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ME 211A: Modeling and  Analysis of  Dynamic Systems (Fall 2010)

7 Instructor Dr. Nishant Kumar U. Dem w P 901:“ 3,1

' Office 129 Toomey Hall ‘7
Mailbox 194 Toomey Hall
Phone 573 — 341— 5505 pro Mi 5 5‘ Wows 9mm 11., mr
Fax 573 — 341 — 4607 19.9w; q sfi snmk  3 3mm \431 TA
Email nkwtb@mst.edu
Office Hours Tuesday 4 4 5PM, Friday 11 — 2pm,

- Important: I have an open door policy, so you are welcome to stop by mv office and if vou

‘ need appointment, please see me after the class or send me an email.

’ TA TBD
Lecture 10:00 — 10:50 MWF (McNutt Hall 212)
Prerequisite Math 14 (or 8), 15 (or 21), 22, and 204; Physics 24; C or  better in ME/AE 160

. * Textbook Modeling and Analysis of Dynaglic Systems 3rd Edition by Close, Frederick,

' 7 7:, and Newell. ISBN: 0471394424 qkrbu-AA 0‘4 TLS‘O um

Course Objectives: The course is designed to introduce students to the basics of modeling and

analyzing dynamic systems. A group course project is included for students to model and analyze

a dynamic system. The Matlab/Simulink software package is used in this course. Topics covered

' I include: modeling mechanical translational, mechanical rotational, electromechanical, and fluid

7. systems, solutions of linear equations, frequency response of dynamic systems, linearization of

nonlinear systems, transfer function formulation, block diagrams, dynamic performance analysis,

‘ and simulation.
Must use (9 I’M/r paper or 35l

Assignments: 6 — 8 homework problems will be assigned each week. These problems provide

ample oppmtunity for learning the topics covered in class. HW’s are due in class, a week after

they are assigned. There will be several assignments during the semester. You are strongly

encouraged to discuss the assignments with other students; however, you must turn in your own .' '

work. HW’s may be turned in ahead of time if you know you will not be in class on a particular 'T

day. Late assignments will not be accepted for a grade. Work that is not neat will be returned.

’ Thelomflgflml—lflMped before calculatW 1PM \‘n 0 Ff: vb 01‘

. Blackboard: This is not a web based course but Blackboard will be used as an alternative -

means of communication between the students and instructor/TA for posting lecture notes,

homework solutions, grades, announcements and some useful information. You are advised to

log in to your Blackboard account frequently;

Examinations: There will be three in—class midterm exams. The dates will be announced in the

class atleast a week before the exam is scheduled. All examinations are closed book and notes.

You are allowed the sheet of Laplace Transforms (to be posted on blackboard) and one 8.5 by 11

inch (both side) formula sheet for each examination. The formula sheets may not contain solved

_‘ problems. Make up examinations will not be provided except in the case of a documented '



emergency. Permission to miss an examination must be obtained from the instructor prior toexamination. Family emergency, University activity and health problems need to have written-_; . .; documentation. Those with unexcused absences will be  given a zero grade for this portion of  the.. ; course; the unexcused absence to the regular date of your exam will not give you the permission' f to come at the make up time scheduled for that particular test.

l Attendance: Attendance is not mandatory. However, each lecture introduces significant new‘1 materials. If class is missed, you are responsible for obtaining announced information, handouts
and notes from other students or from me. If you miss more than 2 or 3 class sessions and do not‘5 make them up, you will certainly get into difficulties.»-. .l

1g Cheating: Cheating and/0r plagiarism is unethical conduct and will not be tolerated. Anyone"91" found to be cheating or assisting another student in cheating will automatically receive a failing' , grade for the course and the situation will be brought before the Office of Academic Affairs.

' .1 Grading: The following grading scale will be used unless class average requires some
; i  adjustment.

i f“;  A Z 90%, 80% S B < 90%, 70% S C < 80%, 60% S D < 70%, F < 60%.
' i The percent credit for assignments, course projects, and examinations is:

Assignments 20%
Course Project 10% A
In—Class Examinations (3) . 50% (Total) Top 7. 50mg <1 20 7. i‘x
Final Examination 20% [ («5+ 5 w ,1 9 i 6 ?

