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ABSTRACT

This study covers the optimum design of the 5-axis machine tool. In addition, the intelligent control secures
structural stability through the optimum design of the structure of the 5-axis machine center, main spindle, and
the tilting index table. The big requirement, like above, ultimately leads to speed-up operation. And this is
inevitable to understand the vibration phenomenon and its related mechanical phenomenon in terms of
productivity and its accuracy. In general, the productivity is correlated with the operation speed and it has
become bigger by its vibration scale and the operation speed so far. Vibration phenomenon and its
heat-transformation of the machine is naturally occurred during the operation. If these entire machinery
phenomenons are interpreted through the constructive understanding and the interpretation of the naturally
produced vibration and heat-transformation, it would be very useful to improve the rapidity and its stability of
the machine operation indeed. In this dissertation, the problems of structure through heating, stability, dynamic
aspect and safety about intelligent S5-wheel machine tool are discovered to examine. All these discoveries are

applied to the structure in order to enhance the density of it. It aims to improve the stability.
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Fig. 1 The structure of 5-axis machine tool system
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Table 1 Specification of S-axis machine tool

T3 g AR
Max. ax1s(§'j1\\;’ezr;e distance mm 420/500/360
Traverse Tilting .angle ' o +30 to
range(A-axis/C-axis) -120/360
Rapid feed rate(X,Y,Z) m/min 100/100/100
Max. rotation speed(A,C)  r/min 100/250
Table size mm 400
Table
Max. permissible load kgf 200
Spindle nose to table tap mm 150~510
Spindle taper - HSK E40
. Spindle speed r/min 40,000
Spindle -
Spindle motor power Kw 12.6
Spindle motor torque Nm 5
ATC Type - Twin arm
Tool storage EA 24
A.T.C Max. tool dia. mm D85
Max. tool length mm 200
Tool to Tool time sec 2.0
lsvilz(é M/C Dimension(WxLxH) mm 200(3);%800><

eamd My

o] M7t 7HE Be "8 Yk golES
d JE=Z tHiﬂ%M A FEE
7+ 8kslg ) welA, & =T /4= 31782570, &
2 N4E 15709770 2 Mesh A X_}%}—E— S35
ot

TEES T 25708 HEZ o]FolA gley o] F
oA Main Bed, Column, Slide Saddle, Head, Main
Table 57/} && F% X—]roqg 3l 97| Wil 3§
3 (Gray Cast Iron)= 3o ym x| 207) 1t
EL A A} TS O]%o}O:] A ZE 2 2 Structural
Steel S FA3FA Tt AAT AFE E4L Table 290
ZHA3] ER AT



5% 2AAL 173 FEAAN BE AT AZ|AVEHA, A0, AsE
Table 2 Properties of materials AlAE & "o Aol iy ATEHJY. EE WEF
o:] O = 3 = =
Gray Cast Iron Structural Steel 9 HOFE 40CTE AYA 4384 S7HE = 4
S Ho 201 40T °]3lZE f+# = F U=
Young's modulus 210" Pa 1.1x10" Pa o= 132 gied 18t FAANA F 5 2
WYziA 25 o] dgsitha A it
Poisson's ratio 0.3 0.28
Density 7850kg/m? 7200kg/m? R , o lso
o A
H —51 /¢ — 51 /9 g —+— X -AXi
Thermal expansion  1.2x107°1/C 1.1x10°1/C < a0 s5ted I 27 © -
Tensile yield 3 S g ——2Z-Axis &
strength 2.5X10°Pa 2.4X10°Pa g 3004....[ - o~ Stress 30 g
-3 -
Compressive yield 3 3 2 200 50 2
strength 2.5X10°Pa 8.2X10°Pa % E
E 100 q10 2
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Table 3 Self-weight displacement and stress of inintial

model
Initial model X-axis Y-axis Z-axis
dispslilzr‘z:;%?;m) 24.3 3.5 -117.2
Stress(MPa) 9.43
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Fig. 2 Thermal displacement and stress graph of
initial model
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Fig. 3 Vibration displacement graph of initial model
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Table 5 Self-weight displacement and stress of alteration

model
Alteration model X-axis Y-axis Z-axis
Self-weight
displacement(4m) 22 2.5 -36.4
Stress(MPa) 11.7
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Fig. 5 Stress picture of alteration model(at self-weight
analysis)

Table 6 Self-weight analysis comparison of initial and

Table 4 8% =Y A% Hax alteration model
Initial Alteration . Initial Alteration Comparis
model model Comparison model model -on
Head 510kg 440kg 30.2% |, Self-weight
displacement 24.3 22 9.4% |
Slide saddle 356kg 234kg 34.3% | (X-axis)
Main bed 4Rib 6Rib 50% 1 Self-weight
displacement -3.5 2.5 28.5% |
(Y-axis)
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