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ABSTRACT

This study examines the implementation of a kinematic machining tool to evaluate the interference and
collision phenomenon of 5-axis machining of wing ribs from airplanes, particularly for a large-size model
airplane. We develop a machine simulation model of a parallel kinematic machining tool that can operate in
a virtual space, which is equivalent to the authentic conditions in the field. The investigation of the
simulation function elements indicates the necessity to generate the 6-axis machining, which attaches an angle
head to the main axis of the machine. Using an NC program for the wing ribs, we attempt to verify the
correspondence and conformity between the machine simulation model and the actual equipment.

Key Words : Parallel Kinematic Machine( 8 &7 S&7|H|), Machine Simulation(H&l A|S20]4),
Angle Milling Head( 2225 =)
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(c) Simulation model of pallet changer device
Fig. 7 Simulation model of angle head and pallet
changer device

FEEE NC ZZOY MM
7)1 FER7IAIL WAl AlEYeldS 2§ av)
o EH ASE 3t7] AsliA did dH5EF 7S &
NC Z2 7303 2gslth Fig 8ollA= NC 22713
odEel SHRFY 4 2 A7, 715 Rl tigk
Hg32E ez gt
FHEFL F37] T Ze3he e
3tEe AAse Ud FREZA Ave Zo
5271mm, ¥ 1,481mm, %°| 138mmEZ FBHL L
PoJoz o] ozl BRg §e] uA™ 3147187
&5 a73he UE FFolth 9HEFY e 2
A FAFe] F27F(NC st stage), HloJ&H 42
3hal 9 A 2L7FE(NC 2nd stage), EAH FAbo] =
A 271E(NC 3rd stage) A2 o] F ozt &37]
27 o] 9] (skin)9t ZHEE P E(rib feet)F-9] <]
2o gl Uit 7la F5ol daUPIA=E

B2 F 6% N BAA T o 2ol AH, TAR 1A
2Rl B2)E )5 EL AIELYHES Hast]

7VESES 2 O9S AAASHATH

Fig. 9@)°lA= I857F] 7Ig 3448 284 A
TT D VA 7 A T FAREE YR
2101, Fig 9b)olAE= NC T2 13 24 348 et
A Z o]t} CAD/CAM AZE$]| 0|2l CATIAS NC 7%
< o] 83ty FTFAZE AP D)3A L, ol dgh
gt AlEFHOI Q) BE HEE AR F APT
sourceI Y (D) =83

Length : 5,271mm

Web thickness tolerance +0.25/-0.08
(minimum web thickness : 1.2mm) T

Flange thickness tolerance +0.20/-0.20
(minimum flange thickness : 1.4mm)

Fig. 8 Shape of wing rib part and main part

tolerance"!

GOTS /2301, 06896, 479.86407, 120.00000, 0.000000,

; VERICU'
N38 SEMIFINISHI INSERT/SEMIFINISHI
130 CHECK TOOL DATA SPINDL/27500.0060, S
Na2 CAXIS REQMNT
2990000, 3.0900

0, 4,23%5,08896, 479.86407, 14.04189, 0.000000,

GOTO /339106896, 479.86407,  11.04189, 0.000000,
5.000000. 1.060000

(b) Generation process of win rig NC program

NS8 X2386.03 Y483.537 F6930

Fig. 9 Generation of NC program and wing rib
machining process

— 52 —



65 WA7T

FAANA ) 04 AR SRR A gol BE AT

D F=TIAFEEE A, Alled, As5E

Post-process &= ZE ¢J]o]Ql P-WorksS ©]-&3}o] APT
source IS WH7|F FA7| Aol HZH3tE NC L=
FA@)= H3HE IS A NC T2 94
34T

32 HA AlE2fofdE o885t NC Z2T03 ZHE
LPHEF] 712E 3l AAEE NC =23 o
g A5 2 HAs ‘i‘rﬁﬂi AlEH oA HE AZES ]
<l VERICUTOIA FT4 =2 H 7Fg7u] o] 2ol of
g AlEY ol AAS St
Fig. 10N A= ZF 718 &4 o 142 2
T8 RS AEHA A% HHE E5S U
W glom, Flg 10b)olA= F&71A9] M4l AlEd
ol AL BHES e Qi HAl AlEd ol
AA A B (@)?Jr W8 7] 752l Sprint Z3 NC-head
7F B85 el YPEF] 2 FARHNE THE
e B5(Q), d=2EHs = A2E e 91
ZA R =2 gds 7Este Z50), dF
=g =rt AzkE el A AR S 914
g £& JMESE ES@)S YER L dth

e

(

¢

st HAl
AlE8o|M
AEH AR S Bl HAHsE NC Z20H&
AAAR FYste] dHEEFES AEVIES Fo2
A AlEF 1A o] HA 7)o} YA T
HAEAZ vwstgTt Fig 11d4E 3877 &
71A19 =8 715l & f\l%ﬁﬂ A 2z JH5F
7VE Al 7Y s REES vlaste] UeRd Fo]
t}. B1X] ZZ H(touch probe)E ©] &3t 7|FH SAH R
S(@)FF HB7)F52l Sprint Z3 NC-head®) 5% 7}
2H(@), JSUFPINEE o] 83 SHE HIE Z2
ALt 6= /M EHQ), dF=LEHIA=I F
%Oﬂ A2 BH(@) 5 vlasted Ye 1 9o,
ARt Tl FEEATS & 77 AT

