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Some Investigations on the Thermal Shock Crack of Cold Strip

Mill Work Roll Materials

Synopsis:

Kiyozo SAKABE and Hirosuke TABE

Slipping, pitching and other behaviors of roll for cold strip mill, especially work roll bring about
thermal shock cracks on this surface in their service condition, which will affect roll life.

This paper discribes on the investigation as to the influence of material compositions and heat treat-
ment cunditions on the thermal shock crack depth and shows the superior of 3~ 59 Cr-Mo steel

containing more chromium than ordinal 1~ 29 Cr-Mo Steel.

The practical rolling mill use of

new type roll of 3~ 59, Cr-Mo steel proved the extremely extended roll life.
A thermal shock testing machine which utilizing frictional heat generated by contacting rotating disc

and test specimen was developed for the present investigation and gqaurtitative measure of crack depth
in the test specimen due to the thermal shock was introduced for the evaluation of roll materials.
(Received Oct. 8, 1970)
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(a) by pitching, (b) by slipping of cold work roll,
(c) by slipping of hot back-up roll.

Photo. 1.

Typical thermal shock cracks in roll

surface.
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(1) Electric motor
(2) Vel
(3) Rotating disc
(4) Cantilever
(5) Setting slit for specimen
{(6) Fixing handle for specimen
(7) Specimen
(8) Fixing block for specimen

(9) Counter weight
(10) Oil lifter
(11) Coolant spray

Fig. 1. Schematic figure of thermal shock tester.
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Photo. 2. An example of thermal shock cracking
appeared on 29, Cr-Mo steel specimen
tested.
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Table 1. Materials for the examination.
Material Chemical composition (%) Standard Standard
C Si Mn P S Cr Mo V Co Pre-treatment Quenching tempering
295Cr-Mo steel | 0°79 0-32 034 0-018 0-009 2-20 0-3¢ — _ g;;%f;g‘aize q ‘132828 X éﬁ;zgg’
395Cr-Mo steel | 0-92 0-58 032 0-012 0-007 2-96 0°30 — — " 28
49%Cr-Mo steel | 0°90 0-60 031 0-013 0-009 417 03¢ — | 4 Ta0eg Xihr—0il,
59%Cr-Mo steel | 0°89 0°52 025 0-011 0-008 5-00 0-34 — — | ’ P
« - . :
1'59%Cr-Mo steel | 082 0-61 1-56 0-028 0-005 1-87 0°28 —  — | ggffe’m dized | 19908 XS0,
122,Cr-Mo- V-Co| , . i ) ) ) 2 0. ) . Forged, | 1050°C X 1hr—Oil,
12% 162 0-24 032 0019 0-021 12°3 0:82 0°57 0-64 | LorEeh. Lo X Lhr—O
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Fig. 2. Hardness distribution along the depth of
center section in 29, Cr-Mo steel speci-
men tested.
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Fig. 3. Influence of friction time on depth of max-

imum crack in 29 Cr-Mo steel specimen
tested. :
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Fig. 4. Influence of counter weight on depth of
maximum crack in 29, Cr-Mo steel spe-
cimen tested.
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Fig. 5. Influence of specimen thickness on depth
of maximum crack in 29 Cr-Mo steel
specimen tested.
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Table 2. Standard test condition.
Size of specimen Thickness : 30 mm, Width : 60
mm, Length : 80 mm
Size of rotating disc | Thickness : 30 mm, Diameter :
550 mm
Revolution “of disc 1 040rpm
(quder load)
Counter weight 60 kg
Load between disc
and specimen 350 kg
Loading (testing) time | 10 Sec
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Fig. 6. Deviation of the test result on the 295
Cr-Mo steel specimens,
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Fig. 7. Influence of forging and spheroidizing on
depth of maximum crack of the 2% Cr-Mo
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Fig. 9. Influence of C-content on depth of max-
imum crack of the 39,Cr-Mo steel.
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Fig. 14. Influence of tempering temperature on
depth of maximum crack of the 39,Cr-
Mo steel and the 1294,Cr-Mgo-W-Co steel.
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15. Relation between tempering temperature
and contraction of length of three kind
steel specimens tested.
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Fig. 16. Tensile strength of two kind steel speci-
mens tested at high temperature.
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Table 3. C and Cr contents in the matrix.

Material C (%) Cr (%)
2 24,Cr-Mo Steel 0-54 1-56
3 24Cr-Mo Steel 055 1-68
5 9%Cr-Mo Steel 0-53 3-17
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Fig. 17. Hardness penetration curves of the rolls.
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Table 4 % reverse 35 X ¢ 5 tandem cold strip mill
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Photo. 5. Electronmicrostructure of the ccld work
rolls.
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Table 4. Performance date of the work roll in the cold strip mills.

Reversing mill shop A :
Type of roll
Number of roll

Ordinal roll .
294;Cr-Mo steel

Newly roll
394,Cr-Mo steel

Rolling tons/grinding roll diameter, mm

Heavy gauge rolling
Light gauge rolling
Mean

Grinding roll diameter, mm/grinding time

Heavy gauge rolling
Light gauge rolling
Mean
No 5 stand in 5 tandem mill shop B :
Type of roll
Number of roll

Rolling tons/grinding roll diameter, mm

Heavy gauge rolling
Light gauge rolling
Mean

10 6

303 386

261 262

282 315

0-45 0-34

0-41 0-41

- 0-43 0-38

29,Cr-Mo steel 32,Cr-Mo steel

Grinding roll diameter mm/grinding time in case of pitching

Heavy gauge rolling
Light gauge rolling
Mean
5 Tandem mill shop G :
Type of roll
Number of roll

Rolling tons/grinding roll diameter, mm

No 4 stand
No 5 stand

13 5
1-615 1-142
285 458
496 602
1'79 1-44
3-79 1-87
3+48 1:76

29,Cr-Mo steel 5% Cr-Mo_steel

Grinding roll diameter, mm/grinding time in case of pitching

Heavy gavge rolling
Light gauge rolling

10 4
297 408
358 409
2-94 0-89
1:35 0-91
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