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i Section 4: Drawing open-loop Bode plot

Example A given open-loop transfer function is

K
G(S)H(S):S(TIS+1)(TzS+1) (1, >T,)

It Is series-wound with a amplifier element, a integral
element and two Inertia element. The corresponding
frequency character is

G(jo)H (jo) = R

jo(To +1)(jT,0 +1)
Magnitude and phase character are

G(jo)H (jo)|=

K
(jo)(T,@)* +13(jT,@)* +1
ZG(jo)H (jow)=-90° —arctgT,w — arctgT,w
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Section 4: Drawing open-loop Bode plot

1) Open-loop log magnitude frequency character
Uw)=L(0)+L(0)+L(o)+L(w)
—20IgK —201g—201g,/(T,w)* +1-201g\(Ty00)° +1
=L (0)+L,(0)+ L (0)+ L,(®)

Open-loop log phase frequency character
A@)=@(0)+@(0)+@(0)+¢ ()

=0°—90 —tan' 1/{(Tw)* +1 —tan' 1/, (G,w) +1
2) Draw open-loop log magnitude and phase
frequency character. (See Blackboard)
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Steps:

® Analyze the components of system, transfer the
transfer function of typical element into standard
forms.

The constants in transfer function of typical element
are 1.

@ Calculate PANr# @ though proportion element.

@ Find the point A with abscissa equals ,and
ordinate equals. Sketch a beeline
though point A with the slope equals -20vdB/dec. v

Is the number of integral element.



i Section 4: Drawing open-loop Bode plot

@ Calculate the angle frequency of typical element, and

arrange them from low to high corroding angle frequency.

Change the slope corroding following principle:

Shift -20dB/dec when

nass a first-order Inertia element;

Shift 20dB/dec when pass proportion

derivativeelement;

Shift -40dB/dec when pass a second-order vibrate

element.

® Revise the approximate if needed. 6



4. Minimum and non-minimum phase system

(1) When these is not poles and zeros on the right side of s-
plane in open-loop transfer function, it is a minimum phase

system. K(Ts+1)
s(Ls +1)(1;s +1)
(2) When these are some poles or zeros on the right side of

s-plane in open-loop transfer function, or contains e's, it
IS @ non-minimum phase system.

Gy(s) = —— =D

AOE

s(s+1)(Tys +1)

Generally, a non-minimum phase system is generated from two
reasons: these are some non-minimum phase components
contained in system, or some unstable loops. !



(3) Minimum phase system has the minimum
phase In two systems with the same magnitude.

| and [€XEY] have
!

| Same magnitude frequency

' character. JI+TFo™ )1+ T, @)

K1+ T2 0?
A(w) = =

¢, (w) = arctan 7, — arctan T, — arctan 7,
NG,

@, (w) = arctan —— —arctan 7, — arctan 7,

| Obwously, the variety of phase in minimum :
' phase system is minimum. 18
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When o =<0, the phase angle is -90° (n-m), the slope of log
frequency character is —20(n—m)dB/dec. Minimum phase
system could be determinant though this method.

A certain relationship Is between log magnitude and phase
frequency character. For a minimum phase system, the
phase frequency character could be confirmed when the
magnitude frequency character Is given.

Non-minimum phase system has a large lag of phase angle
In high frequency. The transient performance is pool and
the response speed is slow.



Section 5: Nyquist stability criterion

1. Basic concepts: Judge stability of closed-loop system

though open-loop frequency character
Nyquist criterion:

Z=P+N
P ——The number of poles of G(s)H(s) on right side of s-plane;

N ——When w varies from - to + oo the time of G(Jw )H(j w)
circles (-1, J0O) on clockwise;

Z ——The number of poles of closed-loop system on right side
of s-plane.

: The necessary and sufficient condition of stabile
I closed-loop system is: Z=0



i Section 5: Nyquist stability criterion

N': When ® varies from 0 to +<=, the time of
G(jw)H(w) circles (-1, j0).

Z=P+2N=P +N
If these Is no poles of open-loop transfer function
on the right side on s-plane, P = 0, the necessary
and sufficient condition of stable closed-loop
system Is N=0.

11



Section 5: Nyquist stability criterion

Example: Open-loop transfer function of a system is: 4

Im

@ =0

G(jw)H(jow)=—

Jao—1

G(s)H(s) = il (a>0) ¢
o
Obtain the stability of system. /\
Open-loop frequency character is \J
-1

when @ =-—jo —>—j0—>+;0—> +jw
The magnitude and phase curve is shown:
For these iIs a open-loop pole on right side of s-plane, P=1.

0w = Re

The Nuquist curve circles (-1, JO) one time on counter-clockwise,

N=-1.

