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A dynamic similitude design method for sudden unbalance in rotor systems
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Abstract: A dynamic similitude design method is proposed for the problem of sudden unbalance of the rotor system. The dynamic
differential equation requires the application of both equation analysis and dimensional analysis methods to establish the scaling
laws, while also considering the damping scaling ratio. Based on the strain energy distribution criterion, a prototype rotor system is
designed. The prototype is scaled according to the scaling laws to create a distorted model, and the dynamic similarity between the
prototype and the distorted model is verified through simulation and test. The simulation results show that the distorted model ex-
hibits high similarity to the prototype in terms of critical speed, strain energy distribution, and transient response. The errors for the
first two critical speeds are 0.1% and 0.13%, respectively, and the error in peak amplitude is 3%. The test results show that the
distorted model can accurately predict the critical speed and sudden unbalance vibration response of the prototype, with the errors

for the first two critical speeds being 0.79% and 1.72% , respectively, and the error in peak amplitude being 5.98%.
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Fig.1 Rotor-support system
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I 5% 33 /(re min ™)

A N=1 0
¥ %4 o S — W2/ %
1 2520 2700 0.79
2 2940 3180 1.72

HRAE Agr=1.063 XJ Wij 722 455 71 1l %% 30 98 17 AH 1B
Ab 3 5 5 Kk R AR AR R 28 AR LA B S T LA
A4 b, 0D D TR e A A S T B Il S A s ) 5%
22505 0.79% A1 1.72% , e 2 3o AR ALURS B2 458 7
B UE T ARARL G FR 1 HE 1

R AT G F R G SIS I AE R R
PRS0 75 mm Ab XS R AT B m,, =10 g AP,
JE L 750 gemm BY AV 5 . MRS A, =0.646 15 , 7E
WY 725 A5 7R 26 95 B B Al 0 67 mm b, X BR A 7.23 g
B AN e R e T A R T R 502 5 K [ Ak
Ji B 45 58 B 43 ) g 18 H1 10 MPa, Jg {3 3iF — 3t A
P T T g AN ST A R 43 0 SR FH P T 0 T TR G
F1 502 7K HEAT A5 W, AN iy B A 5% % b ey A 8y
K 8 s o

B8 - e A 1A

Fig. 8 Arrangement of unbalanced blocks

24 e AR T Ak JF S - i e 5 5 B 0 B R b 4 o
JEH
F..=XS (33)
2, X K 35 5 5 S Ay R T AR
M RGBT A2 B0 1
Fao=maw"r, (34)
T, R ANV B BT A5, Ry O P A B 30 5 A
LAIEES
M F > F B S Ali S B AT S 80 5 in A
A B RO
I T R T I A5 % A% J25 i SR R it U D Wi 28 A A 7
Tl i 1 4R S AE 5 R AR B LMS B RS R L,
133X 5 B PR S o R Al R B0 i A BL G R 6
WA 70 55 TR A7 A AL Ak B 75 ) Wy 72 A Y T 0 Ji 7R
P gl e W 4 9 s .

1.0

| —o— WA U KA U4
—v— B AR T

0.

I
=N %

YR / mm
o
~

0 1
0 1000 2000 3000
55K / (r + min')

KO sk 5 4k 3 iz P
Fig.9 Vibration response plot of test bench

V] i i 725 A58 25 R R L2 8 D 728 A58 25 S 1 4% 5
W] S, W /A2 A% R 00 Ay e 5 A 2l o 02 A B B A, =
0.886 AR Bh e 4 J T D 24 43 e s et 1 o e o P 9 K
g A R AT LA 25 T 00 J 2 ) 4 sl i R
Wy A A5 TR (14 31 230 W J7 6 91 WRf B R 22 U 3 6 T /S o

M 6 e B, ey 748 A5 R T D Y 0 4R R R 2
N 5.98 % , WU Ry R o g 23 BT ik 2l ) O U {4k
£ B AR ARA A X D 28 R e 78 A TR A IR 2l W) O 0
Ab Pl O B AT X L, S5 R NP 10 B .



