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DYNAMIC CONTROL STABILIZING

IN MANIPULATOR DRIVES’ SYSTEM

Annotation. The article covers the research about the effectiveness of parametric controller’s
application in a system of manipulator’s servo drives. Parametric control is carried out with a
help of servo drive regulator’s transfer coefficient’s direct change, which causes a simplification
of the system with parametric controller and its technical realization. The modeling of this
system has been conducted in MATLAB medium (Simulink). The comparative results’
assessment of modeling of servo drives system with parametric controller and traditionally used
technique of coordinate control is carried out. It is shown that servo drives system with
parametric controller provides desirable characteristics of the manipulator.
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Industrial robot consists of multilink systems, stipulating mutual influence between its
movability degrees. The motion of one link determines the others’ motion. In the process of
carrying out techno-logical operations the inertia moments of manipulator have been changing,
which causes dynamic errors.

For instance, for flat manipulator working in a polar coordinate system (Figure 1), servo
drives’ dynamic interaction of movability degrees is reviled in load inertia of servo drive of
manipulator’s angular movement ¢ is a variable quantity and depends on linear arm moving-out
r.

IH(r):Il+12c+m2(l/2_r)25 (1)

where /; — inertia moment of the first link of manipulator pertaining to rotation axis (/; = const);
L. — inertia moment of the second link pertaining to central axis parallel to the rotation axis.

The variability of drive’s inertial load in angular position due to changes in linear position of
manipulator causes deterioration of its controlling process quality. For instance, this well-known



problem can be solved by stabilizing manipulator dynamic in a certain way.

Figure 1 — Kinematic schematic of manipulator:

m, —mass of the second link; / — arm length; » — linear arm movement, ¢ — angular arm
movement

In work [1] it is proposed to use along with coordinate control of manipulator of optimal
parametric controller (PC) in order to improve the controlling process quality by decreasing the
interaction of manipulator drives. The implementation of parametric controller is carried out by
means of separate block, which depends on manipulator’s configurations. It automatically
computes the value of corrective parametric signal in accordance with the expressions for the
value of amplification factor in the primary feedback circuit of servo drive. The parametric
signal maintains optimal indicated value of amplification factor, and simultaneously stabilizes
amplification factor of servomechanism.

Present paper is devoted to the improvement of the parametric control method and its
effectiveness research through quality improvement of dynamic processes behavior in
manipulator’s servomechanism described above in work [1]. One of the improvements is the
implementation of parametric control not in the feedback circuit according to the provision (with
simultaneous amplification factor stabilizing in a system), but through the changes in controller
transfer factor of servo drive, which causes a simplification of the system with its parametric
controller and technical feasibility.

Then, in accordance with the methodology [1], and taking into account the expression (1)
optimal values of alternating amplification factor in forward circuit of servo drive of angular arm
movement (Figure-1) depending on the linear moving-out r, it is determined by the following
expression

ko (r) = [C(A +B(/2=r) ) + D4+ B1/2-r) )‘”212, @)
where

A:Ia'v+1r+(ll+126)/(zzn)’ B:mz/(zzn)’



C=Qa,/cao,)x (RSthZ/cikpa )1/2 , D=(c,/2)x (cMz/Ra,m,kpa )”2.
Here 1, — inertia moment of slave motor rotor (SM), 7, = (0,05+0,25)x/, — inertia moment of
reducer, given to the engine shaft; z - gear ratio of reducer; n - efficiency of reducer; Rm -
resistance of slave motor armature winding, (SM); c. - counter electromotive force factor of
engine (EMF); ¢, - factor of slave motor moment; £,, - gear power amplifier factor of drive (PA);
o, o - normalizing factors.

To simplify the technical feasibility of the algorithm of the parametric controller it is also
advisable to carry out a linearization of the nonlinear expression (2) by the method of least
squares:

k(p(r):ar+b, 3)

And in this expression the regular linearization a and b are determined for various i# linear
positions of arm 7;using the following formulas

a=a(ry, k"), b=b(r, k") )

where &, '~ amplification factor value for the value of r,, determined by the nonlinear expression

(2); N - number of different value 7;.

