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Fig.1 Assembly diagram of the traditional elastic ring support

structure
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Fig. 2 Curve of the stiffness for the traditional boss-type elastic ring

versus loads
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Fig. 4 Structure diagram of the spoke-type elastic ring
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Fig. 6 Simplified diagram of the mechanical model for the spoke
structure

e P PR o A1 2 2R A A R AR A AR
A 1wy W E by 25 8 2R W BE ) B o BT s P BR 42
HRERIENSE | N FR BERH AR SN ER [R) 20 02 Bl 60 10 2R 1 6
A 25 i A g — i [ S 0 A R e o202t i AR
6] P01 73 135 | R AT , P B R 5 2 B g
el oy F151 K ILRS x, N

x; = F.cosa,L’/(3EI) (1)
L = 6D/2 (2)
F=>F, (3)

=1

Kb, F o E TR S AR 45 00 BV A s E A RHR
SRPERE g LR AR BE s I B R E R 1 = BH?/12;
D N 5PN AR 5 F oA PR R BT 52 0 310 KN 5 o K
A S I T B B LR 1) AT 1) 22 () A 2 A
(Kl6), Ha,=a+2m/n,

DI 4y 151 B v, h

y; = F;sina,/EA (4)
A, A N Fe R R, A=BH.
Wil A
F

O, X N SRR R AR T AR SR B S AR 6L F% . iR
P20 -5 Bl e B 422 fiph 9 L e o 8 S 5 DAL
ZE AR I E K AR

K= Z3EI/2 cos’a, L’ + ZEA/Z sin’a, (7)

HY LI TR B AR T 0 AR AR IR H AR AR
KOn RBRAE R A 1)1 B 329 0 58 R XS PR A2 11 1 38
MR SR, Horb 58 255 B H O W 2 Y i SRR
BTSH.

ST R AR AU E PR 0 A MR S B FAR 1 E
PRUEACBTHRAR , AP 7 s . BARDBRINE

RG]
[mais | [memi || mae |
!

T

HENT )R

W NS5 15

EE i

i
I B R
HHTHE
+A4
—— ARk

BERE. MM i K A
R 53 7

LS
TR 25 WU BEARFIE
B A 7

[ SRR IR R B K |
E7 REXERRTREE
Fig. 7 Design flow chart of the spoke-type elastic ring

5518 MM B 2R S IR AT, o8 iide
AR O Ryt WD 4R R
JEE H 2 W e UG i 240l o e e R R H L 3R
H A I S BT BRI B I 26

55240, SR A BRIT I 0 W A8 B J7 S8 0T e K%




5 48 B4 6 1Y)

WIEMR 45« e MR R PR T i B S W B P 13

SO IR R [R5 T SR W B2 AR AL AR o #5538
L AL AW BT EOR IR I 2 e LA, 14
RN PO 522 M R R (U 4 6 2R 5 T 6 AR A6 K 55
ZHIT RGBT

55 320 SRR 75 1 X B J7 ST NI A
B0k e e SR AR T g B B A B 2 M 5 s
A I BE RS SE 1 o 385 Gl 5 AE S BT SR AR, il
AT JEE R R PR BT 3K R 2 i e A U P R
HIrs.
2 NWIEHEFERSHSmMAE

2.1 FEIHERE

W BE 15 1 2 P B A0 M R 1 T B G B BR Y
R RS0 Ty 2 e A A R A 8 1 [m) Rt
PR R FH A RO T R st IR W B 3 S5 it

S R T 60Si2MnA SR F N T, B Xt it il
SHFLERPE PR NI B 5 RST S 2E3R T B2 58 )
AT AR Z5 48 5 M RHRFIE S BN SR 1R .

F1 RERWMRGITSY

Tab.1 Design parameters of the spoke-type elastic ring
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Fig. 8 Finite element model of the spoke-type elastic ring
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Fig. 9 Deformation contour plot of the spoke-type elastic ring
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Fig. 10 Curve of the static stiffness varying with spoke span for

elastic ring

F T 10 AT A1, B4R A% 25 12 A9 9 0, S dk 30 i 11 32
R NS SRR AR N, # NI SRR
99. 8% HAZLFEMANLH] A - 48 A 5 BEHE N, A% 3
B A LIS, M S PE RN EE 55 L° )OS LE, DA e 32
BER 225 | A W o 5 AR



14 HL M L i 2026 4
2.2.2 BEREZwW TR AR AR N o X RS R SRR R AR IR

IR AR BEAE 0. 3~0. 9 mm 305 [ P AsE, 6 7 %) 38
FRERNIEE AR L N 11 TR

| /

HNIEE /(107 N/m)
o

0.6 - /A
0.3 //
A/
03 04 05 06 07 08 09
& ESE /mm

B GEMETRERNERESEEN LML
Fig. 11 Curve of the static stiffness varying with spoke thickness for

elastic ring
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Fig. 12 Curve of the static stiffness varying with number of spokes

for elastic ring
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Fig. 13 Schematic diagram of the dynamic load application and

boundary conditions
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Fig. 14 Curves of the dynamic stiffness varying with frequency for

elastic ring under different spoke spans
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Fig. 15 Curves of the dynamic stiffness varying with frequency for

elastic ring under different numbers of spokes
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Fig. 16 Curves of the dynamic stiffness varying with frequency for

elastic ring under different spoke thicknesses
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Fig. 20 Displacement-load curves of the traditional elastic ring
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Research on design method of high-stability spoke-type elastic ring and its static/

dynamic stiffness characteristics

YANG Tingzhao' WANG Yongfeng' DENG Wangqun®® YANG Hai*®’ LIU Wenkui*’® HONG Jie'
(1. School of Energy and Power Engineering, Beihang University, Beijing 100083, China)
(2. AECC Hunan Aviation Powerplant Research Institute, Zhuzhou 412002, China)

(3. Key Laboratory of Aero-engine Vibration Technology of Aero Engine Corporation of China, Zhuzhou 412002, China)

Abstract: [Objective] Aiming at the problems of stiffness nonlinearity and large circumferential stiffness fluctuation of
the traditional boss-type elastic ring support structure for aero-engines under large loads, the design method and static/dynamic
stiffness characteristics of a novel spoke-type elastic ring with high mechanical stability were studied, to solve the engineering
pain point of insufficient support stability of the traditional structure. [Methods] Firstly, a structural scheme and mechanical
model of the novel spoke-type elastic ring were proposed, the key design parameters were identified, and a standardized design
process was established to support the structural scheme design. Secondly, a static/dynamic stiffness simulation method for the
elastic ring based on Ansys software was established, the influence law of key structural parameters on stiffness characteristics
was mastered, and the optimal selection of parameters was realized. Finally, a static stiffness test system was built, and multi-
condition stiffness characteristic tests were carried out to verify the structural performance and the accuracy of the simulation
method. [Results] The results show that the circumferential stiffness fluctuation of the novel spoke-type elastic ring is no more
than 1.7%, and its circumferential uniformity is much better than that of the traditional structure; under the dynamic load
excitation of 0-500 Hz, the variation of dynamic stiffness can be controlled within 1.5% without sudden stiffness change; no
stiffness nonlinearity occurs under large load conditions, and the relative error between the stiffness simulation and test results
is less than 5%, which can provide a reference for the design of aero-engine rotor support systems.
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