Flg RAAME FBEF 4 TAHE AEHE BEE
I 7bgol ¢Ed YHFEFEY 4 vERA Aot
AEZNEE 3DAY 7HEFA S AXA SAEA S
H, 7FFAE F 22A12k0] A8 EH U f\l%eﬂom
A A NC el td T2 AF5S &5t
55 713 2 AZI=E ZAEE AdEH oA 6% 7VE
A A = e FATAY] I FER

=
=

33 AR ES MEIISE S
i

Angulur drilling head

(b) Machine simulation of main head and angle
Fig. 10 The simulation of wing rib NC program

Probe Sprint 73 NC-head Angular milling head Angular drilling head

uone[nuIg

Suruyoe

11 VS
Probe Sprint Z3 NC-head  Angular milling head Angular drilling head
Fig. 11 Comparison picture of actual equipment and
simulation model

Fig. 12 Machining and complete of wing rib parts

— 53 —



D A=IATFEEE A, Aled, AT

4. &4

B ATE )] Wl Rl Oy 9y T2Ee
N&TFE] 2 AMEE WErT FFTAl o
w2l AlEd ol Rds A NdEtH T, 71Ee] &
H 2= 71g0] 8713 $-912] 713l %*f‘z}a REC]
o] HEE 3t ofot 2L AHRE AN

1. Ha87)F F27)A Ml AEeEeldS Hf&
7P FRARD S A MRS, ol F 3l
Afg HE J}Z NC T2 oﬂ st F271A19] 2k
9 ZFEHG o 25E sk

B E =L s, T w3 A
%54 AEY ol RAS FE3ta, ARl F27)A <}

- =5 HWAUS S 74 A
0E YHEEL 7S 913 NC HlolHE A
Hal AlEE oA A5 A AR F A 7HE
she] o] 8% *&7174154 w2l Al EE o)A meo]
AA 7hEEA A 9] F27A) FUA TEHEE

sta, oy 99 FFY 7HEeE vl AlEdE o]
& 595 I3ty ¥5 A9E Ay

mL
1>
Lo

00

o
3.
a,

&

M oM mx o o

1o oF
JLJ

REFERENCES

1. Lee, M. K., Kim, T. S., and Lee, W. C., “Study
on Parallel-Typed Robot and Machining Tool,”
Journal of the Korean Society of Precision
Engineering, Vol. 18, No. 7, pp. 9-18, 2001.

2. Shin, H.,, Ryou, H. S., and Jung, Y. G., “The
Evaluation of Machining Accuracy and the
Machine Simulation for Parallel Kinematic
Machine Tool(PKMT),” Journal of the Korean
Society of Manufacturing Process Engineers, Vol.
8, No. 4, pp. 41-47, 2009.

3. Kim, J. S, and Kim, Y. J,
of a Developed Small-angle Spindle Tool,” Journal

“Cutting Performance

of the Korean Society of Manufacturing Process
Engineers, Vol. 15, No. 2, pp. 111-117, 2016.
4. Kim, H. J, Lee, I S., and Kim, N. K,

“Interference Check and NC Data Optimization
through Machine Simulation in 5 Axis Machining
of a Vehicle Parts of Aluminum Alloy,” Journal of
the Korean Society for Precision Engineering, Vol.
21, No. 12, pp. 52-59, 2004.

5. Kim, H. J, Jang, J. H, and Kim, N. K, “A
Study on Interference Phenomenon of a Machine
Tool When 5 Axis Working with Virtual Machine
Tool,” Journal of the
Manufacturing Process Engineers, Vol. 4, No. 2,
pp. 16-23, 2005.

6. Son, H. J., Cho, Y. T. and Jung, Y. G., "The
Development of Module for 5-axis Drilling of a

Korean  Society of

Closed Type Impeller," Journal of the Korean
Society of Manufacturing Process Engineers, Vol.
13, No. 1, pp. 1-7, 2014.

7. Son, H. J.,, Lim, E. S. and Jung, Y. G., "The
Improvement of Surface Roughness of Marine
Propeller by Continuous Control of Cutter Posture
in 5-Axis Machining,"Journal of the Korean
Society of Manufacturing Process Engineers, Vol.
11, No. 2, pp. 27-33, 2012.

8. Jung, H. C, Hwang, J. D. and Jung, Y. G,
"Development of CAM Automation Module(E-ICAM)

: A Study on

Configuration of Module,"Journal of the Korean

for 5-axis Machining of Impeller

Society of Manufacturing Process Engineers, Vol.
10, No. 4, pp. 109-114, 2011.

9. Suk, H. S., Seo, Y. H,, Lee, S. M., Chung, G. S.,
and Kim, D. Y., “Modeling and implementation of
internet-based  virtual  machine  tools,”  The
International Journal of Advanced Manufacturing
Technology, Vol. 20, pp. 1-7, 2003.

10. Hwang, J. D., Kim, J. H., Cho, Y. T., Jung, Y
G., and Ko, H. J., “Development of the Optimized
Angle Head for Internal Shape Machining Using
Five-Axis Machine Tool,” Journal of the Korean
Society of Manufacturing Process Engineers, Vol.
14, No. 1, pp. 123-129, 2015.

11. Lee, I. S, and Kim, H. J., “A Study of High
Speed Machining Distortion Characteristics of
Aluminum Lithium Alloys Wing Rib,”
the Korean Society of Manufacturing Process
Engineers, Vol. 13, No. 6, pp. 111-118, 2014.

Journal of

—54 —





