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ABRSTRACT

In the present paper a study on the sensitivity functions in
electro-mechanical systems is introduced .This study takes {into account
the effect of parameters variation of the controlled plant . Alzo , tha
effect of the uvnueasurable disturbance are studied . The possibility of
identifying the unctationary parameters of an electro-mechanical system
15 viewed , using the suitable adaptive control law .

N new algprithm for designing an adaptive observer is introduced . The
designed observer insures the possibility of evaluating the transfer
co-efficient of the controlled electro-mechanical plant under the
effect of unmeasurable disturbances on the laad side . The suggested
adaptive o©bserver helps in stabilizing the dynamic bebhaviour of
electro-mechanical systems .
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INTRODUCT [ON
Adaptive identification of transfer co-efficient in e)ectro-mechanical

systems represents ane of the most significant praoblems . This transfer
co-efficient is the most important parameter that must be identified in
elecltro-mechanical systems . The previous identification algorithms
suggested in [13,[2) & (3] are effective only, when the external
disturbance is either smsll or it is possible to be measured . In case
of large or unmeasurable disturbances , these previously mentioned
algaorithms become ineffective as identification algorithme . The well

known identification algorithms introduced in (1] ,[5] are used only for
single input systems and are not sujtable for electro-mchanical systems.
From another point of view , the algorithm introduced in [&6] can not
stand effective in case of identifying parameters of an unstationary
alectro-mechanjcal system . Identification of dynamic systems , using
sensitivity functions [7) , can be {llustrated as shown in fig - (1)

The identi+ication process can be defined as  a construction of a
mathematical mode) of the real system, capable for Gabserving and
measuring the output signals (8] . In other words , it provides the
designer uwith information about the variable parameters of the real
system .

Considering the system shown in fig. (1), the output Y can be obta:ned
form the input X through a system transfer co-efficient A . 1n the
identification process, the system transfer co-efficient A i1s not
estimated, but another co-efficient ﬂo belonging to the gystem model

The co-effscient A is known as the estimation of A . The best chosen
model is that having a co-efficient A Closely near to the transfer
. L=]

co-efficient A . In real systems, this closrness i{s achieved through a
[=]

performance inde» (Pl) , which must be minimired . The error signal &
which represents Lthe differene belween the outputs of model Y(t) and real
system Y(t) respectively , is given by :

e = Y(t) = vY{(b) (1)
This error signal is used to formulate the performance index (Pl1) .  The

optimum estimation A is obtained when (Pl) is minimized .
[=]

SENSITIVITY FUNCTIONS IN ELECTROUO-MECHANICAL SYSTEMS

Consider the eleclro-mechanical system shown in fig.(2) . The system
transfer funclion (T.F.) w (5) for a given input u is given by
u

G(s) G(s) G(s) G(a) Gis)
=~ [ n o M )

w ls) = e (2)

while Lhe syslem transter fuanction dae to a disturbance F on  the load
side is given by
L(G(s) Gég) GJS) G{s) + 1 ] Gés)

wp s = D (s — 3




Mansoura Engineering Jourpal (MEJ), Val.lé, No.2, Dec.199i. €-59

where :

55(5) = (T.F.) of the speed regulator of first order

Gc(s) = (T.F.) of Lthe current regulator of first order

Gn(s) = (T.F.) of the rectifying element feeding the d.c.motor of first
orgder

Ga(s) = (T.F.) af the armature circuit (electrical side),pf first order

GM(s) = (T.F.) af the mechanical zide of the system of +irst order

GT(S) = (T.F.) of the feed-back transducer of First arder

D (s) = a combination of the above T.F. and can be obtained

easily

In the given system we shakl assume that electrical timg constant

T
a

angd the mechanicael time constant TM in addition to the gain factor of
the rectifier element KR , are wvarying with time . The sensiltivity

function for each of these parameters cam he determined [3] . as

follows -

For any varjable parameter o . the sensitjvity Sfuncltion in the
logarithmic form can be written as

5 = @ In w(s, )

ot g ln o
— Jd)n wils.o) ¥ 8 In G(s,c) (3)
3 1ln B(s,) g 1n «

then , the sensitivity functiopn {for KR under the effect of an input u i1s
agiven by
¥ ln w (g, ) 3 In G (s, K 3
Su= u R R no (5>
n d 1In GR(S,H ) ) 3 1n Kn

for an e)ternal disturbance (F) on the load side the F will be

F G (s) G (s) G (s) G _(s) G _(s) - G_(s)
5 = c n M T s s (6)
K D (s)
n 9
for a unit step input the input si1gnal to the current regulator is given
by »

6 (s) [ 1+ b6 (s) B () 1]
s a -

Uc(s) = D‘(S) (7)

llsing equationé (3) and (7)) we got :

s = M U (=) a)
KR R z (o

where Hz is the sensitivity model connected to +the input point of
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current regulator s
~-t —~<

M=1T 6 _(s) 2 = 3 (r _(s) + 1) ()
5 s [ s
vhere : ﬁ;iis the reciprocal of galn co-efificient ﬁgand rsis the  Lime
constant of the regulatar . From equtions (3)and (6) we have -
' 8 = M_€ (10)
c F

I
A
where : EF is the system output for a unit step input .

G (s) 6 () - 6 _(s)
T a s

Mo= 11)
D (s5)
5
i.e., for & unit step input , the outputs of sensitivity models wil)
o
have the character : SKc & S: . The sensitivity models due to the
R R

variation of the two parameters T and TM have the faorm :
(=}

T G (s) £ & +6 (s) G (s) 6 (s) 1
-3 s c n”

a
= (
MA T G (s) B ts) € 1 + G (s) G (s) G (s) G_(s)] 12
M S n T (&) [-N n

The sensitivity functions of the system can be calculated , wsing
enquatians (8,130) .

