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1. INTRODUCTION

This report is an analysis of the energy and power contributions due to kinetic, gravitational potential, spring
potential, and viscous damping effects on the Watt-II 6 Bar Linkage with a constant angular input of 25 rad/s.
Gravity is acting in the negative-Y direction. There is a spring that connects pin O2 and point P and a viscous
damper attached at point P parallel to the X-axis.

Figure 1. Diagram of the Watt-II 6-Bar linkage used for analysis of the mechanism.

The given lengths for each of the link are as follows: O2O4 = 203.20 mm, O2A = 57.15 mm, AB = 184.15
mm, O4B = 177.80 mm, CD = 50.80 mm, O6D = 127.00 mm, O6O4 = 101.60 mm, O4C = 127.00 mm, and
CP = PD = 25.40 mm. The masses for the given links are m2 = 2 kg, m3 = 5.5 kg, m4 = 7.5 kg, m5 = 1.5 kg,
and m6 = 6 kg. The center of mass for links 2, 4, and 6 are at the pin connected to the ground. The center of
mass for link 3 is at the midpoint. The center of mass for link 5 is at the coupler point P. The second moments
of mass for each link are: IG2 = 0.0067 kgm2, IG3 = 0.0433 kgm2, IG4 = 0.2426 kgm2, IG5 = 0.0009 kgm2, and
IG6 = 0.0634 kgm2. The linear spring has a spring rate of k = 5000 N/m and a free length R◦ = 150 mm. The
viscous damper has a damping coefficient of C = 350 Ns/m and is positioned at a height above the X-axis of
101.60 mm.

2. DELIVERABLE 2 RESULTS

2.1 Equivalent Mass Moment of Inertia

We begin our analysis by looking at the Kinetic Energy and its time derivative of the system as a whole. To
do this, the equivalent mass moment of inertia is needed to be calculated for the mechanism. This can be done
according to the following:

Ieq =
∞∑
j=2

[mj(X
′2
jg + Y ′2

jg ) + Ijgθ
′2]

Which then can be expanded to match the characteristics of our system to be:
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Ieq = I2gθ
′2
2 +m3(X ′2

3g + Y ′2
3g) + I3gθ

′2
3 + I4gθ

′2
4 +m5(X ′2

5g + Y ′2
5g) + I5gθ

′2
5 + I6gθ

′2
6

The results of which can be seen in the figure 2. Values of which can be seen in figure 5.

Figure 2. Resulting plot of equivalent mass moment of inertia vs link 2 input posture.

Using the equivalent mass moment of inertia, the values of kinetic energy and its time derivative can be found
according to the following equations:

T (θ2) =
1

2
Ieqψ̇

2

dT

dt
(θ2) = Ieqψ̇ψ̈ +

[ ∞∑
j=2

(mj(X
′
jgX

′′
jg + Y ′

jgY
′′
jg) + Ijgθ

′θ′′
]
ψ̇3

In this expression for the time derivative of kinetic energy, the first component of it ends up equalling 0 due
to the input angular velocity being a constant value. The results for kinetic energy and its time derivative can
be seen below in figures 3 and 4. Numerical values for it can also be seen in figure 5.

Figure 3. Resulting values of kinetic energy at every input posture.
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Figure 4. Resulting values of the time derivative of kinetic energy at every input posture.

Figure 5. Table of value results for equivalent mass moment of inertia, kinetic energy, and the time derivative of kinetic
energy.
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2.2 Kinematics of the Spring and Damper

To begin the analysis of the spring and the potential energy that results from it, the first determination needed
is the first order kinematic coefficient of the spring. This is found using a standard approach for determining
where R′

s is the coefficient of interest as seen below.

x : Rscos(θs)−RO2O6cos(θ1)−R6cos(θ6)−RPDcos(θ5) = 0

y : Rssin(θs)−RO2O6sin(θ1)−R6sin(θ6)−RPDsin(θ5) = 0

x′ : R′
scos(θs)−Rsθ

′
ssin(θs) = −(R6θ

′
6sin(θ6) +RPDθ

′
5sin(θ5))

y′ : R′
ssin(θs) +Rsθ

′
scos(θs) = R6θ

′
6cos(θ6) +RPDθ

′
5cos(θ5)[

cos(θs) −Rssin(θs)
sin(θs) Rscos(θs)

] [
R′

s

θ′s

]
=

[
−(R6θ

′
6sin(θ6) +RPDθ

′
5sin(θ5))

R6θ
′
6cos(θ6) +RPDθ

′
5cos(θ5)

]
Solving this matrix found above for R′

s yields the first order kinematic coefficient for the spring. Figure 6
below shows the results from this. Figure 9 includes the resulting values in numerical form.

Figure 6. Resulting plot of first order kinematic coefficients for the spring at every input posture.

Once these kinematic coefficients are found, the values for the spring potential energy and its first time
derivative can be found using the following expressions:

Usp(θ2) =
1

2
k(Rs(θ2)−R0)

2

dUsp

dt
(θ2) = k(Rs(θ2)−R0)R

′
sψ̇

The resulting plots for these values at every input can then be seen in figures 7 and 8. Resulting values can
be found in figure 9 as well.
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Figure 7. Plot of spring potential energy at every input posture.

Figure 8. Plot of the first time derivative of spring potential energy at every input posture.
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Figure 9. Table of spring values.

To finish the analysis then of the potential energy of the system, the gravitational potential energy and its
time derivative must be analysed. Expressions for this can be seen below:

Ug(θ2) =

∞∑
j=2

mjgYjg

dUg

dt
(θ2) =

∞∑
j=2

mjgY
′
jgψ̇

In this expression, the values for links 1, 2, 4, and 6 can be neglected as their center of mass is at a height
of 0 m and their first order kinematic coefficient at each center of mass is 0 m/rad. The resulting plots of these
values can be seen in figures 10 and 11 with figure 12 being a table of the calculated values.
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Figure 10. Plot of the gravitational potential energy values at every input posture.

Figure 11. Plot of the first time derivative of gravitational potential energy at every input posture.
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Figure 12. Table of gravitational values.

Next, an analysis of the viscous damper must be performed to get a final understanding of all energy and
power effects on the system. With this analysis, one critical assumption must be made: The viscous damper
being parallel to the X-axis has negligible motion in the Y-direction meaning that the first-order kinematic
coefficient is equal and opposite to the first order kinematic coefficient in the X-direction for point P where it is
attached. With this assumption in mind, we can write the expressions below to determine the energy and power
effects it has on the system.

Wc(θ2) = cR′
cψ̇(XPmax −XP (θ2))

dWc

dt
(θ2) = cR′2

c ψ̇
2

Resulting plots for the first order kinematic coefficient of the damper, the energy contribution of the damper,
and its power contribution can be seen in figures 13, 14, and 15 respectively. Figure 16 is a table of the resulting
values for each.

8



Figure 13. Plot of viscous damper first-order kinematic coefficients at every input angle.

Figure 14. Plot of viscous damper energy effects at every input angle.

Figure 15. Plot of viscous damper power effects at every input angle.
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Figure 16. Table of viscous damper values.

2.3 The Power Equation and the Equation of Motion

Now that the contributions from every component has been determined, an analysis to gain a deeper under-
standing can be performed. To begin, the power equation - seen below - yields a value for the net power in the
mechanism at every input posture. Then we are able to use this to find the torque seen in the expression below.

P (θ2) =
dT

dt
(θ2) +

dU

dt
(θ2) +

dWc

dt
(θ2)

where:
dU

dt
(θ2) =

dUg

dt
(θ2) +

dUsp

dt
(θ2)

and:

T12 =
P (θ2)

ψ̇

Hand calculations for the motor torque input can be found in Appendix A. Using the relation found above,
a plot for the value of torque can be seen in figure 17 and values for it can be seen in figure 18.
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Figure 17. Plot of torque input on link 2.

Figure 18. Table of torque values.

The net power into the system can then be seen in figure 19.
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Figure 19. Net power on the mechanism.

