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1. In the following block diagram.
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and the reference input,
r(t) = 27" 1(2).

and R(s) first. then

Determine the disturbance signal d{t). [fint: Obtain Y(s) in terms of Dis)
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solve for D(s).
9, For the mechanical system shown below,
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find the differential equations describing the motion. and obtain either the force-
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force-current analog of the svstem.



3. The block diagram of an electronic drill which adjust its output speed under different loads is shown
helow. '
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Here. the ideal amplifier at the field winding of the motor has a gain of Ky. Assuming that the
output voltage of the tachometer is proportional to the angular speed. such that v; = Kpwy, draw
the most detailed block diagram of the svstem. Also assume v; is the input, dr is the output. and
show all the variables v v, vy, iy, T\ wm, 8m and 87, (30pts]

1. For the block diagram given below.
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determine the transfer function either by block diagram reduction, or by Mason’s formula. Show
vour work clearly, (30pts}
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Solutions

1. From the block diagram
Y(s) = D(s) + V(s)
= D(s) + ~E(5)
= D(s)+ %(R(s) ~ 5Y(s)),
or

D(s) = Y(s) + 2¥ (s) = =R(s)

=T 53’(5) - -l—R(.s}.

5 S

Since,
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Y{s) = R
(s) s+5[32+9+s+1]
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— -t — ) ——
r(t) = 2e7° 1{1) 23 1 R(s),

and

s+35 2 6s 1 ] 1 2
= -+ U
D(s) s s+5[52+9‘s+1 ss+1
12 2 2
= + —
249 " sis+1) s(s+1)
12
5 +9

3
=4

Therefore,
3

d{t) = 4sin 3t 1(t) — 432 T3

= D(s).

9 We first denote all the displacements of the system.
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Then. we can write the differential equations describing the motion directly from the mechanical
system.

mlil == --k]_..":l - b'l(i'l - i"z),
Moy = f — kagg — bi(d2 — £1) — ba(d2 — £3) — ka(z2 - £3),
0= —53.;":3 - k43:3 - b'z(ia - i‘g) - k3(£3 - I-z).

If you choose to obtain the force-voltage equivalent of the above system. then you form loops to
represent the equations.
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If you choose to obtain the force-voltage equivalent of the system, then ¥

the equations.

ou form nodes to represent
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3. We first separate the components of the system.
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L Om(s) = T T Bsr Kz (s)+ KrOp(s))
T Fm
D !
_\I/_ Jns?+ Bms + K
KL
A
P By E 0= -Brfr — Kr(fr — m) 5. - o,
N L T+ F (Brs+ Kr)OL(s) = Kp0n(s) R
Bm gy - Ky Brs+ K¢
2 0 = ——0n
)= gy o
Tachometer
by
“m
Wen Ty
I Ky I
- = Kiwm
gm wmn
W = O — s p—
Q. = 50,
Then, we put all these blocks together to form the complete block diagram.
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1. If vou choose to use the block diagram reduction. best approach is to reduce the block diagram step

by step, until you obtain the transfer function.
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[ Ha i
\.____.

r{t) '+ o i G201 + Gat + Gy ¥(t)
1-1—G1 ]+G'2 1+G3

Hy

G?“+Gs]+G3 yit)

rit) _:: Ga
-:1+ 1 {1+ G){l+G2) 1+Gs

H,
™ Gy Gall+ Ga) + Gy ¥(t)
o (14 G1){(1+ G2+ G iz 1+Gs
Hy
Finally,
(1) G: [G2(1 + G3) + G ¥(¥)
A+ Ga)[(1 + G 1+ Gz) + Gy Ha] + G1 [G2{1 + Gs) + Gs] Hi

If you choose to use Mason’s formula, you need to draw the signal flow graph of the block diagram.
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In drawing the signal flow graph, the unity gains are subscribed for your convenience. This way you
can easily follow the forward paths and the loops.

The forward paths are:

Fy = 11G11213G2141516 = GaGa,
Fy = 1,G11a131410111Gshalsle = GaGa.

The loops are:

L = Gilz(=13) = =G,

Ly = Gilalslip(—H2) = -G Ha,

L3 = 13Ga{—1s) = =G,

Ly = G1121aGal4ls Ha(~1g) = —G1Gadv,

Ls = G113131l10111Galisls Hi{—1s) = —G1GaH,
Lg = G3(—112} = -Gas.

Non-touching loops are:
Two Loops Three Loops
Li&la
Li&kLe
LQ&LG Ll&Lg&Ls
La&Le
L& Ls

The loops on the forward paths are such that:

Fl touches Ll,Lg,Lg,L4, L5,
F; touches Li,Ls,La,La,Ls, Le.
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As a result.

and

Therefore.
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._\A:l—(L1+L2+L3+L4+L5+LG)
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+(L1Ls+ IhLe + L2le + LsLe + LaLsg)
(I LaLe)

1+ G+ G H + G + G1GoHy + G1Ga3H + G3
+G1G2 + G1Ga + G1GaHa + (GoGa + G1G G,
+G1G2G3,

Alp, = =ig=0 = 1+ Ga,

A’Ll;,..:[‘szo = 1.
%% =F(s)= %(FIAI + FRA,)
_ G1G2(14 G3) + G1Gs
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