From Nyquist criterion, the number of closed-loop system poles
on right side of s-plane is Z=P+N=1-1=0. So the system is stable.



i Section 5: Nyquist stability criterion

2. Integral element existed in open-loop
transfer function

Assistant curve: On s-plane, draw an arc with
origin as the center and a infinite radius. The
radius begins from the point with angle v .X90°,
though 0° clockwisely, ends at the point with angle

-v.X90 .
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i Example judge the stability of system

K (s—1
G(s)H (s) = (s =1) K >0
s(s+1)
Draw a curve trom +j 0 to +] ¢e. Based on symmetry,

draw G(] w)H(] w) curve from -j 0 to -j o,

G(j)H (jo) =20~ D
______ [o(jo+]1)
rFrom figure, the Nyquist |
curve of G(s)H(s) circles (-1, jO)]
one time clockwisely, N=1. |
For P =0, |




3 A Kkind of simple Nyquist stability criterion

(1)
G(j w)H(j w) curve is symmetrical with real axis. Draw @ = 0 — ©
only.

cepts of positive and negative cross

The “cross” means cross the section of (=1, -0 )

Positive cross: Cross this section from upside to downside one time (phase
angle increase), demoted with N_ .

Negative cross: Cross this section from downside to upside one time

(phase angle decrease), demoted with N Lo

g 1m t Im

(-1, jO) Re /4 (-1, jO) Re

| > |

T o = ;

Positive cross Negative Ccross

>
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Section 5: Nyquist stability criterion

¥

A
Im

G(jo)H(jo)

(_19 ]0) 0 Re

N=I N =2

16



* Section 5: Nyquist stability criterion
I

G(J w )H(J w ) begins or ends at negative axis
on the left of (-1,J0), and the cross time is a
half (a half positive cross or a half negative
Cross).

SR

G(jo)H(jw) G(jo)H(jo)




These are 2 open-loop poles on right side of s-

plane, judge the stability of system.

These are 2 open-loop poles on the right side of s-plane (P=2),
curve of G() w)H( w) have 2 positive crosses and a negative
cross on the negative real axis on the left side of (-1, JO).

Forr N =N,-N_=1-2=-1

i Example: The curve of G(j w)H(j w) Is shown.

e A, P=2

1 Obtain: :

| Z=P+N=2-2=0 ' m

 The systemis  '—\—{—— T
' stable. : 170 Re

G(jo)H (jw)




i 4. Nyquist criterion on Bode plot
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Unit circle Odb line
Inside of unit circle Under O0db line
Outside of unit circle Above 0db line
Negative real axis -180° line

The positive cross (or negative cross) of Nyquist plot is
equal to when L( » )>0db, phase frequency
character cross -180° line from upside to downside
(or downside to upside).
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i Section 5: Nyquist stability criterion

According the definition of Nyquist criterion
In pole coordinate, the Nyquist criterion in log

coordinate Is:
Z=P+N

When « varies from 0 to e and the open-loop log
magnitude frequency character L( » )>0, the cross time
of phase frequency character ¢ (®) on -180° line:

(Positive cross N+) — (Negative cross N-) = N/2

21



* Section 5: Nyquist stability criterion

mple: These are two open-loop poles on right
side of s-plane (P=2)

N.- N=2-1=1 notequals P/2 (=1)
The system iIs unstable.

22



5. Application of Nyquist criterion

E ple: Analyze stability of system though Nyquist
criterion. The open-loop transfer function is
K(T,s+1)
- T >T
G(s)H(s) W(Ts+1) (I, > T,)
The frequency character is :
G(jo)H (jo) =2 D
jo(jTio+1)
| o KJ(w)* +1
G(jo)H(jo) = -
a)\/(Tla)) +1

-1 0 -1
p(w)=tan T,w—90" —tan T,w
Confirm the start and end points of magnitude and phase curve.
It is very important to draw the correct curve for judging system

stability.

Analysis on blackboard 23



control system

i Section 6: Relative stability of

Concept of relative stability

In engineering application, the system parameters would
change, and the stability of system would be disturbed.
When we design the system and set the components
and parameters, we should consider not only stability,
but also the degree of stability. This is the relative
stability of automatic control system.

24



control system

distance of open-loop frequency character
G(jw)H(Jw) and the (-1,j0) on GH plane is use to
describe the stability degree of close-loop system.
Generally, the distance is bigger, the system is more
stabile.

1. Phase margin

i Section 6: Relative stability of

..................................... \G(]a))H(]a))zl

Phase margin: The phase angle through which the G(jw)H(j )
locus must be rotated so that the unity magnitude point will
pass through (-1,0) point in the GH plane, denoted as Y .

