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In the future, this platform will be designed for the analyse of inverse

), direct dynamics (DD), multi robots application and for the
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yments are the

oe the same);

e proportion between

the minimum inimum to maximum forces and

oments and multip W also the Neutrosophic and Extenics

heory)[16,17]; | _
V’c culate separately for up and down movements of the robot’s arm and determine the case what the
©

of these total pounders have maximal value.




min (range < M;) N min (rangeM;,,, N min (range|M|;) N min (range < M3) N /
min (rangeM,, ,,) N min (range|M|,) N min (range < M,)

\) MOF(t; tt;, to; tai L, ;) = (23) /
min (rangeM,, ,,) N min (range|M|[; N min (range < M;) N min (rangeM,,,, N min (range|M|;) N

: fi 1s the time to origin of time [s]; #fi- the cycle time [s]; fai- the acceleration time [s]; 7di- the time when begin

¢ deceleration [s]; /i- the length of each body [m]; @i- angle position of each body [rad]; Mi,X,y,z- active moment in
each joints [Nm]; |[Mi|- module of the active moment in each joints, [Nm]; < Mi - angle in a space of each active
moment vector, [rad].

This MOF function have 20 conditions to be simultaneously touch, but that will be possible by using Neutrosophic
theory [16,17], that mince all these conditions will be touch between T (true) and F (false)= pi1(T)Upj(F) where pi,j are
the weights for each criteria and for each cases, otherwise the MOF result will be null, because it is impossible that all
20 moments components for each of studied cases to be mmimum in the same time.

M; P
M = m 20 i,x,y,z,<,min
OF = ax ( 1 DPi )cases

M ixyz<.crt

where: pi is the maximal pounder for each; Mi,x,y,z, ,min- the minimum value of each of these moments
and angle’s moments; Mi,x,y,z, ,crt- the current value of the moments for each of the studied cases.



Table 4. The maximal range of the angular and linear accelerations and of the angle n the space

Case Alure Alure Eps. Acc. Eps. | Eps. Eps. | Acc. | Acc. | Acc.
Eps. m | Acc. in | angle angle X y z X v z
the the min- min- min- | min- | Mmin- | Mmin- | Min- | Min-

Ponders | space space max max max | max | max | max | max | max
Di (100) (100) (100) (100) (100) | (100) | (100) | (100) | (100) | (100)
0-0-0-0 2loops | 1loop | 4 170 2500 | 50000 | 1750 | 25000 | 1350 | 25000
0-2-4-6 lloop |lloop | 4.2 175 2750 900 | 900 | 25000 | 1350 | 25000
0-3-3-0 2loop | 4loops | 4 180 2750 | 49000 | 1800 | 25000 | 1350 | 25000
3-0-0-3 lloop | 3loops | 4 175 1200 | 49000 | 1600 | 24000 | 1200 | 24000
3-3-0-0 2 loops | 2 loops | 4 170 2500 | 49000 | 1800 | 24000 | 1350 | 24000
0-0-3-3 2 loops | 2 loops | 6 180 2000 | 19000 | 1800 | 24000 | 1000 | 8000
Li=300
0-0-3-3 2 loops | 2 loops | 12 170 2000 | 15000 | 1800 | 8000 | 1000 | 8000
L1=100
0-0-3-3 2 loops | 2 loops | 6 180 1750 | 35000 | 1800 | 15200 | 800 | 15000
Li=200
0-0-0-0 3 loops | 2 loops | 6 180 1750 | 30000 | 1700 | 15500 | 850 | 15000
Li=200
vi=200

- 3 loops | 2 loops | 6.5 170 1950 | 29500 | 1750 | 8000 | 800 | 7850
0-0-0-0 3 loops | 3 loops | 7.5 175 3000 | 35000 | 1800 | 9000 | 950 | 8000
Li=100._.
V=250
0-0-0-0 3 loops | 3 loops | 4.5 175 3000 | 50000 | 1850 | 16000 | 1250 | 15500
Li=200. .
vi=250...
0-0-0-0 3 loops | 2 loops | 4 175 3000 | 50000 | 1750 | 16000 | 1150 | 15300
Li=200. .
vi=250




Table 5. The results after applied the algorithm of the mult1 objective function (mof)

Alure
Eps.

in the
space

Alure
Acc.

in the
space

Eps.
angle

Acc.
angle

Eps.