é—H—x-T

Reference Books:

» if 1). Introduction to Dynamic Systems Analysis by T. .D .  Burton, 1994. . . .
:j 2). Feedback control of Dynamic Systems by Frankhn, Powell and Emami-Naeml, 2002.

i n  3). MATLAB — The language of  technical computing, Vers1on 5,  The Math Works, Inc.
5‘ 4). Fundamentals of  Vibrations by Leonard Meirov1tch, 2000

' Important: T1:}! to understand the material as much as you can during class. Write and. draw
3 big. Plan to spend average of 3-5 hours to do each assignment. Learn how to study efliaently.
‘ Students are strongly encouraged to visit the instructor during office hours, if they have -

questions on the homework assignments or any related technical issues. You are welcome to
stop by my office during non-office hours.
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FINAL EXAM/ ME 21 1

0 DATE: DECEMBER 16 (THURSDAY); 10.30 am— 12.30 pm

0 VENUE: TMH 256

0 CLOSED BOOK/ NOTES; LAPLACE TRANSFORM SHEET WILL BE PROVIDED.

0 CRIB SHEET (3  A4 SIZE SHEETS ALLOWED (FRONT AND BACK); CAN BRING THE CRIB SHEET USED FOR
EXAM l ,  2 & 3 ;  SOLVED EXAMPLE PROBLEMS ARE NOT ALLOWED TO BE COPIED ON THE CRIB SHEET;
ONLY EQUATIONS/ FORMULA AND IMPORTANT DIAGRAMS/ FIGURES ALLOWED). MUST ATTACH CRIB
SHEET BEFORE YOU TURN IN YOUR TEST.

0 PLEASE BRING WRITING PAPER, PEN, PENCIL, ERASER AND CALCULATOR.

0 BE  ON TIME

EXAM DETAILS:

0 COMPREHENSIVE (CHAPTERS 1 — 9;  CHAPTERS 4 AND 6 NOT INCLUDED).

0 TOTAL 6 PROBLEMS ON THE TEST; YOU HAVE TO DO ANY FIVE; YOU MUST WRITE THE PROBLEM
NUMBERS TO BE GRADED, ON THE FRONT SHEET OF THE TEST._. ..___ fl

0 EACH PROBLEM CARRIES EQUAL POINTS.

0 ATTEMPT ALL PROBLEMS. DRAW FREE BODY DIAGRAMS (WHEREVER NECESSARY). PARTIAL CREDIT
WILL BE GIVEN. YOUR WORK SHOULD BE LEGIBLE. I WILL ASSIGN A ZERO IF  I DON’T UNDERSTAND
YOUR WORK. ' C. . .5. 7.

0 PREPARE LECTURE NOTES, HW PROBLEMS AND REVIEW SESSIONS.

0 COLLECT YOUR TEST AND KNOW YOUR FINAL GRADES BETWEEN I — 4pm ON FRIDAY (12-17). ELSE, YOU
MAY CHECK YOUR GRADES ONLINE. I WILL NOT BE IN MY OFFICE BETWEEN DEC-20 TO JAN 07. NOTE:
ONLY YOU CAN COLLECT YOUR TEST.

OFFICE HOURS FOR EXAM WEEK:

MONDAY (DEC — 13) TO WEDNESDAY (DEC 15): 9 — 4pm.
THURSDAY (DEC 16): 8.30 AM — 10.20 AM

GRADE EVALUATION POLICY:

Assignments 20%
(LOWEST GRADE ON HW WILL BE DROPPED BEFORE CALCULATING THE FINAL GRADE)
Course Project 10%
In—Class Examinations (3)  50% (20% + 20% + 10%)
Final Examination 20%

GRADING SCALE: A Z 90%, 80% S B < 90%, 70% S C < 80%, 60% S D < 70%, F < 60%.



F ina l  Exam

ME 211 /  Modeling and Analysis of  Dynamic Systems/ Fall — 2010

Name:  David  Mal /4W,

Problems to grade: 1 , 3 ,  Ll) 5 )  6

Inst ruct ions:  Max. Points:  50

o This is a closed book/ notes test.
0 Attempt any five problems. Each problem carries 10  point. Portia e it will be given.
0 Before you turn in your test, make sure you have a) written your name; b) arrange the sheets in proper

order 0) staple the entire work (including the crib sheet) and d) list the five problems you want me  to grade.
0 You must draw fi'ee body diagram(s) wherever necessary. Show clearly the solution procedure. The

instructor reserves the right to assign *a zero if he doesn ’tunderstand your messy/ illogical work. *

Problem 1: The translational system shown in the figure has a linear and a nonlinear spring subjected to the
applied force f3(t).
a). Find the nonlinear differential equation of motion for the system.
b). Derive the linearized model when fa(t) = 10 + 1:“) .

