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Original Quiz Questions & Master Solution/grading scheme used
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Course Description in ABET Format

MECHANICAL ENGINEERING DEPARTMENT
MCEG 3307 Automatic Controls

Course number and name:
Credits and contact hours:

Instructor’s or course
coordinator’s name:

Text book: Title:

Author:

Publisher, Year & Edition:
a. Other Supplemental material

Specific course information
a. Brief description of the content of the
course (catalog description)

b. Prerequisites or
Co-requisites

c. *Indicate whether a required, elective, or

selected elective (as per definition
provided) course in the program

a. Specific goals for the course specific

outcomes of instruction (e.g. The student
will be able to explain the significance of
current research about a particular topic.)

Students will be able to :

1. Derive mathematical model for mechanical,

electrical and electromechanical systems

2. Apply Laplace transform techniques to

determine the time response of physical
systems

3. Model a system of components by block

diagram and determine the input/output
behavior of the system based on such a
model

MCEG 3307 Automatic Controls

3 credit hours

Dr. Mingli Han

"Control Systems Engineering”, ISBN9781118170519,
Norman S. Nise

Wiley, 2015

“Feedback Control of Dynamic Systems”, 7" edition, G.
F. Franklin, J. D. Powell, and A. Emami-Naeini, Pearson,
NJ, ISBN: 0133496597, 2014.

Analysis and synthesis of continuous time control systems,
transfer function, block diagrams, stability, root locus,
state space representation, and design considerations for
feedback control system.

Elective

b. Explicitly indicate which of the student outcomes
listed in Criterion 3 or any other outcomes are
addressed by the course.

The specific goals for the course specific outcomes listed
on the left column will address the following student
learning outcomes:



4. Generate state-space models for linear
systems

5. Use time domain techniques to analyze
systems and to design controllers that
achieve prescribed requirements

6. Use frequency domain techniques to analyze
systems and to design controllers that
achieve prescribed requirements

7 Brief list of topics to be covered 1 Introduction
2. Laplace transform

3. Transfer function

4. Modeling of dynamic systems
5. Time response analysis

6. Stability and performance
7.Root locus

8. Controller design

*Required courses are required of all students in the program, elective courses (often referred to as open or free electives)

are optional for students, and selected elective courses are those for which students must take one or more courses from a
specified group

Please hide all of the row and column lines when done.



Il ASSESSMENT RESULTS FOR CURRENT AND PAST THREE PERIODS

Program Outcomes Assessed in this course

Technical elective course is not assessed for current and past periods.



End of Semester Course Assessment Reports
Fall 2021 and Last Three Assessment Periods.

Each summary contains the following Information

. Performance Statistics

e Total number of students in class

e The class average performance (stated as %) in each course outcome assessed
In this class and the two previous times course was assessed.

e The acceptable class average for the class in each outcome area as set by your
Department.

e Percentage of students who scored below the expected average in each
outcome.

. Implementation Summary

e Brief summary of plans implemented during the semester based on last
assessment report

. Perceived Problems

e Instructor’s critical evaluation of perceived problems that affected students’
performance. Realistic problems should be identified throughout the semester
and summarized in this section of the report.

. New Plans for Addressing Problems

e Instructor’s plans for addressing the perceived problems the next time the
class is taught. These should be specific enough for another instructor to
implement. Most of these should be things that, you, the instructor can
implement to help students to improve. Be creative.

. Overall Trend over last three assessment periods

e Instructors summary of overall performance trend for each outcome
measured over the last three periods.

. Were Expectations Met?

o Answer YES if the class average was above the expected average and the
stated percentage of students scored at or above the expected average, else
answer NO.



Automatic Controls
Fall 2021
Title of Assignment: Midterm Exam
TOPICS COVERED
Midterm Exam covered the following topics:

1. Introduction

2. Laplace transform

3. Transfer function

4. Modeling of dynamic systmes
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Total Grade: Student Name (Print):

Midterm Exam

MCEG3307 Automatic Controls

Fall 2021

¢ Please stay on this page until you are asked to start the exam

e Closed book, closed homework, no USB drive, no cell phone during the exam. Only
pen/pencil, eraser, ruler and calculator can be used in the exam

e Any one minute late submission will result in a 10% penalty of the grade

Note:
e Academic dishonesty of any sort (plagiarism, cheating, fabrication or facilitation) is
prohibited under any circumstance. Any detected actions of dishonesty will cause the
failure of the class immediately.



Problem 1
(1) What is unit step function? (10 points)

(2)What is the Laplace Transform of the unit step function? (5 points)

(3) Please find the Laplace Transform of f(t) = e ‘sinwtu(t). (10 points)

(4) For electrical elements, impedance is the relationship between voltage and current, i.e.

Z(s) = % Assuming C, R and L are the coefficients for capacitor, resistor and inductor,
respectively, what is the impedance of capacitor, resistor and inductor? (10 points)



Problem 2
(1) Consider the block diagram shown in Figure 1 and Figure 2, what is the transfer function
between Y(s) and R(s)? (20 points)

G'1(s)
R(s) | Y (s)
—T Go(s) —
- H(s)

Figure 1 Block diagram.

W(s) :'\'"[.\‘ )

R(s) + . -+ 1-'-
3 | Gls Te
_O—- D(s) (s) () Ys)
‘ His)

Figure 2 Block diagram.

Hint: assuming W(s) =0



(2) Consider the following system, if the unit impulse function is given as the input, what is
the output of the system, Y(s). (15 points)

Y(s)

g s+2 g

Problem 3

(1) A system is described by the following differential equation:

@y gy by dx dxdx

de2 " de de Y T des T Tde” Car oY

Assume all the initial conditions are zero, find the expression for the transfer function of the

O} (15 points)

system, .



(2) Solve for y(t) in the below Ordinary Differential Equation using Laplace Transform and
Partial-Fraction Expansion, assume all initial conditions are zero. (15 points)

d3y d?y dy
F—I_ 5@4‘854-4)1(@ = 26(1)
Hint:
s34+ 552+ 85 +4=(s3+4s2+45)+ (s?+45+4)=5(s2+4s+4)+ (s +2)* =
s(s+2)2+(6+2)?2=(+D(s+2)?



