SOLUTIONS TO TEST EXAMS

A SOLUTIONS TO TEST EXAMS

A.A  Solutions to test exam 1

Problem 1

Final TF: 7 pts;
coirect 2 intermediate steps: 4 pts each;

Problem 1 (15 points)

Given the block diagram in Figure 1. SRREH P Mt S Pt EAe

2 @[ @@

Figure 1 Block diagram

Find the transfer function H(s) = C{s)y/R{s).
Show at least two intermediate steps used to find the soiution.
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Problem 2

+
0% TF TF 5x107s

.5

TS0 2500

3 pts;

5 4
{g—1xﬁ+ 1)

MAGNITUDE

Correct individual
asymptotes: 4 pts total.

Partial mistakes (wrong
dc gain or wrong
asymptotes): 2 each,
max 4 in total.

PHASE
Correct individual
asymptotes: 3 pts total.
Partial mistakes{wrong
initial angie or wrong
asymptotes): 1.5 each,
max 3 in total.
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Problem 3

Bjode Diggram

Magnitude (dE)

- L \ 4

1 10 102
Frequency ((radfs)

Figure 2 Bode plots of the tranafer function Gy{s).

Find and clearly indicate the gain margin (GM) in dB and phase margin (PM) in degrees
on the sketch sheet.

Determine whether the following re TRUE or FALSE:
a) The system is stable.
TRUE GM >0, PM > 0

b) The DC gain of G(s) is 0dB. FALSE, should be 5 dB
¢) When the confroller gain K = GM + 10dB , the system will remain stable.
FALSE, the K would be too large such that the GM is -10dB, system unstable.

Fully motivate your judgement. 3 pts;

PM sketch 2 pts each, value 1 pt each.
TRUE/FALSE problem: 3 pts each,

comrect T/F judgement 1pt each,
sufficient explanation 2 pts each.
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Problem 4

Estimating first-order process without delay from step response data

Parameters:
« DCgainKp,
» time constant tp.

The general form of a first-order process without delay with ters above:
o YO
©) =)

Steps:
1. Find the gain of input X, and the steady-state gain of output ¥,,;,. then we

2. Find the point when the output y(t,) = 0.6321Y,,;, + v(0). Then we may find
Tp = tA

Figure 3 The engineer’s parialy desfroyed nofebook

Answer the following questions:

a) Fill in the 'a’ spot on the engineer's notebook
b) Fill in the 'b’ spot on the engineer's notebook
£) Explain origin of this ‘magical number’ 0.6321 in step 2.

N
Note that ¥(7,) = Kp(l—e ) X, =(1—e ¥, =0,6321Y, m
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Problem 5

impulse input so X(s)=1 m
. =+10
16 = X040 = o= R
e A - * '
“iri0+) s+, ke

= A+B =1L 10A+10B=1A—B=0

1

¥(t) = %e'-m-ﬂr -I-%e""”*‘f-'r = e~2%cos(t)

Problem 6
Poles: -1, -8+5j, -8-5(; zeros: -5
P & Z identification
npe 5+5 4 pts (1 pt each);
B =k T D v 165 789)
DCgain= K,— = 5 = K, =89 2 pts correct dc gain;

89g + 445

r =
HS) = 7o v 105 7 69

Closed-loop transfer function: Eptemvect OLTE,

KH(s) 545

1+KH(s) 5%+ 17s% 4 106s + 94

3 pts correct CLTF;
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Problem 7
Problem 7 (10 points)

We have an open-loop process with transfer function H(s) that have 3 poles:
e g =2

-1 + 1.99f
» 5 =-—1— 199

The Nyquist plot of H(s) is shown in Figure 6.

.
"
Il

a) (7 pts)
Correct N: 2 pt
Correct P: 1 pt
Correct formula Z = N+P: 2

pts
Correct Z: 1 pt

i

Correct conclusion: 1 pt
b) (3 pts)
(’ : : K smaller 1 pt;

Contour become smaller 1pt;
N beomes 0 1 pt.

