INTERNATIONAL JOURNAL OF CIRCUITS, SYSTEMS AND SIGNAL PROCESSING

Volume 12, 2018

New Model of a Separately Excited D.C. Motor

Jozef Duda

Abstract—In the paper a new model of a separately excited D.C.
motor is presented. It is assumed that the mechanical torque do not
cause the motion of the motor. This condition implies the model is
nonlinear. The non-linearity of the model is reshaped to the linear
model with time delay. The value of time delay depends on the value
of mechanical torque which loads the motor. The parametric opti-
mization problem for a new model of a separately existed D.C. motor
with a P-controller is considered. The general quadratic performance
index is used. The value of the quadratic performance index is equal
to the value of the Lyapunov functional at initial function of time
delay system. In the paper Repin’s method is used to determine the
Lyapunov functional coefficients. The parametric optimization results
for the separately excited D.C. motor Siemens 1GH6 size 225, the
catalog number: 1GH6 226-ONA40-1VV3 are presented.

Index Terms—Lyapunov functional, parametric optimization, sep-
arately excited D.C. motor, time delay systems

I. INTRODUCTION

In the paper a new model of a separately existed D.C.
motor is presented. It is assumed that the mechanical torque
do not cause the motion of the motor. This condition implies
the model is nonlinear. The novelty of this paper consists in
reshaping of the nonlinear model to the linear model with
time delay. The value of time delay depends on the value
of mechanical torque which loads the motor. In the paper
the method how to reshape the nonlinear model to the linear
model with time delay is presented. For a control system which
consists of linear time delay model of motor and P controller
we survey the parametric optimization process. In parametric
optimization the general quadratic index of quality is used. The
value of the quality index is equal to the value of the Lyapunov
functional at initial function of time delay system. There are
two methods of determination of the Lyapunov functional. The
first method was proposed by Repin [14] and was developed
in [1], [8]. In the paper the Repin’s method is used to obtain
the value of the performance index. The author does not know
the papers of other authors developing the Repin’s method. In
the second method the Lyapunov functional is determined by
means of the Lyapunov matrix. The second method is most
popular and is presented in [9]-[13], [15]. The Lyapunov ma-
trices approach is used in the parametric optimization problems
described in [2]-[7]. The paper is organized as follows. In
Section II the method of reshaping of the nonlinear model
into the linear model with time delay is presented. In Section
IIT the parametric optimization problem for a new model of a
separately excited D.C. motor with a P-controller is considered.
In Section IV optimization results are given. Conclusions end
the paper.
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II. MATHEMATICAL MODEL OF A SEPARATELY EXCITED
D.C. MOTOR

It is assumed that in the field coil of excitation the electric
current is fixed and constant. The motor input voltage is the
control signal, u(¢). The motor is loaded by the mechanical
torque which is treated as a disturbance, z(¢). The angular
speed @(t) and a motor current i(¢) will be controlled. It is also
assumed that the mechanical torque do not cause the motion
of the motor. We will analyze the motor in two periods. In
the first period the load of the motor is greater than motor
electrical torque. The motor current increases but motor stops,
the rotational speed is equal to zero. In the second period motor
starts. It appears the angular speed and equations describing
the dynamics change. The time instant when motor starts is
denoted by r and will be treated as time delay.

Vs
b »

Fig. 1 The separately excited D.C. motor

The first period for 0 <t <r
The angular velocity

o(t)=0 (1)
Voltage balance equation
. =
dt

where R is a motor resistance, L is a motor inductance
Electrical torque equation

Ri(t)+L u(t) (2)

m(t) = kpi(t) 3)

where k,, is a torque equation constant

zZ(t) =z “)

u(t) = uog = const 5)
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The time delay r is computed from relation

(6)

The current i(#) for ¢ € [0,r] is obtained by solving the
differential equation (2) with initial condition i(0) = i for
u(t) = ug.

m(r) = kyi(r) =z,

i(0)="0 (1= ) +ige~ )
where T = % is a time constant.