TABLE 2.1 Laplace transform table

Item no. Sl F(s)
1. 8(1) 1
1
2. u(t) <
1
3. tu(r) 2
n!
4- 'I'I"H(‘r] S"-I-]
—uf :
5. e ulr) ita
)
6. sin wtu(1) 2 + a2
§
7. cos wiult) 2+l

TABLE 2.2 Laplace transform theorems

Item no. Theorem Name
1. ZIfO]=F(s) = [ f(o)e™dr Definition
2 Zkf(1)] = kF(s) Linearity theorem
3. ZLNHO) +[5(0] = Fi(s) + Fa(s) Linearity theorem
4, Zlef(r)] =F(s+a) Frequency shift theorem
5 ZIft=T) = TF(s) Time shift theorem
6. Zf(ar)] ! F( E) Scaling theorem
a \a
[df . .
7. F x = sF(s) — f(0=) Differentiation theorem
t
[d*f s , . -
. Zz i = 5 F(s) — s5f(0-) = f'(0-) Differentiation theorem
0. 4 Z:i = §"F(s) — i SN 0-) Differentiation theorem
- k=1
f X F {S) .
10. F [ f o f (r]dr] = — Integration theorem
11. fl(oe) = lim sF{(s) Final value theorem'

12. f(0+) = lim sF(s) Initial value theorem”
F—




Problem 1
(1) What is unit step function? (10 points)
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(2)What is the Laplace Transform of the unit step function? (5 points)
/

p—

S

(3) Please find the Laplace Transform of f(t) = e ~tsinwtu(t). (10 points)

‘ w
/L éfﬁle): —5——7:{——‘;0—7/

sy b ehife prpesy (€ s )= ooy

(4) For electrical elements, impedance is the relationship between voltage and current, i.e.
Z(s) = -‘;((Ts)) Assuming C, R and L are the coefficients for capacitor, resistor and inductor,
respectively, what is the impedance of capacitor, resistor and inductor? (10 points)
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Problem 2 ;
(1) Consider the block diagram shown in Figure 1 and Figure 2, what is the transfer
function between Y(s) and R(s)? (20 points)

G1(s)
R(s) Y(s)

—T 72(8) —
L ll H(s) LI

Figure 1 Block diagram.
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£?4 D(sy L G(s) l—»}’(s)

His)

Figure 2 Block diagram.
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(2) Consider the following system, if the unit impulse function is given as the input, what
is the output of the system, Y(s). (15 points)

G)
vis) 1

| T s+2 i

(
M9z U9 615) = 5m

Problem 3

(1) A system is described by the following differential equation:

d3y+3d2y+5dy+ _d3x+4d2x+6dx+8
des " odez  Var Y e T aee T Car TN
Assume all the initial conditions are zero, find the expression for the transfer function of the

Y6 (15 points)

X(s)
s Yis) £35¥(s) +SsY19) 1Y) = $2 X Hds Xs) b8 X
+§ X

system,

(6™ DY) = (8 +467+< 49) Xts)
Y16) SIHYsTHS S
TR T S 35t ec




(2) Solve for y(?) in the below Ordinary Differential Equation using Laplace Transform
and Partial-Fraction Expansion, assume all initial conditions are zero. (15 points)

d’y _d’y  _dy
E+5-&?2-+8E+4y(t)—25(t)

Hint: s3 + 552 + 85 + 4 = (s3 + 45?2 + 4s5) + (s> + 45+ 4) = s(s? + 4s + 4) +
(s+2)2=5s(s+2)2+(s+2)2=(s+ 1)(s + 2)?

ST+ 15 ) +§¢Yis) teis) = 2
1§) 2 ——— - _A B

Ak tosty (BH)s+2)r 5t (6+Z)

To C: 2 2
8&6 'm = (5_{’2)’5‘{——%— -(’8._(, (S"l’)/) C

tole 0&}’/‘\/&%\/6; ,_2____ _2062)(5t) — (se)*
\——\
l
‘ e
, <« Cz -2
& \’ﬂj ); - \2_1 _ 2
e T

)z (2675 et 8‘26) W)



ABOVE AVERAGE

(Note: All Pages shown in Light Blue should be printed on Light Blue Paper)
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Midterm Exam

MCEG3307 Automatic Controls

Fall 2021

e Please stay on this page until you are asked to start the exam

e Closed book, closed homework, no USB drive, no cell phone during the exam. Only
pen/pencil, eraser, ruler and calculator can be used in the exam

e Any one minute late submission will result in a 10% penalty of the grade

Note:
e Academic dishonesty of any sort (plagiarism, cheating, fabrication or facilitation) is
prohibited under any circumstance. Any detected actions of dishonesty will cause the
failure of the class immediately.



Problem 1
(1) What is unit step function? (10 points)

(2)What is the Laplace Transform of the unit step function? (5 points)

12128 W)q) AH) =9 )

(3) Please find the Laplace Transform of f(t) = e ‘sinwtu(t). (10 points)

ﬂ{—,_’_,e“"%
o 3 -
-1 S*rw A /17

(4) For electrical elements, impedance is the relationship between voltage and current, i.e.

Z(s) = % Assuming C, R and L are the coefficients for capacitor, resistor and inductor,

respectively, what is the impedance of capacitor, resistor and inductor? (10 points)

ﬁ'ii J,QD——:\Q ' @i%]/
j/(S) 6 T(9) I(S) Q
(agosol)  (kesigocy  (FrolnChow)



Problem 2 .
(1) Consider the block diagram shown in Figure | and Figure 2, what is the transfer
function between Y(s) and R(s)? (20 points)

1(s)
R(s) Y (s)
’ I 'I H(.s)ll

Figure 1 Block diagram.

160 - & Gifs)rGady)  _ Golsphald)
Els)y N\ -G () Gal)HE) 1+ a6

Wis) N(s)

Ris) + B Gls) +/J\+ /

(s) et Gly s

‘@__ B
H(s)

Figure 2 Block diagram.