A G = 0 = W 0w &

o

-2 a 2 4
Figure 6 MNyguizt plot of the open-locp transfer funclion
Assuming a proportional controller K deployed to control the open-loop process with
unity negative feedback loop in the closed loop system.
a) Determine the stability of the closed-loop system using Nyquist stability criteria.
b) What should we do to the proportional controller K to make the system stable?
Analyze using the property of the Nyquist plot, do not use explicit calculation.
Z =N + P; from the graph we see 2 clock wise encirclement about -1 point. Thus N = 2.
There are no open-loop poles in right half plane, thus P =0.
Z = 2, thus unstabiel
Make K smaller than 1, such that the coutour shrinks to the extent that -1 point is
outside of the contour. Then we have N = 0. With P = 0, Z=0 then the system is stable.
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Problem 8
» K("
- “+-
e | ‘K_t ‘f'_f;?\ﬁ u ﬂ
Iis oy
_|_
o Kolys
1
He(s) =K |1+ 148 +—
;5

Or the student can multiply the K_c in such that we have 3 parameters Kp, Ki, and Kd.

Un(t) = RC% + Uﬂut(:
Uin(5) = RCsUpye + Upye (5)

U, = RCsU,, i+ Upyi
HE) = 7920
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A.B  Solutions to test exam 2

Problem 1

Final TF: 7 pts;
correct 2 intermediate steps: 4 pts each;

small partial mistakes: 2 pts each.

Solution:

1. Moving pickoff point A behind block

GEGJ
1+G,H, +G.G,H,

3, Eliminate loop Il

R(s) GG, G, +oed (8)
1+ G,H, + G,G.H, + G,G,H, +
Y GGG,
= foad

= +
Rts) * 14G,H +G,GH,+GG,H,




Problem 2

200(s + 30) 100 (Y

S(s+1)(s +4D)

5 5
S—+ 1) —=+T
EG_E )‘40 d

A.b Solutions to test exam 2 |

MAGNITUDE

Correct individual

50 db

asymptotes: 4 pts total.

40 db s &

Partial mistakes (wrong

20 logn(MF) SRy SN

Odo B

dc gain or wrong
asymptotes): 2 each,

max 4 in total.

-40 db 2 ~

2L
=

-B0 db

1ac®

PHASE

ag"

Correct individual

Phase Angle

asymptotes: 3 pts total.

Partial mistakes(wrong

o2

initial angle or wrong

asymptotes): 1.5 each,

-o0°

max 3 in total.

-1800

10 10° 10 10°

9
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Problem 3

Problem 3 (15 points)

Given the following ordinary differential equation:

d®y 42y dy d*x (1)
—— 146 10— =
de? i dt? 4 dt de?

Assume ZERO initial condition.

a) Determine the transfer function H(s) = % N, o . Tns

— 3x(t)

b) Determine the poles and zeros of H(s).
c) Visualize the poles and zeros in the complex plane.

C) 3.5 pts;
0.5 pt each for correct poles
and zeros in the s-plane; b) 2.5 pts;
0.5 pt each for correct
poles and zeros

1 pt for fully correct axis labels,
not full correct, no points

Given the following bode plots.

d) Out of the plots 1, 2, and 3, which one represents the transfer function derived
from the given ordinary differential equation? Why?
3
The pole at the origin gives the system magnitude plot an initial
-20dB drop.
The system tends to decrease to 0 as frequency becomes very
large.

3 pts;
Make coirect selection 1
pL

e) How large is the gain margin of this system? <0

2 pts:
It's fine if student only answer

Reasoning 2 pts.
Student only need to
mention one valid reason
to get full mark.

infinity without explanation
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Problem 4
T P .| ....... T ’_ — T
M | / | T | | [
; ") 1 | | | |
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. } | :
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| | | | ¥ | |
T T r 1
& “ il | - | |
] 3 10 TL" 53 3 5 £ 4] 5 A a5 50
Ll
T.1 sevsas il syt

Ke =Yullm = (17-2)/(23-15) = 1.875 = Xrn and Ym noted in the graph and found
comectly is 2 points, Ke calculated comectly is 1 points.

