L 2% Bl 1R

Aeronautical Science & Technology

Dec. 25 2021 Vol. 32 No.12 127-134

Cl

W i ¢ sl LR X
Wil 58 et

5L KBHERE 2, Iz S, S !
1P ET R WS, W9 PRI 412002
2 M RNl iR B e 4, I BRI 412002

B OEENARREDIEIRE S TAE RN E KA 0-4-0 W& &4
TR B L, PR | R B R T R, A A, R b E A R E A

HEEM Tz /) F RIS EE LA E L

YEIIGIRIS VLR

B, — NS b R TAER R R R A

BT TRARHR . AXEEEEREN Tz ) A E - F RN, BT —MREENHE T, 27 TIRES T RERESEN
T A RTT AT EE, X Samcefl/Rotor 8 i+ 1% 2| T W AN F 09 71 = W IlE 4% 28 3R B A A A8 1 P o B R HE4T 7

X H A

BRI AR EAR DU TR MR B T (KR 5% T 8 LRI 0L, 8 (R R 0L 4% 7 L BUAR
E#T LEENA, NEETFERAGHRBARERT Eah, BT REEGEE ML TWEE Rz ) #

By B 7 % R 52 4 7T DL 1R
A

KRG B A NEE R RN T MR o0 0

hESHES:V231.96 NEFRRS A

ot s R SR 1 ARG i AR sl IR Hh Y, L6
HNBh T 2 B X B Sk il 28 5 Fh L T SR 5 R T
T R il R BRI — o F AT, /N AR
23 R EHHILIR ) 10 58 T 1 s P 23t 3l SR P 1 S
BEISORTT S o BT XX PR SS AL A2 K S L g i
MR IR T REMWFIE TAE . XSRERESFER 0 5 15 b
K BB Sl Fr e e 1 AT T RGBS S A A

FE, v T 1) R Bl B R A A 5 S T SE ST
T B e BIAIL EBE fERASALL e I B Ak it SR
L AL R AR AL R s DI TR XS e T
F} R Bl RIL PR 2 A A AN S48 W 7 P 532 1 5 X1 S i
SEIOTVE X I 13 il e s AL RS 2l ) T e 1 0 s PRI
JE 3 Wi 07 10 B A 2 KO W BE RS2 T8 T BESE , I3 1%
¥ BB 12 R T T A i B A AR AT

H TR0 SR 5 58 AT REIY e 10 SR s 2 L [
iz sh R etk , R, DU R s R 5% 1 2 4 1 R AE /)
TS R SL AR . ATTSCHOR T, 8 50 41X
f S A B HLSCEE TSR PR R T IO el , AR 2

RFSEHA: 2021-08-19; EIEHHA: 2021-10-10; RFABHI: 2021-11-15

HEEmB: MSRISE$(20132B08001)

DOI.10.19452/j.issn1007-5453.2021.12.015

X U e T 8l T 2 [ REOT Ji 1 BB FL oA A
SN e AT ST

I PRI ] 9 25 e S ML Bt A s AL, DR i Ay A 4
Heyo [RIE, oty A2ty AR ST, I i AR AR A T ik
(AR SRR (e 48 i R AR D B 2k . IR IR R
TR — I WU I R R e 1o 1% TS BET
2 J AR R AR B A O S T SR R B K S LT
9 UM, A o A e BB BIE] ATSUOT Ji 2R G 0 B A
HIF5E, SR, LA PR e 1 A9 T A R i T 4, AR
TR W BE A 25K o R, AR 281 S T 0 It
PEATRACHE | S X BIF A FSCAS A A 300 S5t SR AR R A AN 2
Wi o AT UL, B — A AL IS 5 X T R GE 0 5E sl il
DAAR St fff DRk — PR, BR824 1 1) FR
], 27 AR ASUL R I, 368 0 2R 3l 0 2 AR
BAFEN A RS N BT 3 BRI/ I T AR BL Y
HMERE , BIXT S AT TR A a4k, AR A BLE AR AT 72
AR AT X T S i BRI - R 1O, WS R A LS
2R AP TR A — 2 IS B E, HIE A Bei 2

SIFE#EI(: Feng Yi,Deng Wangqun, Su Xiuwen, et al.Design and dynamic analysis of low pressure simulated rotor with double cantilever for
turbofan engine[J ] Aeronautical Science & Technology,2021,32(12):127-134. )8 X , JBAEEE, SN, & . iBEL 5 S ENTE
BB FIRITSFIHFHI] RIS, 2021,32(12):127-134.



