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Static characteristics of oil-lubricated multi-leaf foil bearing

with compliant support

HU Li-guo, ZHANG Guang-hui, XIE Liang, LIU Zhan-sheng,
Y AN Jia-jia,~XU Fang-cheng
(School of Power and Energy, Harbin Institute of Technology, Harbin 150001, China)

Abstract:” Multi-leaf foil bearing-with compliant support was proposed in order to in-
crease the ‘bearing load 'capacity. '‘Based.on theflexibility matrix theory, the foil deformation
was calculated theoretically, ‘and compared with the finite element analysis results to verify
the accuracy of the ‘proposed method. The relationship between the oil film thickness and
foil deformation was established. The static characteristics of the oil-lubricated foil bearing
were studied numerically and compared with those of multi-leaf foil bearing without compli-
ant support. The static characteristic test rig for oil-lubricated foil bearing was constructed,
and then the load capacity of the foil bearing was obtained experimentally. The results indi-
cate that the load capacity of multi-leal foil bearing with compliant support is bigger than
that without compliant support. When the rotating speed is 30000 r/min, the load capacity
of the bearing increases to 109% compared with the bearing without compliant support. As
the rotating speed increases, the tendency for the increment is more obvious. The experi-
mental load capacity agrees well with the theoretical value, and the difference between the

results (measured and theoretical results) is 2. 7%.
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Fig.1 Structure of multi-leaf foil bearing with

compliant support
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Fig. 2 Geometrical description‘\of single foil
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Fig. 3 Schematic diagram of radial support structure

of single spring
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Table 1 Calculational parameters of cantilevered

* Rdx =

bending beam

S8 Kl
96 R 24 Re/m 0.01
R R T/ () 80
R 9 L/mm 1
AR Tr/mm 0.5
HEE /2 AP 0.3
WP & E/GPa 210
R 4
NI K, /10° (N/m) 1.0
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Table 2 Calculational results of flexibility with finite element software (unit:m)

Ui, D Ui, 2) Ui, 3) Ui, )
udl, p 1.6429X10°6 3.1647X10°7 —2.0296X10"° —4.1294X10°°
uz, 3.1482X10°7 9.8116X10°7 1.5901X10°° 2.0091X10°°
U@, —2.0271X10° 1.5877X10 ¢ 1.8733X10 ° 3.6717X10°
U4, —4.1125X10° 1.9981X10 ° 3.6608X10 ° 8.5387X10°
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Table 3 Calculational results of flexibility with Castigliano’s theorem (unit:m)
UG, D U@, 2) Ui, 3) Ui, 4)
udl, 1.5844 X106 3.1419X10°7 —1.9997X10"°¢ —4,0725X10"°
Uz, 3.1419X1077 9.7918x1077 1.5927X1077 2.0142x107°
U@, j —1.9997Xx10"° 1.5927X10°° 1.8561X107° 3.6492X107°
U, —4.0725X10°° 2.0142X10"° 3.6492X10° 8.5234X10°°
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Tablé 4 Calculational parameters of oil-lubricated

multileaf foil bearing with compliant support
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WRIEE Ti/10 ' m 3
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AEEAE R/107° m 7.5
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MARKE L,/10° m 9.0
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Fig. 4 Oil film pressure distribution of multi-leaf

foil bearing with compliant support
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Fig.5 Static equilibrium position of center of rotor in

multi-leaf foil bearing with compliant support
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Table S Effects of foil thickness on load capacity of
different types of foil bearing

- AT AR R
R TIT/N HREII/N
0.1 0.53 4.55
0.2 1.64 6.01
0.3 3.59 7.19
0.4 6. 72 8.59
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Table 6 Effects of rotating speed on load capacity of

2.2.2

different types of foil bearing

£ / (r/min) AN AL LA S SRl
RSy /N RE ST /N
5000 2.17 3.55
10000 2 88 _—
15000 330 635
20000 3.59 7. 19
25000 3.82 784
30000 4,01 3. 39
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Fig. 6 Principle diagram of load capacity testing of foil bearing

W o 2 e 0 1, T 2 i
o 7R R 5 ) U 5 RS L I i AR A A 2 A
JEI0 5t A L B 220 9 R T R 2 3 B R B R
BF DN R e il 5 90 R A R L B 7 A K A AR
ot S U B R A i Bl R S IR B AN 5] 6
JE7R . AE S o ik R o, Y 2 e 1 B, B 0 SR
A 0 I B2 5 () B ) A S 0 S il R e IR
D) et 25 "5 R 28 i o 268 TR 7 RTS8 TR

BTSN R

Fig. 7 Temperature measuring device of foil
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