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1. Introduction

In electncal drive techmcs the posclblhtles offered by automatlc contro]
have been wxdel) applied and intentionally utilized right from the beginning.
For instance, the simple current- dependently controlled start permitted to
realize a starting process of optimum armature losses, in addition to the over-
current protection of the mains and the motor.

In the first penod of the controlled electrical d:m es the main goal V\as
to ensure the .prescribed accuracy and stability. But soon the improvement of
the quality characteristics and optimum control came to the foreground. In
order to ensure the successful (stable), or in some sense best (optimum) opera-
tion of the system, the parameters or the algorithm of the control equipment
must also. be 'vaned

The systems. in which the parameters, or the algonthm of the control
device vary automatically in a purposeful way on the basis of informations
obtained from the system are called automatically self-adjusting, or adaptive
systems.

One of their first applications was — in addition to the field of procecs
and production control — the pitch control of rockets and high-performance
supersonic aircraft in the high speed and altitude ranges, i. e. under highly
variable aerodynamical conditions with variations over several orders of
magnitude.

In the field of electric drive control no such great variations of the
parameters are unlikely to occur, but in several cases satlsfactory results are
obtained only by controls of the adaptive character. :

‘In the following the necessity and aim of such systems and the mode of
their realization are described on the basis of the related literature, leaving
detailed problems of the individual variations out of consideration, but survey-
ing and classifying the subject.
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12, A short ;survey ‘of ‘the adaptivé: systems

2.1 The concept of ad'apyt'ive systems o

The denomination of adaption was used and interpreted in connection
with the technical systems in multiple ways [10].

The adaptive control systems as defined by TsYPKIN ensure a satis-
factory unequivocality for the technical systems. Accordingly “adaption is
called the process of variation of the controlling influence according to the
parameters, the structure and the possibilities of the system realized on the
basis of continuous informations and aimed at attaining a certain, usually
the optimum state of the system under the conditions of initial uncertainty
and varying operational circumstances”, i.e. *“... adaption is essentially an
optimization realized on the basis of insufficient a priori informations™ [9,
47], where the deficient a priori informations on the system are completed by
informations gained by the learning process. k

So the adaptive systems may be divided, with regard to their basic
mode of operation, in two or more hierarchically related systems, the basic
system and the adaptive controller (AC). The adaptive controller influences the
basic system (e. g. the control system) in ‘a way that its functional properties,
its quality characteristics possibly remain within the prescribed range. In
the following we shall take this aspect into consideration in the first place
and will call also such systems adaptive, which are not functioning on the
basis of the learning process in the first place, but are canstruct“edzby the a
priori knowledge of the baelc system in a way, as to act in the’ mtere~t of
the desired aim.

Naturally the control of sy‘stem's”of variable structures and parameters
may be solved not only by adaptive control. In numerous cases the utilization
of the sensitivity-reducing effect of the negative feedback, or the apphcatlon
of Iow parameter-senaltne svctemc is suff1c1ent

2 The construction of the adaptwe control systems

The adaptne systems are constructed hierarchically, as we have seen,
therefore the adaption is realized :at two levels at.least, of parallel operation,
in a hierarchical relationship with each other. . , ~

The hlerarchlcaﬂv lower level basic system is the fundamental system
In the adaptive control systems, the basic system is a control, usually.a clesed
loop control system. It is meaningless;to apply the adaptive control, without
exploiting the advantages of the negative feedback.

In the basic system shown in Fig. 1, the input of the controller C receives
— in addition to the feedback signal x, — also the control input x, containing
the informations obtained from the environment on the prescribed value of
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the controlled quantity x;. In addition the system is influenced by the noiscs
and disturbance effects x.; and x.,. This system is optimum in the case where
it is led by the leadihg effect from the initial state xs(_f)) into ‘the final state
x(T) in a way that the functional

I= ;IS;Q (xﬂ (t)9 xs(t)v ll(t), l) dt ‘ (1’

formed from a purposefully selected target function  has'a minimum for the
given x,(r) [19].
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Fig. 1. Adaptive control system

The function of the basic control system may also be characterized by
the trend to the minimum of more than one functional simultaneously (e. 2.
energy and error signal criteria). The condition of the optimum in this case is:

I, = min

I, = min.