Yo - F .00+ Gt N(s) = ) Q@ yﬁg)
- = ) _ 5

TR NE ") ale) H(9) 1+ 0()a

(s) 1 ) f

Hint: assuming W(s) =0




(2) Consider the following system, if the unit impulse function is given as the input, what
is the output of the system, Y(s). (15 points)

1

—_— > N‘ > —_’/‘Y(S)

ROkl

19

Problem 3
(1) A system is described by the following differential equation:

Py LY by dx 2 LE e o
des " Cae P TV T gttt to T

Assume all the initial conditions are zero, find the expression for the transfer function of the

system, L) (15 pomts)

@ S et
o EY N o\
T KAl (o)

l

(X%H’ 2 R4 ”3)
£ (A% rdre2) (47 - L
/\(xr% L (e )2
TR )03



(2) Solve for y(1) in the below Ordinary Differential Equation using Laplace Transform
and Partial-Fraction Expansion, assume all initial conditions are zero. (15 points)

d’y _d’y _dy
&Y 4V Y _ -1
T3t STz H 8+ 4y(t) = 28(1)
Hint: 53 + 552 + 85+ 4 = (s® + 45 +4s) + (s* +4s +4) =s(s> +4s +4) +
(s+2)%=s@E+2)2+(s+2)*=(+1)(+2)? (542)

28 Fhasi
(SH (st
g+ By C *
B P N S ct1=0
C‘SHj (\§f,b> &619’) -141=0

A b+ (s+t) _C

Sy Ok
o _
<4 mskaf) |
S
b sy e
Ak x B Y558 ) 24270
(gsm é}\ ’
L
sy (o1 )
ALy | ‘5%;),6,\@%
Co A y b v C lgC’D’/(;LG ‘
O /UT

O e 4
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Total Grade: U( X Student Name (Print): £ ¢ /A yclte Ma@cin

Midterm Exam

MCEG3307 Automatic Controls

Fall 2021

e Please stay on this page until you are asked to start the exam

e Closed book, closed homework, no USB drive, no cell phone during the exam. Only
pen/pencil, eraser, ruler and calculator can be used in the exam

\

e Any one minute late submission will result in a 10% penalty of the grade

Note:
e Academic dishonesty of any sort (plagiarism, cheating, fabrication or facilitation) is
prohibited under any circumstance. Any detected actions of dishonesty will cause the
failure of the class immediately.



Problem 1
(1) What is unit step function? (10 points)

Auntt ste P furehon consist of an e
SNSYeW and o c\oced eyctern. A clogsed ENGtem

(C%:'Otb\c 0 cOect \yse\f and o open
SNSem et X

#

(2)What is the Laplace Transform of the unit step function? (5 points)
- 5: £ e elk ) S (kfd)] =k F(s)/(

(3) Please find the Laplace Transform of f(t) = e ‘sinwtu(t). (10 points)
A = LAY = e g nutu )
et Lo a0y 6mw*ULﬂ‘ﬁ_l
5+ Q graw

2o L) L F) of etsnwtu s W)

(4) For electrical elements, impedance is the relationship between voltage and current, i.e.

Z(s) = % Assuming C, R and L are the coefticients for capacitor, resistor and inductor,

respectively, what is the impedance of capacitor, resistor and inductor? (10 points)

7¢s) = V) —Vvoltage Cg,L — \nductor

\mpfdc\nu, Capacmr(
c b Y
25D = s /)(



Problem 2 .
(1) Consider the block diagram shown in Figure 1 and Figure 2, what is the transfer
function between Y(s) and R(s)? (20 points)

. R(s) - Y (s)
W= o

S —THOk

Figure 1 Block diagram.

WI(S)= 0
N 4 RS 2R — é\(s) = G4LS)
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c, W Q e 52 s
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R(s) + . :I\""
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[— H(s)

Figure 2 Block diagram.

Hint: assuming W(s) =0
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(2) Consider the following system, if the unit impulse function is given as the input, what
is the output of the system, Y(s). (15 points)

1
b | GE el
Ly
(D) =7
S+ 2 . ‘ O\ =3~
-ak z —
€ wlt) Sx
( - Q%
512 ¢ = A /ﬁ
output funchen
of T\ System
Problem 3

(1) A system is described by the following differential equation:

d3y+3d2y+5dy+ —d3x+4d2x+6d +8
ded " odez A Y T ae Ttqa TOh g X

Assume all the initial conditions are zero, find the expression for the transfer function of the

\

system ) (15 points)

3 C\Q\J avy A 3~ 9
_—d-—-i"* 3 —— S "[; "\{ - 5\——-’ + Y é E (e __6}7\ R
cl43 At o At AL 7
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(2) Solve for y(?) in the below Ordinary Differential Equation using Laplace Transform
and Partial-Fraction Expansion, assume all initial conditions are zero. (15 points)

d3y dzy dy
PTE] SF"' 8d_+ 4y(t) = 26(t)

Hint: s+ 552+ 8s +4 = (s3> +4s? +4s) + (s’ +4s+4) =s(s* +4s+4) +
(s+2)2=s(s+2)2+(s+2)2=(s+1)(s+2)?
J gu)= |

S
atfgcaiw\/"%,i Ay yit)=2 §Lt)

65*9324 Qo+ 4 = 2(\)
(6 2\ <614 (51 7= (g4 N (632

(s A
\{LJC\Z(Q—\'H(S*Q\ 63* 581_*%%*1,“&&)) =2 ( § %)
rA

Sh sty 2L\ = ~llygh
€3,557+§S- 2= Hiylk
B3 Tl 5 (SF+ 4S-D)
S8y 1) +LS+’L\1

Q
A



e

Automatic Controls
Fall 2021

Title of Assignment: Final Exam

TOPICS COVERED
Final Exam covered the following topics:

Modeling of dynamic systems
Time response analysis
Stability and performance
Root locus

Controller design
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MCEG3307 Automatic Controls

Fall 2021

¢ Please stay on this page until you are asked to start the exam
e Any one minute late submission will result in a 10% penalty of the grade

e Any dishonest behavior will result in “F” grade immediately

Note:
e Academic dishonesty of any sort (plagiarism, cheating, fabrication or facilitation) is
prohibited under any circumstance. Any detected actions of dishonesty will cause the
failure of the class immediately.



Problem 1 (9 points)
True or False
(1) If the transfer function of the closed-loop system has at least one simple
pole and no repeated poles on the jo-axis, the system is stable.

(2) The number of roots in the open right half-plane is equal to the number of
sign changes in the first column of Routh array.

(3) Poles and zeros marked on the root locus are the poles and zeros of the
closed-loop transfere function

Problem 2 (51 points)
(1) Consider the stability of the following system with the closed-loop transfer
function: (10 points)
5(s+2)
(s—1D(s?+s+1)

(2) Consider the stability of the following system with the closed-loop transfer

function: (10 points)
1

S

[ %]



(3) The standard form of the second-order system is
w?
G — n
() s2+ 2{w,s + w3
If the poles location moves to the left side of the s-plane, the settling time
will increase or decrease? (5 points)Why?(6points)

(4) Please find the range of K to keep the following system stable. (20 points)

s+1
G(S)=5(5+2)

R(s) ?

