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Study on the Dimension Optimization of the Robot
Manipulator with Three Links

S. W. Cho and H. K. Moon
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Abstract

Determining the robot motion using optimal technique has been studied often in recent years,
however the study of determining the otpimal robot dimensions is very rare. In this paper, the
authors attempted to find out the least driving torques at each joint as the optimization of link
length refered to a 3R robot manipulator. For the given linear path with triangular velocity
profile, the inverse kinematic and inverse dynamic problems are examined in order to lead into
solution of problem suggested for optimal design of link lengths. Accordingly, optimal link lengths
in the case of given linear path is obtained with respect to the parameter of link ratios.
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Table 1 Link ration{e:/a.) and objective function value with gravity
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A)E olUE ul o] Aol A ArE FL F
4w Ba Aeolg viE vrehinz fEL
2o tﬂ%%}—‘;— %mv‘ e R
5 dEdd, F8E 1H3sE
L9 Az Table 1ol 4] ¥ Table 47t v}ebul
Ak o] LA 9 path number: Fig. 60 1}
B S et,
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(path lenght=1,)

) Path 1 2 3 4 5 6
0 az/ az 0.479 0.619 0.742 0.827 0.875 0.892
OBJ 28573.23 27378.44 26016.12 24893.20 24156.53 23900.26
0.5 as/a: 0.462 0.628 0.771 0.873 0.932 0.952
OBJ 28351.52 27398.66 28217.92 25201.61 24520.16 24280.84
1 as/ a: 0.439 0.633 0.798 0.919 0.991 1.018
OBJ 28670.72 27950.83 26936.56 26012.81 25376.77 25150.93
15 as/az 0.422 0.628 0.820 0.964 1.051 1.081
OBJ 29550.68 29061.24 28203.73 27361.21 26762.05 26546.52
9 as/a: 0.421 0.604 0.834 . 1.000 1.103 1.141
OBJ 31015.37 30753.15 30049.34 29279.49 28710.04 28502.14
Table 2 Link ration(as/a.) and abjective function value with gravity (path lenght=2,)
Path 1 2 3 4 5 6
7z :
0 as/a: 0.522 0.749 0.935 1.044 1.094 1.107
OBJ 39567.56 35778.18 31454.39 27949.95 25703.79 24934.93
0.5 as/ a: 0.516 0.785 1.010 1.152 1.218 1.237
OBJ] 39422.09 36164.48 32151.06 28773.99 26568.05 25806.75
1 as/ ax 0.507 0.817 1.093 1.272 1.365 1.391
OBJ 40039.01 37272.49 33512.08 30209.27 28006.54 27239.53
15 as/a: 0.487 0.847 1.178 1.405 1.528 1.564
OB]J 41449.26 39150.47 35593.60 32315.18 30079.64 29293.88
2 as/az 0.438 0.868 1.257 1.545 1.707 1.756
OB] 43674.08 41844 .30 38449.94 35149.23 32846.02 32028.78
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Table 3 Link ration(as/e.) and abjective function value with gravity (path lenght=3,)
Path 1 2 3 4 5 6
Z
0 as/ a: 0.450 0.793 1.025 1.113 1.106 1.090
OB] 49197.67 42121.82 33994.75 27608.78 23749.94 22498.06
0.5 as/ a: 0.433 0.838 1.128 1.254 1.261 1.244
0B] 48320.98 42776.99 35057.19 28727.04 24815.19 23533.17
1 as/a: 0.422 0.882 1.248 1.425 1.449 1.433
OBJ 48836.15 44300.14 36873.08 30490.46 26449.71 25110.51
L5 as/a: 0.393 0.923 1.373 1.622 1.674 1.663
OBJ] 50327.53 46756.24 39517.44 32975.21 28727.89 27303.42
5 as/ az 0.374 0.959 1.510 1.846 1.940 1.936
OB] 52830.85 50208.53 43064.11 36256.46 31723.83 30185.30
Table 4 Link ration(as/a.) and abjective function value with gravity (path lenght=1,, 2., 3.)—XZ plane
Case A : up, Case B down
Path
lePr’lagtht o 1 2 3 4 5 6 7 8 9 10 11
A as/as| 0.022| 0.046] 1.229( 1.823(2.097 | 2.132| 1.962| 1.643| 1.221 0.046| 0.022
1 OBJ| 12338! 13107| 15877 16241 16584 | 17033 | 17789 | 18626 | 19387 17678 17217
B as/az| 0.021| 0.044| 1.930| 2.565| 2.804| 2.733| 2.436| 2.003| 1.475| 0.044} 0.021
OBJ| 11980 | 12783 16151 16472 16869 | 17524 | 18470 19603 | 20667 | 18225, 17984
A as/as 0.025| 1.278| 3.215( 3.837| 3.507| 3.108| 2.767| 2.358| 1.802| 1.108| 0.024
N OBJ| 14288 | 19099 | 191444 | 18671 | 18699 | 19533 | 21290 | 23946 | 27138 | 29910 | 26679
B as/asl 0.024| 2.592) 4.808| 4.617| 3.889| 3.389] 3.029| 2.612] 2.014| 1.246 0.024
OBJ| 13322| 18450 17980 17399 | 17582 | 18734 | 20974 | 24308 | 28355| 31975| 28898
A as/asl 0.026| 1.239| 5.003] 3.550| 2.613| 2.296| 2.275| 2.172| 1.814| 1.131| 0.025
3 OBJ| 14588 | 20185| 19213| 18183 | 18250 19134| 21356| 25513 | 31466 | 37693 37800
B as/as) 0.024| 3.954| 5.876| 3.579| 2.603| 2.302| 2.286| 2.232| 1.896) 1.188| 0.026
OBJ| 13062| 18522| 17020| 16207 | 16533| 17658 | 20325| 25235| 32441 40176 39328
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