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Roll Wear in Hot Strip Test Mill

Junji KIHARA, Koichi DoOYA, Kazumoto INAKAMURA,

Tatsuo YOSHIHARA, and Yoshikazu SANO

Synopsis:

A small laboratory scale hot strip test mill was developed for the purpose of studying the roll wear
in a hot strip mill. Using the test mill, various phenomena observed in production mills were re-
produced. They were wear patterns, cracks, cat-ear wear, black film, effects of oil lubrication, and so

on. The phenomena in the test mill were compared with those in production mills and utility of the

test mill was discussed.

Using the test mill, anti-wear properties of mineral oils and fatty acids were estimated.
It was also found that stearic acid in a mineral oil

that some mineral oils increased the roll wear.

It was found

had an excellent anti-wear property. The relation between anti-wear properties and lubricity was
discussed. The different effects of fatty acids on the roll wear were considered to come from the en-
largement of difference of their lubricity due to very long rolling length.
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Table 1. Specification of the test mill.

Rapid heating furnace (non-oxidizing atmosphere
driven by pre-mixed gas)

Size 1100 mmg¢ X 540 mmH

Max. Temp. 1200°C

Heating speed<1K/s

Furance

Vertical 2-Hi rolling mill

Roll 70 mm¢ (40 mm¢) X40 mmH
Max. rolling speed 200 m/min

Max. roll force 6tonf (5.88%10¢N)

Rolling mill

Low carbon steel
JIS G 3141 SPCC
Strip (Corresponding to DIN 1624-1954 and ASTM
109-65)
0.7 mmX17 mm X250 m~550 m
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Fig. 1. Schematic representation
of the test mill.
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Table 2. Standard experimental conditions.

Roll force 4 tonf
Rolling speed 170 m/min
Temp. of Strip in the furnace  920~930°C

Cooling method of rolls water jet (11 kgf/cm?2,
3.8 [/min-roll)

Roll Chilled roll or Grain roll

Table 3. Experimental conditions toc make black
film.

Roll force 2 tonf
Rolling Speed 127 m/min
Temp. of Strip in the furnace 1030°C
Cooling method of rolls water jet
Roll Adamite roll
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Fig. 2. Typical wear profile of the roll after
800m rolling. (draft 3095)
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Photo. 1. Photograph of the surface of chilled
roll after 600m rolling. (Roll force 1-2t)

Photo. 2. Photograph of the surface of grain
roll after 3 500m rolling.

Photo. 3. Photograph of the cross sectional view
of grain roll after 3 500m rolling.

Roll force 3.3 tonf
Rolling speed 170m/min.
Rolling length 400m

Temp. of strip 930°C
Photo. 4. Heat crack.
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Fig. 5. Influence of past use of chilled roll to

roll wear.
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Fig. 6. Influence of past use of grain roll to
roll wear.
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Photo. 5. Photograph of the surface of adamite
roll. (Cooling water 4.6/ min-roll)

Photo. 6. Photograph of the surface of adamite
roll. (Cooling water 3.8/ min-roll)

Photo. 7. HPhoﬁtograph of the surface of adamite
roll. (Cooling water 2.5/ min-roll)

Photo. 8. Photograph of the surface of grain‘
roll. (Cooling water 3.8/ min-roll)
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Fig. 7. X ray diffraction of black film on a
test roll.
L] L} L} ¥
D PB-015N
O NON-LUBRICATED
A PB-06N
g @ PB-ON
2 WOLEIC ACID
T 10~ -
E 1 s PB-015N neat /
2 vV PE—-ON neat a o
< /
£ s
w
N /
Zz 5k * h
<
w
/9
° L L N 1
o 1000 2000 3000 4000
ROLLING LENGTH (m)
Emulsion 0.81/min roll
Oil concentration 1.0+0.2wt%
Fig. 8. Effect of polybutene on roll wear.
Table 4. Properties of Polybutenes.
PB—ON PB—06N PB—015N
mean molecular weight 370 430 580
VIS ¢St (98.9°C) 4.8 10 35
(37.8°C) 35 120 860
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Table 5. Properties of mineral oils.

Oils A B C D E F
Viscosity (4050) 24.89 481.4 100.4 9§ng 80.91 59.44
mm?2/s
(100°C) 4.667 32.04 11.41 11.29 6.931 8.058
7 Viscosity Index 103 987‘ 100 99 —18 102

Table 6. Effect of mineral oils to roll wear.

Oils A B ¢C D E F
Reduction Exp | Total 15 11 =21 =2 1 -
of mean
wear depth Edge 5 0 -—19 9 9 —
(%) Center 33 52 --37 ~33 —15 —
Exp 2 Total — — =54 -34 — —14
Edge — — =17 -11 — —28
Center — — —140 ~60 - —110
5.4m 7.20n_9.0mm 5. 4o
EDGE CENTE R ED GE

[‘lo,um 5 mm

Fig. 9. Definition of Edge wear and Central

wear.
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Fig. 10. Effect of Oleic acid on roll wear.

10

:
T eof=— —
£
]
c ool N _
k3
z D
‘§ 40— (¥} —t
w [
H -
A
e g
5 00— [ O A N —
2 -
g o
« w

[1] *

Cis Cis Cis

Emulsion 0.87/min roll
Qil concentration 1.04+0.2wt%

Fig. 11. Effect of saturated Fatty acid on roll
wear.

100

80— —
T eol— -
a
w
a
3 -3
g a0l - —
z 1]
< i
g g

<
s 20 |2l -
z of%
Pl 1-Y

° il
S
> 0
g L@
w
(-4

-20p— N -1

Cie Cigr=1 Cigr-2 c18F=3’

Emulsion 0.8 7/min roll
Oil concentration 1.0+0.2wt%

Fig. 12. Relation between roll wear and
saturation of Cjg-acid.

6. =

6-1 RBICHITIFIERRKROBRICONT

Photo. 9 w5 F; Ax v F (62 VvFAaii) o
r— AKEEE%mR L, Photo. 10 E#D F, =2 x v
F(7Tx2vFain) or— L EAEESRT. Photo.
2 BRI TV 5 EREKEEE Photo. 9, Photo. 10 O
FOBBEEOTWAE., chhbARRBIcETs 7L v
B — VR O BERERIEILEMA EITBEEA & v F LB
ARV FYOWGORBEFBR LTS EEL bhb.
Photo. 3 iR Li-AF B TCHHA LA 7/ v ve—1D
WA ERIC B\ CREER, BMEhR 757 > 1 FwfEs
ELTRELTWHDNEBRS., chbD o FidEk
CEWTHBEINDZ L THD. XL, Hhof
S, BEXEEOEN EHETD LENL oM. &
IWEIAr — N Ey vizbLBibhb.

— 67 —



788 % & W

% 69 4 (1983) 17 %

Photo. 9. Photograph of the surface of grain
roll of F5 stand in a production mill.

Photo. 10. Photograph of the surface of grain
roll of F7 stand in a production mill.
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