.., If the state of the system deviates from condition (2), then the adaptive
controller AC variesthe 'algorithm, (structure), or the parameters of the controll-
er C by the effect ¢(t). So the hierarchically higher level system does not act
directly on the state x,(t) of the controlled equipment, but on its “properties™.
on the basis of the informations gained from the basic control system. Accord-
ingly: the leading effect of the higher level system (adaptive coniroller) is the
target function Q characterizing the operation of the basic system, its controlling
effect is the effect c(t) acting on the controller C and the aim of the control is to meet
condition (2). ; ,

Accordingly the adaptive controller performs considerably more complex
operations than the basic system, therefore its function is slower than that of
the basic system. So both hierarchic levels of the control operate at non-
identical rates.
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2.3 The classzﬁcatwn of the adaptive control systems

The adaptlve sy stems may be cla551f1ed in sev eral ways. A S} stem may
be generally assigned simultaneously to several groups [10].

Adaptive closed loop control and adaptive open loop contrel are spoken
of depending on whether the adaptive effect passing through the adaptive
controller AC is of a closed loop, or of an open chain character. In these cases
AC is called adaptive closed loop controller (ACC) or adaptive open loop controller,
respectively (AOC).

In the system shown schematically in Fig. 1 the adaptive open loop
control is realized, if any of the informations 1, 2, 3 is available by itself, or
the informations 2 and 3 are available simultaneously. Closed adaption loops
are created in processing the informations 1=2, or 1—3.

The adaptive open loop controls are faster than the adaptive closed
loop controls, but they compensate only the foreseen interference effect.
Another restriction of their application is to require more a priori knowledge
on the system for their construction. In some adaptive open loop controls the
identification may be substituted be the measurement of the signals; in this
way the adaptive open loop controller operates at the same rate as the basic
system. For this system the denomination adaptable (English), or adaptabel
{German) is also used [45].

3. Adaptive controlled electric drives

In the field of electric drive control the application of the adaptive
control may have two reasons. On the one hand, in cases where the aim could
be attained also by deterministic methods, the controller completed by an
adaptive control applied as a unit controller releases the user from the “care™
of adjusting the controller [29, 38]. This is still illusery, but an imaginable
prospect. The present state is characterized by the application of the adaptive
control for the adaption to the changing circumstances (Table 1). '

In the majority of the studied systems the transfer function of the mo-
tor — assuming a subordinate current control circuit — may be approximated
by a first order lag integration element (IT;) where the time constant of the
time lag element (T's) is the equivalent time constant of the armature circuit,
while the transfer factor of the integrator is the reciprocal value of the nominal
starting time T';n. The variable flux, or the moment of inertia may be derived
by multiplication or division between both elements. e

The influence schemes refer to time functions. The terms are given by
their unit step responses, or their transfer functions. The usual assumption
has been made that the effect ¢ and the characteristics of the controlled path
are varying slowly, so the LsprLacE-transformation may he applied [24].



Table 1

The possibilities of adaptive control application in systems equipped with electric machines

Reason of the deviation from the linear case of constant “‘parnmeter

Load and environment

The moment of inecrtia

of the driven mass varies

continuously

jumplike at the drive

gear switch-over

Effect on the sontrel system

The
titize

electromechanical
coustant varies

The parameters of the
elastic coupling  be-
tween the load and the
driven shaft vary

The rope length of the
mine elevator (spring
constant) and the mass of
the transported load vary

The natural frequency of

the system varies

The resistors of the motor
and the controller are
warming up by the
effect of the load and
over-load especially

The resistors vary

The time constants vary

The quantitative and qualitative characteristies of
the reference signals and the disturbing interference
effects vary

The viscous dumping va- i depending on the down-

ries

|
|

time and operation thne
regpectively

The system deviates {rom
the optimum_ mode of
operation

The damping of the drive
motor vuries

Rewson  evoked in  the

control system

Examples of
literary references

97, 29, 30, 34, 37,
38, 4d, 46

31, 44, 46

The quality character- -
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of stability vary N
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and the mechan-

me

turbance and control

is

mode of d

ystem

The flux varies

due to the limitation of
the exceited voltage over
the nominal speed

for oltaining
control

optimum

by the s-rial, or compound
excitation  motor, or
due to the avmature re-
action respectively

by technological reasons

"The stricture of the trans-

fer function of the mo-
tor varies

Current  supply control
at the boundary of the
continuous and  inter-
mittent runs