Taking into account equation (7) we can write relation (6) in
the form

m, (1 —e*%) +kige T =2z, 3
where m, = %"km is called a short-circuit moment.
From equation (8) we can calculate the time delay r
— ki
r=Tln =m0 ©)
m; —Zs
The second period for t > r
Voltage balance equation
di(t —
Ri(t—r)+L l(dt ) +koo(t) = u(t—r) (10
where k, is a speed equation constant
Electrical torque equation
m(t —r) = kni(t — r) (11)
Mechanical torque equation
do(t
Z(t_r):Zs‘i‘JmJ (12)
dt
where J,,, is a moment of inertia.
There holds a relation for each time instant
m(t—r)=2z(t—r) (13)
Relation (13) implies
do(t) kn Zs
= —I(t — - — 14
a5, (9
Equation (10) can be reshaped to the form
di(t—r) R ke 1
=——it—r)— =)+ —ult— 1
D= Li=n - Lo+ put—r)  (9)

We will consider a control system with a P controller. Control
signal u(r) has the form

u(t) = up — po(r) (16)

where p is a gain of the P controller. We substitute the term
(16) into equation (15).

di(l—r) o R, ke 1 p
” —Ll(t—r)—La)(t)+Lu0—La)(t—r)

We introduce the new variables and the new coefficients

7)

ISSN: 1998-4464 691

Volume 12, 2018

yi(t) = (1) (18)
ya(t) =it —r) (19)
2= 0)
0= —J% 1)
ki = kz 22)

Wwo = % (23)
k= % (24)

Taking relations (18)-(24) into account we can write the
equations (14) and (17) in the form

dyi(t) _

= kTOyZ(t)+Z0
0 | (25)
g = —kiyi(t) = ya(t) —kyi(t —r) +wo

fort >r.
Initial functions for equation (25) are obtained from (1), (7)

and (19)

for & € [0,7].
We shift functions (26) to the interval [—r,0] by substitution
E=r+0 for 6 € [—r,0]

y(§) =0

ya(8) =% (1) ioe™ =

yi(r+6)=0
u _9 . 6 27
y(r+6)=% (1 —e T) +ipe T
W()Jr;%
System (25) has non zero equilibrium point ky ;rzk
_ Tz
ko
We introduce new variables to obtain a system with zero
equilibrium point
W0+]ZT0
.Xl(l‘):yl(l‘)—kli_i_ko (28)

(1) = ya (i) + 2

In such a manner we obtained a system which dynamics is
described by functional-differential equation

dalt) x1(t) xi(t—7)
dx;(t) =4 +B _
. x2(t) x(t—r)
W()Jrzf
x1(r+0) _ — li;{O
x2(r+9) %(1_8*%>+i0g*%+%

(29)
fort > r, 6 € [—r,0], where
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_[o %

A= [ s jﬂ% ] (30)
0 0

5= % 0] G

III. PARAMETRIC OPTIMIZATION

In parametric optimization we will consider the following
performance index

0

J:/ xT(t)x(t)—i-/xtT(G)xt(G)dG dt

r

(32)

The value of the performance index is equal to the value of
the functional v for initial function ¢ of system (29), see [1]

J=v(9) (33)
where
v(x) =x; (0)ox (0)+
0 0
+ (5T @B (0)a6+ [T ()0 (6)d0+
0 0
+//x,T(9)6(6,G)x,(G)de9 (34)
—r 0
and
W0+]ZT?)
6) = R (35)
#(0) %(1—e*%)+ioe’%+%0
for 6 € [-r,0].

Now will be presented formulas for matrices @, (6), y(0)
and 6(6, o) without introduction. Introduction of that formulas
is given in [1].

Matrix ¢ has a form

o= a1 o2 (36)
Qi 02
where
L+r T?s152(s7 —53) ko
A = —+k —k
0= i e (7 TRk
1 . S1F . SoF
- h 2L ginh 2=
+T2(k17k))sm 5 sinh = +
ko(ki —k)*>  2k3ki  koss
k ks1 — — —-—=
+kisy ks Ts1 T2s; Tsy
+ 51 sls% ) . hslr hSerr
— sinh — cosh —
Tz(kl—i-k) ki+k 2 2
ISSN: 1998-4464
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ko (ki —

—k1sy — k.
+(—kis2 —ksy + s

2k3ky
T2s,

2
k()Sl 52

Tsy T2(ki+k)