Referring back to the research done on controlling process quality of manipulator the
mathematical models of manipulator drives have been considered in the form of structural
schemes of automatic control systems (ACS), where simplified gear functions of drives’ slave
motor are aperiodic links of automatic control systems (ACS). Because a direct current motor of
separate excitation is used instead of slave motor. Under such conditions direct current motor’s
dynamic of separate excitation of manipulator’ servo drive with angular movement having
variable moment of inertia load can be represented by gear functions of aperiodic link with time-
variant response factor

Q, (p)/uarmt (p)= (kdv /T, (F)p + 1)> (5)

where u,.{p), Qa(p) - operating images of a voltage on slave motor’s armature winding and on
a shaft velocity of slave motor; ks - amplification factor of slave motor; 7.(r) -
electromechanical time constant of direct current motor of separate excitation, and of drive of
manipulator’s angular movement, which depends on moment of drive inertia load /,(r) given to
slave motor shaft, in this case it is a function of linear arm position r

T,(r)=1,(FR,,, /c.c, =1, +1,+1,0)/(n)R, )/ ce,)  ©

We get a general view of the expression taking into consideration the expressions in (1),
which characterize dynamic influence of servo drive of linear movement on servo drive of
manipulator’s angular movement:

TM(r)=ar2+br+;/, (7)



where
o =m,R, /(zzncec_u), B =-2rm,R, /(ZaneCM),
Yy = ((Idv +1,+1,+1,, )/(Zzn))Rarmt /(CeCM)

Structural schematic of manipulator servo drives’ system with their dynamic influence and
parametric controlling, where amplifying and transforming composition of drives are described
as inertialess links, slave motor - as aperiodic link of automatic control system, and mechanical
transfers are considered as absolutely hard, it is clearly represented in Figure 2.
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Figure 2 — Structural schematic of servo drives’ system with parametric control. In figure ¢;,—
input (controlling) influence, corresponding with required angular position of manipulator; @, —
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of manipulator; 7;, — input influence, corresponding with required linear position of arm; 7,,, —
controlled value,

corresponding with linear position of manipulator; ¢, — a pitch in locking kinematic transfer, for
example, rack gear

The following are the computed main characteristics of structural schematic of manipulator
drives which have been under research for chosen slave motor types CJI-569K, CJI-661(Russia):

k.=1[v/rad], k,(r)=ar+b,
where
a=0,205[v/im*rad], b=0,44[v/rad], k,. =k,.’=10, ks/=2,29[rad/v*c], ks’=1,09[rad/v*c],

2,=240, =60, t,/(27)=0,1/m], T,=0,03[c], a=0,0412[c/m’],p=-0,0412[c/s’],y=0,0311/c].



Looking at the modeling schematic in Simulink according to structural schematic of servo
drive system of observable manipulator that is shown in Figure 2, where a model of servo drive
system of manipulator with parametric controller was examined in comparison with traditional
system of coordinate controller (CC) for manipulator (Figure 1) with mutual influence of
movability degrees. Structural schematic made in MATLAB medium (Simulink) represented in
Figure 3.
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Figure 3 — Simulation model of servo drive system of observable manipulator

Complex functional dependencies were combined into separate subsystems to increase the
model illustrativeness: subsystem of control channel on angular movement of manipulator
(Figure 4); subsystem of control channel on linear movement of manipulator (Figure 5);
subsystem, characterizing dynamic influence of servo drive of linear movement on servo drive of
manipulator angular movement (Figure 6); parametric controlling subsystem of amplification
factor value of servo drive’s main feedback of mani-pulator’s angular movement (Figure 7).

~1olx]

Filz Edit Wiew Simulation Format Tools  Help

D@ HE| s =By = |6 e

Ready [100% |ode4s v

Figure 4 — Subsystem of control channel on angular movement of manipulator of servo drive
system
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Figure 5 — Subsystem of control channel on linear movement of manipulator of servo drive
system
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Figure 6 — Subsystem, characterizing dynamic influence of servo drive of linear movement

on servo drive of manipulator’s angular movement
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Figure 7 — Subsystem of parametric controlling of amplification factor value of servo drive’s
main feedback

of manipulator’s angular movement



The research showed a comparison between model of servo drive system of manipulator with
para-metric controller (Figure 3, the provision of coordinate parametric control) and the model of
traditional system of coordinate control for manipulator (Figure 3, the provision of coordinate
control) with mutual influence movability degrees. There are 2 signals in output of controlling
system: transient process of angular movement ¢(2); transient process of linear movement 7(z).

The virtual scope was used for representation of output signal graphs. Oscillograms of
transient pro-cesses are received during the development of servo drives’ systems with and
without parametric regulator in the valley of characteristic points of manipulator’s working
plane, corresponding to the maximum, average and minimum arm 7 extensions. The criteria for
assessing the impact of parametric regulator on the dynamic properties of the system adopted
value of recontrolling and transient process time #,,.

