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Equivalent Stiffness of Bolted Joint Layer of a Spindle Rotor
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This paper describes an investigation of equivalent stiffness of a joint layer of a spindle rotor.
The test rotor is composed of a journal part and two thrust plates bound with bolts. The each thrust
plate and the journal part are clamped with eight M 4 bolts which are arranged on the circle at 45
degrees intervals with a uniform clamping torque. The each surface of bolted joints is processed by
two methods in order to change the roughness of surface. We propose the identify procedure of the
equivalent stiffnesses of the joint layer in normal and tangential direction based on the modal
analysis theory and we can identify the equivalent stiffness in two surface conditions of joint layer.
By using the identified equivalent stiffnesses, we can calculate natural frequencies of higher order
which are not used in the identified procedure and the calculated ones are fairly good well with the
measured natural frequencies of higher order. In two surface conditions of the joint layer, the normal
stiffness and the tangential stiffness increase as the clamping torque of each bolt increases. On the
other hands, in all condition of clamping torque, the normal stiffness and the tangential stiffness
increase as the roughness of surface decreases. Moreover, the ratio of the tangential stiffness to the
normal stiffness decreases as the surface of ronghness decreases.

Key Words : Identification, Modal Analysis, Spindle, Fixing Element, Roughness, Clamping Tor-
que, Natural Frequency, Contact Stiffness
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Fig. 1 Configuration of spindle rotor
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Fig. 2 Surface of edge of the journal part (Rotor G)
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Fig. 3 Surface of edge of the journal part (Rotor T)

Table 1 Surface profiles of joint layer

Thrust plate Journal part
Ry (um) Ry (um)
Rotor G | 0.3 0.6
Rotor T | 28 30

LIRS, ) 28R U RBRZIT R 21, ZTORE—DO—
Y OEMEICHEIM T Z 3 Z i LEsNIza—
FLUTa—% G ERE VIOV TEREITIZ &
Wk, RfddIUNDEENFE LB LTl
fz. ZLTC, #NEFNOHAOREHEOEKRH H X%
HOMZT B8, REBROBEZRIT-> 2.

M2BLU3IZ, FEECTHD Y v —FHIVERED
WA ONE E TORERREZRT. ELK1IZ, H
ERRL VRO 0 - DREREHDORKD 5 X Ry
2RY. MBIUORIRTEBY, 0—¥ GOXKEH
LIRO—Y TORAEDHXICHARELLPEL 2o
TWBZEePbr5.

2.3 EREE X 4 ICEBEEOBIEZ RT. X
EyRyva—92Eoh0nE (AR Y) O EICE:
TEHBEZRRET, 41 /W AN I TO—F 2iTH
LIz EDITBRAET L, A Mo —4IZBI) A
FRmEEL  FIZL VBN MEEES % FFT
WANUGEEEERS. SO CEERE -7
T4y hTBHZEICLY, BERPHEB LURELE
REtE— N2k 5.

2.4 REHE KB, u—yBEEKOREEICE
WTKEREEZEZ BN, 1 IR»D 3T TOMITHR
BE— N ENRIATo 7. BEREND L ORESERIS,
AT A MR EFEOR S SHINZE Y (1) 7o E >3
OMFRMED 1 SEMRL, BoNIIZEEEE

NI | -El ectronic Library Service



The Japan Soci ety of Mechanical Engineers

1704 AEY FAa— DR LI BT 5 SHRE

Impulse hammer

v

[ : 2ch FFT
Accelerometer
AW
| Q
Rotor ’
L]
Amplifier
Sponge

Fig. 4 Experimental equipment system

part Thrust
kr
ghaa i

Fig. 5 Dynamical model of rotor
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Fig. 8 Vibration mode (3rd)
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Fig. 9 Relation between natural frequencies and &,
(kr =1.0 x 1013 [N/m/m?] )
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Fig. 11  Converging status of equivalent stiffness
(Rotor G, T =1.0[Nml)
12 1 I L 1 I

—
(=)
t
o,
I ¢
.
e
*
*
L 4
L 2
L 4

O\
1
ofF
5
a
S
L

Natural frequency [kHz]
=

Ist mode
e 2nd mode
. , @ ---y-- 3rd mode
6.5 1 15 2 25 3 35
Clamping torque 7 [Nm]

Fig. 12 Relation between clamping torque and natural
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Fig. 13 Relation between clamping torque and error
rate of natural frequency (3rd mode)
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Fig. 14 Relation between clamping torque and equiva-
lent stiffnesses
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Table 2 Coefficients of approximate expression for

equivalent stiffness

k. ky

A [x1013] g | B[x101] s
Rotor G 1.678 | 0.860 0.833 | 0.579
Rotor T 0.400 | 1.031 0.348 | 0.812
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