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Figure 6.2
Common cause

of problems in
finding closed-loop
poles:

a. original system;
b. equivalent
system

R(s) + g E(s)

10(s +2)

s(s T 4)(s + 6)(s + 8)(s + 10)

R(s)

(a)

10(s +2)

)

s+ 2854+ 28453 + 123252+ 1930s + 20

(b)



Figure 6.3
Equivalent
loop

closed-

transfer function

R(s)

N(s)

a454 + a353 + azxz tastag




Table 6.1
Initial layout for Routh table




Table 6.2

Completed Routh table

ay ar ag
as aj 0
|44 a2 dq dg ay 0
ay dj — b aj 0 — b aj 0 — 0
as : aj 2 as
_|a3  aj as 0 as 0
by b, by 0 by 0
_ 0 =0
3 “l 3 b,
by by b, o‘ by 0
0 0
C1 0 _ dl C1 ~0 C1 — 0
Cl Cl C1




Figure 6.4

a. Feedback R(s) +8 E(s) 1000 )
System for A (s +2)(s+3)(s+3)

Example 6.1; T

b. equivalent (a)

closed-loop

system R(s) 1000 ) _

53+ 10s2 +31s + 1030

(b)




Table 6.3
Completed Routh table for Example 6.1

53 1 31
52 71 10630 103
_‘1 31‘ _‘1 o‘
K 11103 _ 11 o _,
_‘ 1 103‘ _‘ 1 o‘ _‘
" _7—272 2= 103 _—7722 2 =0




§° 1 3

¢4 2 6

.

3 /@/ o

\) € 2

6 _
52 €7 3
€

X 42€ — 49 — 6€° 0
: 12¢ — 14

50 3 0

Table 6.4
Completed Routh table for Example 6.2




Label First Column € = +

S5 1 +
5‘4 2 +
s B € 4
6e — 7
S2 € _
€
ol 42€ — 49 — 6€? N
‘ 12¢ — 14
SO 3 +

Table 6.5

Determining signs in first column of a Routh table with
zero as first element in a row



> 3 6
gt 5 3
53 4.2 1.4
52 1.33 l
5! ~1.75

SU l

Table 6.6
Routh table for Example 6.3




Table 6.7

Routh table for Example 6.4

$° 1 6 8

st 1 42 6 56 8

s> 1 & 3 00

52 3 8 0

st ! 0 0
3

50 8 0 0




s-plane
C X\ XcC
Figure 6.5
Root positions ) )
to generate even —* —¥ X—> o
polynomials:
A, B, C,
or any combination c X’ X
T B
A: Real and symmetrical about the origin —

B: Imaginary and symmetrical about the origin
C: Quadrantal and symmetrical about the origin



Table 6.8

58 1 12 39 48 20
s’ 1 22 59 38 0
s -1 ) W1 260 2 0
5 20 1 66 3 40 2 0 0
st 1 3 2 0 0
S| A2 o 63 a0 0 0
s % 3 2 4 0 0 0
5! ! 0 0 0 0
3
sV 4 0 0 0 0

Routh table for Example 6.5




Table 6.9 Summary of pole locations for Example 6.5

Polynomial

Even Other Total
Location (fourth-order) (fourth-order) (eighth-order)
Right half-plane 0 2 2
Left half-plane 0 2 2
jo 4 0 4

Table 6.9

Summary of pole locations for Example 6.5



Figure 6.6
Feedback
control system
for Example 6.6

200

C(s)

s(s3+ 652+ 11s+6)




Table 6.10
Routh table for Example 6.6

s 1 11 200
53 4 1 £ 1

52 W 1 200 20

s —19

sV 20




Figure 6.7
Feedback control
system for
Example 6.7

R(s) + E(s) 1 C(s)
o -
s(2s%+ 353+ 252+ 35 +2)




g 2 2
g4 3 3
4
3 /@/ _
\) € 3
€
| 126 — 16 — 3¢
g 9¢ — 12
0 1

Table 6.11 Routh table for Example 6.7




3 2
52 M €
1 2e — 4
s
€
§0 2

Table 6.12
Alternative Routh table for Example 6.7



Figure 6.8
Feedback
control system
for Example 6.8

128 C(s)
s(s7 + 350+ 1057 + 2454+ 4853 + 9652 + 1285 + 192)




Table 6.13

Routh table for Example 6.8

s 1 10 48 128 128
s A1 24 8 6 32 157 64

s© 27 1 A6 8 o4~ 32 128 64

5° P N7 3716 A7 4 32 O 070

st ,381/ 1 ;6:% 8 4 24

53 =8 —1 -4 -5

52 B3 24" 8

5! 3




Table 6.14 Summary of pole locations for Example 6.8

Polynomial

Even Other Total
Location (sixth-order) (second-order) (eighth-order)
Right half-plane 2 0 2
Left half-plane 2 2 4
jw 2 0 2

Note: thp = right half-plane, lhp = left half-plane.
Table 6.14

Summary of pole locations for Example 6.5



Figure 6.9

Jason is an

underwater, remote-
controlled vehicle that has
been used to explore the
wreckage of the Lusitania.
The

manipulator and

camera comprise

some of the vehicle’s
control systems.

