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Abstract

This paper addresses the issues of insufficient multi-factor coupling research in space environmental
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medicine and the lack of integrated environmental simulation equipment. Based on modular design
principle, a low-pressure chamber was developed and integrated with an existing overload simu-
lated platform to establish a low-pressure and overload integrated environment simulation plat-
form. By theoretical analysis and simulation modeling, the hardware and software of the low-pres-
sure chamber were designed and selected, and the performances of the low-pressure and overload
integrated environment simulation platform were tested. The results show that under the con-
straints of the low-pressure chamber with a volume of 0.09 m® and a weight of less than 20 kg, the
structural safety factor of the chamber is 1.2. And its stability was unaffected by overload conditions
and just influenced by the given pressure values slightly, and the fluctuation ranges and relative
errors of pressure were limited.
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Figure 1. Schematic diagram of the low-pressure and overload integrated environment simulation platform
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Figure 2. Equivalent stress distribution of the low-pressure chamber
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Figure 3. Transverse and longitudinal deformation, stress, and strain patterns of the low-pressure chamber. (a) transverse
deformation, stress, and strain variations; (b) longitudinal deformation, stress, and strain variations
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Figure 4. Control system of the low-pressure and overload integrated environment simulation platform
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Table 1. Hardware parameters of the low-pressure chamber control system

= 1. RERESIRERHESH

TR 44 R Lies SR BARZH
HE B % 24V
. I L 0~5V
TR BRI SR HXB38-DCB
b 0~60 L/min
HAEE 150 mbar
TAEHE 4.75~5.25V
JE 77 500~1200 mbar
POCIER LIRS JXBS-3001-02
iy 0~25%
¥ 2%
HLYE 12~24 V DC + 10%
A0 4~20 mA +2.5% FS
R AER SP-10CO11R Lb Bt H 2 % NPN
e Sy —101.3~101.3 kPa
BE & WIZZ M5
TAEHIE 2.5~55V
2 ek 27 dBm
LORA #Ht AS62-T27 B 410~441 MHZ
Vi nEd 1200~115,200 bps
T 0.3~19.2 kbps
TR 24V
MCU STM32F405
L B I R ELji
RS485 JH T MAX3485ESA
PWM #% 0~5 V GP8101

RS4854:

Figure 5. Circuit diagram of max3485
B 5. Max3485 ¢ 25

HiERE 7N VCC fEl 5| |3 3~5 V HLE, GND #:Hh, (5580088 5uRsh s e 5| | RE A
DE, HH:AER —5I B, HAER a4 Him i RO 5 STM32F405 (1) Rx 5] IAHE, SeI(E BASH A& T
£, STMB32F405 ] Tx 5| 5 WRsh 285 N i) DI AHIZE, oA, AL B 5] N R %K.

DOI: 10.12677/iae.2024.124070 540 s 5%


https://doi.org/10.12677/iae.2024.124070

kol A

FKs PWM e M e il mr kG FE 1 0-5V B B RS 5, R wT A3 s i ) 5 A5 H0E 5 1Y GP8101 #%
g%, He, GP8101 i PWM 5|15 STM32F405 1 PAS &E#:, F T8 PWM {55, FEH Vout 5] %
HEREES, WE 6 .

ki cis
CEVAR T e RIS = 12VDC
Line  wsy
R17 NC  SEL
i .

8
7
DAC2 3 5 Ds
PWM Vout
12VDC|f4 VCC GND | BAVED
C30
10uF/16V —

Figure 6. Circuit diagram of GP8101
& 6. GP8101 £k 5

3.4. T

RIEAEIERIRE R &R CiBS, 3T Keil pVisions ‘P& FIFER), BMEFEEQR: KREMVILE
. TERKRE. SEESHRESHHENE. FXRHBREMENNT LRGN, FEE
. BEAAEEERSE. SRS BT E, B 7 hEEPRER.

RGN

FahisE !

H¥rES S

v
=3 ) - fRIEIER

TR E TR A HINTER > EH AR E ST — i

HETREE
RN . , !
AR R RN > B HARE 7 —

PIDit&

1
v
BRI
X ]

I

(a) (b)

Figure 7. Program flowchart of the low-pressure chamber. (a) Communication and setting flowchart of the low-pressure cham-
ber; (b) Flowchart of pressure regulation
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Figure 8. Photo of the low-pressure and overload integrated environment simulation platform
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Figure 9. Seat for fixed macaque in the low-pressure chamber. (a) Seat structure of the low-pressure chamber; (b) Fixed mode
of macaque
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Figure 10. Test of low-pressure and overload integrated environment simulation. (a) Low-pressure of 85 kPa and overload
integrated test; (b) Low-pressure of 70 kPa and overload integrated test; (c) Low-pressure of 50 kPa and overload integrated
test
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