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Optimization of the space trajectory

By using the control law and transfer function method —
controlling the servo driving;

By using the artificial intelligence, proper neuronal network
and direct and inverse kinematics and dynamics results;

By using the intelligent smart damper and proper neural
network for controlling the Fourier spectrum;

By using the complex control with proper neural
network, the kinematics, dynamics and Fourier spectrum;

dresearch for the future; By using the intelligent damper
and smart panel mounted in some sections for the control
of all structure;



By using the control law and transfer function

method — controlling the servo o©
Assisted optimization of the servo ¢

rving;
riving by using

virtual LabVIEW instrumentation anc
transfer functions meth

the elementary
od

Adrian Olaru?!, Serban Olaru? and Aurel Oprean3
lUniversity Politehnica of Bucharest, Romania,
2 Romsys Mechatronics Company, Romania
3Vice President of the Mechanical Branch of the Romanian Academy of Technical Sciences

E-mail address: olaru_robotics@yahoo

.com .



mailto:olaru_robotics@yahoo.com

INTRODUCTION

4 The transfer functions theory applied to the elements and the
systems using the LabVIEW non linear components assure one
very easily mode of the modeling, simulation and validation of the
elements and systems, finally to obtain by sinthesys one integrated
and intelligent system,;

4 In the paper will be presented one virtual LabVIEW propre library
for the assisted research of the electrical and hydralic elements and
systems with many results what will be possible to use in the curently
research;

4 In the optimising field was used some neural network and the on-line
research of the network influences to the finally target of the servo
driving system,;

d With applied this theory was possible to design one proper smart
system to decrease the vibration of the robot end-effector and
optimise the space trajectory;

 With designed LabVIEW VI-s will be possible to choose the optimal
values of the constructive- functional parameters of the
components of the system.



Table 1. S5ome expressions amd virinal LabVIEW instromenis of iransfer Tonctions

Type Expresion of transter function Virtual LabVIEW instrument
P'Tl His)= & I':II_I
=
L cdmmnl — - ¥
PTi_vi
] E
Hig) = k l—-'_':II
FT- (x4 ais+ &) L
- . ETy
(== =0 e
P ta ] 2
k1 _I_
s E_ hC
Hisy= = I'?_I | curenl ————————
(5 +ai” - PT2 wi
His = ke i<l _
TPl 4’ Table contents: type of the transfer function;
Mathematical model; virtual LabVIEW instrumentation
. K s
Hir)= e I;I
[::i']"1 (s+ais+bus+ch a0 N —
b2 —
b1 al
b
i ouranl
FTZw
T=FE
=il
=i 1 i
b:_' |
FT4 Hirn= : ﬂ ]
ir+aus+byr+oiy+dl £ culerd

PT 2. =i




H{-.-;::i

'
1 - =
& t_l.'-l.-l'ﬂ"ll' —i F |
Pl
T | (]
Hig)=— I %
IT, s Tr+1 e y
PT1 w
L. 2 Jn i
H,“_er.l..'_{.?+l. -
PDT, T+l ni
k. |
T Focurenk il | ¥
His) = —i— POTL.vi
L¥T, s +1, T —=
b — = i
L cuierk — ‘
] Pl v
FAs)y= Al +T 5 +—
F1L) ‘ I-::r4 |
PLD ] ] 'EJIEI:-.—- LFi !
Hisi=hil +T, 5+ K - PT1.w1
T1 Ty Tis+l




Table 2
Some models of transfer fonctions and hisz charactecistics, mathematical and physical models
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Table contents: Type of the transfer function; Mathematical model in Laplace plane; Physical
electrical or mechanical model; Bode characteristic A vs.f; Nyquist characteristic; plane poles-
zeros; real characteristic.
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Case study of the Linear Hydraulic Motor
(LHM)-optimizing the dynamic behavior of
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Fig.1: The front panel of the acquisition and theoretical virtual LabV IEW instruments: validation of the LHM
mathematical model



Assisted optimization of the LHM using the proper LabVIEW
instrumentation
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Fig.3: Front panel of the virtual LabVIEW LHM instrument for the comparative analyze, when was been changed the
actve area, A,
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Analyzing the optimization applied LHM LabVIEW proper
VI results the following remarks:

1 By increase the flow loss vs.force gradients were obtained some
transfer of the poles in the poles- zeros plane to the stability field,
velocity were obtained without any vibrations, fig.2;

By increase the active area was obtained the displacement of the
poles outside of the precision — stability field, but one magnification of
the answer with decrease of the acceleration time with the effect in to
the increase of the movement precision, fig.3;

1 By decrease of the active movement of the LHM steam was
obtained one magnification of the velocity output with the same
acceleration time with the second example, but without any vibrations
of the velocity output,fig.4. By this method is possible to choose the
constructive or functional values of the LHM to obtain one good
dynamic behavior answer to obtain one good precision, or stability, or
better solving the compromise precision- stability problem.

d Without on-line work of the proper LabVIEW VI-s is not possible to
obtain these results.