X

Eps.

y

Eps.

Z

Acc.

X

Acc.

y

Acc.

Z

Rezults

100

100

100

100

50

100

100

100

574,43

100

100

95.23

97.14

75927

50

25

100

04.44

488.17

100

33

100

97.14

621,56

50

50

100

100

525,76

50

50

66.66

9444

589.18

50

50

33.33

100

629.33

50

50

66.66

0444

58821

33

50

66.66

0444

567.68

33

50

61,53

100

662,46

33

33

53.33

97.14

582.14

33

33

38.88

97.14

508,09

33

50

100

97.14

545.56

4




Table 1 The maximal range of the moments variation 1n all robot’s joints

case M1x M1y M1z M1 <M1 M2x M2y M2: M2 <M?2
0-3-6-9 5,00 4,50 1,80 4,00 0,06 4,50 2,20 1,80 0,80 0,47
0-0-0-0 4,00 4,00 1,50 0,90 0,06 5,00 1,50 1,50 0,80 0,20
0-0.1-0.2-0.3 3,80 3,50 1,40 3,00 0,05 5,00 1,50 1,50 0,60 0,20
0-2.9-5.8-8.7 2,50 3,50 1,80 3,50 0,07 5,00 1,30 1,70 0,80 0,28
0-3-3-0 3,50 4,00 2,00 3,30 0,07 5,00 1,50 2,00 0,80 0,28
0-0-3-3 4,00 4,20 1,25 3,00 0,05 5,00 1,80 1,30 0,70 0,20
3-3-0-0 2,50 4,50 1,80 3,00 0,06 5,00 1,50 1,60 1,25 0,25
0-3-0-3 3,50 3,80 1,40 2,80 0,04 5,00 1,50 1,20 1,25 0,16
0-2.9-2.9-0 4,00 4,00 2,00 3,40 0,05 4,50 1,40 2,00 0,70 0,25
2.9-0-0-2.9 3,80 3,80 1,80 3,50 0,06 5,00 1,60 1,70 0,80 0,23
2.9-0-2.9-0 4,00 3,80 1,50 4,50 0,06 5,00 1,90 1,60 1,20 0,23
0-2.9-0-2.9 2,50 3,80 1,25 2,00 0,05 5,00 1,20 1,25 1,25 0,20
0-2.9-0-2.9 9'=1-2-3-3 4,00 7,00 1,25 2,30 0,04 5,70 0,45 1,25 1,50 0,15
0-0-0-0 9'=1-2-3-3 4,00 6,80 1,25 2,30 0,04 5,50 0,50 1,20 1,30 0,14

minimum range 2,50 3,50 1,25 0.9 0.04 4,50 0,45 1,20 0,60 0,14




M 3x M3y M3z M3 <M3 M 4x M4y M4z M4 <M4

6,00 3,00 7,00 10,00 0,09 1,30 4,00 3,00 7,00 0,23
6,00 3,80 3,00 10,00 0,09 1,30 1,70 8,00 6,00 0,25
5,60 3,90 7,50 9,00 0,08 1,40 1,90 8,00 7,00 0,25
6,00 3,00 7,80 9,50 0,13 0,50 3,50 7,80 6,00 0,25
6,00 3,00 3,00 9,80 0,10 1,70 2,80 9,00 6,00 0,25
6,00 3,30 7,80 9,60 0,08 1,30 3,00 3,30 4,00 0,26
5,00 3,00 3,00 9,80 0,08 2,00 2,00 8,00 6,00 0,25
6,00 3,80 7,80 9,00 0,12 2,30 2,80 8,00 6,00 0,30
5,80 3,80 3,00 9,80 0,08 1,30 2,80 3,50 6,00 0,25
5,00 3,00 7,80 9,00 0,08 1,10 1,70 3,00 7,00 0,24
5,50 3,40 8,00 9,60 0,08 1,20 1,60 3,00 6,00 0,20
5,00 3,50 7,50 9,00 0,12 2,40 2,50 8,00 7,00 0,20
7,00 2,40 10,00 10,50 0,18 2,50 4,50 10,00 7,00 0,25
6,80 2,50 7,80 11,50 0,17 2,50 4,30 10,00 7,00 0,35
5,00 2,40 7,00 9,00 0,08 0,50 1,60 7,80 4,00 0,20



