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Optimal Control of Robotic Manipulator

Part III : Application

M.Bahrami, Assoc. Prof.

G.R.Nakhaie Jazar, Lecturer

Mechanical Engineering Dept.

Amirkabir Univ. of Technology

ABSTRACT

This is the third part of the article on optimal control of robotic manipulators. In
firsrt part a literature review was presented, in second part a new algorithm was

introduced, along with simple applications. In this last part the algorithm is used for
time optimal control of a 2R robotic manipulator.
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DeltaX=-.1

Node X Comp. Y Comp. position of endeffector
1 1 1.5
2 .8000001 1.5
3 .8 1.5
4 L7T000001 1.5
5 .6 1.5
6 . .5 1.5
7 .4 1.5
8 .3 1.5
9 .2 1.5
10 .1 1.5
11 -2.235174E-08 1.5
12 -.1 1.5
13 -.2 1.5
14 -.3 1.5
15 -.4 1.5
16 -.5 1.5
17 -.6 1.5
18 -.7000001 1.5
i9 -.8 1.5
20 ~-.9 1.5
21 ~-.9999989 1.5

Angels of 1th And 2nd Links

Node Teta 1 Teta 2
1 TETAl= 81.96885 TETA2=-51.31781 Deg.
2 TETAl= 88.03352 TETA2=-57.98456 Deg.
3 TETA1= 93.71584 TETA2=-63.57666 Deg.
4 TETAl= 98.12531 TETAZ2=-68.28438 Deg.
5 TETAl= 104.3185 TETA2=-72.24184 Deg.
6 TETAl= 109.3263 TETA2=-75.52248 Deg.
7 TETAl= 114.1539 TETA2=-78.1705 Deg.
8 TETAl= 118.7962 TETA2=-80.21218 Deg.
g TETAl= 123.2367 TETA2=-81.66272 Deg.
10 TETAl= 127.4512 TETAZ=-82.53041 Deg.
11 TETAl1= 131.4096 TETA2=-82.81925 Deg.
12 TETAl= 135.0793 TETA2=-82.53041 Deg.
13 TETAl= 138.426 TETA2=-81.66272 Deg.
14 TETAl= 141.416 TETA2=-80.21218 Deg.
15 TETAl= 144.0167 TETA2=-78.1705 Deg.
16 TETAl= 146.1862 TETAZ2=-75.52248 Deg.
17 TETAl= 147.9223 TETA2=-72.24184 Deg.
18 TETAl= 149.1591 TETA2=-68.28438 Deg.
19 TETA1= 149.8608 TETA2=--63.57666 Deg.
20 TETAl1= 148.961 TETA2=-57.99456 Deg.
21 TETAl1= 149.349 TETA2=-51.31782 Deg.
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Node 1 First Torque 1 = 99.96815
Time For Node 1 To 2 = 7.660155E-02 Second Torque 1 = 27.34702
Node 2 First Torque 2 = 100.0389
Time For Node 2 To 3 = 2.013271E-02 Second Torque 2 = 26.07861
Node 3 First Torque 3 = 99.99071
Time For Node 3 To 4 = .017287 Second Torque 3 = 29,94519
Node 4 First Torque 4 = 99.98184
Time For Node 4 To 5 = 1.5328997E-02 Second Torque 4 = 31.28573
Node 5 First Torque 5 = 99.98579
Time For Node 5 To 6 = 1.386707E-02 Second Torque 5 = 33.06995
Node 6 First Torque 6 = 99.99852
Time For Node 6 To 7 = 1.270789E-02 Second Torque 6 = 35,46115
Node 7 First Torque 7 = 100.0128
Time For Node 7 To 8 = 1.1T74793E-02 Second Torque 7 = 38.63782
Node 8 First Torque 8 = 99.98198
Time For Node 8 To 9 = 1.092469E-02 Second Torque 8 = 42.79172
Node 9 First Torque 9 = 100.0383
Time For Node ¢ To 10 = 1.019763E-02 Second Torque 9 = 48,20081
Node 10 First Torque 10 = 100.012%
Time For Node 10 To 11 = 9.540895E~03 Second Torque 10 = £5,11883
Node 11 First Torque 11 = 99.,98289
Time For Node 11 To 12 = 8.,937134E-03 Second Torque 11 = £3.88143
Node 12 First Torgue 12 = 100.0084
Time For Node 12 To 13 = 8.374145E-03 Second Torque 12 = 74.88894
Node 13 : First Torque 13 = 99.96031
Time For Node 13 To 14 = 7.844115E-03 Second Torque 13 = 88.56721
Node 14 First Torque 14 = 87.71338
Time For Node 14 To 15 = 7.366576E-03 Second Torque 14 = 99.99756
Node 15 First Torque 15 = 46.66582
Time For Node 15 To 16 = 6.978431E-03 Second Torque 15 = 100.0223
Node 16 Firet ‘Torque 16 = 5,108479
