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ABSTRACT

According to global trend of the expanding need of high-quality automobiles, the usage of small precise worm
consisting of gearing part for motors to actuate convenience modules has increased rapidly. Precision of those worms has

very sensitive characteristic to motor performance and noise. Forming process has been generally used to manufacture
worms because of its mass productivity. However, it has problems such as deformation due to residual stress and wear of
dies. Planetary milling and side milling are among alternatives using cutting tools. To overcome those problems the two
machining methods have some contrast features in the sense of tool numbers and cutting mechanism. In this paper,
machinability of both methods was compared in terms of cutting force, precision and cycle time.
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Fig. 1 Structure of a worm geared DC motor for pedal
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2.1 Planetary milling
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Fig. 2 Mechanism of planetary milling

2.2 Side milling
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Fig. 3 Mechanism of side milling

(b) Side milling cutter

(a) Planetary milling cutter
Fig. 4 Cutter for planetary milling and side milling
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Table 1 Experimental condition for plane machining

Feed rate | Cutting depth | .

(i) | (men) | Side milling cutter speed (RPM)
254
5 225 780,1000,1300,1500

Table 2 Cutter parameter for plane machining

Diameter | . : No. of | Nose radius
(mm) Side angle of bite (mm) bite (mm)
80 20° 12 04

w v V)
ohase phase phase
¥

Current
sensor

Motor driver
{} Low pa !ter

Fig. 5 Schematic diagram of plane machining
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Fig. 6 Comparison of cutting forces between tool

dynamometer and motor current in plane
machining
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Fig. 7 Comparison of average cutting forces between tool

dynamometer and motor current in plane

machining
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4. WORM 7}& Alg
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Fig. 8 Tool tip run-out of planetary milling cutter and
side milling cutter
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Fig. 9 Current signal of planetary milling and side
milling at feed rate 600 mm/min
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Fig. 10 Comparison of cutting force between planetary

milling and side milling
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Fig. 11 Measurement position of worm thread

Table 5 Threading time and quality for the three methods

Forming Pla.ne‘tary S.@e
milling milling

Profile Error (zm) 13.1 22.1 15.7
Cumulative Lead
Error (um) 247 8.6 7.5
Pitch Error (m) 13.6 4 32
Thread Surface
(Ruwceim) 0.644 634 5.887
Threading Time
(sec) 10 36 28
Tool Speed (RPM) 1900 1800
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