The parameters and the

The coutrolled plant ¢m-
tains a dynamie non-
linearity. its parameters
are workpoint-dependent

structure of the control-
led path are workpoint-
dependent

8

struction of the electric mach
ical

=

Con

The speed of the driving
machine varies

The compensation of the
control circuit varies

due t
ning

the varying run-

peed of the vehicle

The loop transfer factor
of the voltage control
circuit varies

due to the limitation of
the signals

The phase margin varies

The quality character-
isties and the sta-
hility range vary

“0T

o8, 1317, 21, 29,
30, 32, 33, 34, 40

25, 26, 32

3,8, 17, 25, 26, 32,
34, 43

S - i
4, 5, 6.7, 11, 15, IN
17, 21, 27, 30, 34, ,‘3
41, 43, 48 B

20, 27
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The survey of references is facilitated by Table 1, grouping the adaptive
controls ‘according to the reasons of their application [25}. < - :

3.1 Reasons of the apphcatwn of adaptive control; dtsturbmg effects by the
environment and the load
3.1.1 Changes in the moment of inertia of the masses reduced to the driven shaft

Several authors mention that — in the case of unchanged masses —
switching over the drive gear is sufficient to supply satisfactory a priori
information for applying the simple adaptive controlier {27, 34]. By switching
over the adaptive controller adjusts the control parameters to the present

=

values.
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Fig. 2.:Band speed control of a reel drive [34]
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The variation of the moment of inertia is continuous in the case of reel
drives and is relatively easy to measure. STROGLE describes the band speed
control circuit of such a system [34]. The controlled path is a motor of constant
flux supplied with a subordinated current control. In the course of reeling,
the radius r grows at a speed proportional to the angular speed and the band
thickness; this is expressed by the element of the integration time T'z. Two
nonlinear effects are present in the control circuit (Fig. 2):

— the control signal is formed by multiplication (v = rw),

— the moment of inertia, and along with it Ty is proportional to r,
so the integrator simulating the mechanical equation of the motor face as
division by ri.

So' the control loop contains in the resultant a' division by r3 which
is compensated by a multiplication by r® on the part of the adaptive control.

WEBER suggests adaptive control for the position control of the transport
cage of a deep mine shaft: {44, 46]. The cage traverses several levels, soin
addition to moving it between the surface and the mine galleries it must also
be levelled for loading in and out. The natural frequency of the controlled
path varies due to the variation:of the spring constant, of the xarvmg rope
length and the varying masses of the varying loads. :
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- SPIEGEL suggests a speed control completed with an adaptive controller
for a drive of variable moment of inertia [37]. The paper presents the opera-
tion of the drive with a variation of the proportion 1:2 of the moment of
inertia.

RoumoLp and SPETH describe a speed controlled d. c. drive with alternat-
ing parameters [29]. The model of the controﬂed part is an IT;-element, the
two parameters of which are varying. For the identification of the parameters
and the disturbance a self-adjusting series modelis used (Fig. 3). The param-
eters of the controller are calculated from the estimated parameters by an
analogue circuit. An adaptive open loop control is used (Fig. 4). The good
quality of the working of the system is shown by analogue simulations.

SpeTE [38] published another simpler solution of the adaptive controller
in connection with the above problem. The reduction is based on the recogni-
tion that the time constant of the element IT, substituting the motor is practi-
cally constant and it is only the integration time which varies (due to the varia-
tion of the flux, or the driven mass). Y(s) in Fig. 5 is a constant part of the
controller, K is the variable transfer factor of the mechanical integrator of the
motor; the measured or identified quantities are referred to by the subscript
m. 4 and B are the parameters of the differentiating element.

For ensuring a constant transfer factor K; must be introduced as a di-
visor into the control circuit. But K; cannot be measured directly. The identi-
fication method of SpeTH [38] sets out from the mechanical equation of the
motor with the result of

K=—, (3)

An additional problem is that the torque m and the angular speed ©
cannot be measured directly. The momentum m., can be taken off the output
of the element of time constant T,. The measured angular speed ,, is mixed
with noise causing a considerable distortion after the twofold integration,
Therefore the author suggests, instead of the direct division, the division
scheme shown in the figure, where the signal K, appears on the integrator
output.

The second example in [38] presents the so-called logarithmic control
for a loop control circuit of a reel drive. The basic system agrees with that of
the preceding example. A deviation appears in the identifier, where the division
is reduced to subtraction by applying nonlinearities of logarithmic character-
istics and the logarithm of the quotient is retransformed by an element of
exponential characteristic (Fig. 6). The nonlinear characteristics are simulated
by transistors.

