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Table 7.2

Relationships between input, system type, static error
constants, and steady-state errors
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Figure 7.9

A robot used in

the manufacturing

of semiconductor
random-access
memories (RAMS)
similar to those in
personal computers.
Steady-state error

IS an important design
consideration for assembly-
line robots.
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Figure 7.23

Video disc laser
recording:

a. focus detector

optics;

b. linearized transfer
function for focus detector
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cam splitter L, recording
objective lens
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Differential
voltage
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Video laser disc
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system
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Table 7.1

Test waveforms
for evaluating
steady-state
errors of
position control
systems

Physical Time Laplace
Waveform Name interpretation function transform
r(1)
i
I . 1
Step Constant position | -
S
- !
r(1)
. 1
Ramp Constant velocity t =
A
| =
F(1)
. 1, 1
Parabola  Constant acceleration Ef =
\)




Satellite in geostationary orbit w

. Satellite orbiting at
F| g ure 7 . 1 constant velocity @
Test inputs for steady-
state error analysis and Accelerating
missile :

design vary with target
type
Tracking system @



Input ‘

<— Qutput 1 e5()

Figure 7.2
Steady-state error: < Oupur2
a. step input;
b. ramp input

c(r)

Time

(@)

e3(=)

c(r)

Output 1
<— Qutput 3

Time

(b)



Figure 7.3
Closed-loop control
system error:

a. general representation;
b. representation for
unity feedback systems

i
R(s) - 7 C(s) — E(s)

(s) +

R 8 E(s) G

Cs)

(b)



Figure 7.4

System with:

a. finite steady-state

error for a step input;
b. zero steady-state

error for step input

R(s) +§F E(s) P Cls)_ R(s) +% E(s)

(@) (b)

Cls),_

“ |




Figure 7.5
Feedback

control system for
Example 7.2

120(s + 2) C(s)
(s +3)(s + 4)




Figure 7.6
Feedback

control system for
Example 7.3

100(s + 2)(s + 6)

s(st+3)(st4)

C(s)




Figure 7.7
Feedback
control
systems for
Example 7.4

R(s) + 8 E(s)

500(s +2)(s + 5)
(s +8)(s + 10)(s + 12)

Cls)_

(a)
500(s +2)(s + 5)(s + 6) C(s)
s(s+8)(s + 10)(s + 12)
(b)
R(s) + o E(s)_| 500G +2)(s +4)(s +5)(s +6)(s +7) Cs)

s2(s + 8)(s + 10)(s + 12)

(c)



Figure 7.8
Feedback control
system for defining
system type

K(s+ 2z))(s + ) - C(s)_
s"(s tp)(stpy) -




Table 7.2

Relationships between input, system type, static error
constants, and steady-state errors

Type 0 Type 1 Type 2
Static Static Static
Steady-state error error error
Input error formula constant Error constant Error constant Error
Step, | K, = 1
K, = 0 K, = 0
u(?) l +K, Constant l +K, P P
Ramp, 1 B K, = | B
tu(t) K, Ky =0 * Constant K, Ky == 0
Parabola,

1 K, = I
| _ _ _ a
Etzu(t) K, Ka=0 * Ka=0 * Constant K,




Figure 7.9

A robot used in

the manufacturing

of semiconductor
random-access
memories (RAMS)
similar to those in
personal computers.
Steady-state error

IS an important design
consideration for assembly-
line robots.

© Westlight/ Charles O’Rear.



Figure 7.10
Feedback
control system
for Example 7.6

R(s) +

E(s)

K(s +5)

Cls)

s(s +6)(s +7)(s + 8)




Figure 7.11
Feedback control
system showing
disturbance

D(s)

Controller Plant
+
+ C(s)
G(s) Go(5) >




Figure 7.12 D(s) +
Figure 7.11 system g Qi) g

rearranged to show
disturbance as input
and error as output,
with R(s) =0

Plant

—A

“E(s)

GH(s)

G1(s)

Controller



Figure 7.13
Feedback control system for
Example 7.7

Gy(s) DY(s) G, (s)

Controller Plant
+
R(s) + E(s) 1000 + | 1 C(S)P
s(s +25)




Figure 7.14
System for
Skill-Assessment
Exercise 7.4

R(s) + X E(s)

D(s)

1000

s+2

C(s)

s+4




Figure 7.15

Forming an
equivalent

unity feedback
system from a
general nonunity
feedback system

R(s)

— Gy(5)

R(s) + cn E,(s) Go) )
H(s) |=
()
Ges) s
H(s)—1 |=

()

a1ls

+TE )

C(s)

Hy(s)

A

G(s)

H(s)

(¢)

G(s)

C(s) _

1+ G(s)H(s) — Gs)

(e



Figure 7.16
Nonunity feedback
control system for
Example 7.8

100
s(s +10)

(s +5)




Figure 7.17
Nonunity feedback
control system with
disturbance

R(s) + g

|

G(s)

D(s)

H(s)

GH(s)

C(s)




Figure 7.18
Nonunity feedback
system for
Skill-Assessment
Exercise 7.5

100

C(s)

s+ 4

s+ 1




Figure 7.19
Feedback control
system for Examples
7.10 and 7.11

s(s t a)

Cs)




Figure 7.20
Feedback
control system
for Example 7.12

R(s) +% E(s)

K

C(s)

(s +a)(s + b)




Figure 7.21
System for
Skill-Assessment
Exercise 7.6

R(s) +

K(s+7)

C(s)

E(s) _

s2+2s5+10




Figure 7.22

Video laser disc
recording:

control system for
focusing write beam

Power Motor &
Desired Detector Filter amplifier lens Actual
lens lens
position + K, (s + 800) K position

0.12 p—» >

(s + 40,000) s




Figure 7.23

Video disc laser
recording:

a. focus detector

optics;

b. linearized transfer
function for focus detector

B,, 50-50
beam splitter

L1, condensing
! € By, polarizing

lens b oli
cam splitter L, recording
objective lens
(@)
Differential
voltage
A
0.6 -
| ! o Distance from
-5 5 nominal focus
(pm)
=06 -
(b)

© 1985, Prentice Hall, Inc.



