokE X1
Teh LIRE EATELL LS.

Zhinb, M LTI LTH 3 pum LTk
¥XrThiBESPENOLA R EDEAL bR, ©
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Fig. 9. Influence of the roll scratch and asperity
on film thickness, pressure and temperature.
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Fig. 10. Influence of depth of the roll scratch
and height of asperity on minimum film thick-
ness, maximum film pressure and maximum film
temperature.
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