Raarz describes also the application of the adaptive control for solving
a control task identical with the preceding ones [30]. The deviation appears
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Fig. 3. Serial model identification of a controlled drive motor with subordinated current
control [29]
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Fig. 4. Adaptive open loop angular speed control circuit with serial model identification
of the motor [29]
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Fig. 5. Open loop angular speed control of a drive of variable moment of inertia [38]
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Fig. 6. Division of the analogue signals in the logarithmic control circuit [38]
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Fig. 7. Adaptive open loop angular speed control of a drive of variable flux and moment of

inertia [30]

in the identification of the transfer factor between the current-angular speed
of the motor. The resultant integration time T; = T,5/¢ is determined by an
identifier based on a reciprocal serial model. On the basis of Fig. 7, the approxi-
mate LapLAcE-transform of the error signal e(t) for slow parameter variations
is

% Ia(s) . Ia(s) . TW ‘MI(S

i

"T 1+s 1+4s Ty 1+

E(s)=T ) -+ Mp(s) - (4)

The required variables may be produced on the basis of the gradient
method [24, 29] by the following equations:

I(s) — M(s)

1 -
Tos) = — - Iy B AT (5)
Myp(s) = —— I Es).

T, as determined by Eq. (5) must be intreduced by way of the multip-
licator into the control circuit (Fig. 7).
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3.1.2 Varying parameters of the elastic coupling between the driven mass and the
motor shaft

The paper of WEBER [44, 46] describes the position control of the elevator
cage of a deep mine shaft. The spring constant of the elastic coupling between
the drum and the load varies upon the variation of the rope length, and the
mass suspended on the rope varies upon the variation of theload. In the given
case the natural frequency variation was 1:5, leading to instability. By apply-
ing adaptive control the position control circuit could be satisfactorily com-
pensated.

Raarz [31] describes the speed control of a drive coupled to the work
machine by an elastic shaft. The controlled characteristic is the angular speed
of the work machine. This arrangement is found with high capacity roll stands,
where both rolls are driven by separate motors mcunted on the same side.
So the shaft of one of the motors is as long (~5 m) as to show an observable
distortional deformation.

The control deseribed in [31] is designed to prevent the output shaft
vibration in spite of the low vibration damping system available in the control
circuit. For the correct control the non-measurable motor angular speed and
load momentum must be introduced into the control circuit. These signals
may be taken from the model of the controlled path with the use of the ob-
servability of the system. The model is of constant parameter with sufficient
a priori information. The vibrations of the system are damped in the unsaturat-
ed state of the current controller by the (essentially dual) control formed in
this way.

3.1.3 Warming-up of coils and control resistor

Warming up is caused by the load and especially by overloads. The
temperature variations lead to variations in the resistance of the correspond-
ing coils. The operational warming up has generally no significant effect on
the quality characteristics.

StrOLE describes a case where high warming up occurred in the speed
control liquid resistor (R,) of the rotor circuit of a 3-phase lifter motor, i. e.
not the coils themselves were warming up [35, 8]. The position control of the
liquid resistor in the control circuit is subordinated to the speed control.
The control circuit is basically nonlinear, as the quotient of the rotor voltage
by the modified characteristic (R,) is proportional to the current, or the mo-
mentum. This effect may be compensated by multiplying by the signal pro-
portional to R,.

With temperature variation (§), the position of the electrode is not the
measure any more of the resistance R,, but it is completed by a nonlinear

3*
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functional relationship R,(#). But this can be predetermined by measurement,
so its effect may be compensated by the corresponding inverse nonlinearity,
by temperature sensing,

According to the above, the speed control must be completed by two
adaptive control chains [35].

Ref. [39] deals with the temperature-dependent operational behaviour
of the control of an asynchronous machine supplied by an inverter. The heat
transfer factor and the temperature coefficient of the rotor are also varying
due to the speed-dependent thermal resistance of the air gap in the drive motor
of high speed control range. All this leads to the variatioa of the static accuracy
and the dynamic properties of the drive. In a presented example the stalling
slip frequency increased e. g. to 28.5 ¢/s as a consequence of warming up.

3.1.4 Varying characteristics of the reference signals and the disturbance effects
.) (=] (o]

Ref. [28] describes the environmental disturbance effects on the example
of the control of a band roll train and the compensation by adaptive control
based on a learning model. The aim of the coutrol is to maintain the quality
of the final product (roll and fine steel band) within a predetermined range.