%

f — N K— 3 N/m, fix) — IXIX —
m M=2kg  —"0'0‘0‘——

._>
fa“) xxxx  B=6N-s /m

/// III III //l //I

\\\
\\\

\\\

Problem 2: A system has the following model:
j i+7y+12y=5it+3u

a). Find the transfer function.
b). Is the system stable? Why?
c). Find yU(t)

Problem 3: Consider the first order linear system described by: y + 0.5y = F (t)
a). Find the response y(t) of the system when y(0) = 1 and F(t) = e“.
b). Give the value of the time constant.
c). Identify the steady state and transient response.

1 19019911111194!!! on_th.e_. sfiilitxofthvesxstem1, 1 _ 1 1 1 1 ,_ 1.1 1 1,,  1 . 11 11111 1 .



Problem 4: The pulley shown in the figure is ideal. The inputs for the system arefa(t) and gravity (g).a). Draw the free body diagram of  masses M1 and M2 and write the modeling equations for the two masses.b). Write the state variable equations for the system. Identify the A, B, C and D matrix. Take the output tobe the tensile force in spring K1. Hi?

K1 Ideal
fa“) ‘— M1 ' ' l a pulley

El

12

M2

K, 1 B.

Problem 5: For the system shown '_ i ure,Me equation of  motion for the block and the dislq only interms of  coordin .I '- p t 1,,(t) a d constants. Assume the surface between the block and ground tobe smooth, however sig ant friction is present between disk and ground. Let J be the moment of  inertiaof  the disk. The disk rolls without slipping. c and k are damping coefficient and spring stiffness respectively.
A] £2 E

I E I E I

m 4,33 l m

‘ no slip

Problem 6: A gear pair is made up of  two gears A and B. GearA has a mass of  M and an outer radius of  3R,whereas gear B has a mass of'ZAI and an outer radius of SR. The two gears are attached to fixed, horizontal
shafts passing through their centers and mesh together a t  point C as  shown in the figure. A spring of
stiffness K is attached between gearA and wall. A cable is wrapped around an inner radius of  gear B with a
block of  mass M attached to the free end of  this cable. Let 0;; describe the rotation of  gear B where thespring is unstretched when 03 = (lfllerive the equation of motion for gear B in termW
Tak if ndw be  the moment o f  inertia of  gears A and  B respectively—Gear Ratio,  = 01/02 = 2 1;

K
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Exam — 2/' Nov-03-2010 Zl
/ME 211/ Modelingflld Analysis of Dynamic Systems/ 10 — 10.50 am/ Fall — 2010 30

Name: DOW (X MQXQWQ.‘

Instructions: Max. Points: 30

This is a closed book/ notes test.
Attempt all problems as partial credit will be given.
Before you turn in your test, make sure you have ,a) written your name; b) arrange the sheets in proper
order and c) staple the entire work (including the cheat sheet).

0 You must draw free body diagram(s) wherever necessary. Show clearly the solution procedure. The
instructor reserves the right to assign a zero if he doesn’t understand your messy/ illogical work.

GOOD LUCK

Problem 1 (10 Points): For the electrical circuit shown
in the figure: a). Find the input-output differential
equation relating co and i,~(t); b). Determine the time
constant (1'). '

Problem 2 (10 Points): The input to the rotational
' system shown in the figure is the applied torque ra(t),

applied to the cylinder J]. The  gear ratio N = Rl3 =
03/02. Write the differential equation of  motion for J1
and J2 involving the variables 01, 02 and their
derivatives.

Problem 3 (10 Points): The transformed response of a
10(s+3) Find

t ' s  ' v enb  :Ys  =———
sys em]  g1 y ( )  s ( s2+2s+5) ,

a) N»
b) Identify the transient and steady state solution.
c) Comment on the stability of the system.

fl 1 o
i.-(t) q, 12 2 a 3;,+ _

3c

-l—



, Table of  Laplace Transforms
(a and b are constants and n i s  a constant integer)

flt) Fg)
6(t) 1

6( t—nT)  . . e—nTs

.1 2:.

t i
S2

12. i
2 S3

tn—l i

(n  —1)! S"

8—0!  1

s + a
_ l ‘ 1

te ( s  + a)2

1 2 —a! 1

5’ e (s+a)3
tn—le—al  1

(n  _1)g (s  + a)"

—at a

1— e s ( s  + a)

1 _,, _“Z(at—1+e  1)  s2 ( s+a)

. , bsm (bi) s2 + b2

scos (bt) S2 + b2
. b

e""’ sm (bt)  W

s + a
e'”’ cos (bt) W

a2 + b2
1— e""' [cos (bt) + gsin (bt)] s [ ( s+a)2  +b2]

jug SF—(s )  —- gHD)
35w) s‘Ecs) - 5 Ho) jg;

..-.‘

nu“.
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Exam — 1
ME 211 /  Modelingfidmsalvsis of  Dynamic Svstems/ Exam — 1/ 10  — 10.50 am/ Fall — 2010

Attempt all problem s partial credit will be given.

