1.

Develop a single function script that covers various methods up to the 4% order Runge-Kutta method by
taking parameters « b,,and c, asin the equation below. (30 pts)

mn >

yi+1 =y[ +hibmkm
m=1
k1 = f(tiayi)
k, = f(ti +c,h,y, +ll((121k1 ))
ky = f(t, +csh,y, + h(ayk, +ayk, )

n=l1

m—1
k, = f(ti +e,hy, +hy, amnknj

Hint: for an IVP % =f(1y)

[Forward Euler]
Vin =Y+ f(t,3)h
[Heun w/o update]
Y=y + Lt 5,)h

Yinn = Vi +%(f(ti’yi)+f(ti+1’yitillnp ))h

[Midpoint]

h
Yiew2 = Vi +f(t[’y[)5
Yin = Vi +f(t[+l/2’yi+1/2)h
[Ralston]

a, = g, b =b,= l, c, = z, and the others are zeros.
3 2 3

function [t,y] = myode(dydt, tspan, y@, h, a, b, c)

t0 =
tn =

end

tspan(1);
tspan(2);
(t@:h:tn)";
length(t);
y@ * ones(n,1);
i=1:n-1
k = zeros(1,4);
for j = 1:4
k(i) = dydt(t(i) + c(j)*h, y(i) + dot(a(j,:),k)*h);
end
y(i+1) = y(i) + dot(b,k)*h;



Alternatively,

function
t0 = tsp
tn = tsp
t = (to:
n = leng
y =yo *
for i =
kl =
k2
k3 =
k4 =
y(i+
end

[t,y] = myode(dydt, tspan, y@, h, a, b, c)

an(1);

an(2);

h:tn)';

th(t);

ones(n,1);

1:n-1

dydt(t(i), y(i));

dydt(t(i) + c(2)*h, y(i) + a(2,1)*k1*h);

dydt(t(i) + c(3)*h, y(i) + (a(3,1)*kl1 + a(3,2)*k2)*h);
dydt(t(i) + c(4)*h, y(i) + (a(4,1)*kl + a(4,2)*k2 + a(4,3)*k3)*h);
1) = y(i) + (b(1)*k1 + b(2)*k2 + b(3)*k3 + b(4)*k4)*h;
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2. So

lve the following initial value problem over the interval from #=0 to 10 with the Euler’s method,

Heun’s method (w/o update), Midpoint method, Ralston’s method using the MATLAB function
developed in prob. 1 where »(0)=0:

ﬂ_ 1+ cost
dt 1+2y

(1) Compare the four different results by using graphical method. (10 pts)

dydt =@(t,y) (1 + cos(t))/(1 + 2*y);

tspan = [0 10];

yo = 0;

h=1;

[t,y] = myode(dydt, tspan, y@, h, a, b, c);

[Euler]
a=[0000;0000;, 0000; 000 0];
b=1[1000];
c=[0000];

[Midpoint]
a=[0000;1/2000;000 0,000 0];
b=1[0100];

c=1[01/2 0 0];

[Heun]
a=[0000; 1000; 0000; 000 0];

b =1[1/2 1/2 0 0];
c=1[0100];
[Ralston]

a=[0000;2/3000;, 0000; 000 0];



b =1[1/4 3/4 0 0];
c=1[02/300];

3f
257
2t
>
151
1r - .
Analytic
Euler
Midpoint
05 -+ Heun
Ralston
0 s s
0 1 2 3 4 5 6 7 8 9 10

Jem ehaew 0%, Tsid S30 57, oIS H 8%

(2) When the analytic solution of the above initial value problem is given as
y =l\/4t+4sint+1 1
2 2

suggest the reasonable value of step size %, for each method, which the NRMSE is less than 2%.

(10 pts)
RMSE(y)
NRMSE(y)=——=
ymax - ymin
RMSE () = Za0o5)
N
where y is the analytic solution and p is the numerical one.
Approximately,

h_Euler = 0.11504;
h_Midpoint = 0.41436;
h_Heun = 0.625;
h_Ralston = 0.83333;
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3. Solve the following boundary value problem using shooting method (10 pts)



dzy
a2

function prob3()
close all; clear; clc

dydt =@(t,y) [y(2);3*y(1)"2/2];

3 50)=4, y1)=1

tspan = [0 1];

yl = 4;

y2 = 1;

z1 = 0;

za = fzero(@res, z1, [], dydt, tspan, yl, y2);
[t,y] = ode45(dydt, tspan, [yl, zal);

plot(t, y(:,1))
y(end, 1)

function r = res(za, dydt, tspan, yl1, y2)

[~,y] = ode45(dydt, tspan, [yl,zal);
r =y(end,1) - y2;
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4,

[AMESim/Simulink] Consider the following engine model by AMESim.
Engine xd

(-
[ j % | Thgrai:]ue Jeng |Clutch  J_veh ¥
APS i b =p - e ! A=t lmamaag | 11 Baffiaa s +uan
| (o= J}EE@Z' i
E *F 0 ":P - Format: 20 Table @ L
: | |

v

un

i T | Vit
| P W_oBM : ;
SRR A | R %
e el B e e e O Al 0 0 [i (
Act, Profile 2 1 -1 1 f o
3 1800 -22 161 4
4 000 -5 13 =
@ J_eng=0.1kgm*2, w_eng =0 RPM e
— A — it M e |
@ J_veh = 50 kgm"2, w_veh = 500 RPM & 0 E __ A
@ clutch friction torque = 200 Nm S :
Py .
[ amepiot - 1 [E=E)
Parametars of signald3 [UDO0-1] [Eile Edit Miew Tools Help @
eEo M@ + + 4 D w0 DAY B
Title Value Linit -
number of stages I rev/min} — Engine APM [rev/min]
cyclic no 800 —  |== Vehicle APM [rev/min]
time at which duly cycle starts 0= —
output 31 start of stage 1 1 null T — s
autput at end of stage | 1 null 1 =
duration of stage | s B0
output at star of stage 2 1 null &0 -
oulput at end of slage 2 0 pull
duration of stage 2 1z 400 -
output at star of stage 3 0 null E
output at end of stage 3 0 rull Sy
durafion of stage 3 2s 200 ]
output a1 stan of stage 4 0 null
autput at end of stage 4 1 null 100
duration of stage d 1s 1
oulput a1 stan of stage § 1wl 0 —r—r M T 13' —— ;h
output 31 end of stage & 1 null ! T l
duration of stage & leslt s *: Time (s
| Parameters of signall3 [UD00-11 [ Watch parameners | | O

(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. (15 pts)
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5.

[Simulink] Consider the following PID control system.
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Construct this Simulink model. Confirm the output displacement values for each PID parameter case

(O~®). Choose the proper cases for the following questions. (Simulation time: 10 s) (15 pts)

(1) No overshoot : 0,3,®

(2) Peak time less than 1 second : ®,®,®

(3) Errorless than 0.1 : @,®

(4) Best controlled case : ®
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