Y(s)

G(s)

A
y




Problem 3 (40 points)
Consider the following unity feedback system:

R(s) +9 4 3 Y(s)
s+1

(1) What is the characteristic equation? (10 points)

(2) What is the closed-loop tranfer function of this system? (10 points)

(3) Assuming a unit step function is given to the system, please calculate the
steady state value, yss. (10 points)

(4) Assuming a unit step function is given to the system, please calculate the
steady state error, e. (10 points)

v

A 4




Problem 1 (9 points)
True or False
(1)If the transfer function of the closed-loop system has at least one
simple pole and no repeated poles on the jm-axis, the system is stable.

False

(2) The number of roots in the open right half-plane is equal to the
number of sign changes in the first column of Routh array.

Trune

(3)Poles and zeros marked on the root locus are the poles and zeros of the
closed-loop transfere function

False

Problem 2 (51 points)
(1) Consider the stability of the following system with the closed-loop
transfer function: (10 points)
5(s+2)
(s—D(s?+s+1)
P@w, s-(=0 | S o

{2JI-¢

é\:| $2,3= ——‘—“’;—'__

S 1§ pwh'vﬁ. s The W IS unstﬂﬁ(

(2)Consider the stability of the following system with the closed-loop
transfer function: (10 points)

52
21=0 => $,20, 5:0
T e e tposedplo o0 b0
the Ww 12 unstably



(3) The standard form of the second-order system is

2
Glii= .
52 4+ 2{w,s + w?

If the poles location moves to the left side of the s-plane, the settling time
will increase or decrease? (5 points) Why?(6points)

$= = £jwn JFY

: If po(u Locason moves to the %i siele
oﬁi the S—]}W) ﬁWhT’ Ywin will inerease )
5&%% Hime :-7% will epertane

(4) Please find the range of K to keep the following system stable. (20
points)

c s+ 1
(s) = s(s +2)
=2 )k J Ges) —
St e
[+ K Zimy =°

S(S+2) Hk(stl ) =0
S 4 (42) Sk - 0

s I<
S [kt 0
|k

/(+$>‘7 P /<>O

/( >0



Problem 3 (40 points)
Consider the following unity feedback system:

ﬂs)_;?_, 0 3 ¥y
s+1

(1) What is the characteristic equation? (10 points)

(2) What is the closed-loop tranfer function of this system? (10 points)

(3) Assuming a unit step function is given to the system, please calculate the
steady state value, y. (10 points)

(4)Assuming a unit step function is given to the system, please calculate the
steady state error, eg. (10 points)

v

A 4

Wt 4o

Sti3=o
|2
(2) Gels) s —FH— - L
Gils) = 'ﬁ; ~ 5413
Py
(3) o %7) K / [2
o = bim$S G5 = Gz G = 0,23
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/
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Problem 1 (9 points)
True or False
(1)If the transfer function of the closed-loop system has at least one

simple pole and Wd poles on the jo-axis, the system is stable.
To\ce

(2) The number of roots in the open right half—plane is equal to the
number of sign changes in the first column of Routh array.

\\ Xm v /"’ &\ S{)

(3)Poles and zeros marked on the root locus are the poles and zeros of the
closed-loop transfere function

WAL b B é

Problem 2 (51 points)
(1) Consider the stability of the following system with the closed-loop

transfer function: (10 point
ransfer function points) S(s 4+ 2) (S' \) - O ’bi/@

- G-D@E2+s+1) S = A T
\ \A‘(\g&ab\g\ 511— S —k“& =

$=A+F3
QO\\@ "N @\’\p | _\-\-m“\

(2)Consider the stability of the following system with the closed-loo

transfer function: (10 points) : - = —\t I—Z’
= WD —
$-0
SJWX\O\ € )( ./Af
\& POV
x SH“HP
hoo O Néu_%al o\ v
no YO o
AT



(3) The standard form of the second-order system is

2
G(s) = 557
s2 + 2{w,s + w?

If the poles location moves to the left side of the s-plane, the settling time
will increase or decrease? (5 points)Why?(6points)

e Settling Xime Wi\l decrense” peause

moving 1o the \eft sicle willdypuremse e
WA response timue, Wit ulimately ef€ects

i | ling 4i reaje
e ringe, epusing e seetling time fo oljirwtf\\.

(4) Please find the range of K to keep the following system stable. (20
B points) - ‘
CWC(S\)—__& R\B: Wf\ -K tﬁ—j‘éi?\’l)(‘)(\w . ) v s+1 g)t G(f}/g(ﬁw
\’Lg (4D = s(s + 2) /

R(L’%—‘ K G(s) L
Craracteristic equation]

St e
11 K- (5t) Lo eoh
S S(S\—’A)/ B \) ‘ } Ty < (7 x}

A3+ WD _, Sl KIs)

I (k1) sleny «(SED)

CTe s

LS(N A KGtl) %
S(gx 2y x K (se\) = B )
249 srle =0 S L 6§(2+¥)*K =0
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SR S | ) - X
§ () - (VO = w22

¢ e O Rl -, B

s K

= ¢ o\ '—\\OO
no S\()S(\ C\(\U\V\Ljﬁ



g
?3 f 3 =H T
Problem 3 (40 points) \-l4 =42 0 (
Consider the following unity feedback system:

2
R(s) + B -3 Bl \“ﬂ: /S*’\
s+1
| \’f\l/g*\

(1) What is the characteristic equation? (10 points)
(2) What is the closed-loop tranfer function of this system? (10 points)
(3)Assuming a unit step function is given to the system, please calculate the

steady state vzge ¥ss. (10 points) Eind Yss
(4)Assuming a unit step function is given to the system, please calculate the

steady stategggr ess. (10 points) T ¥

\3\3( 3 \’L oy S i #J«»\H”L U D 04,
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Problem 1 (9 points)
True or False
(1)If the transfer function of the closed-loop system has at least one
simple pole and no repeated poles on the jm-axis, the system is stable.

L .
Falog M?m&

(2) The number of roots in the open right half-plane is equal to the
number of sign changeg’in the first column of Routh array.

T

(3)Poles and zeros marked on the root locus are the poles and zeros of the
closed-loop transfere function

Falee fopin -Lwp)

Problem 2 (51 points)
(1) Consider the stability of the following system with the closed-loop

transfer function: (10 points) N SMIQ (1_/
X

5(s + 2)
(s—1(s%2+s+1)

ST1=0 s2igh)=0
vt = Tk s _q X L/
J

(2)Consider the stability of the following system with the closed-loop

transfer function: (10 points)
7 Unstable

oy
S&}S% -

Y
(SR 'ES
L o3




(3) The standard form of the second-order system is

(1)2
G(s) = =
52 + 2{wy,s + w3

If the poles location moves to the left side of the s-plane, the settling time
will increase or decrease? (5 points) Why?(6points)

g l@pm o s alws fw
te o dyCreas MW Yhe wd ineasss.

