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Abstract; In order to study the real strain levels of the key parts of the disk and blade in the rotating state,
and obtain the real strain levels of the disk and blade, a coupled rotational strain testing scheme for disk
and blade was designed, and the feasibility was verified by comparing with the numerical simulation results.
The results show that the scheme of the coupled rotating strain test for blade and disk is reasonable and fea-
sible. The maximum errors between the measured value and the simulation calculation value of the blade
and disk strain are 10.16% and 10.29% respectively, which can provide reference for engineering design.
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Fig. 1 Assembly model of blade and disk
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Fig. 2 Schematic diagram of strain measurement
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Fig. 3 Strain gauge pasting and wiring
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Fig. 4 Installations of disk test piece and slip ring fuse
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Fig. 5 Layouts of blade strain measuring points
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Fig. 6 Strain test curves of blade

H AR M SR AR AR A B B [T BE  1aX
AR ) R R SRR B %, TR
RIS A T RE 45 1 WO A R 56 R s A
A IR Hﬁﬂkuwﬁ%fﬁz?ﬁmw*ﬁk
L1 R AR 5 5 553 YO AR it

BHEAH RN, 2 IR 3 kil ﬁtéﬂ}ﬁﬁﬁf X,
BRI AIIE TR SCA AT, ORI 2 YR 3
YRR i g B
2.2 BENITTMR

B 7 AFe SN AR A L B -1 -2,

1 =31 -4 FRELOH 4 ARSI RBAE) 2 -1,
2-22-32-4FREFH04 AT RAR)
3-13-2.3-3.3-4 F/REHA 4 AW S (1210
AR

v T
L 1
) AT ) R
B7 RENEUSGEE

Fig.7 Layouts of disk strain measuring points
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Fig. 8 Strain test curves of disk
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Fig. 9 Finite element model of blade and disk

2 /mm * mm™!
4.7944e-3
. 3.9426e-3
©3.0908e-3
1 2.2390e-3
1.3872e-3
5.3537e-4

-3.1643e-4

—-2.0200e-3
—-2.8718e-3

1.0T4

A /mm *+ mm™!
4.7944e-3
O 3.9426e-3
©3.0908e-3
- 2.2390e-3
1.3872e-3
5.3537e-4
-3.1643e-4
-1.1682e-3
-2.0200e-3 52,
-2.8718e-3

1.0T4

7.7983e-004,

N ZF /mm + mm™

5.5382e-3 5.8068e-3
. 4.4995e-3 -4.6843e—3
" 3.4608e-3 ©3.5618e-3
0 2.4220e-3 0 2.4393e-3
1.3833e-3 1.3168e-3

3.4460e-4
-6.9412e—4

6.843e-004

M2 /mm * mm™

1.9427e-4
-9.2823e-4

—1.7328e-3 saatse -2.0507e-3
-2.7716e-3 -3.1732e-3
-3.8103e-3 -4.2957e-3
1.15TH 1.22T%
(a) PHZEANAR 1) AR
A% /mm * mm™! 7% /mm * mm™
5.5382e-3 5.8068e-3
- 4.4995e-3 -4.6843e—3
©3.4608e-3 ©3.5618e-3
2.4220e-3 = 2.4393e-3
1.3833e-3 1.3168e-3
3.4460e-4 1.9427e-4
-6.9412e-4 -9.2823e-4
—1.7328e—394835¢-004) -2.0507e-3
-2.7716e-3 &3 -3.1732e-3 52
-3.8103e-3 -4.2957e-3
1.15T.#% 1.22T.%
(b) FHEP R 2

10 HEETESH=E

Fig. 10 Cloud maps of strain distribution on the blade



54 3

PINETRAE  FOARAR AL SR 5 e % D A R AT 72

.87

x1 MHRETMREER
Tab. 1 Blade strain test data sheet
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Fig. 11 Cloud maps of strain distribution on the disk
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Tab. 2 Disk strain test data sheet

T VA ¥ifE/pe  BHUE pe WRE%
1.0 1 3095.5 2823 9.65
2 2318.5 2135 8.59
3 985.7 909 8.44
1.15 1 4124.0 3 740 10.27
2 3086.7 2 820 9.46
3 1312.8 1207 8.77
1.22 1 4 661.8 4227 10.29
2 3488.7 3178 9.78
3 1455.4 1347 8.05

(1) MBEFARZS S M J DA (B AT 1 52, 55
DA SAEAMEA LR IR 22 10.16 %

(2) XBEFARAS T S BN AR (AT 1 55, 52
DA SAEAUMELA LR R IR 22 10.29 %

(3) it il SR e AR A5 5845 B
AT AT RO T A U RS R B e e 1V AR
it



- 88 - o s b OB 2025 4
P (8] Jo MB,{BUELH, B . KA R AR M ik sl R v K Bl
SE L SIS AL A 2018,60(S1) :35 - 38.

(1] B0 A5 T0 5% I U 9025 % S LI 30107 3 00 4 4 s - T LONG Lun,FENG Yajuan, LYU Biao. Analysis of vibration charac-

FEPEBARARS T[] AR 2016,37(10) 11964 - 1969.
CAI Ningbo, HOU Naixian, ZHANG Chengcheng. Reliability and
optimization analysis of strain-gauge application for aeroengine vi-
bration measurements[ J]. Journal of Propulsion Technology,2016,
37(10) ;1964 - 1969.

