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Abstract

Determining the motion using optimal technique about traveling time and trajectory planning
has been studied often in recent years, but the study of determining the optimal robot dimensions
is rare. In this paper, the authors attempt to find out the least driving torques and energy as the
optimization of link length ratio refered to 2R SCARA and 3R robot manipulators. For the given
linear path with triangular velocity profile, the inverse kinematic and dynamic problems are
examined in order to lead into solution of problem, which is suggested for optimal design of link
lengths. Accordingly, optimal link length ratio is obtained with respect to each case.
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Fig. 1 Model of 2R SCARA robot manipulator
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Table 1 Optimal link ratio(a./a) and objective function values with starting point (5, 0, 1)

Torque Energy
Ending point(x,y,z)

2 aitar Obj a aita; Obj

a F a
1.000 0.000 1.000 1.114 1.070 721.39 1.119 2.665 20.99
1.136 1.035 1.000 1.118 1.064 1136.21 1.052 3.115 22.05
1.536 2.000 1.000 1.043 1.053 1747.40 1.080 2.594 23.70
2.172 2.828 1.000 0.985 1.041 2424.09 1.200 2.255 23.97
3.000 3.464 1.000 0.963 1.029 3032.76 1,280 2.113 25.11
3.965 3.864 1.000 1.019 1.013 3585.00 1.221 1.977 25.68
5.000 4.000 1.000 1.186 1.021 3922.07 1.080 2.114 26.09

F : Farthest length from base pivot to path point
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Fig. 7 Optimal link length ratio(gs/q.) at Z=1 with
path length 3
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Fig. 8 Optimal link length ratio(gs/a;) at Z=1 with
path length 2
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Table 2 Optimal link length ratio(as/q.) and its characteristic values with starting point (5, 0, 1)

Torque Energy
Ending point
A C A B C
5.000 0.000 5.000 0.129 5.676 0.741 0.127 3.533 0.773
5.000 0.000 -3.000 0.153 22.233 0.714 0.247 82.466 0.785
3.965 0.000 -2.684 0.086 24.568 0.350 0.103 46.218 0.138
3.000 0.000 -2.464 0.074 3.199 0.001 0.076 5.040 0.000
2.172 0.000 -1.828 0.176 2.107 0.001 0.179 4.906 1.146
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1.536
1.136
1.000
1.136
1.536
2.172
3.000
3.965
4.000
3.068
2.268
1.654
1.268
1.136
1.268
1.654
2.268
3.068
4.000
4.103
3.268
2.551
2.000
1.654
1.536
1.654
2.000
2.551
3.268
4.103
4.268
3.586
3.000
2.551
2.268
2.172
2.268
2.551
3.000
3.586
4.268
4.482
4.000
3.586
3.268
3.068
3.000
3.068
3.268

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000
-0.268
-0.518
-0.732
-0.897
-1.000
-1.035
-1.000
-0.897
-0.732
-0.518
-0.268
-0.518
-1.000
-1.414
-1.732
-1.932
-2.000
-1.932
-1.932

-1.44
-1.000
-0.518
-0.732
-1.414
-2.000
-2.449
-2.732
-2.828
-2.732
-2.449
-2.000
-1.414
-0.732
-0.897
-1.732
-2.449
-3.000
-3.346
-3.464
-3.346
-3.000

-1.000
-0.035
1.000
2.035
3.000
3.828
4.464
4.864
-2.864
-2.464
-1.828
-1.000
-0.035
1.000
2.035
3.000
3.828
4.464
4.864
-2.864
-2.464
-1.828
-1.000
-0.035
1.000
2.035
2.035
3.828
4.464
4.864
-2.864
-2.464
-1.828
-1.000
-0.035
1.000
2.035
3.000
3.828
4.464
4.864
-2.864
-2.464
-1.828
-1.000
-0.035
1.000
2.035
3.000
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0.337
0.565
0.867
1.131
1.064
0.237
0.088
0.073
0.088
0.069
0.161
0.296
0.156
0.843
1.238
1.381
0.207
0.080
0.075
0.095
0.061
0.126
0.330
0.583
0.977
1.421
1.421
0.145
0.059
0.080
0.107
0.070
0.109
0.331
0.757
1.248
1.668
1.378
0.083
0.055
0.089
0.122
0.106
0.116
0.280
0.787
1.327
1.293
0.057
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3.071
7.204
21.460
61.770
116.474
31.523
20,593
8.030
24.681
4.008
2.694
2.294
13.086
38.557
91.727
170.416
27.746
19.007
7.805
25.516
16.588
7.065
46.751
66.492
108.368
179.113
179.113
20.834
13.477
7.574
26.653
34.592
46.543
137.420
225.892
297.318
394.788