Ta=Tw=8-55= 3 5 (x10% ermor margin for reading from the graph) is 2 points
Te=Te=13-8=7 5 (range from & to 8 s is comect) is 2 points

3 points for whole transfer function.

Kpe W& 175 22
Hp(s) = =
Tp e+l Ts+1
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12
Problem 5
3*6=24
3 systems, for each system: & pts.
Poles Zeros Root Locus Time domain | Matching
1 pt 0.5 pt 25 pts 25pts Selection: 1 pt
Reasoning 0.5 pt

For each item, only grant full points when fully comrect, otherwise zero points granted

Reasoning: as long as reasonable, we may grant point.

System | Zero | Pole Time domain (Graphs
H 1 | 2+sqr) 3ol 3Ty VT SFVTN g V3 -2y VS -2 3
-2-5qri(3) 243
Root " -
Locus
H(s)
-2
G | 1 y'
Root e
Locus
G(s)
i 1
M ] 22+ gJJ e 2 (2cos(2t) - Bsin(2 1) 2
lrF
I
Ill r
|
Root 1 b L
Locus \
Mi(s) '.._x
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Problem 6
(a) (b) (c)
Z=N+P. Z=N+P Z=N+P.
P=1{(1pts) P=0(1pts) P=0(1pts)
N=1 (1 pis) N =1 (1 pts) N=0(1pts)
Z=1+1=2{1pts) Z=1+0=1(1pts) Z=0+0=0(1 pts)
Unstablel (1 pts) Unstable! (1 pts) Stable! (1 pts)
Problem 7

Problem 7 (8 points)

Consider a PID controller with the parallel structure. Answer the following guestions and
motivate your answer in less than 2 sentences for each question: (You can use
drawings when you think it's easier to explain.)

a)

b)

d)

State one reason why we can never use the D controller alone.

Ermor no change, controller no change.

Sensitive to noise, might amplify the noise.

Sensitive to disturbance, causing the system to ovemreact and become unstable.
Small sampling time causing large fluctuation.

=

Which controller eliminates the steady state emor?

| — controller. Because the integration action eventually eliminates the
accumulated error.

Will higher gain of the | contraller give you higher overshoot when P and D
remains the same?

Yes (or very probable). The wind-up effect. (Or anything similarrelated to
describing the wind-up effect also counts as comect answer. Or just state over
compensation of accumulated emor)

I'm using ocne of the P,1, and D confroller to control a process. The step response
of the controlled process is plofted in Figure 7. Which controller am | using?

D controller. The response time is very high, and it has a high overshoot and
oscillation problems as well as steady-state errors. Damping effect is rather
obvious.

a2 pts.

biod:

P ey i,

Answer 1 pt, explanation 1 pt.)

"\
W ™y

) b

fm—

Reference value

Famm

Figure 7 Step response of the confrolied process
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A.c  Solutions to test exam 3

Problem 1
Answer 1 | Hy L
(15 points) G,
R b g T e [
izl ~
The steps can be
taken in different II Hy II:
order. Minimum
(a)

of 2 intermediate

steps shown.

GGy
1= GyG,H,

» Fis)

G,G,GG,y Yis)
| = GG H  + GG Hs+ G GGG H

This last step is not essential

(©) ()

Grading instructions:

15 points: Correct method without errors/different method with the same answer

12 points: Correct method with only minor mistake in answer (sign error, calculation error).
12 points: Correct method and answer but minor mistakes in intermediate steps.

10 points: Correct method and answer but TF still contains 1/s terms.

