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A model for whole missile turbofan engine vibration with support

looseness fault and characteristics of the casing response
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Abstract: For a type of missile turbofan engine structural characteristics, a rotor-sup-
port-casing whole model of a type of missile turbofan engine was established. The rotor and
casing were modeled by means of the finite element beam method; the support was modeled
by lumped-mass model; support looseness fault model was introduced. The coupled system
response was obtained by the numerical integral method. Impact characteristics of symmetri-
cal stiffness and asymmetric stiffness models were analyzed based on casing acceleration sig-
nal. It was found that looseness fault would lead to of acceleration time-domain waveform
with up-down asymmetrical impact characteristics and multiple frequency characteristics in
frequency spectrum. Time-domain waveform and frequency spectrum characteristics of the
simulation results and the actual missile turbofan engine test data were very consistent.
Asymmetric stiffness looseness model was verified to be more {it for missile turbofan engine

looseness fault models.
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Fig. 1 Rotor-bearing-Casing model sketch map of a

type of missile aeroengine (unit;mm)
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Fig. 2 Finite element rotor dynamic model
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casing coupling dynamics
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Table 1 Unit number of rotor and casing
WU % F BT AL T Hon L 5% 1 PR T4 NG v
11 10 11 24
xR2 BTBH
Table 2 Parameters of rotor
SR # P # P, # P # P, # P
i m/kg 3. 88 1.41 5.17 10. 28 10. 28
W% g it Jo,/ (kg » m*) 0.03 0.003 0.03 0. 05 0. 05
BHEHHW R Ju/ (kg + m*) 0.02 0. 002 0.03 0.03 0.03
MR E/10" Pa 2.07 2.07 2.07 2.07 2. 07
AL 0.3 0.3 0.3 0.3 0.3
W p/10° (kg/m®) 7.8 7.8 7.8 7.8 7.8
RN e 5 5 5 5 5
LL IR B R B 1 /10° 1.35 1.35 1.35 1.35 1.35
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Table 3  Parameters of casing

BEJE/mm  SRPERLEE E/10" Pa HE p/10° (kg/m*) THFA L o IR e R a0 HEHIBLE BB o0 /107

15 2.07 7.8 0.3 5 1. 35

R4 EHHEASY

Table 4  Parameters of ball bearing

R Bl SN GE PR BB BRI C/ il 7 ] B S B i ol )RR T o
LIS 4 /mm o 42/ mm N, 10° (N/m*?) ro/pm m, /kg m, / kg
S1 39.5 29 13 12. 4 0 2 10

S2 39.5 29 13 12. 4 0 2 10

S3 32 17 14 11.9 0 2 10

S4 32 17 14 11.9 0 2 10

x5 BT-HNEXRSY

Table 5 Support parameters of rotor-casing

XK L SR ML (35 ) k/105(N/m) /(N es/m)  k/10°(N/m)  ¢/(N«+s/m)
RC1 3 2 1 2000 1 1000
RC2 1 9 1 2000 1 1000
RC3 11 16 1 2000 1 1000
RC4 8 22 1 2000 1 1000

F6 BT-NEEESY

Table 6 Spring collection parameters of rotor-casing

i i i HLIE (35 50 kg /10°(N/m) ¢, /(N + s/m) key /(N/m) oy /(N ¢ s/m)

RK1 6 4 1 0 1 0

x7 NE-BEMEZRSH

Table 7 Collection parameters of casing-base

juzes HINEAG=®) k./10° (N/m) k. /10° (N « m/rad) ¢./(N+s/m) ¢c.,/(Nem +s/rad)
CB1 8 1 1 2000 0
CB2 23 1 1 2000 0
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house, casing lateral acceleration and rotor

lateral displacement (no looseness)
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Fig. 6 Waterfall plot of bearing housing acceleration response at different rotating speeds
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Fig. 7 Waterfall plot of casing acceleration response at different rotating speeds
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Fig. 8 Waterfall plot of rotor displacement response at different rotating speeds
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Fig. 10 Time-domain waveform and frequency spectrum before and after the noise

reduction when rotating speed is 26 000 r/min
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Fig. 12 Waterfall plot of casing acceleration responseat different rotating speeds
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Fig. 13 Time-domain waveform and frequency spectrum before and after the noise

reduction when rotating speed is 25000 r/min
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Fig. 14 Waterfall plot of casing acceleration response at different rotating speeds
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Time-domain waveform and frequency spectrum before and after the noise

reduction when rotating speed is 17000 r/min
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Cascade plot of casing acceleration response at different rotating speeds
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Fig. 17 Time-domain waveform and frequency spectrum before and after the noise

reduction when rotating speed is 21000 r/min
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Fig. 18 Cascade plot of casing acceleration response at different measuring points
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reduction when rotating speed is 24 000 r/min
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