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Research on high-temperature dynamic strain measurement technology

for hot-section components using optical fiber sensing

CHEN Shuang’, SUT Guanghui, ZHANG Xinying, ZHANG Penghao, HUANG Caixia
((AVIC Changcheng Institute of Metrology & Measurement, Beijing 100095, China)

Abstract: To accurately measure the high-temperature dynamic strain of hot-section components of aero-engines, this
paper systematically investigates a high-temperature dynamic strain measurement method based on fiber optic sensing tech-
nology. High-temperature-resistant grating structures, inscribed using femtosecond lasers, were installed and fabricated on
the substrate surface via plasma spraying technology. The performance of the sensors was tested and evaluated using high-
temperature static and dynamic strain calibration rigs that simulate the operating conditions of hot-section components. Fi-
nally, validation was conducted through two aero-engine test rig experiments. The results from disk rig tests designed to as-
sess high-temperature endurance and measurement accuracy demonstrated that the sensors could withstand environments
up to 650 °C, with a deviation of less than 5% between measured centrifugal strain and design simulations. The results from
high- and low-cycle fatigue rig tests designed to verify dynamic strain measurement capabilities under blade vibration loads

indicated a discrepancy of approximately 1.3% between measured and theoretical resonance frequencies, while the dy-
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namic strain amplitudes were consistent with the predicted design magnitudes. The high-temperature dynamic strain mea-

surement method based on fiber optic sensing technology provides important technical support for accurately assessing

stress distribution and fatigue life of hot-section components in aero-engines and identifying danger points in advance.

Key words: sensor testing; hot-section components; high-temperature dynamic strain; optical fiber sensing; stress

distribution; fatigue life; femtosecond laser; plasma thermal spraying
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Fig.1 Basic composition of FBG sensing system
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Fig.2  Structure morphology of FBG
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Fig.4 Schematic diagram of sensor installation structure
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Fig.5 Microstructure of the thermal barrier coating

cross-section obtained in Test 1
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cross-section obtained in Test 2
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Fig.7 Microstructure of the thermal barrier coating

cross-section obtained in Test 3 LRllIROE S P75 EE / MPa PURMERE(AE)
1100 CHAT, 500
AR
fﬁ;iA 275 2 T R
- (BIEHERUNT 10%)
1100 CZ&AFT, 500k
-4
gfﬁ#ﬁ 28 2 T R
. (B TRV T 10%)
140
< 120
S
& 10F
K
S 80t
P8 LT RS R B 5 T I 2oy
Fig.8 Photograph of the installed sensor 40 |
i
1]
A s, TR O g LV SRR o 10 222 42 4 ) 20T
AR A, " ) 4 ‘ 6 8 10
X TE R HEA IR 21 (1) 5306 FBG S FTE 7
s 7 PR % L 25
SF 0 R A RE 1 o) HEAFRO IR 1, 25 0% 3. | 10 SHFERREEA LT
N - . Fig.10  Comparison results of elastic modulus
SR X LA SR AN & 10 FrR o
I3Mr e 3 S B 10 TR ToHVE, TFAMRIIRIZ N &l HEEK
1) i WDW-100A %1 J5 g i 56 HL X4 )2 H i 3) Ml = lyk, MR 1400 CHELS 0.

SA R TR, SRR EEIRETFHE 20 5. 10 hBA LT IRE 5 IOGL R R By e
BB 27. 5 MPa, G AJG IR Z P4 G 0 i, 5RO JCEF AT IR )ZE A R A
JE24.8 MPa, 56 MIEREMIREL 10%, 6 7 —E%mW, B2 B EIE% 10%, B4
PR Z Ll FHER il FE A IR

2) fliF KRZ-S05 % [ gh WA MGRIXEHLA IR 2.2 MTERREHST
R HGRMERERI, SRR BRIETTRL. FRE PSS U T2 7 vk M iRk 2 A58, HE LY



- 114 - FEAFUEE

202645 46 % % 2

ARAETBZEA P (UL 1), RIS BRI, L e
AT FR L X RRSF IR AR 2R A B T R
JZ TR T I R AN 2 X AR IR 1 8 KR
ERGE R . RIS R A AR 5
DI s IRIER ST e ey =, W= M5 145
PR IR e 5 % S DR T J2= B 0 A ™ A Al
g1, AR R A T AR

/=

A HT e
VL V&L %) 7, VLV =] JRJE
B Seef s 2 e e i AL

Fig.11 Simplified diagram of the installation structure of

fiber optic sensor
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Fig.14  Test setup of high-temperature static strain calibration
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Fig.16 Curve diagram of sensor strain test data
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Tab.4 Indication error of dynamic strain measurement
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e we
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803.4 775.9 =34

982.1 943.4 -3.9

218.6 211.2 =34
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Fig.18 Schematic diagram of fiber optic rotary joint

structure installation
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RIS THLBE T JRR A RS, ML
L IR AT i, KR E T2 650 °C, P LT
A 15 000 r/min, PR%% 30 min; TR TR
Mg AR, DRERE R A 650 “Cmif i A,
2T A R 25 N 5 1 L 5 ot e L 11 20 s

I A T EE 650. 5 °Co

= iﬁfg

700 1

600

0 20 40 60 80 100 120 140
A 18] / min

P20 A2l A5 it i i B2 1 £ 41
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Fig.22  Simulation analysis of centrifugal strain of turbine blade
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Fig.23  Link layout of the fiber optic rotary joint installation
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