<10 points: Everything else, at the discretion of the examiner.
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Problem 2

Em& R
Foworite #Ha fmuarm T ﬁ{.! jrézad’leud' r&l‘m:

) = oo s (s 1)

0 flose) (55+
Thon shoteh . magnibude louss for Hre_
s‘;.f.m..jg, fnn.u"s iy BD:

,t"_-:fﬂ =% Ma e

i::'s c g obd —leo a->c.¢rw‘3'zf. o amd oo

thl-s ¢ —gd gmd g =2 cotrer :F"""’ g bialite
COLLLLLATHELE LA | I I | ‘%;
_ All line parts n Sikiak
have a slope of L
1 -
e + or — 20 dB/dec T ‘_.] 5 .‘HJ e
'f LA
" 1 ,-‘1 i LTl
20 I -| f I LN AT z
| .,-J'ﬂ il /
mRE L | ! L]
A 1 .-"'"‘
o » prpetini iy
T T il "
_ s H | N Composite line
20 -1 1 b o 5\‘\ a u 1 |
1 [ -,
.--"#' T 3t R
(:_--1 \'"_'- 1 \ "L \\_. I L
2 B Uiz YN Ml I-I.:'r
T34 uu;iﬂ 7.2 & qu'J z lJ . l# T ""_ﬁn E ¥ A "il;}l T T e T
g B Bode Editor for Lt_b_p'l:[l_l_ll_ﬂlir:t:
GM: inf = ~
Frog: MaN 4 ‘\‘H |
.10 |- Stable lbop 2 ]
F \
il B
=20} ’_/ —_—
# s {5+ 100)
ST A 0.1 lx—— .
b (z+10) (s + 0.1}
1’ 107 1o " w' i 1o 1t
Grading instructions:

10 points: Correct method without errors. Different parts that add up to the complete
function compaosite shown separately (or in separate sketches), slopes indicated. It is not
needed to work out all details using the limit method.

5 points: correct shape of parts and composite, but no slopes indicated or unclear corner

frequencies.
< 5 points: Everything else, at the discretion of the examiner.

15
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Problem 3

The input is a step function which has as Laplace transform X({s) = 1/2. The output in the s-
domain can then be written as

6s’+2s+8 A B(s+1)+C

Yisl=H(s)X(s)=H{sl=—7F———7—=
(=) ()X (s) () (s2+2s5+4)s s (s+1)¥P+3

The values of A,B and C can be calculated by writing both fractions again as one fraction:
A=2, B=4 and C=-6. Furthermore it should be noticed that the last part correspondsto a
cosine and a sine. Using tables 3 and 4 with the inverse Laplace transforms, one finds

vit)=[2+e7 (4 cos(w@t} = %sin(ﬁt)]l(tj

Grading instructions:

5 points for proper expansion in fractions,

5 points for the Laplace transform of these fractions,
calculation error is 2 points deduction

Problem 4

]

T sessmn ] —

Ko = Yo /¥ = (3.4-0.4)/(4.6-3) = 1.875 = ¥, and ¥, noted in the graph and found correctly
is 3 points, K; calculated correctly is 2 points.

T, =T, =8-5 5= 3 5 (+10% error margin for reading from the graph) is 4 points
Ty =Tp = 15-8 = 7 5 (range from 6 to & s is correct) is 4 points

2 points for whole transfer function.
Ho (s) Kp#™* 18752
5) = =
4 ™ms+1 s +1
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Problem 5
From PZ-map: : Matlab script:
2 zero’s at +2+] and +2-] 5 ] .
- 3 PD'ESkﬂt ft ;12+1l( Faf‘d -2 =>denG =[1511 15];
rom here work ou es2 _ o v(s) => sys=tfinumG, denG)
=K- —
sys s+ 5052+ 11s+15 X(s) >> pzmap(sys)
This gives: A=
¥(s) - (s* + 552 + 11s + 15) st2-ds+s
=X(s):K-(s?—4s+5y | T
The DC-gain equals 3: for s=0 then sys=3=5K/15 - K=9 SRt ASEEllaris
This gives the DE:
dy(t) | _d*y(t) dy(t) d®x(t)  dx(t)
+5 +11 +15y(t) = 9| ——— —4——+ 5x(t
dt? dt? dt ¥(©) dt? dt &)

Grading instructions:

10 points: fully correct solution incl. sufficient explanation (P&Z, TF, DC-gain)
& points: as 10 points but minor calculation errors or mistakes in steps.

7 points: as 10 points but DC-gain missing

5 points or less: everything else, at the discretion of the examiner.

