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Influence of inertia effects on dynamic behaviors of motorized spindle
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Abstract: In order to discuss the dynamic behaviors of the bearing-rotor system of high-speed motorized spindles, a rotor dynamic model with

centrifugal force, gyroscopic couple and system damp was presented by using finite element method and Timoshenko beam theory. An overall model

test on a 120MD60Y6-type motorized spindle was carried out to acquire the natural frequencies with different work conditions. The results indicate

that centrifugal force will lead to the bearing softening and spindle shaft softening, and the latter is the main reason of the decrease of the natural

frequency of the spindle system. Each natural frequency of the spindle system was divided into the forward and backward modes, and the forward

and backward modes had different change regularities with speed. The good agreement between the theoretical results and the experimental data

shows that the proposed model is capable of accurately predicting the dynamic behaviors of high-speed motorized spindles.
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Fig.2 Coordinate system of shaft vibration
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Fig.4 Element model of bearing-rotor system of

motorized spindle

AR e F s A7 L, A% B8 S A g 3
32 T IR 3 FIRE R ) R X il 7 ) A4 T e 3k
LR RIR — 5% 1 RGBS Bl ooy O B T R
RN :

M, +K5, =F, +F, (2)
M=M,+M, +M, (3)
K=K +K, (4)

Horh:o, RS 1) 5 M, Ry AR 3T Jo 4 B
M SRy T o e R R s M, S BB S R 5 KL R
SRR BEH B s F, R A Efr 1) 55 F, e h
[ N[

5 e S Bt v I R N B0 T RN R AR ) R
AR VR R, 2 (2) W R IR A -
M§ +(C-2wG)8, +[K-w (M, -M,) 18,

=F, +F, (5)
o R ;G N BEIRHE RS ; C R EE
BHJE KR o

HBHOEREA] i Timoshenko FEHHE " #i 2 ,
Horp i MO PR SRR M G EREL A kL s
PEFIRSTA G, M X R FLRE , G 2Ry SO0 FRHA R 5
FERhMI BEHE I K, 55 5 A B G C - 206G
TR ARG R YERBEIR ) AL FE T 2R G FRE
B, Hed € Tk iSRS 2], s A B
PRI A BR T 19 R Ge 254 BELE PR o A A
FEWATEN N - 0 (My - My,) F7R5 80 F1 %
(R, E O R R, 3 A 2 B vy B A0 5 e
R

T ZE UL 2, 5 52 bR A b A i U B
S SR IR B 7 {EXGT 3 i [ A R A R 7

Bttt H (2) M (5) iy F, A%
Tl A TR B () R
2 R

L& 6 kW, f & % # 60 000 r/min [
120MD60Y6 7l il HI o =5l A A58 %0 42, FF
Fh TAEBRSIRL, DR ARG A R TO AT
A AR, BRI IS F I Rk e g ) B A
W RGEA T AT IEN o Firhih & 2= 3
>k B7005CD/P4A Fil B7T003CD/P4A

e R T ARAR AT Fe iRk [ e, HoAiR B
FEORIE TR, th G s 2 ek, BT LA 5T
A 1 91 Bl R 25 AT 2R B R G 1Y 1 A 0005 45 2 2
Rk

L A TR IR AR & 5 frs . ML
BIEB RS T, W B&K4384 il [ By 2 84 fia) il ok
FEAR RS A A F 2 i [ e 1 R i ot IR R
T, R T7 10 L RSG5, 2 9 AT,
SREERTR N 4096 Hz, N5 (B 14E, B 47
PR e ER AL A2 1 P AN 5 ] B AL 23 ) S #1
S it R 1) 1] AL R 3 R S
23 B&K2692 - 014 I H fif fif K #5 A1 SC305 -
UTP %Y LMS {55 R 45 43 B A3 04 7% i A i e )i
I ZAG%E] PC HLELH) LMS Bk 438 #R AR 2R 47
SIHTAL R, 38 b X 4R B R {E S R AT A T R
BRI 43 B LA AR R G0 155 25 11 A BHLJE L i [

HEIHL ] 2@% — Efg; > AL

KIS i TR
Fig.5 Work model test of the motorized spindle
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Tab.1 Test modal damping ratios %
(VA= x y z
# 1.68 1.79 1.56
® 1.92 1.64 1.49
# 2.01 2.42 0.97
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