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Research on in-situ calibration testing technology for inertia of
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Abstract: The inertia value of the motion simulator of the docking performance testing platform ( * performance testing platform’ for
short) , applied for docking mechanism ground docking performance tests used in Lunar Exploration Program, can affect the accuracy of
ground test data. As the inertia of the motion simulators for the performance test-bed must be exactly the same as those of the spacecrafts
which the test-bed simulated, there is the great practical significance to measure the inertia of the motion simulators in-situ. In this
paper, the motion vibration equation and in-situ calibration method of rotational inertia for the motion simulators is firstly investigated
based on the additional mass spring oscillator method. Secondly, the mechanism motion models of the motion simulators are built based
on SimMechanics Tollbox Software before and after attaching additional counterweights, the vibration periods of the two models are
simulated, and the simulation inertia is calculated based on the theoretical model and the simulated vibration periods, verifying the
correctness of the theoretical algorithm. Finally, a calibration device based on voice coil motor and limit mechanism is established for in-
situ calibration tests of the motion simulator and analyze the main sources of errors in the tests. Experimental results show that the
calibration results of the inertia of the three axes have a deviation of no more than 5% compared to the theoretical values, and the
measurement error caused by the device is less than 2.5%, which is less than 1/4 of the maximum permissible error of the motion
simulators. The results indicate that the calibration device can solve the problem of inertia calibration for the motion simulators of the
performance testing platform.
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Fig. 1 The structural representation of the motion

simulator of the performance testing platform
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calibration of pitch inertia
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Fig.3 SimMechanics model of motion simulator
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Bodr

Represents a user-defined rigid bodr. Bodr defined by mass m, inertia temsor I,
and coordinate origins and axzes for center of eravity (CG) and other user-

specified Fody coordinate systems. This dialog sets Body initial position and
orientation, unless Bodr andf/or connected Joints are actuated separately. This
dialog also provides optional settings for customized body geometry and color.
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Fig.4 The setting of inertia of motion simulator

A7 3 B 5@ MACHINE FOR MODEL 75 2 iy
P BT RN 5 B

D5 EL5E BUR 38 53 MATLAB 32 HUE Sl AR 0L 85 A Ui o
XY Z3AJ5 iy A pn A, i 6 fros, KA T =
1.451 s,

) Machine for model: guanlianmonifz

View Simulation Model Help - ~
Heoo2aedeR (rd4X »m %D
LRI
A
o /g‘\
—

B 5z sl R iy Bt e

Fig.5 The simulation process of the SimMechanics model

2.2 MmREEMEIERSHE

FFHINEL B8 J5 1 0 AL 28 3 T SimMechanics 8
15 EARIINE 7 s

TF SimMechanics #E 8 d (B 7) , 7ERE B Y Bl Ly, =
Ly, =500 mm AbIE 4 A FCE S, FCEE T & m =40 kg,
BREINAER: AJ =1 kg m®, 54> e B B 33 body ™ A6 B 1f
THh EAL, B 8 Fis

B0 i e 5 4 3 SimMechanics 5 750 3 56 1] 2 25
TR I it 2 B 1) £ AR AL 58 A A [, 0 LA AR
&9 i,

P ESE UG , i MATLAB BEHUE ShAR UL 25 K 3t s
XY Z 3475 [ By A6 4 {6, W10 fros, SRAG T =
1.638 4 s,

2.3 MMEBREFMEIEESHE

AR (9) TR ZHAAD T S 15t 5, SR At b A4
AR R I AR

AJ, = 4(A] +m - Lfl) =44 kg-m’

HRAfE R B, T

T, =1.451s,T = 1.638 4 s;

2

‘ﬁ;{ﬂl%*ﬁﬁmijﬂ

(160. 039-160) /160x100% =0. 024 3%

AT LA BB 5 T 1 AR — 2, B E T R
PR IETE

J, =

3 IRERAR AR EF

A3 5 3 ) L IR A AR S Ul B T A A2 Bl
BLLE SR S B2 Bl , BEAT e Sl B I v 42 Bl R 0 =



5 2 3

XA BB 15 150 B o7 S P B AR5 -213 -

600.08
600.07
600.06
600.05

X/mm

600.04
600.03
600.02
600.01

6000

i ] 5
t/s
(a) XJ7 [0 48 4R fE

(a) X-axis coordinate value

2 3 4 s
t/s
(b) Y77 8] 447 E

(b) Y-axis coordinate value

0.5

0 1 2 3 4 5
t/s
(c) ZJ7 Tl A A
(¢) Z-axis coordinate value

B 6 A AR {E
Fig. 6 The coordinate value of the end point

A W5 1 BE 15 R Sl R BT RS £ A4 BR (7 BL
A LA D2 B s o o B, A o i o I 1
3.1 EBHEET

SRl BRI rh RSl T — A B BOR
BTG, D PRUE T 2 S B0 R R T NI A AR
H—20, AR R AL 5 R BUIE UG R R 18
FUBILIE A 42 ] A DA ri 3908 0 Dy 422 30 8Dl B4 T ) A A
VE S

P11 B o e ML PR A5 R 7 T P R4 IR R

—-a‘Ff

Revolute1

Machine
Envionment ~ Ground

Scoped

L—we HH F /sy

Weld2 Bodyd

L e 7 [y

Welda Body
K7 BN 85 BB i 8% SimMechanics #5554
Fig. 7 SimMechanics model of passive end simulator after
attaching additional counterweights

r']Block Parameters: Bodyl a

X

Represents a user-defined rigid body. Body defined by mass m, inertia temsor I,
and coordinate origins and azes for center of gravity (C6) and other user-
specified Body coordinate systems. This dialog sets Bodr initial position and
orientation, unless Bodr andf/or connected Joints are actuated separately. This
dialog also provides optional settings for customized bodr geometrr and color.
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Table 4 Inertia measurement error caused by

reading error of excitation period (%)
LI XN Y1) Z (i)
6(T;) 0. 096 0. 050 0. 063
o(T!) 0.072 0. 048 0. 080
8,(J;) 1.99 2.31 1. 64
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Table 5 Inertia measurement error caused by damping

e shi X(#5%) D) Z(fithi)
g 0.152 0. 156 0. 152
¢ 0. 155 0. 159 0. 154
85(J:) /% 0. 09 0.11 0.07
PR, T G fi R B A DR 220
8(J) e = /80(J) +82(J) +8:(J,) |, =2-32%
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