From here, the contributions of each power component can be determined. To see this, two methods were
used. The first method is the raw contribution relation that can be found using the general relation below. This
method has a few issues with it - namely that the net power reaches a 0 value at certain input postures and
therefore creates a limit on the contribution.

contribution =
contributingfactor

netpower

Figure 20. Contributions of each power component using the first method

The second method instead focuses on the absolute values. This method follows the general structure seen
below. In this one, we are primarily comparing the size of each contribution by neglecting the sign for each.

contribution =
|contributingfactor|∑
|contributingfactor|
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Figure 21. Contributions of each power component using the second method

Figure 22 is a breakdown of the net power and the contribution values for each method.

Figure 22. Table of net power and contribution values using both methods.
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2.4 Torque Analysis

Finally, we can compare the results of using the power equation to determine the torque to the values of torque
found in deliverable 1. Figure 23 shows the results of both methods. and Figure 24 is the calculated values for
these plots.

Figure 23. Comparison of the torque values calculated in deliverable 1 and deliverable 2.
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Figure 24. Table of the calculated torque values from both deliverables.

Overall, the results from both methods are strikingly similar in general shape and magnitude. At multiple
points, they even appear to be nearly equal. The slight differences are due to the addition of the spring and
damper onto the system adding extra components that were not accounted for in the dynamic force analysis. If
the spring and damper effects were not included in the analysis, the calculated torques for the two methods are
identical.

3. CONCLUSION

Overall, this method provides a very rational methodology for determining the torque input when you have
a complex mechanism like the one that was being analyzed. From this, we are able to see that the average
contribution of kinetic energy is 51.35%, gravitational potential energy is 8.8%, spring potential energy is 14.89%,
and viscous damping effects is 26.16%. This means that kinetic energy has by far the largest contribution to the
net power on the system, while the others have relatively smaller contributions and don’t effect the mechanism
net power as greatly.
The primary concern with this mechanism is the magnitude of forces generated can be rather high at times.
With this comes an increased likely hood in the links breaking due to the stresses on each of them. This can be
avoided by choosing a material that allows for a safety factor of at least 1.5. Another concern that arises through
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this design is the magnitude of torque. While finding a motor that should have no issue providing enough torque
to meet the input needs, many motors will not be able to provide adequate torque to the system if the material
needs to change to ensure that the links do not shear. If this recommended change is made, the masses will likely
increase causing the torque required to also increase. This means careful attention must be paid to the torque
output abilities of the chosen driving motor.
In summary, the Watt-II six bar linkage provides a fairly easy way to produce a straight line motion of a point
when little needed input. However, there are careful considerations that must be made when determining the
application that can greatly chan ge the results and cause other design changes to occur as well.
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4. APPENDIX

Appendix A: Hand Calculations of Motor Torque

Figure 25.
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Figure 26.

Appendix B: MatLab Script
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% This code was created by Trevor Ladner for use on Project 1 and 2 in ME  
% 452 at Purdue University. 
% 
% If you are reading this, I just wanted to let you know that I have really 
% enjoyed working on project 1 and 2 in this class. It has been a large 
% amount of work, but I have really enjoyed the undertaking. Thank you for  
% a great class! 
% 
% December 6, 2021 
  
clc 
  
% UNIVERSAL CONSTANTS 
G = 9.81; 
  
R1 = .2032; 
R2 = .05715; 
R3 = .18415; 
R4 = .1778; 
R5 = .0508; 
R6 = .127; 
R11 = .1016; 
R44 = .127; 
RCP = .0254; 
R55 = RCP; 
  
m2 = 2; 
m3 = 5.5; 
m4 = 7.5; 
m5 = 1.5; 
m6 = 6; 
  
ig2 = 0.0067; 
ig3 = 0.0433; 
ig4 = 0.2426; 
ig5 = 0.0009; 
ig6 = 0.0634; 
  
% INITIALIZING ARRAYS 
a = zeros(5,361); 
alpha1 = zeros(5,361); 
alpha2 = zeros(5,361); 
alpha25s = zeros(5,37); 
alpha50s = zeros(5,37); 
as = zeros(5,37); 
CC = zeros(2,361); 
CCs = zeros(2,37); 
coef = zeros(4,361); 
coef2 = zeros(4,361); 
coef2s = zeros(4,37); 
coefP = zeros(5,361); 
coefPs = zeros(5,37); 
coefS = zeros(4,37); 
Det = zeros(2,361); 
detS = zeros(2,37); 
P = zeros(3,361); 
Ps = zeros(3,37); 



rho = zeros(2,361); 
rhos = zeros(2,37); 
RpP = zeros(1,361); 
theta = zeros(6,361); 
thetaS = zeros(6,37); 
un = zeros(3,361); 
uns = zeros(3,37); 
ut = zeros(3,361); 
uts = zeros(3,37); 
v = zeros(5,361); 
vel25S = zeros(4,37); 
vel50S = zeros(4,37); 
vs = zeros(5,37); 
variables = zeros(16,361); 
coefG3 = zeros(5,361); 
accelX = zeros(2,361); 
accelY = zeros(2,361); 
accelX2 = zeros(4,361); 
accelY2 = zeros(4,361); 
results = zeros(16,361); 
results50 = zeros(16,361); 
staticResults = zeros(16,361); 
part2 = zeros(13,361); 
part2s = zeros(37,13); 
resultss = zeros(37,16); 
staticResultss = zeros(37,16); 
part5 = zeros(2,361); 
part5s = zeros(37,2); 
i3 = zeros(1,361); 
i4 = zeros(1,361); 
i5 = zeros(1,361); 
i6 = zeros(1,361); 
ieq = zeros(2,361); 
B = zeros(2,361); 
b3 = zeros(1,361); 
b4 = zeros(1,361); 
b5 = zeros(1,361); 
b6 = zeros(1,361); 
dT = zeros(1,361); 
T = zeros(1,361); 
yg3 = zeros(1,361); 
Ug3 = zeros(1,361); 
Ug5 = zeros(1,361); 
Ug = zeros(1,361); 
dUg3 = zeros(1,361); 
dUg5 = zeros(1,361); 
dUg = zeros(1,361); 
sprL = zeros(1,361); 
delL = zeros(1,361); 
Usp = zeros(1,361); 
thetaSprRad = zeros(1,361); 
thetaSpr = zeros(1,361); 
coefR = zeros(1,361); 
dUsp = zeros(1,361); 
U = zeros(1,361); 
dU = zeros(1,361); 
W = zeros(1,361); 



dW = zeros(1,361); 
power = zeros(1,361); 
Tpower = zeros(1,361); 
kinCon = zeros(1,361); 
gravCon = zeros(1,361); 
sprCon = zeros(1,361); 
damCon = zeros(1,361); 
torque = zeros(1,361); 
p2d2p1 = zeros(37,4); 
Usps = zeros(37,4); 
Ugs = zeros(37,3); 
Ws = zeros(37,4); 
torques = zeros(37,2); 
kinCon2 = zeros(1,361); 
gravCon2 = zeros(1,361); 
sprCon2 = zeros(1,361); 
damCon2 = zeros(1,361); 
cont = zeros(37,10); 
compare = zeros(37,3); 
  
% PROJECT 1 DELIVERABLE 1 
% Calculations for angles 
j = 0; 
resolution = .01*pi/180; 
theta3s = 60*pi/180; 
theta4s = 110*pi/180; 
theta5s = -40*pi/180; 
theta6s = 45*pi/180; 
  
for theta2 = 0:pi/180:2*pi 
    j = j+1; 
    i = 0; 
    dt_3 = 1; 
    dt_4 = 1; 
    while (abs(dt_3) > resolution) || (abs(dt_4) > resolution) 
        i = i+1; 
        errx = (R2 * cos(theta2)) + (R3 * cos(theta3s)) - (R4 * cos(theta4s)) 
- R1; 
        erry = (R2 * sin(theta2)) + (R3 * sin(theta3s)) - (R4 * 
sin(theta4s)); 
        derrxdt3 = -R3 * sin(theta3s); 
        derrxdt4 = R4 * sin(theta4s); 
        derrydt3 = R3 * cos(theta3s); 
        derrydt4 = -R4 * cos(theta4s); 
        D = (derrxdt3 * derrydt4) - (derrxdt4 * derrydt3); 
        dt_3 = ((errx * -derrydt4) + (erry * derrxdt4))/D; 
        dt_4 = ((erry * -derrxdt3) + (errx * derrydt3))/D; 
        theta3s = theta3s + dt_3; 
        theta4s = theta4s + dt_4; 
        if i > 10 
            break 
        end 
    end   
    theta(1,j) = 0.00; 
    theta(2,j) = theta2; 
    theta(3,j) = theta3s; 
    theta(4,j) = theta4s; 