(4) Please find the range of K to keep the following system stable. (20
points)
g4

e+ S%45=0

Y
_.CR(S’ >_. K G(s) ?

G(s) =

Y

S(s12)
St | A
( —— O \
b s(s+ |
LT ~
Sy 2stk=0
§ = -2 ~at-HK \f



Problem 3 (40 points)
Consider the following unity feedback system:

R(s) + 4 ad: )
%P s+1

(1) What is the characteristic equation? (10 points)

(2) What is the closed-loop tranfer function of this system? (10 points)

(3) Assuming a unit step function is given to the system, please calculate the
steady state value, ys,. (10 points)

(4) Assuming a unit step function is given to the system, please calculate the
steady state error, eg. (10 points)

D O Chonshe, L4 mahm
I+ Y4 ”“5’1_’_:/(0 -6
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Problem 1 (9 points)
True or False

(1)If the transfer function of the closed-loop system has at least one
simple pole and no repeated poles on the jm-axis, the system is stable.
Tvue

(2) The number of roots in the open right half-plane is equal to the
number of sign changes\in the first column of Routh array.

False

(3)Poles and zeros marked on the root locus are the poles and zeros of the
closed-loop transfere function

True )g ,7

Problem 2 (51 points)

(1) Consider the stability of the followmg system with the closed-loop
transfer function: (10 points)

5(s + 2)
G-—1(2+s+1)

S’(C\\;V}é)c\ﬂ \y on € S\Yn changt. 4”\.()\’21*«"(;' acws O
S+ L)

e )
(\—\)(\1«.\'*\) il

~\

(2)Consider the stability of the following system with the closed-loop
transfer function: (10 points)

PO\Q @ \)’

SZ

TV\\S t\\\ c\ON S Staoke

/k o poochnes Zero,
3

\ /f
<2 Gpprc g O.
2 o W) el (9\3 voorc el O



(3) The standard form of the second-order system is

2
G(s) = i
s?2 + 2{w,s + w?

If the poles location moves to the left side of the s-plane, the settling time
will increase or decrease? (5 points) Why ?(6points)

The sertiing Tim.e s\hould (NCYeas
aNSTem \S S\ab\e, el i wlWare ynovt
M e Loy the gyerem To sertie with

NN C)c\hv R MA\URS, pOoLeS RTC g é)
(4) Please find the range of K to keep the following system stable. (20
points)
G e s41
(s) = s(s +2)

Ree % G(s) g
?. | 5v‘\cy na\

N A

(Y= S+l \‘(S“)Wﬂl\
C(SH+X) SCE4A)

pole @ - % ? wWithouwt tha q o Chaincng
ana loecoming van %’\'C\\J\.{) The
! valuey Fromn Jrz Yo 7, ¥Keeps I

7 ke DJK IOOlé.\ncs 5\""6\\0\/(",,‘

0 P\v\c\'\vxrj “le (ande u,gm.cj tlhe wn i
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Problem 3 (40 points)
Consider the following unity feedback system:

R(s) +<P b 14 %5 (I
sEl

(1) What is the characteristic equation? (10 points)
(2) What is the closed-loop tranfer function of this system? (10 points)

(3) Assuming a unit step function is given to the system, please calculate the

steady state value, yy,. (10 points)
(4)Assuming a unit step function is given to the system, please calculate the

steady state error, eg. (10 points)

Yy _ GLS) /0 y(3) 12

(&(G) { C\(‘T) ) S‘l’l i S+ | /r

Pole @ -\
(sYeaely siate evioy)
| & | 2 |
|+ | O
R P | . ;O
kP:C’\(.O) " = ‘f)': - o X%
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Finq\ vallug (steady state)
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Automatic Controls
Fall 2021

Title of Assignment: Quiz 1
TOPICS COVERED IN QUIZ 1
1. Introduction

2. Laplace transform
3. Transfer function



MCEG 3307 Automatic Controls
Fall 2021
Quiz 1 (40 mins)

Student Name (Print): Grade:

1. What is the difference between open-loop control and close loop control? (20 points)

Block diagram of Open-loop control:

Signal Input input output
yd Controller u_, Plant p——— y
(Actuator)

Block diagram of Closed-loop control:
Signal Input  Error output

e
ydT’O_’[ Controller H Actuator |—' Plant y

=1
l Sensor |

2. What is the Laplace transforms for the time function: te >t (15 points)

3. What is the Laplace transform for the time function: tu_(¢) ? (15 points)

4. Solve for y(t) in the below equation, assume all initial conditions are zero. (50 points)

dZy
dx?

+122 + 32y = 32u,(t).



MCEG 3307 Automatic Controls
Fall 2021
Quiz 1 (40 mins) Solution

Student Name (Print): Grade:

1. What is the difference between open-loop control and close loop control? (20 points)

Block diagram of Open-loop control:

Signal Input input output
yd Controller u_, Plant p——— y
(Actuator)

Block diagram of Closed-loop control:
Signal Input  Error output

e
ydTO—’[ Controller H Actuator l—' Plant y

LSensorf
For open-loop control, there is no sensor element, and output and desired input will
not be compared. Calibration should be conducted to achieve good control outcome.
When disturbance appears, re-calibration should be conducted.

For closed-loop control, there is a sensor element, and output and desired input will
be compared. When disturbance appears, closed-loop system can adjust by itself. No
need to do re-calibration or re-modeling.

2. What is the Laplace transforms for the time function: te —>¢ (15 points)

1
(s +3)?

3. What is the Laplace transform for the time function: tu_(¢) ? (15 points)
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mingl
Pencil
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Automatic Controls
Fall 2021

Title of Assignment: Quiz 2

TOPICS COVERED IN QUIZ 2

1. Stability and performance



MCEG 3307 Automatic Controls
Quiz 2

Student Name (Print): Grade:

1. Consider the stability of the following system with the closed-loop transfer function. (40
points)
5(s+2)
(s+1(s2+s+1)

2. Using the Routh-Hurwitz criterion and the unity feedback system of Figure 1 with

1
G = =
() 2s* + 553 + 52+ 2s
Tell whether or not the closed-loop system is stable.

R(s) *__ E(s) G(S) Y(s)

Figure 1 A unity feedback system.

