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The Cutting Tool-workpiece Interference Simulation for Worm Screw Machining by
Planetary Milling
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A worm screw is widely used in a geared motor unit for motion conversion from rotation to linear.
For mass production of a high quality worm, the current rolling process is substituted with the
milling process. Since the milling process enables the integration of all operations of worm
manufacturing on a CNC(Computer Numerical Control) lathe, productivily can be remarkably
improved. In this study, the tooling system for planetary milling on a CNC lathe to improve
machinability is developed. However, the cutting tool-workpiece interference is important factors
fo be considered for producing high quality worms. For adaptability of various worms machining,
the tool-workpiece interference simulation system based on a tool-tip trajectory model is
developed. The developed simulation system is verified through several kinds of worms and
experimental results.
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Fig. 1 Worm screw by planetary milling
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Fig. 2 (a) Three dimensional view of planetary milling, (b)
Chip generation mechanism of planetary milling
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Fig. 3 Coordinate system of the cutter and workpiece
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Fig. 4 Cutting tool-workpiece interaction
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Calculated tool tip trajectory

Workpiece helix Tool tip start trajectory

Fig. 5 Front view of tool tip trajectory in mathematical

model

G

Cailculated tool tip trajectory

Workpiece helix

Tool tip start trajectory

Fig. 6 Side view of tool tip trajectory in mathematical
model
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Table 1 Conditions of tool trajectory calculation

Items Data Remark
Helix angle(deg.) 8.98°
Lead (mm) 47.708
Tool radius (mm) 20
Helix radius (mm) 6.3
Thread height (mm) 33
Offset length /» (mm) 17 -20+6.3-3.3 =-17
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ideal Thread
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Fig. 7 (a) Thread cutting without interference, (b) Thread
cutting with interference
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Fig. 8(a) Tool tip interference on thread surface
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Fig. 8(b) Interference of generated thread surface in

3.25 mm

axial section

Table 2 Simulation conditions for a tool interference

Worm Module 1.0 1.5
Thread Height(mm) 2.25 3.35
Outside Circle Diameter(mm) 18 18
Pitch Circle Diameter(mm) 16 15
Root Circle Diameter (mm) 13.5 11.3
Pressure Angle(deg.) 20
Helix Angle(deg.) 3,10, 15;‘%?’4255’ 30,35,
Tool Diameter(mm) 30, 40, 50, 60, 70, 80
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Fig. 9(a) Interference width for module 1.0
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Fig. 9(b) Interference range for module 1.0
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Fig. 11(b) Interference range for module 2.0
5. N2djold daet A Hlw

Fig. 2& A& 54 A2HE o]&std B8
1.5, WAizb 898" , ¥z 20° ¢l A& 7HEE
3 2aFe zE3ds 543 AFYLAE e
Aok zbdel sl B9e A3 Sk

ok
o o~ MU Lo
> )

it ['EFI'FO

L

ooy 2R
Ol oo
ol
(N A N
& oo off o N

| Tool Interference |
Qutside Circle

S0um
:[ 5:00 6.20
lmm

Left Flank
yue4 by

4.00
3.50

Root Circle
Fig. 12 Profile for machined worm

B dFdAe AY 2379 7he 584
°]7] $18 CNC Adutel] H&o] 75
498 ¥ A28 /AR Agd A

T3 Odd AT HEAES %ol

¥ I o

o N

==

2 FTHA AEHCIE Ags §
3G ZE AoE I
) F7AA] AesE 04
1 HE

{r o]
z%

=

—

F7}a)
. o2

t]

o¥ ~ o o fo

)
™

fo

FPRAE AaBey] ANE FPAEL A
2 Best Aok AL ouw.

@ 99 2399 ZEo AWSLE YL
Z7bht W) Oig 2RE e FolAE 3

& Usd, shEel s GaZd wHE
Aadn dee ¢ 5 Aok
G) NEdoA ARy A4 F747
JaZe A FPAA%e 4038 ¢ de 99
s %E #7 Y9k

oelw A7AFE BadEe AP ol
49 23% AE71Es PP A 71T 2
2 7t

#uzd

1. Wehmanm, R., “The Whirling Process for Improved
Worm Gears,” Gear Solutions Magazine, No. 10, pp.
48-53, 2003.

2. Li, X. P. and Li, H. Z., “Theoretical modelling of
cutting forces in helical end milling with cutter
runout,” International Journal of Mechanical Sciences,
Vol. 46, No. 9, pp. 1399-1414, 2004.

3. Altintas, Y. and Engin, S., “Generalized Modeling of
Mechanics and Dynamics of Milling Cutters,” Annals
of the CIRP, Vol. 50, No. 1, pp. 25-30, 2001.

4. Ebhmann, K. F., “Grinding Wheel Profile Definition
for the Manufacture of Drill Flutes,” Annals of the
CIRP, Vol. 39, No. 1, pp. 153-156, 1990.

5. Kaldor, S., Rafael, A. M. and Messinger, D., “On the
CAD of Profile for Cutters and Helical Flutes,”
Annals of the CIRP, Vol. 37, No. 1, pp. 53-56, 1988.

6. Bar, G, “CAD of Worms and Their Machining
Tools,” Computer & Graphics, Vol. 14, No. 3-4, pp.
405-411, 1990.

7. Ahn,J. H, Kang, D. B., Lee, M. H,, Kim, H. Y., Kim,
S. H. and Cho, K. K., “Investigation of Cutting
Characteristics in Side-milling A Multi-thread Worm
Shaft on Automatic Lathe,” Annals of the CIRP, Vol.
55, No. 1, pp. 63-66, 2006.

8. Lee, M. H.,, Kang, D. B., Kim, H. Y. and Ahn, J. H,,
“Classification of Geared Motor Noise Using a
Cepstrum and Comb Lifter Analysis,” International
Journal of Precision Engineering and Manufacturing,
Vol. &, No. 3, pp. 45-49, 2007.

9. Mohan, L. V. and Shunmungam, M. S., “Simulation



ron

=

FUSEIR A 26 H 125 pp. 47-54

December 2009 / 54

10.

11.

of whirling process and tocl profiling for machining
of worms,” Journal of Material Processing
Technology, Vol. 185, No. 1-3, pp. 191-197, 2007.
Spong, M. W. and Vidyasagar, M., “Robot Dynamics
and Control,” John Wiley & Sons, Inc., pp. 62-83,
1989.

Wright, R. S. and Sweet, M., “Open GL Superbible,”
Waite Group Press, pp. 259-407, 1997.



