it R e, NiKS5KE -

doi: 10.11823/j.issn.1674-5795.2025.06.13

R R E IR AR SE E N ER R A iR it
B R AR

i"‘:‘(il*’ Vﬂifz, Fllf—kf%3’ Ebﬁ'”f" 27;]—)?;.2 i%*z ﬁ‘(éli’/}?z
(1. EfTzE T E RN E A EKWATEN R ARG E B, 463 100095,
2. EHA AT AR R, LT 1000955 3.K = A & MNAIE RS, HT & ) 318000)

w OE: L4 ﬁi&%x&u&%&%‘i&%%Tﬁﬁi*ﬂ%%é@%%‘ . EREBARENRFR, Ak E A,
HEY —HEARTEREEERGENEAN . PEXA 2GR 5 fr@uﬁ, Wiyﬁﬁﬁpﬁdﬁﬁﬁm#&fr@ﬁu
HIRE R, R E AR ol B R R K ﬂ)ﬂ:f&%éﬁ%dﬁ%%ﬁw%ﬂ, ZH KA R E LI
T, FAEBETENES., T ANSYS Workbench 2019R3 3 2 57 = 46 44 ) A AT HH AR, 4%
B RENERBEFRSERBERGR TN, ARAAFGHKIPHATERMNK, EREF: P ARMHKL
AT AR E KB E 0,47 C/6min, B AEHMT3C/50mm, A4 FEAEBEMNRER, FIAZHRP
FRAu-PUEEREENR, - P BT EEAARNE, VEERALEHSREEEANRETEERLR
PR,

KEIF: AR EEREE; BABE; BEENR; BIERN; BERSE; BB, R F
-

RESES: TB42; TH811; V216  XEAARE®E: A XEHS: 1674-5795 (2025) 06-0153-08

Design and application of chamber furnace for solving thin-film

thermocouple static temperature testing challenges
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Abstract: Traditional test equipment struggles to meet the high-precision and efficient static temperature testing re-
quirements of thin-film thermocouples in high-temperature environments. To address this issue, a chamber furnace with
large -space and precise temperature control functions has been developed. The furnace body adopts a split-type multi-
layer structure design. Its side thermal insulation components can be flexibly disassembled to eliminate installation ob-
structions, satisfying the testing needs of thin - film thermocouples with different shapes. High - efficiency heating is

achieved using three-section molybdenum disilicide heating elements, combined with a water-cooling system to realize
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precise temperature control and generate a stable and reliable temperature field. A three - dimensional thermodynamic
model was established and simulated using ANSYS Workbench 2019R3 software. The simulation results show that the
temperature field at the measuring end and the temperature at the reference end of the sample meet the design expecta-
tions. Practical tests conducted with the developed box-type furnace indicate that the temperature fluctuation in the fur-
nace’s test coordinate system is 0.47 ‘C/ 6 min, and the temperature field uniformity is better than 3 “C/50 mm, which
complies with the testing requirements for thin-film thermocouples. Tests on Au-Pt thin-film thermocouples were con-
ducted using this box-type furnace, further verifying its application effectiveness. It provides important technical support
for the static temperature characteristic detection of thin-film thermocouples.

Key words: box-type furnace; thin-film thermocouple; static temperature; high - precision testing; Seebeck effect;

temperature fluctuation; temperature field uniformity; thermodynamic simulation
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Fig.1 ~ Overall structure of the box furnace
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Fig.2  Structure of water cooling device
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Fig.3 Temperature distribution map of ceramic samples
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Fig.4 Distribution of simulation points in ceramic tests
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Fig.5 Simulation diagram of time-temperature at 6 points in

ceramic test
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Tab.1  Box-type furnace temperature fluctuation
test data
NI /s M C
10 1597.3
20 1597.3
30 1597.3
40 15974
50 1597.2
60 1597.3
70 1597.3
80 1597.2
90 15974
100 1597.3
110 15973
120 1597.2
130 1597.2
140 1597.3
150 15973
160 1597.2
170 1597.4
180 15972
190 1597.2
200 1597.2
210 1597.2
220 1597.2
230 1597.2
240 1597.2
250 1597.1
260 1597.1
270 1597.1
280 1597.1
290 1597.0
300 1597.1
310 1597.0
320 1597.0
330 1597.0
340 1597.0
350 1596.9
360 1596.9
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Tab.2  X-axis temperature field uniformity test data of

box-type furnace

. I/ °C ! )
X337 &/ mm - HEYIME/ C
1R 21K
-25 1596.3 1596.2 1596.3
0 1596.9 1596.4 1596.6
25 1597.9 1597.6 1597.7

A3 AW YB3 40X AR
Tab.3  Y-axis temperature field uniformity test data of

box-type furnace

B R FE \ o
Y7 &/ mm - - REME ) C
EARYG 2k
-25 1590.2 1590.2 1590.2
0 1591.1 1590.7 1590.9
25 1590.1 1590.0 1590.1

k4 BN 74853 9 ma XAk
Tab.4 Z-axis temperature field uniformity test data of

box-type furnace

) MR E /C ]
Z 7 & /mm REHE ) C
E BN/ 2
-25 1590.6 1591.2 1590.9
0 1589.9 1590.3 1590.1
25 1589.5 1589.5 1589.5
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Fig.6 Au-Pt thin-film thermocouples fabricated on alumina
ceramic test pieces
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Tab.5 Test data of Au-Pt thin-film thermocouples
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ik S bRy BEME/mY
800 91.6 808.13 11.549 3
900 101.8 911.85 13.8253
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