Assisted optimisation of the hydraulic systems
with many closed loops and different control
laws

In the paper were simulated the system CFP- LHM (constant flow
pump- linear hydraulic motor) [15-18], VFP- RHM with regulator
(variable flow pump- rotate hydraulic motor);

CFP- PD- LHM (constant flow pump- proportional distribution- linear
hydraulic motor);

LHM-OHM (linear and oscillate hydraulic motor). For the control of
the command signals were used some proper subVI-s by manually,
automat or using the intelligent systems with some neural networks,
to control the electrical command signals [18-30].
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VIETUAL APPARATUS FOR ANALYSE STEUCTURES
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Conclusions

dThe designed proper virtual LabVIEW instrumentation we
can use in many other application and the research of
many electrical, hydraulic or complex systems.

dThe transfer function method and the used mathematical
model for the LHM or for some other showed systems we
can apply in many future researches.

dThe virtual LabVIEW library what contents many hydraulic,
electric elements and many servo systems we can use in

t
t

ne theoretical and experimental research to optimize
ne dynamic behaviour answer, to decrease the research

time activities and to obtain some good results in to the

C

eveloping and implementing in the future the intelligent

systems.
By applying the virtual LabVIEW instrumentation is open

th

e way to optimize choose of all these parameters.
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GENERALITY OF NEURAL NETWORK AND

INVERSE KINEMATICS

The inverse kinematics was used to control the end-
effector's trajectory in the space.

The Inverse kinematics solutions obtained by
geometrical method are more difficult to find, when the
degree of freedom increase.

In the paper was proposed assisted optimization of the
trajectory error, after apply the inverse kinematics
control, one new method with proper neural network what
Iusr(ed three layers, many time delay blocks and recurrent
Inks.

The used neural network are 3-8-3-3 type, justified by
the input and output data.



What are news In the paper and description of
the proposed research method

Determination of the direct cinematic coordinates

Study of some more important neural network with proper
created LabVIEW instruments

Proposed, designed and study one new proper neural
network with LabVIEW proper virtual instrument

Created one new mathematical model for proposed neural
network

Researched some parameters from mathematical model
what have more important influence to the target with the
Important goal to reduce the errors



The Toyama spherical ultrasound studied motor SUM
for complex joints



Direct kinematics problem of SUM motor

Pstop = T(¢l, @2, ¢3) Pstart <
 Pstop =T1(¢l) T2(p2) T3(p3) Pstart
* T1(¢l) = R(=p) Ry(&) Rz(91) Ry(-)
R,(A)

+ T2(¢2) =Ry() Ry(¢2) Ry(-2))

* T3(¢3) = Rz(h) Ry(&) Rz(¢3) Ry(-c)
Rz(=4)

cosd 0 sind
RY(H): 0 1 0

—sind 0 cosd

cosd -singd O
0 0 1

and R,y = [sine cosd O

statora)

§




* obkained
0sikion




Generality of the Neural Networks, Studied Robot
and Choose the Proper Neural Network for
Inverse kinematics problem

Neural network are composed of simple elements
operating in parallel, like a biological nervous systems.

All neural network work in parallel and we can training
them to touch quickly the imposed target.

The back propagation algorithm work by changing on-
line the biases and weights matrices.

For the proper research we used one proper teaching
method by transfer the target to the hidden layers and
change on-line the hidden layer target.
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Justify the choose of the BSHTNN-TDRL type with
3-8-3-3 neurons

« After the numerical simulation of some more
Important neural networks used solving the inverse
kinematics problem we find that the error are more
than 80%.

 To reduce these errors was proposed one new
proper neural network type- Bipolar Sigmoid
Hyperbolic Tangent with many Time Delay and
Recurrent Links- BSHTNN(TDRL).



 For the assisted solving the inverse cinematic
problem was used one neural network with three
layers with the following configuration:

3-8-3-3 with bipolar sigmoid hyperbolic tangent
neural network type.

* This configuration was choose because the input
must be 3 to control three internal coordinates
(relative angles), 8 because more neurons in hidden
layer not influence positive the target errors like you
can see In the presented research, 3 because must
be used the direct kinematics to obtain the output, 3
because the output must be the same number with
target (target are the space position of the end-
effector).