Name: 00W: '4 Ma @q

Max. Points: 30

0 Before you turn in your test, make sure you have a) written your name; b) arrange the sheets in proper
order and c) staple the entire work (including the cheat sheet).

0 You must draw free body diagram(s) wherever necessary. Show clearly the solution procedure. The
instructor reserves the right to assign a zero if he doesn’t understand your messy/ illogical work.

GOOD LUCK

Problem 1 (16 Points): For the system shown in the figure,
derive the equation(s) of motion assuming the anglGEjo be

M Select a set of state variables and write in matrix
form the state variable model where the input is F (t). Let
the outputs be  the spring force acting on  mass m;  and the
velocity of mass I112. Identify the matrices A, B ,  C and D.

Problem 2 (8 Points): In the mechanical system shown in
figure, the cable is wrapped around the disk and does not
slip o r  stretch. The input force is f,,(t). The springs are
undeflected when 0 = x = 0 .  Derive the differentia
equation(s) of motion for the system. ,

Problem 3 (6 Points): For the s stem shown in the figure,
the angular displacements (01 andldzr)";of the two drums
and the linear displacement of the'mass M is shown at
any instant of t ime. Draw the free body diagrams of a) the
two drums having moment of inertia J1 and Jz respectively
and b) the  mass  M B is  the damping coefficient and  K1, K2
are stiffness.

4—— Fixed pivot
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Exam —3/ Dec-01-2010 25
ME 211 /  Modeling and Analysis of  Dynamic Systems/ 10  — 10 .50  am/ Fall  — 2010  30

Name: DOLVM Malawi?

Instructions: ~ Max. Points:  30

o This is a closed book/ notes test.
0 Attempt all problems as partial credit will be given.
0 Before you turn in your test, make sure you have a) written your name; b) arrange the sheets in proper

order and c) staple the entire work (including the cheat sheet).
0 Show clearly the solution procedure. The instructor reserves the right to assign a zero if he doesn’t

understand your messy/ illogical work.

GOOD LUCK

Problem 1 (10 Points):
2 1

The transfer function for a certain system is given: H (s) = s2+2—s+2 E.
s + 4s  + 4 o w

3). Plot the pole-zero pattern for the transfer function.
h). Write the general form of the  zero input response.
c). Write the general form of systems input-output differential equation.

Problem 2 (10 Points):
For the differential equation y+5  y+4  y=u( t ) ,  find the unit step response yu(t) and the unit impulse
response ll(t).

Problem 3 (10 Points):
The unit-step response of a system is yU (t) : 4 + e'z' (cos t —18 sin 1) for t > 0.
a).  Find the damping ratio and natural frequency of the system.
b) .  Comment on  stability of the system.
c). Based on  the value of damping ratio, how would you classify the system?

d). Find the steady state response to the input u(t) = 4 + 3sin( t  +g )  .
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Dmitri “WWW

ASSIGNMENT — 11/ ME 211/ MODELING AND ANALYSIS OF DYNAMIC SYSTEMS

DUE: 11/29/2010 (Monday) IN CLASS OR BY 2PM IN MY OFFICE (TMH 129)

Problem 1: Textbook Problem 8.14; [Use values of constants from 8.14/Part b to solve part a (only) of
8.13]. First, solve the problem using Laplace tranform and then verify your answer using the general
expression for homogeneous solution for a second order differential equation.

x) Problem 2 :  Textbook Problem 8.33 (For part b, solve using the properties of  transfer function discussed
in class)

Problem 3: Textbook Problem 8.35

\l Problem 4:,Textbook Problem 8.38

J Problem 5 :  Textbook Problem 8.47; Ignore the problem statement and do following;

For each of  the transfer function,

a) Plot the pole—zero pattern;

b) Find the frequency response function;

c) Find M(a)) and 6(a)) (Note: M and 6 are function of  co)

(1) a)" (natural frequency) and C (damping ratio)

\l Problem 6 :  Textbook Problem 8.50 (part-a only, i.e. find A, B and C)

J Problem 7: Textbook Problem 8.55

~l Problem 8:.Textbook Problem 8.56
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D_ Mamwa)

ASSIGNMENT — 10/  ME 211/ MODELING AND ANALYSIS OF DYNAMIC SYSTEMS

DUE: 11/15/2010 (Monday) IN CLASS OR BY 2PM IN MY OFFICE (TMH 129)

Problem 1: Textbook Problem 8.5; (Part b and c only); The general expression for EMS) is given:

sit-(3) A 3080(0) — ma)
02+} .  +£+082+ l s+ l8 R3 L R L

E, (s) =

Also, identify the transfer function.

