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Study of Engine Rotor Dynamic Response
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To increase the accuracy of unbalance response load prediction under the large unbalance condition, nonlinear unbalance
response analysis methodology using the Transfer Matrix Method was established. The modeling technique is improved to
simulate flexible and lightweight structure stiffness by using the transfer matrix converted from full stiffness matrix data
calculated by finite element analysis. This modeling technique was verified by comparing engine test data with predictions
taken from linear analysis of the engine test condition. Also, the nonlinear analysis technique was improved by using
frequency domain analysis to consider harmonic and sub-harmonic terms and by using nonlinear stiffness defined by gap,

wall stiffness and stiffness transient length.
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Fig. 1 General arrangement of HYPR TURBO engine

288

000oo0OoOoO0 Vol.44 No.4 (2004-7)



O O
ooog —m DDDDD
1 DDDDD

DDD 'J
299990

ooo

020 0O0OO0OOOO0OOODOOO
Fig. 2 Schematic view of modeling

00000oo000o0o0oooo0oooooooooo
gooboobobbooooooboobobboooooon
00000000000o00oo0o0o0o0onoon

0000000000000000000000000
0000000o0000o00000ooooooooooon
000o00000o000o0oo0no 30oooooooo
O00O00FEMOOODOOOO (1) 000000000
ooooooooooboog(r)ooooooobooooo
(2)00000000O0O0OO0DODOODOOODOOOO OO0
o0oooooooooooo

K; KOV, 0 RO

Hﬂj KKK%JKE kg ..................... (1)

o 5 K] k] B
S SR LAY [Kkk][KJk] %)kﬂ

gbook oobooboobou booboooboooo

OO0O0O0OFODOCO0OOOOO0OOCOOOODoOgjok

gogoooo

gogoooooooobbboobbiboooooodag 4

030 0OO0oOoooOoOoOoOOFREMOOO
Fig. 3 Finite element model of front frame
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Fig. 4 Analytical model
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Fig. 6 No.5 Bearing response
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Fig. 7 Nonlinear response load

ooo ooooo
I'o 00 r;-ro

oooo

0oo0d k

N

oooo

080 OOoOODoooooDO
Fig. 8 Parameter of rubbing model
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Fig. 9 Nonlinear response analysis model
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Fig. 10 Analysis result of No.5 BRG displacement
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Fig. 11 Measurement of No.5 BRG displacement
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Fig. 12  Analysis model with nonlinear spring at fan
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Fig. 13 Effect of clearance
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Fig. 14 Effect of transient length
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Fig. 15 Effect of wall stiffness
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