Practical class 8
Topic: Check of ACS on stability by Hurwitz, Mikhailov and Nyquist criteria

I. Check of Dynamic System on stability by criterion Hurwitz

The algebraic criterion of stability Hurwitz applies to the closed systems.
However we know transfer function W (s) of open-ended (open-look) ACS.

The integrated Algorithm

1. It is necessary "”mentally" to close system by unit negative feedback, to find
transfer function of the closed system under the formula:

Wopen (S) .
1 +Wopen (S)

2. Write down the characteristic equation of the closed system:

Wel (s) =

as" + a;s"t+ ...+ a,4s+a,=0.

3. Make the determinant Hurwitz of factors of the characteristic equation as
follows:

4 @ a 0]
@ @ a 0
An#)=10 a a 01> 0, where n-order of system.
0 a4 q 0
00 0 .. a

4. From the formulation of criterion of stability Hurwitz follows, that at ag > 0
for stability of system it is necessary and enough, that A;=a;>0,

q 4 4 & G
A2= a a >0, A3: a a a |>0 etc.

0 a g
5. We carry out the analysis and we find conditions which it guarantees stability
of closed system according to criterion Hurwitz.

Example Check up dynamic system on stability by criterion Hurwitz if the
transfer function of open-ended ACS is given of the following kind:

2 ,Where K>0, T)>0 V i=1,3.



Algorithm and solution

1. The transfer function of system closed unit negative feedback is determined:
K(T,s+1)
Ts(Ts+1)° + K(Tys+1)

Wl (s) =

2. The characteristic equation of the closed system enters the name:
Qu(S) =Tas (Tis+1)* + K(Tos+1) =0
T12 Tas® + 2T, Tas? + (T + KTy)s + K= 0,

3) Make the determinant Hurwitz of factors of the characteristic equation as
follows:

ao=T1"Ts; a=TiTs;  a=Ta+KTy; a;=K;
@  a  a 21T, K 0
AB®)=|a a a, |>0 A=|T/T, (T,+KT,) 0|[>0.
0 a q 0 21T, K

4. The condition of stability is checked according to the formulation of
criterion Hurwitz n:

ap=T:’T5>0, as on a condition is given Ti>0 Vi=13;
A1=a;=T;T3>0, as on a condition is given Ti>0 Vi=1,3;

27T, K
A2: 2 > O
'y (I, +KT)

2Ty Ta(Ta+KTy) - KT:°T3>0
2T,
<
Tl - 2T2
The answer: this closed system is steady on criterion Hurwitz at performance of
the conditions (*) and (**).
The note: Az it is possible to not calculate, as soon as is found (*) and (**) the

parity between factor of amplification and constant time, i.e. K and 7; (V i=1,»), at
which the system is steady on criterion Hurwitz.

K , (*) and T{>2T, (**),as K>0.

I1. Check of Dynamic System on stability by criterion Mikhailov

The frequency criterion of stability Mikhailov applies to the closed systems.
However we know transfer function W (s) of open-ended (open-look) ACS.
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Definition: For stable closed-loop system of any order it is necessary and
sufficient, that hodograph curve of vector D(j®), which defines Mikhailov curve,
meets the following requirements:

a) starts at positive real axis;
b) sequentially passes “n” quadrants;

c) have an angle of rotation ¢ = n% (frequency changes from 0 to infinity);

d) goes to infinity in nth quadrant where “n” is the order of characteristic
equation.
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Fig. 1 — Hodograph curve of a stable Fig. 2 — Hodograph curve of an
ACS unstable ACS

The integrated Algorithm

199

1. It is necessary "”mentally" to close system by unit negative feedback, to find
transfer function of the closed system under the formula:

Wopen(s)
1+W0pen(s) .
2. Write down the characteristic equation of the closed system:

Wel (s) =

as" + a;s"t + ...+ a5 +a,=0.

3. Break the analytical equation of a curve of Mikhailov on real and imaginary
parts:

D(jw)=ReD (jw) + ImD (jw).

4. Construct a curve of Mikhailov on control points; make conclusions about
stability or instability of the given system.

