Rridged-T network. ___.ailNCR.

e RS
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FIGURE P2.2 Vibration absorber.

p23 A coupled spring-mass system is shown in Figure
P2.3. The masses and springs are assumed to be equal.
Obtain the differential equations describing the system.

P24 A nonlinear amplifier can be described by the fol-
lowing characteristic:

2
< Vin VYin = {)
() =y 2 0
Vin Yin <

The amplifier will be operated over a range of 0.5V
around the operating point for v;,. Describe the am-
plifier by a linear approximation (a) when the operat-
ing point is v;, = 0 and (b) when the operating point
is v, = 1V. Obtain a sketch of the nonlinear function

waris dltiw
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for the fluid-flow equation. (b) What happens to the
approximation obtained in part (a) if the operating
pointis P, — P, = 0?

P2.6 Using the Laplace transformation, obtain the current
L,(s) of Problem P2.1. Assume that all the initial cur-
rents are zero, the mitial voltage across capacitor C; 1s
zero, v(t) is zero, and the initial voltage across C, is 10
volts.

P2.7 Obtain the transfer function of the differentiating
circuit shown in Figure P2.7

e
O
T R,
Vl (S) Vz(S)

FIGURE P2.7 A differentiating circuit.

P2.8 A bridged-T network is often used in AC control
systems as a filter network [8]. The circuit of one
bridged-T network is shown in Figure P2.8. Show that

the transfer function of the network 1s
‘/O(S) . 1 + 2R1CS = R1R2CES2 v
Wu(s). - et 2Ryl B Caitb R1R2C2s2'

Sketch the pole—zero diagram when Ry = 1, R, = 0.5,
and C = 0.5.
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FIGURE E2.28 A __T_

Op-amp circulit. === — e s

(a) FIGURE E2.30 Unity feedback control system,

E2.31 Determine the partial fraction expansion for V(s

and compute the inverse Laplace transform The
transfer function V/(s) is given by

Y(s)

500
V(s) = e o
(b) s + 8 + 500

FIGURE E2.29 Block diagram equivalence.

E2.30 A system is shown in Figure E2.30. |
(a) Find the closed-loop transfer function Y(s)/R(s) |

when G(s) = — 1> | |
S 85415

(b) Determine Y(s) when the input R

(c) Compute y(t).

(s) is a unit step.

IR - N ] T
i " . I .
-t ' i : "
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FIGURE P2.11 Amplidyne and armature-controlled motor.

the necessary parameters M, and k;, so that the
mass M; does not vibrate in the steady state when
F(t) = asin(wyt).

P2.11 For electromechanical systems that require large
power amplification, rotary amplifiers are often
used [8, 19]. An amplidyne is a power amplifying
rotary amplifier. An amplidyne and a servomotor are
shown in Figure P2.11. Obtain the transfer function
0(s)/V.(s), and draw the block diagram of the system.
Assume v, = ko, and v, = kyi,.

P2.12 For the open-loop control system described by the
block diagram shown in Figure P2.12, determine the
value of K such that y(z) — 1 as t — « when r(¢) is a
unit step input. Assume zero initial conditions.

--
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1 » J
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P2.13 An electromechanical open-loop control Systen
iIs shown 1n Figure P2.13. The generator, driven 4
a constant speed, provides the field voltage for
motor. The motor has an inertia J,, and bearing fri.
tion b,,. Obtain the transfer function 6, (s)/ V;(s) and
draw a block diagram of the system. The generator
voltage v, can be assumed to be proportional to the
field current ir. |

P2.14 A rotating load is connected to a field-controlled |
DC electric motor through a gear system. The motor
1s assumed to be linear. A test results in the output
load reaching a speed of 1 rad/s within 0.5 s when
constant 80 V is applied to the motor terminals. The
output steady-state speed is 2.4 rad/s. Determine
the transfer function 6(s)/ V:(s) of the motor, in
rad/V. The inductance of the field may be assumed
to be negligible. Also, note that the application of 8

V to the motor terminals is a step input of 80 V in
magnitude.

- P2.15 Consider the spring-mass system depicted in Figure

-}~-i5*-Detel‘miIle a differential equation to describe the
mot $s m. Obtain the system response x{/)

~with th > Initial conditions x(0) = x, and i(0) = 0.




x(1) Ia A (‘/ﬁ' ok VZ)YB# ‘6 = IaZ.q.

