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Rotating substructure method for 3-D finite element

rotor model reduction

ZUQO Yan-fei, WANG Jian-jun, MA Wei-meng

(School of Energy and Power ‘Engineering,

Beijing University of Aerondutics-and Astronautics, Beijing 100191, China)

Abstract: For reducing 3-Dfinite element rotor-model, rotating substructure method, a
reduction method-€asy to\operate which was.derived-from the basic principle of Guyan reduc-
tion methed and analysis theory'\of rotor-dynamics was presented, and it could be practically
used by ANSYS program. 21% degrees-of freedom of a turbofan engine rotor model was re-
duced by this method. The maximum-percent error of the first 20 order natural frequencies
of reduced model is 0. 43% and‘all the modal assurance criterion are 1 except that of the 17th
mode of vibration-6f 0. 98. The maximum critical rotating speed error is 0. 46%. All the re-

sults show that _theé proposed method is valid.
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Flow chart of using rotating substructure
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Fig. 3 Reduced model with rotating substructure
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Table 1 Scale of model before and after reduction

HITHL R H B %
JE AT 32144 50280 150840
U4 A TR 25666 39744 119232
U4/ Y 20. 1 21.0 21.0

T A M ] A T A VT R A A AR AL L T
A7 4 B AR AU T A el 0 A TR 5 TR R 4 4R B
PRI 2E A L3R 2.

M 2 T 0 D4R SR FERL S O rad/s FNFE
R 1000rad/s MG BL T AT 20 B [ 47 550 2% 5 J
BRY L7 A0 6], o5 [ A MR | G iR 2R
0.43% B IAESS 12 By L% Bk s FSE 14 B
BESHEARSN. M5E5H K 1000 rad/ s L BRES 17 B4R
BRI Coa 0. 98 81, HER A M R BLAY G 1. 00,
Ul B U 46 A5 R ) T 20 B4R L SRR A L PR
22000, 55 20 By i A M 4l i 600 Hz, 2928

B4 PR R 1000 rad/s BHES 1 B o shk R A
Fig. 4 First backward whirl mode of vibration of rotor

with rotating speed of 1000 rad/s

B 5 HFid Sl 1000rad/s 55 1 B iE oF 34k B A
Fig.5 First forward whirl mode of vibration of rotor

with rotating speed-of 1000 rad/s
36000 r/min, Z5% 55 TAEHH 25 15000 r/min,

WA AL 2 A7 0 e A R P 4 T A 45
PRALKG .

R2 BEENSREHARDHFETELR

Table 2 Calculational results_of vibration characteristic of reduced model and original model

R Orad/s

¥ K 1000 rad/s

Bir ik ik e T JEU A 7 Y ik J5i R 7 £ /5 c
WA/ He 4%/ Hz W%/ He WA/ Hz ' ’
1 279.03 279.01 0.01 237. 85 237.90 —0.02 1. 00
2 279.03 279. 01 0.01 308. 37 308. 42 —0.02 1. 00
3 312.54 312.53 0 312.53 312.52 0 1. 00
4 34481 344. 63 0. 05 344. 81 344. 62 0. 06 1. 00
5 35728 357.17 0.03 357. 28 357.17 0.03 1. 00
6 364. 34 364. 00 0.09 364. 34 364. 00 0.09 1. 00
7 375.91 375.63 0. 07 375.91 375.63 0.07 1. 00
8 390. 47 390. 01 0.12 390. 47 390. 01 0.12 1. 00
9 463. 56 463. 49 0.02 410. 88 410. 68 0. 05 1. 00
10 463. 56 463. 49 0.02 425.29 423. 87 0. 34 1. 00
11 468. 94 468. 11 0.18 450. 55 449. 83 0.16 1. 00
12 500. 70 498. 58 0. 43 457. 29 457.55 —0.06 1. 00
13 513.93 513.91 0 468. 89 468. 07 0.18 1. 00
14 518. 49 518. 28 0. 04 500. 70 498. 57 0.43 1. 00
15 518. 49 518. 28 0. 04 504. 31 505. 37 —0.21 1. 00
16 569. 82 567.72 0. 37 514. 00 513.97 0.01 1. 00
17 569. 82 567.72 0. 37 614. 38 611. 83 0.42 0.98
18 591. 85 591. 60 0. 04 658. 55 658. 41 0.02 1. 00
19 591. 85 591. 60 0. 04 748. 88 746. 67 0. 30 1. 00
20 608. 10 607. 68 0.07 770.92 770.63 0. 04 1. 00
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Fig. 6 Campbell diagram of critical rotating

speed by original model
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Fig. 7 Campbell diagram of critical rotating

speed by reduced model
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Table 3 Critical rotating speed comparison of original

model and reduced model

ALY e
(1876 I 54t ok / WA, RE/%
(r/min) (r/min)
1 Bk 3h 3036 3032 —0.13
1 By iE gk sh 3191 3201 0.31
2 By it sl 6623 6604 —0. 29
2 BriE k) 8544 8505 —0. 46
3 My ks 13761 13724 —0.27

3 & it

B XT 3-D A R J6 i A B 4 e L B TR
RS FEAE (R Uk 457 7 AR ME S 34 SC 4R T AT LA
% [ B MBI A B AR AR T e - G R AR T
2 JRFH ANSYS #8744 3 S0 .28 B i, 38 1
HERGEEE T A B, N IR e T A R R AT R
(1% 7 AR A AS ) A el S 0 4R sl R 5 RO R L
P58 4 R LS T el A R SR AT I A A o Al L
SRR, T B P S S5 AR Y T AT

AR SCAY 2047 10T AR T SE B ) KR 3-D
AR IC I TR 6] — AN R AT DLl 2 A4S 7 2
A T B A A [ 5 3 1 B+ s 2 5 1 &R
G5, 1% 07 1% T LA 25 LR B W KON L KN R TR I 2 R B
Je . R iE H F R R e R 4.

F T A - 45 M v R — P L R S R O v
V18 30T AL B 40 U 47 T 1) A R 4 AT g A i B B ORG f
RS B EAREARFES —ENER, K
b, 76 07 v T AR e S PR A B RE R 32 A R
JE, I X6l B - T AR B 33 TR PN R TR ) RS R M AT
IR,
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