    Det(1,j) = D; 
end 
  
for m = 1:1:361 
    i = 0; 
    dt_5 = 1; 
    dt_6 = 1; 
    while (abs(dt_5) > resolution) || (abs(dt_6) > resolution) 
        i = i+1; 
        errx2 = (R6 * cos(theta6s)) - (R5 * cos(theta5s)) - (R44 * 
cos(theta(4,m))) - R11; 
        erry2 = (R6 * sin(theta6s)) - (R5 * sin(theta5s)) - (R44 * 
sin(theta(4,m))); 
        derrxdt5 = R5 * sin(theta5s); 
        derrxdt6 = -R6 * sin(theta6s); 
        derrydt5 = -R5 * cos(theta5s); 
        derrydt6 = R6 * cos(theta6s); 
        D2 = (derrxdt5 * derrydt6) - (derrxdt6 * derrydt5); 
        dt_5 = ((-errx2 * derrydt6) - (-erry2 * derrxdt6))/D2; 
        dt_6 = ((-erry2 * derrxdt5) - (-errx2 * derrydt5))/D2; 
        theta5s = theta5s + dt_5; 
        theta6s = theta6s + dt_6; 
        if i > 10 
            break 
        end 
    end   
    theta(5,m) = theta5s; 
    theta(6,m) = theta6s; 
    Det(2,m) = D2; 
end 
thetaRad = theta; 
theta = theta.*180./pi; 
theta = round(theta,2); 
  
% Swing Angle 
maxt = max(theta(4,:)); 
mint = min(theta(4,:)); 
  
swing = maxt - mint; 
% fprintf('The Swing Angle is %.2f degrees', swing); 
  
% plots of angles and determinants 
figure(1) 
plot(theta(2,:),theta(3,:),theta(2,:),theta(4,:),theta(2,:),theta(5,:),theta(
2,:),theta(6,:)); 
xlabel('Input Posture (degrees)'); 
ylabel('Link Posture (degrees)'); 
xlim([0 360]); 
title('Link Postures based on Input'); 
legend('Link 3', 'Link 4', 'Link 5', 'Link 6') 
  
figure(2) 
plot(theta(2,:),Det(1,:),theta(2,:),Det(2,:)); 
xlabel('Input Posture (degrees)'); 
ylabel('Determinant (mm^2)'); 
xlim([0 360]); 
title('Vector Loop Determinants'); 



legend('VLE 1', 'VLE 2') 
  
% Kinematic Coefficients 
for n = 1:1:361 
    tp3 = (R4 * R2 * sin(thetaRad(4,n) - thetaRad(2,n))) / Det(1,n); 
    tp4 = (R3 * R2 * sin(thetaRad(3,n) - thetaRad(2,n))) / Det(1,n); 
    coef(1,n) = tp3; 
    coef(2,n) = tp4; 
end 
  
for o = 1:1:361 
    tp5 = coef(2,o) * (R6 * R44 * sin(thetaRad(6,o) - thetaRad(4,o))) / 
Det(2,o); 
    tp6 = coef(2,o) * (R5 * R44 * sin(thetaRad(5,o) - thetaRad(4,o))) / 
Det(2,o); 
    coef(3,o) = tp5; 
    coef(4,o) = tp6; 
end 
  
% kincoef plot 
figure(3) 
plot(theta(2,:),coef(1,:),theta(2,:),coef(2,:),theta(2,:),coef(3,:),theta(2,:
),coef(4,:)); 
xlabel('Input Posture (degrees)'); 
ylabel('Kinematic Coefficients'); 
xlim([0 360]); 
title('First Order Kinematics Coefficients based on Input'); 
legend('Link 3','Link 4','Link 5','Link 6') 
  
% velocity calculations and plots 
vel1 = coef .* 25; 
vel2 = coef .* 50; 
  
figure(4) 
plot(theta(2,:),vel1(1,:),theta(2,:),vel1(2,:),theta(2,:),vel1(3,:),theta(2,:
),vel1(4,:)) 
xlabel('Input Posture (degrees)'); 
ylabel('Angular Velocity (rad/s)'); 
xlim([0 360]); 
title('Angluar Velocities with Input of 25 rad/s'); 
legend('Link 3','Link 4','Link 5','Link 6') 
  
figure(5) 
plot(theta(2,:),vel2(1,:),theta(2,:),vel2(2,:),theta(2,:),vel2(3,:),theta(2,:
),vel2(4,:)) 
xlabel('Input Posture (degrees)'); 
ylabel('Angular Velocity (rad/s)'); 
xlim([0 360]); 
title('Angluar Velocities with Input of 50 rad/s'); 
legend('Link 3','Link 4','Link 5','Link 6') 
  
% PROJECT 1 DELIVERABLE 2 
% Second-Order Kin Coef 
for r = 1:1:361 
    D5 = R3 * R4 * sin(thetaRad(3,r) - thetaRad(4,r)); 



    tpp3 = ((-R2 * R4 * cos(thetaRad(4,r) - thetaRad(2,r))) - (R3 * R4 * 
(coef(1,r)^2) * cos(thetaRad(4,r) - thetaRad(3,r))) + ((R4^2) * 
(coef(2,r)^2))) / D5; 
    tpp4 = ((-R2 * R3 * cos(thetaRad(3,r) - thetaRad(2,r))) + (R3 * R4 * 
(coef(2,r)^2) * cos(thetaRad(3,r) - thetaRad(4,r))) - ((R3^2) * 
(coef(1,r)^2))) / D5; 
    coef2(1,r) = tpp3; 
    coef2(2,r) = tpp4; 
end 
  
for s = 1:1:361 
    D6 = R5 * R6 * sin(thetaRad(5,s) - thetaRad(6,s)); 
    tpp5 = ((-R44 * R6 * coef2(2,s) * sin(thetaRad(4,s) - thetaRad(6,s))) - 
(R44 * R6 * (coef(2,s)^2) * cos(thetaRad(4,s) - thetaRad(6,s))) - (R5 * R6 * 
(coef(3,s)^2) * cos(thetaRad(5,s) - thetaRad(6,s))) + ((R6^2) * 
(coef(4,s)^2))) / D6; 
    tpp6 = ((-R44 * R5 * coef2(2,s) * sin(thetaRad(4,s) - thetaRad(5,s))) - 
(R44 * R5 * (coef(2,s)^2) * cos(thetaRad(4,s) - thetaRad(5,s))) + (R5 * R6 * 
(coef(4,s)^2) * cos(thetaRad(6,s) - thetaRad(5,s))) - ((R5^2) * 
(coef(3,s)^2))) / D6;  
    coef2(3,s) = tpp5; 
    coef2(4,s) = tpp6; 
end 
  
% Plots for Second Order Coefficients 
figure(6) 
plot(theta(2,:),coef2(1,:),theta(2,:),coef2(2,:),theta(2,:),coef2(3,:),theta(
2,:),coef2(4,:)) 
xlabel('Input Angle (degrees)') 
ylabel('Second Order Kinematic Coefficient') 
title('Second Order Kinematic Coefficients') 
xlim([0 360]) 
legend('Link 3','Link 4','Link 5','Link 6') 
  
