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Solution of Problem Set 2

Assigned: Feb. 15, 2008 Due: Feb. 22, 2008
Problem 1:
Pelect P mech Pe/eCt P mech
—> Motor <€— Generator <
i, v T, 2 i v T, 2

(a) Assuming an ideal dc motor:
Power;, = Poweree = Uplm = KoQmim

Powery,; = Powerpmeeh, = TSl = Kinimim

Power;, = Poweryy = KyQpmim = KpipnQm = K, = K,

(b) Using the data sheet:

miNm Nm
K,=302——=302x 107" —
30 1 30.2 x 10 1
1 1V 1 V %
K, = = = — — =301x10"" —
317 317 rpm 317 x 2% rud rad
Problem 2:
X >
. . . | X park |
desired stopping point | >

Using an approach similar to that we used in class (with the same basic mass/friction linear
model):



(a)
dv
m— + Bv = F,(t) + Fy(t)

K.¢(t) and employ v = 2:

dt”

Ignore Fy, assume F,(t) =

d*x dx
ﬁ + BE 0(t)
X(s) K.

F 1 -
ms” + By

(d)

In the steady state, ‘fl—f = ( hence:

Ts.s. = Tpark

(e)

Position Control: m<Z + Bd””

KKy (Tpark — )
Velocity Control: m% + Bv

Ker(Udesired - 'U)

In the position control v, .

= 0, all the left terms of the equation are zero and a zero
error can be held. On the other hand for the velocity control

) dtss = Qs.s. = 0 but
vss. 7 0, the drag force is not zero, and then v, s # Vgesired

Problem 3: Nise, Chapter 5, Problem 4.



(1) Split G3 and combine it with Gy and G4. Also use feedback formula on G loop:

R(S) + < + Se C(s)
—>®——> G2+G3 > G5 —>®—> 1+G6 >
—A +T
Gy |<
(2) Push Gy + G5 to the left past the pickoff point:
17 Gy =
- G
R(s) + + 6 C(s)
—>®—> G2+G3 > G5 > 1+G6 P>
- +
GytGy
| Gy+Gy
Gy |«
(3)  Using the feedback formula and combining parallel blocks:
G
R(s) + G,+Gy G4+G; 6 C(s)
—>@)—> > + G —| 1+ =
. 1+ G(Gy+G3) GytGy 9 1+Gyg
Gy |«
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(4)  Multiplying the blocks of the forward path and applying the feedback formula:

T(S) G6G4+G6G3+G6G5G3+G6G5G2
1+Ge+G3G1+GoG1+G7GGu+G7GeG3+ GGG+ G GoG14+ GGG G3+GrGgGsGo

Problem 4:
R L
AN TT——o
+
v () p— Ro
o
1 R,2 R
Z, = R, || = = °Cs _ _ °
||Cs Ro+— R,Cs+1
R,
Z, = R+L Zo=R+L _—
+ Ls+ + Ls+ R.Cs+ 1
Voltage Division:
Ro
G(S) — E — é R,Cs+1
Ve Zs R+LS+R03+1
R,

LR,Cs+ (L + RR,C)s + (R+ Ry)

Problem 5: Input impedance does not characterize a system uniquely. In other words, sys-

tems with different characteristics, like below examples, can have the same input impedance.
R L L 2R L
O o
2R 2R 0.25L R
O O

Z, = R+ Ls+2R|| (Ls+2R)
2R(Ls + 2R)
2R+ (Ls +2R)

2RLs + 4R?

4R + Ls
0.5RLs + R?

R+ 0.25Ls

(a)

= R+ Ls+

= R+ Ls+

= R+ Ls+



(b)

2R+ Ls+ R || (0.25Ls)
R(0.25Ls)

R+ 0.25Ls
R(0.25Ls)

R+ 0.25Ls
0.5RLs + R?

R+ 0.25Ls

2R+ Ls +
R+Ls+ R+

R+ Ls+
Zq