The neural network algorithm used for the control

of the P point space position
4 will be imposed the final point P, knowing the start position
P..«(X,y,2); the target of the command with neural network will be the
ditference between the stop and start points;

U the input data will be the normalized Hall sensors data;

4 using the neural network will be find the angular movement around of
each stators axes ¢, in the normalized form [-1,1] (inverse
Kinematics);

4 by using the maximum value of the angular relative movement ¢,
will be obtained the real movement in each stator axes:

4 by using the direct kinematics and the determined angular
relative real position ¢; will be obtained the real movement of P;

4 by the difference between the obtained absolute movement
(calculated) and the target movement (programmed) will be
obtained the errors;

O with the errors will be adjusted all neural network parameters like:
biases, weight matrices, teaching gain in each layers, intermediate
targets data, amplifier gains, amplifier gain of the recurrent links,
step of the time delay.



Mathematical Model and LabVIEW Instrument of the used
Neural Network
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Target absolute

QAfter study the proper neural network wereg 8btained the errors
between the target and the obtained absolute coordinates in limits of
20%.

The network work by apply the internal coordinate g; obtained in the
output 3-8-3 to the Direct Kinematics new layer with 3 neurons.

dTo reduce these errors were researched all proper neural network
parameters with more important influences to the target- see
parameters p,-p, from the mathematical model and the configuration
of the network.
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The study parameters are: p, are:
=p,- the number of neurons;

=p, — the first teaching gain;

="p,- step of the first time delay;
=p,- the first sensitive function
gain;

= p.- the second teaching gain;
"p.- the step of the second time
delay;

=p_- the second sensitive function
gain;

"p,- the magnify gain of the
proportional error control;

"p,- the third sensitive function
gain.




Assisted Research of some Parameters of proposed

Neural Network and some results

The assisted research shown in [3-9] studied the influences to the
errors between the neural network output and the target (the space
position of the end-effector) of the following neural network
parameters:

O number of neurons in each layers;

U the sensitive function and the configuration of the complex network
like: SBHTNN, SBHTNN-TD, SBHTNN-TD+TD, SBHTNN-TDRL

4 the magnifier factor of the trajectory error;

U the variable step of the time delay and the position of these blocks;
d the different cases of hidden layer target data;

U the case when the hidden target data were on-line adjusted.

« Some of the studied cases are shown in the figs. of the citated
papers for same different parameters. The synthetic results are
shown in the table 1.
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Table 1
The synthetic resulis of the assisted research

of the proposed neural network

Ex. Config. Compp. Amplif. Teach | Target bt Ohtained | Targzet lteration Rel
number M oain wain data Pos, 2 hidden number ETT.
| 1-E-3-3 BSHTMM 510 LLN Ll i L -3T.TI84 -1 42 1%
TIFREL 17.2 17250 -HE.6T 5
-1 JR0]2E -TR AR5 -0k
2 2733 @ 52.01 0189 - 12,30 =38 23 -1 132 3%
2932 -112 05
24 23 -85 -6
3 1-B-3-3 52.01 0189 - 15, 1764 &7 A055 -1 132 2%
24,9820 217510 0.5
75053 260883 -6
+ 3833 { 52.01 189 - 19 86565 -38.759] -1 132 10r%
1 6650 -E2ER25 0.5
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TIMEL 15835 -T6.2740 0.5
31193 -T2 BT -[Lh
I 3833 ESHTMN 52.01 0,189 e | 6,686 45,40 05 42 | 4%
TDEL 13741 22213 |

JA656 26,253 -(h 6




Discussion and Conclusion

After analysing the obtained results after the assisted research,
synthetic presented in the table 1, we can do the following remarks:

the change of the number of the neurons in the first layer don't
change the errors;

the change of the amplifier gain and the teaching gain assured the
decrease of the error from 18% to 4% for the 132 number of iteration;

one substantial decreasing of the errors and the decreasing of the
number of iteration was obtained by on-line changing of the hidden
layer target data, 11% to 1% for 52 iteration.

With this method, by applying the control of the inverse
kinematics and by using the proposed neural network type, will be
possible to obtain one optimization of the robot or SUM motor end-
effector position in the space.

The applying method, the proposed neural network, the assisted
research with the virtual LabVIEW instrumentation opens the way to
apply in the robot the SUM motors and the intelligent systems.