Time For Node 16 To 17 = 6.655947E-03 Second Torque 16 = 100,0231
Node 17 First Torque 17 =-38.65202
Time For Node 17 To 18 = 6.379095E~03 Second Torque 17 = 99.97876
Node 18 : First Torque 18 =-87.7414
Time For Node 18 To 19 = 6.137035E-03 Second Torque 18 = 99.99812
Node 19 First Torque 19 =-149.2227
Time For Node 19 To 20 = 5.821739E-03 Second Torque 19 = 100.0153
Node 20 First Torque 20 =-154,9241
Time For Node 20 To 21 = 5.933593E-02 Second Torque 20 =-92.51362
Node 21 First Torque 21 =-100.0291
Total Time= ,3222685 Second Torque 21 =-57.70638
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Node 1 First Torque 1 = 89.96815
Time For Node 1 To 2 = T.6601558E-02 Second Torque 1 = 27.34702
Node 2 First Torque 2 = 100.0389
Time For Node 2 To 3 = 2.013271E-02 Second Torque 2 = 26.07961
Node 3 First Torque 3 = 98.89071
Time For Node 3 To 4 = .017287 Second Torque 3 = 289.94519
Node 4 First Torque 4 = 89.98184
Time For Node 4 To 5 = 1.5328997E-02 Second Torque 4 = 31.28573
Node 5 First Torque 5 = 98.98579
Time For Node 5 To 6 = 1.388707E-02 Second Torque 5 = 33.06985
Node 6 First Torque 6 = 99.99852
Time For Node 6 To 7 = 1.270788E-02 Second Torque 6 = 35.46115
Node 7 First Torque 7 = 100.0128
Time For Node 7 To 8 = 1,174793E-02 Second Torque 7 = 38.63782
Node 8 First Torque 8 = 99.98198
Time For Node 8 To 9 = 1.0824689E-02 Second Torque 8 = 42.79172
Node 8 First Torque § =-54.61408
Time For Node § To 10 = 1.103259E-02 Second Torque 9 = 2.01076
Node 10 First Torque 10 =-99.98516
Time For Node 10 To 11 = 1.141296E-02 Second Torgque 10 =-11.34124
Node 11 First Torque 11 =-98.88851
Time For Node 11 To 12 = 1.181985E-02 Second Torque 11 =-12.84872
Node 12 First Torque 12 =-100.044
Time For Node 12 To 13 = 1.226087E-02 Second Torque 12 =-13.94965
Node 13 First Torque 13 =-99.96089
Time For Node 13 To 14 = 1.274646E-02 Second Torque 13 =-15.25616
Node 14 First Torque 14 =-100.0176
Time For Node 14 To 15 = 1.328626E-02 Second Torque 14 =-16.95248
Node 15 First Torque 15 =-100.0459
Time For Node 15 To 16 = 1.383841E-02 Second Torque 15 =-19.04785
Node 16 First Torque 16 =-89.96083
Time For Node 16 To 17 = 1.471454E-02 Second Torque 16 =-21.51839
Node 17 First Torque 17 =-100.0111
Time For Node 17 To 18 = 1.569745E-02 Second Torque 17 =-24.508861
Node 18 First Torque 18 =-99,99747
Time For Node 18 To 19 = 1.701203E-02 Second Torque 18 =-27,95122
Node 19 First Torque 19 =-100.0488
Time For Node 19 To 20 = 1.892174E-02 Second Torque 19 =-32.02369
Node 20 First Torque 20 =-99.87586
Time For Nede 20 To 21 = 5.933L83E-02 Second Torque 20 =-53.83718
Node 21 First Torgue 21 =-100.0291
Total Time= .390788 Second Torque 21 =-57.70638
seeSyasl /) £F




Haxinun of Ietu
Haxisun of Te

a2 - 0.41925

Tetal

361
i fela

ou—

fotal tiwe = ,39678 8

H49.%
199,97

+49.99

-43.9

-99.91
-149.%6

Haximun of Tetu dot

Haxinun of

T RN R AR SR

Tetal dot
O i R o

N}
2 dot - 4,

fotal tme : .398788

#,9
4,66

2.3

2.3

~4.56
-6.9

T R R LR R R R R R R

Haxinue of fetal double dot = 34.64317 Tetal double dot

Haxinug of

f feta2 double dot = 8685819 Tetad double dot —_

Total tine = .39W88

HLe

+28.68

~28.68

5.3
-86.6

158/ seSyul
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Haximun of X dot = 3,3
Hax}m :f { dot = 3,347
-Total time = 2788301
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