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Abstract

In order to meet the increasing competitive pressures coupled with higher demands for component
quality, whirling machines have been at the cutting edge of the automobile industry for more than 25
years. The hard whirling process can save on machining time and operation elimination. Hard whirling
is done -dry, without coolant. The chips carry away nearly all of the heat during cutting, leaving the
workpiece cool and minimizing any thermal geometry variations. The surface finish and profile
accuracy are close to grinding quality. Whirling machines usually consist of four major parts; 1)
loading system that requires the necessary axial speeds, 2) head stock that needs high precision
clamping and positioning system at the chuck and tailstock, 3) whirling unit that demands the high
cutting speeds and cutting power for cutting deep thread profiles and 4) unloading system that requires
an easy workpiece unloading. Also, capabilities of the whirling machine can be improved by attaching
a vision system to the machine. Most of whirling machines in Korean automobile industry are
imported from the Leistritz company, Germany and the Hasegawa company, Japan. In this paper, a
basic research will be performed to improve and enhance the existing whirling machines. Finally, a
new Korean whirling machine will be proposed and developed.
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Fig. 5 Head stock, whirling unit and tail
stock (Real picture)

Fig. 7 Vision system (Real picture)
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(b) Three-dimensional model

Fig. 9 Whirling Ring
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Table 1 Analysis conditions
c Pitch Moving Moving Cutting
ase
angle speed direction depth
1 7° 0.00mm/s 1.60mm
2 7° 3.75mm/s - z-axis | 1.60mm
3 11.5° | 6.545mm/s| - z-axis |1.60mm

Table 2 Input data used in ADAMS analysis

Parts in
... | ADAMS
Whirling Input data
] Tool
unit
Spindle 6000rpm (cw)
Shaft 100rpm (cw)
Stiffness
(newton/mm)
Translation|x = (4800 * 37)
al y = (4800 * 37)
Properties |z = (4800 * 37)
(%, y, z |Damping
component | (newton-sec/mm)
s) x = (4.80 * 37)
y = (4.80 * 37)
z = (4.80 * 37)
Bearing | Bushing Stiffness
(newton-mm/deg)
x = (1.0E+06)
Rotational |y = (1.0E+06)
Properties |z = (0.0)
(x, ¥, z |Damping
component | (newton-mm-sec/
s)  |deg)
x = (1.0E+03)
y = (1.0E+03)
z = (0.0)
Stiffness
(newton/mm)
Impact
Reverse | Contact (1.0E+5)
. force .
action force Damping
parameters
(newton-sec/mm)
(100)
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Table 3 Material properties of the parts used

in ADAMS analysis

Part Densit}; Mass
(kg/mm”) (kg)
Worm (body) 7.85E-06 | 6.94E-01
Worm (clamp block) | 7.85E-06 | 9.89E-03
Worm (guide bar) 7.85E-06 | 1.43E-02
Worm (clamp bolt) 7.85E-06 | 9.89E-04
Worm (locater block) | 7.85E-06 | 2.42E-03
Spindle pulley 7.85E-06 | 1.06E+00
Bearing shaft 7.85E-06 | 1.06E+00 -
Ring cover 7.85E-06 | 4.03E-01
Bite 1.25E-05 | 1.23E-02
Shaft 7.85E-06 | 5.66E-02

Fig. 15 Shape of 7° declined whirling unit
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Fig. 17 Reaction force in each bite for case 1
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Fig. 19 Reaction force in
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20 Reaction force in bearing for case 3
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Fig. 21 Reaction force in each bite for case 3
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(b) 2-D surface image of a worm shaft

(c) Detail image of a worm shaft

Fig. 22 2-D image of a worm shaft
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(a) Image of worm shaft 1

(b) Image of worm shaft 2
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(b) User interface

Fig. 24 Inspection result
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