4 by using this sensitive function is possible to obtain one very short
iteration number and one optimal gradient error; the sigmoid gain
determines, by increasing them, one acceleration convergence
process, but the value is strictly limited,;

dthe closed loop with time-delay of the output, consecutive applied
with time-delay in odd number in the first layer, determines one very
short iteration process to the target;

4 applying the time-delay with the same pass delay, determines the
sum of the errors between the both side of the target curve with the
Instability convergence process.

The paper shown some of the more important neuron network types,
proper mathematical models, how can teaching these network and
what are the results after numerical simulation with proper virtual
LabVIEW instrumentation.

All created virtual instruments work on-line and it is possible to see
the influences of the input elements, weights, biases or of the number
of the neurons in hidden layer or in the input data layer. It is possible
to see on-line what was happened when was changed the target
form of the curve, the components.



BY using the intelligent smart damper

Optimization of the dynamic behavior-
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News presented in this research:

 The assisted research of one magnetorheological damper;
d Put in evidence the influences of this damper to the
dynamic behavior of the industrial robots;

d The new mathematical model for one magnetorheological
damper;

1 The assisted theoretical simulation of the new model;
 The parameterization of the known characteristics of the
magnetorheological damper,

 The theoretical research with LabVIEW instrumentation to
establish the influences of the mathematical model
coefficients to the characteristics parameters from the
parameterization curves;

O The assisted experimental research were established the
values of all coefficients of the proper mathematical model to
assure the concordance between the experimental and the
theoretical characteristics with the errors under the 1%;

dThe assisted optimization of the dynamic parameters.



By knowing the real mathematical model of the
damper will be possible to develop the new matrix
-vector form of the force- moment torsor and to
develop the next research of the global dynamic
behavior of the industrial robot with the
intelligent damper.



NEW MATHEMATICAL MODEL OF THE BOUC-WEN MODEL

model (Dyke et al., 1998) what was researched and for what was determined all

values of the coefficients in concordance with the real characteristics

(x—y)+k(x y)+k (X=X%,)+oz I—r- r—l-

Bouc-YWen

Dt Co X' + Ky (X — Y)]
C +C, €1
’ ' ' n-1 ' n ’ ’ “ :
' =—y|X'—yzlz| - Y|z +5(X' -y
a(i) =a,i’ +a,i’ +aji+a,
Cy (i) = Coyi® + Coi 2 +Coyi +Cy
¢, (i) =i’ +Cp,i° +cyi+Cy
Ko (i) = K ® + Koy + Ky + Ky Damper force function of the current intensity of the

S = Z5m sin(2zv. +¢,) input in a coils of the rheological damper



THE NEW MATHEMATICAL MODEL OF THE MAGNETORHEOLOGICAL DAMPER
f=c,(X'=y)+k,(X=y)+k (X—X%,)+ 0z

y' = L [az +C X' + K, (X —Y)]

C, +C;
2 =X —ylZlz" - B =y + S(X - Y)
a(i) = a,i® + i’ + i + \m
Co (i) = Coi® +Cpi® +Cyyll +Cy These equations contents the contributions
c,(i) = cai® +c i’ +Cyi+Cy to the new mathematical magnetorheological
Ky (i) = kogi® + Kpi? + Ky + Ko damper model, after the assisted theoretical
5= 5, sin(2mw, + 0, and experimental research.

where f is the damping force [N]; x and y are the primary, respectively the
secondary displacement variables [m]; z is the internal history dependency
variable of the MRD [m]; k,, k,; are the non linear internal rigidity of the MRD,
[N/m] depending of the current intensity i [A]; ¢, and c, are the internal viscous
damping parameters of the MRD [Ns/m]; a is the internal parameter what have
non linear evolution and depend of the magnetic variable field (electrical
intensity); parameter B8 characterize the gain of increasing of the damping force
versus velocity; X, is the perturbation displacement [m]; & is the histeresys
parameter; & is the histeresys parameter for each frequencies from the Fourier
spectrum; u; is the frequency from the Fourier spectrum; ¢, is the phase in each
frequencies.



NEW MATRICEAL- VECTORIAL MATHEMATIC MODEL OF ONE
ROBOTIZED STRUCTURE

Damper force of the magnetorheological damper function
of the current intensity of the spools of the damper

S|gnv—imui sign—-J,,

Actire torsor of the force- mome D‘L{al vector of the linear and angular

_ accelerations
esistance torsor of the force- momentptoment matrix of the resistance forces

Matrix of the incidences joints- bodies



THE VIRTUAL PROPRE LABVIEW INSTRUMENTATION
USED IN THE THEORETICAL AND EXPERIMENTAL RE4SEARCH
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SOME REZULTS OF THE NUMERICAL SIMULATION

[T

‘Es.;‘

The MRD characteristics: damping force vs. velocity, damper force vs. displacement, damper force vs. time,
velocity vs. time in the case when was changed the current intensity i from 1.2A to 1.5A.