230 & 31 T

(I

438 &

F6 R A R 09 IE E IRIE R IR 2=

Tab. 6 Vibration response peak amplitude and error of

test bench
5% ==y
UEE A R MR/ mm S
Jii A W A5 A 7
0.805 0.673 5.98
0.8
04t
B
-04r
Oy =04 0 04 08
x / mm
(a) JFAY S OBGT
(a) Axial trajectory of the prototype
0.6
0.3F
g
g ol
EN
—0.3F
-0.6[
-09 -06 -03 0 03 06 09
x/ mm
(b) BASAE AU OB TR

(b) Axial trajectory of the distorted model
K10 86 & fho Sk
Fig. 10 Axial trajectory diagram of the test bench

i85 [ 10 e B Wy A2 A R 5 Tt R Al B B AT
R A AR o T I R 0 B e 1 AR G R e R
TR 1 1 S T R T AN S48 14 I Sl W iz A BRI AR
A5 TR AT LA Ay A B T D 2 ) B e 8
T T ST AR AL G AR A HE R P, T LA BT S S A A
L R BT 7 R G R JEAT A A

4 & it

A S X B 5 2R B8 5NN - A [R) R ST 8 g
ARG FR ) FH D 03 0 X AR AL G R 1 o
HEATIAE, LR

(1) Z IR 48 L HE T T8 7 RERMA
S Bl ) 2 ARG AR o AR IV S B 0 A v U B
e 1 AR G AY M) AR ABL G 28 2 7 W AR B A o 0 Ji
TR R0 W A A R A7 IV 7 BE o A, W A A R iR )
AR REAN IR L

(2) ) FH A5 2% Tt 25 R i 78 A6 A 5y g 2 e P

A o3 A, W 2 A 78 3 00 i R i 1 B o A T R 22
528 0.1 %6 F10.13 %%, 41k 2 i iz e B3R IR R 22 S 304

(3) ] 56 15 0] i 28 1 e 72 58 250 1 S 3o
GENNAN -ty HEAT 156, Wy 72 A5 Y 5 J R iy T 9l
B R 22 43 3 R 0.79 % N 1.72 Y%, H% Bl e o i 1 4%
iR 224 5.98% .

(4) 383 15 B A B 60 E T BTS2 AL OG B Y
YR, W 22 A5 R 0 TR 1) 8 ) = R P R 2R A
T DU T 3 57 9 A AL 5 2R D8 W 72 A 5 i A7 A6 2R
U, B4R IR ) g 22 R s ] O AR T R G
THESEARIT 2%

2% X #k:

(1] o, B, b, &6 NP4 T & Sh LR s
BLor LI ]. iz s Jr2a 4, 2022, 37(2) : 251-262.
ZHAO Lu, LIAO Mingfu, HONG Liang, et al. Analy-
sis of aero-engine vibration response under sudden un-
balance[J]. Journal of Aerospace Power, 2022, 37
(2): 251-262.

(2] Befl, XIS, T2, & 0w e &m 1E R At

BB HLEE A Bl A e W S A v SRR [T ] HERE R R,
2020, 41(9): 2099-2119.
CHEN Wei, LIU Lulu, XUAN Haijun, et al. Review
on dynamic response and safety of engine structure un-
der sudden high energy load[J]. Journal of Propulsion
Technology, 2020, 41(9): 2099-2119.

(3] Ih#fzr, JRB0E, B, 5 s KLt B &k
BB FE LR [T]. Bz 3 J3 2448, 2016, 31(3) : 513-526.
MA Yanhong, LIANG Zhichao, WANG Guihua, et
al. Review on the blade loss of aero-engine[J]. Journal
of Aerospace Power, 2016, 31(3): 513-526.

[4] CASABURO A, PETRONE G, FRANCO F, et al.
A review of similitude methods for structural engineer-
ing[J]. Applied Mechanics Reviews, 2019, 71 (3) :
030802.

[5] WU J J. Prediction of lateral vibration characteristics of
a full-size rotor-bearing system by using those of its
scale models[J]. Finite Elements in Analysis and De-
sign, 2007, 43(10) : 803-816.

[6] YOUNG Y L. Dynamic hydroelastic scaling of sell-
adaptive composite marine rotors[J]. Composite Struc-
tures, 2010, 92(1): 97-106.

[7] BAXI C B, TELENGATOR A, RAZVI J. Rotor
scale model tests for power conversion unit of GT-MHR
[J]. Nuclear Engineering and Design, 2011, 251:
344-348.