+

ko
=

S%SQ
ki +k

. Sor S1r
sinh — cosh —
2 2

+ +T(s%—s%

) )

sir sor
cosh — cosh 7}

+ki +k+ 5

) (37

1
T2(ky + k)

[1—2Tkok; +P
2
[1—2Tkok; — P
2

P* = AT*I3K* — 4Tkok; + 1

where

1
S1 = =

T (38)

1
S = —

T (39)

(40)

Sor

ko(ky — k)
> +

TS1S2

ko(ky — k)
Tsq

W = 2ko(s? —55){ sinh sl—zr sinh

+( )sinh%rcosh &;Jr

ko(ky — k)

(s
(52 Ts»

) sinh %r cosh &;4—

1 K i
+—cosh L cosh %}

T > 41

Sor
> +

1 K2(s2 _ s2
= tr M sinh ar sinh
w T2S1S2

2

12

K

+( T3S1

koSl
2kok. —_—
+ 2ko S1+T2(k1+k)+

2kTs1s%
ki +k

K

L sr Saor
sinh — cosh — + 3
T‘Sz

2 2

) (

2koksr+
k() A\

2kT's3s7
T2 (kl + k)

ki +k

. Sor s1r
h — cosh —
sin > cos 2 +

)

Sor

EXl

s1r
cosh — cosh

. “2)

3
kO
T2s152

Tsiso
ki +k

2 s2r
1 > +

)(s

. S
— 53)sinh EX sinh

3

5 \, B3
——2 4Tk
+( s, + Tkosy +

S1

K2k(s% + 52
) S )
1

Sor

k(2]S1
h—=—
cos > +

T2(ky +k)

_ Tkosls%(kl — k)
ki +k

. s1r
h 2t
) sin 5
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kzksl(kl —k) s1r Sor
& kaki(s2 —s3)  k3k(s?+ 53 — O _’)sinh — cosh —=—+
+( 30 —Tkosg—i— 01<1 2)_ 0(1 2)+ T (ki + &) ) D) D)
T 52 52 52

kiks?  kokstsy

+(—Thkstsy +

k32 Tkostsz (ki — k) sir Tsy ki —k

. S2r
— sinh — cosh —+
T2(ky +k) ki +k ) 2 2 T2hs2s3 s
152 . 2r s1r
——— ) sinh—-cosh —-+
% 2 2 s1r Sor ko(ki — k) 2 2
+(ko + m)(sl —52)cosh7005h > (43)
1
koks? Tks?s3
Matrix $(0) has the form (— T(l?l —Si—lk) ko(kfl—izk))COSh%rCOSh %r]coshszGJr
B(6) = [ g;gg; 8} (44) (TS okl | Thnisi(h—k)
k()(kl +k) ki +k T(k1 +k)
for 6 € [—r,0] where
77]{%/(51 (ki — k) ) sinh ST sinh g+
2+2r k3kso s1r sor T (ki +k) 2 2
Bi1(0) = {l(— 02 + ksys7) sinh — sinh —+
w T=s 2 2 k(z)ksl . ST Sor
+( — ksys7) sinh — cosh —+
kzk 2 Kok 2 T2S2 2 2
Jr(Tkslszf %% _ XotS1%y
2 Ts, ki —k 5 2
koksq Tksisy Y S1r
2. 32 +(— ) sinh — cosh —+
T ksys3 )sinhmcosthr T(ki+k) ko(ki+k) 2 2
ko (k1 — k) 2 2 9y 3 )
kgksy  koksys
2 o4 \ , +(~Thssy + 21 212
+( T?ksisy  koksisy — Tksisa(ki —k) Ts; ki —k
ko(ki+k) ki +k T (ki +k) T?ks?s3 S1r Sor. .
———=-)cosh — cosh —=]sinhs,0} (45)
k3ks (ki — k) Jsinh 2 cosh *1 1 ko(ky — k) 2 2
T (ki +k) 2 2 821 (6) 2+2r{[<k L kksy ~ Tksisy
21(0) = 0ks182 — —5—
w T2S1 ki +k
koks% Tks%s% sir Sor
- h — cosh —]coshs; 0 2
Tl 0 kol 1)) o7 cosh 5 Jeoshsi 6+ _ Koks152 g o SUT Ginn 274
T (ki +k 2 2
2723 3 2 _ (fa +-4)
(= T<ksisy koks> _ TkS1S2(k1 k) 5
ko(ki +k)  ki+k T (ki +k) —&—(—Ylfgf ko;fsl)sinh%cosh %—i—
1
Kksy(ky —k), . sir . sor
OT(kli_i_k))sthSmh 7+ ( k%ksz B ks%sz )sinhgcoshﬂ—&—
T?(ki+k) ki+k 2 2
koks3 Tksss . . sir $oF 3
— h— cosh = Kk Tksis
T8 Tl +0) 7 oS5 kst + - 102
1
k3ks> s s1r 2,2
_ 220 20 kgk
+ T2s, ksis2)sinh 2 cosh 2 + 7T(131 j_2k>)cosh%cosh%]coshsle+
k2ks2  koks; s> 2 2
Thsis2 — 20722 7072172 kikso ksiso . . . sir . . Sor
+(Tksys3 Ts: kl_k+ H(TZ(ZIH)7k1irk)smh7smh7+
T2ks3s2 . sir Sar. . 3 2.2
Wi}i))smh%cosh %]smhsle—i— (—koks® + kTLf B YI;kilskz
1
k(z)ksl . Sir . sor k2ks? S1r Sor
—k h — sinh = _0™2 yipp 2 227
+[( s, s152) sin 5 sinh ==+ T(k1+k))smh 5 cosh >+
Tzks%s% B k()ks? TkS]S%(kl —k) +(koks1 52 — kngQ TkS%S2
ko(kl +k) k+k T(k] +k) T2s; ki +k
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k(z)kslsz
T (ky +k)