@E‘s%éﬁf%é FA K BHURHE  58 e 7 Sl B R K
FHORSE[T]. SR 406 55T ,2008 ,21 (1) 22 - 25.

CAO Kunhua, HUANG Jiajing. Investigation on the dynamic instru-
mentation technology of an engine LP turbine blade and its applica-

tion[ J]. Gas Turbine Experiment and Research,?2008,21 (1)

22 -25.
W A IR AR AR S R S T S R

WFFELI]. Mias 8 77,2022 (1) 163 - 66.

HU Guoan, LI Jian, LI Pingjun, et al. Dynamic stress measurement
for high-speed rotor of aero engine [ J ]. Aerospace Power,
2022(1) :63 -66.

ok, ok #F,k R,AE RSMLBS bk - SEE
ST BEEER S TR, 2022,22(27) 12217 - 12222.
WANG Bin,ZHANG Qi, NONG Bin, et al. A blade-disc coupling
analysis method for dynamic stress test of compressor[ J]. Science
Technology and Engineering,2022,22(27) ;12217 - 12222.
FEAW B R AR, m UM RS I 3l N )
SR AR 2018,39(6) 11406 - 1411.

WANG Fengming, HE Jin, ZHU Jungiang. Measurement method
and it's application on dynamical stress of a high-speed small-size
turbine blades [ J]. Journal of Propulsion Technology, 2018,
39(6) ;1406 — 1411.

SRTE, S A IR R SIHUR IR EE M R Bl R R AR B
FERIAEL T ] RIS ,2019,32(3) 8 - 12.
ZHANG Zaide, WEN Hua. Research and verification of dynamic
stress measurement technology for turboshaft engine gas turbine
blade[ J]. Gas Turbine Experiment and Research,2019,32(3):
8 —12.

OB WREE kg,
N FTIRIAE ] . s
YUAN Wei, CHEN Guozhi,ZHANG Hongxiao, et al. Modal analy-

S L FOUEHL I 6 1 R AR S A BT B s
11274 ,2020,35(10) ;2186 —2194.

sis and dynamic stress test verification of shrouded prewist turbine

blade [ J ]. 2020, 35 (10 ).

Journal of Aerospace Power,

2186 —2194.

[10]

[11]

[12]

[13]

[14]

teristics and dynamic stress test data of shrouded turbine blade

[J]. Chinese Journal of Turbomachinery,2018,60(S1) :35 —38.

JEHANE M DG, TR, AE. i R LG R B )
Mk 5 2 Iy = PG [ 1], #E k5 R 2014,35 (10) ¢
1398 — 1403.

LU Yanhui,MEI Qing, LEI Mozhi, et al. Vibration stress test and
dynamical evaluation for high rotational speed compressor blades
through numerical and experimental method[ J]. Journal of Propul-
sion Technology,2014,35(10) 1398 - 1403.
LAXALDE D,GIBERT C,THOUVEREZ F. Experimental and nu-
merical investigations of friction rings damping of blisks[ C]. Ber-
lin; ASME Turbo Expo 2008 ; Power for Land, Sea and Air,2008.
KRIZAK T, KURSTAK E,D’SOUZA K. Experimental and com-
putational study of a rotating bladed disk with under-platform
dampers[ J]. ATAA Journal ,2023,61(10) :4717 —4727.
W2 NIRRT 22, 2 s K s ALR R A% 3l 14 48 R Al
BRI B AR [T]. At =S 3 1 2 4l 2016, 31 (10)
2536 —2543.
JIANG Ping, LI Gang,CHEN Qinglan, et al. Dynamic strain moni-
toring technique for the rim of cylinder gear in the aero-engine
[J]. Journal of Aerospace Power,2016,31(10) ;2536 —2543.
Y22 A0V, SRR , 4. T2 v T LA R AT Dl IR A
PN MRAFEL T ] eSO ,2019,40(1) 1166 - 174.
HU Guoan, HE Liuhai, WU Guijiao, et al. Acoustic noise and dy-
namic stress experimental study on travelling wave vibration of
high-speed bevel gear in aero-engine [ J]. Journal of Propulsion
Technology,2019,40(1) :166 —174.
B W, R, AR AR BE R A S BB (A Siik 48 B g
DBEFE ()] AR ,2016,35(4) 1153 - 156.
HOU Ming, LEI Mozhi,ZOU Yachen. Testing research on turbo-
fan engine accessory drive gear [ J]. Measurement & Control
Technology ,2016,35(4) :153 - 156.
XUTERY , X% 9T Bk 14 56 3l 17 3 3 B3 AT B AT 5
[1]. DUbA% 35,2017 ,41(9) : 111 - 114,
LIU Haiou,LIU Xingxing. Numerical analysis and test research of
the dynamic stress of spiral bevel gear[ J]. Journal of Mechanical
Transmission , 2017 ,41(9) : 111 = 114.

(2 #AM )