17

Problem 6
Answer 6 E'(ﬂ!-w- ﬁ ﬂé
(l0points} | _—— — ~ = "
&) ﬁ}é#.w.fr%o? 025 tue ﬁ-@(ﬁm Ao Bode ‘;o/fii:lf?a
a) 6pts vikuwen M= 410
(F= s ",600 - - g/?‘]'r fa
i mgm—mu of (0 grves a g g
K= 10" & 32&
U"liﬂ.n.w_ aT 94&_ Gﬂ&f azi u.ﬂf(/ /
/J ylé) = P‘E:.'l- c.c?s(.‘::.af"—lrsif'f)

b} 4pts b} The system is stable, since at the frequency where the magnitude equals zero (approx.

0.3 rad/s) the phase is equal to -170 degree.

Grading instructions:

6+4=10 points: fully correct solution incl. correct explanations. Note that inaccuracies
reading values from the graph are not counted as error, as long as the correct location is
indicated in the graph {or described in sufficient detail).

Wrong frequency chosen and therefor wrong answer: deduct 2 points (both a and b)

Mo or wrong explanation with correct answer: deduct 2 points (both a and b)
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Problem 7
Nyquist stability criterium We have 2 {complex) poles in the RHP,
Observa e Nyquist plot and 1 clockwise encirclement.
Therefor Z=1+2=3
Zaur = Newst Por_nup [

e s P and the system is unstable

Ihe closed-ioop system = unstable i Z > 0 L
Zpur = Numsber af seros in the Right Half Hane

Neppy = Number = Chock Wise Encirchements o the poing — |+ 0

P war = Nuamber af polies uf the Open Loop syvtem in the Right Waif Mane

W encirclaments & in the counterclockwise dinection, N, I5 nagative

Grading instructions:

10 points: fully correct solution incl. correct explanation.

5 points: correct use of criterium Z=N,. + Po._aue but incorrectly seen only one
encirclement counterclockwise.

< 5 points: everything else, at the discretion of the examiner.

Problem 8
&% T AT,
14 0 1 2 3 4 5 &
time
0, t<o0o L 2, =5
] I R
() % =0 £ +Lps
¥ t t>0 =€
: 0 t-3)<0 £
y“_.) e ) ( _ ) 24 _Lze_gs
(t-3), (t=3)=0 5
L L 11 1
¥ 5 Y©=5 3(;-2e75-1e7%)
S \§ 5
Grading instructions:
10 points: fully correct solution incl. correct explanation of separate parts (either in words
or in drawing).
6 points: incorrect use of time shift in otherwise correct solution.
5 points: incorrect transform to Laplace domain.
Problem 9

a) To obtain a smoother response generally the gain should be lowered. This also will give
a somewhat slower response, and an even larger steady state error.

b} To remove the steady state error an integral action should be added to the controller.
A P-only controller {with only gain K} will never reach a zero steady state error due to
the nature of the feedback loop (sketch — error zero means zero input in controller
block). The integral action will remedy this.

Grading instructions:

a: 6 points: fully correct answer incl. correct explanation of (unwanted) side effects.
b: 4 points: correct answer but without explanation.

Only half points for correct answer without any explanation.
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A.D Solutions to test exam 4
Problem 1

Simplify the block diagram step by step (minimum fwo steps, order may be different):
Step la: Combine the negative feedback loop that involves G1 and H3
Step 1b: Combine H1 and H2 they are in parallel and can be added

ﬁ—rl G2 ]—bl 1fs Y(s)

Step 2: Combine the remaining inner negative feedback loop

+ G162
R(s) 1+ GLH3 + GIGZ(H1 + H2) e ¥(s)

Step 3: Combine the remaining negative feedback loop

K162
5 > L » Y(s
R(s) s(1+ 61H3 + G162(H1 + H2)) + KG162 (s)

Grading instructions:

15 points: Correct method without errors.

12 points: Correct method with only minor mistake in answer (sign error, calculation error).
12 points: Correct method and answer but minor mistakes in intermediate steps.

<10 points: Everything else, at the discretion of the examiner.

