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Research on preparation and milling application of high
performance thin film thermocouple

Cui Yunxian, Xue Shengjun, Du Peng, Yin Junwei, Ding Wanyu

(College of Mechanical Engineering, Dalian Jiaotong University, Dalian 116028, China)

Abstract: With the development of nanofilm deposition technology, the transient temperature measurement based on thin film
thermocouple has been widely applied in various applications. To realize the application of thin film thermocouple in milling, a method
for preparing high performance thin film thermocouple is proposed. NiCr/NiSi thin film thermocouple is prepared on a quartz substrate by
DC pulse magnetron sputtering technology. It is annealed at different temperatures in an argon atmosphere. The influences of annealing on
the comprehensive property of the thin film thermocouple are studied. Experimental results show that uniformity and conductivity of
functional films annealed at 500°C are improved significantly. The Seebeck coefficient of thin film thermocouple is increased from
36.3 wV/C before annealing to the maximum value of 40. 5 wV/°C. The performance of temperature measurement remains stable after
continuous thermal shock and high temperature insulation for 6 hours. The research result of high-performance thin film thermocouple is
used in the development of temperature measurement milling cutter and TC4 orthogonal milling. The prediction formula of TC4 milling
temperature is obtained. The proposed method provides a feasible solution for the temperature measurement of of rotary processing.

Keywords : thin film thermocouple; high performance; transient temperature; milling; annealing
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Fig. 1 Photos of thin film thermocoupler argon

annealing system
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Table 1 Argon atmosphere of thin film thermocouple

annealing process parameters
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Fig.2 Real picture of thin film thermocouple
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Table 2 Preparation process parameters of NiCr and

NiSi functional films
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Table 3 Process parameters of SiO, insulation film
preparation
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Fig.3  Surface morphology of NiSi film
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Fig.4 Energy spectrum of NiSi thin film
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Fig.5 XRD pattern of NiCr film
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Table 4 Influence of annealing temperature on resistivity

and carrier concentration of functional films
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Fig.7  Circuit of the thin film thermocouple
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film thermocouple and annealing temperature
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Fig.10 Thermal cycle test of thin film thermocouple
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Table 5 TC4 orthogonal milling test parameters and results

JP5 BEHIEE/ (memin™) SRR/ (mmemin™) BEHITRIE/mm BEHI I/ C P/ C R/ %
1 149. 15 60 0.1 191.75 193.47 0.90
2 94.2 60 0.05 143.5 144.21 0.49
3 59. 66 60 0.2 179.25 179. 36 0. 06
4 59. 66 95 0.1 174.75 174.15 0.34
5 94.2 95 0.2 198.25 198. 56 0.16
6 149. 15 95 0.05 63 64. 82 2. 89
7 149. 15 30 0.2 147.25 148. 45 0.81
8 94.2 30 0.1 140. 5 141. 10 0.43
9 59. 66 30 0.05 94.5 94.77 0.29

XTI 45 AT T 22 00 M, O 22 2 B 45 R
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JE R B0 /INHE e by B 18 B2 > B 25 B > B 1 3 B2, AR S

T 1 A 1 3 R AU ) U0 A S BRI B v, =
149. 15 m/min, #$f 25 & f= 95 mm/min, &% H| I & a,=
0.05 mm,
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Table 6 Analysis of variance of TC4 orthogonal milling test

i SR O fapiy F I 18 BEME
ok ) 53 1082.375 2 541. 188 0. 555 Fo5(2,8)=4.46 N
i uiin 2 949. 042 2 1 474.521 1.511 Fy5(2,8)=4.46 NTES
e 10 312.792 2 5 156. 396 5.285 Fo5(2,8)=4.46 e
PR 1.951.292 2 975. 646
Mt 213 653. 563 9
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