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Application of the Direct Resistance Heating for Stainless Steel/Aluminum Clad Manufacturing Process

Kouichi HAMADA, Kazumi ISAKA, Daiharu Dol, Yoshihisa YONEMITSU and Shingo IWASAKI

Synopsis : Clad steel sheet is formed by cladding different metals and used for the functional material, which has convenient characteristics of each

metal. Especially, a lot of stainless steel/aluminum clad strip is produced for electromagnetic rice cookers which are in demand because of

the higher thermal conductivity, having magnetism and corrosion resistance. For the demand, continuous cladding technology of the wide

width stainless steel/aluminum strip has been developed by warm rolling after the rapid heating process. Recently, much higher uniformity

for peeling strength is required as the market grows. So, a new heating process, in which uniform heat generation is achieved by the electric

resistance of metals and the directly applied current, is developed in place of the conventional process of induction heating. After solving

some technical problems about sparks and temperature uniformity, direct resistance heating equipment have installed in the manufacturing

line. As the result, high-quality clad steel sheets, which have the uniform peeling strength, can be produced by the improvement of tempera-

ture deflection on rolling.

Key words: direct resistance heating; stainless steel/aluminum clad strip; peeling strength; temperature uniformity; spark.
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Fig. 1. Schematic figure of direct resistance heating equip-
ment.
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Fig. 2. Calculation model.
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Fig. 3. Temperature dependence of resistivity.
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Fig. 4. Calculation of heating characteristics.
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Fig. 5. Comparison between measured and calculated
heating characteristics.
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Fig. 6. Self temperature compensate effect of direct resistance heating.

Table 1. Influence of power source type for temperature

uniformity.
Power source Resistance of axis|Potential |temperature 500 DC
p
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8 40F
AC high high A £ 400 I AC
[ E Power supply side L=500mm
350 1 1 1 1 1
0 50 100 150 200 250 300
Strip width mm
Steel strip (A) Temperature distribution of one-side power supply method
Thickness : 0. 2mm
Width : 300mm
500mm
A

@
/

500
—-»5 o o DC\
o400k
% 80mm 2 T
W RN P N ac
! 400 -
(®> power source £ r
(MAC (60Hz2) = L L=500mm
@De 350 L 1 1 A 1 )
0 50 100 150 200 250 300
Fig. 7. Schematic figure of analysis model. Strip width mm
3, X/ N— 7 ;m*uﬁﬂ‘q'- (B) Temperature distribution of diagonal power supply method

ERREMEL A ERRMIOEAT 51213, BmEs L
B LORBITRET 2 25— 7 4145 Z & BMBET

19

Fig. 8. Results of FEM analysis.
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Fig. 10. Critical current density of direct resistance heat-

ing.
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Fig. 12. General arrangement of clad manufacturing process.

Table 2. Main specifications of direct resistance heating

equipment.
Material 1.16%Cr-Nb,Cu
2.LowC,18%Cr-10%Ni
Thickness 0.5 ~ 0.9mm
Width 700 ~ 1000mm
Line Speed 5.0 ~ 15.0mpm
HeatingTemperature RT.t0350TC
Applied Current DC max 20KA
Applied Voltage DC max 25V
500
i Induction heating
p Seeal ST el .
® 400F s M
2
® -
(] MM
Q
QE, 300} Direct resistance heating
-
| | | I J | |
200
0 200 400 600 800 890
Strip width mm

Fig. 13. Distribution of temperature in the direction of
strip width.
(Stainless steel: 16%Cr-Nb, Cu, thickness: 0.61
mm, width: 890 mm, line speed: 15 mpm)
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Fig. 14. Transverse distribution of peeling strengh in a
stainless/aluminium clad sheet.
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Fig. 15. Peeling surface of stainless steel (SEM).
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