) sinh % cosh %Jr

Bk kok
0 +0S1 sir

+(_T3s1 T

kst Tksis3
T2S2 ki +k

+[(—k0kS1S2 +

k(z)kS1S2
T (ki +k)

) sinh % sinh %—i—
k3ks
T2(ky +k)

ksys3
ki +k

Sor

. Sir
+( )smh7<:osh -+

kok  koksa
T3s, T

)sinh % cosh %—&—

+(

@ Tks%s%
T2 ki +k

+(koks3 —
k%ks% S1r Sor
— 01y cosh -t cosh ->-] cosh
T(k1+k))cos 5 cosh— ]coshs, 6+

k%ksl
T2 (k] + k)

ksls%
ki +k

) sinh % sinh %—i—

+(

kgksl Tksls%
T2S2 ki +k

+(—k()kS] s2 +

kgk Tks%s%

koks? — —0=
Kok = 73 ki +k

kgk  kok
0 0 Sl)coshsl?rcosh%r]sinhszﬂ

Matrix y(0) is given by formula

7o) = [ OE)H GE)H}

for 6 € [—r,0]
Matrix 6(6,0) has the form

st0.01=] 1091 0]

for 6 € [-r,0] and o € [6,0] where

242r K3 k2s,
511(0,0) = kok?sys7 — —2
11(8,0) = = —{[(kok"s152 s,
Tkzs%sz k(z)kzslsz sir Sor
_ inh == sinh ===
Tk T(kl—i—k))sm > sin 5 +
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)cosh > cosh sizr] sinhs; 0+
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kgkz k0k2S1 . S1r Sar
~ 755, T )smh7czosh 7+

+(

k%kZSQ
T2 (kl + k)

K2s2sy
ki +k

+(

) sinh % cosh &;+

Kk>  Tk>s3s?
T2 ki +k

+(kok2s% —

Kk3ks3
————=_)cosh
T(k1 + k) )

s1r

> cosh %} coshs; (60 — o)+

k%kZSQ
T? (kl -+ k)

k252
klsiyli ) sinh % sinh %—&—

+(

3712
B kok n Tkzs%s%
T2 ki +k

+(kok?s?

 kgk*s3
T (ki +k)