Table 2 The assisted results after was applied the MOF (the relations 23 and 24)

case M1x

0-3-6-9 50,0000
0-0-0-0 62,5000
0-0.1-0.2-0.3 65,7895
0-2.9-5.8-8.7 100,0000
0-3-3-0 71,4286
0-0-3-3 62,5000
3-3-0-0 100,0000
0-3-0-3 71,4286
0-2.9-2.9-0 62,5000
2.9-0-0-2.9 65,7895
2.9-0-2.9-0 62,5000
0-2.9-0-2.9 100,0000
0-2.9-0-2.9 9'=1-2-3-3 62,5000
0-0-0-0 g'=1-2-3-3 62,5000

Mly
77,77778
87,5
100
100
87,5
83,33333
17,77778
92,10526
87,5
92,10526
92,10526
92,10526
50
51,47059

M1z
69,44444
83,33333
89,28571
69,44444

62,5

100
69,44444
89,28571

62,5
69,44444
83,33333

100

100

100

M1
22,5
100
30
25,71429
27,27273
30
30
32,14286
26,47059
25,71429
20
45
39,13043
39,13043

<M1
66,66667
72,721721
80
57,14286
57,14286
80
66,66667
100
80
66,66667
66,66667
80
100
100

M2x
100
90
90
90
90
90
90
90
100
90
90
90
78,94737
81,81818

M2y M2z M2 <M?2
20,45455 66,66667 75  29,78723
30 80 75 70
30 80 100 70
34,61538 70,58824 75 50
30 60 75 50
25 92,30769 85,71429 70
30 75 48 56
30 100 48 87,5
32,14286 60 8571429 56
28,125 70,58824 75  60,86957
23,68421 75 50  60,86957
37,5 96 48 70
100 96 40 93,33333
90 100 46,15385 100




o
M3x M3y M3z M3 <M3 Méx Mdy M4z M4 <M4
83,33333 80 100 90 88,88889 38,46154 40 97,5 57,14286 86,95652
83,33333 63,15789 87,5 90 88,88889 38,46154 94,11765 97,5 66,66667 80
89,28571 61,53846 93,333333 100 100 35,71429 84,21053 97,5 57,14286 80
83,33333 80 89,74359 94,736842 61,53846 100 45,71429 100 66,66667 80
83,33333 80 87,5 91,836735 80 29,41176 57,14286 86,666667 66,66667 80
83,33333 72,72727 89,74359 93,75 100 38,46154 53,33333 93,975904 100 76,92308
100 80 87,5 91,836735 100 25 80 97,5 66,66667 80
83,33333 63,15789 89,74359 100 66,66667 21,73913 57,14286 97,5 66,66667 66,66667
86,2069 63,15789 87,5 91,836735 100 27,77778 57,14286 91,764706 66,66667 80
100 80 89,74359 100 100 45,45455 94,11765 97,5 57,14286 83,33333
90,90909 70,58824 87,5 93,75 100 41,66667 100 97,5 66,66667 100
100 68,57143 93,333333 100 66,66667 20,83333 64 97,5 57,14286 100
71,42857 100 70 85,714286 44,44444 20 35,55556 78 57,14286 80
73,52941 96 89,74359  78,26087 47,05882 20 37,2093 78 57,14286 57,14286

A

1340,5805
1540,6866
1533,8004
1474,2384
1353,4022
1521,1034
1451,3923
1453,0792
1404,8813
1491,5949
1472,7397
1526,6529
1402,1969
1405,1608