Parameterization of the damper force vs. velocity
characteristics

Parameterization has the goal
to introduce some parameters
for each zone of the alure of
the characteristics

damping force [N]

-'Bu|tlll|!!!||cll|.|
-DDSD -0020 -0.010 0.000 ODID 0.020
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-_4?0 ﬁ': p9 JW -

T
|

111
R

velocity [m/)s]

sparameter pl reprezent the
Inclination of the alure in spreading
phase;

p2 inclination of the alure in a
compress phase;

p3 inclination of the alure
histerezis top;

*p4 maximal histerezis value of the
minimal velocity;

*p5 magnitude of the histerezis at
the maximal velocity;

*p6 the second value of the
cvasilineare alure of the charact.;
*p7 the second maximal value of the
charact.;

*p8 the first maximal value aof the
charact.;

*p9 the first value of the histerezis
top.
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The MRD characteristics: damping force vs. velocity, damper force vs. displacement, damper force vs. time,
velocity vs. time in the second case when was changed the frequency v from to 1.6Hz to 2.6Hz
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Numerical simulation

Transpose the damper
mathematical model in to the
LabVIEW virtual instrument

Adjust the values of all
mathematical coefficients to
obtain the same F-v characteristic
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THE RESULTS AFTER THE NUMERICAL SIMULATION

After the analyze of the numerical simulation we can remark the followings:

ethe change of the current intensity 7 determines the change of the parameters p1, p2, p6,
p7;

othe change of the perturbation displacement x, determines the change of the parameters
p3, P5;

ethe change of the internal coefficient y determines the change of the parameters p3, p5;
ethe change of the magnitude of the vibration x determines the change of the parameters
P7, p8, p9;

ethe change of the global rigidity A1 determines the change of the parameters p3, p4, p5,
p7;

ethe change of the damping force gain B determines the change of the parameters p3, p6,
p7;

ethe change of the histheresis term 9 determines the change of the parameters p1, p2, p3,
P4, p5, p9;

ethe change of the internal coefficient of the second order a2 determines the change of the
parameters p3, p6, p7;

ethe change of the internal coefficient of the first order @l determines the change of the
parameters p3, p6, p7, p9;

ethe change of the viscose damping parameter of the second order ¢02 determines the
change of the parameters p3.

All the coefficients of the mathematical model were changed and were analyzed
the influences to the parametrical force vs. velocity damper characteristic [1].



EXPERIMENTAL SETUP

The experimental stand contains the following components:
Qdidactical arm type robot;

Qthe electromagnetic exciter type 11075 from RFT Germany;

B Uconnector type CB-68 LP from National Instruments USA;
i |acquisition board type PCI 6224M from National Instruments USA;
dfunction generator type POF-1 from KABID Poland; amplifier type
LV 102 from MMF Germany for the generator;

Upersonal computer from Taiwan;

Qinductive displacement transducer type 16.1 IAUC Romania;
QHottinger apparatus type KWS/T-5 from Germany;

Qproper MRD.
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Validation of the mathematical model and determine the
exactly values of all coefficients
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Validated mathematical model

F=cglx — v+ kg (0003 — v)+ 100 x — 0.002) + o

' ! ' .
¥ = [z + X + A (0005 — v

Co + €
=747 = ¥ - 10470 - ¥4 + 4000002 — )

iy

ceiii=09"+1.1" +0.9 +0.9
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k() = 20067 +1006° + 100§ + 300
A=53sm{l0r+0 20+ Isinil8xr +0.31) +
+ 1.4 sin 30mx +0.62)

All values of the coefficients were identified by compare the theoretical with
experimental results by analyze of the coefficients influences to the parameters of

the curves
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Some results after application of the intelligent
damper Fourier spectrum for the

FFT GLOBAL TRANSFER FUNCTION "~ FFTGLOBALTRANSFER FUNCTION T~ différents cases:
= T =TT a- mouvement in up direction
| e AT with MRD;
:Z N } e I b- movement in up direction with
o V\J\M E4- )G\ i \ air damper;
SN ka1 A M QUMMM | c-movement in up  direction
| . a - , F ALTRI b RFUNCTION, ~ | Without damper;
FFT GLOBAL TRANSFER FUNCTION A s \ d_ movement in down direction
~ = %\\\ \\ ‘without damper;
e s BN \\\ = movement in down direction
§4E-s- qlE_s_ \\\ ~._\with MRD.
&6 ,-J\JL N | ||| NI EDALY ) W S DA Ilﬂ.l_.“J er  comparative  analyze
TR T e e nrn @ petween the using the MRD or
C ‘without using the MRD. We can
FI;';_GLOBAL TRANSFER FUNCTION ~ | See One mOvementS Of the
}/"’"// | frequencies from the Fourier
| spectrum to the high frequencies
,[\ oL L bl and the decrease of the

g m | oscillation magnitude.




