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Abstract; In order to meet the needs of verification and calibration of high-precision temperature
measuring instruments, a high-precision thermostatic bath was designed. In terms of structural design,
the inner cylinder structure of the thermostatic bath was optimized. The inner cylinder adopted an upper
stirring structure, and the stirring chamber and the working chamber were separated. The upper and
lower connecting structures were connected as a whole, and the rectifying grid and the working medium
circulation system were designed to ensure the stable circulation and heat exchange of the working
medium in the cylinder, and improve the uniformity and stability of the temperature field distribution. In
the temperature control algorithm, the incremental proportion integration differentiation ( PID) algorithm
was used, the PID coefficients were self-tuning by the particle swarm algorithm, and the closed-loop
negative feedback PID structure was used to achieve precise temperature control of the constant
temperature bath. The self-developed software was used to test the performance of the constant
temperature bath. The test results showed that the designed constant temperature bath can realize a rapid
cooling and heating process, and the temperature field stability at — 10°C was 0. 001 1°C/min, and the
maximum temperature difference at the upper level in the working cavity was only 0.003 4°C, the
maximum temperature difference in the lower horizontal plane was 0.002 0°C, and the maximum
temperature difference in the inner cylinder working chamber was 0.003 4°C. The entire system had a
high degree of automation, stable temperature control, and can meet the national performance
requirements.

Key words: constant temperature bath; high precision; uniformity; stability; PID algorithm; particle
group
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Tab.2 Testing readings for stability of temperature field in thermostat bath at —10°C Q

W 1 reh B2 3Eh I3 e R4 rEh S BRSO e BT rHh WIS BRSO e A 10 404
1 24.468 1 24.468 3 24.468 5 24.468 7 24.468 9 24.468 7 24.469 0 24.4690 24.469 2 24.469 2
2 24.468 2 24.4683 24.468 5 24.468 6 24.468 8 24.468 6 24.469 0 24.4690 24.469 0 24.469 1
3 24.468 1 24.468 4 24.468 4 24.468 6 24.468 9 24.469 0 24.469 0 24.469 1 24.469 1 24.469 1
4 24.468 2 24.468 4 24.468 6 24.468 2 24.468 7 24.468 9 24.469 0 24.469 1 24.469 2 24.469 2
5 24.4683  24.4684  24.4686  24.4687  24.4687  24.4690  24.4692  24.4690  24.4690  24.4690
6 24.4683  24.4683  24.4687  24.4687  24.4686  24.4690  24.4692  24.4692  24.4692  24.4689

&3 100°C i 185 1R 37 18 E M K # iR

Tab.3 Test reading of temperature stability of constant temperature bath at 100°C Q

¥ S L reh B2 3Eh I3 B R4 rEh S BRSO e BT rHh WIS BRSO e A 10 04
1 35.4826 35.4828 35.4828 35.4832 35.4832 35.4832 35.483 6 35.4833 35.4836 35.4837
2 35.4827 35.4828 35.4830 35.483 1 35.4833 35.483 1 35.4835 35.4837 35.4835 35.483 6
3 35.4826 35.4829 35.4829 35.483 1 35.483 4 35.4835 35.483 6 35.483 6 35.483 8 35.483 6
4 35.4827 35.4829 35.483 1 35.483 1 35.4832 35.483 4 35.4837 35.4835 35.4839 35.4837
5 35.482 8 35.4829 35.483 1 35.4832 35.4832 35.4835 35.4837 35.4839 35.4839 35.4835
6 35.4828 35.4828 35.4832 35.4832 35.483 1 35.4835 35.4837 35.4839 35.4838 35.483 4
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Tab.4 Test reading of temperature stability of constant temperature bath at 0°C Q

¥ S 1 reh B2 0Eh I3 e R4 rEh S MR o rEh BT rHh WIS BRSO e M 10 04
1 25.4852 25.4854 25.4856 25.4858 25.486 0 25.4858 25.4862 25.486 1 25.486 5 25.486 4
2 25.4853 25.4854 25.4856 25.4857 25.4859 25.48517 25.486 1 25.4863 25.486 4 25.4863
3 25.4852 25.4855 25.4855 25.4857 25.486 0 25.486 1 25.4862 25.486 2 25.4862 25.486 2
4 25.4853 25.4855 25.4857 25.4853 25.4858 25.486 0 25.486 3 25.486 3 25.486 3 25.486 3
5 25.4854 25.4855 25.48517 25.485 8 25.4858 25.486 1 25.486 3 25.486 1 25.486 5 25.486 1
6 25.4854 25.4854 25.4858 25.4858 25.4857 25.486 1 25.486 3 25.486 5 25.486 4 25.486 0
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Fig. 12 Data analysis of temperature stability
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Tab.5 Horizontal data in temperature field uniformity

testing of constant temperature bath at —10°C ()

i

A B C D
R, (il) 24.4689  24.4690  24.4688  24.4692
R, (i2) 24.4690  24.4690  24.4688  24.4693
R, (i3) 24.4688  24.4690  24.4687  24.469 3
R, (#4) 24.4692  24.469 1 24.4686  24.4692
R(il) 24,4652  24.4655  24.4650  24.4657
R(i2) 24.4653  24.4657  24.4650  24.4656
R(i3) 24.4653  24.4655  24.4649  24.4657
R(i4) 24.4654  24.4656  24.4648  24.4657
R e 24.4690  24.4690  24.4687  24.469 3
Rie 24.4653  24.4656  24.4649  24.4657
R, , -0.0037 -0.0035 -0.0038 —0.0036
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Tab.6 Horizontal data under temperature field

uniformity test of constant temperature bath at —10°C

Q
ZH :
E F G H

R, (il) 24.4695  24.469 1 24,4697  24.4694
Ry (i2) 24.4694  24.4692  24.4699  24.4695
R, (i3) 24.4694  24.4692  24.4698  24.4695
R, (i4) 24.4693  24.4692  24.4699  24.4696
R(il) 24.4659  24.4655  24.4661  24.4659
R(i2) 24.4659  24.4656  24.4661  24.4660
R(3) 24.4658  24.4656  24.4662  24.4661
R(i4) 24.4659  24.4656  24.4662  24.466 1
R s 24.4694  24.4692  24.4698  24.469 5
Ripe 24.4659  24.4656  24.4662  24.4660
R, , -0.0035 -0.0036 -0.0036 -0.0035
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Fig. 15 Change curves of mean value of different

detection points
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Fig. 16 Relative error of detected value between fixed

platinum resistance and moving platinum resistance
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