(1) Find the close-loop transfer function. (30 points)
(2) Identify the stability of the system using the Routh-Hurwitz criterion. (30 points)



MCEG 3307 Automatic Controls
Quiz 2

Student Name (Print): Grade:

1. Consider the stability of the following system with the closed-loop transfer function. (40
points)
55+ 2)
(s+1(s%2+s+1)

pole: (§+t>(s+5+1):0_ +T<7 ,ij
g, & (2 =
=1y, 253 =

il the Pl)(m W m t/v? ﬁf&v\ /Exff /sz févzcg J

2. Using the Routh-Hurwitz criterion and the unity feedback system of Figure 1 with 'S & ff /> (L

i
G(s) =
(s 2s* + 553 + 52+ 2s

Tell whether or not the closed-loop system is stable.

Figure 1 A unity feedback system.

(1) Find the close-loop transfer function. (30 points)
(2) Identify the stablllty of the system using the Routh-Hurwitz criterion. (30 points)
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Automatic Controls
Fall 2021

HOMEWORK 1

TOPICS COVERED IN HOMEWORK 1

1. Matlab



Homework 1
1. Go to https://matlabacademy.mathworks.com/, to complete MATLAB Onramp course.
The course takes around 2 hours to complete. You can take breaks and resume it.

4\ MATLAB and Simulink Training X 4

< C (¢ & matlabacademy.mathworks.com

MATLAB and Simulink Trainin|

Training Overview  Find a Course v  Get Certifit

View my courses

Getting Started

MATLAB Onramp

Get started quickly with the basics of
MATLAB.

(=)

2. Click the icon at the top right corner to resume the courses:

4 MY COURSES

@ ATLAB Onramp

MATLAB Onramp
29% complete

MATLAB Onramp (29

MATLAB Onramp

« P 1. Course QOverview 700% 1. Course Overview

4 P 2. Commands 100% Familiarize yourself with the course

v Course Overview
« P 3. MATLAB Desktop and Editor 100%

» 4. Vectors and Matrices 66% 2. Commands

» 5. Indexing into and Modifying Amays 0% Enter commands in MATLAB to perform calculations and create variables

v Entering Commands

v Naming Variables

» 7. Calling Functions 0% v Saving and Loading Variables

v Using Built-in Functions and Constants

» 6. Amray Calculations 0%

» 8. Obtaining Help 0%

» 9. Plotting Data 0%

4 3. MATLAB Desktop and Editor
» 10. Review Problems 0% Write and save your own MATLAB programs.
v/ MATLAB Desktop and Editor

. v The MATLAB Editor
» 12. Logical Arrays 0% Z v Running Scripts

» 11. Importing Data 0%

3. After completion, go to https://matlabacademy.mathworks.com/ . Click “View/Share
Certificate” as shown below:

Getting Started

MATLAB Onramp Q ViewiShare Certificate

Get started quickly with the basics of MATLAB. £ Settings
I 100%  Unlimited access


https://matlabacademy.mathworks.com/
https://matlabacademy.mathworks.com/

4. Choose “Create a shareable link”:

4\ MATLAB Onramp - Google Chrome = O X

# matlabacademy.mathworks.com/progress/certificate.htmi?course=gettingstarted&release=R2020b8&language=en

I This is a private link that only you can vi€w. Create a shareable link ) get a PDF X

4\ MathWorks

Training Services

5. Copy and paste the sharable link on ecourses. For example:

https://matlabacademy.mathworks.com/progress/share/certificate.ntml?id=0af14726-c4ee-
4a3d-8e44-8dce9f626874
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4\ MathWorks

Course Completion Certificate

Training Services

Asher Carson

has successfully completed 100% ofthe self-paced training course

MATLAB Onramp

D!RECTOR. RRRRRRRRRRRRRRRR 28 August 2021
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‘ MathWorks: | Training Services

Course Completion Certificate

Priscille djomo

has successfully completed 100% ofthe self-paced training course

MATLAB Onramp

i

DIRECTOR, TRAINING SERVICES

28 August 2021
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4\ MathWorks

Course Completion Certificate

Training Services

Joshua Guyton

has successfully completed 100% of the self-paced training course

MATLAB Onramp

oooooooo _ TRAINING SERVICES 03 September 2021



Automatic Controls
Fall 2021

HOMEWORK 2

TOPICS COVERED IN HOMEWORK 2

1. Laplace transform
2. Transfer function



Homework 2
1. How do closed-loop systems differ from open-loop systems?

2. Please write the equation and plot it for the following function:

(a) Unit step function
(b)Unit impulse function
(c) Unit ramp function.

3. Using the Laplace transform pairs of Table 2.1 and the properties of Laplace transform in
Table 2.2,derive the Laplace transforms for the following time functions:
a) e “coswtu(t)
b) t3u(t)

10 .
- —. Please show the calculation

s(s+2)(5+3)2

4. Find the inverse Laplace transform of F(s) =

process.



Homework 2

1. How do closed-loop systems differ from open-loop systems?

Block diagram of Open-loop control:
Signal Input input output

Yd U

Controller » Plant _"y

(Actuator)

Block diagram of Closed-loop control:
Signal Input  Error output

e
ydT’O_’I Controller H Actuator '—' Plant y

=1
l Sensor |

For open-loop control, there is no sensor element, and output and desired input will not be
compared. Calibration should be conducted to achieve good control outcome. When disturbance

appears, re-calibration should be conducted.
For closed-loop control, there is a sensor element, and output and desired input will be
compared. When disturbance appears, closed-loop system can adjust by itself. No need to do re-

calibration or re-modeling.

2. Please write the equation and plot it for the following function:

(a) Unit step function

70 = us(t) = { 0 ioa

f(t)
1

t

0

(b)Unit impulse function
oy ) oo, t=0
o(t) = { 0, t#0
§(1)
Width =0

Area=1

0 i

(c) Unit ramp function.

0={y 28



f(t)
———i///at

0

3. Using the Laplace transform pairs of Table 2.1 and the properties of Laplace transform in
Table 2.2,derive the Laplace transforms for the following time functions:
c) e *coswtu(t)
d) t3u(t)

10 .
- —. Please show the calculation

s(s+2)(5+3)2

4. Find the inverse Laplace transform of F(s) =
process.
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Automatic Controls
Fall 2021

HOMEWORK 3

TOPICS COVERED IN HOMEWORK 3

1. Modeling of dynamic systems
2. Time response analysis



Homework 3

1. Please compute the transfer function from R(s) to Y(s)

R(s) Y(s) R(s) Y (s)
—‘?—C(s) G(s) —‘? G(s)
- H(s) -
R(s s »G1(s)
) G(s) : (:) R(s) Y (s)
H(s) _ o)

2. Problem 24 in Chapter 2 of the textbook.

3. Based on the unit step response given in the figure below, (1) Please find the transfer
function of the system. (2) Please plot the unit ramp response for the system.

