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Abstract

In this paper, we propose the generation of a double enveloping worm thread profile with a non-developable ruled surface.
Thread surface machining cuts all the way from the tip to the tooth root at one time, like full-face contact machining, rather
than cutting several times like point machining. This cutting can reduce the cutting duration and achieve the smooth surface
that does not require a grinding process for the threaded surface. The mathematical model of the cutting process was developed
from theoretical equations, and the tooth surface was generated using two parameters and modeled in the CATIA using the
generated Excel data. Additionally, the machining process of the worm was simulated in a numerical control simulation system.
To verify the validity of the proposed method, the deviation between the modeling and the workpiece was measured using a

3D measuring machine.
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Fig. 1(a) Schematic diagram for point milling

Worm
thread surface

Fig. 1(b) Schematic diagram for full face milling
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Fig. 3 Fragment of the thread profile of tool in

central plane
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Table 1 Parameter of the enveloping worm blank
Items Parameters | Values
Number of thread of the worm Zy 1
Lead angle of the worm A 4.14°
Normal pressure angle Ol 20°
Engaging number E. 5
Pitch circle radius of the worm I 15.7
Gear ratio mrw 60:1
Cross angle of the worm gear set Y 90°
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Center distance C 120mm
Base circle diameter Db 71.8mm
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Table 2 Parameter of the tool

Items Parameters | Values
Hanged length L, 70mm
Cut length L, 5.6mm
Cut bottom diameter D, 0.58mm
Edge radius Re 0.lmm
One side taper angle 0 20°
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Fig. 4 3D visualization of worm blank

Fig. 5 3D visualization of worm thread
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Fig. 6 modelling principle of worm thread

Fig. 7 3D modelling of worm thread
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Table 3 Milling condition of the end mill

Items Parameters Values
Feed F 2,000(mm/min.)
Depth of cut H 0.00mm
Cutting direction DC Down-cut
Taper end mill diameter FD J3.0mm
Number of flute FN 27N
No. of toolpath(RH) FD TPN1 5,024

Fig. 9 End mill shape (a) Taper (b) Corner R
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Table 4 Average deviation of measuring point

ZY(#) | ZY()
Taper End mill 0.000 | 0.000
Corner Radius End mill -0.003 | -0.005
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Table 5 Surface roughness and Machining time

Roughness, Rmax(pm) | Time(min.)
Taper 1.017 1.5
Corner Radius 1.131 74
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