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Load Prediction Model of 179%Cr-7%Ni Stainless Steel in Cold Rolling
Takeo Yazawa, Atsushi Tovizawa, Takashi Suisanara, Toru Takavama and Toshiro Ikepa

Synopsis : The load prediction model of 17%Cr-7%Ni stainless steel in cold rolling has been developed. In this model, the flow
stress equations included deformation-induced martensitic transformation and the mathematical model of rolling load
based on the approximate theory of Bland & Ford are considered. The volume fraction of martensite by ferrite scope
was modified by X-ray diffraction method. The flow stress were investigated from the tension tests of sheets pre-
strained by rolling with temperature range from 20°C to 200°C, and the flow stress equations were established from
parameters of the volume fraction of martensite, material temperature, equivalent strain and strain rates. The rolling
load, the volume fraction of martensite and the strip temperature calculated by this load prediction model were
consistent with the experimental results. By using this load prediction model,it is made clear that the rolling load and
the volume fraction of martensite depends on strip temperature and rolling speed greatly.
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Table 1. Chemical compositions of 179%Cr-7%Ni
stainless steel used. (mass%)

€ Si__Mn_ C NI W Cu N ¥o
011 0.57 0.75 16.9 6.69 0.002 0.20 0.0326 0.13

Table 2. Rolling conditions in model mill.

1.0t X 50wX 300 mm
$ 105 mm  4Hi mill
100 n/ninm

0~60 % (each pass
18,40,70,120,180 °C
Neat

Sheet

Work rol! diameter
Roliing speed

Total reduction
Roliing temperature
Lubricant

1~2 %)
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Table 3. Conditions of tention tests of sheets pre-
strained by rolling.

Sheet 1.0t X 70w mn
Rolling Rolling speed 10 m/minm
tests Rolling temperature 20,200 C
Reduction 20,40,60 9%
Static Specimen JiS13B
tensile Range of extensometer 50 mm
tests Tensile speed 0.09 mu/min
Test temperature 20,100,200 °Cc
Dynamic Specimen JI1S13B
tensile Range of extensometer 10 nm
tosts Tensile speed 1~500 am/min
Test temperature 20 °C
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Fig. 1. Volume fraction of martensite(Va’) as a
function of chemical polishing depth.
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Fig. 2. Comparison of the volume fraction of mar-
tensite determined by X-ray diffraction
method(V a’xrp) with that measured by fer-
rite scope(V a'ks).
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Fig. 3. Relationship between volume fraction of
martensite and equivalent strain at rolling
temperature of 18°C to 180°C.
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Fig. 4. Relationship between volume fraction of
martensite and the ratios of equivalent
strain & to the critical equivalent strain &
for 509 total generated martensite.
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Fig. 5. Comparison of the experimental value with

calculated value in volume fraction of mar-
tensite.

O : Rolling temp. : 20°C
A : Rolling temp. : 100°C(2 £0.6) —20°C(z >0.6)
[]: Rolling temp. : 200°C (g =0.6) =20°C(z >0.6)
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Fig. 6. Relationship between the flow stress and
the equivalent strain for austenitic phase
and martensitic phase.
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Fig. 8. Flow chart for load prediction model of
1726Cr-72%Ni stainless steel.
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Table 4. Rolling conditions in model mill.

Strip 1.0t X 70w am
Work roll diameter ¢ 105 mm
Rolling speed 2 m/ain
Back tension 175 MPa
Front tension 185 MPa
Reduction 20 %
Lubricant Neat
— 12
£ 020C—~20C—+20C
E o} J100°C~100C—100°C
Z A200C—+200C—+200C
§ 8
= o oK O
=
R

- 100°C—20°C~200°C
® 29 0°C—+100°C—~+200C
Ko ©100°C—~200°C—+20°C
3 1 1 1 L 1
% 0 2 4 6 8 10 12
(] Experimental rolling load (kN/mm)

Fig. 9. Comparison of the experimental value with
calculated value in rolling load.
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Fig. 10. Comparison of the experimental value with
calculated value in volume fraction of
martensite.
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Table 5. Rolling conditions.
1.5t X 630w mn

Hother strip

Finished thickness 0.8 mn
Total pass number 5 passes
Initial coil temperature 25°C
Rolling speed 100~ 250 w/ninm
Nill type 6Hi UC mill
Work roll diameter ¢80 mm
Lubricant Neat,40°C
6.0
@ :Measured
£ O:Calcurated
?fm-
= Y ' {
S
o> 201
g (Calcurated without considering strain rate)
<]
1o
o
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Fig. 11. Comparison of the experimental value with
’ calculated value in rolling load.
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Fig. 12. Comparison of the experimental value with
calculated value in volume fraction of
martensite.
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Entry thickness:3.0 mm
Exit thickness :1.5 mm

Number of passes

35
initial coil temperature ( °C)

Fig. 13. Effect of initial coil temperature on number
of rolling passes under constant rolling load
4.0kN/mm.
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Fig. 14. Effect of rolling speed on volume fraction
of martensite.
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