ME 576 Homework #4

1. Bollinger 2.2

2
0.029 Hz(t) +990 00
dt dt

x(t) = 50(t)

4XO |, O _ g5,

0.02—
dt?  dt

O.OZTLZ(Xn — 2%, 4+ X, ,) +%(xn - X, ) =50v,
200( X, —2X, 4 + X,_,) +100(x, — X,_;) =50V,

x, =1.667x_, —0.667x_ , +0.167V,

or using Table 2.1 in the book
X, =1.6065x, , —0.6065x, , +0.1065v, , +0.09025v, ,

(b) Laplace T.F.
X(s) 50
V(s) 0.02s+s

i) Forward difference

X(z) 50 ~ 50(0.01)° 2
V@, (1_21 jz 1_7% 002-0.03z'+0.01z°

+
0.01z*) 0.01z*
- X, =1.5x%,,—-0.5x%x,_,+0.25v,,



i) Backward difference
X(z) 50 _ 50(0.01)
V(2) 1-7tY 71—zt 0.03-0.05z"+0.02z
0.02
0.01 0.01
soX, =1.667x, , —0.667x,_, +0.167v,

2

iii) Bilinear
X(2) 50 50(L+227 +2°2)
V(z) _ 1) _ ;1 1000-1600z"* + 60022
) 0.02(200l Z_lj 1200172
1+z 1+z

- X, =1.6x_, -0.6x,_, ++0.05v, +0.1v,_, +0.05v,



(a) 2.29(a)

y,—-1.6y,,+1.13y, ,=0
(1-1.62"+1.1327)y, =0
C.E.

72 -1.62+1.13=0

z=0.8++0.8"-1.13

=0.8+ j0.7
|z| =/0.8 +0.7* =+1.13 =1.06 > 1
. unstable

(b)  2.29(c)

Y3 —2Y,., +1.5y,, —0.5y, =0
(1-22*+152°-0527)y, =0
C.E.

7 -27°+152-05=0
z=1,05+j0.5

.. marginally stable

(c) 2.29(d)

y,=Y,,+1.05x, —x,, =0
C.E.
z —-1=0

.. maginally stable



3.

Bollinger 3.10
Using long division

9
“~ B 1018)

c,=(9+9.9B+9.99 B?+9.999B° +-- JS,
Using the partial-fraction expansion

9

= (1'B)(1-0.1B) o

10 -1
C,= + S,
(1-B) ' (1-0.1B)
=10(1+B+B*+B*+--)S, —(1+0.1B +0.01B* + 0.001B° + -

=(9+9.9B+9.99B* +9.999B° +---)S_

Using the final value theorem

. 9
COo = IB|LTI(1— B)m :10

S



G,(s) =K, + o 572
S S

B _ _K(s+a) 1 2K(s+a)
G(8)=G.(5)- G (s) = —— (05s+1)  s(s+2)

C.E.:
s°+2(K +1)s +2Ka

% overshoot=100exp| — |5
1-¢°

T 299
J1-¢?

2.0984¢” =1=¢ >0.69 we choose ¢ =0.7

4 <6=¢w, 20.667 we choose ¢w, =1.2= @, =1.714
s,

8P +2(K+1)s+2Ka=s"+2cm,5+w,> =s" +2.45+2.94

~K=02 a=7.35



(b)
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(c)

T=0.1 seconds for this problem.

=(1 7! z{ ~) } (e‘aT:e'2X°'1:O.8187)
1

~(1-77) z(0.1813) 01813 _ 0.8137"
(z-1)(z-0.8187) z-0.8187 1-0.8187z"

_pzt 2.147(1-0.9315z7
D(2)=K, + KiT2_,, 01472 2147227 ( )

Pz-1 7-1  1-z% 1-z7
0.3893(1—0.93152’1)2’1
(1—2‘1)(1—0.81872‘1)

G(z)=G,(2)D(z)=

-1 -2
T(2)= G(z) 0.3893z7' —0.36261

0.3893z 7' -

0.36262*

1+G(z) (1-1.818777+0.81872%)+0.3893z " ~0.36262 7 1-142942"* +0.45612°



(d)

-y (k) =1.4294y (k -1)-0.4561y (k - 2) +0.3893r (k -1)-0.3626r (k - 2)

y(1)=1.4294y(0)—0.4561y(-1)+0.3893r (0)- 0.3626r (—1) = [0.3893
y(2)=1.4294y(1)—0.4561y (0)+0.3893r (1) - 0.3626r (0)

—1.4294 % 0.3893 - 0+0.3893-0.3626 =[0.5832
y(3)=1.4294y(2)—0.4561y (1) +0.3893r (2) - 0.3626r (1)

—1.4294 % 0.5832 — 0.4561x 0.3893 + 0.3893- 0.3626 = [0.6828

I I
step response in discrete domain r
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