25



Positive phase
margin

G w)

. | Phase margin:

— >

Re

'-180°

'When y >0, phase margin is ¢ -
| positive, and the system is |-

I stable.

v =0p(0,)-(~180°)=180° + p(0, )

dB
A L(W) Positive gain

maygin
Wy .

Kg>0 W

0

Positive phase
margin



. | Phase margin:
1-270°

IWhen y <0, phase margin |s:
: negative, and the system
1 Is unstable. |

Negative
phase margin

27



2. Galn margin

n phase cutoff frequency o  (w >0), the reciprocal
number of open-loop frequency character is the gain
margin of control system, denoted as K,

K =
G, o,

Described in dB

K, (dB)=201gk, = -201g|G(jo, )H(j, ) (dB)

When K >1, gain margin is positive, the system Is stable.
When K <1, gain margin Is negative, the system Is
unstable.

Generally, phase margin is 30° to 60° , gain margin is
bigger than 6dB. 28




Positive gain

marg&

N,
1 kg

Bf W,

| |
[GH]
= -
Re

.Galn margin:

| When Kg >0, gain margin is l
' positive, and the system Is .

1 Stable.

-180

AL(W) dB

Positive gain
mayggin
A >

Kg>0 W

-270°
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Positive gain
mar%jin

Negative gain

L G fron s

g0

o
) 5

=

. | Phase margin: I.180

IWhen y >0, phase margin |s' -270°
positive, and the system is |

. stabile. :

'y =gp(0,)-(-180°)=180" + p(w, )
_________________ ! 30

Positive phase margin



control system

i Section 6: Relative stability of

Conclusions: Generally

When the slope of L(® ) is -20dB/dec, the system is
stable.

When the slope of L(® ) is -40dB/dec, the system
could be stable or unstable. If stable, y is small.

When the slope of L(® ) is -60dB/dec, the system is
unstable.

For the requirements of relative stability of system,
the slope of L(® ) on ® . would be -20dB/dec.
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though frequency character
Review: steady-state error of system

iSection 7. Analysis system performance

Unitstep  Unit ramp Unit_para}[bolic
System Error input input inpu
type coefficient 1
Kp, K, K, F(t) = u(t) V(t) =1 r(t) — Etz

1
O K 0 0 T
7 K O 0

1
K
17/ K 0 0O

1

1. Steady-state error is related with input and system structure.
2. Decrease or eliminate steady-state eror:

a. Increase open-loop amplifier coefficient K; b. Increase the
type of system. 32



i 1. Low frequency section
Kel®oint: Obtain steady-state error coefficient of log frequency

character
1. Type 0 system
The open-loop frequency character of a system is
Gljo)=—— t L@
jTo+1

At low freguency section (® —0), the
magnitude Is

Llw)=20K =20igk, K=K, -

: Conclusion: The slope of type 0 system iIn Iow:
'frequency section Is 0, with the height 20lgK.. K Is the:

| steady-state position error coefficient. 3



TL 1. Low frequency section

2. Type | system AL(w)
The open-loop frequency character is: 20

. G
G(J CO) 201 TK

](D(](DT+1)

0 o=k
The magnitude frequency character is v T

1) Log magnitude frequency of type | system

Slope of character curve in low frequency section is -20dB/dec.
The magnitude of cross point of the curve (or its extension)
with w=1is 20IgK,,. Prove:

When w =1 201g & =20IgK,
jo

w=1
34



i 1. Low frequency section

2) The cross point frequency w,, of the start
section (or Its extension) with slope -
20dB/dec and 0dB equals K. Prove:

K
0lg>| = 0(dB) [——|=!
j&) A= ]Cf)v
Then

35



A
iu_ow frequency section | L(w)

(3) Type Il system  20lgK ==

, Kl\joTl +1

G(]a)): (J. 2 ) -
(jo) 0w=1 T w=lK

1) For type Il system, the magnitude of cross point of

low frequency section (or its extension) and w=1
equals 20IgK. Prove:

The frequency character of type II system In low
frequency character is

G (jo)= (Jw) (w<<1)

When w=1 201g =201gK

( ] C())2 ol 36




1. Low frequency section

2) If the frequency of cross point of start section (or its
extension) with slope -40dB/dec and 0dB is w_, the value equals
sgrt of K. Prov K

For 201g (]a) )2

K p— a)z a)a — '\/Ka
=Obtain ¢

Increase the magnitude of low frequency section of open-loop
frequency character or increase the absolute value of slope of
low frequency section (increase system type) could decrease
system steady-state error.

Conclusion: Generally, low frequency section of open-
loop frequency character dominate the steady-state
performance of closed-loop system. >

=0 (dB)
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