ILLUSTRATIVE EXAMPLE :

For the electro-mechanical system shown in fig. (2) let :
T = 0.084 sec,, T = 0.05 gec., T = 0.0) sec., T = 0.0{ sec., K = 10,
M a T 13 R
K = 0.5 and K = {0
T a
The sesitivity function due to the varijation of parameters Kn 3 TCI and

TM are determined for the mode)l in the following two cases :

i- The input to the system is a unit-step function
2= The external distwbance on the load side 1s a unit-step disturbance

Fig. (3-a) illustrategs the sensitivity +Hunctions +For the above two

cases due to the variation of KR- Fig. (3-b) shouwn the sensitivity
function faor the above two cases due to the variation of T° . While
fig. (3-c) illustrates the senzitivity functions due to the variation of
T
2

The following notes can be deduced from the above figures
v
L- From Fig. (3-a), SKC has a large initial value and tends to zeroc very
R

quickly . while S; becames less than unity when the transient
n

oscillations die—out
uce F

2- Fraim Fig. (3-b) S_r and S_ra also have large initial values and tend
o.

to Tero as time passes.
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3- Fig.(Z-¢) illustrates that S and S have the same initial
Tm Twm

value and also both tendg to zero.

A comparative study of the shown figures leads to the {ollowing
conclusian . The main parameters af{fecting to dynamic behaviour ot an
electromechanical system are the transfer-co-rfificient I(n and the

mechanical time constant TM -Thus, in adaptive control system design, it

can be recommendsd ta identity the unstatiuvnary gain ( transter )
co-efficient, which strongly affects the system dynamics.

A NEW ALGORITHM FDR DESIGNING AN  ADAPTIVE DBSERVER FOR, AN
ELECTRO-MECHANICAL SYSTEM.

The probleam can be formulaoted as follows . For the given
electro-—mechanical system the wunstationary transter co—efficient
b - relating current to speed will be under consideration. This
co-gfficient relatecs the excitation flux of the motor and moment of
inertia J. Thus, it 1is requijred to design an adaptive observer,
whiech produces an  asymptotic estimation B for the unstationary
co-efficient b In this case, it is .v=umed that an unmeasurable external
disturbance F, is impressed on the system . [n this cgase , we have to

variants for designing such observer :-

L. FIRST VARIANT :

The differential equations describing the observer,required for an
electro-mechanical system can be wriltten as =

;=~A\?+<U—F>E~GF—uE (13)
; = o (u-F) %+ o YF {3ty
r;=|<\? t139)
Where :

¥ =Y~y , B=0b-5b

~

F =F - F

at

Y, and F are the errors in the estimations., u , y and b are the
input current, output speed and the unlnown parametec of the plant

respectively. F is the external disturbance on the interval (t, ©0) ;
y. b and F are the estimations of yv , b and F regpectively; X o

and J{ are paremeters of the designed observer.

To illustrate the hyper-stability behaviour of the system (107, we
suggest to represeat that system into two parts. One of these parts |is
linear and represented as :
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% = - Ay + p with a T.F.
dis) = ! (16)

The second poarl of the system is nanlinear and represented as :

Py = - p= —-wit) b + bF + 6 F (17)
where =+ (t) = u - F

W

b = - owit}) ¥ + oy F (18)

F = Ky ) > O (19)

t
since .
N
R (¢ (s) )I= - "3 > 0 and
8= jv AT+ w
" - b 2 I e 2
= * - >
J o (L).y (t)dt AT [ %5 b 7 zZy
o

Thus, the identification algorithm is asymptotically hyperstable, where:

y2 = b F % (o) + 1 5%
o

2K 2 v

2. SECOND VARTANT =

{

A suggested structwe for 'the adaptive observer is illustrated
in Fig.(a) . Digital simuwlation reswlts of the observer
behaviour are iYlustrated $or two different cases y An
Fig. (5-a) and (5-b). In Fig. (S5-a), the excitation flux of the motour

iv rdecreased to 0.25 of i1ts initia) value. In this case, the diféference

between the estimation b of the transfer co-efficient O does not
erceed 57 when, b reaches its maxdimum value. When b {5 decreased to
its minimum value the difference ‘ranges between 10 & S0/ depending
vwpon kthe rate of decrease. Fjig. (5-b) illustrates the estimation b
compared with the transfer co-gfficient b when the Joad torgue is
varied suddenly . It {s clear that the estimation 5 has the same
character as that of Fi1g.(5-a). This leads to a result that the aobserver
output (estimation) has a stable character . Thus, the suggested new
observer can be used in the adaptive control of etectro—-mechanical
systems. The required speed of adaptation depends mainly on the

proper choice af the obaerver parameters o , X and .
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CONCLUSIONS

In the present paper, an analytjcecal study about the effect of
parameters varfation oa thie dymamic behsviour of electro-mechanical
systems is introduced. The study is based on the sensitivity +Hunctions
approach, taking into account the gffect of an unmeasurable externaai
disturbance. It has been deduced that the transfer-co-etficient stands
as the main effective variable paramgter on the dynamic Dbehaviour of
electrg-inechanical systems.

According to the above conclusion, the design of an adaptive
observer for estimating this co-efficient became available. Two variants
for desipning such observer are suggested. The designed adaptive
observers based on these twa variants provide a stable estimation of the
system transfer ceo-efficient.

Thus, it is possible to use one of the two suggested designs in

the adaptive control ot electro-mechanical systrms. The speed of
adaptation depends mainty on the proper choice of the observer
parameters :
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