Problem 2: Textbook Problem 8.6 (Part b only): Using the result from part a, solve part b and comment
on stability.

Problem 3 :  Textbook Problem 8.10

Problem 4:  Textbook Problem 8.19

Problem 5: Textbook Problem 8.24 (Use state variable equations #70/ Page 124)
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_g f Dow/d Mala w»,
‘ I ASSIGNMENT '— 9/ MEl/  MODELING AND ANALYSIS 'OF DYNAMIC SYSTEMS

L

DUE: 11/10/2010 (Wednesday) IN CLASS OR BY 2PM IN MY OFFICE (TMH 129)

Problem 1 :  Textbook Problem 7.11 (Rough sketch using hand is acceptable)

Problem 2 :  Textbook Problem 7.24 (Parts a only)

Problem 3: Textbook Problem 8.21

Problem 4 :  Textbook Problem 8.32 (Rough sketch using hand is  acceptable)
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V D Cult 4 M ed 0N0,
ASSIGNMENT — 8/ ME 211 /  MODELING AND ANALYSIS OF DYNAMIC SYSTEMS

DUE: 10/27/2010 (Wednesday) IN CLASS OR BY 2PM IN MY OFFICE (TMH 129)

Problem 1 (20 Points): Textbook Problem 7.15

Problem 2 (15 Points): Textbook Problem 7.17 (Parts b, c and (1 only)

Problem 3: Textbook Problem 7.19

Problem 4:  Use Laplace transform to find the response y(t) of the system:

)7 + 3y + 2y = 270‘) + 2u(t); Given: u(t) = t for t Z 0, y(0) = O? and 12(0) =1

Problem 5 (20 Points): Consider the first order linear system described by: 3 y + 2y 2 A
a). Find the response of the system when y(0) = 0 and A is a constant.
b). Find the value of  the time constant and the steady state response.
c). Identify the transient response.
(1). Sketch the complete response when the input is  unit step fimction.
e). Comment on the stability of the system.

Problem 6 (15 Points): Textbook Problem 7.5 (Note: The junction attached to the spring K1 will
give the input-output equation)

Problem 7: Textbook Problem 7.9 (Parts a and b only)

Note: Each problem is worth 10 points, unless otherwise noted.
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ASSIGNMENT — 7/ ME 211/ MODELING AND ANALYSIS OF DYNAMIC SYSTEMS

DUE: 10/15/2010 (Friday) IN CLASS OR BY 2PM IN MY OFFICE (TMH 129)

Problem 1 (20 Points): Textbook Problem 7.1 (Scientific calculators not allowed)

Problem 2 (10 Points): Textbook Problem 7.4

Problem 3 (20 Points): Textbook Problem 7.23



I DOWJA MQUAUCV

SL3 LIA? w i  “Him0 7"

z )  7 .4  \l

3) 7.23] J QJ 
0‘) ?K

) a) J b ) “  w H0 a ”  Hi) — s‘ 2+ 6 W"
‘ 035 1 H * V‘ .

7 , ]  ( ‘ 0 ' ) :  { ' 1  ( L IH -  e’ 3 {a  o-eka

j: H ) :  :DQJJ‘1C(+)M

c - “ kmfi  J‘wxx/ : mu"  IVA“

U\ :  +21  o ‘ -  du :z { -  4.47

; S‘I‘Af-é‘l- V: 6 “  OW: 65.93% 5114 ‘S{A‘}
- g ’

- i U 0° ‘9
‘— ‘ 5  V/v  __ Jo» WM

' ,1 HIV
I ‘ 80 co _g+  p _ “2+  _— (AM

:55. [9434]“ + 3'£_0. ztcu : %3 { $6d  u- [3* (”$6.51
W 

~ _

0
.5k  00

- - s+ ' °  2 0° ~54 -E  L ]  ~ _ _ _ 2 ,  W¢ _ - "  ' \
‘ é ‘fi "  j» +§Jo  Q 4* 3 s ’  [ ‘3 '  o ' 5? ] :  9 ‘ ]  Sal )

o

(L z .2,
$3

'44, « _ ~$++OJU

5) 1 (Q ’  Cosw f )  : j (Qa+ ( / JSU) { )Q  SQ a“ :: S 0309*  g,( : jwsme- t l s ‘w " )