Example. Check up dynamic system on stability by frequency criterion
Mikhailov, if the transfer function opened ACS is given of the following kind:



W (s) = KTstD - 'where K>0, T>0 Vi=13.
T,s(Tys+1)

Algorithm and solution

1. The transfer function of system closed unit negative feedback is determined:

K(T,s+1)

Wel (s) = TS(T,s+1) +K(Ts+1)

2. The analytical equation of a curve of Mikhailov write following:
Qy(s) = Tss (Tys+1)*+ K(T,s+1) = 0 - characteristic equation;
D(jw) = Ti® Tss® + 2T, Tss” + (Ts+KTo)s + K =/ s=jowf

= - T2 T30 - 2T T30 + j(Ta+KT) 0 + K= K - 2T1 T3 + j[(Ts+KT,) @ -

- T Ts0'].
3. The analytical equation of a curve
Mikhailov's is broken into real and imaginary Jm
parts: @2 .
Re D(jo) = K - 2T Tsa; @=7
Im D(jo) = (Te+KT) w- T Tz, / \
s 0 070
® | ReD(jw) | ImD (jw) /
0 K 0 @20
N =3
I K-2 K
oo - o0 - 00

Conclusion: the system is steady, as hodograph of Mikhailov begins on a
positive real axis (coordinate of a point (K; j0), K>0 on a condition), consistently
passes space mo<m;<m,<wms and leaves in infinity in 11l a space, that coincides with
the order of system n =3.

I11. Check of Dynamic System on stability by criterion Nyquist

Criterion itself: if the point with coordinates (—1,,0) in complex plane is not

contained within an interior of the GPhFC curve of an open-loop stable dynamic
system, then the corresponding closed-loop system is stable (fig. 3 - 4).
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Fig. 3— GPhFC of an open system Fig. 4 — Hodograph of a stable system

This is a necessary and sufficient condition for stability of dynamic system with
unit negative feedback.
Example. Check up dynamic system on stability by frequency criterion Nyquist,
if the transfer function opened ACS is given of the following kind:

K(Tys+1)
Ts(Ts+1)°
Algorithm and solution

W (s) = where K>0, T>0 Vi=13.

1. We substitute in transfer function of the opened system s=jaw: W(S)|s = jo
K (T,s+1) . . K(+,T,o)
TsTotly [$=7@ =W (@)= p q' o g

2. We are exempted from ostensibility in a denominator; we break W(jw) into real
and imaginary parts.

W (o) = JK(+jT,0)1-jTw)  KI2T,0’+KQT,~T,)o+jK[1+T,T,~T)®*]
JO) = —T3a)(1+jTla))2(1—jTla))z = —T3a)(1+T12a)2)2 =

3 KT T, 03 +2T,-T,)0]  K[O+T,2T,-T,)w?]

T Ty T T+ e

4. We obtain curve W(jw) on control points:

@ ReW(jw) | ImW(jw)

0 0 -0

1 K K

_ _= _= Im

T 2 2

00 0 0

Conclusion: the closed system is steady =00 _

as AFH of the opened system does not cover a i 0 Re

point with coordinates (-1; j0), if K<2 (more @ =7

5

=0




: : 2T : .
precisely, if K < Tl_—3T2 and T,>2T, by Hurwitz's criterion ).

Task Check up dynamic system on stability by Hurwitz, Mikhailov and Nyquist
criteria if the transfer function of open-ended ACS is given of the following kind
(on variant):

Variants
1)

W(S) — M
CT,s(T2s%+1)

where k >0, T, >0, Vi=13.

2)
W (s) = k(T,s+1) ,
T,s(T,s+D(T;s+1)
where k>0, T, >0, Vi=13.
3)
k(T,s+1
W(S): — (T4 ) ’
T, s°(T,s+D(T,s+1)
where k>0, T, >0, Vi=14.
4)
W(s) = k(Tls+1)2'
T,s(T,s+1)
where k>0, T, >0, Vi=13.
5)
k(T,s+1
W(S)= — (T3 ) ,
T,5°(T,s+1)(T,s+1)
where k>0, T, >0, Vi=14.
6)
k(T,s+1
W)=
(T,s+1)*(T,s+1)
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where k >0, T,

7)

where k >0, T

8)

where k >0, T

9)

where k >0, T.

10)

where k >0, T,

11)

where k >0, T

12)

where k>0, T,

>0,

>0,

>0,

>0,

>0,

>0,

>0,

Vi=13.

Vi=13.

Vi=13.

Vi=13.

Vi=14.

Vi=13.

W (s) = kK(1+T,s)
C (1+T,8)(1+T.s)?

k
YO sy
W(s) - K(T,s+1)
(TS +DTs+1)?

Wi - ks +D
T,s(T,s+1)°%°

W(s) = K(T,s+1)
T,s(T,s+1)(T,s+1)’
W(s) - K(L+T,s)
Cs(T,s+1)2(T,5+1)