128 i 2t BEE B

Dec. 25 2021 Vol. 32 No.12

ZRA A R AL T BT Y AR SCEAR TS5 A S)
TR — BRI BT T — AN o4 RO AR ALl %
BRI R N AR s T AN VR e R U b DAL & i i g
AIXF HEI3HT o BIFFE I, R AU T AAR G M e e L5
BRI He T I SEBRtis Ol , 7R AU 1 B AR RIS R 52
A LA E AR IRR 1 EARRIN T, S i XU R e ek
Fe e RS B R SRR IR B TS5

1 (REEEEFZLT
1.1 RN

N R AE IR AL 1 b IS AR A 2 1 AR e T o
RS, SR AR L PR HE I T RUR RN : (1) ik
ZER— BRI PRI 100 AU 8 38 PR IR
T 50 AN S AR T FO R T AR SRR e e —
I BB I SR O 2 N R A R R e e
7. (2) By E Rt —BU N . AR BMAS 7 & BB Pk
SR (Bt B e sh i ) B SRR TN A8 S S
BOEA —B (R A KT 3%) o (3) & BRI A . i
TGS 7 o T 0 2 L R LB R R AT R

A LAEJE BT (IR AU e 7 2 75 I R, AR
SCAFR T LA B T DA AR AR A T 5 s
I 1 22 ) (A 2 B R i — il A sl (A A s R
KT 5% HARAI—2L,
1.2 B EIRT

RS 10 AU 28 3 PR R R — | IR e 4L
% B B ELIN TR o AEAR PRI i e R b 10
T AL ERE B A S R R IR S SO A
— B R A R A O R AR R T KRR T
R AR (BN TEN R B ) o RIS, 25 B3 i 1 3 F-
UG IF 5% A T 52, A XU A 0L 28 R 7 A6 R TR e S0 45 3
BT 244 R 13545 1) M6 BRECFL (g i sl A o sl A v o
B E ), 4 LS S — 4 AP 1R

TR T SRR % 125 50 BB AE B B E 2

0%2%%%7% l

(a) KU BEUL A (b) 4 R

i SFHHIRETAL i

() —ZUREHRE () “gumEHLA
B1 RIEAN=%B8

3D image of simulated disc
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Fig.2 3D image of low pressure shaft
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Table 1 Inertia parameters of wheel disc
il Witit/kg Je s i Cliay ) /mm Wt s i/ (kg - mm?)
L S AL /% B L AR Y% B L A%
TRV Bk 15.08 15.47 2.59 —444.21 -445.25 0.23 286711.61 285095.77 0.56
A 2.39 2.46 2.93 -304.98 -304.74 0.08 35669.92 34749.80 2.58
— ke 7.24 7.25 0.14 581.39 581.42 0.01 101675.30 102123.75 0.44
ZRIR A 10.57 10.58 0.09 636.07 636.08 0.01 159712.97 159442.25 0.17
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Fig.3 3D image of cover plate and gear sleeve shaft
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Fig.4 Local structure diagram of rotor
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Table 2 Connection mode and cooperation relationship
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Fig.5 Support type of low pressure simulated rotor
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Fig.10 Structural diagram of low pressure rotor
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Fig.11  Structural diagram of low pressure simulated rotor
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Table 3 Inertia parameters of rotor

it =14 MRS [TELE R A%
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Table 5 Parameters of oil film
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Table 6 The first three critical speeds
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Table 7 Critical speed margin
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Design and Dynamic Analysis of Low Pressure Simulated Rotor with Double
Cantilever for Turbofan Engine
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1. AECC Hunan Aviation Powerplant Research Institute ,Zhuzhou 412002, China

2. Key Laboratory of Aero-engine Vibration Technology ,Zhuzhou 412002, China

Abstract: The 0-4-0 double cantilever structure is adopted in the low-pressure rotor of a small turbofan engine for the
first time at home. This is a high-speed flexible rotor which operates over the second order bending critical speed. The
rationality of its structure and dynamics design must be verified by experiments. In order to reduce test risk and avoid
design repetition,it is necessary to carry out systematic research on a low-pressure simulated rotor in the early stage
of development. Based on the similar principle of structure and dynamics, a low-pressure simulated rotor is designed,
and the finite element analysis models of two rotors are established. The first three critical speeds, vibration modes
and steady-state unbalance responses of the two rotors are respectively calculated by using Samcef/Rotor software
and analysis is finished by comparison. The research shows that the low-pressure simulated rotor reflects the actual
situation of the low-pressure rotor very well. The research results of the low-pressure simulated rotor can be directly
applied to the low-pressure rotor, which lays a foundation for subsequent experiment research, and develops the
technologies of structure design and dynamics analysis of double cantilever high-speed flexible roto.

Key Words: turbofan engine; double cantilever high speed flexible rotor; structure design; dynamics analysis
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