: F(S+o .1 -

F lS )—‘ - ‘  (Ah’n'mld N46 9435



Den/((1 MOAMNA.’

iq b)mfivum
-sf1

L(Cpsw*)2 uzafiw 01M: ‘U’SMWJQ “V:  e, V :  3Q

~ ‘5’“ _ l  ~6‘: u) 4*
‘SUDSUOJFL M 3 go, CASUH - "§S¢  and?“

1 _\_ u :  $400+ dwzwoos '
- a -

4V: 6 S V;  é 6 ‘e

1 u: 0:“ + u) 51‘
- 5  ’- q , _ _.

: 5&5; msofl ‘ 5 [<5  5“ “ )  * s jb  mson‘d’v]

- 3 ‘34  u) ~S"  g t  ’

' f; méofi  + Q. 2, who”) — 51  SQ, 5+msw+  .H

SCUM .‘

93:” . 5+  Q—S"  ‘5‘} 3

j} 0+  51 ) j ‘COSQ+L  A)’ : ‘ g  0350*  " %1Q, simW‘V ‘,

Saran  -S§- ,. -53: u? -54}

51  m’re h ” ‘Q‘gmw’v+ ZN“ smw“
,sA-(L

. 4* 3: 4+ w ’ 9  . 1)

{MW 2’ M ; [3509] (E? SW + 3’12 5m «9+ 1 4055050 * ”S‘M’M 51*”

"3 -54 
£79 ,9

i b sbfl ) :  56030))!» M : {flashy}  +Q5MU+(?::N‘

: o ~(-s(')1‘0(°))( 41 )  :
51“»

TW1 fiba :  §2~—

S + I (S ’ rug l ' fw l



Dru/M MIA/lam"

,m a)
- q f

3" ( {9. ) (A ;  ‘l’ M: (LA

.flms) ‘ “ “0"”

_ 4+ -c. J ;  Q. dV : ’ (Q* ‘ ) ¢  £11 ’ , dm‘)

‘ Yb  9’ M1 
.(ms) ‘ e,

: f f o  -HCM-S)d*1

{ L  O ‘ Was) I °‘ ALMS)

_ - |  - , _ ‘ ,

' (In) [ 1‘ ° ‘  S6 "’ M] ‘ (M) So L

_ _ ‘  ) .. I rHM-SJ/ an -(0~+9}° w
__ _ ,, Q, ___ L

{(M5) (as) 0 (mg) 1. O

9 { a t  +40

‘5 > ‘ smu  a ,  04 ea :

A) HH'  3&0  Jan

Tr  
‘ t  

[ 1 *  - LZ+

. ‘ 3  L -

I (SM 2+) : J0 $41-92, a“? 3;” 1+ 2 T:

Jar Ecuvcxfi  ‘54 _L V' (2c—s)+ ‘ “ (-LL-SM—

cu :  ugwb  d “ j t  0“]
0 2c Q .

(2;-s)* 43+11 (‘h_l[ C I _ I; 11 .1 (“5)“- (_'LC-S)W
2 “  2 ;_$  0 J h ; 2|; 1 f | + Q " '

fins)  2M fi“

L2!” 4)“  b 2: -s) 11'
: v. - 1  (L , ,  (2mm . .

————-—-—q. . + 1 ~42 ”fish ‘ sww ’  .1. H (—u-S)“ bus ) “

“ "1‘5 ~‘l+ 2c: ‘3 "2 ’  “15% “mas
16 m7- : + 4,3,;

mm) “  ,
( ‘H  f l u k ) ‘ ,  

( ‘ 1 ‘  ‘ 5 )  n
+ ('4 4;: a QM) “  - ' - ) r

‘ W ) ‘ ( . 1+ [3 )Q ,  * ( ‘ Z 'QQQLL  s \

[6 H4}  ‘ ““‘m—TN
‘3 + 15

4"  ‘ Aim —
c y _1(,_ . a

8115"

g _ I o ‘

L1  N e. S“ (W + 'LM )( 0:5“) : 9. W V 7‘

-1,i —srr \ 0 -SW 3

G e. (WW + M110)“. ) z e

H



Dom/Yd MM «w

11/ a) pmw L ( £63 )  : 0.} :(QS)
02+]

