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A Study on the Shape Design of the Forward Forming
Region in Cross Rolling of Multi-Step Shaft

Ik-Sam Kim

Abstract
The Cross rolling between flat jaws, as a kind of hot forging, is the forming method to make the
axisymmetric multi-step shaft by its rotation and pressure between flat jaws which move in opposite
direction. The purpose of this study is to propose the optimal geometric data for shape development of
the forward forming region. All data described on this paper are quantified by experiment from initial
shape design to final shape development. As the result, proper geometric data are proved that length
of the first forming area in the forward forming region is 1.5 times larger than circumference of work-

piece and the progress angle changes 3 times smoothly.

Key Words : Cross Rolling Between Flat Jaws, Flat Jaw Type, Wedge Angle, Shoulder Angle, First
Forming Area, Forward Forming Region
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Table 1 Dimensions of test-shaft
Element NO. 1 NO. 2 NO. 3 NO. 4 NO. 5 NO. 6 NO. 7 NO. 8 NO. 9
Diameter{mm) | ¢24.4 $28.9 $30.4 $34.2 ¢$37.4 $43.9 $39.4 962 ¢32.4
Length(mm) 12 29 17.8 98.9 19 52 24.6 33.1 16.5
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Fig. 1 Schematic diagrams of test-shaft
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’_]‘ab]e 2 Dimensions of elements

Element Ratio of dia.| Wedge Shoulder
reduction angle angle
NO. 1 0.59 10° 30°
NO. 2 0.52 10° 30°
NO. 3 0.49 10° 30°
NO. 4 0.43 10° 30°
NO. 5 0.38 9° 30°
NO. 6 0.27 6 40°
NO. 7 0.34 8° 35°
NO. 8 1.04 - -
NO. 9 0.46 10° 30°
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Table 3 Relationship between wedge angle and shoulder
angle for the ratio of dia. reduction

Ratio of dia. reduction(e,) Wedge angle | Shoulder angle

e, <0.1 4 45°
0.1¢¢, < 0.2 5° 45°
0.2¢¢, <0.3 6 40°
0.3¢e, <£0.35 8 35
0.35(¢, <04 9° 30°
0.4¢e, <045 9.5° 30°

0.45 (¢, 10° 30°
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Table 4 Tool length of elements

Element HN(mm) LN(mm)
NO. 1 87.62 12.18
NO. 2 85.33 29.44
NO. 3 84.57 18.07
NO. 4 82.04 100.38
NO. 5 81.02 19.29
NO. 6 77.72 5.28
NO. 7 80.0 24.97
NO. 8 68.54 33.60
NO. 9 83.56 16.75
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Fig. 5 Apparatus of cross rolling machine

Table 5 Specification of FBQ100

Item Specification
Max. tool dimensions(mm) 2,700x630
Max. stroke(mm) 2700
Max. rolling speed(m/sec) 1
Min. cycle time(sec) 10
Main motor power(kw) 2x315
Tangential rolling force(kN) 315
Total weight(ton) 64
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Table 6 specification of test product

Item Weight

Weight of product(kg) 2.623
Weight of scrape(kg) 0.212
Weight of billet(kg) 5.25
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Table 7 Chemical composition and mechanical properties of test-shaft
. . Nonmetallic
Chemical C Si Mn S P Ni Cr Mo Cu inclusion
compositions| ' 15 o 15- | 0.55- | MAX. | MAX. | MAX. | 085 | 015 | MAX | MAX
(%) 0.21 0.35 0.90 0.03 0.03 0.25 1.25 0.35 0.03 0.20%
) Tensile stress Elongation Reduction of area |Value of ippact energy Hardness
Mechantl,cal (kg/mm?) (%) (%) (kg - m/cm?) (H,0)
properties 90 over 15 over 40 over 6 over 21.8~334
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Table 8 Data of forward forming region for the step

Shape & Wedge | Shoulder | Taper
Step length of
. angle angle angle
forming area
The 1st | Inital shape . . .
step d, 9 40 7.5
Double . .
The 2nd steps angle 9 40 75
4.5 75 '
step d, 5
Triple 9° 40°
The 3rd . . .
steps angle 4.5 75 7.5
step . R
nd, 15 80
Triple 9° 40°
The 4th . . .
steps angle 3 65 6.5
step . .
1.5 7, 1.5 80
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