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Research on turbine blade surface temperature field measurement

system based on multi-spectrum

ZHANG Xuecong, DONG Lei, HU Weichen, CAT Jing, LI Yuan”
(AVIC Changcheng Institute of Metrology & Measurement, Beijing 100095, China)

Abstract: Due to the strong background radiation inside the aero engine, there is a large deviation between the tem-
perature value obtained by measuring the surface of the turbine blade using the conventional radiation temperature mea-
surement system and the actual temperature value. To address this issue, a new generation of turbine blade surface tem-
perature measurement system was developed based on the principle of multispectral temperature measurement. The sys-
tem uses movable mirror probes and fixed mirror probes to achieve high-reliability scanning, realizes efficient signal ac-
quisition and precise control of equipment through high-speed multi-channel synchronous signal acquisition and control
system, and realizes online measurement and reconstruction of three-dimensional temperature field on the blade surface
by using multispectral temperature measurement modeling in complex thermal environment, multi-view three-dimensional
temperature field reconstruction and other technologies. The performance indexes of the multispectral turbine blade sur-
face temperature field measurement system were tested by using a blackbody radiation source and a dynamic calibration
device, and the results showed that the system could achieve real-time online measurement of the surface temperature of

turbine blades at 550 ~ 1 500 “C, and the maximum allowable error did not exceed + 7.5 ‘C, which met the temperature
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measurement requirements of turbine blades. The research results provide strong support for promoting the development

of thermal parameter testing technology for aeroengine turbine blades in high-temperature and complex environments.

Key words: radiation temperature measurement; multi-spectral temperature measurement; high-speed data acquisi-

tion; three-dimensional temperature field; fusion reconstruction
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Fig.1 Schematic diagram of probe working principle
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Fig.2  Principle of software

2 mRBEMAERBEERNERSEAEAREE
ZIfRE
2.1 TEHAERK

T3 e I R 2 T L R T e AR e v A R A e
RS e P ae . FRIREH AR Sh5E
FHALAE . B WG . L A

AR AW K T I B A AR BT A AT S B 4 i R
FEPIO™ o [ B AR B AR A R A/ 4 o]
REFATE TRE, A BB RRET AR 15T
FRLHEAT 40 AR SR AR o I Ay B S e it
B R EH . AL HALIK ) A 1 B L AR R
R G 5 IR AR, B R AR A
438 o B 4% ] G #2 TB5 81 (Field Programmable Gate
Array, FPGA )R ZIHIEEE . B8 G e A
A SRR ET SE Y N R 3 B o

(a) [ E BEAT IR AT

(a) Fixed mirror scanning probe

(b) ATBNBE TR E

(b) Movable mirror scanning probe
B3 [ BRI A AT S B R R A S R

Fig.3  Physical pictures of fixed mirror scanning probe and

movable mirror scanning probe
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Fig.4 Calibration process
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Fig.5 Diagram of relationship between engine and probe

parameter settings
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Fig.6  Scanning mode test flowchart
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Tab.1 Index of turbine blade surface temperature field measurement system
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Fig.8 Schematic diagram of uncertainty distribution evaluated

using Monte Carlo method
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