5) “WM WHLx H11) 3 (mad +0304 I [cast

l W) : jflm'flks, : (Hg )

4+ ’ 3 ‘
J ' \ ¥m:  ‘f Q F15) :. y (W M ._ 3'

\ ‘  , ‘ : 47  ; d4M ”“39: i 5 WE»: 3am {” . A“ «J.\\ dz

Sm : j (2W
» Jc 5“ ~' F” -3 «an» - —‘SL[‘t(‘-S'>Q SW-L——;)\ais*0w

:‘S-wl= , ‘ s s  : 1  “ 3%:1  o o ’ 0k 0

x x -54 ab .. J. 0 ’  a;; 401m : FL? L - A «g\ x

- ,._ a :  Z

[((MUH) ' 61+91

Fm =_ 3‘.
$14091

1_ , 
0;; $1

- a C25 " ‘L ——-T'L’ 
\ \

aFLas) . / 1 a 51+ “  \

03.61. * 9

\ 

__

- 4 ~QS£  f

L {7})  : j‘C‘je 5M7 : O‘FGJ c (03 d(:) g

PK { ( 31 )  Z q F(QS)  
S ‘

"0 \ "c ‘S‘dJ 3 g-LHJL 051  Y

sww “ 0 .32m = So am»

.(éé ) : . 9  53/1):H—;1W1): _s_ \/
’2 l 1. ‘L 1351* “ )  

t L

(—15) “A I S H»)



MDWWK MAMW

' 3 M “Q
(wad 'WA‘R 1 4'or ‘1)

7. ‘0) 1

, q  I {- A

a) MU)- (x o<é< |  1 I

-Q  [ < {<  Z

0 OWW‘LL

1(a) ; ‘JO @6c - CLS‘ ‘9“
: rw r  »\ I ., 6 _ “L  155* l

,3 4 u I j

1 s<‘ 1') 
‘ 5  b ;

La ~ 9 77d ‘ I f-4 2; IL ‘3I — L ]
_~5)

3» (Son ‘\'a ) :  “3“) ‘54“ )  2

(phhwum Nit)? 9 W



. .D‘WM WNW“?

7.,l‘j %) -- Sudd : w ‘ 3 MM

‘ ‘ 3 ‘  I _9  u :  {‘ J“: A\

A :1 * t .  ("A : ,. *
UM \0 ‘L “ gvfi we? M:—SL_S Jae



D QAfld MCMQVVQV

ASSIGNMENT — 6/ ME 211/ MODELING AND ANALYSIS OF DYNAMIC SYSTEMS

DUE: 10/11/2010 (Monday) IN CLASS OR BY 2PM IN MY OFFICE (TMH 129)

Problem 1: Textbook Problem 6.15; (For this problem; take e0 = 0 and find Reg)

Problem 2: Textbook Problem 6.19

Problem 3: Textbook Problem 6.22 (Think: How many input(s) do you have??)

Problem 4: Textbook Problem 6.29 (Note: There are two capacitor elements and no inductor element)
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$30“!c Mamww
ASSIGNMENT — 5/ ME 211/ MODELING AND ANALYSIS OF DYNAMIC SYSTEMS

DUE: 10/6/2010 (Wednesday) IN CLASS OR BY 2PM IN MY OFFICE (TMH 129)

Problem 1: Textbook Problem 5.18 (Parts a and b only); Given: N (Gear ratio) = R2/R 1 = 01/02

Problem 2 :  Textbook Problem 5.21 Take 1], = 0; Also, N (Gear ratio) = Rb/Ra = cog/w],

Problem 3 :  Textbook Problem 6.3 (Using loop—equation method).

Problem 4:  Textbook Problem 6.6 (Using loop-equation method).

Problem 5: Verify your answer to problem 3 using node-equation method.

Problem 6 :  Verify your answer to problem 4 using node-equation method.

