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Effect of Roll Materials on Lubricity in Cold Rolling

Akiva Azvsumma, Yasuhivo Jinso and Toshiaki Kanepa

Synopsis

: The effect of rolls made of various tool steels on the lubrication characteristics are examined by rolling annealed low

carbon steels by means of the simulation testing machine developed by one of the authors. The lubricity is evaluated

by measuring the coefficient of friction for each test and the antiseizure property of rolls is evaluated by the observation

of surfaces of rolled workpieces and rolls which are rolled under various conditions of rolling speed and reduction in
thickness. The experimental results on the anti-seizure property are discussed based on the calculation of temperature
at the interface between roll and workpiece and based on the observation of appearance of friction pick up on surface

of rolls. The conclusion obtained are as follows ;

(1) The difference of coefficient of friction among roll materials is

small. (2)Anti-seizure property depends on the carbide content of roll material and it can be quantitatively evaluated

by the calculated interfacial temperature.
cold rolling ;
interfacial temperature.
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(3)Carbides on roll surface are effective for friction pick up.
lubricity ; anti-seizure property ; coefficient of friction; friction pick up;
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Fig. 1. Side view of the simulation testing machine.
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Table 1. Chemical composition of evaluated rolls.

Chemical composition (wt%)
Material ——
C Si Mn P S Cr Mo V w
SUJ2 1.01 0.23 0.45 0.020 0.006 1.45 — — —
SKDI11 1.45 0.28 0.41 0.025 0.005 11.80 0.88 042 —
SKH51 0.85 0.35 0.35 0.025 0.005 4.10 4.90 1.90 5.95
5Cr 0.85 0.27 0.37 0.013 0.001 4.98 045 — —
S-HSS 1.00 092 0.49 0.011 0.003 530 3.10 1.15 —
Table 2. Hardness and surface roughness of
evaluated rolls.
. Hardness Ra
Material (HRC) Surface roughness  1xm (um)
(R e
SuJ2 650 |~ e 10 | 53
o] il i
SKDI11 64.8 0.050
SKH51 TR P S 0.046
! [P
5Cr 64.4 pr et T et 0.050
S-HSS 65.1 | A Ve Ao, 0.040
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Fig. 2. Relationship between coefficient of friction

and reduction in thickness at a roll speed of
24m/min.
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Fig. 3. Relationship between coefficient of friction
and reduction in thickness at a roll speed of
72m/min.
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Fig. 4. Relationship between coefficient of friction

and reduction in thickness at a roll speed of

143m/min.
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Fig. 7. Limitation line of the occurrence of friction
pick up.
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Fig. 8. Effect of surface roughness of roll on coeffi-
cient of friction.
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Table 3. Material properties.

Thermal Thermal
Material conductivity diffusivity
(W/m*K) 10-%(m?/s)
SuUJ2 39.5 10.5
k7 SKDI11 27.6 7.5
3 SKH51 21.3 5.5
= 5Cr 395 105
S-HSS 28.0 8.1
Work piece 58.6 15.6
PEELI,
Tm= AL ygPm-AV (2)

4.24Ks+3.76Kr (AV-L/kr)'?
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Fig. 9. Mean temperature rise calculated from Eqn.
(2) for roll speed.
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Table 4. Carbide type and content of evaluated

rolls.
Material Carbide type Carbide content (area%)
SUJ2 M;C <1
SKD11 M.C; 10.7
SKH51 M,C+MC 9.5
5Cr M,C <1
S-HSS M,C+MC 4.4

Rolling direction —

(a) SC(Sample Current) image

(c) Cr analysis

Fig. 10. Appearance of the beginning of friction
pick up on the surface of the SKDI11 roll.
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Table 5.

STD|Roll |Exit |Reduc{Mean| Rolling |Heat Mean tem-
diam- |thick-[tion |pres- |speed |streak perature
eter |ness sure . rise
(mm) | (mm) | (%) |(MPa)|(m/min) G

- no

No.l| 534 | 155 | 32.6 | 628 280 occurrence 31.2

no

No.2| 515 | 0.97 | 37.6 | 438 483 occurrence 30.0

no

No.3| 518 | 0.63 | 34.6 | 492 739 oCCUTTence 34.6

No.4| 568 | 0.37 | 41.8 | 593 1270 |occurrence 65.4

no .

No.5| 566 | 0.27 | 26.6 | 864 1730 occurrence 63.9
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