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Kinematic Control of Double Pantograph Type Manipulator Using Neural Network

M A (Ehei ofEtel) M X (), B 0f M (EE), A F S (EE)
S. C. Kim(Graduate School, Changwon National Univ.), W. J. Chung(Changwon National Univ.),
D. S. Hong(Changwon National Univ.), J. H. Shin(Changwon National Univ.)

ABSTRACT

In general, pantograph type manipulators are used for carrying heavy payloads with positional accuracy.
In this paper, a double pantograph type manipulator, activated by two slider joints, is studied for
applying to fuel handling machine in atomic power plants. In order to realize the stable horizontal
movement of a heavy fuel rod with good positional accuracy, methods for allocating slider and finding
constant joint rates are proposed. In addition, the static deflection of the proposed mechanism was
studied using transfer-stiffness matrix method. A neural network control algorithm which compensates
static deflections is explored with computer simulations.

Key Words : Double Pantograph Mechanism(H & #E 2#lZ 7]), Transfer-Stiffness Matrix Method(TSMM)
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Fig 3. New Position on Horizontal Line
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Table 1. Initial Joint Rates & New Joint Rates
27| EEE ALE N2 78 A5 E ALS
5110, [y=12, h=-02 m [1=10, [p=12. A=-02 m

8,=0010472, §,=-0.020044  6,=00111135, §,=-0.02108171
x2 y2 x2 y2
1.839668  -0.205769 1.839836  -0.200538
1.774294  -0.210974 1774581  -0.200880
1.704067  -0.215601 1.704413  -0.201053
1620148  -0.219637 1629527  -0.201085
1549775 -0.223071 1550128  -0.201002
1.466154  -0.225894 1466437  -0.200830
1.378514  -0.228097 1.378684  -0.200592
1287095  -0.229675 1287112 -0.200312
1192149 -0.230624 1.191974  -0.200013
1.093935  -0.230041 1.093535 -0.199713
0.992723  -0.230624 0.992065 -0.199434
0.888790  -0.229676 0.887848  -0.199191
0782421  -0.228097 0.781170  —0.199000
0.673%07  -0.225894 0672329  -0.198875
0563546  -0.223072 0561626 -0.198829
0.451640  -0.219638 0.449368  -0.198870
0.338497  -0.215602 0.335866  -0.199007

0.224425  -0.210975 0.221435  -0.199246
0.109739  -0.205770 0106392  -0.199590
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Fig 4. Work of Double Pantograph Manipulator
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Fig 5. Kinematic Details of Manipulator
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Fig 6. Deflection of Double Pantograph Manipulator
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Fig 7. Transfer-Stiffness Matrix Method
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Table 3. Class of Elements

element class| Area( mm?) L ( mm*) E( N/mm®)
1 2.120575E+3 | 5.964117E+5 200E+3
2 5.026548E+3 | 4.272566E+6 200E+3
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Fig 8. Deflection Displacement

4 rlZslzus o8k FHLAR HA

ARz e Azdel 44 AR 24 deold
S7e) BAE FHYLBH AVFHE F= A%
AN E FAHA %

e Axgel dg Biw
ol Sl Ratazel WOl Jdel dANE F
el fAd ANANE T & Al BT wEA,
A7 ee Foe M AR WAJZ 2
2o #9904 Aol® FAs] A E Foteln
o HAS) werel HAg ol WA )
dob weh euh B ATeld Altd WAl

b4 AdAAZA oz A HolHs o A
A ANARE Fotd de dolHE e



= %ELPJ Aozt L Af oM &
Fol Al FR F3EF( weight=03, 04, 05%)
o] A-g3% Ao Lol xxet &eEhelrel o
A S, S;%9) dolHE sHAn sFad o
71X, weights ¥-3tetF e FHolm zhztdl st
10718 e] AE deo|HE dolA FFsisct

x ’ Inverse —» S
weight —» | Neural network <

. 2
weight,

Fig 9. Input and Output of Neural Network

Table 4. Learning Result of Neural Network

X weight AN 23 2RSS

0.300 0.500 -0.000270 0.003183 0.000000 0.000000
0500 0.500 0.033580 0.039528 0.034568 0.039039
0.700 0.500 0.086264 0.0958%0 0.089044 0.097986
0900 0.500 0.164456 0.178922 0.165516 0.178931
1100 0.500 0.270687 0.290304 0.267450 0.285337

1300 0.500 0.401529 0.425109 0.400612 0.422971
1500 0.500 0.564855 0590330 0.575679 0.602509
1700 0.500 0.826711 0.852420 0(.815833 0.847135
1900 0500 1.200070 1.22459%6 1.197305 1.233060
0.300 0.400 0.000601 0.001418 0.000000 0.000000
0.500 0.400 0.035184 0.037442 0.035445 0.038135
0.700 0.400 0.088909 0.093467 0.090786 0.096165

0.900 0.400 0.168334 0.176077 0.168157 0.176226
1100 0400 0.275534 0.286845 0.270950 0.281709
1.300 0.400 0.406679 0.420958 0.405034 0.418483
1.500 0.400 0.570060 0.586198 0.580951 0.597089
1.700 0400 0.832756 0850750 0.821982 0.840811
1.500 0.400 1.203980 1225683 1.204269 1.225775
0.300 0.300 0.001536 -0.000349 0.000000 0.000000
0500 0300 0.036776 0.035271 0.036333 0.037232
0.700 0.300 0.091398 0.090789 0.092574 0.094372
0900 0.300 0.171775 0.172700 0.170800 0.173496
1100 0.300 0.279550 0.282500 0.274490 0.278085
1.300 0.300 0.410523 0415516 (.409456 0.413950
1500 0.300 0.573074 0.579943 0.586269 0.591662
1700 0.300 0.834288 0.844635 0.828168 0.834460

0.300 1.203570 1.222450 1.211311 1.218498
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