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Distributions of the Temperature and Thermal Stress in the Slab Mill Roll

Katsumi Suzuki,

Toshiya MORISUE, Shohei JINPO,

Hiroshi KOHIRA, and Masan Hora

Synopsis:

The temperature distributions in the slab mill roll were measured experimentally, and the thermal stresses

in roll were calculated from the temperature distributions.

The following results were obtained.

1. The maximum temperature measured in this experiment is 220°C; inside 3 mm from the surface.
2. The maximum temperature at the center of the roll is 120°C.
3. The thermal stress in the roll surface layer by the rolling with cooling water after rolling without

colling water is tensile and less than 10 kg/mm?.

4. The thermal stress at the center of the roll is tensile and less than 20 kg/mm?.

5. The neutral point where the sign of stress changes is about 16 cm from the roll surface.
6. The required properties of the roll are as follows;

(1) The surface layer (0-1 mm from the surface); strength to heat checking,

(2) The middle part (1-250 mm); fatigue strength, and

(3) The inner part (250 mm-center); toughness.
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Fig. 1. (a) Boring measure in the slab mill 28 3mm diameter
roll. Fig. 2. The steel rod to be inserted in the roll,
(b) Setting method of slip ring on the with thermo couples cemented in the
slab mill roll. holes.
Table 1. Rolling schedule used in measuring the roll temperature by the experiment.
Time (min} 50 100
4 1 I i i I I I I
no. W ! A !no. W ‘I A LW w lno w
Rolling operation (3) (4) (5) (&)
Time (min) I5'O 2(?0 2510
Rolling operation no. W A w

W; Rolling with cooling water, no. W; Rolling without cooling water, LW; Rolling with limited cooling water, A; Air cooling,
(3)-(6); The appointed times which are used in comparison of the measured temperatures with the calculated temperatures.
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Fig. 3. Changes of the roll temperatures with the changes of the rolling operations.
(First rolling without the cooling water — air cooling)
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Fig. 4. Changes of the roll temperatures with the changes of the rolling operations.
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Fig. 5. Changes of the roll temperatures with the changes of the rolling operations.

(Rolling with limited to the half cooling water — rolling with the cooling water)
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Table 2. Weight and length of the ingots in the rolling schedule.
Ingot Number Coolin
Rolling time (min) of rolled Used kalibers vg‘)t‘ rg Kalibers
Weight | Initial length | ingot ate
0 ~ 167 6 t 789 mm 5 No 1, No 4 no W
26-7~ 42-7 6 789 4 No |, No 4 no W I;<0|,2 Kal4 Kal.sl
95 ~108°5 16~19 1629 4 No 1, No 2 L,W Kal.I
108-5~123 _ . 19 = 1629 . - -4 - Ne 1l; Ne 2 - W = =
123 ~178 6 897~947 30 II:]Ig :, 11:;3 :a; n(;/W Thermocouple
188 ~238 7 897 20 No l: No 2, No3| W
Air coolin . . .
g l— Rolling with cooling water
& O St
. s00k—-21C/min—
o 100mm :
5 N omm 100 mm Cooling water | 500mm
o | L N 500mMm
5 100 AR o ' s
[a R Gmm 3mm e NS S -._.\—_-“ S _ﬁ;\ - = N\ o=
g 20 . . . T T iomn R
185 190 1986 200 205 210
Time (min)
Fig. 6. Changes of the roll temperatures with the changes of the rolling operations.
(Air cooling—rolling with the cooling wate)
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Lingot |ingot| ingot 1i i jngot.
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3mm 3
1001 6 7 l 2 o
O 8
§ S 10 3 4 5 6 e
et
3 Ch. speed
o 1 200mm / hr
= 20
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£ Cooling water |
—~ | 6mm
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Time (min)

Fig. 7. Pitch interval and used kaliber in the rolling.
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Fig. 8. The touched situation of the roll with
the ingot and definition or 7, 4, and z v
directions in the roll.

Table 3. Definition of the marks used in the
calculation of the temperature.