The model (a mathematical model simulated on a computer) consists
of two main parts, the mechanical and the thermal rolling models. Both parts
of the model contain information concerning the quality of the steel, the
dimensions and the temperature of the bloomed reel, as well as the geometrical
and mechanical data of the roll train. The most important disturbance signals
are the variations of the steel quality, the band temperature, the blooming
dimensions and the condition of the roll train (wear, cooling down, warming
up), deviating from the specified (expected) values. The desired final values
are the prescribed thickness, the final temperature and the rolling speed of
the sheet. During the rolling operation the weight, the temperature and the
band thickness are measured.

Kiss [22] describes the contrel of the main drive of a fine band rell
stand and of the roll adjustment and reel drives. Due to the low sheet thickness
the tensile strength must be controlled. High productivity is reached by the
exclusion of band breaks, therefore the unchanged quality characteristics must
be maintained even under variable conditions. In the described solution of the
control the current and angular speed control circuits of the drive system are
adjusted to the variable conditions by an adaptive controller.

Ref. [21] propsses adaptive control for a coupled multimotor system.
For instance, in the drive system of the band roll train the couplings vary
with the sheet thickness variations and the band breakages, then the control

algorithms must be changed by the adaptive controller.
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The transfer function of the controlied path is affected also by the non-
linear characteristic of the load. For instance, the speed-dependent load mo-
mentum means the feedback of the mechanical integrator of the motor, while
with the variation of the load momentum — angular speed transfer factor the
transfer function involving the angular speed becomes work point-dependent.
Extremal values of the m-characteristic may also occur, meaning the reversal
of the sign of the linearized feedback factor. The frequency functions for this
case are given in [18].
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Fig. 8. Adaptive control of a servo-system with parameter perturbation [12]

The adaptive control of a serve-system is described in [12] demonstrat-
ing on the transfer factor of the differentiating feedback, when the speciral
width of the reference signal varies. The optimum feedback factor decresses
with the increase of the spectrum width. The aim of the contrel is to minimize
the square of the error variance for any input signal. So the adaptive control
has to adjust the system to the minimum of the functional (variance square)
by varying the differentiation feedback factor. This task has been solved by
the parameter finding adaptive control (Fig. 8).

ing the existence of the relative error variance square extremal value depend-
o

3.1.5 Variation of the viscous damping

HasersTock applied adaptive control to the cptimum-time position
control of the roll stop drive of a high performance. reversing roll stand [16],
with the speed control subordinated to the pesition control and the torque
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control of the motor supplied by a rectifier subordinated to the speed control
(Fig.9). With the above mentioned assumptions the condition of the optimum-
time operation according to [16] is the course

T, | oo L
x, = ]/2 T- Mgy |, sign (x,) (8)

M, 2|Mud22M,

ACTE prwe Gy M 21
M [me
A ' *Mat my

Xt s X [T X 1| ma 1 w7 =4
27 Vo] = ST
] 2 3 _ 5
pu
M Rzl

Fig. 9. Optimum-time pasition control completed by an open loop adaptive controller [16]

of the speed reference signal. where Mp,; is the maximum brake moment,
T, and T, are the drive characteristics. Eq. (8) is simulated by the blocks 1, 2
(Fig. 9). The torque may be identified by Eq.

./‘113_,\.1 = 2_1‘”—441\,1 - 2_/‘[1.1 — —A/IGA‘I . (9)

Ref. [16] does not deal with the measurement of Mg,. The problems
of the torque identification were bypassed by FRaANKE, ScHIEFER, WEBER [14]
and WEBER [45, 46] by utilizing the acceleration current peak for adaptive
control.

An adaptive control has been suggested for the optimum-time position
control also by Paviix and STROLE [27]. The optimum transition process is
ensured by a quadratic feedback of the derivate of the controlled characteristic
in the basic system. But in this case deflections around the equilibrium state
appear after the optimum transition process due to the parasitic storages of
the integrating elements. According to the authors the most favourable solu-
tion is a suboptimum control, with the feedback implemented through the
proportional element, with a transfer factor depending on the reference signal,
corresponding to an adaptation to the input signal.
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Fig. 10. Block diagram of an angular speed control performing the intervention by flux de-
crease as soon as the electromotor voltage is reached [34]
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Fig. 11. Reduced block diagram [34]

.2 The property of the electrical machine, the construction of the control circuit
and the mode of intervention as reasons for the application of adaptive
control

2.1 Varying the speed by flux damping

()

(W8]
9

The speed of the externally excitated DC motors is varied up to the nomi-
nal speed by varying the terminal voltage with constant flux, and above the
nominal speed by decreasing the flux at constant voltage. This type is necessary
e. g. for the reel drives [22, 62].

