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A 7|t (Inverse Kinematics)
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Excavator Movement

%% Excavator 2D planar
figure(1) 6 r
axis equal

axis([-2 8 -8 8]);

grid on )

hold on

xlabel('X (m)") 2r

ylabel('Y (m)")

title('Excavator Movement'); Ei 0F
>

% Initial Position Of Joints
Joint_1=[® ©]; -2r
Joint_2=[4.4 8];

Joint_3=[4.4 -2.1];

% Excavator Arm Settings
Excavator_arm_l=patch('XData',[Joint_1(1) Joint_2(1)], 'YData',[Joint_1(2) Joint_2(2)], 'LineWidth',4); -6
Excavator_arm_2=patch('XData',[Joint_2(1) Joint_3(1)], 'YData',[Joint_2(2) Joint_3(2)], 'LineWidth',4);

Excavator_Setttings.m X (m)
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% Set Data to Excavator arms
set(Excavator_arm_1, 'xdata’,[Joint_1(1) Excavator.X1], 'ydata',[Joint_1(2) Excavator.Y1l])
set(Excavator_arm_2, 'xdata’,[Excavator.Xl Excavator.X2], 'ydata', [Excavator.Yl Excavator.Y2])

Plot_Excavator.m
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%% Excavator Configurtion

_I_
Excavator_Settings; 1 Al EE‘” Ol A % | Ol_ :I.E.H 1L A‘” EI
%% Run Simulation "
Simout = sim('Excavator_Control'); %Run Simulink ). S|mu||nk Al ?DH
figure(1);

Setting Video File

video = VideoWriter('S.5m.mp4', 'MPEG-4');
video.FrameRate = 30;

open(video);

% Simulation Loop

LN P siont.) 3. Simulink 22 2, Plot_Excavator£ O|-&d}
% Joint 1 Values ‘ . AlEE|O|A J—_||.I %:’_EHEE ;I-_CF_:I

Excavator.X1l = X1_out.signals.values(S);
Excavator.Yl = Y1_out.signals.values(S);

% Joint 2 Values — = -4 -

Excavator.X2 = X2_out.signals.values(S); 4 %I-IH'_ X"EE X-”I—!-Ol'jl ‘?’l OH

Excavator.Y2 = Y2_out.signals.values(S); _ —“LO| ©
30| mpalt Y-S A

% Excavator Plot
Plot_Excavator

% Plot path
plot(X2_out.signals.values(S),Y2_out.signals.values(S),'r.");
plot(X_input.signals.values,Y_input.signals.values,'--b');
pause(.001)

% Save Frame

frame = getframe(gcf);

writeVideo(video, frame);
end

Excavator Simulation.m

close(video);
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%% Plot Data (Comparison Input & Output Signal Value)
figure(2)

ot (2,2,1); 5. PDM| 7} H|CHE O|F O X|=X|

plot(qg_inputl.time,rad2deg(q_outl.signals.values), 'k',q_inputl.time,rad2deg(qg_inputl.signals.values),'--b", 'linewidth',1.2)

: : Y —_ —_ —_ J—

title( r‘,\l’Input‘& Output'); 2'.0' O 7 (@) Ol_ I E L1 AH A‘I
xlabel('Time(s)'); =/ L T 2 —_— O O
ylabel(' \theta (Deg)');

axis([e 1@ -1ee 158]);

legend(‘ql Output','gl Input'); 150 q1 Input & Qutput g2 Input & Output
grid on g2 Output
100 e — — —qZ Input
subplot(2,2,2); - -
plet(q_input2.time,rad2deg(qg_out2.signals.values), 'k',q_input2.time,rad2deg(q_input2.signals.values), '--b", 'linewidth',1.2) & 50 il
title('q2 Input & Output'); = o o0
xlabel('Time(s)"); = 0 - K
ylabel(' \theta (Deg)'); q1 Qutput
. -50 - _ :
axis([e 1@ -15e@ 158]); q1 Input 100
legend('q2 Output','g2 Input'); 400
grid on 0 5 10 0 5 10
Time(s) Time(s)
subplot(2,2,3); X(end point) Input & Output Y{end point) Input & Output

plot(X2_out.time,X2_out.signals.values, 'k',X2_out.time,X_input.signals.values, '--b','linewidth',1.2)
title(' X(end point) Input & Output');

xlabel('Time(s)");

ylabel(" X (m)");

o

axis([e 18 -7 7]); E Eo

legend('X output','X input'); = =

grid on ¥ output ¥ output
= — — —Xinput — — —Yinput

subplot(2,2,4); 2 N

plot(Y2_out.time,¥2_out.signals.values, 'k',X2_out.time,Y_input.signals.values, '--b','linewidth',1.2) 0 5 10 0 5 10

title(' Y(end point) Input & OQutput'); ) )
xlabel('Time(s)"); Time(s) Time(s)
ylabel("' Y (m)");|
axis([e 1@ -7 7]);

legend( 'Y output','Y input'); %E_:! Al L_|'QE :I_EHE O:”Al

grid on

Excavator_ Simulation.m
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* |nverse Kinematics

function [g_desired, xd, yd] = fcn(Theta)