O r(r,t) : Temperature distribution in the roll
(r : position  t : time)
@1 (r, t) : Temperature distribution in the ingot

agr : Thermometric conductivity of the roll

ay : Thermometric conductivity of the ingot

Kp : Thermal conductivity of the roll

K, : Thermal conductivity of the ingot

Aw : Coefficient of heat transfer

8w : Room temperature or temperature of
cooling water

iy : nth contacted time of the roll with the ingot

7o : Constant (e.g. r,=4cm for Fig. 9 (a))
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Fig. 9. (a) The divided sections of the roll sur-
face for some temperatures studies.
(b) The divided sections of the inner
parts of the roll using the cylindrical
coordinate.
(c) The divided sections of the inner
parts of the roll using the cylin-
drical coordinate,

} (4r,=05cm 1 sections )
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Table 4. Times of keep in touch at one point of
the roll with the ingot. (In the case
of rolling with cooling water.)

, -
Pass No. Time (sec) S?trﬁtaiztgec(}t tl(nsl;)
1 0 - 0-166
2 5-4 0-166
3 15°0 0-149
4 1204 0-141
5 122°5 . 0°135
6 274 0-123
7 . 29-7 " 0-113
8 34-6 0-105
9 36-9 0-094
10 42-2 0-114
11 52-7 0-114
12 585 0-114
13 69°0 0-094
14 744 0-082
15 777 0-091
16 83-6 0084
17 87-3 0077
18 89-1 0-077
19 91-5 0076
20 93-5 0-076
21 104-8 0-076
22 1066 0-076
23 109-0 0-076
24 110-8 0-076
25 1220 0076
26 124-0 0076

27 1345

360° .
Rotation of the roll without ingot

i Al

Rotated angle of the roll

Comucled time of roll
with the ingot

3607 .

L N B \
U

| |
L]

i ]

0 .. 30

90 120

Time (sec}

Fig. - 10. The rotation patterns of the slab mill roll
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Table 5. Times of keep in touch at one point of
the roll with the ingot. (In the case
of rolling without cooling water.)

‘ | . Contacted time
Pass No. | Time (sec) with ingot (sec)

1 0 a-188
2 3-6 0-188
3 12:6 0-176
4 16-2 0- 166
5 19-8 0-166
6 23-4 0-157
7 32-4 0-157
8 36-0 0-157
9 45-0 0-157
10 486 0-148
it 52-2 0-141
12 55'8 0-134
13 59-4 0-128
14 630 0-117
15 66-6 0-108
16 70-2 0-100
17 73-8 G125
18 78-0 0124
19 87-6 0-124
20 918 0124
21 960 0124
22 100-2 0-124
23 109-8 0-122
24 114-0 0-093
25 118-2 0-098
26 123-0 0-082
27 133-2 0-082
28 138-0 0-082
29 1482 0-079
30 153:0 0-074
31 163-2 0-072
32 168-0 0-072
33 178-2 0-072
34 183-0 0-084
35 193-8 0-081

Table 6. Physical constants and other factors used
in the calculation of the temperatures.

Roll diameter 120cm
Contacted angle between roll and ingot 15°
ap=0°111cm?2/ sec

kr=0"102 cal/cm- sec-deg

a,=0-05 cm?/sec (C steel)
=006 ” (Alloy steel)

k;=0-065 cal/cm - sec-deg (C steel)
=0-069 v (Alloy steel)

i =005 cal/cm?- sec-deg (with cooling water)
=0-002 ~» (without cooling water)

v b EBERRERE, RS 700°C GEL, ERSKB L, &
HREREECET LT, 5 100°C 12/ 5. EELISk
VA TNV EDT, REPRETHSIT, EE»LH
|l mmE COHHATH 5.

