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Structural Characteristics Analysis of a High-Speed Horizontal Machining Center
with Built-in Motor and Linear Motors

Seok-I1 Kim*, Jae-Wan Cho’

{ Abstract }

This paper presents the structural characteristics analysis of a high-speed horizontal machining center with spindle speed
of 50,000rpm and feedrate of 120m/min. The spindle system is designed based on the built-in motor, angular contact ceramic
ball bearings, oil-air lubrication and oil-jacket cooling method. The X-axis and Y-axis feeding systems are composed of
the linear motor and linear motion guides, and the Z-axis feeding system is composed of the servo-motor, ball screw and
linear motion guide. The structural analysis model of the high-speed horizontal machining center is constructed by the
finite element method, and the validity of structural design is estimated based on the structural deformation of the high-speed
horizontal machining center and spindle nose caused by the gravity and inertia forces.
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Table 2 Material properties of HMC

Density Young's modulus | Poisson's ratio
GC300 | 7,300 kg/m’ 90.0 GPa 0.25
SCM440 | 7,860 kg/m' 205.8 GPa 0.30
$45C | 7,817 kg/m’ 209.0 GPa 0.28
Fe-Si | 7,833 ke/m’ 28.0 GPa 0.30
Cu 8,930 keg/m' 122.6 GPa 0.34
SUJ2 | 7,860 kg/m' 205.8 GPa 0.30
Si3N4 | 3,200 ke/m' 314 GPa 0.25

Table 3 Axial stiffness of feeding mechanism

Actuator Axial stiffness
X-axis Linear motor 2x800 MN/m
Y-axis Linear motor 2x800 MN/m
Z-axis | Ball screw + Servo motor 781 MN/m

Table 4 Stiffness of LM guide

Compressive load] Tensile load Lateral load
Fig. 4. FEM model of high-speed HMC X-axis | 1,155 MN/m 1,000 MN/m 1,126 MN/m
Y-axis [ 1,231 MN/m 1,000 MN/m 1,126 MN/m
Table 1 Node and elements of FEM model Z-axis | 1,333 MN/m | 1199 MN/m | 1,154 MN/m
Node pumber 48,142 Table 5 Stiffness and damping coefficient of bearing
Shell element (Shell63) 8,686
Element Solid element (Solid92) 11,037 Stiffness Damping coeff.
number |{ Matrix element (Matrix27) 108 Front bearing 117 MN/m 0.90 kN-s/m
Summation : 19,831 Rear bearing 101 MN/m 0.78 kN-s/m
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Table 6 Mass and inertia force of feeding mechanism

Max. Max. Moving |Max. inertia
feedrate | acceleration mass force

X-axis | 120 m/min 12 G 863 kg 10,150 N

Y-axis | 120 m/min 12 G 377 kg 4430 N

Z-axis | 40 m/min 06 G 183 kg 1,080 N
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Fig. 5. Structural deformation caused by gravity force

Table 7 Structural deformation caused by gravity force

Max. total | Max. Y-axisl | Max. Z-axis Max.
displacement | displacemen | displacemen Stress

39.8 m -39.6 (m 5.6 m 10.9 MPa
(upper face of bedupper face of bed)upper face of bed){Support point of bed)

Table 8 Deformation of spindle nose caused by gravity force

Total X-axis Y-axis Z-axis
displacement | displacement | displacement | displacement
28.6 um -1.2 m -28.5 m -1.3

BrolA Aol A WS QS Hl=2] A ZA7H
dHY F¥o] HAHA] P2 L2 FHE o]Fx o
A AHAHeR T2 g0l ARt | Atk

g AFel At 214 +3Y wAGAEHSY A §
7t 58L& 10.9MPaolm, HE 2 HofA LAt AL

dZged, of g FHY 8§ $3U 120~290MPa
2o 27) g 2o F2HoR & 47 gt wed.

E3 Table 8278 A5 A 5 Joye F
= 2860, 1 oo jEye .yZ wgroz o] 43
2 A ¢ 4 Yok 53] 5 A X& 4 25
M7} 12me} 13me] B S 204 297
HAIGAE o] ¢ FH3} A FFof oA HAE U
e 2& Yujdct

3.3 TA0Y Bt PX
Table 6914 & 4 GQl%o] 214 $HY HAYAE ]

- 329 -



X% ol$A o= A 10,150N9) X% ¥4, Y& o|$A)
ol A 4,430N9] Y& 48, 222 2% ojfAde
) 1,080N9] Z& #do] A8 + Utk A &
A o3t BAAHE AT 20 £BF vjAld
AIE 9] 72 WYL ASHEH ojFA|9 74 40l
204 +4% AYAEY 22 WE nA= ¥ 3
7¥skick.

A gt 12 HY 49 FA 2o o)FA
AAE 2F A5 A% 7= WY 8}1*—‘191 3ot Fdst
A Ao, Bg) A FYTE Hefdr) HalA
A% Bde FASET 222 B4 2 U] 7

Table 9 Deformation of spindle nose caused by X-axis inertia force

X-Axis Total X-axis Y-axis Z-axis
inertia force |displacement|displacement|displacement|displacement

-10,150 N| 817 ym | -81.6 tm | 2.4 um 1.8 um
+10,150 N| 706 ym | 758 ym | 48 ym | -1.0 ym
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Fig. 7. X-axis deformation caused by -X-axis inertia force
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Fig. 8. Structural deformation caused by +X-axis inertia force

Fig. 9. X-axis deformation caused by +X-axis inertia force
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Table 10 Deformation of spindle nose caused by Y-axis inertia force

Y-Axis Total X-axis Y-axis Z-axis
inertia force |displacement|displacement|displacementidisplacement
4430 N | 172 i 01 m | -168 tm | 3.5 um
4430 N| 130 m | -0l ym | 129 ym | -1.9 m

Fig. 10. Structural deformation caused by -Y-axis inertia force

Fig. 11, Y-axis deformation caused by -Y-axis inertia force
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Fig. 12. Structural deformation caused by +Y-axis inertia force

Fig. 13. Y-axis deformation caused by +Y-axis inertia force
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Table 11 Deformation of spindle nose caused by Z-axis inertia force

Z-Axis Total X-axis Y-axis Z-axis
inertia force | displacement | displacement | displacement | displacement

080 N| S3m | Olym | 10mm | 52 m

+1,080N| 37m | Olm | 07 m | 36 m
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Fig. 14. Structural deformation caused by -Z-axis inertia force

Fig. 15. Z-axis deformation caused by -Z-axis inertia force

Fig. 16. Structural deformation caused by +Z-axis inertia force
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Fig. 17. Z-axis deformation caused by +Z-axis inertia force
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