Oscillograms of transient processes for cases with parametric controller and coordinate

control are shown as an example in Figure 8. During the movements of manipulator in the valley
of characteristic points (Figure 1) corresponding to the maximum and minimum arm extensions
Fmar and 7., , where the moment of drive inertia load of manipulator angular position has
maximum value Lu(Tma, Fmin) processes recontrolling values in drive’s angular movement
without parametric regulator are the largest: the average value 0,,=30% . And during
manipulator gripper movement in the valley of characteristic point, corresponding to the average
arm extension 7,,, and minimum value of moment of drive’s inertia load in manipulator’s
angular position /,,n(7«g), recontrolling value and transient processes time in angular movement
drive without parametric controller — 6=12%, when in the system with parametric controller it is
- 0=0, and transient process time has equal values for both cases-due to permanent
characteristics of transient processes in servo drive of linear arm movement.
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Figure 8 — Oscillograms of transient processes: a) — for case with coordinate control; ») — for
case with parametric control

Thus, the use of linear parametric controller to maintain the optimal values of amplification
factor in a system according to manipulator configurations provides improvement of dynamic
processes in servo drive with variable inertia load, and therefore qualitative indicators of
manipulation process. Such approach in construction of manipulated robots’ servo drive system can
be applied to most types of serial produced industrial robots.
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MAHUITYJISITOPIBIH YKETEK JKYWECIHETT BACKAPY JTUHAMUKACHIH
TYPAKTAHJILIPY

JKymbIc KanaragalThIH JKEeTEK KYHWeCiHe MaHMITYJIATOP KOJBIHBIH HWHEPIMS MOMEHTI MEH
KaJaraJlaiThlH KETeK-TiH Kepl OalaHbIC Ti30€riHIH KYMIEHTKII KOX(pQHUIMEHTIHIH apachiH
OaiiJIaHBICTRIPATBIH  MAPAMETPJIIK  PETTETIINTI  €HTI3y JKOJJApbIH  3epTTeyre apHajajbl.
KamaramalTelH JKeTEeK KYWECIHET1 JMHAMUKAIBIK YPIICTEPIiH aFbIMBIH OTIENI YPAICTEP/l cary
HETi31H/e CaHIBIK Oaranay >Kyprizigemi. MaHUMyISATOPIbIH KaJaFalalThIH JKETCK KYHECIHIH
nuHamukacklH MATLAB (Simulink) opraceiHna MoaenbAeyaiH KOPBITHIHIBIIAPBIHAH OICTTET1
KOJIJIaHBICTAaFbl KOOPJAMHATTHI PETTEICTIH KYHEMEH CallbICTBIpFaHIa OTIeIl YPIIiCTEp/IiH aFbIM
CUNATbIHBIH KaKcapraHbl KOHE OJIap/IbIH Oepinren KOPCETKIITEPiHIH
KaMTaMacChI31aH IbIPbLIATBIHBIFbI KOPIHEII.

Tipexk ce3aep: Kamaranmaymbl JKETeK, eceley Kod(DQuImeHTi, mnapaMeTpilik peTTey,
KOOPJMHATAIIBIK PETTEY.
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CTABM/IN3ALIA JTMHAMUMKU YIIPABJIEHWA B CUCTEME ITPUBOOB
MAHUITYJIATOPA



B paGote npousBeneHo uccienoBanue Ha 3¢(GEKTUBHOCTh NPUMEHEHUS MapaMeTpUYECKOro
peryisTopa B CUCTE-M€E CHEASIINX MPUBOJIOB MaHUIyIATOpa. OCYyIIECTBICHO apaMETPUIECKOE
peryaupoBaHue MyTeM HEMOCPEACTBEH-HOTO M3MEHEHUs Ko3(dduimenTa nepenadn peryiasTopa
CJIENIAILEro MPUBOJA, YTO BBI3bIBAET YINPOIIEHHE CHUCTEMBI C MApaMETPUUECKUM PETYIATOPOM U
ee TexHUuYeckol peanusanuu. [IpoBeneHo MmonenupoBaHue AaHHOM cucteMbl B cpene MATLAB
(Simulink). [TpousBeaeHa cpaBHUTEIBHAS OIEHKA PE3YIIBTATOB MOZICIIMPOBAHKS CHCTEM CTISISIIIHX TPUBOZIOB C
[IP 1 ¢ TpaMIMOHHO WCTIONB3YEMOM METOIMKOM KOOPIMHATHOrO peryymposaHys. [lokasaHo, 4to cuc-Tema
crensmx prBozios ¢ I TP obecrieurBaeT xetaeMble MHAMIUYECKHE XapaKTEPHCTUKI MAHUITYJISITOPA.

KimoueBbie cioBa: cresimii npuBo, KOQOUIMEHT YCHIeHNS, TapaMEeTPUIECKOe PETyITMPOBAHHUE,
KOOP/IM-HATHOE PETYIHPOBAHHE.

Hocmynuna 04.06.2013 a.