% Position of Point P 
for t = 1:1:361 
    Px = R1 + (R44 * cos(thetaRad(4,t))) + (RCP * cos(thetaRad(5,t))); 
    Py = (R44 * sin(thetaRad(4,t))) + (RCP * sin(thetaRad(5,t))); 
    P(1,t) = Px; 
    P(2,t) = Py; 
    P(3,t) = theta(2,t); 
end 
  
figure(7) 
plot(P(1,:),P(2,:)) 
xlabel('x (mm)') 
ylabel('y (mm)') 
title('Position of Point P') 
xlim([0 190]) 
ylim([0 120]) 
  
% Displacements 
maxPx = max(P(1,:)); 
minPx = min(P(1,:)); 
maxPy = max(P(2,:)); 
minPy = min(P(2,:)); 
dispPx = maxPx - minPx; 



dispPy = maxPy - minPy; 
  
% Max and Min Displacement Angles 
for u = 1:1:361 
    if P(1,u) == maxPx 
        maxPxT = P(3,u); 
    end 
    if P(1,u) == minPx 
        minPxT = P(3,u); 
    end 
    if P(2,u) == maxPy 
        maxPyT = P(3,u); 
    end 
    if P(2,u) == minPy 
        minPyT = P(3,u); 
    end 
end 
  
fprintf('\nThe displacement of P in the x direction is %.2f mm\n', dispPx) 
fprintf('The displacement of P in the y direction is %.2f mm\n', dispPy) 
fprintf('The input posture for maximum x position is %.2f degrees\n', maxPxT) 
fprintf('The input posture for minimum x position is %.2f degrees\n', minPxT) 
fprintf('The input posture for maximum y position is %.2f degrees\n', maxPyT) 
fprintf('The input posture for minimum y position is %.2f degrees\n', minPyT) 
  
% Point P Kinematic Coefficients 
for vv = 1:1:361 
    xp = (-R44 * coef(2,vv) * sin(thetaRad(4,vv))) - (R55 * coef(3,vv) * 
sin(thetaRad(5,vv))); 
    yp = (R44 * coef(2,vv) * cos(thetaRad(4,vv))) + (R55 * coef(3,vv) * 
cos(thetaRad(5,vv))); 
    xpp = (-R44 * coef2(2,vv) * sin(thetaRad(4,vv))) - (R44 * (coef(2,vv)^2) 
* cos(thetaRad(4,vv))) - (R55 * coef2(3,vv) * sin(thetaRad(5,vv))) - (R55 * 
(coef(3,vv)^2) * cos(thetaRad(5,vv))); 
    ypp = (R44 * coef2(2,vv) * cos(thetaRad(4,vv))) - (R44 * (coef(2,vv)^2) * 
sin(thetaRad(4,vv))) + (R55 * coef2(3,vv) * cos(thetaRad(5,vv))) - (R55 * 
(coef(3,vv)^2) * sin(thetaRad(5,vv))); 
    coefP(1,vv) = xp; 
    coefP(2,vv) = yp; 
    coefP(3,vv) = xpp; 
    coefP(4,vv) = ypp; 
    coefP(5,vv) = theta(2,vv); 
end 
  
figure(8) 
plot(coefP(5,:),coefP(1,:),coefP(5,:),coefP(2,:)) 
xlabel('Input Posture (degrees)') 
ylabel('Coefficient') 
legend('X Prime', 'Y Prime') 
xlim([0 360]) 
title('First Order Kinematic Coefficients for Point P') 
  
figure(9) 
plot(coefP(5,:),coefP(3,:),coefP(5,:),coefP(4,:)) 
xlabel('Input Posture (degrees)') 
ylabel('Coefficient') 
legend('X PPrime', 'Y PPrime') 



xlim([0 360]) 
title('Second Order Kinematic Coefficients for Point P') 
  
% Unit Normal and Tangent Vectors 
for w = 1:1:361 
    RpP(w) = sqrt((coefP(1,w)^2) + (coefP(2,w)^2)); 
    utx = coefP(1,w) / RpP(w); 
    uty = coefP(2,w) / RpP(w); 
    unx = -coefP(2,w) / RpP(w); 
    uny = coefP(1,w) / RpP(w); 
    rho(2,w) = (RpP(w)^3) / ((coefP(1,w) * coefP(4,w)) - (coefP(2,w) * 
coefP(3,w))); 
    rho(1,w) = theta(2,w); 
    ut(1,w) = theta(2,w); 
    ut(2,w) = utx; 
    ut(3,w) = uty; 
    un(1,w) = theta(2,w); 
    un(2,w) = unx; 
    un(3,w) = uny; 
end 
  
% Plot Rho 
figure(10) 
plot(rho(1,:),rho(2,:)) 
xlabel('Input Posture (degrees)') 
ylabel('Radius of Curvature (mm)') 
title('Radius of Curvature for Point P') 
  
% Calculate and plot center of curfacture 
for b = 1:1:361 
    CC(1,b) = P(1,b) + (rho(2,b) * (-coefP(2,b) / RpP(b))); 
    CC(2,b) = P(2,b) + (rho(2,b) * (coef(1,b) / RpP(b))); 
end 
  
figure(11) 
plot(CC(1,:),CC(2,:)) 
xlabel('x position (mm)') 
ylabel('y position (mm)') 
title('Center of Curvature Position') 
  
% Angluar Acceleration at 25 m/s 
for x = 1:1:361 
    a3 = coef2(1,x) * (25^2); 
    a4 = coef2(2,x) * (25^2); 
    a5 = coef2(3,x) * (25^2); 
    a6 = coef2(4,x) * (25^2); 
    alpha1(1,x) = theta(2,x); 
    alpha1(2,x) = a3; 
    alpha1(3,x) = a4; 
    alpha1(4,x) = a5; 
    alpha1(5,x) = a6; 
end 
  
figure(12) 
plot(alpha1(1,:),alpha1(2,:),alpha1(1,:),alpha1(3,:),alpha1(1,:),alpha1(4,:),
alpha1(1,:),alpha1(5,:)) 
xlabel('Input Posture (degrees)') 



ylabel('Angluar Acceleration (rad/s^2)') 
legend('Link 3','Link 4','Link 5','Link 6') 
xlim([0 360]) 
title('Angular Accelerations at an input of 25 m/s') 
  
% Angular Accelerations at 50 m/s 
for y = 1:1:361 
    a3 = coef2(1,y) * (50^2); 
    a4 = coef2(2,y) * (50^2); 
    a5 = coef2(3,y) * (50^2); 
    a6 = coef2(4,y) * (50^2); 
    alpha2(1,y) = theta(2,y); 
    alpha2(2,y) = a3; 
    alpha2(3,y) = a4; 
    alpha2(4,y) = a5; 
    alpha2(5,y) = a6; 
end 
  
figure(13) 
plot(alpha2(1,:),alpha2(2,:),alpha2(1,:),alpha2(3,:),alpha2(1,:),alpha2(4,:),
alpha2(1,:),alpha2(5,:)) 
xlabel('Input Posture (degrees)') 
ylabel('Angluar Acceleration (rad/s^2)') 
legend('Link 3','Link 4','Link 5','Link 6') 
xlim([0 360]) 
title('Angular Accelerations at an input of 50 m/s') 
  
% velocity and acceleration of point p at 25 
for z = 1:1:361 
    vpx = coefP(1,z) * 25; 
    vpy = coefP(2,z) * 25; 
    apx = coefP(3,z) * (25^2); 
    apy = coefP(4,z) * (25^2); 
    v(1,z) = theta(2,z); 
    v(2,z) = vpx; 
    v(3,z) = vpy; 
    a(1,z) = theta(2,z); 
    a(2,z) = apx; 
    a(3,z) = apy; 
end 
  
for ii = 1:1:361 
    vpx = coefP(1,ii) * 50; 
    vpy = coefP(2,ii) * 50; 
    apx = coefP(3,ii) * (50^2); 
    apy = coefP(4,ii) * (50^2); 
    v(4,ii) = vpx; 
    v(5,ii) = vpy; 
    a(4,ii) = apx; 
    a(5,ii) = apy; 
end 
  
