Midterm Exam - Lab
10/24/2023

Submit the compressed file as (ID) (name) .zip to [ftp://cdl.hanyang.ac.kr = Undergraduate CAE >

lab = midterm] folder. It should contain the final results (graphs) of each problem using PowerPoint

(ID.ppt), MATLAB file (problem# #.m), Simulink file (problem# #.s1x)

1.[MATLAB] The Volume ¥ of liquid in a hollow horizontal cylinder of radius » and length L is related to the
depth of the liquid / by

r

—h
V:{rzcos_l(r ]—(r—h)\/2rh—h2}]4

Develop an M-file to create a plot of volume versus depth. (20 pts)
(Satisfy all the post-processing styles of the plot provided below.)
Here are the first few lines:

function problem1(r,L,plot_title)

% volume of horizontal cylinder

% inputs :

% r = radius

% L= length

% plot_title=string holding plot title

Test your program with

>>problem1(3,5,'Volume versus depth’)
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Sol)

function problem1(r,L,plot_title)

% volume of horizontal cylinder

% inputs :

% r = radius

% L= length

% plot_title=string holding plot title
H=0:0.5:L;

v= @(h) (r*2*acos((r-h)./r)-(r-h).*sqrt(2*r*h-h.A2))*L;
V=v(H);

plot(H,V,'o-")

title(plot_title)

xlabel('Depth")

ylabel('Volume')

end
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2.[MATLAB] Solve the Van der poll equation with initial value.
d? y
dt’
initial condition

d

dy

dt

,u(l—yz)%+y20

at t=0, y=1

(1) Given the following two scripts (main, vander), Develop a single function script (RK4.m) that covers the
fourth-order RK method for second-order ODE and obtain the solution (20 pts)
1 =1,tspan=[0 20],step size h=0.1 plot style “x:” ex: plot(x,y, x:”)

25 ——r
2r * *
[Fourth-order RK ] :”1% \‘Wx%% A
15 % X ¥ % _’_
1 R ! x %

Yia =V +g(’{'1 +2k, + 2k, +k4)k 1 fﬁ% % % ® ’;/ ;
k= f(x53,) r x5 % :
k, = £+ hy, + Lk ) ok X x : x .

2 ity Vi 2 osh . ; \X x B 5

k= f(x, +~hyy, + S kyh) at x T |

TR o g . f . §

k= f(x, +h,y, +kh) 2 J %f %sef
25

0o 2 4 & B 10 12 14 1 18 20
[main.m]

clc; clear all; close all;

h=0.01;
tf£=20;
[t,y]= RK4 (@vander, [0 tf],[1,1],h);

figure (1)
plot(t,v(:,1), ' 'x:")

[vander.m]

function yp = vander (t,vy)
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(2) Modify main.m and vander.m to obtain MATLAB built in function ODE45 solution with default setting,

compare the results, and explain the difference between the two ODE solvers. (5 pts)

[main.m]

clc; clear all; close all;

h=0.1;
tf=20;
[t,y]= RK4(@vander,[0 tf],[1,1],h);
[t,y]= oded45(@vander,[0 tf],[1,1]);

figure(1)
subplot(2,1,1)

plot(t,y(:,1),'x:")
subplot(2,1,2)

plot(t,y(:,1),'0-")

(3) When solving the equation with parameter setting in [ 4 =1000, tspan=[0 1000],step size h=0.1] , ode45

takes an excessive amount of computation. Explain this phenomenon and Apply MATLAB built-in function

solution for it. Compare with the step size with ode45 results and the built-in function. (5 pts)

Sol) 2.
(1)

clc; clear all; close all;
h=0.1;

tf=1000;

[t,y]= RK4(@vander,[O tf],[1,1],h);

[t2,y2]= oded45(@vander,[0 tf],[1,1]);
[t3,y3]= ode23s(@vander,[0 tf],[1,1]);

figure(1)
subplot(3,1,1)
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plot(t,y(:,1),’x)

subplot(3,1,2)
plot(t2,y2(:,1),'0-)
subplot(3,1,3)
plot(t3,y3(:,1),"--")

function [t, y] = RK4(dydt, tspan, yO0, h)

t0 = tspan(1); tn = tspan(2);
t = (t0:h:tn)'; n = length(t);
m=length(y0);

y =y0 .* ones(n,m);
fori=1:n-1

k1 = dydt(t(i), y(i,:));
k2 = dydt(t(i) + h/2, y(i,:) + k1*h/2);
k3 = dydt(t(i) + h/2, y(i,:) + k2"*h/2);
k4 = dydt(t(i) + h, y(i,:) + k3"h);
slope = (k1 + 2*k2 + 2*k3 + k4)/6;
y(i+1,:) = y(i,:) + slope™h;

end

end

function yp = vander(t,y)
mu=100;

yp=[y(2); mu*(1-y(1).*2)*y(2)-y(1)];
end

(2) RK45 0| AL, 4%}, skt SAIFEIES 08¢l F&=o M2t MSHOZE step sizeS
(3) YHEZE W™HAME parameterOf| 2t systemO| stiffSh Al =X|SA& ZALSH A AHO|A DfE=BF

HLES ZAEICH MATLAB built-in function®! ode23s, ode23t 5= ZH&SIX stiff systemOl| CHS

Fis 2282 AUz Hs + UCL
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3.[Simulink] Solve the following RLC second order system using signal-based solution (10 pts)

Show the transient current and electrical charge on capacitor using scope block.