Problem 7: Textbook Problem 6.4 (Using node—equation method). Note: The input is i,(t) and output is e0.
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ASSIGNMENT —- 4/ ME 211/ MODELING AND ANALYSIS OF DYNAMIC SYSTEMS

DUE: 09/20/2010 (MONDAY) IN CLASS OR BY 2PM IN MY OFFICE (TMH 129)

Problem 1 :  Textbook Problem 5.1

Problem 2: Textbook Problem 5.6 O “W p ctr i" 1)

Problem 3 :  Textbook Problem 5.5?Qnstead of  y, take 0 as the coordinate defining the angular
displacement of  the lever)

Problem 4 :  Textbook Problem 5 .14
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ASSIGNMENT — 3/  ME 211/ MODELING AND ANALYSIS OF DYNAMIC SYSTEMS/ FALL 2010

DUE: 09/15/2010 (WEDNESDAY) IN CLASS OR BY 2PM IN MY OFFICE (TMH 129)

Problem 1: : Textbook Problem 3.5 (Show only output equations and identify the matrices C and D)

Problem 2: Textbook Problem 3.19 (Show only output equations and identify the matrices C and D)

Problem 3 :  Textbook Problem 3.22 (Show only output equations and identify the matrices C and D)

Problem 4 :  Textbook Problem 3.28 (Use equation 22/ page 59 as the state variable form).
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AND ANALYSIS OF DYNAMIC SYS EMS/ FALL — 2010
‘DUErfl9f8/201-0—6WEDNESD A . ,, ,

ASSIGNMENT — 2/ ME 2

Problem 1 (20 Points): Derive the differential equation of  motion for the system shown in the figure below.
Assume the, angle 6 to be  small. Find the state variable model for the system. Write in matrix form the state—
variable mode].

M—a MM % bind?

M k; .9 SW?) Stain”

514 51—9 Daua CW‘Limt

\
\

\
\ \

\ \
,

Problem 2 (10 Points): Textbook Problem 32/ Page 70 /

Problem 3 (10 Points): Textbook Problem 3.4/ Page 70 \/

Problem 4 (10 Points): Textbook Problem 3.10/ Page 70 (Note: No need to include/ solve algebraic output 1/
equations)

Problem 5 (10 Points): Textbook Problem 3.19/ Page 72 I/

Extra Credit (10 Points): Write in matrix form the state-variable model for the double pendulum shown
below. The angles 01 & 62 can be arbitrarily large. S‘o’ 0M «H—t step) ior MMM9 ofi‘v

///////////

37.
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ASSIGNMENT — 1/ ME 211/ MODELING AND ANALYSIS OF DYNAMIC SYSTEMS/ FALL — 2010
DUE: 09/1/2010 (WEDNESDAY) IN CLASS

Problem 1 :  For each of  the following ODE systems, determine the order of  the system, whether the system islinear or nonlinear (if nonlinear, identify the nonlinearity) and comment if the ODE is homogeneous/ non-«homogeneous. ‘1 g (.3 9:13}? 5’)

= on  ‘ F ’ ,  ‘ "7" . K ;  E :3". , . . f .  f”;  . l a '-._y5/" i5 9'" ‘3 i 2‘ ‘i A :: 3 i; s 5 L I» E; s" 14x t. --5‘ iii»; at; 'lji;‘:1.s‘=,t J
33;" X '"i’ i f}:  I -  7‘3 {i t  i:

71%;). E: :1 .34: _ £36.) 73)  of {trq‘l {-3) 47131.: Lil-r1133 :11:t3

it? 6133;

Cl t H .
Problem 2 :  Consider the ordinary differential equation; a1 dzx/dt2 + a2 dx/dt + a3 x = f(t) where a1, a2 and a;; areconstants and input f(t) is a function of time. Suppose that when f(t) = f1(t), the solution is x1(t). Suppose that
when f(t) = f2(t), the solution is  xz(t). Show that when f(t) = afl (t) + Bf2(t), the solution is X(t) = ax1(t) + s(t)
(i.e., the principle of  superposition holds). g {3 Path  53-5

. . «'5 / '  z. .
" 5: 2' :; 4 :2"? ~-ELALL a t  grea t )

7 ' .2.
“1’1” “'3

jam-3““ 2.5 For the system shown in Figure P23” the springs are undeflected when x1 =
x2 = 0. The input is fa(t).  Draw free-body diagrams and write the modeling
equations.

5 C? 33‘ cm i” gail w—éK2

Kl

£1“) ‘- Mz J M l

32 B 1

FIGURE P2.3

Feet) {Kiri ‘3' D"? ‘1'" ‘“ “N F E Di  ( “ ‘0 ‘  WV’J’E‘ i-x’ 1'1 .; [3 E {TE-t, é'ifix {1:513 t‘trKCLJIMXE5,"W“ “'5‘ f— it (“Vii 2 ”3 § 3’“  hi3}’ l
\

IX!) <—

12,0)

FIGURE P2.16

FIGURE P2.24

a , H51, _ (AWL, ,~__.7_.,_7_-‘.5.
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