% figures for velocities and accels of P 
figure(14) 
plot(v(1,:),v(2,:),v(1,:),v(3,:),v(1,:),v(4,:),v(1,:),v(5,:)) 
xlabel('Input Posture') 
ylabel('velocity (mm/s)') 



legend('x at 25','y at 25','x at 50','y at 50') 
title('Point P x and y Velocities') 
  
figure(15) 
plot(a(1,:),a(2,:),a(1,:),a(3,:),a(1,:),a(4,:),a(1,:),a(5,:)) 
xlabel('Input Posture') 
ylabel('acceleration (mm/s)') 
legend('x at 25','y at 25','x at 50','y at 50') 
title('Point P x and y Accelerations') 
  
% exporting to csv 
q = 1; 
for p = 1:10:361 
    coefS(:,q) = coef(:,p); 
    detS(:,q) = Det(:,p); 
    thetaS(:,q) = theta(:,p); 
    vel25S(:,q) = vel1(:,p); 
    vel50S(:,q) = vel2(:,p); 
    coef2s(:,q) = coef2(:,p); 
    alpha25s(:,q) = alpha1(:,p); 
    alpha50s(:,q) = alpha2(:,p); 
    Ps(:,q) = P(:,p); 
    coefPs(:,q) = coefP(:,p); 
    uts(:,q) = ut(:,p); 
    uns(:,q) = un(:,p); 
    rhos(:,q) = rho(:,p); 
    CCs(:,q) = CC(:,p); 
    vs(:,q) = v(:,p); 
    as(:,q) = a(:,p); 
    q = q+1; 
end 
  
writematrix(coefS, 'coef.csv'); 
writematrix(detS, 'det.csv'); 
writematrix(thetaS, 'theta.csv'); 
writematrix(vel25S, 'vel25.csv'); 
writematrix(vel50S, 'vel50.csv'); 
writematrix(coef2s, 'coef2.csv'); 
writematrix(alpha25s, 'accel25.csv'); 
writematrix(alpha50s, 'accel50.csv'); 
writematrix(Ps, 'P.csv'); 
writematrix(coefPs, 'coefP.csv'); 
writematrix(uts, 'ut.csv'); 
writematrix(uns, 'un.csv'); 
writematrix(rhos, 'rho.csv'); 
writematrix(CCs, 'CC.csv'); 
writematrix(vs, 'vP.csv'); 
writematrix(as, 'aP.csv'); 
  
% PROJECT 2 DELIVERABLE 2 
  
% Find kinematic coefficients of point G3 
for kk = 1:361 
    g3xp = (-R2 * sin(thetaRad(2,kk))) - ((R3 / 2) * coef(1,kk) * 
sin(thetaRad(3,kk))); 
    g3yp = (R2 * cos(thetaRad(2,kk))) + ((R3 / 2) * coef(1,kk) * 
cos(thetaRad(3,kk))); 



    g3xpp = (-R2 * cos(thetaRad(2,kk))) - ((R3 / 2) * coef2(1,kk) * 
sin(thetaRad(3,kk))) - ((R3/2) * (coef(1,kk)^2) * cos(thetaRad(3,kk))); 
    g3ypp = (-R2 * sin(thetaRad(2,kk))) + ((R3 / 2) * coef2(1,kk) * 
cos(thetaRad(3,kk))) - ((R3/2) * (coef(1,kk)^2) * sin(thetaRad(3,kk))); 
    coefG3(1,kk) = g3xp; 
    coefG3(2,kk) = g3yp; 
    coefG3(3,kk) = g3xpp; 
    coefG3(4,kk) = g3ypp; 
end 
  
% Find all needed accelerations 
for ll = 1:361 
    ag3x = coefG3(3,ll) * 25 * 25; 
    ag3y = coefG3(4,ll) * 25 * 25; 
    ag5x = a(2,ll); 
    ag5y = a(3,ll); 
     
    accelX(1,ll) = ag3x; 
    accelX(2,ll) = ag5x; 
    accelY(1,ll) = ag3y; 
    accelY(2,ll) = ag5y; 
end 
     
% Dynamic Analysis 
for jj = 1:361 
    AA = 0; 
    AB = m2 * G; 
    AC = 0; 
    AD = m3 * accelX(1,jj); 
    AE = m3 * (accelY(1,jj) + G); 
    AF = (ig3 * alpha1(2,jj)) + ((R3 * m3 / 
2)*((cos(thetaRad(3,jj))*accelY(1,jj)) - (sin(thetaRad(3,jj))*accelX(1,jj)) + 
(G*cos(thetaRad(3,jj))))); 
    AG = 0; 
    AH = m4 * G; 
    AI = ig4 * alpha1(3,jj); 
    AJ = m5 * accelX(2,jj); 
    AK = m5 * (G + accelY(2,jj)); 
    AL = (ig5 * alpha1(4,jj)) + ((R5 * m5 / 
2)*((cos(thetaRad(5,jj))*accelY(2,jj)) - (sin(thetaRad(5,jj))*accelX(2,jj)) + 
(G*cos(thetaRad(5,jj))))); 
    AM = 0; 
    AN = m6 * G; 
    AO = ig6 * alpha1(5,jj); 
     
    matrix(1,:) = [1,0,-1,0,0,0,0,0,0,0,0,0,0,0,0,AA]; 
    matrix(2,:) = [0,1,0,-1,0,0,0,0,0,0,0,0,0,0,0,AB]; 
    matrix(3,:) = [0,0,(R2*sin(thetaRad(2,jj))),-
(R2*cos(thetaRad(2,jj))),0,0,0,0,0,0,0,0,0,0,1,AC]; 
    matrix(4,:) = [0,0,1,0,-1,0,0,0,0,0,0,0,0,0,0,AD]; 
    matrix(5,:) = [0,0,0,1,0,-1,0,0,0,0,0,0,0,0,0,AE]; 
    matrix(6,:) = [0,0,0,0,(R3*sin(thetaRad(3,jj))),(-
R3*cos(thetaRad(3,jj))),0,0,0,0,0,0,0,0,0,AF]; 
    matrix(7,:) = [0,0,0,0,1,0,-1,0,0,0,1,0,0,0,0,AG]; 
    matrix(8,:) = [0,0,0,0,0,1,0,-1,0,0,0,1,0,0,0,AH]; 



    matrix(9,:) = [0,0,0,0,(-
R4*sin(thetaRad(4,jj))),(R4*cos(thetaRad(4,jj))),(R44*sin(thetaRad(4,jj))),-
(R44*cos(thetaRad(4,jj))),0,0,0,0,0,0,0,AI]; 
    matrix(10,:) = [0,0,0,0,0,0,1,0,-1,0,0,0,0,0,0,AJ]; 
    matrix(11,:) = [0,0,0,0,0,0,0,1,0,-1,0,0,0,0,0,AK]; 
    matrix(12,:) = [0,0,0,0,0,0,0,0,(R5*sin(thetaRad(5,jj))),-
(R5*cos(thetaRad(5,jj))),0,0,0,0,0,AL]; 
    matrix(13,:) = [0,0,0,0,0,0,0,0,1,0,0,0,1,0,0,AM]; 
    matrix(14,:) = [0,0,0,0,0,0,0,0,0,1,0,0,0,1,0,AN]; 
    matrix(15,:) = [0,0,0,0,0,0,0,0,(-
R6*sin(thetaRad(6,jj))),(R6*cos(thetaRad(6,jj))),0,0,0,0,0,AO]; 
    matrix = rref(matrix); 
    for mm = 1:15 
        results(mm+1,jj) = matrix(mm,16); 
    end 
    results(1,jj) = theta(2,jj); 
end 
  
