EES72 Solution to HW #15
0. Check your scores under the grades option and make sure all records are correct!
1.9 Sketch the root locus of the following s-plane open-loop pole zero. Solution:
i) jw 60° ii) jw iii) jw
j4 j4
(two poles at the origin) (two poles) (two zeros)
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1b) Show the region of the s-plane where we must place our dominant polesto satisfy the following specifications:
i) ts< .5 secand Mp< 50 % ii) ts< 1 secand z <0.707
-
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i) Solution: from the first spec, we find that ts < 05 = {w, =2 8. From the second spec we find that M, = € ¢ x100%. or, solving

| In(m)®
this relationship for the damping coefficient we obtan, {= #ﬂzm)zwhere m=M/100%. Thus,

/ In(05)° _ § .
7= _In(09” _ _ 02155 =cosé. Hence, 8= cos *({) =cos(0.2155) =7756 . Since we must have M, < 50%, our constraint

~\ 72 +1n(05)?

becomes < 77.56" . Putting both of these constraints together, we find the region in the s-plane shown:

i) Solution: from the first spec, we find that ts<10=J{w, =4, From the second spec we find that{ = cosf < 0.707
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Hence,

45 degrees

6 = cos™({) = cos™(0.707) =45, Putting both of these constraints together, we find the region in the s-plane shown: :

1c) Solution: plugging in the region —0 = {@, 28 into our mapping z=e" produces the following circle within the unit circle with a



radius of Zme = €7%! = 0.449. Mapping the region corresponding tos=rJ6 where & 180~ 87.32 produces the logarithmic
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spiral shown: By intersecting these two areas, we find the complete solution shown:

_ ~

radius=0.449" \
\
ﬂ 117 Re(@)
\ /

N /
~ -
~_ -

ii) For part ii), the settling time condition ts <10 = {w, = 4 produces the circle within the unit circle shown with a radius of
Im(z)

Zmex = €791 = 0.67:
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The region defined 8 = cos™({) = cos™(0.707) = 45 mapsinto the region shown

radius of 0.67

Intersecting these two regions produces the following region in the z-plane:

2a) i) Solution: esluy= V/(1+Kp). Thus, eshoun= 10/(1+Kp) 10/(1+12/5)=50/17
i) Salution: esly= YKv. Thus, eshog= 10/Ky =
i) Solution: esfyn= L/Ka Thus, eshepgn= 10/Ka= % (wherep(t) = 0. 5t° u(t) = aunit parabola)

2b) i) Solution: esluy= V(1+Kp). Thus, eshoug= 10/(1+Kp) =0
i) Salution: esly= YKv. Thus, eshog= 10/Ky = 50/12 = 25/6
i) Solution: esfyn= 1/Ka Thus, eshepgn= 10/Ka= % (wherep(t) = 0. 5t° u(t) = aunit parabola)

2¢) Matlab output:
» ahat=[1 0.0302; 0 0.9487];
» bhat =[ 0. 0104; 0. 6627] ;



» chat=[1 0];

» Ko=[ 1.9487 29.8024]";

» Kc=[ 2. 5697 0.5764] ;

» Ycoupl ed 2nth order observer-controller matrix:

» obscon=[ ahat - bhat *Kc; Ko*chat ahat - Ko* chat - bhat * Kc]

obscon =
1. 0000 0. 0302 -0. 0267 -0. 0060
0 0. 9487 -1.7029 -0.3820
1.9487 0 -0.9754 0. 0242
29. 8024 0 -31.5053 0. 5667

» ei g(obscon)
ans =

0. 0000 + 0. 0009
0. 0000 - 0.0009
0. 7599
0. 7801

According to the separation principle, the eigenvalues should eig(A- BK ) O eig(A K,C) which are {0.78 0.76} U {0 0}. Ascan
been seen from the Matlab output, thisisthe case.