The research of the global dynamic damper behavior and
the global dynamic compliance of the industrial robot with
proper smart damper system

The GDC will be: ]X(t)e_jwtdt

1 _ _ FFT (X) _ E.(Jo)
k(jow) J‘Fs(t)e—jwtdt FFT(F) E:(jo)

GDC =

Magnitude of the GDC
IS calculated by: 1|
‘@H

1 ) 1 5
(Re{m}) +(1 m{m})

The VGDDC, ¢ without

magnetorheological _ o Ki(w)
C; = 28,

damper for each resonance v,

frequency can be calculated

with:




The dynamic damper ratio (DDR) for each _
resonance frequencies & can be obtain from 2V
Fourier vibration spectrum by:

The viscose dynamic damper equivalent coefficient E
when was applied the magnetorheological damper eq 2
Ceq We can obtain py:

The dynamic damper energy (DDE) can be e
calculate with: E = !F(t)x (t)dt

where: F(t) is the damping variable force determined by experimental research,
[N]; x'(t) - velocity of the response determined by derivation of the
displacement characteristic, [m/s].

The VGDDEC after application of the

: C; =C+Cy
MRD will be:



SOME RESULTS OF THE ASSISTED
RESEARCH WITH DATA AQUISITION
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Experimental results

Table {

Transmissibility and global dynamic compliance in
movement with aero damper (acquisition with 5 simultaneously channels)

Frec | Type Transmisibility Global Dynamic Damper Damper
Ex. | Dmp. Compliance force force vs.
[Hz] velocity
[v] /TA] [v]/TA] [v] /TA] [F min-max )/
|"nin-maxl
10 Agrn 1005 1™ 198 107 200 T B9 12718, A0 120 180,00 -1.3 la 0.2/
damper 28 107" 147 18: 18718 19718, 20¢19: 280,01 -0.05 la
21409 25018, 28719, 32717 0.05
(1.570.1)
15
20 - 20015 107 190/ 3 107 20006, 280, 14 460,14, 20/0.04 -0.9 la -0.2f
21061 10r® 150015 -0.04 1a
0.04
(0.7/0.08)
8.75
25 - 2EQ 10" TR 1077 ) 25(1.8: 5001, 75004 100702 25/0.04; -0.8 la -0.1F
13060.5 10°% | RO¥S lO‘°'__ 150002 25040, 1 SOA0L002 -0.04 1a
220¢1.5 10°% 42000.5 10°° 750001 0.02
(0.7/0.06)
11.66
0 = 3061 10T 88T 107 ) 20001 3071 50v0.4; 8OO, 1 30¥0.07; -1 la 0. 157
12014 107% 18038 10'_°'. SRS 1200001 15060, 3 BR0.005 -0.06 la
2000 107% 220012 107° 25060, 1 0.04
(0.85/0.1)
8.5
a5 =5 3542, 50¢0.5; TOr2: BOSD. 1 350.05 -0.91a -
100/2; 140¢ 1, 150405 TOALO25: 0,05
18V0.5; 250¥0.5 1007005 0,05 la
0.03
(0.85/0.08)
10.625
50 =5 S041.2 107 1506000025 JD_f""_ A1 20, TS0, 127120 157120, 5000, 08; -1 la ¥
20065 107° 25000.002 10° TS0 227 1 40; 264130 -0.05 la
SOFL00; 3270 10; 3441 10; 0.04
A0F L8O, 457120, 504120, { 140,09
S 120; 55/150; 60 140, 11.11
630110, TOF150; 80F90;
S5110; 200180, 9571 10;
1007160, 1100160, 12001 50;
130090; 1400150, 150150,
2000150
60 - 6OV0L& 107 180F3.8 1077 4/0.02; 50/0.05; 60V0. 18 GIF0.014 -0.8 1a -
1S0F0.05; 170400 2300003, 0.25
2506005, 400¢0.05 -0.04 1a
0.04
(0.55/0.08)
6. 875




[continuation)

70 TO2.8 107, 1501 107, 25/0.02; 30/0.02; 32/0.03; T00.0035 _0.66 la -
00625 10 40061 1070 40/0.01; 50/0.15; 5&0.03; 0.36/
680,02, T0/0.01; 15060.08; 20,05 la
2E0.07; 350/0.07 0.04
(0.3/0.00)
3.33