% Static Analysis 
for jj = 1:361 
    AA = 0; 
    AB = m2 * G; 
    AC = 0; 
    AD = 0; 
    AE = m3 * G; 
    AF = (R3 * m3 / 2)*(G*cos(thetaRad(3,jj))); 
    AG = 0; 
    AH = m4 * G; 
    AI = 0; 
    AJ = 0; 
    AK = 0; 
    AL = (R5 * m5 / 2)*(G*cos(thetaRad(5,jj))); 
    AM = 0; 
    AN = m6 * G; 
    AO = 0; 
     
    matrix(1,:) = [1,0,-1,0,0,0,0,0,0,0,0,0,0,0,0,AA]; 
    matrix(2,:) = [0,1,0,-1,0,0,0,0,0,0,0,0,0,0,0,AB]; 
    matrix(3,:) = [0,0,(R2*sin(thetaRad(2,jj))),-
(R2*cos(thetaRad(2,jj))),0,0,0,0,0,0,0,0,0,0,1,AC]; 
    matrix(4,:) = [0,0,1,0,-1,0,0,0,0,0,0,0,0,0,0,AD]; 
    matrix(5,:) = [0,0,0,1,0,-1,0,0,0,0,0,0,0,0,0,AE]; 
    matrix(6,:) = [0,0,0,0,(R3*sin(thetaRad(3,jj))),(-
R3*cos(thetaRad(3,jj))),0,0,0,0,0,0,0,0,0,AF]; 
    matrix(7,:) = [0,0,0,0,1,0,-1,0,0,0,1,0,0,0,0,AG]; 
    matrix(8,:) = [0,0,0,0,0,1,0,-1,0,0,0,1,0,0,0,AH]; 
    matrix(9,:) = [0,0,0,0,(-
R4*sin(thetaRad(4,jj))),(R4*cos(thetaRad(4,jj))),(R44*sin(thetaRad(4,jj))),-
(R44*cos(thetaRad(4,jj))),0,0,0,0,0,0,0,AI]; 
    matrix(10,:) = [0,0,0,0,0,0,1,0,-1,0,0,0,0,0,0,AJ]; 
    matrix(11,:) = [0,0,0,0,0,0,0,1,0,-1,0,0,0,0,0,AK]; 
    matrix(12,:) = [0,0,0,0,0,0,0,0,(R5*sin(thetaRad(5,jj))),-
(R5*cos(thetaRad(5,jj))),0,0,0,0,0,AL]; 
    matrix(13,:) = [0,0,0,0,0,0,0,0,1,0,0,0,1,0,0,AM]; 
    matrix(14,:) = [0,0,0,0,0,0,0,0,0,1,0,0,0,1,0,AN]; 
    matrix(15,:) = [0,0,0,0,0,0,0,0,(-
R6*sin(thetaRad(6,jj))),(R6*cos(thetaRad(6,jj))),0,0,0,0,0,AO]; 



    matrix = rref(matrix); 
    for mm = 1:15 
        staticResults(mm+1,jj) = matrix(mm,16); 
    end 
    staticResults(1,jj) = theta(2,jj); 
end 
  
figure(15) 
plot(results(1,:),results(2,:),results(1,:),results(3,:)) 
xlabel('Input Posture (degrees)') 
ylabel('Force (N)') 
legend('F12x','F12y') 
xlim([0 360]) 
  
figure(16) 
plot(results(1,:),results(4,:),results(1,:),results(5,:)) 
xlabel('Input Posture (degrees)') 
ylabel('Force (N)') 
legend('F23x','F23y') 
xlim([0 360]) 
  
figure(17) 
plot(results(1,:),results(6,:),results(1,:),results(7,:)) 
xlabel('Input Posture (degrees)') 
ylabel('Force (N)') 
legend('F34x','F34y') 
xlim([0 360]) 
  
figure(18) 
plot(results(1,:),results(8,:),results(1,:),results(9,:)) 
xlabel('Input Posture (degrees)') 
ylabel('Force (N)') 
legend('F45x','F45y') 
xlim([0 360]) 
  
figure(19) 
plot(results(1,:),results(10,:),results(1,:),results(11,:)) 
xlabel('Input Posture (degrees)') 
ylabel('Force (N)') 
legend('F56x','F56y') 
xlim([0 360]) 
  
figure(20) 
plot(results(1,:),results(12,:),results(1,:),results(13,:)) 
xlabel('Input Posture (degrees)') 
ylabel('Force (N)') 
legend('F14x','F14y') 
xlim([0 360]) 
  
figure(21) 
plot(results(1,:),results(14,:),results(1,:),results(15,:)) 
xlabel('Input Posture (degrees)') 
ylabel('Force (N)') 
legend('F16x','F16y') 
xlim([0 360]) 
  
figure(22) 



plot(staticResults(1,:),staticResults(2,:),staticResults(1,:),staticResults(3
,:)) 
xlabel('Input Posture (degrees)') 
ylabel('Force (N)') 
legend('F12x','F12y') 
xlim([0 360]) 
  
figure(23) 
plot(staticResults(1,:),staticResults(4,:),staticResults(1,:),staticResults(5
,:)) 
xlabel('Input Posture (degrees)') 
ylabel('Force (N)') 
legend('F23x','F23y') 
xlim([0 360]) 
  
figure(24) 
plot(staticResults(1,:),staticResults(6,:),staticResults(1,:),staticResults(7
,:)) 
xlabel('Input Posture (degrees)') 
ylabel('Force (N)') 
legend('F34x','F34y') 
xlim([0 360]) 
  
figure(25) 
plot(staticResults(1,:),staticResults(8,:),staticResults(1,:),staticResults(9
,:)) 
xlabel('Input Posture (degrees)') 
ylabel('Force (N)') 
legend('F45x','F45y') 
xlim([0 360]) 
  
figure(26) 
plot(staticResults(1,:),staticResults(10,:),staticResults(1,:),staticResults(
11,:)) 
xlabel('Input Posture (degrees)') 
ylabel('Force (N)') 
legend('F56x','F56y') 
xlim([0 360]) 
  
figure(27) 
plot(staticResults(1,:),staticResults(12,:),staticResults(1,:),staticResults(
13,:)) 
xlabel('Input Posture (degrees)') 
ylabel('Force (N)') 
legend('F14x','F14y') 
xlim([0 360]) 
  
figure(28) 
plot(staticResults(1,:),staticResults(14,:),staticResults(1,:),staticResults(
15,:)) 
xlabel('Input Posture (degrees)') 
ylabel('Force (N)') 
legend('F16x','F16y') 
xlim([0 360]) 
  
% Find all needed accelerations at 50 rad/s 
for ll = 1:361 



    ag3x = coefG3(3,ll) * 50 * 50; 
    ag3y = coefG3(4,ll) * 50 * 50; 
    ag5x = a(4,ll); 
    ag5y = a(5,ll); 
     
    accelX2(1,ll) = ag3x; 
    accelX2(2,ll) = ag5x; 
    accelY2(1,ll) = ag3y; 
    accelY2(2,ll) = ag5y; 
  
end 
  
% Dynamic Analysis at 50 rad/s 
for jj = 1:361 
    AA = 0; 
    AB = m2 * G; 
    AC = 0; 
    AD = m3 * accelX2(1,jj); 
    AE = m3 * (accelY2(1,jj) + G); 
    AF = (ig3 * alpha2(2,jj)) + ((R3 * m3 / 
2)*((cos(thetaRad(3,jj))*accelY2(1,jj)) - (sin(thetaRad(3,jj))*accelX2(1,jj)) 
+ (G*cos(thetaRad(3,jj))))); 
    AG = 0; 
    AH = m4 * G; 
    AI = ig4 * alpha2(3,jj); 
    AJ = m5 * accelX2(2,jj); 
    AK = m5 * (G + accelY2(2,jj)); 
    AL = (ig5 * alpha2(4,jj)) + ((R5 * m5 / 
2)*((cos(thetaRad(5,jj))*accelY2(2,jj)) - (sin(thetaRad(5,jj))*accelX2(2,jj)) 
+ (G*cos(thetaRad(5,jj))))); 
    AM = 0; 
    AN = m6 * G; 
    AO = ig6 * alpha2(5,jj); 
     
