
Th€ University of Alberta
ENGM 541: Modeling and Simulation of Engineering Systems

El{Gil 541 & MECE 758-X5
tldtorm Examinauon

tlarch 3,2010

Two hours
Open Book and Open Notes

Calculators are allowed. No computers are allowed. Any elec{ronic device must have its
communication features switched off.

There are six questions. Undergraduate students answer onlv Questions 1,2,3, and 4.
Graduate students answer all five questions. SHOW YOUR WORK.

Question 1: lDo all four oartsl

a) The element shown in Figure t has a conslitulive relationship that can be exprcssed
as b=Cra+Crlala+Cral ,
where Cr, C2, and Cj are constanis. ldentify the loop variable and node variable and
draw a graph showing the relationship.

Figure 1

b) Given the set of equations for a linear equilibrium syslem Lx : c , where

l lo 4 l l  feel
e=lr o -21; 

"=.lsr l ,t t t l
t2  - t  4 t  t28 l

use the Gau'ss-Si"o"r rltnoa to *rve for x, using

fsl
' tot=. ls l

lsJ
for the lrial solution to the system. Do at least one se,t of iterations.

c) For the set of equations l':c in part b, write a set of MATLAB expressions that will
i) define the mali1f,- A.
ii) define the constant coefficient column veclor c, and
iii) evaluate the vector.r by inverting the malnx A.

d) A system has a nonlinear element with a constitutive relationship described by
q=mp2,

where p is ihe loop variable and g is the node variable. lf the loop variable is P at the
normal operating point, what is the slope of the linearised relationship at the normal
operating point?
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Questlon 2: (Do both oarts)

a) An equilibrium pipe network system is shown in Flgure 2, with flow resistances R1, R2,
and Rr, and pressur€ sqrroe P,. Find the goveming equations in terms of node variables
qt and q2 using a direc{ formulation (sho,ving your steps), non{imensionalis€ the
eguations using P" and R, as nondimensionallsing parameters (noting that P. is a
referenc€ pr6ssure), and express the equations in matdx form.

Figure 2
b) Write the non-dimensionalised coefficient matrix for the case wh6n Rr = 1, Xz = 2, and
l r=3 .

Ouestlon 3: (Do all fiYe oafts)

a) Express the folloiving difierential equation in first-order form:
d2v dv t- ; \---:i- = --:-ll - Y' t- Y:
t t t '  d t '

with initial conditions:

,,-o = 0.5; *l -"=t
b) Estimate the solution for 1,(t) using Picard's method of successive approximations. Do
two sets of iterations.

c) Evaluate the solution forfll) (that is, findy at time r =l) using your estimato.

d) Write the set of IUATLAB expressions that would go in an nr'file called dif feqeim.m
to describe the ordinary differential equations for solving using odels.

e) Write an expression for using the MATI-AB ODE solver ode4s command that calls tho
function developed in part d, for the interval from t=0 to t=1.
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Questlon 4:

Write the goveming equations for th€ system rcpres€nted by the SIMULINK diagram
sho^rn in Figure 3.

a) A pneumatic actuation system on a spaceoaft is shown in Figure 5. lt has a reservoir
that ac-ts as a pressure sour6 P", with flor 4 going through three pipe resistances R1,
R2, and R3 before exiting to a va@um. The constiMive relationship for the pipe flor
rasistance is q=trp/*. B€trveen the resistance elements ars two fluid capacitors O and
Cz; the constitutive relationship for this el€ment typo is

,t
c, =c;(P- P.I

where q" is positive going into the accumulator, P is the pressure in the capacitor, and P.
is the reference pressure. In this case, P.=0. Draw a system network diagram for an
electrical system that is dynamically equivalent to this system, and label the diagram
using the same variables and parameters that describe the pneumatic system.

P.n 'o

Figure 5
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Figure 3
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l) Find the lineafu€d constihitvo olationship for a nonllnear resbtor el6rn6nt in an
elecfical s)rstem aound the normal op€rating point V = 5 V, where the nonllnear
constiMiv€ relallonship is

in = 31r',
and thg crirsnt b in ampe]€s.

ll) Explain brlefly hov to solve a stifi set of ordlnary dlfferentlal equaffons.

.--./ l

I
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