19
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Problem 2

Answer2 | a) Laplace transform on the differential equation gives:
35%Y(s) + 652Y(s) + 155¥ (5) = sX(s) + 4X(s)
a) 3pts ¥(5){35% + 65 + 155} = X(s){s + 4}

Y(s) s+4 1 (s+4)

H =— " = - —
)= X5) "3+ 652+ 155 35+ 1+2)E+1-2)

b) 4pts b) Find the 3 poles: 353 4 6524155 =0 This last step is not essential

pl=0; p2 =-1-2f; p2=-1+2];

Findthe 2 zeros: s+4=0
z1 =-4;

The gain K=1/3
Pole-Zero Map

3

Imaginary Axis (secands ')
& 5

-3 -2 -1 1] ]
Real Axis (seconds ')

o
£-S

c) 3pts c) Find the DC gain H(s)=H(D)= 4/0 = infinite.
The DC gain (the gain at w = 0 rad/s) is infinite because there is a pole in the origin.

Grading instructions:

10 points: Correct methods and correct answers

Deduct 2 points for minor calculation error (sign) in a) or b) (do not deduct twice for same
error).

Deduct 2 points if not clearly indicated that the zero is a double zero.
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Problem 3
- — FE— —
! |
™ |
W | /
n l'lum :“I 1
| __,..-—-"-"-_;L"_ L 2
h / SR EREER EEEE H in
'|L| - . L MU S TN, SN URRER,. —=—e——— — .
y man i £
. | &l
:J ra el
o HUi] Tb 15 20 5 30 35 40 A5 50
s
T semman gt Chatput

Kp = Yo/ %o = (17-2)/(23-15) = 1.875 = X, and Y, noted in the graph and found correctly is
3 points, K; calculated correctly is 2 points.

Ty =T, =8-5 5= 3 s (+10% error margin for reading from the graph} is 4 points
Tp=Tp = 15-8 = 7 5 (range from 6 to 8 s is correct) is 4 points

2 points for whole transfer function.

Koo™® 1R75p %
Hp(s) = — -

i+l 78t 1
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Problem 4

Substitute jw for s and rewrite in the proper form:

385 30.15-;?(11—554;1]= 1B.jw£%jcu+1)
5-5(§jw +1) (ziw + 1)

Split into gain, poles and zeros:

1. gain H{0) = 0= convert into dB is 20log(0)=- o
2. The frequency independent gain k = 18x convert into dB is 20log{18)= 25.1dB
2. Zerol @ w = 0rad/s, Zero2 @ w = 15 rad/s
4. Polel @ w = Srad/s, Pole2 @ w = 5rad/s,
1) [T I T — TP
m 5
1]
g o ]
B :
¥ f-
2 -mf ',/"
g wf
B0}
-m =
=100 L il
0001 001 01
180 - - - - e e — -
135
40
= A5 R
§ Zerg
- i)
z
I -45+ .
B polel & pale2
8 -s0t
£ 135
=180 =
-5 -1
e L . I L L L I il
0001 001 01 1 10 100 1k radfs

Boda Diagram

Mg (48}

Phase deq)

Frguancy (radfh)

Grading instructions:

15 points: Correct method without errors. Different parts that add up to the complete
function compasite shown separately {or in separate sketches), slopes indicated. It is not
needed to work out all details using the limit method.

Deduct 5 points if phase plot is incorrect.

Deduct 5 points if correct shape of parts and composite, but no slopes indicated or unclear
corner frequencies. If the slope are clear from the logarithmic graph that is also fine.
Deduct remaining point at the discretion of the examiner.
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Problem 5
Answer 5 a) Below follows one of the possible methods to find the Lapace transform of H(s).
Use; s2+2s+7=(s+1)°+6
a) opts 2(s+1)+2
H(s) = ————
) (s+1)2+6
2(s+1) 2
hi{t) =L~ —
® {(s+1)2+6 (s+'l)2+6}
Use the entries below from the laplace table:
Damping &ty Fis+a)
sinfod)-Ife} - . 3
5+t
coxfen)-li1) Lo
L X
2 [
hit) =2e7* cos(\r'gt} + —,Ee‘” sin{y/6t)
v
B o e
R(t)=e" [2 cos(\-@t} + Esin(\fﬁt)]
b) 4pts b) The overshoot of Gis) is calculated from f.