) sinh s17r cosh s%r+
kgkzsz Tkzs%sz
T2S1 ki +k

+(kok*s152 — +

k(z)kzslsz . Sor s1r
—_—— h— h—-+
(kl k) ) sin 2 Cos 2

kK> kok?
_T03s1 OTSI)Cosh%cosh%]sinhsl(e—c)_y

+(

Kk2s1  Tk*sis3
T2s, ki +k

+[(—k0k2S152 +
k(z)kzsm‘z
T (ki +k)

k%k2s1 kzsls%
T2(ky +k) ki+k

) sinh %r sinh %r +

+(

. Sir Sor
h — cosh —
)sin 5 cosh = +

kgk*  koksy. . sor syr
— h == cosh —
46) +(T3S2 T ) sin 5~ cosh— +
KBk Tk*s?s?
kol2s2 or 1°2
+( 0 SZ + T2 k] +k

(47)
Kk3ks3

T (ky +k)
Sor

k%kzsl kzsls% sir
— inh 2= sinh 22=
T2k Kk Snhysinh 5+

)cosh % cosh %} coshsy (0 — o)+

+(

(48)
kgkzsl Tkzslsg

—kok?
+( ok=s152+ T2S2 ki +k

k%kzslsz
T (ki +k)

) sinh % cosh %+

BE2  Tks?s
—k k2 2 (VA 1°2
(—kok"s T2 ki +k

694
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k(z)kzs2 . Sor sir
_20% %1 yginh 228 cosh -
T(k1+k))sm 2 2 "
Bk kok?
g oy e T sinhn(0-0) (49

Having matrices a, $(0), y(6) and 6(6,0) we can calculate
the value of the Lyapunov functional (34) for arbitrary initial
function ¢.

The value of the performance index (32) is equal to the value
of the Lyapunov functional (34) at initial function (35). After
computation we obtain

0 0
_ (M Tk
J= <k1+k> (X11+/ﬁ11 d9+//311(9,0')d6d9 +
6

—r

ko ki +k
20
T\’ wo+t i /
— d
+<lo+ ko) 0622+< T rk (0+r)d6+
—r
0 .
/(9+r)<R (1—6 T)+zoe T+k> de (50

—r

0
Tzo\ Wo+ 2
- (ioJrZO) % 20612+/ﬁz1(9)d9 +

The last term of formula (50) does not depend on parameter
k and therefore it can be omitted because it has not an effect
on the optimal solution only on the value of the performance
index.

After calculations we obtain

2
14+r WO“";%O 5 2 ko
J= 0 -
w ( ki +k {(oy SZ)(T251S2+

ko(ki +k)>  K3(ki—k)  4kdkik
+0(1+)+0(1 ) 1

5152 Ts1s2 T4s1s2
4k k 2Kk
o1 ox ’ )smh "sinn 20
TS1S2(k1 — k) T2S1S2(k1 + k) 2 2

k 262k kolky +k)2  4kkik
(k1S1+kS1*07s2* o1 _ kolki +) 013
Tsy T32s; Tsy T3s

2kok1s1 s? 2k2k2 (s1 — s%)
T(ki+k) k+k Tsy (ki +k)

) si nh700 h%—i—

k3K r(s3 —53)
T2s153
kos?  2k3k +1<0(1q+k)2+

ks, —k —_—
H(kisy —ksy + Ts» + T2s, Tso
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4kgkik  2kokisy s 2k3K*r(st—s3)

353  T(ki+k) ki+k  Tsa(ki+k)
2U3K>r(s3 —53) sor s1r ko
208 L 2 Ginh 22 cosh —— + T'(s% —

255 )sin 5 cosh—=-+ (st sz)(T
1 2k r Sor
hy +k+ 0~ )cosh L co hi}+

T2(ki+k) = T4s3s3 2

C242r ; Tzo wo+ 32 k2 (k) —k)(s3 —53)
W ko ) ki+k b T2sisy(ky +k)

sor K 2kik kos
h —-sinh—-
w sinh “ gin +( s, T2 T T2 10

M e e B 2
Tsq(ky +k) 2 2 T3sy T35,
koso Zk%ks% L8 s1r
_ _ h22 cosh 1o
2tk Toth " 3 cosh 5+
k (s 53) sor
cosh—co h— +
T (ki +k) J
) 51 SZ)<T251s2
Ts1s2 sir Sor kg
h— h—
+k1+k) sin +(— T3s1+
Kki(s? —s3)  kZk(1 —2Tkok
FThosd + -2 1(s1—53) 4+ ( . ok1)
S1 T<s1
ks Tkos1s3 (ki — k) Sor
_ hi hi
T2(ky + k) k) sinhcosh o
ke 5 kEki(s3—s3)  K3k(1—2Tkok:)
0 TR _
+(T3S2 053+ 52 T2s,

