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Article history:

A captive trajectory simulation (CTS) system is used to investigate the separation

Received 27 March 2017 behavior of the store model by moving the model to an arbitrary pose and position
Revised 6 June 2017 based on aerodynamic data. A CTS system operated inside a wind tunnel is
Accepted 14 June 2017 designed to match the structure of the wind tunnel facility. As a result, each CTS
system has different kinematic structure, and inverse kinematic analysis of the
Keywords: . . system is necessary. In this study, kinematic/inverse kinematic analysis for the
Cz.lp tive _tra] ectory simulation CTS system with functional redundancy is performed. Inverse kinematic analysis
Kmematlc. . with combined numerical and analytical approach is especially proposed. The
InV.erse km.emanc suggested approach utilizes the redundancy to improve the safety of the system,
Serial manipulator and has advantages in real time analysis.
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Fig. 3 Axis definition for CTS system
Table 1 D-H parameters for CTS system
Joint 0 d a @
1 0 a 0 — /2
2 a(— /2) 0 Ly, 0
3 a3 0 Ly, —7/2
4 4y L, Lp, 0
5 a5(7/2) 0 /2
6 0 Lp, Lg 0
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Fig. 5 Axis definition for tracking P,

Table 2 D-H parameters for tracking 7,

Joint 0 d a «
¥ P 0 0 —7/2
2’ 0(r/2) 0 0 /2
3 ¢ —Lp, —Lg —/2
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§ PARMBS] T2 S8, 9 Afpfed e A
o] Z-9ol= Fa7Hnull space)E AFESIY AHEE S35 o
S S T 4 A, WA FERAG 92 64
FE WA 4 )9 vizgAele] WAL Thedt B
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T = B—Zq = Jq (39
oi7]ollA = AR Y ES St 4 (38)9] o ¥AIA
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)
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Table 3 Numerical algorithm
Initialize :
a4, = ql)rev
Do
v =rlq)
update J, [, Ax
Jr=J(gJ")!
Aq=J Ax+ (=T D(—1)
Qo1 = @, T Ag
while (g, 11 — @l <q_tol or Max_iteration reaches)
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g daelEol AREEHT Jlom, tiEA R JHUAE-HHE
(Gradient-Descent, ©]% GD), 78-3<= (Newton-Raphson, ©]
% NR), 71278 (Gauss-Newton, ©]$ GN), 2 1-njz}
EE(Levenberg-Marqurdt, ©]% LM) 4] So| Iti¥l. GD
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sto] HAbS Bl Wholt), B =RollAe AsAT BT
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A FaA] F2olA o] sd 288 A7} Eoles 2AIE siAst
7] 913l ol 283 B2lolth. & GD WAellA 28e] 2
710l Sdehe gk oAkl AE ARSI SA% Rl
THEES 7ML this ol &= do] Al hessian) 3

o] DL ook stER Alto] o @A Tl FrollAe
ojatu| o] AFE AT 4 9lou HlwH Akto] Zhgslch
NR WS AR5l AR5 1(9) S A28k dueZ g
= o 2k
5 (g)
Pp1 = b, A ” (Z) 43)

% AH3H] CTS Al2:Ele] 7]
Table 4] ®elch
IH ¢>7L° omEt, 1" (o) % 4, (4))

-
31_,
:?l_,‘
ﬂl[ﬂl
of
FIF
r>~l
b
mg
l..
E

Table 4914 ¢, = k¥

Table 4 Combined algorithm

<Numerical method>

Initialize :
P = Dprew
Do
update I, 1)"
S
1 =P — 7760

while (1¢;.,, — ¢,/<tol or Max iteration reaches)

Set gg = Py 11
<Analytical method>
Calculate q, ~ g5 using equation (23)~(27)
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4. BN
B oA AT SeFE BT ol RARET BT
CTS A28l RS 4930 A5 25Tk

4.1 M5SR4 8 AIRS 2olNE Az}

BA W29 P, HEFU WAV A5AF 18 A
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A AEL =20 7 Holx|= AR moAFsidt moja

0

Table 5 Simulation parameters

Vertical position target (z) —15 ~ 15 [in]
Vertical sweep rate (z) 3 lin/s]
Weighting factor ([w,wy,w,]) 1, 1, 1]
Max Iteration Number 100
Tolerance (e,,) 1076
Init pos () 0
Trajectory time interval 0.05 [s]

Z linch] ; ) Z [inch]

50
X [inch] 100 -20

50
X [inch] 100 -20

Y [inch]

Y [inch]
Fig. 6 Simulation visualization
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-175 0
0 2 4 6 8 10 0 2 4 6 8 10
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¥ I E
£ o1 / S2
3 J\ &
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Fig. 7 Simulation Result with performance index 7
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