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Design of a hypergravity and rotation composite test platform
based on centrifuge

REN Yi!, MA Bohan? MA Honglei®, XIAO Yanhua®, SHANG Shilong?,
WANG Jianquan®, ZHU Yu?®, LI Fuzhu!
(1. School of Mechanical Engineering, Jiangsu University, Zhenjiang 212013, China;
2. Beijing Bayi High School, Beijing 100080, China; 3. Astronaut Center of China, Beijing 100094, China)

Abstract: To develop an integrated motion simulation system for aerospace medical research, based on the
rotating arm structure of a centrifuge, the frame type self-rotating seat was used to replace the traditional fixed
seat, and a chain drive was introduced as the rotation drive. The centrifuge control system with PC,
programmable logic controller (PLC), servo motor and encoder, as well as the self-rotating seat control system
with IPC, driver and stepper motor was built. In terms of control system software design, attention was paid to
the real-time operation monitoring of centrifuge and the stability control of portable self-rotating seat. The
precision tests of three simulated environments of hypergravity, rotation and hypergravity rotation composite
were carried out to the developed platform. The results show that the platform can achieve simulations of
hypergravity, rotation and hypergravity rotation composite. Both the centrifuge and self-rotating seat have high
control precision, and the operation process is safe and stable, meeting the expected requirements. The platform
can be used for experimental research of biological physiological response or equipment testing in aerospace
special environment.
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Fig. 1 Prototype of the integrated hypergravity rotation test
platform
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Fig. 2 Structure of the self-rotating seat
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Fig. 3 Block diagram of centrifuge control system
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Fig. 4 Feedback control principle of servo motor in centrifuge control system
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Table 2 Hardware parameters of the self-rotating seat control
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Fig. 5 The centrifuge control circuit
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Fig. 6 Wiring diagram of the self-rotating seat control system
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Fig. 7 Main interface of the centrifuge control software
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Table 3 Hypergravity accuracy test record sheet

BN | 0 | BABR SRR
(rmin) | S | iane | rmemn’) | g | %
2.5 19.999 0.803 -0.372
20 0.806 5.0 19.990 0.805 -0.124
10.0 19.995 0.805 0.124
2.5 49.994 5.034 -0.040
50 5.036 5.0 49.992 5.034 -0.040
10.0 49.986 5.033 -0.060
2.5 79.996 12.900 -0.000
80 12.900 5.0 79.989 12.887 -0.101
10.0 79.983 12.885 -0.116
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Table 4 Rotation accuracy test record sheet
HBAW | N/ 2 118 FH A /s R A | PR | AR R
Fifk/kg | (rmin’) [ No.l|No.2 | No.3|No4|[No.s5|No6| Fll/s (r'min”) %
15 4.08 | 4.07 | 4.13 | 4.11 | 4.08 | 4.16 4.105 14.616 -2.56
2.5 30 213 1 2.09 | 2.16 | 2.17 | 2.04 | 2.06 2.108 28.463 -5.12
60 0.96 | 1.11 | 1.05 | 0.98 | 1.09 | 1.19 1.060 56.604 -5.66
15 4.12 | 4.08 | 4.02 | 3.98 | 4.11 | 3.96 4.045 14.833 -1.11
5.0 30 2.1512.04 | 209 | 2.13 | 1.97 | 2.06 2.073 28.944 -3.52
60 1.09 | 1.13 | 1.16 | 0.95 | 1.07 | 1.12 1.087 55.198 -8.00
15 421 | 413 | 394 | 4.06 | 4.10 | 4.03 4.078 14.713 -1.91
10.0 30 2.06 | 2.13 | 2.13 | 2.01 | 2.05 | 2.16 2.090 28.708 -4.30
60 1.13 | 1.20 | 1.15 | 1.08 | 1.11 | 1.09 1.127 53.239 -11.27
4.3 BEREEASHBENR £5 (&)
I b [R] B 0oL S B e R A IS ), 7 N2 P I .
it Gopro VMBI A AR priepsky V(R e
BEENL, EOHLIE SRR VS SR R B A 15 [79.995] 14.758 12.890
E@ﬁﬁﬁﬂ—ﬂﬁ‘(m[], WRE AN TH ARG IENE 2.5 | 80 30 [79.988] 28.688 | 12.900 | 12.888
a [oonlnel s
%5 b adlate 20 30 19.994 | 28.984 | 0.806 | 0.805
Table 5 Hypergravity rotation composite accuracy test record
sheet 60 19.992 | 58.360 0.805
=5 5?@)\%51%/ i%%%ﬁ/ | 15 49.990 | 14.752 5.033
sl (cmin) (r-min’) i | bR 50 | 50 30 |49.996| 28.935 | 5.036 | 5.035
i ke B0 L R B Db | e | Ve | g 60 |49.993| 57343 5.034
15 19.990 | 14.677 0.805 15 79.988 | 14.586 12.887
20 30 19.992 | 28.751 | 0.806 | 0.805 80 30 79.996 | 28.386 |12.900| 12.890
60 19.989 | 57.182 0.804 60 79.999 | 54.583 12.891
23 15 49.996 | 14.793 5.035 15 19.996 | 14.598 0.805
50 30 49.990 | 28.656 | 5.036 | 5.034 10.0 20 30 19.994 | 28.542 | 0.806 | 0.805
60 49.989 | 56.395 5.034 60 19.993 | 55.634 0.805
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15 49998 | 14.680 5.035

50 30 49996 | 28.658 | 5.036 | 5.035

10.0 60 49998 | 53.685 5.035
15 79.995 | 14.756 12.889

80 30 79.992 | 28.843 |12.900| 12.888

60 79.996 | 54.695 12.890
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