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Effects of Bearing Arrangement on the Dynamic Characteristics of High-speed Spindle
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High-speed spindle systems typically employ angular contact ball bearings, which can resist both
axial and radial loading, and exhibit high precision and durability. We investigated the effects of
the arrangement of the angular contact ball bearings on the dynamics of high-speed spindle
systems. The spindle dynamics were studied with a number of spindle-bearing models, and the
location of the bearings was varied, along with the rotational speed and the preload. A finite
element spindle model and a bearing model were used, and simulated data showed that the
bearing arrangement significantly affected the spindle dynamics. Furthermore, the main effects
were due to the cross coupling terms between the transverse and rotational motions of the ball
bearings. The coupling stiffness terms were found to influence the spindle dynamics, depending
on the mode shapes. An extensive discussion is provided on the effects of the bearing

arrangement on the dynamics of the spindle.

A

=

Key Words: High-speed Spindle (1% A E), Angular Contact Ball Bearing (1% & £H|0{ &), Bearing Arrangement (H
O 2t Z), Preload (0 5t5), Natural Frequency (X3 & &%)

=
X

=

}L
Jho
s

o} % (Angular contact ball bearing)<
bt Sara Aol Eitet

£ 3ol glo] el
%

rulngJ
o,

L S ot
>~
>
oo

(L oo o
J-;'IL i)

2 9 o2 o K

EN
+
> _Q‘ rr
N
N
i)
e
)
2
e o
lo
oy
SO}

8
tlo
N
o B so x

jus)
=
-

TS
[=,)

N4
X ox

Ho

o L0
=
R
ol
Ho
™
o
5
r’X_°4

o
o
Y
rl
Kl
4
I

it

o

-

=

> lo

>,

oo

ol

N
)

Lok S 30 (B [0 o 8 2 of K
o
2
ol
ol
o
[o
N
N
o
o
L
ol
ol
rlr
__\‘,1_1
2
ol
ol

iL_lz_t?VLnllnl-ﬂJO{Nr-{n_%:
et pe
oz
1>
K
Ac)
O oo do AL [y 1o o

o
2
ol
o
tE ofy
ne
o °F
- 1z
- [ o

2
X
rr

A d7gst stz ol
o] 2 &1

% Hjo] g 9
2 H (Sleeve) &=
< ®ol A&t



ok

F2 U35 X 30 H 8= pp. 854-863 August 2013 / 855

Preload z
—

\ Fig. 3 Coordinate systems for angular contact ball

- e — 3
\ 7 .
2 S, bearing

(a) O type (b) X type

g 54 Ragase a7 gl Ay
Fig. 2 Two representative types of bearing arrangement o] gt} A, LEAASA DAEE E59
gk s3] HaMol 2959 AR 2
= =ulojg o] Eo] Helad At AE 9= bl digk AN ol #alS Roa 9tk B
Aol IHFH FAAY e e A8 oE A AT e wojg el Bel F de Mul'ell o3 A|A|
Zrste] g o m wolg wide] wE g3E ¥ Rdy Heas olde A FIasngd!
gotal glovt AAlA SAde] dAll dia) g S 2%d Zra8s A8t JitE T2
o AWS g @2 3ol my] oyt S ol gt 37HA A ME vE g
25 Bl e AHEE o w2 e o)y Wi ud g S AT 49
549 Tadolx: Bstal wo g e iAol BFdd S BAsty] Sl stdaA dAlel A e
2959 FE5A wAE Gl disf =24 RO o)g Axel FEITmael o3 4
wAE T Abdle WA ¢tk Ligk Shin’ W tg FAll AAEIAT 58] Hoj"e] wjd I}
o]g AHwWgo] W5 FEA WA= IdF AAel wE 545 2ol AESG o 2uE-m
of tial Agsiiorn FEgd wE Hoy 7 oAy A9 afxlEs M RedLs AF5HoR
=% AR FdFol s st 2y 2~ HlaL HEste] wlojs wide] me WstE JidH
A5 AA B BgelA wolge X o= P
MEAYF 5 BHHoE 1Y AL o) Fol
A A gkokeh wEbA 25 AARHAA wE 2. ZAFE 2 Ho{F Mg
3 A e Ao o= 7lE Toll tsiA =
=olwA] gskor] HAARE =3 AP &8t 21 Z8E & HolY §Y
aL Atk Fig. 32 % Edlo]g o s545 wadst
B =EoAe Aosts A A5 B 7] S8l AR HxAI wolFg e e T4
ofg ol wjdzt AuwjdS HEe wojFe wd Aol wisll ool A 7helAl= 3 ZHlE g
o] a5 WA= T4 5A4S aFI & WS 722wy o] AitEw AAg 3}
3] Fol F Jhe] wlolg, e 7 g wlojy o] g ol 7lsEe] k. wlol® AP ES
vhg Ban A eR Axd o wojge 9% Teku Fig 49 22 FEHE YEhA = g7
2 odols wdwAe] WE LFUEFFEY of A et BE AW FHL oustn suso
% BfFREE v gEsen Fo% 9P MAA = o YRE ohe
A2 295 Rdy % gL 53 A2y Ao EAE AZY AR w=% TAL F fle
AAE flgk A7 dAER degEe] g Ta% Adgds oA 9
53], 2435 =ulold Bl ol AP 3 Fd dom FAE 47kA FEe Addelst 3d



ok

F2EUR5sX A 30 835 pp. 854-863

August 2013 / 856

1
=~
=
\}7‘
N
=~
<
S
©

; k
L] y Fy
kzy kzz kzx kza_ z F
Ko,y koo, Ko ko0 1% =1M,
ky ke kg ke kg, ||| | F
e M
k€:y kO_.z ko_.o‘, ko_.x ke:e: z z

Fig. 4 Definition of stiffness matrix for an angular
contact ball bearing
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Fig. 5 Bearing stiffness coefficients with the initial
contact angle varied for 7008C at the constant
preload of 100 N
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Fig. 7 Comparison of natural frequencies as a function
of rotational speed by a commercial program and
the proposed program (s=200mm)
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Fig. 8 Comparison of natural frequencies as a function
of bearing position by a commercial program and
the proposed program
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Mode shape
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Fig. 10 Mode shapes of the first two modes for the
uniform shaft of which bearings are located at
50mm apart from the shaft ends (stationary)
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300 mm apart from the shaft ends (stationary)
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Fig. 14 Mode shapes for the simple spindle model
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Fig. 16 Comparison of natural frequencies with the
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