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Fig.1 System block diagram for high precision temperature control
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Fig.2 Block diagram of the system hardware
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Fig.4 Circuit diagram for the temperature acquisition
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Fig.5 Circuit of the H-bridge drive
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Table 1 Comparison of the key hardware

Selection of hardware

Selection of this paper

Aerospace Method of replacement

Master chip
Temperature sensor
OPA602
ADST7825

Precision operational amplifier

Analog-to-digital converter

STM32F103VET6
MF52 thermistor

LSEMUO1 Porting code
MF61 thermistor
OPA602

ADS7825

Modify the R-T function
No need to replace

No need to replace
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Function

-

Digital signal |

initialization of data collection | ¥
the temperature
control system l
Parameter n+
initialization
Channel 1 for
temperature N—]
measurement
Acquisition and Y
resolution of +
temperature 7'
Digital filtering
38°C<T<46°C? >=Y—»  Channel 2 l
Obtain the current
temperature 7'
: l
Temperature
Channel 1 control algorithm
&
l PWM output
Counter n=0 |« End
[
K6 ROzl

Fig.6 Flowchart of the system control

&2 DZF-6090DEZE TR XESHE
Table 2 Parameters of the DZF-6090D vacuum

drying oven
DZF-6090D

10-200 °C above RT
(RT: Temperature

Parameter

Range of

temperature control .
of the environment)

Resolution of o
0.1°C
temperature control

Precision of
+0.5 °C

temperature control

Vacuum Adjustable from 0 to 99.99 kPa

Inner capacity 450 mm x 450 mm X 450 mm

Number of Brackets 2
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Fig.7 Temperature control curve (in the non-target

temperature range)
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Fig.8 Temperature control curve (within the target

temperature range)
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Fig.9 (a) Temperature curve of the system with a warming interference, (b) Temperature curve with a warming environment,

(¢) Temperature curve of the system with a cooling interference, (d) Temperature curve with a cooling environment.
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AsstracT The liquid crystal birefringent filter has become the preferred technology option for deep space
magnetic field exploration missions due to the use of low-voltage actuators, removal of rotary motors, and
other technical features, which greatly simplify the filter’s opto-mechanical structure. The refractive index
of optical elements in filters is very sensitive to temperature changes. In order to ensure that the passband
of the filter remains stable within a range of 0.1 A, and meet the high sensitivity requirements for space
magnetic field observation, it is necessary to achieve a temperature stability accuracy of £0.005 °C within
the optical cavity of the filter. Due to the low resolution of the available astronaut-grade Analog-to-
Digital Converter (ADC), which are unable to meet the requirements for high-precision measurements if
used directly, in this paper, we segmented the temperature range and designed the scheme of multi-stage
amplification, low-pass filter circuit and space grade ADC to realize a wide range of temperature signal
acquisition from —20 °C to 100 °C and a high resolution temperature acquisition of 0.0002 °C within
the target temperature range of 38 °C to 46 °C. Then, the thermoelectric cooler (TEC) was used as the
thermal control element with incremental PI (Proportional Integral) control algorithm, which realizes the
precision temperature control, and the system temperature control accuracy was better than +0.005 °C in
the vacuum test. The above work can not only provide a precise temperature control system for ground-
based liquid crystal birefringence filters, but also provide a feasible technical solution for deep space solar
magnetic field and velocity field measurements.

Key words Sun: magnetic fields, space vehicles: instruments, methods: temperature control, deep-space
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