BRI

)1 ey R 5
KAWASAKI STEEL GIHO
Vol. 32(2000) No.1

CBR I < VAT & 2 @i i P e e i
High-formability Thin Walled ERW Pipe for Automobile, Produced by CBR Forming
Mill
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Synopsis :

Applications of stainless steel and aluminum to automotive parts for lighter weight and
higher durability have been increasing. In particular, to respond to the tendency of
using stainless steel for automotive exhaust pipes, Kawasaki Steel has developed a new
forming process and a mill. This mill was termed CBR (chance-free bulge roll) forming
mill that adopts a new design of a roll flower pattern. High quality ERW stainless steel
pipe, which has excellent formability and high quality of welded seam, has been
satisfactorily produced by this mill. These high performances were accomplished by
small strain forming of a strip sheet, a gas shielding technique of electric resistance
welding and a new roll forming process without lubrication. Furthermore, the stable
production of ultra thin walled stainless steel pipes such as those of wall-thickness of

0.6 mm has also been achieved.
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High-formability Thin Walled ERW Pipe for Automobile, Produced
by CBR Forming Mill
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Synopsis:

Applications of stainless steel and aluminum to automotive parts for lighter weight and higher durability have been
increasing. In particular, to respond to the tendency of using stainless steel for automotive exhaust pipes, Kawasaki Steel
has developed a new forming process and a mill. This mill was termed CBR (chance-free bulge roll) forming mill that
adopts a new design of a roll flower pattern. High quality ERW stainless steel pipe, which has excellent formability and
high quality of welded seam, has been satisfactorily produced by this mill. These high performances were accomplished
by small strain forming of a strip sheet, a gas shielding technique of electric resistance welding and a new roll forming
process without lubrication. Furthermore, the stable production of ultra thin walled stainless steel pipes such as those of

wall-thickness of 0.6 mm has also been achieved.
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High welding quality
Improvement of V-convergence figure

+
Realization of large V-convergence angle
with I-type butting of edges

High temperature zone
more than 1 500°C

- V-type butting (Large 0;)
- Small V-convergence angle
(Semall W)

- Itype butting (Small 8;)
- Large V-convergence angle
(Large W)

Fig. 1 Efifect of V-convergence figure of edges on edge heating
condition in high frequency electric resistance welding
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(2) Proximity effect X,
1t
Welding point g ﬁf;’mf“ @o og:}
/ Removal of \‘*
/ e molten metal Electromagnetic pressure P
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J: Density of surface current
ro: Permeability
H: Intensity of magnetic field
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Fig. 2 Welding phenomeng in high frequency electric resistance
welding of pipe
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Fig. 3 Temperature distribution of stainless and carbon steels at
V-convergence figure statically heated by high freguency
clectric current
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Fig. 4 Forming flower and mili layout of CBR forming process
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CHR forming Conventional forming
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Fig. 5 Profile of fin pass rolls of CBR and conventional forming
process
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Fig. 6 Relationship among fin width W;, upsetting angle of
edges # and bending radius of edge Ry
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Fig. 7 Edge opening width W; at last fin pass roll in CBR and
conventional forming processes

Upper center bending roils
Material

Upper break down roll

1/

Material

Cage
roll

/ Occurrence of

Qceurrence of roll mark

roll mark
' ELower break down roll

{a} CBR

Lower center
bending rol

{b) Conventional

Fig. 8 Forming rolls construction at center bending stage in
CBR and conventional forming mills
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Fig. 9 Contact pressure distribution state between sheet and
first fin pass rolls measured by pressure detective film
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(N, gas shield welding)
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Fig. 10 Comparison of welded seam toughness of ERW stainless
stee] pipes produced by CBR and conventional mills
(S8US436]1, ¢38.1 mm X 2.0 mm)

(b) Conventional mill
(Lubricated)

(a) CBR mill {Not
lubricated)

Photo 1 Comparison of SEM fractgraphs of charpy impact test
specimens of ERW stainless steel pipes produced by
CBR and conventional mills (SUS436J1, ¢38.1 mm X
2.0 mm)
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Fig. 11 Relationship between welding temperature and welding
qualities by mechanical expanding test and flattening
test of pipes produced by CBR and conventional mills
(SUH409L, ¢42.7 mm X $1.5 mrm)

Photo 2 Appearance of strip sheet in cage roll forming zone of
CBR forming mill
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JIS13B
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Fig. 12 Improvement of uniform elongation of stainless steel
ERW pipe by CBR forming mill
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Fig. 13 Relationship between mechanical properties and bend-
ing formability (Material: SUS436J1, ¢38.1mm X 2.0
mm, Tensile test: JIS13B, Longitudinal direction, Bend-
ing: bending radius 40 mmR, bending angle 90°)
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Photo 3 Cross section of ulira thin wall-thickness ERW stainless
steel pipe produced by CBR mill (SUS436]1, ¢38.1 mm
x 0.6 mm)
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