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Design of a Reliability Test Platform for High—speed Motorized Spindles
Based on Power Dynamometer and Piezoelectric Loading Systems

HU Ye, YANG Zhaojun, SONG Jing’an, ZHU Yan, WANG Kai, FANG Jie, HOU Yuchen

College of Mechanicdl Science and Engineering Jilin University, Changchun 130022, China

Abstract The performance of the high—speed motorized spindle strongly affects the performance of the high-speed CNC machine tool.
To improve the MTBF level of a high—speed CNC machine tool, it is of great importance simulating the real working condition of the
motorized spindle and developing a reliability test platform. In this paper, a reliability test platform for high—speed motorized spindles is
designed based on power dynamometer and piezoelectric loading systems. The reliability test of the motorized spindle can be carried out
with a rotation speed over 18000r/min; the performance indices of the high—speed motorized spindle can be determined, such as the
performance of the temperature rising control, the radial runout and the axial play of the motorized spindle; with the power dynamometer
and piezoelectric loading systems, the loading condition of the spindle can be simulated, including the radial force, the axial force and the
torque, and the dynamical loading test of the motorized spindle can be carried out; the failures during the test can be detected; the
information of the test can be recorded, and the reliability analysis can be made according to the data collected from the test, providing a
quantitative evaluation platform for improving the reliability of the motorized spindle.
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Fig. 1 Relationship between torque, power and frequency
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Fig. 2 Decomposition of the milling force

8 J& 714
CFat’f;a:’Z
dz’nw’
ﬁqj ,CF\XF\}’F\U»F\(]F\&)F%]/%%( H ﬂ‘j%ﬁn’z}]% Jzﬂ‘jﬁjﬂ:é{ﬁ\
i sa, AYIHI LR  Z 8L IR do A BET) EAR sn WBE I RE
LA H

F= (1)

F.d
- 2><1003 2)

e W 2236 A 5, 95 2 J0 03 ANk 25 YD) g e S g RE ST
G TN TR R LS AL
Tz 103 B OIE) Iy, E1H) 1 53050 R

F=(0.2—0.3)F, (3)
F=(0.35—04)F, (4)
F=(1.0—12)F, (5)

W HL 2l P A AR X (2) i B S Rl A A
AR AT TAER B2 B9 VT 1 ek, #i HSKE-40 JI #ibR
1, B dy=20mm , 3K i1} F,=915N, #X J5 fifi 3 i F.=288.75N ,F,=
915N, F=343.125N, A 7B S2 T80, F5 25 b e 5,
B F=343.125N, a4 i FoMF 5 01, HfE R
960N, MR T2 ad 2, ¥ 3 R B 1.2 A5, Ul )
J1 E=412N 42 [0] J124 F=1150N,

U0 SR e T A R S R T, L S R
BRIV R = b e A2 20 A9 DD AR N o G E  AloR D S2 E n T07
3 5 5 < 71 B TRk 2R 454040, 5 0 150001/ min, 11
B E W HAZHCR C=119,2=1.0,y=0.75,u,=0.85 ,¢;=-0.13,
;=0.73, W T & IR BCHERE N I A GUR AR S

35 Im



] jcmik

¥ 3518 32 (Articles)

B S 2012,30(01)

ﬂ:i
S|

#BLE 0.5N-m AP, it F.=18.75N,F, 1 F, (94 710 56N, I
M, sh S n gk st il A F7 B RENS 7F 18.75—343.125N Z [R{T &
T, R EAE 56—1047N Z [E AT & T . L T LTE
9.15N-m LAY,

HH L Sl AR S B D 2T — 2 R B R fE Bl
T T B AR ) ) Sl ) —E AR S, BT E A
[ IR NBENS 25 Y r 2 il 7 S B U0 I %) R s A R r
VAR SCHULE A2 18] 3 5 %l ) J 1 % 2h 400 38 < 300Hz (4% AR 2
%l 18000r/min $4% f=180001/min/60s=300Hz) ,

1.2 mMHERGLEHET

AENE S B Sh S N A AR AR 2, ARl IR R 4
LRI PR 2% R I A AL | A AR RS R P R R Bl AR I 2 fi
SR INEL . (0% 2] BT A G058 4 L AR &3k
BESRG RLIY 2R A A T T R 5 U LR K Bl B8 4E
FAGR IS I N7 7 AT PstS00 VS18, S8 Un N (5
KK A A 25um, KR 42mm, #i #2554 340nF, #25 NI
JE R 90N/ , Fe K AR shA 2 A 22kHz, B K4 it 7724 5000N,

TR B EREER ) S SRS R T LA B Ak LI
i 4 22 i P RS | T SRS R R S DA, 2
P, VR i ) ok [ 2K 2 7 AR Pl B 2 IR sl 0 AT 3k, T =R
R SR RN 35 5, o 58 L AR 244t PC
(TS TN N

BT UR AN FR B BK SN 2% AE I 20 I R 2 R A
R TFN R ALAE 55 91 WU 56 15 B AR S5 A A 3 TR

56789101112 13 14

1—JRE; 2— 8 Fr ; 3— 3 #;4—r T4 ; 5— I i ;6 — 4R i &
JT;7—HE MR T ;8—il 0 ;9—% 5 ;10— 8 ; 11— MBS
12—BA3P B ;13— B AMIhH; 14—K 2 & 15—[K FE; 16— i8R
B3 e EEn
Fig. 3 Structure of the test platform
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Fig. 4 Structure of the radial loading device (the front
board and the fan are removed)
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Fig. 5 Structure of the axial loading device
(the front board and the fan are removed)
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Fig. 6 Structure of the bearing loading unit
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Fig. 7 Control system of the test platform
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