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Development of Controlled Tapered Rolling Method for Manufacturing Tapered Leaf Spring

Michihiko AYADA, Toshiaki SaTO, Yoshihiro SAKAL, Mitzushige KAWAKUBO,
Hiroshi UTSUNOMIYA and Yoshihiro SAITO

Synopsis

: In order to produce Tapered Leaf Spring (TLS), a new Controlled Taper Rolling (CTR) method is developed. This process is a combination

of the edge rolling used grooved rolls and the flat rolling. It is very important in this method to predict the deformation properties such as
spread precisely. For the first pass, quadratic equations which relate the reduction in width and the mean thickness increment, is obtained. For
the second pass, it was clarified that Ekelund’s equation was good agreement with the experimental values even if the rolling diameter
changed from 125 mm to 720 mm and the rolling temperature changed from 1073K to 1223K. The actual pass schedule to produce TLS is
designed by using the data obtained from these steady sate rolling.

It is afraid that there is large difference in the deformation and loading properties between the steady state rolling and the non-steady state

rolling such as tapered rolling. However, it was clarified that the spread is not effected and projected contact length is effected in tapered

rolling. The pass schedule based on the steady state rolling can be applicable and the rolling load and the rolling torque might be predicted by

concerning the change of the projected contact length.

Key words : tapered leaf spring; controlled tapered rolling; deformation properties; steady state; non-steady state; projected contact arc length; spread;

rolling load; rolling torque.
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Ho: Thickness before first pass

By : Width before first pass

Fi: Area of the cross—section after first pass
Hy: Mean thickness after first pass =F, /B,y

B, : Width after first pass

H,: Thickness after second pass

B, : Width after second pass

Fig. 1. Symbols used in this paper illustrated in the cross-
section.
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Fig. 2. Schematic illustrations showing the principle of
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Fig. 3. Groove shape of the roll for the first pass.
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Fig. 4. Relation between the reduction in width and the
spread in thickness in the first pass.
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Fig. 5. Effect of the evaluation of the thickness after the
first pass on the spread in the second pass.
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Fig. 6. Comparison of the calculated and the experimental

values of the spread in the second pass.
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Fig. 7. Effect of the roll diameter on the spread in the sec-

ond pass. Specimens were rolled without first pass.
Real lines show the Ekelund’s equations under the
condition of =0.34.
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Rolled shape
after first
pass

Rolled shape
after second B.
pass

B, :Width before first pass

INPUT Ho :Thickness before first pass

BB, TT, R

U,Bu,hl.DDY.DDB R:Roll radius of second pass

MU:Coefficient of friction

By ,BL :Upper and lower limit of
width after second pass

Initial values

X=0, Y=0 H,=H,

DDY: increment of longitudinal position
DDB:Draft in width
B, :Width after first pass

B, =B c—nDDB
H,=F (B:)
RED=(H,~H,) /H,

H, :Thickness after first pass

RED:Reduction in thickness in second pass

Calculation
oF B B BBy

YES

DX=B, + H, - DDY/B,/H,
(Volume constant)
X=X+DX

WRITE

Bz :Width after second pass
H::Thickness after second pass

Y:Coordinate in longitudinal direction
after first pass

X:Cooridinate in longitudinal direction
after second pass

n:Repeat times of calculation
X.Y.Bi,Hi B, H

G(X) :Thickness function obtained from
position(X) after second pass

F(B ) :Thickness function obtained from
width(B) after first pass

Fig. 8. Flow chart for the determination of the pass sched-
ule.
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Fig. 9. Example of the rolled shape by CTR process.
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Table 1. Specifications of CTR.

Maximum leaf size before rolling 90w % 30t x 1200!
Roll gap control system NC system
First pass Second pass
Rol!l dia. 220mm 450mm
Rolling force Max. 353kN Max. 3. 14MN
Rolling speed Max. 36. 6m-min~' | Max. 30. Im"min™'
Gradient to be rolled | Max.0.35 Max. 0. 35

0:1223K O: 1173K A:1123K  <©:1073K

Roll dia.=320mm, Rolling velocity=11.4m - min'
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Fig. 10. Effect of the rolling temperature on the spread in
the second pass. Specimens were rolled without
first pass. Real lines show the calculations based
on Ekelund’s equation under the condition of
¢=0.55. (a) Hy=9mm, B,=60mm. (b) H,=14
mm, B,=70 mm. (¢) Hy=20 mm, B,=90 mm.
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Fig. 11. Schematic illustration showing the increase of the
projected contact length when the roll gap be-
comes narrow.
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Fig. 12. Comparison of the spread between the upward
and the downward gradient to be rolled in the first
pass.
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. 13. Comparison of the spread between the upward
and the downward gradient to be rolled in the sec-
ond pass. Specimens were rolled without first

pass.
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Fig. 14. Relation between the projected contact length and
the rolling force and the rolling torque in the sec-
ond pass. Rolling force and rolling torque were
made non-dimensional by dividing with the corre-
sponding values obtained from the flat rolling.
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