. Construct a flow graph from th ti 2
FIGURE P2.15 Suspended SPring—mass system. mine the transfergfunl::tion Vi(S)e/ ;:lgf)‘.lons g

: placement x3(t) 17 Y L
with respect to the reference. (a) Determine the two

independent equations of motion. (b) Obtain the Yils)
equations of motion in terms of the Laplace trans-
form, assuming that the initial conditions are ZETO.
(c) Sketch a signal-flow graph representing the system
of equations. (d) Obtain the relationship 7j5(s) be- FIGURE P2.18 LC ladder network.

tween Xi(s) and Xj(s) by using Mason’s signal-flow

gain formula. Compare the work necessary to obtain "

Ti3(s) by matrix methods to that using Mason’s P2.19 The source follower ampl‘lfler provides lower
signal-flow gain formula. output impedance and essentially unity gain. The
circuit diagram is shown in Figure P2.19(a), and the
small-signal model is shown in Figure P2.19(b). This
circuit uses an FET and provides a gain of approxi-
mately unity. Assume that R, >> R, for biasing pur-
poses and that R, >> R,. (a) Solve for the amplifier
gain. (b) Solve for the gain when g,, = 2000 ©Q and
R; = 10 k() where R; = R; + R,. (¢) Sketch a block
diagram that represents the circuit equations.

P2.20 A hydraulic servomechanism with mechanical
feedback 1s shown in Figure P2.20 [18]. The power pis-
ton has an area equal to A. When the valve is moved a
small amount Az, the oil will flow through to the cylin-
der at arate p * Az, where p is the port coefficient. The
input oil pressure 1s assumed to be constant. From the

b 1 l
geometry, we find that Az = —=(x — y) — 2y.

(a) Determine the closed-loop signal-flow graph or
- block diagram for this mechanical system. (b) Obtain
- UicC

i Tl Mg
S N R e P _ s . - | _
> closed-loop transfer function Y(s)/X(s).
' "-(.'-'i..-?-'-..."'.-_:.f 2 P S R A=
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frictionless pivots and connected at their mid-

presented by a mass M at the end of a massless
»f leneth L. Also a :ﬁ ne that the displacement is
ring located in the middle of the bars

en 0, = 6,. The input force is rep-

*h influences the left-hand bar

Py W




FIGURE P2.19 Thes
amplifier using an FET.

(a)

(b)

ource follower or common drain

FIGURE P2.21 The bars are each of |

°NGth L g, "
spring is located at L/2. S

only. (a) Obtain the equations of motion, gp,4 "
a block diagram for them. (b) Determine :
tunction 7(s) = 60,(s)/F(s). (c) Sketch th
the poles and zeros of 7'(s) on the s

FIGUF
Black’s



(a)
FIGURE P2.24 Feedback ampilifier.

(b)

FIGURE P2.25 H.S.

Black’s amplifier. (a) (b)

Figure P2.24(b). This block diagram neglects the ef-
fect of h,,, which is usually an accurate approxima-

tion, and assumes that R, + R; >=> R;. (a) Determine

the voltage gain V,(s)/Vin(s). (b) Determine the cur-  F()

rent gain i., /iy;. (¢) Determine the input impedance ¢ AT

V. (s) /Ly (s). LA g
P225 H. S. Black is noted for developing a negative
feedback amplifier in 1927. Often overlooked is the
fact that three years earlier he had invented a cir
cuit design technique known as feedforward correc-

A block diagram representing the circuit is shown in '_. x(1) | \—> y (1)
b

tic levitation trains provide a high-speed,
~iotion alternative to steel wheels on steel
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relationship between the air gap z and the controlling input current c?lnt]rjols the toll;qutc;: With Neglgi
current near the equilibrium condition. friction. Assume the beam may be balanceg e ¢

horizontal (¢ = 0); therefore, we h_ave a Smallegr t.}e
tion of ¢(¢). Find the transfer_functlon X(s)/1 (S)evla.
draw a block diagram illustrating the transfe, &

