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Prediction for Critical Speed of Double Spools System
in Aero Engines
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Abstract: According to the rotor dynamical design requirements in aero engines, the critical speed predic-

tion method for double spools system were put forward based on the finite element method and the vibration mode

selection technique, and it was practical for solving engineering problems. The detailed solving process of the
full method and the reduction method were discussed with a double spools example. It exhibited that the results

obtained by both methods were exactly the same. However, the reduction method need less iterations and was

more convenient to obtain the critical speed. The co—rotating double spools possessed five critical rotation speed ,

and the counter—rotating double spools had three more critical rotation speed in the same rotation speed range,

whose modes were n=3, n=4 and n=5, respectively, caused by the anti—precession. The densification of the
bration modes

critical rotation speed would lead to the complexity in the rotor dynamical design in aero engines.
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Inter shaft bearing

(a) CFM56(HP:1-0-1,LP:0-2-1)

Inter shaft bearing

(b) RD33(HP:1-0-1,LP:1-1-1)

Fig. 1 Supporting scheme for two spools with inter shaft

bearing
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(a) Translating for HP and first bending for LP

(b) Pitching for HP and local translating for LP turbine

Fig. 2 Mode shapes for a certain double spools system
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Fig. 3 Illumination for the example

(a) Whole bending for the LP,57.7Hz
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(b) Local bending for the LP front, 66.0Hz
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(d) Bending for the LP front,201.8Hz
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(e) Local bending for the LP rear,222.9Hz
Fig. 4 The first five mode shapes
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Fig.5 Campbell diagram for the mathematic critical speed
caused by LP
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Table 1 Mathematic critical speed values caused by LP

HP rotation Mathematic critical speed/(rad/s)
speed/(rad/s) n=1 n=2 n=3
0 380 537 675

400 394 538 809
800 402 538 964
1200 407 538 1125
1600 411 538 1277
2000 414 538 1400
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Fig. 6 Mathematic critical speed caused by LP

[ B, AT SR A g T e 1 AN SF i B OR 19 80 s
P E M2 f FH e mE— A 7 = A
B2 A = ZR N BT R o (1) 3 — 20 2 i 45 e ol G 4k,
WE Y =0, "B, €5 WA # LA TR —
Mo KU B R B T GRS Y R e R —
BE B4, DL AT 56 E SR A 2o AR A o A P o fHL K 26 O
A 2 WU 8 2 B8 T I B AR v L OE T B il S e
oo (2) 2 i AR TR BE 25 R &R M £, &
“w, =250, TP, S AL 2R 52 s (KR 5 A
P 5 BT 7 ) R e AR G A T R O o
Y B B 8, Ak 2 R o AR BEWT 92, 8 5 PR

2000 By LP »n=1n=2

1600 F
1200 F w By HP
n=3
800 |
n=2
400 E / =1
O 1

0 400 800 1200 1600
LP rotation speed/(rad/s)

HP rotation speed/(rad/s)

Fig.7 Campbell diagram for the co-rotating double spools
system (full method)
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Fig. 8 Campbell diagram for the counter-rotating double
spools system (full method)
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Table 3 Critical speed values for the counter-rotating
double spools

Rotation
Table 2 Critical speed values for the co-rotating No. speed/(rad/s) Excitat;’on P(;)ces.sion M?dtaF .shipe

Spoo irection in Fig.

double spools Hp P p 8
Rotation 1 337 135 HP Reverse a

Excitation Procession ~ Mode shape
No. speed/(rad/s) 2 376 150 HP Reverse b
spool direction in Fig.4

HP LP 3 1013 405 Lp Positive a
1 380 152 HP Positive 4 1065 426 HP Reverse d
2 460 184 HP Positive 5 1070 428 HP Positive c
3 1013 405 LP Positive a 6 1089 436 HP Reverse e
4 1070 428 HP Positive c 7 1175 470 LP Reverse c
5 1345 538 LP Positive b 8 1345 538 LpP Positive b
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Fig. 9 Campbell diagram for the co-rotating double spools
system (reduction method )
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