Step Response

0.8 . : s

0.7 | /
oo |

Amplitude

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9

Time (seconds)



Homework 3

1. Please compute the transfer function from R(s) to Y(s)

R(s) Y (s) R(s) Y(s)
C()FMG()FT1 G(s)
() ) -2
Bis) ey DA - ¥ (s)
"T (SO i
H(s)t_s) ' )
L¥)

) ,YUAL_ G ) C(S)6Ls)

R 7 Ly 7 1t b Hi

(o) M9 R &9
RUD 7 |-24 — )+68)
) Yy _ kA __GW

Ris>  Hy |- G HLs)

W B Gthas)

pmm— e

RO T F (et o) His)

L)

2. Problem 24 in Chapter 2 of the textbook.

. |. ’:71, @
éf;;?;nq_’ifm [ -CX18) 8 X2(8) = Hs)

; s9loce | : [ fw‘m ®
e 065? 4 ¢ " Mt)’ (55> 445X, 19 =S Kat8)=

CH-x)=frty @ | (S5 +45)x 1= F9)

N
maz e tf ( AU

MA)z = E(Kx) -4 % @



3. Based on the unit step response given in the figure below, (1) Please find the transfer
function of the system. (2) Please plot the unit ramp response for the system.

tf=s+10

(2) use step command to tf/s, the ramp response is shown below (may need to adjust the
range of x-axis to show the curve):
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Automatic Controls

Fall 2021

HOMEWORK 4

TOPICS COVERED IN HOMEWORK 4

1. Stability and performance




Homework 4
1. Using Routh-Hurwitz criterion, determine whether the unity feedback system of Figure 1 is

stable if
240

G+ D(E+2)(s+3)(s+4)

Ris) + E(x) Cis)
RO £ QEO] 6 -

Figure 1 A unity feedback system.

G(s) =

2. Determine the stability of the system shown in Figure 2 using Routh-Hurwitz criterion.
Notice that there is positive feedback.

Ris) + E(s) 18 | Cis)
_,,_Q@ - -
A T P+t -Ts3 752 - 18¢ |

Figure 2 A system with positive unity feedback.

3. Find the range of K to keep the system shown in Figure 3 stable.

R(5s) + ., E(5) K Ci(s)
—_— ikl -
f Z;J 5

s—1

242541

Figure 3 A feedback control system.
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Automatic Controls
Fall 2021

PROJECT

1. Simulink
2. Modeling of dynamic system
3. Stability and performance



MCEG 3307 Automatic Controls Project
This is an individual project
Part I:
1.Please go to https://www.mathworks.com/learn/tutorials/simulink-
onramp.html , to complete MATLAB Simulink Onramp course. The course
takes around 3 hours to complete. You can take breaks and resume it.

2.Click Details and launch:

Simulink Onramp

Learn the basics of how to create, edit, and simulate models in Simulink®
with this free, three hour introductory tutorial.

Prerequisites: MATLAB Onramp

Details and launch

3.Click “launch online™:

To launch this course

Students and educators:
Launch online

Users at commercial, government, or other organizations:
> Launch on desktop

4.After completion, submit the certificate and the sharable link of the certificate.


https://www.mathworks.com/learn/tutorials/simulink-onramp.html
https://www.mathworks.com/learn/tutorials/simulink-onramp.html

Part II:
1.Refer to the Antenna Control Case study on Page 92 of the textbook. Complete

the challenge question on Page 93, which is to find the transfer function of
each subsystem using configuration 2 data.

2.Refer to the Antenna Control Case study on Page 272, find the close-loop
transfer function using Configuration 2 data. You can refer to the solution of
Problem a on this page to complete this task.

3.Based on the derived closed-loop transfer function in the previous task, find
the range of preamplifier gain K to keep the closed-loop system stable.

Submission requirements:
A final report in electronic format should be documented in word format and
submitted to Canvas. There is no specific format and page limitation, but the report
should include:
o Certificate of the MATLAB Simulink Onramp course
e Deriving process of the closed-loop transfer function of the antenna position
control system based on the requirements in Part Il (block diagram,
equations, etc.)
e Calculation process to find the range of K (block diagram, tables, etc.)

e Conclusion
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Antenna Control Case Study

This section of the project was focusing on the Antenna Azimuth Position Control System in the
textbook. In this, we have three main questions we were asked to answer. For the first part, we
were instructed to first the transfer function for each of the separate subfunctions shown in the
block diagram, shown in Figure 1. To help find the subfunctions, I referenced the schematic to
determine the transfer functions, shown in Figure 2. With these two diagrams, we can start
determining each transfer function. We are also using the data for configuration 2, which will be
shown in Table 1 below.

Block Diagram
].3:;1'1]1;;'1 - - Pn\»‘c‘r Motor Azimuth
! nele Potentiometer Preamplifier amplifier and load Gears angle
di(s) Ve(s) E,(s) K G,(5) K. G,(5)
s(s+ay,) °
Potentiometer
]"pol -
Figure 1 Block Diagram
Schematic
Desired
azimuth angle
input
0;(1) +V
N .
}-F#- n-turn potentiometer
\
Fixed
v Differential Power Motor field
preamplifier amplifier R,
vi(1) + Vp(l) eq(1)
v K K, (1) Azimuth
o) — s+a anel
Ja kg—m2 A N angle
D, N-ms/rad ; output
a : Gear 0,(1)

K, V-sfrad

- K, N-m/A — N, N A
- J; kg-m”
v Gear y

D; N-m-s/rad

. N
n-turn potentiometer 4——'—-— 3
Gear

+V

Figure 2 Schematic Diagram
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Schematic Parameters

Parameter Configuration 1 Configuration 2 Configuration 3
Vv 10 10 10
n 10 1
K _ _ _
K, 100 150 100
a 100 150 100
R, 8 5 5
J, 0.02 0.05 0.05

D, 0.01 0.01 0.01
K, 0.5 1 |
K, 0.5 1 |
N, 25 50 50
N, 250 250 250
N; 250 250 250
Jr 1 5 5
D, 1 3 3

1.) Subfunction Transfer Functions

Table 1 Configuration Data

Transfer Functions describes as the relationship between the input and output of a system.

