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Experimental study on emissivity setting before precise temperature

measurement of SiC,/Al cutting by infrared thermal imager

Zhang Qi, Li Guohe®, Sun Yong, Sun Fei

(Mechanical Department, Tianjin University of Technology & Education, Tianjin 300222, China)

Abstract: Emissivity setting has a decisive impact on the accuracy of the measurement results of infrared
thermal imager, so it must be calibrated accurately before temperature measurement. In this paper, the influence
of emissivity setting on temperature measurement accuracy of infrared thermal imager was studied through
thermocouple calibration test. Secondly, the influence factors of emissivity setting were analyzed by factorial
experiment. Finally, the influence degree of each factor on the emissivity setting was studied by orthogonal
experiment, and the empirical formula fitting and experimental verification were carried out. The results show
that: for SiC/Al composites, the emissivity setting is very different before and after the measured temperature is
500 °C. When the measured temperature exceeds 500 °C, using the recommended value as the setting method will
produce large errors. In the range of 0°-45°, the measurement angle has no influence on the emissivity setting.
However, temperature, surface roughness and observation distance all affect the emissivity setting. The maximum
error of the empirical formula of the emissivity setting obtained by polynomial fitting is 2.76%.
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Tab.1 Main technical parameters of fluke-Ti640

infrared thermal imager

Project Content
Wavelength/um 7.5-14
Frame rate/Hz 60
Temperature range/°C —40 —+1200
Accuracy/°C +0.1

& 2 SiCp/Al E &M BIEARMEE
Tab.2 Basic properties of SiC,/Al composite

Parameter 2024Al SiC
Thermal conductivity/(W-m'-K™") 180 81
Specific heat capacity/(J-kg ""K ") 880 427
Volume fraction 55% 45%
Density/(kg-m ) 2.7x10° 3.13x10°
Poisson ratio 0.34 0.14
Thermal expansion coefficient/K ™ 23.6x10°° 4.9x10°
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Fig.1 Experimental device
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Fig.2 Difference between measured and actual temperature when the
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Fig.4 Effect of different emissivities on the measured temperature
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Tab.3 Factorial experiment parameters

Factor Level
al(®) 0 45
Ra/pm 0.4 1.8
//mm 250 1500
7rC 100 500
22 HRASMH
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Fig.6 Variation of emissivity
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Tab.4 Orthogonal experimental factors and levels

Factor Level

Ra/um 0.4 0.8 1.2 1.6
I/mm 250 750 1250 1500
T/°C 100 300 500 700

32 ZERS

R LI A R AT 22 T . B Ty RORER
A RIER kKPR SR8 bR 2 F0, WA 22 R, 7T
PRI 5 L
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Tab.5 Range analysis

Factor R; Patch

Ra/ym 0.1050 2
I/mm 0.0275 3
T°C 0.5175 1
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Fig.7 Main response of the set emissivity
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Tab.6 Analysis of variance
Factor (0] n m F
Ra/pm 0.235 3 6 4.64
I/mm 0.239 3 6 0.32
ae 0.058 3 6 112.06
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Tab.7 Experimental verification results

Ra/um I/mm 7/°C Measured value Calculated value Deviation

0.4 250 200 0.29 0.282 2.76%
0.4 250 400 0.29 0.283 2.76%
0.4 250 700 0.74 0.73 1.35%

G35 R P 25 55 o5 ) (A 22 2 20 H
{EEAT SICy/AL S £ FPERELEE I 0 LLARZE R, Wik 8
JE7R o T LA H e PR R 5 SR A SR A 22 A, i
KRIEH 2.33%, PE—LIEMHLS 15 81 SiC /AL 4
PR E R R 2 50 8 SR A BAFIORS B o

&8 MEFERILEK

Tab.8 Comparison oftemperature measurementresults

Ral 1 T/ Setemissivity Formula predicted

um mm °C  temperature/°C value/°C Deviation
04 250 200 200.59 205.08 2.24%
0.4 250 400 403.03 412.43 2.33%
0.4 250 700 707.5 714.26 0.96%

DAL (R D A3 1 L 42 o 3t 07 12 45 2R 4K
AR, HAWA AR flhn, AR RS 2
DI P B 2 B o N TR R A 3 LR A A —
FRIELIRE o 3 A, A e {00 L PR Sy g 07 T JRE AR, A B X
W 25l AT 00 5 HAt i S AR B 00 LU 0 R REAE A
BHE AL A R, T H IR 2RI, HAEH T RIS AL
o ZEAMAGACRT LS L0 49y 1A% T £ I EE 3 A1
(e P o 7 3P, T, 2 A A Ul R 0 Y 32
Bk Z—.
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BEH S ALUTHI R, B MRS O 1 m, R A
(11) XoF B b ARAATEIE o 2090 P IE iy % 36 A A&
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Tab.9 Cutting experiment design

v / Ra Original setting Original
/m-min” /mm /um emissivity temperature/°C
1 40 1000 0.63 0.3 223.18
2 80 1000 0.536 0.3 356.7
3 120 1000 0.501 0.3 446.3
4 160 1000 0.53 0.3 313.64
5 200 1000 0.567 0.3 429.8
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Tab.10 Comparison of cutting temperature before

and after setting emissivity correction

Setting emissivity Temperature /°C
Deviation
Original Corrected Original Corrected

0.3 0.266445 223.18 244.6 9.597634%
0.3 0.262906 356.7 391.5 9.756 098%
0.3 0.2719 446.3 478.7 7.259691%
0.3 0.266453 313.64 346.1 10.34945%
0.3 0.267178 429.8 472.7 9.981387%
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Fig.8 Correction flow of the emissivity seting of infrared thermal

imager
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