There are two probable ways the student will try to calculate B.
The first way:
52+ 2Bwgs + wg?

2wy = 2
g 2 _ 1
T 2wy 43
The second way:
. s2+25+3
% aili Haspolesat pl — 1+ 2j and p2 — 1 — /2
e 2
6 =tan™! (%) =54.7°
y B = cos54.7 = 0.578
B

M=oV F* =722 = 0.11
The overshoot that corresponds to § = % is 11%
¥

Grading instructions:

10 points: fully correct solution incl. correct explanations.

Deduct 2 points for minor calculation errors (both a and b)

For a) any other method to find the correct answer is also correct, if correctly done.

23
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Problem 6

e e—
P L I - Sr—er .

Answer 6

a) Zpts a) The gain margin is found at the frequency where the phase plot crosses through -180°.
This is at 28.7 rad/s. The gain at that frequency is -16.4dB.

The gain margin GM=0 - -16.4dB = 16.4dB

b) 7pts b) A phase margin PM = 45° is found where the phase plot crosses the -180°+45°=-135°,
This happens at about 14 rad/s. The gain magnitude at that frequency is approximately
-3dB. This means that we can increase the gain by 3dB before we meet the oscillation

criteria.
Mag = 20 log(K) = K=102/20)=1.41

Grading instructions:

15 points: Correct answers with correct methods. Note that inaccuracies reading values
from the graph are not counted as error, as long as indicated where values have been taken
from.

Wrong frequency chosen and therefor wrong answer: deduct 2 points (both a and b}

No or wrong explanation with correct answer: deduct 2 points {both a and b}

Far b) not converted magnitude shift to gain: deduct 2 points.

Problem 7

MNyquist stability criterium
Cbserve the Nyquest piol MNewe =-3

: P =13

Zanp = Newet For_mup OL_RHP

1he gi-loon Syslem & un = [
S50 Z4p=0

Lpup = Number of perod in the Right Walf Mlane Thi!'o means ﬂ'IE' WStEm iS Stﬂh'E.

Wows = Number af Chork Wine Enrirchomants of the poing = | 2 j0
Foi_pup = Kumber of poley af the Opem Loop sypriem i the Right Half Plane

If encirciements. ae in he counterclockwise direction. Mo is negative

Grading instructions:

10 points: fully correct solution incl. correct explanation.

5 points: correct use of criterium Z=Ng,. + Poi_aue but incorrectly counted the
counterclockwise encirclements.

< 5 points: everything else, at the discretion of the examiner.
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Problem 8

Solution is found by decomposing the function y(t) in y(t)+ vit)+ y(t)+

i 0, =<0 L 1
i }'{rj[ = =0 =
k] |
& 0, (t=2)<0 L 3
l " -2, @e-2xz0 T '=E

e 0, (t—-4<0 L 2

1 y(t) {—Z(t -4, (t-920 — "=°¢
" 0. (-4<0 L g
; L 2 2 4 5 6 =2 (3_4‘]20 5

L Ear 1 3 e 2 _4gis ag
yit) = Y(S§)=- ;(-;+-e -se " -2e )

s

Grading instructions:

10 points: fully correct solution incl. correct explanation of separate parts (either in words

or in drawing).
& points: incorrect use of time shift in otherwise correct solution.
5 points: incorrect transform to Laplace domain.

Problem 9

The P-action increases the |oopgain of the control system. The larger the loopgain the
faster and more accurate the system is because |gopeain reduces static deviation. Too
much |oopgain leads to overshoot and possibly even instability.

The 1 - action (integrator) will place a pole in the origin. This removes the static deviation
because it makes the |gopgain infinite for w=0 (t= ==)

The D — action (differentiator) will place a zero in the origin. This will generate error signal

based on the derivative of the input signal. During the step input the derivative is large
which helps to make the step response faster.

Grading instructions:
5 points: fully correct solution.
3 points: If only two actions are described correctly

1 point if only one action is described correctly
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