The intervention by flux decrease over the nominal speed — i.e. a
speed control to the maximum internal voltage Ugy; of the motor — is shown
in Fig. 9 [8, 34].

The control circuit of Fig. 10 contains three control loops: that of the
speed control, the subordinated current control and the internal voltage control
circuit, controlled completely up to the nominal angular speed. The transfer
functions of the individual controls are — in the above sequence — Y (s),
Yi(s), Yeo(s). The current control circuit may be approximated by the first
order lag element of the time constant T, so the flux variation appears accord-
ing to Fig. 11 in two places: in the w-control circuit multiplied by the armature
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current and in the u,-control circuit multiplied by the angular speed. So the
loop transfer factor of the w-control circuit is proportional to the flux and
that of the u,-control circuit to the angular speed. These effects may be com-
pensated by the adaptive control feedback shown by dashed line. STrROLE
examines in detail also the best location of the modification, with the restric-
tions taken into account [34].

Ref. [1] discusses the dynamic study of the modification with the general-
ized frequency function, giving precalculated diagrams for determining the
time behaviour of the speed control circuit.

The papers of Raatz [30], RuMorLp and SpETE [29] and Sperm [38],
referred to in chapter 3.1.2, deal with speed controls completed by an adaptive

AOC
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/
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Fig, 12. Angular speed control with an open loop adaptive controller performing excitation
circuit intervention [17]

controller for compensating the varying transfer factor of the mechanical
integrator of the motor. By these arrangements not alone the moment of iner-
tia, but also the flux variation is compensated. But these systems are slower
than that of STROLE [34], due to the necessity of identification.

HucEeL [17] describes the speed control of an externally induced motor
by the intervention implemented on the induction side. The studied system
became unstable at the flux reduction of 1:3 ratio. The applied adaptive
control varies the transfer factor of the PI speed controller proportionally to
the square of the induction on current (Fig. 12), compensating well the work
point dependence of the quality characteristics.

3.2.2 Varying the flux for optimum control

Previous papers [32, 35] deal with the minimum loss (minimum power)
control in the static operational state. The optimum condition is given for the
copper losses alone in [35], and for the copper and iron losses in [32]. Refs
[25, 26] consider also the effect of the nonlinear magunetization curve. The
obtained result showed that the optimum flux in the optimum mede of opera-
tion is described by the nonlinear equation

@0 = fl(l/jﬁ’ -Q) :fz(IAe -Q) (10)
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where M is the armature torque, I 4 the armature current and (2 the angular
speed of the motor.

For realizing optimum control STROLE [35] suggested a system varying
the flux and finding the minimum effective power consumption from the
mains. But this suggestion disregards the fact that the effective power contains
beside the loss also the useful power, so the operation of the finding system
would be greatly impeded by the load variations. For eliminating this problem
[25] and [26] produce — after determining the nonlinear function (10) —
the optimum excitation in the knowledge of the magnetization curve, by the
nonlinear element of the form

Iro = f(la, Q). (11)

m
Xi qfr—pm w

Fig. 13. Optimum flux shunt motor drive [25, 26]

(Fig. 13). The effect of the variable flux is compensated als¢ here by the known
adaptive control. The minimum less control based on the flux variation may
be attained only for the static state due to the delaying effect of the time con-
stant of the induction circuit.

3.2.3 The speed control of the serial motor drives

In general, for controlled drives the externally induced DC motors of
favourable contrel-technical properties are used. But for controlled current
drives of lower static and dynamic requirements the serial motor may be more
economical [3] as the serial coil may replace the smoothing choke altegether,
but it reduces it in any case. An additional advantage is the absence of the
induction circuit rectifier and the higher torque overload capacity of the serial
motor, while a significant disadvantage is the work point dependence of the
parameters.

The block schemes linearized for low variations of the externally induced
and the serial motors are identical. but their parameters are different (Table 2).
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Table 2 :
Parameters of the 3.5 kW DC motor of type GMB4 (VEB Elbtalwerk Heidenau) [3]
Parazlneter i External excitation Serial excitation
/R4 5.6 0.55— 5.6 (2.4)
v 124 ms 2.4:—24.5 ms . (5.2 ms)

C, 1 . 041— 1.3 (1.3)

C, 0.22 27T — 017 (0.4)

Ty 0.28's 34 — 021s (0.5¢)

Ref. [3] gives the parameters of a serial motor in both modes of operation for
the block diagram of relative units shown in Fig. 14. The external excitation
corresponds to the nominal constant excitation.The nominal work point values
for serial induction appear in brackets after the variation range of the param-

eters.
ldﬁﬂ
sl 7 ) 4 Cs 42
B tesT, G ® 745 Iy
ST Al

15Ty

Fig. 14. Reduced block diagram of a DC motor for low variations [3]

.

