


3. Problem 4-18
b. s2+9s+18, @, = 18, 2L0y, = 9, Therefore £ = 1.06, oy, = 4.24, overdamped.
d. s2+65+144, 0,7 = 144, 250, = 6. Therefore & = 0.25, ©, = 12, underdamped.
e. 5749, oy” = 9, 2Ly, = 0. Therefore £ = 0. oy, = 3. undamped.

f. $2+20s+100, ©,* = 100, 256y, = 20, Therefore £ = 1. @, = 10. critically damped.

4. Problem 4-20 (a, b):
m

4
a. m,,l =161/, 2000, = 3. Therefore £=0375, 0, =4. T, = T 26678 Tp=—"F7— =

g

=“n oy 1-2¢
0.8472 5; %08 =< / V17 x 100 = 28.06 %; @, T, = (1.762° - 0.41727+ 1.030% + 1) = 1.4238;
therefore, Tp = 0.356 5.

1 4 T
b. &= = 0,04 15, 2500, = 0,02, Therefore £ =005, 0, =02. T, = q =400 5 Tp= ll—-. -
5% oy 1-2=

15.73 5; %08 = ¢ / V1-27 x 100 = 85.45 %; 0T, = (17623 - 0.41722+ 1.0398 + 1); therefore,

T,=5.26s.

5. Problem 4-20 (a, b):
Program:

[ * p4-20a.ch */
#i ncl ude <control . h>

int min() {
array doubl e nunf 1]
den[ 3]
CControl sys;
CPl ot plot;

{16},
{1, 3, 16};

sys. nodel ("tf", num den);
sys.grid(1);
sys. step(&pl ot, NULL, NULL, NULL);

return O;









7. Problem 4-40:

Program:

/* p4-40.ch */
#i ncl ude <control. h>

int main() {

array double A[3][3] ={-3, 1, O,
0, -6, 1,
0, 0, -5},
B3][1] = {0,
1,
1},
dqs3] ={0, 1, 1},
D1] = {0};
CControl sys;
CPl ot plot;
sys. nodel ("ss", A B, C D);
sys.grid(l);
sys.step(&pl ot, NULL, NULL, NULL);

return O;



Output:
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8. Problem 4-50 (a, ¢):

a. @ = [T0 = 3.16: 220y = 4. Therefore & = 0,632, %0S = & = #F %100 = 7.69%,

4 b
I-j = seconuds, Ty = ——=== = 1.28 seconds. From Figure 4.16, T, = 1.93,
S o 1=

L I =

Thus, T, = 0.611 second. To justify second-order assumption, we see that the dominant poles are at —

2 =j2.449, The third pole is at -10, or 5 times fiwrther, The second-order approximation is valid






9. Problem 4-56:

Writing the equation of motion: [Js:+5+K}E|I:s‘.I = T(s). Therefora the transfer function is

1 e B A 7 o
Therelore 1= Al Ly = e~ (A%

Finally. K = 3.901.

10. Problem 5-14:

Y r(s) K
Y= = —
(5 +30) 1+G(s) 5 +30s+ K

Since{r(5) = . Therefore, 206y, = 30, Thus, 2=

15/c3, = 0.456 (ie. 20% overshoot). Hence, @, = 32.89 =+/K . Therefore K = 1082.