Equation of the transient RLC circuit

di . q . dqg
L—+Ri+-—FE(t)=0and i = —
g TRt EW dt
L : inductor
. R L c
R : resistance e e AN e
E(t
C : capacitance o {Lb
FE : voltage source 7 g _
q : electrical charge { 6round
Sol)
N[
it L -
K- b
4| Scope - O * 4

File Tools Wiew Simulation Help

@- d0r® | =-a-|E-|FE&-

E = E,sin(wt)

L=2H
E,=5V
E.=10.25F
@ =5 rad/s
R =30hm

Ready Sample based | T=10.000 |Ready
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4. [Simulink]Consider quarter car model by Simulink. The parameter values in the model are as follows.

QUARTER CAR

ny,,, =400kg
k.. =15000N/m, ¢, =1000Ns/m
Suspension mwhee] - 50 kg’ kﬁf’e — 200000 N/ m
Mass block

Wheel mass

Tire stiffness

Road profile o:}“""”‘

For this problem, you are required to construct a Simulink model of a quarter car to evaluate its suspension
behavior under two specific scenarios: (Simulation time: 12 s)

(1) Freefall due to Weight of Car (10 pts)

-Assume that the car undergoes a freefall due to its own weight.

-Build a Simulink model to simulate freefall road profile and obtain following scope plot.
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Parameters
Time values:

[0 12]

Output values:

Tala
LV Ivl]

road profile

(2) Road Bump Interaction (10 pts)

Starting from the car's stable position after the freefall (from Scenario 1), simulate its response when it encounters
a 0.1m road bump at 5 s.

Parameters
Tl'ﬂe values.-
(04.95 12]

Output values:

M

1 AN 1N 1
LV |"| lv" J. | ]

road profile

Sol)
”:H:H]ig% o I P Fi—e3 " s :EI_@
{2 F2 [—®| F1 vl
Tire stiffness F2 v2 vt F1b—
|—‘Wheel mass Lz F2 P F1 Val
suspension : 1
—=P{F2 V2
Body mass
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5. [Simulink - Powertrain] the Following 2-speed transmission. The parameter values in the model are as follows.
Construct a Simulink model for this system. Show the engine(J_eng) and vehicle side(J _out) side RPM. (20 pts)

(Simulation time: 10 sec)

Clutchi
,m Gearl
S~ = [ = . |
|:i_l.-—-"'||_":[2:——'_ e_ﬂc_ i.
En;ine J_eng | |—_.[,_:
Torque : () |
i Clutch?2 :
: % I Gearz :
IT J‘ i _E
(. Q:[:,_._i
Jeng = 0.1kg - m”
Jehafta2 = 0.01kg - m?
JShaft_l,? — 50kg . mQ
S Kshaft1,2 = 1e7N /m

Cshagt 12 = 1esN "5,
clutch friction torque
Teiuten = 1000N - m
gear ratio

15t . 4, 274 . 2
Clutch 2 Acting

Qutput values:

Prole

Parameters
Time values

Out : =
Jutput values: -
-L . Output values:
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PROBLEM.1 EVALUATION CRITERIA

function problem1(r,L,plot_title)

% volume of horizontal cylinder MHE J|l=
% inputs :
% r = radius
% L= length 1.
% plot_title=string holding plot title
005 J IP DE(x,y plot &&)EH 24 - 10 &
v= @(h) (r*2*acos((r-h)./r)-(r-h).*sqrt(2*r*h-h.A2))*L; X,y |abe| — D_.F 27’%
V=v(H); .
plot(H,V,'0-") title — 28
title(plot_title) line Sty|e - 45
xlabel('Depth")
ylabel('"Volume')
end

4 Figure 1 - o X
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PROBLEM.2 EVALUATION CRITERIA
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PROBLEM.3 EVALUATION CRITERIA

K- |t
4| Scope — m] * 4
File Tools View Simulation Help ~| File Tools View Simulation Help k]
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PROBLEM.4 EVALUATION CRITERIA

) T1 wi
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PROBLEM.5 EVALUATION CRITERIA

M—EHF = | e m
— V2 F2

F1 vl
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Tire stiffness
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— 34

4| Scopel - O X
File  Teols View Simulation Help N

@-(BOPL@®| - |A-|E-|FEA-

Ready

Sample based Offset=0 |T=10.000

Cobvriaht © 2022 Combutational Desian Lab. All riahts reserved.