80 40/0.2 107 BOV3.5 10 40,01, 20/0.01; 32/0.01; 40/0.00025; 0.62 la -
120004 10°% 160/0.5 1075, S040.13; 90/0.01; 100F0.01; 8040001 ; 0427
190V0.55 10°% 220001 105 [20¢0.04; 150/0.075; 1200000025 20,04 1a

2200006, 25060.07; 28060.02; 0.04
32000.07 5, 350/0.025, (0.200.08)
400/0.06 2.5
90 90¢5.5 10 1808 107 30,005, %0.005, &0.005, 45/0.0002; 90FS _0.58 la -
220002 1075 [ 1/0.005; 130,005, 150,005, | 107 100025 107 0427
180,01 8 3060.01; 430.01: 120625 1077 20,04 la
S040.05; 530,005, 80/0.008; 180/2.5 1077, 0.04
000,005, 160004 20041 1005 (0. 16/0.08)
2000001, 22060.01; 25060.03; a00/1 107° 2
28040.015; 32000.01;
400/0.03
100 10075 1077; 12001 107 200023 3/0.01; 5000, 12; 6O/0.01; 121,25 10, 0.62 la -
1% 30001 107 40041 107, TOMAL01; 80/0.01; 90/0.01; 152.5 1077, 0,38
45002 1077, LO0MD.01; 11070.01; SO42 1075, 100V 0,05 1a
130/0.01 5; 20000.02; tos ;1o 1o 0.04
25060.05; 27040.02; 300/0.03; L5001 10, (0.24/0.00)
3200001, 35060.05; 400/0.03: 20041 1075 2.66
AS0¢0,04 300018 1005
40001 1077,

150 TY0.E 107, 9508 10;_ H0.01; 5.50.01; 150,015, 4805 10, _0.56 Ia -
150622 107 170002 107 [&/0.012; 28/0.01; 30/0.015; S.50.8 107, 046/
180V1.5 107 220005 107 A80.008; 500,05, 100/0.01; 1302 107, 20,05 la
250602 107, 27060.6 1077, 12000.012; 13060.015; T3 1077 0.03
300605 107; 42005.8 107 [50/0.04; 17070.01; 1 8¥O.01; O8/0.5 1077, (0, 1/0.08)

190/0.01; 230/0.015; 100/1.8 1077, 1.25
250¢0.03; 26000,015; 150/2.5 1077,
300V0.01 5, 350/0.025; 160/0.6 1077
6000018, 400/0.01; 20000.6 107
42000045, 250001 1077
300018 1075
370001 1075,
400405 1075
200 19076 107 S0/0.06; 150/0.04; 23000.01; 127000025, 20.57 la -
250¢0.03; 27000,025; LO0A0,00001 0.45/-0.05
33040.018; 35000.02; 300/0,00001; la 0.04
4200001 8; 450/0.03; (0,12/0,09)
1.33
200 5 107, 10073 10, S0¢0.15; 15070, 1; 22000.02; L5/8 10, 10072 -0.56 1a
180¢4 1% 19002 1075, 20042 25060, 1; 32060.02; 350¢0.08; | 107° 1501 Lo, 0.46f
1t 270v3.5 1075, 20004 107, AS000,08; 20061 1075, 0,05 la
30062 107% 37062 107, 40063 300618 10775 0.04
1o 450017 107 40000.5 1075, (0. 10,09}
111

400 454 105, 10073 105, 180735 370,04, 5000.2; 130/0.05; &5 107, 13/1.5 0.551a-

Lot 3ooed (oY% 3sor2 1o L5040.15; 22000,02; 250/0.05; 10r%,; 0,47/




Transmissibility between base and end effector

With base excitation with/ without damper

Table 2

Twype of the Excitation Transmissibility Type of Transmissibility
damper frequency Spectrum Spectrum damper Spectrum Spectrum
[Hz] frequency magnitude frequency magnitude
[Hz] [-] [Hz] [-]
MED 10 L0} 3.5 107 without 10 5.5 10"
20 2.8 107 MRD 20 4.5 107
30 0.2 10” 30 0.3 10
50 015 10" 50 0.2 10
130 015 10" | 30 0.2 10"
220 0.8 10" 220 0.8 10"
320 0.9 10" 320 0.9 10"
420 0.8 10° 420 0.8 10"
MED 14 |4 3.8 107 Aero 5,5 1.1 10"
20 6.5 10 damper 15 0.25 10
180 0.5 107 20 1.5 107
26 018 107
a0 018 10"