-471.405

14.528
7.012
7.138

27.493

47.858

114.206
343.233
619.719
784.740
833.191

9.892

1597
1.342
2.792
4.607
5.563
4.062
0.652
0.257
0.572
0.355
0.001
0.001
0.933
2.427
4.931
6.820
5.091
0.492
0.223
0.578
0.387
0.001
0.001
0.001
1.879
4.492
7.211
7.211
0.225
0.151
0.609
0.446
0.260

- 0.001

0.001
1.969
4.761
6.682
3.240
0.024
0.293
0.670
0.518
0.380
0.342
0.001
1.634
3.931
2.934
0.011

0.339
0.558
0.805
0.850
0.725
0.407
0.096
0.071
0.107
0.071
0.159
0.297
0.464
0.683
0.915
0.787
0.361
0.085
0.073
0.119
0.057
0.122
0.207
0.305
0.663
0.796
0.796
0.225
0.057
0.081
0.142
0.072
0.079
0.128
0.412
1.019
1.264
0.723
0.095
0.056
0.084
0.174
0.135
0.099
0.133
0.525
1.368
1.068
0.063

4.206
7.029
16.764
41.159
79.138
100.275
31.081
4.092
48.622
6.968
1.654
2.929
5.176
22.705
67.609
106.329
98.990
26.841
3.653
52.986
8.675
3.866
1.142
3.636
66.235
107.113
107.113
76.118
9.032
3.226
63.198
37.721
9.240
8.636
116.634
262.399
354.532
312.426
29.882
8.945
1.873
73.253
82.475
84.699
137.868
458.838
834.819
773.190
19.824

1.999
3.700
4.714
6.378
5.650
1.422
0.122
0.001
0.165
0.000
0.001
1.276
2.235
4.663
8.133
5.570
1.162
0.099
-0.004
0.193
0.001
0.000
0.001
0.001
3.315
5.336
5.336
0.465
0.034
-0.002
0.278
0.029
0.000
0.000
0.001
5.132
9.749
2.935
0.105
0.010
0.007
0.396
0.228
0.148
0.000
0.000
8.404
5.177
0.012
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3.586 -2.449 3.828 0.054 6.204 0.204 0.056 8.259 0.010
4.000 -1.732 4.464 0.074 6.250 0.375 0.073 4.627 0.000
4.482 -0.897 4.864 0.100 6.344 0.747 0.096 1.998 0.150
4.732 -1.000 -2.864 0.142 28.834 0.622 0.212 81.420 0.605
4.482 -1.932 -2.464 0.161 62.797 0.625 0.226 116.671 0.663
4.268 -2.732 -1.828 0.338 234.016 1.138 0.283 191.411 1.138
4.103 -3.346 -1.000 0.792 552.767 2.701 0.490 383.356 2.185
4.000 -3.732 -0.035 1.211 778.283 4.709 0.894 661.691 5.356
3.965 -3.864 1.000 1.269 815.769 4.395 1.196 812.715 6.880
4.000 -3.732 2.035 0.877 631.092 2.147 0.319 270.294 0.000
4.103 -3.346 3.000 0.080 6.995 0.237 0.082 9.437 0.000
4.268 -2.732 3.828 0.087 5.478 0.337 0.086 4.118 0.007
4.482 -1.932 4.464 0.099 5.123 0.518 0.095 1.434 0.006
4.732 -1.000 4.864 0.113 5.465 0.861 0.110 2.291 0.384
5.000 -1.035 -2.864 0.166 30.900 0.754 0.254 86.267 0.863
5.000 -2.000 -2.464 0.263 92.453 1.124 0.302 114487 1.249
5.000 -2.828 -1.828 0.766 308.772 3.285 0.424 178.299 2.434
5.000 -3.464 -1.000 1.161 419.716 5.982 0.501 214.152 3.124
5.000 -3.864 -0.035 1.269 445.702 6.909 0.670 281.239 4.150
5.000 -4.000 1.000 1.097 399.079 4.642 0.536 226.501 2.542
5.000 -3.864 2.035 0.745 298.862 2.380 0.165 29.656 0.003
5.000 ~3.464 3.000 0.125 2.039 0.446 0.124 0.877 0.003
5.000 ~2.828 3.828 0.126 2.468 0.541 0.123 0.125 0.003
5.000 -2.000 4.464 0.127 3.286 0.720 0.123 0.105 0.003

