Midterm Exam - Lab
10/25/2022

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# #.slx), and AMESim file

(problem# #.ame).

1.[MATLAB] Consider a boundary value problem with respect to the heat balance for a long, thin rod. The
governing equation at steady state, boundary conditions, and parameter values are as follows:

Heat balance for a long, thin load

-Not insulated along its length

-Steady state
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(1)Obtain solution using the shooting method, which includes MATLAB built-in function (ODE 45) and linear
interpolation. (10 pts)

Linear (conduction/convection)

T
de +h (]:Z_T):O
T(0)=T, = 40°C

T(L)=T, =200°C
T,=20°C, L=10m, h'=0.01m™
(2) Obtain solution using the nonlinear shooting method which includes MATLAB built-in function (ODE 45)
(5 pts)
[hint] residual function r(za) =y(b)-200
Use Built-in function “fzero” with initial value 0

Nonlinear (conduction/convection & radiation)
da’T

dx?
T(O) =T, =40°C

T(L) =T, =200°C

T, =20°C, L=10m, h'=0.01m™, h"=2.7x10"°C"m™

+h'(T,=T)+h"(T,'=T*)=0
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2.[MATLAB] Solve the Van der poll equation with initial value

2
ztzy‘ﬂ(l—yz)d—y+y=0

dt
initial condition

att=0, y=1 ﬂ =1
dt

(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 . . T . T : - : :
2 E 3
[Fourlh-order RK] ;:%’%» \‘&'@8 7]
15+ P LI 4 e
1 . *® % % %
yf_,=yf+g(k]+2k2+2k3+k4)k 1.%_}( : % % 5 ;
ko= f(x,5) S x b : x ;
ky = fx,+ <y, + Sk h) o A A S S
2 i 2 a);‘ 2 1 st >:< ( ‘ I' - X\X
ky = f(x, Lny Ly h) T P A
3 i 2 "yr 2 2 sl X %/X/ B %/ ></ \)%f
E - 5 3 \\ £ x §
k-t f{xi + k, Vi + klk) A xﬁg?f %f ,;fwg
25 : : - i - ' - : -
0 2 4 6 8 10 12 14 16 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,y(:,1), "'x:")
[vander.m]
function yp = vander(t,y)
mu=1;
yp=1[y(2); mu* (1-y(1)."2)*y(2)-y(1)];
end
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(2) Modify main.m and vander.m to obtain MATLAB built in function ODE45 solution, compare the results, and
explain the difference between the two ODE solvers. (5 pts)
4 =10, tspan=[0 20],step size h=0.1
[main.m]

clc; clear all; close all;

h=0.01;

t£=20;

[t,vyl]
[t,y]

RK4 (@vander, [0 tf], [1,1],h);
oded5 (@vander, [0 t£f], [1,1]);

figure (1)
subplot(2,1,1)
plot(t,v(:,1), ' 'x:")
subplot(2,1,2)
plot(t,y(:,1),"'o-")

(3) When solving the equation with parameter setting in[ 4 =1000, tspan=[0 1000],step size h:O.l], 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)

3. [Simulink/AMESIM] Solve the following RLC second order system using Signal based ODE solution
(in AMESIM, Use Signal, Control block only)

(1) AMESIM model (5 pts)

(2) Simulink (5 pts)

Signal, Control block

L=1H

E, =1V Bea8T T

di . q o g ; e e
LE+&+F_EMZO where; C =0.25C ,tspan[0 100] — B
4 @ =+3.5rad/s - i ~

R=0.05Q

initial condition ¢ (7) = 0,i(7) =0
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4. Consider the following engine model by AMESim.

APS

1.0 =
Jeng Clutch J_veh @_’

=+ Torque
x\j,: Map +—p = ' -
o b= (6=
T ® i
i " w_eng
Act, Profile
|
2 0| 1
0‘ 0. 0'
1000‘ -13' 129'
1500 -22| 161
2000, -25| 186
2sc0| -0  186| 7;\6\\0
000, -35| 161

Oﬁpmvh‘W'N'

(M J_eng=0.1kgm”2, w_eng=0 RPM
@ J_veh =50 kgm”2, w_veh =200 RPM
® clutch friction torque = 200 Nm

(1) Construct this AMESim model. Compare the engine- and vehicle-side RPM.

(Simulation time: 20 s, Print interval: 0.001 s) (10 pts)
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(2) Construct a Simulink model for this system. Show the engine- and vehicle-side RPM by using scope block
(10 pts)

g ]

30/pi
P In3
w_out P w1
P T in T1 » T1 w1
n I w2 | L
Engine T2 wa b
T2
P act :
: Rotary Inertia
Clutch
Block Parameters: Repeating Sequence X

Repeating table (mask) (link)

Output a repeating sequence of numbers spacified in a table of time—
value pairs. Values of time should be monotonically increasing.

Parameters

Time values:

[[057101215 17 20] [E

Output values:

[l1o001001] [E
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5. [AMESim/Simulink] Consider half car model by AMESim. The parameter values in the model are as follows.

Suspension
Wheel mass

Tire stffness

Front Suspension

_ 2
J, =2000kgm

Liy=12m,L  =15m
Ky =15000N/m, ¢, =1000Ns/m |
k., =20000N/m, ¢, =1500Ns/m
M, =50k, k,,, =200000N/m IR ST Nt SRR

gure  Simulate  Interfaces

Tools

Wheel displacement

[nulll
0.10 -

0.08 |— Road_front - step output [null]
0.06 — — Road.rear - step output [null]
0.04 o

0,02

0,00
T R
X: Time [s]

File Edit View Tools  Analysis  Help @]
RRLL ++Hb HE- O%kE Ll

I \7 angle with module and/or oftset [degree] \

Rear Suspension

3

1

Help

SUBMODEL PARAMETER
29y Premier submodal

m problermnd, ame

27 Set submodels

» | M unnamed_system «  x

SIMULATION

g Rarnove submodels

T
® set submodel ?
™~ :G_"} Submodel summary
\ Alias: rotaryload?
O r—t .
Component: rotaryload?
< @ Submodel name: ALOZA
B
Compatible submodel list

Mame  Description Submodel type

RLOZ  rotary load with two shafts without friction generic submodel

RLO2A  rotary load with two shafts without friction (angle as output) generic submodel

External variables Help Unset

Cancel
: . . o o o|&
Rotary inertia®f| Al pitch angle 23S I3 3
=
Submodel table O A rotaryload block 2 &
RLO2A &} = ok
AUE3028 CAE



Midterm Exam - Lab
10/25/2022

([AMESIm] Construct this AMESim model for this system. Show the result of vehicle pitch angle(Simulation

time: 20 s, print interval: 0.01 s) (10 pts)

F1 vi

A vi F1 J
J —Pi L —|
vz k2 L w3 3
Suspension1 Mechanical arm1
T wi
2

x1 F1p— {1
Lalz r2|- L2 V2
Wheel Mass 1
. Spring/Displacement1
1
o

T2 w2
Front
Inertial
l F1
v

vi F1 ’—D
| p

x1 Fip—] F1 v ’—' 1
L "
va F2 —I L> F2 v2 sz F2 I w 3 —‘ GainS
.J :

e

g<]‘4l

Wheel Mass 2 wspension2 Mechanical arm2

Rear

Spring/Displacement2

(2) [Simulink] Construct a Simulink model for this system. Show the result of vehicle pitch angle by using scope

block (Simulation time: 20 s, solver — ode23th) (10 pts)
(3) Explain why (1) AMESIM model and (2) Simulink model need to add gain (in red box) to become equivalent

model. (5 pts)
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