Figure 7.24
Video laser disc
recording focusing

system
Desired Power Motor & Actual
esIre Detector Filter amplifier lens ctua
lens lens
osition + K position
p 0.2 Ki(s +600) & A3 -
X (s +20,000) 52




R(s) + g + g

C(s) _

s+3

45

Figure P7-2 (p. 405)



Figure P7.3

R(s) + 5 C(s)
’ s(s + 1)(s +2) -

(s+3) |e———




Figure P7.4

100(s +2)

s(s+35)

1000

10

C(s)



Type

Step

Input

Ramp

Parabola

Table P7.1



R(s) + > EGs) | K(s+7) C(s)

s(s+5)(s+ 8)(s+ 12)

Figure P7-5 (p. 408)



Figure P7.6

R(s) + K C(s)
- -
s(st+ 1)
10s
— S EE—
K




Figure P7.7

C(s)

52 (s +3)




Figure P7.8

10

C(s)

R(s) + $

s(s+ (s +3)(s +4)

25 |=




Figure P7.9

s+12)

5(s +9)(s + 13)

(s +10)(s +32)(s + 64)

10

A




Figure P7.10

0;(s) + + 10 Oo(s)
@ Ky @ s(s+ 1)




Figure P7.11

R(s) + X

100
s+2

C(s)




Figure P7.12

Ki(s +2)

R(s) + ® .

(s +3)

s(s +4)

Cls) _




Figure P7.13
Closed-loop
systems with

nonunity
feedback

10(s + 10)
s(s+2)

(s + 4)

System 1

10(s + 10)

C(s)

C(s)

s(s+2)

(s + 1)

System 2



R(s) + s+4 C(s)
S _

5 -
X (s +5)(s+8)
10 |
System 1
R(: + C(:
() 20 s+4 10 (s)
X (s +5)s+38)

Figure P7.14

System 2



Figure P7.15

(s + 1) Cs)
s3(s t2)




Figure P7.16

R(s) + K(s+1) Cs)
@ s2(s +2)

(s +4)
(s +3)




Figure P7.17

R(s) + K(s+ 1)(s +2) Cs)
@ s2(s + 3)(s + 4)(s + 5)

(s +6)
(s +7)s +8)




Figure P7.18

System with input and

disturbance

R(s) + 8

G (s)

Ll G,(s)

H(s) |=




Figure P7.19

R(s) + 8 K C(s) .
s(s+ 1)(s +4)

(s T a) R E—




Figure P7.20
System with input and
disturbance

R(s) + 8

|

Cls) _

s+ 2




Figure P7.21

Automobile
guidance system
a. displacement
control system;
b. velocity
control loop

Commanded  Distance Velocity Actual

distance error  Controller command Automobile distance
X.(s) + X (s) V.(s) V(s) X(s)
Gy(s) = Go(s) - % -
(a)
Accelerator
Velocity Velocity Motorand  Accelerator and Automobile
command error amplifier  displacement automobile velocity
Vis) + V.(s) Y.(s) V(s)
Gsl(s) w1 Gyls) -

(b)



Figure P7.22
Block diagram of a
paramagnetic oxygen

analyzer
Oxygen Body Body Voltage
concentration torque displacement out
R(s + 1(s s C(s
o, & R B ORI ©
1 Js?+ Ds




Figure P7.23
Space station
Freedom:

Solar alpha
rotary joint

a. configuration

—~~
N
)
=
c

=
C
O
o
)
—
-
@)

E

Solar arrays

(@)

© 1992 AlAA.



Commanded Position Velocity Gain and dynamics Actual
joint angle controller controller
B.(s) +

joint angle

st0.01 ] s+0.01
s

5

(b)

Bearing race and

Figure P7.23 X L
(continued)
b. simplified block =
diagram SN e
c. alpha joint drive .

Motor

. Inboard resolver Pinion Outboard
train and control | o
|
|
)
system o Oy 00
77777777 i
|
|
Motor !
! controller |
Desired position, I
reloc |
velocity i . >
/ A B
ard Qutboard
Inbourd Motor and Bull gear and Hiboate
structure .. . structure
pinion trundle bearings
(©)

© 1992 AIAA.



Figure P7.24
Position control
system

Pot

R(s)

Amplifier Motor
K C(s)
K2 -
s(s + o)
K

Pot



Figure P7.25

Boat tracked

by ship’s radar:

a. physical
arrangement;

b. block diagram of
tracking system

Boat’s trajectory

()

s(sT4)

=
}?
oy
33
‘:;

(b)



Figure P7.26
Simplified block
diagram of a pilot in

a loop

Commanded
roll angle

Central nervous system

(DL(\} |>® Oi(\}

—A4

f
» K, +®—> Gp(s)

Neuromuscular system Actual
I roll angle
I II ]
100 | ) Qu(b)h
s+ 14s + 100 G 0.5)(s? + 9.55 + 78)
|
[
s i
s+ 0.2 :
|

Vestibular system

© 1992 AIAA.



Figure P7.27

a. Force control
mechanical loop
under contact motion
(©1996 IEEE);

b. block diagram
(©1996 IEEE)
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