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Control Examples

Notes — examples 1&2 on pages 55-58
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Example 1: How to use Routh-Hurwitz

The characteristic equation of a system is:

253 + 452 +45+4+12=0

Is the system stable or unstable? If it is unstable, how many roots lie in the
right half of the s-plane?¢

15t Criterion: Are all of the coefficients aq, a4, ... .a, non-zero?

Do they have the same signe

The answer is yes: on to criterion 2
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Example |

« Creating the Routh Array foW@@ 0

5? 2 J 4 0

52 4 12 0
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Example |

« Creating the Routh Array for: 2s3 + 4s? + 4s+ 12 =0

s3 2 4 0
s? C4) \® 0
5 Ax4—2x12

~ 4
$0
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Example |

« Creating the Routh Array for: 2s3 + 4s? + 4s+ 12 =0

53 2 >—1 4 L0 >
s o> 12 1 0 >
s _le—24 | _4x0-2x0_ 0

4 4
SO
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Example |

« Creating the Routh Array for: 2s3 + 4s? + 4s+ 12 =0

s3 2 4 0
52 (4 12D 0
S @ C 0 0
s? 12 o) o)

« Two sign changes in the left column: system is unstable with two positive roots
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Example 2. Adventures in stability

A ‘Three term controller’ has the following Transfer Function:

0.(s)
0 (s) B

* Where T, = Derivative time and T; = Integral time or Reset Time.

1
14T, —
+ DS + TiS

20

« This controller is used to control a process with Transfer Function:
6y (s) _ 4
0.(s) [s2+ 8s + 80]

« Unity feedback is used.

« Ifintegral action is NOT employed, find the value of T, required to give a closed loop damping ratio of
unity.
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Block Diagram

0;(s) +
—

1 4
20[1+TDS+T_iS] -

[s2 + 8s + 80]

« If you really enjoy algebra ...

© 60(s) = (6; — 6,)20 [1 + Tps +

1
1+T —
Bo(s) [ +Tps+

T;s|(s?+8s+80)

1 ] 4
T;sl (s2+8s+80)

80 1
80[1 +TDS+T_iS

6;(s) 1
i 1+[1+TDS+T.5

is1(s%+8s+80)

80 (sz+85+80)+80[1+TDs+TL‘S]
L

6o (s)

60(s)
G G1(s) L G2(s)
G1(s) = 20 [TDs +14 Fls]
4
GZ(S) = [s2+8s+80]
o (s) = (8; — 0p)G1(s)G2(s)
00 (s)(1 + G1(s)G2(s)) = 6;(s)G1(s)G2(s)
1 80 1
0o(s) _  G1(s)G2(s) [1+TDSTTis (s2+8s+80) 80[1+TDS+T_is]

6i(s)  1+G1(s)G2(s) 1+[1+TD5: L 80 (52+8s+80)+80[1+TDs+Ti_S]
l

T;s](s2+8s+80)




HnnnnnInnnnnnnInnInnnnnnnnnnnnnnnnianannIninimnm

Block Diagram LT a1 | 62 TL

© G1(s) =20 (Tps + 1+ —

Ts

4
’ GZ(S) - [s2+85+80]
* 0o(s) = (0; — 0p)G1(s)G2(s)
* 0o(s)(1+ G1(s)G2(s)) = 0,(s)G1(s)G2(s)
o1 80
. Bo(s) _ G1(s)G2(s) _ [1+TDSTTis (s2+85+80) _ 80[1+TDS+Tiis]
6i(s)  1+G1(s)G2(s) 1+[1+TDS+T1iS (52+22+80) (52+85+80)+80[1+TDS+TLL_S]
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If integral action is NOT employed, find the value of T, required to give a
closed loop damping ratio of unity.

0o(s) 80[1 + Tps]
0;(s) (s2+8s+80) +80[1+ Tps]

Only the denominator is of concern here:

s? 4+ (8 +80Tp)s + 160 = s2 + 2yws + w?

w? =160 w = 4410

cy=1 2ws = 8V10 = 8 + 80T)
o T, = 208 _ 1071 55900
80 10
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If this value of Tj is used, determine the minimum value of T; that can be
used if the system is fo remain stable.

1
90(5) ~ 80 ll + 0.216s + ﬁ]

0:(s) (52 + 85 + 80) + 80 [1 +0.216s + Tisl
l

Denominator (characteristic equation) is given by:

sz+(8+80><0.216)s+160+%=0

s3 4+ 25.285% + 160s + 8%/, = 0

Time to use Routh-Hurwitz



i i il
° §3425.285% + 160s + 80/ = 0

e Time fo use Routh-Hurwitz

s3 ] 160 o)
52 25.28 80/, 0
l
S b1 O O
s0 80/T- 0 0
l
80
@0y — aas 25.28 X 160 — 7 o 3165
1 a, 25.28 T,
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s3 ] 160 0
s? 25.28 80/Ti 0
> 160 — 3';1_65 2 e
s 80/Ti 0 0

For Stability: No change of sign in column 1.

80Ti=0 Ti>0

160 — 3.165/T; >0 i.e. T,>0.01978

If T; < 0 then there is one root in the right half of the s-plane

If 0 < T; < 0.01978 then there are two roots in the right half of the s-plane
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* When the values of T, and T; calculated above are employed, determine
the nature of the fransient response of the system to an arbitrary input.

« Characteristic equation is now:

80
0.01978

o s34+ 25.285%2 4+ 160s + = 53 + 25.285% + 160s + 4044.49 = 0

« Af the margin of stability, this will have two imaginary roots and one real
root:

e s34+ 25.285% + 160s + 4044.49 = (s + a)(s? + w?) = s3 + a s + w?s + aw?
o« 0=25.28

w =+vV160 = 4v10 = 12.65
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Visualisation of root locus
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b = —13.5593220339
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System response to a step input:

desmos

= Untitled Graph

'S & « '
| |

y=5(1—exp(—25.28x) )+3sin(12.65x) {
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