_{F} ﬂ{M} = {Best Solution Dynamic Behavior} /

Studied case Max {Ponder F}= Max {Ponder M}= Max {Ponder F} &
{Best sol.} {Best sol.} Max {Ponder M}
0-0-0-0 1592,75 1540,68 3133,43
0-4-4-0 1563,58 1353,40 2916,98
0-4-0-4 141791 1453,07 2870,98
4-0-4-0 1648,34 1472,73 3121,07
0-4-8-12 1390,65 1340,58 2731,23
0-4-8-12/11/0.8 1417,52 1474,23 2891,75
0-4-8-12/11/0.8/12/0.8 | 1455,38 1402,19 2957,57
0-0.1-0.2-0.3 1596,99 1533,80 3130,79
0-0-0-0/11,12,qq 910,93 1402,19 2313,12




Mowement
0-0-0-0
0-2-4-6
0-3-6-9
0-0-2-2
0-2-0-2
2-2-0-0
2-0-2-0

100
38,8235294
100
94,2857143
82,5
50,7692308
41,25
67,3469388

0-0.1-0.2-0.3 63,4615385

100
46,6666667
93,3333333
100

87,5
48,2758621
70

100
73,6842105

100
51,5789474
B4,4827586
£9,0909091

100
65,3333333

61,25
B1,6666667
75,3846154

Dimension of the second body was changed
Movement [fQ2/f

0-0-0-0
0-2-4-6
0-3-6-9
0-0-2-2
0-2-0-2
2-2-0-0
2-0-2-0

0-0.1-0.2-0.3

12750,00
5000,00
S000,00
7700,00
9500,00

12000,00
8000,00
9800,00

<02

3,40
2,30
3,40
2,80
3,30
2,70
2,20
3,10

fas/

11800,00
800,00
6800,00
5900,00
£000,00

11000,00

10000,00
9900,00

Dimension of the second body was changed [2=1.0m

Movement
0-0-0-0
0-2-4-6
0-3-6-9
0-0-2-2
0-2-0-2
2-2-0-0
2-0-2-0

100
39,2156863
100

100
64,9350649
52,6315789
41,6666667
62,5

0-0.1-0.2-0.3 51,0204082

100
64,7058824

100
50

100
80

88 8888889
100
88,BEREREG
94,1176471
88,BERERA0
80

88 8888889

=03

30,00
30,00
30,00
23,00
20,00
25,00
20,00
27,00

100
66,6666667

95,6521739 B86,7647059 66,6666667
64,7058824 B86,7647059 66,6666667

78,5714286
66,6666667
81,4814815

100

100

73,75
53,6363636
59

86,9565217
100

80

100

709677419 59,5959596 74,0740741

100
65,7894737
86,2068966
83,3333333

100
65,7894737
45,4545455

62,5
£3,3333333

/asaf

4400,00
3500,00
3500,00
3000,00
4500,00
£300,00
4900,00
3100,00

100
68,1818182
85,7142857
85,7142857

100
66,6666667
47,6190476
61,2244898
96,7741935

100
52,6315789
47,6190476
46,5116279
52,6315789
48, 7804878
41,6666667

100
44, 4444444

36,00
40,00
36,00
36,00
36,00
27,00
19,00
38,00

100
52,7777778
47,5
52,7777778
52,7777778
52,7777778
70,3703704
100

50

When was changed the lengh of the bodies 2 and 3

GO0

00

400

300

200

0-0-0-0
0-2-4-6
0-3-6-9
0-0-2-2
0-2-0-2
2-2-0-0
2-0-2-0

335,490196
500,530925
513,221585
511,520468
373,066035
348,510101
451,513605

0-0.1-00.2-0.3 429,197031

12=1.0m
341,547831
482,297832
456,629318
483,240793
412,49269
374,77393
482,72449
402,432377

12, 13=1.0m
405,845865

474,68254

470,43956
507,019445
465,480582
439,267399
458,237179
392,218323

Chart Title
»o A e =
" o wr A
— S]] e Gpript] e Gprjpd




N,

TABLE I- THE WEIGHT THEORY APPLIED TO THE MOMENTS

Movement 100 100 100 100 100 100
000 38,8235294 46,6666667 51,5789474 80 65,7894737 52,6315789 335,490196
-2-4-b 100 933333333 84,4827580 88,8888889 86,2068966 47,6190476 500,530925
94,2857143 100 89,0909091 100 83,3333333 46,5116279 513,221585
82,5 87,5 100 88,8388889 100 52,6315789 511,520468
50,7692308 48,2758621 653333333 941176471 65,7894737 48,7804878 373,066035
41,25 10 61,25 888888889 454545455 416666667 348510101
67,3469388 100 81,6666667 80 62,5 100 491,513605

3 63,0615385 73,6842105 753846154 838888889 833333333 444444444 4291970311 Fig.6. The moments variation vs. type of movements

The best solution from the moment variation is the case 3, the succesive movements with
s pause, 0-3-6-9.




