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Characteristics analysis of hardware-in-the-loop simulation system
for manipulator flexible docking

YU Simiao, ZHENG Shutao, YANG Yu, QU Zhiyong, HAN Junwei

(School of Mechatronics Engineering, Harbin Institute of Technology, Harbin 150001, China)

Abstract: Manipulator docking hardware-in-the-loop ( HIL ) simulation system with the manipulator as a
mathematical model will cause instability due to the high contact stiffness of the docking mechanism. To accurately
simulate the docking process, the manipulator is equivalent to a six-dimensional spring mechanism during the
docking process and the characteristics of HIL system are analyzed. Using root locus method, the influences of HIL
system parameters with a mathematical model and a six-dimensional spring mechanism on the stability are
compared. Based on the —20 dB/dec crossing frequency theory, the stability criterion, the 3D root locus method
and the simulation analysis, the stability and reproduction accuracy are studied from three important aspects of the
parameter configuration relation, the system stability condition and the dynamics frequency simulation ability. The
experimental results show that when the contact stiffness of the docking mechanism is high, the HIL simulation
system with a mathematical model manipulator is unstable but the HIL simulation system with a spring mechanism
manipulator is stable; the analysis results obtained from the three aspects which satisfy the stability and
reproduction accuracy are consistent with the experimental results. The effectiveness of changing manipulator from a
mathematical model to a six-dimensional spring mechanism is illustrated.

Keywords: docking hardware-in-the-loop simulation system; manipulator; six-dimensional spring mechanism;
parameter configuration relation; system stability condition; dynamics frequency simulation ability; stability;
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Fig.] Manipulator docking system
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Fig.2 Manipulator docking HIL simulation system
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Fig.4 Single degree-of-freedom docking principle with

manipulator as a six-dimensional spring mechanism

R AR AR, AR B 1) 5 fR T B
IS Y P B R GBI 2 ey B [ e
PR HESHERRT F 5 x, R R AR R (% 5
BRIECH

(k, +c,s)(k, +c.s)
mes2 + (¢, + cp)s +k, + kpms.
2.2 FHAFEE

BUBBE Sy 7 4 538 LG Y 28 G0 %) 2 8l g 2 At
L)

F, =

2.3 HEHBEAER
BEXT B —A F B, fa] Bl AL ) 8 I BRI A%
A B P A A% 38 R RT3
K,

2 ,

—3+—s +s + K,
a) w

PR I 20T DL i HEA R
2.4 HHEXZELYEHERFRE
FAZ Sl | B0 2 R R R L 2 A 2L AT
HESZ I 3 s BYATURET X 422 ) BT AR G Y.
BUBUE S 7 4 s S HILAL Y 2 ) B0 B R G AL 4
K S,

G(s) = —

2

BUBHAE Sy 80 BB B X% B g 2 IR AN P 6 Fir
IR HELME N B A R | A S My B Al g
FIHURIE S R B g~ L AR e R an ] 7
Fi7R.

) (ot colbot ey
ms m.s' +(cnc s +k, +k,

\;\/

(S 2 1 |«
®_: Lz+§.\-+14>§
+% _ o, o,

B 5 HWEANEEENMHNFYERTERFEEE

Fig.5 HIL simulation system model with manipulator as a six-

dimensional spring mechanism
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mathematical model
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Fig.8 Results of root locus analysis
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Fig.9 System schematic Bode diagram when system parameters

satisfy formulas (2)and (3)
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Tab.1 Calculation results of dynamics frequency simulation ability
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