Clobal Dyvnamic Compliance
with/without damper

Table 3

Excitation Type of Gilobal Dynamic Type of Global Dynamic
frequency damper Compliance damper Compliance
[Hz]
Spectrum Spectrum Spectrum Spectrum
frequency Magnitude frequency magnitude
[Hz] [m/M ] [Hz] [T
Ly MED 10 0.6 Without 5 |
20 0.2 damper | 1 0,75
30 .32 | 5 0.25
40 0.52 | 8 0.37
() 0.4 25 1.25
70 0.08 30 6
a0 0.3 40 0.55
90 .32 45 1.25
110 0.33 55 .85
130 0.28 i 0.5
1 40 0. 18 2 0.5
150 015 72 1.4
1 60 0,22 il 0.4
1 &0 (.25 el 1.25
2000 .2 100 6
220 0.28 [ 10 035




Conclusion of the experimental results

GDC, in a function of the IR with MRD is reduced and transfered in to the high
frequencies with 6-8 Hz;

Transmisibility is reduced with more than 35% at the frecquencies between 10-
100Hz in the cases with MRD, in comparation with the cases without MRD, and
with 20% in comparation with air damper,

By using MRD, in comparation with the case of the mouvement with air damper or
without damper we observe the transfere of the three frequencies from the Fourier
spectrum to the high frequencies, respectively 1,6,11 Hz for the cases of the
mouvement in up direction without damper, 5,10,16 Hz in up mouvement with air
damper, 15, 18, 24 Hz in mouvement in up with MRD, 1,5,9 Hz in down
mouvement without damper and 5,9,18Hz in down direction with MRD;

At the desecquilibrium of the arm, the Fourier spectrum is different in up and down
mouvement, the weight force action like one damper. In this case for one up and
down mouvement, for the same damper case, frecquencies of the up mouvement
In comparation with down mouvement are more, respectively 1,6,11 Hz in
comparation with 1,5,9 Hz in mouvement without damper and respectively 15,18,24
Hz in comparation with 5,9,18 Hz in mouvement with MRD;

Transmisibility is bigger in slow frecquency, frecquncies comparable with
rezonance frequency of the structure 14 Hz, at the excitation of 10,20Hz, vezi table
1 and 2;



Transmisibility between the base and end-effector, at one excitation on the
base 10 Hz with MRD is reduced in coomparation with the case without
damper, respectively 3.5 10-6 in comparation with 5.5 10-6 at the first
frequency from the spectrum 10 Hz and 2.8 10-6 in coomparation with 4.5 10-
6 at the frequency 20 Hz, see the table;

Transmisibility is aproximately the same at the high excitation frequency more
that 35 Hz (frequency work domain of the didactical robot);

10.62 at 35 Hz; 8.75 at 20 Hz; 8.5 at 30 Hz;

Global dynamic compliance is bigger in the slow frequency excitation domain,
exemple 20mm/N at the frecquency 4 Hz from the spectrum, in comparation
with 0.2 at one frequency 20 Hz, at one excitation 20 Hz, see the table 1;

Global dynamic compliance is maximal at one excitation 10 Hz, that mince the
structure of the robot have near this value his mechanical rezonance
frequency, 14 Hz;

From the variation raport of the damper force vs. velocity we can determine
the damper energy; this energy coefficient calculated by the formule is
maximum at 10 Hz- 15; this is at the values: 11.66 at 25 Hz; 11.11 at 50 Hz;



By using the complex control with proper
neural network, the kinematics, dynamics and
Fourier spectrum;

Optimization of the space trajectory by using the neural
network and the complex controlling of the kinematics,
dynamics and Fourier spectrum

Prof.univ.Ph.D.Eng.Adrian OLARU
senior member of IACSIT (Singapore)
International
Association of Computer Sciences and Information Technology
University Politehnica of Bucharest, ROMANIA



Complex mathematical model
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(1) Coy T,

(1" =", +[D], (" |
_ 2 7 ==741X = V|44"
Y, =[plD}- (D) -

4" +4000@x"—y)

a(i)=0.9" +1.1i* +0.9/+0.9
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FINAL CONCLUSIONS

*The assisted method of the research open the way to
optimize the global dynamic behaviour of the robots by on-
line application of the LabVIEW VI;

= \We can see that by changing, on-line, some of the system
parameters, will be possible to change the characteristics of
the simulated space trajectory;

*The assisted method and the wvirtual LabVIEW
Instrumentation are generally, we can apply in many other
mechanical applications.
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