[8] MOTLEY M R, YOUNG Y L. Scaling of the tran-
sient hydroelastic response and failure mechanisms of

self-adaptive composite marine propellers[J]. Interna-



%2 AR A T R G SN T 14 Bl 7 2 AL T T vk 231
tional Journal of Rotating Machinery, 2012, 2012: [15] WANG M L, HAN Q K, WEN B G, et al. Modal
1-11. characteristics and unbalance responses of fan rotor sys-

[9] ZHANG W D, LUO Z, LI Y Q, et al. A novel meth- tem with flexible support structures in aero-engine[J].
od to determine the coupling scaling laws of vibration Proceedings of the Institution of Mechanical Engineers
characteristics for rotor-bearing systems[J]. Journal of Part G-Journal of Aerospace Engineering, 2017, 231
Vibration and Control, 2020, 27(21-22): 2630-2641. (9): 1686 -1705.

[10] E#, EXM®, D0, & HEH FESBIIE) 24 [16] LIL, LUO Z, HE F X, et al. Experimental and numer-
I g [T]. HLmiit, 2020, 37(9): 7-11. ical investigations on an unbalance identification method
WANG Hai, WANG Ailun, MA Wu, et al. Research for full-size rotor system based on scaled model[J].
on the dynamic similarity design for the abnormal model Journal of Sound and Vibration, 2022, 527: 116868.
of combined rotors[J]. Journal of Machine Design, [17] YE R D, WANG L P, HOU X J, et al. Balancing
2020, 37(9): 7-11. method without trial weights for rotor systems based on

(111 29, WAF . s &SRR+ R gy sh 2= 4l similitude scale model[ J]. Frontiers of Mechanical Engi-
B IrELT]. Wiz 3 71254, 2020, 35(4) : 766-776. neering, 2018, 13(4): 571-580.

MIAO Hui, ZANG Chaoping. Dynamic similarity de- (18] X, BEUHJC, XBRERE, 45 . 457 B H LRI JE 2% 10 5%
sign method for aero-engine low-pressure rotor system F ARG S 12 M [T]. s sh Ji2= 4, 2023, 38
[J]. Journal of Aerospace Power, 2020, 35 (4) : (3): 546-557.

766-776. LIU Zhun, LTAO Mingfu, DENG Wangqun, et al. Dy-

[12] Bz, Sohar, 298, 45 . 27 I 3 o 5 R AU AR ) namic similarity design of rotor system with squeeze
B i il 2 sh HLRE L FE 7 SE 0 5 3 o ik (0] MURGR film damper[J]. Journal of Aerospace Power, 2023, 38
i, 2021, 38(6): 45-50. (3): 546-557.

LIAO Zihao, BIN Guangfu, LI Chao, et al. Design (19] £FA & . fizs R shWLse it F0 . 56 19 W, %7 8h 12
method of the simulated-rotor test rig for the turbo shaft KAENARSI M. JL st Atz Tolk i kitk:, 2000.

engine based on the critical speed and the similarity of vi- [20] AMIRZADEGAN S, ROKN-ABADI M, FIROUZ-
bration mode[J]. Journal of Machine Design, 2021, 38 ABADI R D. Optimization of nonlinear unbalanced flex-
(6): 45-50. ible rotating shaft passing through critical speeds[J]. In-

[13] TIE3C, EIE, HRIC, 55 B A i 5 R G 0 ternational Journal of Structural Stability and Dynam-

BB BT L [T ] s BBl 2022, 48(6) : 98-104. ics, 2022, 22(1): 2250014.
YU Qingwen, WANG Fei, LU Liangwen, et al. A [21] LAWAL AT, OLAJUYISI, KWONS, etal. A com-
method for fault reproduction of rotor system with cou- parative application of the Buckingham = (pi) theorem,
pling misalignment[J]. Journal of Aeroengine, 2022, white-box ANN, gene expression programming, and
48(6): 98-104. multilinear regression approaches for blast-induced

[14] g, 24, SRR, 5 R Rlsh hiRie 13 ground vibration prediction[J]. Arabian Journal of Geo-

T2 AL A R ) B T T IR TS LT ] 1 2 5838 Ry
4, 2023, 57(10) : 78-88.

HUANG Chaohui, YUAN Qi, YU Chengzhi, et al.
Study on the design method of a dynamic similarity test
model for power turbine rotors of gas turbine[J]. Jour-
nal of Xi’an Jiaotong University, 2023, 57(10): 78-88.

sciences, 2021, 14 1073.

% —EE A RE(1982—), 5 1+, #47,

E-mail:sht@sjzu.edu.cn

WAEVEE AT XEE (1994—) , L, {i -+ YR,

E-mail:abfxhe@163.com