_ k(z]sz TkoS%SQ(kl — k) ) SinhL hy
T2(ky +k) ki +k 2 2
+(s? — 53) (ko + kig)coshy coshg}Jr

FRN0 T T (k1 k) 2 2
wo + ]ZTO 2 r2
+ ) =
ki +k 2
Formula (24) implies
p=1Lk

+

(D

(52)

We will search for optimal gain p,, which minimizes the
performance index (51).
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IV. OPTIMIZATION RESULTS

We will make the parametric optimization for the separately
excited D.C. motor Siemens 1GH6 size 225, the catalog
number: 1GH6 226-ONA40-1VV3, which has the following

properties:

Rated speed ny = 745 rpm

Rated angular velocity oy = 77,98 rad/s
Rated armature voltage ug =420V

Rated output Py = 96 kW

Rated torque my = 1230 Nm

Maximum field weakening speed nf,, = 2020 rpm
Rated current iy =264 A

Efficiency 1 = 85%

Armature circuit Resistance R = 180 mQ
Armature circuit Inductance L =4,71 mH
Rated field voltage 310 V

Field power Pfip1q = 2,9 kW

Moment of inertia of the rotor J, = 2,2 kgm?
Mechanical limit speed 7., = 3000 rpm
Now we can compute the value of parameters:

km = 4,659, k. =4,777, m; = 10871 Nm, wo = 89172, k; =

1014, T =0,0262, k =212,31p
We suppose that ip =0

The terms (9), (20) and (21) imply r = 0,02621In 87 ;=

0871—z5°
0,1220658

Im

— i

and zg = 7
m

Moment of inertia J,, must be greater than moment of inertia

of the rotor J,. The relation J,, > J, = 2,2 kgm2 holds.
We will search for optimal gain p,, for varies z; and J,,.
Optimization results are given in Table I to Table III.

TABLE I: OPTIMIZATION RESULTS FOR z, = 2000 Nm AND r =0,0053 s

it)

1400

1200

1000 [

800

600
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Zs=2000, Jm=3, r=0,0053, Popt=7,9336

0 0.05

01 015 02 025 03 035 04 045
t

0.5

Fig. 2 The current for the optimal gain and Zs=2000 Nm

45

Zs=2000, Jm=3, r=0,0053, Popt=7,9336

[ Jn [kgm?] [ Popt [ current [A] [ angular velocity [rad/s] ]
3 7,9336 4339 27,0403
7 114522 | 4381 21,0067 e
5 14,9698 4345 17,1196 ®5 005 01 015 02 02 03 035 04 045 05
6 18,4862 427,1 14,5021 t
Fig. 3 The angular velocity for the optimal gain and

TABLE II: OPTIMIZATION RESULTS FOR z; = 2500 Nm AND r =0,0068 s

[ Jn [kgm?] [ Dopt current [A] [ angular velocity [rad/s] ]
3 5,4370 536,7 31,6613
4 8,1505 536,5 25,0115
5 10,8613 536,1 20,6776
6 13,5706 535.8 17,6289 1500

TABLE III: OPTIMIZATION RESULTS FOR z; = 3000 Nm AND r =0,0084 s

[ Jin [kgm?] [ Popt [ current [A] [ angular velocity [rad/s] ]
3 37338 | 6439 35,7305 1000
4 5,9088 643,9 28,4575
5 8,0799 643,9 23,6523
6 10,2488 643,8 20,2389 =

7Zs5=2000 Nm

Zs=2500, Jm=3, r=0,0068, Popt=5,4370

The values of the optimal gains of the P-controller were
obtained by means of Matlab function fininsearch. Current and
angular velocity values given in Table I to Table III denote
steady state values.

Fig. 2 to Fig. 7 show the current and the angular velocity for 0 ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘
optimal value of the gain of the P-controller and for varies 0 005 01 015 02 025 03 035 04 045
value of the mechanical torque z; and for fixed value of ‘

moment of inertia J,, = 3 kgm?.

