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ABSTRACT

In this work, a study on the 5-axis machining of ball gear cam is conducted which is a continuation of
reference [1]. The ball gear cam used in this study delivers motion in conjunction with the ball supported by
the turret. Therefore, it requires carbonizing heat treatment and is usually completed using a 4-axis machining
with a carbide ball end mill. If the nose part of the ball end mill is not allowed to participate in the
machining, then CBN tools without the nose part can be used. However, machining of certain shapes can be
carried out only by contacting the ball in some of the areas on either side which can improve the surface of
the machining. This requires a 5-axis machining in order to maintain a constant angle for the processing
path. Therefore, in this work, the 5-axis machining method is studied in order to maintain the direction of
the cutter axis at a constant angle with the tangent direction of the curve-ball gear cam. Furthermore, the
5-axis machining program for the ball gear cam was developed and the machining experiment was completed
and verified.
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Fig. 7 Procedure for obtaining cutter axis vector
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Table 1 Cutting Conditions

cutting conditions rough medium m. finishing
cutting tool ball end mill | ball end mill | ball end mill

tool diameter(mm) 13 13 13
cutting speed(rpm) 2,000 2,000 3,000
feed rate(mm/min) 200 200 300
cutting depth(mm) 1.5 0.3 0.1
cutting times(No) 3 1 1

cut. margin(mm) 0.7 0.4 0.3

(b) Machined ball gear cam with 90° spacing
Fig. 9 5-axis machining result of ball gear cam

Fig. 10 Tool paths for 5-axis machining of ball gear cam

33 8710y 5-% 7I3

Table 13} 22 H2zx o BCEY 5-% 7}
7191 vl (Mazak) E371HE7](Integrex-2001V) Ol
Al SCM41541 59} ¢13mm 27 EQE=EY FF=E
271018 5-F ZhEstn. 271013 Thee
Table 13 zFo] &2}, F2f, AH2te| 37) sAHCo=
o] ThEstien, &akel AFe 7hEzlol
Lsmm¥ F7HAA 33 Ttyoz Ao,
2 A 74z 13 AASHATE Table 19
Aol A 03mme] A& Fe AL FJeEd
Aol o3 HE S uHste] A4 {E EA =
Zlo|t},

Fig. 9t 7l 43S HAF1 Fig 9b)E
90°3]7d kel dis) rhEE =707 FAE
HoFEs Z02 7|gdAd FFo = 7hgo] & 3
AT}, Fig. 102 Fig 8(b)e 713HE A =38}
o] AutoCAD®l 7}&4 22 =A% Axtoln, 3hat
< 330 AA 7FFEEE 3749 AL e
=2 9 Fare 7hzk (el 2oz VeER
o 2 dFddAME e dETolA 2% 4
=

=2 #8920, Fig. 10914 R1, R2, R3, Ml,
F12 2% =A4& A&shA &2 339 FAA=E
9} 7+ 13]9] F2F 2 AFAAZRE BAISH, 1, 12,

3, ml, f1& 25 AL 283 339 A4 29
ZF 139 A B AAARE AT Zlolth
AutoCADE E3F T34 29 3L 72 =27

£7101789] 5-% kgl B3 ATE B o
I Z2e AEe AU
1 B7]oAle] AA S wkgste] 7} HA49
oo AN HAFEHS F A
3 AEF O|FER Sk 5-F JlE LIEX
Aﬂ* e skt
I ek 27 FYlA 2T FA4E A

- 103 —



71017 9] 5-% Thgel @ A

ol

¢

71 AI7FE8 s A A194, A2

.}E il

o o ¢
\

o M
3 &
hd

A
N
ok

ttlo
>
ra

[0
2
ui

. Cho, H. D. and Shin, Y. B., "Study of 4-Axis
Machining for Ball Gear Cam", Journal of the Korean
Society of Manufacturing Process Engineers, Vol. 18,
No. 9 pp. 81-87, 2019.

. Cho, H. D., Park, J. B., Shin, Y. B,, Lee, Y. C., Lee,
G. S., "A Study on 5-Axis Machining of Ball Gear
Cam", Proceeding of the KSMPE Autumn
Conference, pp. 47-47, 2018.

. Cho, H. D., Yoon, M. C. and Kim, K. J. "5-Axis CNC
Machining of Roller Gear Cam", Journal of The
Korean Society of Manufacturing Technology
Engineers, 19, Vol. 19, No. 6, pp. 739-745, 2010.

. Cho, H. D., Park, J. B., Shin, Y. B., Lee, K. S., "A
Study on 5-Axis Machining of Roller Gear Cam for
Rotary Table", Journal of the Korean Society of
Manufacturing Process Engineers, Vol. 16, No. 4 pp.
127-134, 2017.

. Cho, H. D, Park, J. B, Shin, Y. B., Lee, K. S., "5-Axis
CNC Machining for Drum Cam with Rotational
Follower - I(Post Processing Method for Rough
Machining)", Journal of The Korean Society of
Manufacturing Technology Engineers, Vol. 19, No. 5
pp. 678-683, 2010.

. Yan, H. S., Chen, H. H., “Geometry design and
machining of roller gear cams with cylindrical

- 104 —

rollers”, Mechanism and Machine Theory, Vol. 29,
Issue 6, pp.803-812, 1994.

. Kim, J. S., Kang, S. K. and Lee, D. S., "A Study

on the Machining Characteristics of Prototype of
Roller Gear Cam", Journal of the Korean Society of
Manufacturing Process Engineers, Vol. 11, No. 5, pp.
60-67, 2012.

8. Junga, Y. H,, Lee, D. W,, Kim, J. S., Mok, H. S., "NC

post-processor for 5-axis milling machine of
table-rotating/tilting type", Journal of Materials
Processing Technology, Vol. 130, No. 20, pp.641-646,
2002.





