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Abstract: An effective method is necessary for the real-time analysis of an unmanned military robot. To achieve highly
efficient simulations, a subsystem synthesis method has been developed. The subsystem synthesis method separately
generates equations of motion for the base body and for the subsystem. The equations of motion are expressed by DAE,
which consist of differential equations and algebraic equations. To increase the accuracy and efficiency of solutions,
DAE solvers such as the Direct, CS (Constraint Stabilization), and GCP (Generalized Coordinate Partitioning) method
are employed. In this study, the subsystem synthesis method is applied for effective multi-body dynamics analysis of an
unmanned military robot, and a comparative study of three different DAE solvers is carried out.
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Fig. 3 Subsystem synthesis method for unmanned

Fig. 1 An unmanned military robot
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Fig. 5 Computational flow of CS method based on
subsystem synthesis method
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Fig. 8 Euler parameter constraint violation of the chassis

6.0x107° o2 Hl WA Qa7 A, gl
st7] ¥ -2 Newton-Raphson 3-8 QA&
AE FEEAAY A et 9.8x107° &
2 9 43 7 aEd HAe d 5

Fig. 8 & A9 o de] mjAHs
22 yebdith AH HEHe 34
Q-9 wpRItA R QAp7F AL F7EEe
3 7t AEEHE QS 4 ¢ A
2712 otA s ede wirid
AU 4= 57x10% o2 vlud HFe 9=

0 5 10 15 20 25 30 35
Time(sec)
x10° Joint constraint violation

- C.S.(Subsystem)
G.C.P.(Subsystem)

PN o 3
A - &FA

Table 2 CPU time to simulation

o 1 I Lot fo 1>

Conventional | Subsystem Subsystem
efficiency
Direct 94.275s 9.130s 1:0.097
sim/cpU) | (269.357%) | (26.086%)
CS 94.497s 9.190s 10,097
(Sim./CPU) (269.940%) | (26.257%) T
G.C.P 105.058s 10.670s 10102
(sim/CPU) | (300.166%) | (30.486%) T
Ratio 1:1.002: 1:1.007:
1.114 1.169
A7t EE AS o ¢ Aok Ik FHax 2
Ho] 9o Newton-Raphson 3§ QA& 1 -3
oz 9% A% ee WANSE THE e
A A7 1x107° o2 BTk a4 sfijo]
SEIPERE R Ih
Table 2 = 7} DAE A el whE ALkl

223k CPU AlZHE 57438 Adolth. AFEH PC
o] A}ekE Intel Core™ i5 3.40 GHz Quad core CPU,
4GB RAM < ©]-§-3}it}.

I3 Fe] %e AlEEold Az CPU AJZHe]
HES ekt dukEel s He
250% o]+ oz AAZFHE T} 2.7-3 Hj
S & F dnk SHARE FaEA 2w S
T 26~30% = AAZFRT wE2A A
ok 4 9k mE e REAAE AW
Ae] DAE #|4719d W& CPU AlZe
Ratio F-%ol #7]%¥ wle} o] vk E &
Hol &2 ksl vlsiA 1.17
YA RE A zpol7t A FormE FIEA|AH
g 7INke] dnk Hx ESVIHl w2 A A

>
&
i (=
o b 2o o g

:
i
m?ﬂ r N 1o 2 go ox Y -

A
A god ol ool F e AL %
2~ 0]
TR
6. 84 =

B R mabQ B9l W 23] 84
I R I A E R by
I duk Hx BN B FERAA A
& AAsta, Algdelds Fskel M7HAl Wy o
Aeds masioich Fel = 2Re) A4 F
G Agdold AT A8 AREe oAs} A
so] B8 4o FARE AL ¢ & A
3, FEEAA e BaHoR AN
ool i E B/l ste] UKo



-
o,
Al
ol
i
pi
o

Il
A
2
r o
&
—_&,
offt
12
Lo
:OL_',
1%
tlo
Ho
ro

2 ot HAskE S & & ATk wiEd
Ank #x BV B FEHEAAE AL
slofF ARt TEEAAY S FEXAANS B
T oUSete] Jae sjde]l FHE AS & F
AN E3F Aske] HQd CPU AIZHS AubA
?l DAE 3471 & vasigls 49 FEAls
& S ol &stls A folnt AARE §4
ol 7bsd A& #dsiial, dnt A 22N
& o8 A5l At w=A o] 7}
s RS sl

A ede wiypisE AbSete] 3 akel A
W mEe] et m&H 0 AA S
AsfA = FEAI = e ARt #E 23
71 ol&sto] wEds BAEAE ALtsfor wh
EHUAE AR 7t dEHE AL skl
.

(1) Yoo, W. S., Cho, D. H., Lee, J. H. and Yi, K. C., 2010,
"Maneuvering Speed of an Off-road Autonomous

HmAl2E] SN 719 DAE S 71 vlal A5t 1075

Vehicle,” Proceedings of MOVIC.

(2) Jeon, S. H., Lee. J. H. and Yoo. W. S., 2011,
"Improvement of Maneuvering Stability of a 6x6
Vehicle using Control Schemes,” Multibody dynamics.

(3) Lee. J. H. and Yoo. W. S., 2011, "Velocity Decision
for Unmanned Ground Vehicle Considering Road
Roughness,” Trans. Korean Soc. Mech. Eng. A,
pp-973~975.

(4) Kim, S. S., 2002, "A Subsystem Synthesis Method
for Efficient Vehicle Multibody Dynamics,” Multibody
System Dynamics, Vol. 7, pp. 189~207.

(5) Kim, S. S., Jo. J. Y., Jeong, W. H. and Wang, J. H.,
2011, "Multibody Vehicle Dynamics Analysis using an
Explicit-Implicit Integrator with Subsystem Synthesis
Method,” Proceedings of the ASME.

(6) Han, J. B., Jeong, W. H., Kim, S. S., 2010,
"Subsystem Synthesis Method Based on Cartesian
Coordinates for Unmanned Military Robot Multibody
Dynamics,” The Asian Conference on Multibody
Dynamics.

(7) Haug, E. J., 1989, Computer-Aided Kinematics and
Dynamics of Mechanical Systems, Vol. 1, Allyn and
Bacon.

(8) Baumgarte, J., 1972, "Stabilization of Constraints and
Integrals of Motion,” Computer Methods in Appiled
Mechanics and Engineering, Vol. 1, pp. 1~16.

(9) Wehage, R. A. and Haug, E. J., 1982, "Generalized
Coordinate Partitioning for Dimension Reduction in
Analysis of Constrained Dynamic System,” Journal of
Mechanical Design, Vol. 104, No.1, pp. 247~255.