500

0.5

Fig. 4 The current for optimal gain and Zs=2500 Nm
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Zs=2500, Jm=3, r=0,0068, Popt=5,4370
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Fig. 5 The angular velocity for optimal gain and Zs=2500
Nm
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1400 Zs=3000, Jm=3, r=0,0084, Popt=3,7338

1200

1000

0 005 01 015 02 0.25

t

03 035 04 045 05

Fig. 6 The current for optimal gain and Zs=3000 Nm
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Fig. 7 The angular velocity for optimal gain and Zs=3000
Nm
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Analyzing graphs on figures we can see oscillations with big
overshoot. The overshoot is less for greater mechanical torque.
Oscillations are typical for performance index of type integral
of squared error.

V. CONCLUSIONS

In the paper a new model of a separately excited D.C. motor
was presented. The parametric optimization problem for a new
model of a separately excited D.C. motor with a P-controller
was considered. The general quadratic performance index
was used. The value of the quadratic performance index was
determined by means of the Lyapunov functional using Repin’s
method. The optimization results for the separately excited
D.C. motor Siemens 1GH6 size 225 were given. Author
intends to develop results of that paper for the control system
with PI-controller. It is important to find the performance index
which enables less overshoot of oscillations.

ACKNOWLEDGMENT

I thank the associate editor and the reviewers for their
suggestions, which have improved the quality of the paper.

REFERENCES

J. Duda, “Parametric optimization problem for systems with time
delay,” PhD thesis AGH University of Science and Technology,
Poland, 1986.

J. Duda, “Lyapunov matrices approach to the parametric optimiza-
tion of time-delay systems,” Archives Control Sci., vol. 25, pp.
279-288, 2015.

J. Duda, ” Lyapunov matrices approach to the parametric opti-
mization of a neutral system,” Archives Control Sci., vol. 26, pp.
81-93, 2016.

J. Duda, “Lyapunov matrices approach to the parametric optimiza-
tion of a system with two delays,” Archives Control Sci., vol. 26,
pp. 281-295, 2016.

J. Duda, “Lyapunov matrices approach to the parametric optimiza-
tion of a time delay system with a PD controller,” Proceedings of
the 2016, 17th International Carpathian Control Conference, pp.
172 - 177, 2016.

J. Duda, “Lyapunov Matrices Approach to the Parametric Opti-
mization of a Time Delay System with a PI Controller,” Proceed-
ings of the 2016, 21st International Conference on Methods and
Models in Automation and Robotics, pp.1206-1210, 2016.

J. Duda, “Lyapunov matrices approach to the parametric optimiza-
tion of a neutral system with two delays,” Math. and Comput. in
Simulation, vol. 136, pp. 22-35, 2017.

J. Duda, “The Lyapunov functionals for time delay systems,” AGH
University of Science and Technology Press, Series: Dissertations,
monographs 319, ISSN 0867-6631, ISBN 978-83-7464-899-8,
2017

V.L. Kharitonov, “Lyapunov matrices for a class of neutral type
time delay systems,” Int. J. Control, vol. 81, pp. 883-893, 2008.
V.L. Kharitonov, “Lyapunov functional and matrices”, Annual
Reviews in Control, vol. 34, pp. 13-20, 2010.

V.L. Kharitonov, “On the uniqueness of Lyapunov matrices for a
time-delay system,” Syst. and Control Lett., vol. 61, pp. 397-402,
2012.

I.V. Medvedeva, A.P. Zhabko, “Synthesis of Razumikhin and
Lyapunov-Krasovskii approaches to stability analysis of time-
delay systems,” Automatica, vol. 51, pp.372-377, 2015.

G. Ochoa, V.L. Kharitonov, S. Mondie, “Critical frequencies
and parameters for linear delay systems: A Lyapunov matrix
approach,” Syst. and Control Lett., vol. 62, pp. 781-790, 2013.
Yu. M. Repin, “Quadratic Lyapunov functionals for systems with
delay,” Prikl. Mat. Mekh., vol. 29, pp. 564-566, 1965.

J.E. Velazquez-Velazquez, V.L. Kharitonov, “Lyapunov-Krasovskii
functionals for scalar neutral type time delay equations,” Syst. and
Control Lett., vol. 58, pp. 17-25, 2009.

[1]

[2]

[3]

[4]

[5]

[6]

[7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]