    matrix(1,:) = [1,0,-1,0,0,0,0,0,0,0,0,0,0,0,0,AA]; 
    matrix(2,:) = [0,1,0,-1,0,0,0,0,0,0,0,0,0,0,0,AB]; 
    matrix(3,:) = [0,0,(R2*sin(thetaRad(2,jj))),-
(R2*cos(thetaRad(2,jj))),0,0,0,0,0,0,0,0,0,0,1,AC]; 
    matrix(4,:) = [0,0,1,0,-1,0,0,0,0,0,0,0,0,0,0,AD]; 
    matrix(5,:) = [0,0,0,1,0,-1,0,0,0,0,0,0,0,0,0,AE]; 
    matrix(6,:) = [0,0,0,0,(R3*sin(thetaRad(3,jj))),(-
R3*cos(thetaRad(3,jj))),0,0,0,0,0,0,0,0,0,AF]; 
    matrix(7,:) = [0,0,0,0,1,0,-1,0,0,0,1,0,0,0,0,AG]; 
    matrix(8,:) = [0,0,0,0,0,1,0,-1,0,0,0,1,0,0,0,AH]; 
    matrix(9,:) = [0,0,0,0,(-
R4*sin(thetaRad(4,jj))),(R4*cos(thetaRad(4,jj))),(R44*sin(thetaRad(4,jj))),-
(R44*cos(thetaRad(4,jj))),0,0,0,0,0,0,0,AI]; 
    matrix(10,:) = [0,0,0,0,0,0,1,0,-1,0,0,0,0,0,0,AJ]; 
    matrix(11,:) = [0,0,0,0,0,0,0,1,0,-1,0,0,0,0,0,AK]; 
    matrix(12,:) = [0,0,0,0,0,0,0,0,(R5*sin(thetaRad(5,jj))),-
(R5*cos(thetaRad(5,jj))),0,0,0,0,0,AL]; 
    matrix(13,:) = [0,0,0,0,0,0,0,0,1,0,0,0,1,0,0,AM]; 
    matrix(14,:) = [0,0,0,0,0,0,0,0,0,1,0,0,0,1,0,AN]; 
    matrix(15,:) = [0,0,0,0,0,0,0,0,(-
R6*sin(thetaRad(6,jj))),(R6*cos(thetaRad(6,jj))),0,0,0,0,0,AO]; 
    matrix = rref(matrix); 
    for mm = 1:15 



        results50(mm+1,jj) = matrix(mm,16); 
    end 
    results50(1,jj) = theta(2,jj); 
end 
  
figure(29) 
plot(results(1,:),results(16,:)) 
xlabel('Input Posture (degrees)') 
ylabel('Torque (Nm)') 
  
figure(30) 
plot(results50(1,:),results50(16,:)) 
xlabel('Input Posture (degrees)') 
ylabel('Torque (Nm)') 
  
figure(31) 
plot(results(1,:),results(16,:),results50(1,:),results50(16,:)) 
xlabel('Input Posture (degrees)') 
ylabel('Torque (Nm)') 
legend('25 m/s','50 m/s') 
xlim([0 360]) 
  
figure(32) 
plot(staticResults(1,:),staticResults(16,:)) 
xlabel('Input Posture (degrees)') 
ylabel('Torque (Nm)') 
xlim([0 360]) 
  
% Converting to Tables 
coefG3(5,:) = coefG3(4,:); 
coefG3(4,:) = coefG3(3,:); 
coefG3(3,:) = coefG3(2,:); 
coefG3(2,:) = coefG3(1,:); 
coefG3(1,:) = theta(2,:); 
  
part2(1,:) = coefG3(1,:); 
part2(2,:) = coefG3(2,:); 
part2(3,:) = coefG3(3,:); 
part2(4,:) = coefG3(4,:); 
part2(5,:) = coefG3(5,:); 
part2(6,:) = accelX(1,:); 
part2(7,:) = accelY(1,:); 
part2(8,:) = coefP(1,:); 
part2(9,:) = coefP(2,:); 
part2(10,:) = coefP(3,:); 
part2(11,:) = coefP(4,:); 
part2(12,:) = accelX(2,:); 
part2(13,:) = accelY(2,:); 
  
part5(1,:) = results50(1,:); 
part5(2,:) = results50(16,:); 
  
part2 = part2.'; 
results = results.'; 
staticResults = staticResults.'; 
part5 = part5.'; 
  
kk = 1; 



for jk = 1:10:361 
    part2s(kk,:) = part2(jk,:); 
    resultss(kk,:) = results(jk,:); 
    staticResultss(kk,:) = staticResults(jk,:); 
    part5s(kk,:) = part5(jk,:); 
    kk = kk + 1; 
end 
  
writematrix(part2s, 'part2.csv'); 
writematrix(resultss, 'part3.csv'); 
writematrix(staticResultss, 'part4.csv'); 
writematrix(part5s, 'part5.csv'); 
  
% PROJECT 2 DELIVERABLE 2 
  
% Equivelant Mass Moment of Full Machine 
for tt = 1:361 
    i3(tt) = (m3*((coefG3(2,tt)^2) + (coefG3(3,tt)^2))) + (ig3 * 
(coef(1,tt)^2)); 
    i4(tt) = ig4 * (coef(2,tt)^2); 
    i5(tt) = (m5*((coefP(1,tt)^2) + (coefP(2,tt)^2))) + (ig5 * 
(coef(3,tt)^2)); 
    i6(tt) = ig6 * (coef(4,tt)^2); 
    ieq(1,tt) = theta(2,tt); 
    ieq(2,tt) = i3(tt) + i4(tt) + i5(tt) + i6(tt) + ig2; 
end 
  
figure(33) 
plot(ieq(1,:),ieq(2,:)) 
xlabel('Input Posture (degrees)') 
ylabel('Equivalent Mass Moment (kgm^2)') 
xlim([0 360]) 
ylim([0 0.09]) 
  
% Kinetic Energy  
for zz = 1:361 
    b3(zz) = (m3 * ((coefG3(2,zz)*coefG3(4,zz)) + 
(coefG3(3,zz)*coefG3(5,zz)))) + (ig3 * coef(1,zz) * coef2(1,zz)); 
    b4(zz) = ig4 * coef(2,zz) * coef2(2,zz); 
    b5(zz) = (m5 * (((coefP(1,zz)*coefP(3,zz)) + (coefP(2,zz)*coefP(4,zz))))) 
+ (ig5 * coef(3,zz) * coef2(3,zz)); 
    b6(zz) = ig6 * coef(4,zz) * coef2(4,zz); 
    B(1,zz) = theta(2,zz); 
    B(2,zz) = b3(zz) + b4(zz) + b5(zz) + b6(zz); 
end 
  
for uu = 1:361 
    T(uu) = .5 * 25 * 25 * ieq(2,uu); 
    dT(uu) = B(2,uu) * (25^3); 
end 
  
figure(34) 
plot(theta(2,:),T) 
xlabel('Input Posture (degrees)') 
ylabel('Kinetic Energy (J)') 
xlim([0 360]) 
  
figure(35) 



plot(theta(2,:),dT) 
xlabel('Input Posture (degrees)') 
ylabel('Time Derivative of Kinetic Energy (W)') 
xlim([0 360]) 
  
% Gravitational Potential Energy  
for yy = 1:361 
    yg3(yy) = (R2 * sin(thetaRad(2,yy))) + ((R3 / 2) * sin(thetaRad(3,yy))); 
end 
  
for xx = 1:361 
    Ug3(xx) = m3 * G * yg3(xx); 
    Ug5(xx) = m5 * G * P(2,xx); 
    Ug(xx) = Ug3(xx) + Ug5(xx); 
    dUg3(xx) = m3 * G * 25 * coefG3(3,xx); 
    dUg5(xx) = m5 * G * 25 * coefP(2,xx); 
    dUg(xx) = dUg3(xx) + dUg5(xx); 
end 
  
figure(36) 
plot(theta(2,:),Ug) 
xlabel('Input Posture (degrees)') 
ylabel('Gravitational Potential Energy (J)') 
xlim([0 360]) 
  
figure(37) 
plot(theta(2,:),dUg) 
xlabel('Input Posture (degrees)') 
ylabel('Time Derivative of Gravitational Potential Energy (W)') 
xlim([0 360]) 
  
