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Analysis of Dynamic Characteristics of A High-speed Milling Spindle
Due to Support Stiffness of Drawbar
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Abstract

In designing AMBs (active magnetic bearings) for
high-speed spindle system, the shaft is usually assumed
as a rigid rotor. For automatic tool change process, there
should be a tool clamping system with drawbar using
spring or hydraulic force, and the drawbar in the spindle
can be in various condition of support during design and
manufacturing error. In this paper, the modal
characteristics of drawbar in high-speed milling spindle
system due to supporting stiffness between drawbar and
shaft are analyzed by numerical method. The result
shows enough stiff supports must be provided between
shaft and drawbar to prevent occurring drawbar vibration
lower than the natural frequency of 1* bending mode of
spindle.
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Fig. 1 A typical spring type clamping system (HSK)
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Fig. 2 Schematic diagram of a milling spindle with
AMBs
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Fig. 3 Schematic diagram of tool clamping mechanism
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Fig. 4 FE model of the spindle with drawbar

Table. 1 material properties input

Material E(GPa) ?g?c]'s‘l‘g))l Po::st(i):’s
E (N/nm2) | (Nst/mmi)
1.SM45C 23:3 7.;?29 03
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Z2eue dyt ga7de EAAE HE

stglom
uhsh AUE
AR s 4 72

- 485 -

ARG &2
o FHEE FAHE K2

olw Fig. 4 o et 2Ee] =2
Atole] A e AgerAth FARol
AR K & A%
A gsheich.



AHEAL 3 7HNE T& Ao 58& <&
ol sttt 4 TE29uke] AXFA o]l W& Fe
(Case 1, K =Ky=1[N/im]) &} R%E2] A7}

9 =79 (Case 2, Ki=1[N/ml, K;=10[N/m]),
azle ARl R 2 AE (Case 3,

K;=K;=10[N/im]) ol tfste] 3433}t

3. F5A4 54 #4 2%

A, Fig. 5 & S29uE 2§alA] g
-7‘%94 7“% 24 g Jehdz 9t An
52 Black Lancoz ¥ 2 & 5000 Hz 713
FZ34S ue AFolr) 1 AR
Fufgof 37 B F
FE) x&

2078 RE=E

—rE‘: 974 Hz & EE?SP
qerw ¢, H wloy
ATt

TE Holx
7801 FHn

2 g% sobd 2 ¢ Uk ot AXPA
o 3z AZEAE AR RLE oA + 9

' e

a. 626 Hz (1% drawbar mode)

b. 690 Hz (2™ drawbar mode)

d. 2120 Hz (2" spindle mode)
Fig. 6 Mode shapes with drawbar (case 1,
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a. 662 Hz (drawbar mode)

Ki=K;=1

c. 393924 Hz
Fig. 5 Mode shapes of the spindle without drawbar
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a. 833 Hz (1 spindle mode)

b. 1567 Hz (drawbar mode)

c. 1904 Hz (drawbar mode)

d. 2041 Hz (2™ spindle mode)
Fig. 8 Mode shapes with drawbar (case 3, K;=K,=10
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Fig. 9 Frequency response at spindle front end
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Table. 2 Results of mode analysis

Case 1 Case 2 Case 3
No-drawbar | K =IN/um K, =IN/im K,=10N/um
K=IN/m | K=10N/m | K=10N/um
974 626 662 833
689 839 1566
/ 879 1138 1904
y 1174 1936
» 2,580
/ 2189 2578 3054
3505 3537 3568
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