A a/an B {2af(F—N)—1}%100(%),

C: {{ar+as)/F-1} #1060(%),

F : Farthest length from joint 2 to path, N : Nearest length from joint 2 to path

4. 2 £

2R SCARA dele] 243 3R 2A4AY 24
o) 7% 523 9 ool Wi Fa HolE A
spoted ohe o e A =yl

(1) 9=z 7ZelzAdx 2RSCARA © 3R 3
2AY o} ol TAY AR F 74wl Aol #
A Hepot e Aol FF 22, +F VA, ¥
g A7l s, oy AFAFez M4
3 SCARA eie] wiEdojelx ohixel A
oA e Aeldt AE vielviich(Table 1),

(2) 2R SCARA o] 23 =jUEdelee F
2z Zolel ¥l (a/a) 7t 10) HE Ze] 2a9 o
el w4 Fefstet

(3) 2R SCARA¢} 3R 43 Ay 289 5
AZE A5 wola W2 Fasle ¥y 4
o gl Aol 2, oA, Az A

428t} (Table 1, Table 2),

(4) Fig. 5~Fig. 8& &4 &g 454z
#3te 3R e 2R HAA =Fo| He
£2 o]f slx3lnl Table 2= 7|&9 2%
AL AR JAE Aol do] £ge] 2

-]

2
30 30 3

ER

7l

¥ eEe FARAT Y AT 22 2ol
dstd gAskden Ak & AsE Lol
g B,

(1) John, J. Craig, 1986, Introduction to Robotics,
Addison-Wesley Publishing Company.
(2) Richard, P. Paul, 1982, Robot Manipulators, The



522 ZAF - ANA -

MIT Press.

(3) Duffy, J., 1980, Analysis of Mechanisms and Robot
Manipulators, Edward Arnold.

(4) Ranky, P.G., Ho, C.Y., 1985, Robotics Modelling,
IFS Ltd. UK Springer-Verlag.

(5) Kahn, M. E, and Roth, B., 1971, “The Near-
Minimum Time Control of Open-Loop Articulated
Kinematic Chain, “Trans. of the ASME, J. of
Dynamic System, Measurements ad Control, pp. 164
~172.

(6) Vukobratovic, M., and Kircanski, M., 1982, “A
Method for Optimal Synthesis of Manipulator Robot
Trajectories”, Trans. of the ASME, J. of Dynamic
Synthesis, Measurements and Control, Vol. 104, pp.
188~193.

(7) Luh, J.Y.S. and Lin, C.S, 1981, “Optimum Path
Pranning for Mechenical Manipulators”, Trans. of
the ASME, J. of Dynamic Systems, Measurements
and Control, Vol. 102, pp. 142~151.

(8) Kim, Y.I, 1984, “A Study of the Optimal Motion

Analysis of the Robot manipulator with Three
Links”, Ms. D., Seoul National Univ.

(9) Scheinman, V. and Roth, B., 1984, “On the Optimal
Selection and Placement of Manipulators”, Theory
and Practice of Robots and Manipulators, Procs. of
RomanSy ’84 ; The Fifth CISM.IFTOMM Sympo-
sium.

(10) Roth, B., 1985, “Control and Mechanics of Simple
Manipulator System”, Robotics Reserch, The Second
International Symposium.

(11) John, M. Hollerbach, Giddeon Sahar, 1983,
“Wrist-Partitioned inverse Kinematic Accelerations
and Manipulator Dynamics”, The Journal of
Robotics Reserch, Vol. 2, No. 4, Winter.

(12) Kuester, J. L, Mize, J.H., 1973, Optimization
Techniques with Fortran, McGraw-Hill.

(13) James, N. Siddal, 1971, Analytical Decision-
Making in Engineering Design, Prentice-Hall.

(14) Edward, J. Haug, Jasbir, S. Arora, 1979, Applied
Optimal Design, A Wiley-Interscience Publication.