Thrusters s miactc
2 rd T

Fiber-oplic
11'”.'1."

P el BCwRr .’.ru:.-
{ L= 3"" . Aluminum
1 = Tubular Frame
till Film ¥
e 1 { ,—}‘A 'ﬁ zan. Iurﬁ o Bas
R T Allimeter
_'e'l. ~ Telemetry Housing w /Lasers
.’..,‘,, 3 " Mamipralator Electronics Housing
Masipulator with |/ -'l 7 Computer Hinusing w/Gyro
Coring Toal /¢ .
‘ [ 2N \ " & de-Scan Sonar
‘I U Flazh for '-‘-_f‘: watt '-,_. Ekectrones Housing
S Sull Frotography  Lamps

f 1 of 8} Electronic Compais

Courtesy of Woods Hole Oceanographic Institution.



Figure 6.10
Feedback control
system for Example 6.9

K C(s) .
s(s+7)(s+11)




Figure 6.11

The FANUC Robot
M- 400 can be
configured for 4- or
5-axis of motion. It is
seen here

moving and

stacking boxes.

"" -
Courtesy of Fanuc Robotics.



1

77

[8

1386 — K

18

K

Table 6.15
Routh table for Example 6.9




77

§° 18 1386
sl X 36
sY 1386

Table 6.16
Routh table for
Example 6.9 with K = 1386




Table 6.17
Routh table for Example 6.10

s 1 30 200
5° 31 307 10

52 20 1 200 10

st L2 A7 0

sV 10




Table 6.18

Routh table for Example 6.11

53 1 —7
57 6 -3 ~57 —26
5! —%2 —1 A 0




Table 6.19
Routh table for antenna control

case study
5> 1 171
52 101.71 6.63K
s 17392.41 — 6.63K 0
sV 6.63K




Table 6.20
Routh table for UFSS case study

s 1 3.457 0.0416 + 0.109K;
s 3.456 0.719 + 0.25K,
% 11.228 — 0.25K; 0.144 + 0.377K,

—0.0625K7 + 1.324K, + 7.575
11.228 — 0.25K;

0.144 + 0.377K,

: Some rows have been multiplied by a positive constant for convenience.




Figure P6.1

R(s) s2+4s—3 Cls) _
s+ 453 + 8524+ 20s + 15




Figure P6.2

R(s)

§3+ 252+ 75+ 21

C(s)

§° — s+ 3533524+ 25—-2




G(s)

C(s) _

R(s) + % E(s)

Figure P6.3



Figure P6.4

18

§°+ 54— 753 —752— 18y

C(s) _




Figure P6.5

R(s) + 507 C(s)
@ s*+ 353+ 10s% + 30s + 169




Figure P6.6

R(s)

+ $ E(s)

K(S2 — 25 +2)

C (S).P

s2+2s+ 1




Figure P6.7

K(s+2)

C(s) _

R(s) + g E(s)

s(s+ 1)(s+ 3)

o)
+
@)

W
+
~




Figure P6.8

R(s) + g

1
s(s +2)s +3)




C(s)

die

s—1
s2+2s+ 1

Figure P6.9



R(s) P o+ K C(s) -

. l ?2
Figure P6.10 _ +
Closed-loop system 2z |-

| S
with pole plot

1 el
s+ 1
Jjo




Figure P6.11
Aircraft pitch loop

model
Commanded Controller Aircraft dynamics
pitch angle + K(s+1) s+ 10 Pitch angle
- -
_ (s +4.85) s2+0.6s+9
] |-

o



Figure P6.12
Block diagram of a
chemical process-control

system
Actuator Chemical
Desired Future PID - and heat
temperature controller Amplifier valve process Actual
set point l 0.7 temperature
K - - -
X s+0.4 52+ 1.7s +0.25
0.1
-
s+ 0.1
Temperature

SCNSsOor



Figure P6.13
a. Soft Arm
used for
feeding;

b. simplified
block

AiIniram

Courtesy of Kazuhiko Kawamura, Vanderbilt University.

Desired
spoon
position Controller
K(s +0.01)(s +6)

Rubbertuator
and load

s(s +20)(s + 100)

R(s) + %

10
2+ 10s+29

Actual
spoon
position

Cls)

(b)



Figure P6.14
Towed vehicle roll

control
Commanded Roll Actual
roll angle Compensator Actuator dynamics roll angle
Pc(s) + K(s +0.6)(s + 6) 200 500 O(s)

o i -

(s +0.1)(s + 100) s2+12s+ 100 s(s+6)




Figure P6.15

Cutting force control

system

Desired
force

R(s) +

—F

Actual
Controller Plant force
X 6 C(s
< 63 %10 (5) .

(s +30)(s + 140)(s +2.5)

© 1997 ASME.



© Japan Air Lines/ Photo Researchers.

Figure P6.16

a. A magnetic
levitation
transportation
system;

b. simplified block
diagram (©1998
IEEE)

Controller Plant

ZvinlS) + K (s +0.8)(s + 103) i 7570 shicnint
A 5 (s +62.61)(s — 62.61)

(®)




