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ABSTRACT

In general, recent critical studies of five-axis machine have tended to center on the question of effective
machining to realize complex shape parts. However, the hydrostatic bearing and journal bearing, both of
which are involved in the complex process of dividing the processing of internal precision-shape machining,
must be optimized. Although the angle head is designed to machine the internal shape as it approaches the
inner diameter of the work piece, research on the angle head in five-axis machining has received only
minimal attention in domestic industries. In this study, an angle head which is optimized for effective internal
shape machining is developed. In pursuit of this purpose, 3D and 2D designs of the angle head for five-axis
machining are devised. Reliability is secured through static performance tests and machining accuracy
evaluations of the angle head in keeping with the machining accuracy standard of 0.2mm for hydrostatic

bearings.
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Fig. 1 2D drawing of the angle head
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Fig. 6 Assembled angle head

- 125 —



F 0 @RIIAME S A, A4, Az

W32 E MY HMsgot
3.1 B8 HE HAl

FIHN e A A= AAE A3l Fig. 79 ()< &
Gap sensorS AHE-3l dZd|=e] EEH, ~2WUE
o JAEE 47 S48 o H, Fig. 79 (b)ok 2
D1g1ra1 dial gaugeE A5t g 2WE =9 HIP=
E &4 3tdth. BE H& HAR= KS FAKS B ISO
10791-2)°ll w2t A ST

rlo A rlo

‘517“":—«] XY Z 7]'
& 439 éé% AdE %6}04 EEY oA
%33 =4 o, HIEES el A5} gole=
Fig. 9} 2t} 3824+ Z27|A 25| €9
Aol A gkl © 2 REl 100mmA Foll A 0.02mme| T},
24X A= Angle head®] 2T ERZ Alo|x gl o
HE 200mmA H A SHH T wEbA] FHE A=
0.04mmo] o},

= A}, XF2 EEY —%00001mm7g 2w
Al 8 xE Hlolwa,
38} ojUjelA W= A
XZ2] 23} 0.000lmmE 3 Jﬂ% ‘l—’FXéE 1 Al
S FA && Aoz ",

(a) sensor

(b) Digital dial gauge

Fg. 7 Measwing instruments for static performance
evaluation

Fig. 8 Measurement of run-out

=
=

202

Displacement (1mim)
=

=
=
=

004

.05

Time (Sec)

Fig. 9 Displacement variation according to time

e 21E = IYE =4 WPHL Fig 107}
2T} 90mm @U}%—% Azet P ~TWES T
Z1Al &2 3 X-75l Gap sensore AAX|3FAL 1ipm <.
2 3 AANA “ﬂ ZF 1AM W9 E SAH AT

SR H= OdU}%E A2 % 30mm, 60mm, 90mm2]
A AHoZ Yro] HdA3H S Fig. 109 2L 2%
4 Ado] dog FAG upe} 2ok F2I|A Y
HAz22 2 we} vpx o] HE wlE A=) FFS
F7] whioll Hzxo] vk uiF| e} vpA 2} vk viF| o] Zhe
AAG & ZAHUoHZ 83T

=4 Az 7t 24 AFM Y X= A, Ha,
7% A, H4Fo] Fig 113} o] YT 30mm
ARAA XF, 25 A, HAFE 2ol 20029 27
o =4 A7) dZF = F5 gHrE B
AFE A, HAge] A 2 AL AT = YAk

- 126 —



ol
A
N
ol
N
i
gk
o
=
i)
i
ofh
ox
N
ol

€ HF Y= AL F=TAVFEEE A, A4, AlE

Fig. 10 Measurement of circularity
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Fig. 12 Measurement of parallelism on spindle shaft
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Table 1 Measurement data of parallelism

Measuring points X axis(mm) Z axis(mm)
30mm 0 0
60mm 0.137 0.01
90mm 0.292 0.02
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(b) Side view

Fig. 13 2D Modeling of specimen

No. Part name

1 Clamp block

2 Main bearing part
3 Bevel gear part
4 Plan gear part

5 Angle spindle

Fig. 14 Angle head attached to five-axis machine
tool

Table 2 Cutting condition

Tool nose  Depth Ve Feed Cutting
radius(mm) (mm) (m/min) (mm/rev) oil
0 0.1 300 0.1 off

Table 3 Specification of five-axis machine tool

Modle M2 five-axis machine

Company Hwacheon (korea)

Mechanism Table Tilting - Table Rotation

A-axis -120~+30° Tilting
C-axis +999999~-99999° Rotation
Stroke 750x650%500(mm)
Spindle 20,000rpm

Fig. 15 Finished specimen for inspection
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Table 4 Result of machining precision measurement

. Tolerance Measurement
Measurement items
(mm)  results(mm)

Center

) Circularity 0.2 0.0063
Circle
Straight f
AgANEss 0 02 0.0125
Diamond each side

shape  Accuracy for the
P v 0.2 0.0134
reference plan B

0.2 0.0428
0.2 6] 0.023

Straightness of

each side
0.2 0.0532
Perpendicularity
for the reference 0.2 0.0539
Square
plan B
Parallelism

between the side

0.2 0.0733
for the reference

plan B
Straightness of
Slope e 0.2 0.0246
each side
on the N or
Square oAy OTHIE 4, 0.0090

reference plan B
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