A. Influences of the robot’s length to the dynamic
ehavior

L\ )

After were comparative analyzed the figs.6-9
we can do the following remarks:

(i) the movement 0-0-2-2 is more efficiently
from dynamic behavior point of view, when
were changed the lengths of bodies or without
these changes;

T o

600
500
400

0-0-0-0
0-2-4-6
0-3-6-9
0-0-2-2
0-2-0-2
2-2-0-0
2-0-2-0
0-0.1-0.2-
0.3

335,490196
500,530925
513,221585
511,520468
373,066035
348,510101
491,513605

429,197031

em@um Scries] e=@= Scries?

without change the lengths; series 2- where was ¢
The moments variation when was changed the 1,

12=1.0m
341,547831
482,297832
456,629318
483,240793
412,49269
374,77393
482,72449

402,432377




B. Influences of the robot’s velocities, accelerations,
forces and moments to the dynamic behavior

(1) the sum of all influences variation of velocities, accelerations,
forces and moments determine the best solution of movement to be
2-0-2-0;

(111) variation of the velocities determine the best solution of the
movement to be 2-0-2-0;

(iv) variation of the accelerations determine the best solution of
movement to be 0-2-0-2;

(v) variation of the forces determine the best solution of
movement to be 2-2-0-0;

vi) variation of the moments determine the best solution of the
movement to be 2-0-2-0;
.!(Vii) in the sum of influences the more important is the variation
of velocities and moments, have the same influence to choose the
best solution of the movement 2-0-2-0, that mince the first and

thread

movement of joints is both successive after the second and
fOUfi%_

Eiii) the variation of the moments determine the best solution of
movement to be 0-3-6-9, the successive movements in all joints

with one second of break, but the increasing the length /, of the

second robot body and also /, and /; , determine the best movement

to be 0-0-2-2.

TABLE II- THE WEIGHT THEORY APPLIED TO THE VELOCITIES,
ACCELERATIONS, FORCES AND MOMENTS VARIATION VS. THE
TYPE OF MOVEMENTS

type of mov  velocities  acceleration forces moments
0-0-0-0 951,878 1347,87 543,74 335,490196 3.178,978
0-2-4-6 884,200 1.328 480,78 500,530925 3.193,361
0-3-6-9 886,285 1344,83 498,12 513,221585  3.242,457
0-0-2-2 954,656 1288 480,65 511,520468 3.234,826
0-2-0-2 931,021 1376,56 491,57 373,066035 3.172,217
2-2-0-0 938,436 1288,16 757,57 348,510101 3.332,676
2-0-2-0 1.055,057 1201,55 637,73 491,513605 3.385,851
0-0.1-0.2-0.3 843,805 1279,16 524,25 429,197031 3.076,412
4000
3500
3000
2500
2000
1500
1000
500 /
0
6‘04 QQQ mv(o 5° ’ Qﬁ’ﬁ/ ﬂfgﬁ/ %QQ 0%0 '»Q%
ORGSO AR Y &
N &
=@ Seriesl Series2 Series3
Series4d Series5

seriesl- velocities; series 2- accelerations; series 3- forces; series
4- moments; series 5- sum of them
Fig.9. The variation of velocities, accelerations, forces, moments and
sum of them versus the type of movements



C. Influences of the materials and other dimensions to the
dynamic behavior

After was analyzed the simulation results obtained by using
the proper platform ROBO-PVAFM we can do the following
remarks:

(1)The best solution of the movements when were changed the
ase dimensions of all robot’s bodies is the successive
movements 2-0-2-0 two by two joints;

