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A Combined Bearing Arrangement for High Damping Spindle Systems

Chan-Hong Lee*

ABSTRACT

The machining accuracy and performance is largely influenced by the static, dynamic and thermal char-
acteristics of spindle systems in machine tools, because the spindle system is a intermedium for cutting
force from tool and machine power from motor. Large cutting force and power are transmitted by bearing
with a point or line contact. So, the spindle system is the static and dynamic weakest point in machine
structure. For improvement of static stiffness of spindle system can be changed design parameters, such as
diamster of spindle, stiffness of bearing and bearing span. But for dynamic stiffness, the change of the
design parameters are not useful.

In this paper. the combined bearing arrangement is suggested for high damping spindle system. The com-
bined bearing arrangement is composed of tandem double back to back arrangement type ball bearings and
a high damping hydrostatic bearing. The variation of static deflection and amplitude in first natural fre-
quency is evaluated with the location of hydrostatic bearing between front and rear ball bearing. The opti-
mized location of hydrostatic bearing for high static and dynamic stiffness is determined rapidly and exact-
ly using the mode shape and transfer function of spindle. The calculation of damping effect on vibration by
unbalance of grinding wheel and pulley in optimized spindle system is carried out to verify the validity of
the combined bearing arrangement. Finally, the simulation of grinding process show that the surface
roughness of workpiece with high damping spindle system is 60% better than with ball bearing spindle sys-
tem.

Key Words : High damping(i74]). Spindle($%), Bearing arrangement(¥lo] ¥ €), Hydrostatic bearing
(A ¢l®), Dynamic stiffness(57243)

© REIALTY TANALE

139



REES

1.4 B

FA7AY FHEALES 7MEFEEE 29 4, &
AEAGd QFM & FEE 7] ol FHe] F2AHA
7t 3&I1A AA ) Yol 2.8 BH oz Hoj girky,
F52 2Eg FRE LS oW 2As= 2
€ ) JIATREL Agsie dAgEe § g
A242% 2 of A48, Buoiysl A% W A,
Aol A dARA o3 Agsloz F54
2d¢ iAoz Brgd Ha 37, $4oz %
Ho7h 2,

&3] 71329 n3 e 24 E A5t FaI1A
F29| AT F£8 oz, TF 24A, FAA
So] J12R L 15 ER0Z F1FEy gsld 7 Hat
ol 7¥e3 FELRE 81 HN FHTRE U2 Y
o tiabel " glvk, a=la FAVAN 2risE HH
A dabg 4GB ol AAZFE TEE A7t
A 7ME3EAE A 7] ek 3EA7 A F&
%, B84 Aol olx wuc) 88 BHAR F4s1
gl];'l_(B).

% FA7AY A, 29 A dojdy 713, wof
A4, &84 599 AT B9 44¥5E 93T
oZH F2UY 77 EA4AHT $5 A9 FEA F
o] NMH = EAE Hokort A28l Ao 2HE &
= HE 2 337 gl 2 29 e dAeAE
Bo] ZA3EAT FHREE 37 AMER Zg
o]},

R FLAA7| = sFHE F, E5E 947
7] $15k FH g o FEA) Ag o) Fo] o|m g}
FAg e e Bwjeigq] vlE) 53 TA%Ey 2
Hal43E 21 7] gEd 7lgAddn HeHE 3
& 54 Uiz glovt, n&gdd e ddage] &
29l o &AL 278 FANANAE A
o] o)) & Aot}

B AFd A oH & o] FFd o2 Zzfe] Aot
He A5 nagenH 229 3 FEY0| FAd /)
A8 & le EdolEa fAdhiloigy S3dR A
g & ol Wi Alxglez AMstaA §9, o
B g o83 oE AZE] g8 FHgulelge 4
Ao Mg F&9 F, 5 Wz 9 F2o o E
g59e 7Y o EA 238 Bt =
3 32 44, 54 B4 AL JU= &7 A% 17

140

H $APNIG 99 23E 759 AFEI=G £
Z9e] RLPSE o184 Az e Pyl AL
A2, WelRel Byud Aasdel FLAANG] A
9902 W /389 BUzE Pl dAE due AE
st

2. Hiolgel SEud T A3

BHojg FEo] 243 HL B
2ol 7 3 ZHEA b B o|HE F& A
28 AA 9] ZHFA o] AetHA ARatEe] Fe Az
A= 4A B HAE FFl Yot 2AAM nEFEL
22X A4 82 A m, 54 59 AH59E
FAA77) AA Aebsa Wolg e 7 BE F
59 A9d L 380 1eAdte] FAY 47 dE Holy
9 %8 5% 748 Re A& 442 + Aok

FEdWeiFolt FEgHIR L FAHAFIT S0l
Fol B8 10818 =<1 30,000 ~ 80,000 N - s/m¢} %
€ 23 AP &l FHE Fe B &

FRGL Ae 2 5 e AR Holg SHOIT

W 359 229, A7)

o
=

L] #5Y oIy | FAY el
A28 Azg A=y
|- as 8 | . 2249 . T
(3955 N.o/m) {47k~ 2k Noa/m)
A we - 233 . 2 3a
2 7y . ZAYE . ZAYE
AT . 248
2] AR AT e
cme g |- Asgn - A
2 e

Fig. 1 Configuration of a combined bearing arrangement
spindle system.



FRAYE A A13E A10E (19963 109)

FEdod 2 FatdZolvt ZgAsE 2AT 75
o] £E5Y ANt Feto] BHEHA Y] 3
Fulogd wiste HolArt. EF 143AE E =
HolF o] FFHE ARL 2U0] A glof Wojd 2=
7h A 4AR Aol A Eelaitt

FRw R 350 FE B¢ &AM 944 €
d4o] dR AT, 2458 IA M TEE ALaAT L
LUFE UHE FUAAA WHe) FHE A BE
g AAsE ALdn 134 E FA A9NE
Qe velgolrt, 4714 2AdFF 4HE FUHATE ¥
He FALE S A3 AN E o) BT E EFHE Vs
W HolFe] &7} 237 RolARZ damper HAA
AR dAEAol 5 Yok =d KA IHAF
BFuG AlxEle P8} HE A% A
o o9& FESHA oW o sl EvloiEne &
AE e FEA20l PEHE FHE AR o
e olfrz E¥olgH RPEUoEY e AR
EgHE Azde FHd A8ao et 22 B4,
4 54< 4%

3. BEUY FHe| N, S5 SAHA

B E A awe] e 544M ofH FHE Y
Ehilex ol 23 e #4457 st £33 wold A
28 2xy 747 4 dgg2 2dldrsgley
(Fig. 2) e a4y AFRSE 4P
< o] &8ty (Fig. 3).

F&o EFud e AAPE o FHA2FL Fig.3%
o] VR = glow S A2 B wER g wg
A3 Fel #EE A A9 2R geng o
A FAStA

FERYE o[ 4T AL AL FEAD {1
oz INY 358 7leta, FEATAA B E 7]
o2 A, FEA%e B T AF F
I Bgolng o] R W AT A7 7133
Tofl dgg vXA dvh. FEAY A4tg durg
S A zEe 13 n4AFTE FLE P it
azh g7l e FET2E WA g AS E
o Aol 4y A guoizd AXNNE WslAT)
E Aolng, 14 af4AEde A dFE FA F3t
1ot FEAGRAA 13 1/F0ERY ABE AA
% 7] el o] FAE FAV|ELE AT

=1

K
=
i
B

Al

Q?lrz’
tje
u

s
= 3

V /7242424

Fig. 2 Modeling of static and dynamic characteristics
of bearings.
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