! fungy;
Train car showing ¢(s), X(s), and I(s). MCtioy

P2.30 The measurement or sensor element ip 5
system is important to the accuracy of the
The dynamic response of the sensor is
Many sensor elements possess a transfer fy

k
7s + 1

feedback
lmpOrtam'
NCtiop

A| Rotor coil

= e

"""""" . Suppose that a position-sensing photo dete,
7 = Sus and 0.999 < k < 1.001. Obtain the
\ sponse of the system, and find the k resultip
Conducting plate | Levitation fastest response—that is, the fastest time ¢

coil e ' coil 98% of the final value.
FIGURE P2.27 Cutaway view of train.
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Levitation

P2.31 An interacting control system with two
and two outputs is shown in Figure P2.31. §g]

P2.28 A multiple-loop model of an urban ecological sys- 4(5)/Ri(s) and ¥(s) /Ry(s) when R, = o,
tem might include the following variables: number of
people in the city (P), modernization (M), migration
into the city (C), sanitation facilities (8), number of
diseases (D), bacteria/area (B), and amount of gar-

bage/area (G), where the symbol for the variable is

given in parentheses. The following causal loops are
hypothesized:

Inpytg
Ve for

Sketch a signal-flow graph for these causal relation-

ships, using appropriate gain symbols. Indicate whether
you believe each gain transmission is positive or

negative. For example, the causal link S to B IS negative
because improved sanitation facilities lead to reduced

bacteria/area. Which of the four loops are positive feed- FIGURE P2.31 Interacting system.
back loops and which are negative feedback loops?

16 b 41 on ¢ fllting beam 232 A System consists of two electric motors that ar
~ oupled by a continuous flexible belt. The belt 2l
- Passes over a swinging arm that is instrumented ©
v e m"ﬂ—"’ neasurerr ent of the belt speed and tension. Th¢
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Ri(s)
Speed @ [

control
input

Ry(s) (O ~ ~

Tension

FIGURE P2.32 control

A model of the input
coupled motor

drives.

R(s)
Speed command

.Maold

G(s)
Pressure

FIGURE P2.33 Idle speed control system.

P233 Find the transfer function for Y(:s)/R(s) fqr the
idle-speed control system for a fuel-injected engine as Vi I

shown in Figure P2.33.

P234 The suspension system for
fashioned pickup truck is illust
The mass of the vehicle 1s 7 .
stant k; and the tire has a spring o S (L
damping constant of the shock absorber B B L

the tl'anSfer Yi(s) /- i ’ '”’ i uT" ‘"’1“" AL Tt n
vehicle resp

one wheel of an oldf
rated in Figure P2.34.
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L 1)
Speed

Gg(s)
() Yols)

Tension

o <o that the closed-loop response 10 a

d with two equal 10018 at

y damped response for a




By L L

144 Chapter 2 Mathematical Models of Systems

FIGURE P2.35 Multiloop feedback system.

unit step input. What is the time required for the step
response to reach 90% of its final value?

P2.36 A system is represented by Figure P2.36. (a) Deter-
mine the partial fraction expansion and y(¢) for a ramp
input, r(t) = ¢,¢ = 0. (b) Obtain a plot of y(¢) for part
(a), and find y(¢) for t = 1.0s. (c) Determine the im-
pulse response of the system y(¢) for ¢t = 0. (d) Obtain
a plot of y(z) for part (c) and find y(¢) for t = 1.0 s.

R(s) Y(s)

FIGURE P2.36 A third-order system.

P2.37 A two-mass system is shown in Figure P2.37 with an
input force u(t). Whenm; = m, = 1 and K =K, =1,
find the set of differential equations describing the
system.

P2.38 A winding oscillator consists of two steel spheres
on each end of a long slender rod, as shown in Figure
P2.38. The rod is hung on a thin wire that can be
twisted many revolutions without breaking. The de-
vice will be wound up 4000 degrees. How long will
it take until the motion decays to a swing of only 10
degrees? Assume that the thin wire has a rotational

S AR dET '
3 M 4 - - B N ™

=
'

LOWE Gre
= .

< "z ik

-
e

FIGURE P2.38 Winding oscillator.

viscous friction coefficient for the sphere in air s
2 X 107*N ms/rad. The sphere has a mass of | kg.

transtorm of the output voltage Vj(s). Assume the
the circuit is in steady state when ¢ < 0. Assume th

the switch moves Instantaneously from contact 1 10

contact 2 at ¢t = (.