%% Parameters

11 =4.4; 12 = 2.2;
X8 = 9, y@ = @;
r=5.5;

%% Trajectory Design (Circle)
Xxd = x@ + r*cos(Theta);
yd = y8 + r*sin(Theta);

%% Inverse Kinematic

C = (xd*2 + yd™2 - 1172 - 1272) / (2 * 11 * 12);
D = - sqrt(l - C*2);

g2_desired = atan2(D, C);

gl_partl atan2(yd, xd);
gl_part2 = atan2(l2*sin(q2_desired), 11+l2*cos(q2_desired));
gl_desired = gl_partl - gl_part2;

% Output Theta
g_desired = [gl_desired; q2_desired];

R
S
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e PD Control

%% PD Control

function u = fen(q, q_d, g_desired, q_d_desired, g_dd_desired)
KD = 48;

KP = 200; q_er_Kde

g_tilted = q - g_desired;
g_d_tilted = g_d - q_d_desired;

u = g_dd_desired-(KD*(q_d_tilted))-(KP*(g_tilted)); e o q _ qd’ e — q T qd
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« = OIS HFAA
O "1/1 O O 1

%% H(q)g_dd + C(q,q_d) + G =T
function gq_dd = fcn(q, q_d, T)
11 4.4; 12 = 2.2;

ml 15688; m2 = 768;

g = 9.81;

H11l = (1/3)*m1*(11~2)+(1/3)*m2*(12~2)+m2*(11~2)+m2*12*12*cos(q(2)); —_— pd -

H22 = (1/3)*m2*(1272)+(1/2)*m2*11*12*cos(q(2)); T = H(q)q + C(q’ q) + G(q)
H12 = (1/3)*m2*(1272)+(1/2)*m2*11*12*cos(q(2));

H21 = (1/3)*m2*(122);

H = [H11 H12; H21 H22];

- m2*11*12*sin(q(2))*q_d(1)*q_d(2) - (1/2)*m2*11*12*sin(q(2))*(q_d(2)"2);

hl =
o L] .o o S
2 © (@ w1212 sin(a(a) (1)) AAS E8) go| e P 4= Qloh
C = [h1; h2];
gl = (1/2)*ml*11*g*cos(q(1)) + (1/2)*m2*12*g*cos(q(1)+q(2)) + m2*11*g*cos(q(1));
g2 = (1/2)*m2*12*g*cos(q(1)+q(2));
G = [g1; g2];

%% Angular Accerlation
gdd =H\ (T - C - G);
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* Forward Kinematics

%% Forward Kinematics -
function [x1,y1,x2,y2] = fcn(q)
11 = 4.4; 12 = 2.2;

g = 9.81; y = Lysinq,

% Joint 2 location _E' El-c—)- ‘?‘lxl

x1 = 11l*cos(q(l));

yl = 11%sin(q(1)); X = L1C?SCI1 + ch.os(q1+ qz)
y = Lysingq + Lysin(qq+ q3)

% Final location
x2 = 11*cos(q(1))+12*cos(q(1)+g(2));
y2 = 11*sin(q(1))+12*sin(q(1)+q(2)); jﬂ,k}
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Excavator Movement

Excavator Movement
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HSLA 550

E (Young’s modulus) v (Poisson’s ratio) p (Density)

200GPa 0.30 7850kg /m3
Boom & Arm Length

Boom length:4400mm Arm length:2200mm
Thickness:250mm Thickness: 200mm
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<Fixed constraint> <Boundary load> <Mesh>

Calibrate for:

General physics

4 Predefined | Fine

() Custom

® DX140W-5= 47| HEAZ 22 (GPT AFR)
D 7|E A2 SHUS I T2 ALE

Frot O y N
-11428.65



coMsOL ofj A a7

Surface: von Mises stress (N/m?)

4 & Results
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1) 02t (2) &2k
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L2 2691 0011 dase 47.3 0.22 A7 5306 0.72
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S 1503  0.010 7 24.7 1.02 5645 2094 136
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