As the parameters vary over a wide range, the serial motor drive may
be applied for constant work point operation. or supplied with an adaptive
controller. Similar problems arise with the application of noncompensated
machines due to the retroaction of the armature, and with the double induction
machine systems [42].

One reason for the application of the serial motor is its suboptimum chaz-
acter as to the motor losses; namely the flux of the serial motor varies with
the armature current, so it approximates the optimum flux value given by
Eg. (10), as referred to also in [26].

Refs [8] and [34] describe the speed control of serial motors. Neither
of these papers discusses the reason, or the aim of the application of serial
motors. '

STROLE points out the possibility of applying an adaptive controller on
the basis of his model experiments performed with the help of an analogue
computer [34]. The block diagram of the speed control circuit, with assumed
fast subordinated current control and a linear magnetization curve, and with
the time constant of the eddy-current circuits and other secondary effects
neglected, is shown in Fig. 15. The additional multiplication by.the current
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Fig. 16. Serial motor controlled drive completed by two adaptive open loop controllers {26]
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Fig. 17. Two-stage current control of a serial motor fed by a DC chopper, with an adap-
tive open loop controller [17]

at the torque formation point is compensated by the division before the con-
troller. Yet a high initial overshot in the unit step response of the analogue
model due to the existence of power storages between the points of the param-
eter variation and the modification is observed.

Assessing the adjustment conditions with due allowance for the above
results in a substantial improvement [25, 26]. Accordingly not alone the trans-
fer factor of the controller, but also its corresponding time constant must be
varied depending on the work point (Fig. 16).

Ref. [17] discusses the current control circuit of a serial motor supplied
with a DC chopper. The two-position control circuit of the armature current
shows a work point-dependent stability. The author suggests. on the basis of
analogue computer simulation, the application of an adaptive control for
varying the transfer factor of the Pl-coniroller through a nonlinear element,
by measuring the output voltage of the interrupter (¥ig. 17).



222 P. MAGYAR

3.2.4 Varying the flux according to the technological requirements

Typical examples of the variable flux control circuits containing work
point-dependent controlled sections ave given in [13, 40, 22]. Several examples
of the adaptive control for flux variation compensation were presented in the
preceding chapters.

3.2.5 The current control of rectifier fed motors in the continucus and the inter-
mittent current ranges

The reversing DC drives are generally supplied by cross-, or anti-parallelly
connected four-quadrant rectifiers, operable with, or without circular currents,
depending on their control.

In circuits with no circular current the operation of the current control
changes substantially at the boundary between the continuous and the inter-
mittent current ranges, The current control circuitis closed during the contin-
uous current conduction and is open during the conduction pause, i.e. it
becomes a work point-dependent loop amplifying system with dead time [4].
The structural variation of the control circuit necessitates a self-organizing
type adaptive control for changing the control algorithm. Reference to this
is made in several studies [27, 34, 30, 21, 7, 43], while the modes of its realiza-
tion are treated by others [4. 5, 6, 15, 11, 41]. The first solution in principle
was described by BuxBaum [4], with the effective realization given in [6]:
a substantially identical variety was published by Cerny [11], while other
solutions were supplied by Gorpe and RiesscaLicER [15] and SeEFRIED [41].

The adaptive current controller must be a Pl-type controller for the
period of the continucus current and an I-tvpe controller of work point-
dependent integration time for the intermittent current. Various authers
approximated this condition in various ways.