% Spring Potential Energy 
for ww = 1:361 
    sprL(ww) = (((P(1,ww)^2) + (P(2,ww)^2))^(1/2)); 
    delL(ww) = sprL(ww) - .150; 
end 
  
for rr = 1:361 
    coefR(rr) = ((P(1,rr) * coefP(1,rr)) + (coefP(2,rr) * P(2,rr))) / 
sprL(rr); 
end 
  
for vv = 1:361 
    Usp(vv) = .5 * 5000 * delL(vv)^2; 
    dUsp(vv) = 5000 * delL(vv) * coefR(vv) * 25; 
end 
  
figure(38) 
plot(theta(2,:),coefR) 
xlabel('Input Posture (degrees)') 
ylabel('First Order Kinematic Coefficient of the Spring (m/rad)') 
xlim([0 360]) 
  
figure(39) 
plot(theta(2,:),Usp(:)) 
xlabel('Input Posture (degrees)') 
ylabel('Spring Potential Energy (J)') 
xlim([0 360]) 



  
figure(40) 
plot(theta(2,:),dUsp(:)) 
xlabel('Input Posture (degrees)') 
ylabel('Time Derivative of Spring Potential Energy (W)') 
xlim([0 360]) 
  
% Total Potential Energy 
for ss = 1:361 
    U(ss) = Ug(ss) + Usp(ss); 
    dU(ss) = dUg(ss) + dUsp(ss); 
end 
  
figure(41) 
plot(theta(2,:), U(:)) 
xlabel('Input Posture (degrees)') 
ylabel('Total Potential Energy (J)') 
xlim([0 360]) 
  
figure(42) 
plot(theta(2,:), dU(:)) 
xlabel('Input Posture (degrees)') 
ylabel('Total Potential Power (W)') 
xlim([0 360]) 
  
% Viscous Damper Effects 
right = max(P(1,:)); 
  
for qq = 1:361 
    W(qq) = 350 * -coefP(1,qq) * 25 * (right - P(1,qq)); 
    dW(qq) = 350 * (coefP(1,qq)^2) * (25^2); 
end 
  
figure(43) 
plot(theta(2,:),W(:)) 
xlabel('Input Posture (degrees)') 
ylabel('Viscous Damper Effects (J)') 
xlim([0 360]) 
  
figure(44) 
plot(theta(2,:),dW(:)) 
xlabel('Input Posture (degrees)') 
ylabel('Time Derivative of Viscous Damper Effects (W)') 
xlim([0 360]) 
  
% Power and Contributions 
for oo = 1:361 
    power(oo) = dT(oo) + dU(oo) + dW(oo); 
    Tpower(oo) = abs(dT(oo)) + abs(dU(oo)) + abs(dW(oo)); 
end 
  
for pp = 1:361 
    kinCon(pp) = abs(dT(pp)) / Tpower(pp); 
    gravCon(pp) = abs(dUg(pp)) / Tpower(pp); 
    sprCon(pp) = abs(dUsp(pp)) / Tpower(pp); 
    damCon(pp) = abs(dW(pp)) / Tpower(pp); 
end 
  



for ccc = 1:361 
    kinCon2(ccc) = dT(ccc)/power(ccc); 
    gravCon2(ccc) = dUg(ccc)/power(ccc); 
    sprCon2(ccc) = dUsp(ccc)/power(ccc); 
    damCon2(ccc) = dW(ccc)/power(ccc); 
end 
  
figure(45) 
plot(theta(2,:),power(:)) 
xlabel('Input Posture (degrees)') 
ylabel('Net Power (W)') 
xlim([0 360]) 
  
figure(46) 
plot(theta(2,:),kinCon(:),theta(2,:),gravCon(:),theta(2,:),sprCon(:),theta(2,
:),damCon(:)) 
xlabel('Input Posture (degrees)') 
ylabel('Contribution') 
legend('Kinetic Contribution','Graviational Contribution','Spring 
Contribution','Viscous Damper Contribution') 
xlim([0 360]) 
  
% Torque 
for nn = 1:361 
    torque(nn) = power(nn) / 25; 
end 
  
figure(47) 
plot(theta(2,:),torque(:)) 
xlabel('Input Posture (degrees)') 
ylabel('Input Torque (Nm)') 
xlim([0 360]) 
  
figure(48) 
plot(theta(2,:),results(:,16),theta(2,:),torque(:)) 
xlabel('Input Posture (degrees)') 
ylabel('Input Torque (Nm)') 
legend('Dynamic Analysis Torque','Power Equation Torque') 
xlim([0 360]) 
  
figure(49) 
plot(theta(2,:),-coefP(1,:)) 
xlabel('Input Posture (degrees)') 
ylabel('First Order Kinematic Coefficient of the Damper (m/rad)') 
xlim([0 360]) 
  
figure(50) 
plot(theta(2,:),kinCon2(:),theta(2,:),gravCon2(:),theta(2,:),sprCon2(:),theta
(2,:),damCon2(:)) 
xlabel('Input Posture (degrees)') 
ylabel('contribution') 
legend('Kinetic','Gravitational','Spring','Damper') 
xlim([0 360]) 
  
% Exporting to Tables 
bbb = 1; 
for aaa = 1:10:361 
    p2d2p1(bbb,1) = ieq(1,aaa); 



    p2d2p1(bbb,2) = ieq(2,aaa); 
    p2d2p1(bbb,3) = T(aaa); 
    p2d2p1(bbb,4) = dT(aaa); 
    Usps(bbb,1) = theta(2,aaa); 
    Usps(bbb,2) = coefR(aaa); 
    Usps(bbb,3) = Usp(aaa); 
    Usps(bbb,4) = dUsp(aaa); 
    Ugs(bbb,1) = theta(2,aaa); 
    Ugs(bbb,2) = Ug(aaa); 
    Ugs(bbb,3) = dUg(aaa); 
    Ws(bbb,1) = theta(2,aaa); 
    Ws(bbb,2) = -coefP(1,aaa); 
    Ws(bbb,3) = W(aaa); 
    Ws(bbb,4) = dW(aaa); 
    torques(bbb,1) = theta(2,aaa); 
    torques(bbb,2) = torque(aaa); 
    cont(bbb,1) = theta(2,aaa); 
    cont(bbb,2) = power(aaa); 
    cont(bbb,3) = kinCon2(aaa); 
    cont(bbb,4) = gravCon2(aaa); 
    cont(bbb,5) = sprCon2(aaa); 
    cont(bbb,6) = damCon2(aaa); 
    cont(bbb,7) = kinCon(aaa); 
    cont(bbb,8) = gravCon(aaa); 
    cont(bbb,9) = sprCon(aaa); 
    cont(bbb,10) = damCon(aaa); 
    compare(bbb,1) = theta(2,aaa); 
    compare(bbb,2) = results(aaa,16); 
    compare(bbb,3) = torque(aaa); 
    bbb = bbb + 1; 
end 
  
writematrix(p2d2p1, 'p2d2p1.csv') 
writematrix(Usps, 'Usps.csv') 
writematrix(Ugs, 'Ugs.csv') 
writematrix(Ws, 'Ws.csv') 
writematrix(torques, 'torque.csv') 
writematrix(cont, 'cont.csv') 
writematrix(compare, 'comparevals.csv') 
  
% General Contribution of each Using Method 2 
kin = mean(kinCon)*100; 
grav = mean(gravCon)*100; 
spr = mean(sprCon)*100; 
dam = mean(damCon)*100; 
  
fprintf('The Average Contribution due to Kinetic Energy is %.2f %',kin) 
fprintf('\nThe Average Contribution due to Graviational Potential Energy is 
%.2f %',grav) 
fprintf('\nThe Average Contribution due to Spring Potential Energy is %.2f 
%',spr) 
fprintf('\nThe Average Contribution due to Viscous Damping Effects is %.2f 
%',dam) 
 
% END OF CODE 
 