(2) EFAHEY1 o0

HREWRDO S\, BKEE, SEKEREZ M4
HEERT 2 2 — VTG 50— VBEST L DR

a1 :

Fig. 12 3 RMEABORBRRIZ /€5 % — 2 — 2 L
foe —WVRESAAT, RRGeRTTEL, FiERy &
= —VDPTFIT, BWCEELEZIONERFOL%
RL7z

HESRICHT L is, Mhoxsr o . —vicft L
[F—#F oL B 58S HrEH%T 5.

AEERLD, o —BEIT Table 6 1o 4858
R v DL DB, (& 2 iEHAER 3, 5 OB DIEE,
0-002 cal/cm?-sec-deg pghig 1, 2 DIKE&S DI E 0-05 calf
cm?®-sec-deg) CE L R 5. Table 6 ZR${MHizss
BD SHRED BMEEREY o — Vi @A LALDOTES
D, B LOEMERGE L LT kDI ETIEE V.
LA DTIRED EXHEX Db DIciddE h Bkt 7o
AN

700
A .
lt at 297 sec just befor
600 & - at 29'8 sec at contact !
500 _i —-— ot 396 sec ofter contact
£ i
~ 400}t
3 ¢
2 30014
=3 4
& 200} §
!
100 F " oe— .
L J 1
OO 10 20 30
Distance from the roll surface (mm)
Fig. 1l. The temperature distributions in the

surface layer of the roll.

Rolling schedule

100 lso(min)

T e i

| C steel sicel |20 “sidel |m C steel T
w noW A noW A w

x ] L} T XX T

| 2 3 4 5 6 7 8

700

500 4

300

Temperature  (°C)

100

1 1 1 1 1 1 1 ]
5 10 152025 30 3540 45 50 55 60
Distance from the surfoce {cm)
Fig. 12. The calculated temperature distributions
in the direction of the roll radius.

— 79 —



S e — L DRER X TBICH T 2221

Ui Lo — v NOIRE S, SEIEKEESEKELER
DIRED H DL & OEmEIFIET 2 DIFTRERE
FATHCERTELS.

L bko#x T Fig. 12 2 R5 &, HEKEED SMIEK
it Zb 5 LS REEOEEP AT EHF L (dhis
3), EIEAGEIED D23 F oK EECED &, v
L DHERIBICIRE R b &L e 55 ET S (dhiR 6,
7). L7cpioT ZOREAT o —vEREBCSSREYE N >
FaL, o—wHBRFRLHLKS.

Fig. 13 i3, WBICRL/ZEMER S o — v, T
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A, BThHHELSFHOFTHEMESE 4. 6 G T S bR
C, DK TS OEKEEREOSEiER 7, 8 o
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LTk 0, PERRE, EMpciiliEEs —BT 5
LRSI .

Lo LEEANCE, FHHEE S EBORICE LD O
Bl 2d 5. Zhud OFFEEE kal 1 220 THEEEL 7
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Kal | offifH$EEIX 1/2~1/3 iIZ7eD>Tw5H. @9 —
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50 100 150 - 20 i)
:S!m,:"’:{ Coot C steel [Altoy steel fud C steot
iAW a w ow jal w
¥ ¥ ¥
200 A BC 0E_F

A Air cooling
no. W ; Roliing wiihout cooling waicy
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Temperature (°C)

100

10 20 30 40 50 62
Distance from the surface (cm)

Fig. 13. The measured temperature distrbution
in the direction of the roll radius.

Table 7. Notations of curves having correspondence
in rolling schedules in Fig. 12 and 13.

Rolling Rolling with
without | Air cooling water after
cooling cooling rolling without
water cooling water
Calculated| 3 5 4 6 7 8
Measured A B C D E F
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H in the equation (14).
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Fig. 15. Stress-strain curves of Ni-Cr cast. steel.
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Fig. 16. The temperature and thermal stress distributions in the roll.
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Fig. 17. The distributions of the thermal stress

in the direction of the roll axis at the
several times shown by the arrows in
the rolling schedule in this figure.
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Fig. 18. The characteristics of the thermal stresses in the different parts of the roll at

the some times in the rolling schedule.
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Fig. 19. Analysis of the process on the fracture of the roll.
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