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Dynamic similarity design of rotor system with squeeze film damper
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Abstract: In order to research the dynamic similarity problems of rotors with squeeze film damper
(SFD), which are common in aero-engines, a similar modeling method was established. Starting from the
vibration differential equation of the rotor with damping, the similar relationship between the unbalanced
force and the damping force in the rotor vibration process was derived by equation analysis method. Based
on the oil film force and oil film equation of the squeeze film damper, the mathematical relationship
between the parameters of the squeeze film damper and the similar parameters of the rotor was established,
and the corresponding engineering design method was given. Taking a single-rotor system of the rotor as
an example, a similar rotor system with a squeeze film damper was established. The dynamic
characteristics of the rotor system and its similar systems were analyzed using the finite element method.
The analysis results showed that the unbalance response error between the similar system and the original
rotor system was lower than 1% when only considering the damping of squeeze film damper in the rotor

system.
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Table 4 Main parameters of rotor system
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Table S Main parameters of SFD

ZH EX 52
2 53 KRIE10° (N/m) 2.6 32
TR EE /m 0.007 4 0.01
TR /m 0.054 0.0675
THRIE] Bit/m 0.000 128 0.000 16
AR IET B L/ %0 2.37 237
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Fig. 3 Mode vibration shape of system 1
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Fig. 5 Unbalance response under linear damping of system 1
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Table 6 Unbalance response of the rotor with linear damping
S RY1 Y2 SE AL SEELPRARL
ATt/ (grem) 6.144 15 0.410 0.410
2R MEFHJE(E/(N-s/m) 640 1000 0.64 0.64
W Jo; 0 (B % 3%/ (r/min ) 4221 3376 1.25 1.25
Wi o7 08 {/pum 70.94 88.58 0.80 0.80
1.0
4.4 HFJEMEFE FE 25 1E A T 8 F A F &7 i Bz 38 IE sl
PR RS 1 RS0 2 465 R e 28 4F 2 06]
FR B0 R P-4 0 B . 78 RGE 1I 4 1 Ab i A 2 o4l
2.048 g-em WA FAl 5, Fe AHRILL, 7TER G 2 1Y 02}
S . Y A E=A =l 7oL . . f
B LGN S gom 9K V-§7 . IR R Ty
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WEE A b 5% S i 5 L JE % 351 0 o EE N 0.167 4, AN
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Fig. 7 Eccentricity ratio of system 1 under linear state of SFD
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Fig. 8 Eccentricity ratio of system 2 under linear state of SFD
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Table 7 Unbalance response information under linear state of SFD

B 51 N SHEARAEILE SHTBRAIL
AF-fif it/ (g-em) 2.048 5 0.410 0.410
Wi 17 e {1 % 382/ (r/miin ) 4238 3390 1.25 1.25
M 7 e {5 /pm 21.49 26.78 0.800 0.802
i Ly A 0.1679 0.167 4 1.000 1.003
ToiH e R 5L 1.639 1.639 1.00 1.00
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Table 8 SFD bi-stable information

ZH R4 1 ) E G YEd SHCLBRAE L

i [T 78/ (1/min ) 4736 3791 1.25 1.249

B 78 (r/min) 4844 3877 1.25 1.249

A AT T KA L 0.815 0.814 1 1.001
LSV S N A 0.823 0.821 1 1.002
S AR /M L 0.467 0.465 1 1.004
B {7 Tt/ MR LU 0.607 0.602 1 1.008
M 7 D 105.2 pm 131.2 pm 0.8 0.802
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