ME 576 #5

1
s(s+5)

G, ()= (1- Z'l)z{@}

=1'5Z'1ZL2<:+5>}

1-77 z[(ST-1+ e®)z+(1-¢*" -5T e'ST)}
5 5(2-1)2(z-e'5T)
(5T-1+e®")z+(1-€°" -5Te™")
25(2-1)(z-e'5T)
e =e>% =0.607
0.1072+0.0895  4.28x10°(z+0.836)

Gp(s): T:O].

..,Gp(z)=25(2_1)(2-0.607)‘ (z-1)(z-0.607)

_ 4.28x10°z +3.58x10°

z2-1.607z +0.607
G(z) =K xG,(2)

Solution



Root Locus

Imaginary Axis

Real Axis

Closed system pole location=0.7819+j0.2256

rpl =0.314 er =0.285 r21 =1.634
r -r .
0.00428K —=_P P _ 0.314-0.285
"o, 1.634
K, =127

From Matlab K=12.81



Gp(z):(l-z'l)Z[S%}
T2 (1+ z'l)z'1
2 (147
T2 (1+2%)2"  T2(2+41)
" (1-2'1)2 - 2(2-1)2
G.(s) =K, +K;s

- KT+K,)z-K
D(Z):Kp+KdZTl:( 2 d) -
VA

=(1-z")

Tz
_K(z-2)
Tz
K
where K = K T+K, a=—m-~9—ro
K, T+K,
0.1K(z-a)(z+1
G(2) =D(z)xG,(2) = (2-a)( 2 )
2x12(z-1)
Draw the root-locus of
K(z+1) - r
=—=3.14
z(z-1)’ 401‘ 1
desired pole location
2, = ol cansionleJr (Cow, =05x4=2, ,\1-¢? =41-0.5% =3.464)

— e%"19% _ 0 8187 (c050.3464 + j sin0.3464)
_0.77+ j0.278



Imaginary Axis

Root Locus

0.5WT

Real Axis




defect angle
b, = 129.6°
¢, =19.9°
¢, =8.9°
—-129.6° -129.6° —-19.9° +1.9° + ¢, = —180°
S ¢y =90.2°
So=0.77

0.1K _(0.36)°x0.82

2  1.79x0.278
~K=428

=0.214

K, =axK=0.77x4.28=3.296
K-K, 4.28-3.296
T 0.1

=9.84

K, =



1
s(s+5)

G, ()= (1- Z'l)z{@}

=1'5Z'1ZL2<:+5>}

1-77 z[(ST-1+ e®)z+(1-¢*" -5T e'ST)}
5 5(2-1)2(z-e'5T)
(5T-1+e®")z+(1-€°" -5Te™")
25(2-1)(z-e'5T)
e =e>% =0.607
0.1072+0.0895  4.28x10°(z+0.836)

Gp(s): TZO.l

..,Gp(z)=25(2_1)(2-0.607)_ 25(z-1)(z-0.607)

_ 4.28x10°z +3.58x10°

2% -1.607z +0.607
G(z) =K xG,(2)
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G,(8)=—=

G,(2)=(1-2%)Z E}

=T2(2+1)

Magnitude(dB)

Phase(deg)
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b)

]

1-7t z[(ST—1+ e )z+(1-e* 5T e’ST)]

5 5(2—1)2(z—e‘5T)
B (5T 1+ e’5T)z + (1— e - 5Te’5T)
- 25(2—1)(z—e’5T)
e—ST — e—5><0.02 — 0905
0.00484z +0.00468
25(2—1)(2—0.905)
:1.936><10’4z +1.872x10™

7% —1.905z +0.905
G(2)=K-G,(2)

=G, (2)=

Set K=1 and draw Bode plot using
Zzej(uT
For PM=70°, @, =1.8rad/s

([

Increase gain by 20dB = K=10
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1
Gp(S) =5_2

G,(2)=(1-2%)Z E}

_T*(z+1)
2(z-1)
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