Output

Trasnfer Funciton =
Input

Potentiometer

Starting with the Potentiometer, the transfer function is found by dividing the voltage change, V(s),
and the angular displacement, 0,(s), and is shown below.
Vi(s) v

0:,(s) nm

When you insert the data from Table 1, the first transfer function is then,

Vis) v 10 2142
0,(s) nm 10m

Therefore, the transfer function, K, is equal to 3.142.

Preamplifier

The preamplifiers transfer function, K, has no value according to Table 1 so it remains K.

Power Amplifier

4 Carson
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The Power Amplifier’s transfer function is shown as,
E a(s) K 1
Vo(s) s+a

Once I input the values from Table 1, the transfer function is,

Eo(s) Ky 150
Vy(s) s+a s+150

Motor and Load

The book gives us a specific equation for the motor and load transfer function. Equation 2.153
shows the motor and load transfer function as,

Kt
6, (s) (Ra *lm)
Eo(s) .
s|s + K.+ K,
oot

We were also given the formula for J,, and D,, as shown below.

Np\2
Jm=Ja +]L(N_2)

Ny

2
D= D+ DL(N—Z)

First, we must solve for all the variables used in the transfer function, so taking the values from
Table 1 will help us solve for J,, and D,,,.

M 2 0.05+5 50)° 0.25
Ny’ 50 \?
Dp=Dg,+ D, N_z —0.01+3(m) =0.13

From here, we can take the known values and plug it into the Motor and Load transfer function.

5 Carson
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( K ) 1
On(S) Ro*Jm (5 * 0-25) 0.28
Eu(s) 1 B 1 ~ s[s +1.32]
s|s + K.+ K, s|s + 1+1
]m(Dm + R—) 0.25(0.13 + s )
a

In the block diagram, the transfer function is shown as,
Om(s) Km
Eo(s) ~ s(s +ap)

So, when we set the two equations equal to each other we can find the value of K, and a,,.

Km 0.28
s(s+an)  s[s+1.32]

So, we can infer that K,, is equal to 0.28 and a,, is 1.32.

Gears

Lastly, we have the gears subsystem, which can be found by simply finding the gear ratio.

Bo(s) B N16.,(s) B
Eu(s)  NaEa(s) 02

Therefore, K, is equal to 0.2.

2.) Transfer Function

Now that we have all the subsystems accounted for, our next step is to find the transfer function
of the system. We will also be basing this information on 2" configuration. Based on the block
diagram, we can use the following formula to calculate the transfer function.

Ge=1 igL
g
Where F, is the forward gain and the L, is the Loop gain. Both values will be shown below.
K Km (Kpot * K % K1 % Kpy % K )
FoKpor » Kx (s + a) “sGram Kg= (s +a)s(s + ap)
K4 K., (Kpot * K * K1 % Ky % K g % Kpor)
Ly = Kpor » K+ (s + a) i s(s+ ay) * Ky * Kpor == (s + a)s(s + an)

So, the Transfer Function would be as follows,

6 Carson
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(Kpot*K*Kl*Km*Kg)
Fy (s + a)s(s + ap)
_1_Lg_ (Kpot*K*Kl*Km*Kg*Kpot)
1+
(s + a)s(s + an)

After simplification, the transfer function becomes,
G = (Kpot*K*Kl*Km*Kg)
(st a)s(s+ am) + (Kpot * K * K1 % Ky * K g * Kpot)

3.14 * K x 150 * 0.8 0.2
(s +150)(s)(s + 1.32) + (3.14 * K * 150 = 0.8 = 0.2 * 3.14)

75.36K
34+ 151.3252 + 198s +
3.) Stability

Finally, I will use the Routh Array to find the value of K that will keep the closed-loop stable.
Using the denominator of the transfer function as Q(s).

Making our transfer function,

Q(s) = s> + 151.325 + 198s + 236.6K

7 Carson
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The Routh Array is shown in the figure below.

With this information we can see that K is stable between the values of 0 and 126.62.

4.) Conclusion

In this project, I was able to apply all the concepts we learned in this class and use it in a real-life
scenario. Through this, I was able to find the stability range for the Antenna Control System. This
information gives us the ranges for operating the antenna.
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Training Services

4\ MathWorks

Course Completion Cetrtificate

Asher Carson

has successfully completed 100% of the self-paced training course

Simulink Onramp

Ll

DIRECTOR, TRAINING SERVICES
17 November 2021
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Schematic Parameters

Part 2

Parameter Conlligs rtbon 1 Conifigu ration 2 Configuration 3
Vv i i 0
L] It 1 1
X
K, 1] 150 100
a ) 150 100
K, k! . 5
£ 0,02 0,05 n0s
[ 0.1 0.1 T |
K, 0.5 1 1
K, 0.3 I I
N, b %0 50
Ny =0 250 250
My X0 250 250
X | L 5
0, ! L L

1. Refer to the Antenna Control Case study on Page 92 of the textbook. Complete the

challenge question on Page 93, which is to find the transfer function of each subsystem

using configuration 2 data.



2. Refer to the Antenna Control Case study on Page 272, find the close-loop transfer

function using Configuration 2 data. You can refer to the solution of Problem a on this

page to complete this task.

v

a)
Ui+ 10 K 150 0.16 U,
] pi s+ 150 “|s(s + 1.32)
T(s) = 76.39K
() = s% + 151.32s% + 198s + 76.39K
b)
1 1
u; E K 150 E 0.8 E

pi

0.2 U,
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3. Based on the derived closed-loop transfer function in the previous task, find the range

of preamplifier gain K to keep the closed-loop system stable.

Range=K<3.7>3.7 /)

\
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Conclusion

The overall objective of the project was to use the knowledge acquired from the course to
evaluate the given loop systems. Using the calculations configured from the values given in the
Configuration 1 column as a guide, the values derived from the Configuration 2 column were
used to calculate the specified values. This ultimately allowed students to find the transfer

functions and the range of the preamplifier required to keep the closed-loop system stable.
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Part 1: MathWorks Certificate

4\ MathWorks

Training Services

Course Completion Certificate

Devonté Mitchell

has successfully complete the self-paced training course

Simulink Onramp

7

DIRECTOR, TRAINING SERVICES
23 November 2021
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Part 2: Challenge Question
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Conclusion:
Closed Block Function:

95k
s>+ 151.4s* +210s + 95k

K=14
should be a range
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should be a range




