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Effect on the Compliance of Spindle-Bearing System
by the Assembling Tolerance
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ABSTRACT

In spindle -bearing system, the displacement characteristics of the bearing by the load applied on the spindle are
affected greatly by the assembling tolerance between the spindle and housing assembled to support the bearing. Also
in spindle system of rotational operation, the compliance characteristic of the bearing is expected to be varied
frequently by the thermal deformation of the spindle and the housing. To predict the thermal deformation of the
spindle including heat generation of the bearing, we need to examine the effect on the compliance of spindle-bearing
system by the assembling tolerance. In this paper, we proposed the load-displacement relation expression considering
the effect which the variation of contact pressure due to the radial directional assembling tolerance between the
bearing and the housing influences on the axial and radial directional displacement characteristics of the bearing.

Furthermore, for several assembling systems of bearings and housings having all different assembling tolerances,
we proposed a method to predict exactly the variation of the bearing preload which is sensitive to the thermal
deformation by showing the propriety with experimental results

Keywords : spindle system(5 % 7)), spindle-bearing system(% - w8 Al 228, rolling bearing(& ® 1 %),

bearing housmg(?S}—r A), assembling tolerance(Z>

contact pressure(73 & $HH)

1. M B

ZoMlola Azgel QolA F&ol ﬂsnzw a3
g dolwel Wy AL veldg Axas) s
zgue Sedd 739 z%z}oﬂ 20 9%

e
=tk £y JALE Fo] gl FEHACAE oY
& A=A RESe] AW °1’6‘}°ﬂ1 k5ol Wstaty)
Wio] Woly WELolAAs} AHoR AF Wt
g o] oardril, 2] ol @ ﬁi*oh_ HI9 337
Aol a7t FEsD dE 14, THE FHEA 4
oA &=xs ENYIT glg:q Wolg o] wjAg e
e W F50 A, A Ws R 2w t&ﬂg}
2o FxA9 %%Mpkyiﬂ-ﬂﬁﬂ A%z 5
s wojgahed 1t 2HFTATE Wil ?‘%:a}
oldzo] BN G dAE FEE Bast Ak

71E0) Welge] el gloiMe dlzz sF-u
g pANe] 22 AbEEol goh e Wik &
oxw FEol zYE A AgHN. 1 2UT
Aol whel FHAC] BETGo|ds BA4= AA €t
#7) W Bol] Wolg-sk-¢A zhel = Wshel W& A
% oty Wsg mee wWoly sF-ue BANe A
7} o] Folxof @t

2 QAo JEATYE wojgo] A =
A9 A%, 2EFAE 2 Wold ¥ #AE A
stz ol & AWE ko AF AT

-995—

N
ol

teE e =2 FXE Dot oY WY

2.1 &Fol 2t30l EXst=s BT

% # 1), bearing displacement(#l o} & ¥ 9)

Zo] oy s dtHem =9 3
€0l A8} gooi, 4 ol Aigel HF
1

Bgso] gstal FAHAAL Yo wejPol
AR e atEH We ALTeRA £k 3
$ AMI 2e BAE 4L F AN
Q= Ks"*
oldl, @ : A&FWe FAY T
K: 24 A=
5 AEW FAY W] & WA

22 ZMo2 UehlolAE F AF BAAAM, 5%
w Ateloll = Al@2)x} e #AZE EAsHA =B, ol
w = Boussinesq 7} A A g w53 A (semi-finite solid)
o] AAZAME NHNE HE B @4¥does
& (3)0] AHgsoA gt

Wy +w, =8 - Ax? = Byy?

ojufl, w :
S
A LBy

3ol U@ 2 2AY By w
F g AuE 2F @4 2
AEES e 22 349

@



1—v HJ D(é’ 77)d§d77 — @)

olm, p&.n)E WEHEAL o BEeb: shxo)
A then ol dedleld 4 Ut

2 2
X y
Plx.y)=P |- _j (_j y
(x,.y)=P (a 5 (4)
olu, a, b: BPE}%HH Nk, uky
R AEHAFAAY ¢y

24@2), 32 T Fo A7 wRFAs 7R s
M FHR Aom A Fol wi W AR 29
o B4 HIBYL Yehdo 2y, 24l wojay
o A¢ woR g} WEL £33 FAS 137
o AEN 5FF Pyl s dolme HER o
9jo] WA wero] wygol EAEA o, wakd u
FRAZE st ALgE A@)e] ol F g
nelg W @A BeE A Pt}

olwf, (3)e} wol F7late} maHojo} Fte WA
Wake] WHE og3 2ris, 6).

Ar—/[ ZZPsin(z?”n) —1} ®)

Woim w,oEel Wy
F 820 AEY: dFQ
+ .

& WMFAAM, 3 Wy
< 46)F 2ol JEhg

o= [[otx.y100 Q)

Q

4714 Woly g3 et Yol e
daolet AT W3, 4], 4G are v A7y
Fol ebd 4 it

1,-0 212 7
Ar =1, ——-Z cosaosm( Thn) 1 )

olw,n :0,1,2.2-1

Z Wold e ez 4
tiHolw 9% EE Wa S
D FACNAN GE EE WE 247

1z &
o o Sl BIbE A 2o we =y Az}
E oy W& aA4dAS

R

Do 27) BEggel gy Ay
2t}

A chest

fac)

212
w _@[Z__TE)%COS% sm(2Z n) —1}003%(8)

olgolxel Moy g WAL WYL 1
z9 ¥

Eil?} B0 A2 wE Aol glolr 71E9 3
Ex AHEE B3 7t 499 wol 2(8)e]

w7t nEE AEE w s 410)7 2t
thﬁbpo{K(e)—D(e)i(;—B(e)y—:J ®
a b
ojul, Ke): A 1% g A8
Le): Al 2 & &1 2R
D(e) : eiz[k(e)—L(e)]

B(e): K(e)-D(e)

w' =w+w"

w =12 p [k ——B(e)y—j

/
+1, [li Q9 OSCIOSIH(Z—/?) —1}:05%
E t jomab Z
(10)
o} 2, Mol Ao Fak 1Fo] Yy wA
B WYL gy B sFauANgG wy A
g 7IAA 28 298 $89 gasgn.

12 T
Beanngon}y
etk Lt T F T Py N AU
//
— -~
£ unloadmg 1Gf"0 85 d
I P st B i I s
. 0
g ; e
b ] SR IS e S SN
b+ : 7
2 : :
o ! ey f
5 L R 7¢~--—4eadmg-.d~06.t"0 92
2t -7/-’-/-5 ----------- S REERRN A
P )
ke
0 : : ,
0 5 10 15 20
Load [Kgf]

Fig. 1  Axial load and radial deflection relation
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Fig. 3 Experimental Setup
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Table. 1 Specification of bearing and housing

Bearing NTN 7016CDBT
+15D/GNP4
Housing GC30

Table. 2 Assembling tolerance between
bearing and housing

Symbol Meaning

L22-127 Clearance 22~27um

L10-L14 Clearance 10~14um
T1-T4 Negative clearance 1~4um
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Fig. 4 The Relation of load -axial deflection
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Fig. 5 Change of the axial load and axial deflection
relation by thermal deformation [L22-127]

L10-L14

Axal deflection [ £m]

Load [Kgf]
Fig. 6 Change of the axial load and axial deflection
relation by thermal deformation [L10-14]
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Fig. 7 Change of the axial load and axial deflection
relation by thermal deformation [T1-4]
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