(1) for the steel material of all bodies the best solution is the
successive movements with 1 second break between them, 0-3-
?iii) for the aluminum materials of all bodies the best solution is
successive and simultaneously movements two by two 2-0-2-0;

0-0-0-0
0-2-4-6
0-3-6-9
0-0-2-2
0-2-0-2
2-2-0-0
2-0-2-0
0-0.1-0.2-0.3

alumin.A,B>0.4 cast iron A,B>0.4 Sum

336,7521368
247,6960784
247,6960784
265,3735632

287,178105
259,8978495
338,7055567
268,4461153

265,0877193
277,421638
275,410628

311,6666667

309,2577031

241,4957983

333,3333333

320,3508772

601,83986
525,11772
523,10671
577,04023
596,43581
501,39365
672,03889
588,79699

Weight theory applied to moments vs.
dimensions and materials

200
700
G600
500
400

Axis Title

200
100

00 T

i G prjpg 2
S5eries3

Seriesd

Fig.10.The results after was applied the weight theory to the moments
variations vs. all base dimensions of the robot’s bodies.



0-0-0-0
0-2-4-6
0-3-6-9
0-0-2-2
0-2-0-2
2-2-0-0
2-0-2-0

0-0.1-0.2-0.3

steel

220,15233
275,95238
314,28571
293,12997
270,26132
283,09091
296,91769
272,39737

o
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G i 51

y o
i
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o
e S origs2

alumin.

225,72537
290,12987

300,5848
333,33333
295,12987
226,34921
298,91534
300,89717

materials

cast iron

354,16667

234,8062
224,90385
255,80294
232,98327
283,21429
244,26332
209,73758

Weight theory applied to the momnts vs.

R

sy

iy ®
e S o rig53

sum

1020,1967
1076,8408
1154,0601
1175,3962
1068,6358
1075,7453

1137,014
1055,4295




D. Influences of the position bodies-joints and joints-
bodies, G and Z matrices of the joints to the dynamic
behavior

After were analysed all simulation results, the synthetic table
II, we can do the following remarks:

(1) the best solution with the minimum variation of the
moment in the end-effector joint, Q4 will be the successive

Moment X y z < modul movement with one second break between them,; L
Simultaneously movement, joint position 2 and 3 were changed (11) the best solution for the minimum variation of the
Q3 6000 14000 2250 20 8000 moment in the three joint, Q3 will be the case of the
Q4 6000 8000 3000 40 3000 . lta 1 t with ch d i f ioints 2

Simultaneously movement, joints in initial condition sinultancously movement with changed position ot joints
Q3 6000 15000 4500 35 4000 and 3;
Q4 5500 4000 2250 40 3000 (111) by point of view of the minimum variation of the module
Successive movement, joints in initial condition of moments vectors in joint 2, Q3 the best solutions are

Q3 >000 LUILITIE 3200 30 6900 simultaneously movement with initial positions of all joints,
Q4 4000 3000 1600 40 2500 d . f d off -

Successive movement after 0.1s, joints in initial conditions and successive movements for end effecter joint moment,
Q3 4000 15000 4500 35 7000 Q4; )

Q4 5000 4000 2050 40 2500 (iv) the all successive movement determine increasing the
Successive movement and simultaneously movement after 1.9s, joints proper ﬁ.equency of the end-effecter because the induced
In initial conditions oscillation by variation of acceleration;

Q3 5000 11000 3300 35 6000 Y —

Q4 2000 3000 1600 20 7500 (v) between the analysed cases of simultaneously movement
Successive movement with 1s break, joints in initial conditions with joint 2 and 3 position were changed and the
Q3 6500 10500 3300 30 6000 simultaneously movement in initial positions of the joints 2
Q4 4000 3000 1600 40 2500 and 3, the best one by point of view of Q3, is the case with

-

joint 2 and 3 in new position, and by point of view of Q4 is
the case without any changes of joints 2 and 3.
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\l THE PROPOSAL OF THE NEW DYNAMIC NEURAL NETWORK /|
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and  are the sigmoid activation functions,
and . 'is the gain of these functions
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