In BuxBAUM's solution the controller consists of two parts: a PD ele-
ment and an integrator connected serially to it. The PD element, — after
shorting the differentiating capacitor by the electronic switch (FET) —
hecomes a P-element with the result that the controller changes from a type
Pl-controller to a type I-controller. The structure is changed over by the
comparator, controlled by the rectifier current in a way that under a deter-
mined signal level it performs the I-function and over this level the Pl-func-
tion (Fig. 18). This means that the controller has a pulse width modulated
structure. This solution is very favourable, as it eliminates the necessity of the
circumstantial boundary sensing of the intermittent current range. The output
integrator ensures that no jump in the output signal is caused by the struc-
tural change-over. According to experiences on already realized current con-
trols, the continuous adjustment of the variable gain in the range of the inter-
mittent current is not necessary.
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Fig. 18. Adaptive current controller [6]
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Fig. 19. Adaptive current coniroller [41]

- GoLDE and RIEBscELIGER apply a Pl-controller, but in the intermittent
B
current range they linearize the control circuit by a |/ 1 ,,, function generator

connected in parallel with the current controller [15], while SzxrriED [41]
increases the gain of the controller as soon as the intermittent current appears
(Fig. 19). - ’

Ref. [41] gives the results of a comparative measurement series per-
formed over a 200 kW drive, showing well the necessity of the adaptive current
control (Table 3).

We have found a reference to the adaptive current control for a drive
with no rectifier. ZENTAI applied for controlling the armature current of the
reversing WARD—LEONARD drive of a roll stand a PI-controller of an integra-
tion time constant varying proportionally to 1/@% This compensates the varia-
tion of the parameters of the excitation circuit [48].
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Table 3

Current control comparison of 200 kW drives with current
controller of various types [41]

Control time

Current controllers . j ]
for intermittent  for continuous

currents

Pi-type. non-adaptive | 3800 ms 12 ms
Pl-type, adaptive of !
BuxBaty 6 ms . 7 ms
Pi-type. adaptive of : :
SEEFRIED : 6 ms 13 ms

3.2.6 The speed variation of the generator drive of controlled terminal voltage as
the disturbance effect

HvucEeL describes the adaptive voltage control circuit of vehicles, where
the generator is connected te the vehicle main drive, so its speed is a function
of the driving speed [17]. As the voltage control circuit amplification is propor-
tional to the driving speed, i. e. the generator speed, the circuit can be compen-
sated by division by the tachometer signal. This corresponds to a voltage control
completed by an open loop adaptive controller. The power control of the syn-
chronus machine leads to a wholly similar structure [17]. The effective power
is the product of the voltage by the effective component of the current and.
this nonlinearity can be compensated by division before the subordinated
voltage control loop by the control signal.

3.2.7 The control circuit compensation varied by the saturations

Certain compensation effects are ineffective, mainly in system compen-
sated by PID and PD-type controllers due to the signal limitations at high
reference signal and interference signal jumps. Ref. [27] suggests the open.
loop adaptive controller for the elimination of this failure.

The limitation of the signals may be regarded in fact as a structural
variation of the system [20]. so a self-organizing adaptive controller must be:

applied.
4. Conclusion

The majority of the electric machine systems are electric drive. Accord-
ingly the literature of the adaptive control of the electric machine systems.
deals nearly exclusively with electric drives of adaptive control. From among
the disecussed references the voltage and power control treated in [17] alone:
are other than drive systems. On the basis of the special literature it cam
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be stated that mainly open leop adaptive drive controls are applied. This
development is due to alone to the speed demands of the drive controls, but
also to the absence of sufficient a priori data for the design of controls with
open adaptive action chains. A non-negligible fact is also the simpler implemen-
tation of the open loop as compared to the closed loop adaptive control, permit-
ting not alone a costreduction, but what is still more important, a higher reli-
ability as well.

Especially numerous references are found on two adaptive drive controls.
These are the speed control of the (generally reel) drive of variable flux and
moment of inertia and the current control of the DC motor fed by a rectifier.
The rest of the adaptive drive controls is rather specific.

The future trend of the development will be probably characterized
by the nonlinear feedback of identical rate with the basic control system rather
than by non-identical rate adaptive controls. For creating the closed loop
adaptive control the method of meodelling appears to be most appropriate,
due especially to the favourable operation speed attained as a consequence
of ample information available in the model [23]. The working speed may be
increased mainly by selecting the predominant characteristics, as allowing
for too many effects requires a highly complicated controller of a longer opera-
tion time than permitted by the technology [28]. The application of typically
slow operation adaptive controllers for the electrical drives cannot be expected
in the future either. A principal reference to the same is the most that can he
found, as e. g. the adaptive control of STROLE based on the calculation of the
correlation function for minimizing the effects of the disturbance signals [36].

Outstanding among the authors in the field of the considered thematics

are Buxsaum, STrOLE, SpeTH and WEBER.
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Summary

After the brief survey of the adaptive systems, the necessity and the aim of the applica-
tion of adaptive control in electrical drives are discussed. The paper gives a systematic summary
of the literature, presenting some typical examples and characteristic details too.
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