. .
-
-----
L - by

g

P2.39 For the circuit of Figure P2.39, determine the |




relative motion of the two wheels
When the device is rotating without v

no relative motion and no damping occurs. Find 01(s)
and 6,(s). Assume that the shaft has a Spring constant

K and that b is the damping constant of the fluid. The
load torque 1s 7.

P241 The lateral control of a rocket with a gimbaled en-

gine 1S shown in Figure P2.41. The lateral deviation
from the desired trajectory is 4 and the forward rocket

speed is V. The control torque of the engine is I.(s) and

the disturbance torque is 7}(s). Derive the describing
equations of a linear model of the system, and draw the

block diagram with the appropriate transfer functions.

Desired | Actual
trajectory trajectory

Laser

Microcomputer

FIGURE P2.42 Optical scanner.

P2.43 An ideal set of gears is shown in Table 2.4, item 10.
Neglect the inertia and friction of the gears and as-
sume that the work done by one gear is equal to that
of the other. Derive the relationships given in item 10

of Table 2.4. Also, determine the relationship between
the torques 7,, and 7, .

P2.44 An ideal set of gears is connected to a solid cylin-
der load as shown in Figure P2.44. The inertia of the
motor shaft and gear G, is J,,. Determine (a) the iner-
tia of the load J, and (b) the torque T at the motor
shaft. Assume the friction at the load is b; and the fric-
tion at the motor shaft 1s b,,. Also assume the density
of the load disk 1s p and the gear ratio is n. Hint: The
torque at the motorshaftis givenby 7' = T} + T,,.
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The extender is defined as an active manipulator worn by
a human to augment the human’s strength. The human

provides an input U(s), as shown in Figure P2.45. The
endpoint of the extender is P(s). Determine the output
P(s) for both U(s) and F(s) in the form

P(s) = Ti(s)U(s) + Ty(s)F(s)

Performance
Extender

Stability
controller

FIGURE P2.45 Model of extender.

P2.46 A load added to a truck results in a torce F(s) on
the support spring, and the tire flexes as shown in
Figure P2.46(a). The model for the tire movement

1s shown in Figure P2.46(b). Determine the transfer
function X (s) /F(s).

P2.47 The water level A(7) in a tank i Contrg
open-loop system, as shown in Figyre P2‘4;3d bya;
motor controlled by an armature Clrrent ; ADE
shaft, opening a valve. The Inductance % turns_q
motor is negligible, that is, L., = (. Also, the rchel )
friction of the motor shaft and valve s Negl;

18, b = 0. The height of the water in the tank

h(t) = /[1-69(t) — h(1)] dr,

the motor constant is K,, = 10, and the in....

motor shaft and valveisJ = 6 X 1073 ke m? Deteo .
(a) the differential equation for h(t) and v(1) ”n;e
transfer function H(s)/V(t). I

P2.48 The circuit shown in Figure P2.48 js Called 4 ),
lag filter. ad.

(a) Find the transfer function Va(s) /Vi(s)
ideal op-amp.

(b) Determine Vi(s)/Vi(s) when R, = 20k
R, =200kQ,C; = 2 pF,and Cy = 01 4p

(¢) Determine the partial fraction Xpansioy f,
Vi(s)/Vi(s).

P2.49 A closed-loop control system is shown in Figure Py
(a) Determine the transfer function

I'(s) = Y(s)/R(s).

(b) Determine the poles and zeros of I(s).

(¢) Use a unit step input, R(s) = 1/s, and obtain
partial fraction expansion for Y(s) and the vali
of the residues.

Force of material
placed in truck bed

Truck vehicle mass

Shock absorber




FIGURE P2.47

Open-loop control
system for the water

level of a tank.

"o,

w(t)
P —— ——
Valve
RS —>
S (e) Predict the final value of y(¢) for the unit step
input.

14,000 o
s> + 45s*+ 3100s + 500)

Y(s)

FIGURE P2.50 Third-order feedback system.

P2.51 Consider the two-mass system in Figure P2.51.
Find the set of differential equations describing the

system.

R R
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