
Inputs

a = 2;
b = 7;
c = 9;
d = 6;
theta2 = 30;

Initial Solution (Guess Values)

theta3 = 70;
theta4 = 60;

x = [theta3; theta4];
x = matlab_solver(x, theta2, a,b,c,d);

                                             Norm of      First-order   Trust-region
 Iteration  Func-count     ||f(x)||^2           step       optimality         radius
     0          3             40.6723                            0.85              1
     1          6             38.4768              1            0.826              1
     2          9             33.3065            2.5            0.765            2.5
     3         12             22.4001           6.25            0.608           6.25
     4         15             7.77361         15.625            0.213           15.6
     5         18             0.70106        39.0625            0.112           39.1
     6         21          0.00759546        13.2563          0.00726           97.7
     7         24         2.20754e-06        1.71146          0.00017           97.7
     8         27          6.4235e-14      0.0257659         2.84e-08           97.7

Equation solved.
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fsolve completed because the vector of function values is near zero
as measured by the value of the function tolerance, and
the problem appears regular as measured by the gradient.

<stopping criteria details>
x = 2×1
   88.8372
  117.2861
fval = 2×1

10-6 ×
    0.2304
   -0.1057

% result at this point
theta3 = x(1);
theta4 = x(2); 
 
disp([theta2, theta3, theta4])

   30.0000   88.8372  117.2861

Velocity Analysis:

w2 = 10;          % In rad/s

% Position vectors
rO2A = [a*cosd(theta2) a*sind(theta2) 0]

rO2A = 1×3
    1.7321    1.0000         0

rAB = [b*cosd(theta3) b*sind(theta3) 0]

rAB = 1×3
    0.1420    6.9986         0

rO4B = [c*cosd(theta4) c*sind(theta4) 0]

rO4B = 1×3
   -4.1259    7.9986         0

% w2 using unit vector k
k = [0 0 1];
VA = w2*cross(k,rO2A)

VA = 1×3
  -10.0000   17.3205         0

% Given the x and y components of velocity vector at join B, you can use the 
Pythagoras' formula 
% to find the resultant velocity:
mag_VA =  round(sqrt(VA(1)^2+VA(2)^2),2)        % in/s
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mag_VA = 
20

% You can calculate the magnitude of VA with norm() built-in function
% in MATLAB by typing:
Vel_mag_A = norm(VA,2)  % Magnitude of velocity at join A.

Vel_mag_A = 
20

                        % Builtin MATLAB norm() function: norm of a vector 
is simply the 
                        % square root of the sum of each component squared.

% Next, the following two equations can be defined at join B. But, first, 
define the 
% symbolic variables, say, w3 & w4:
syms w3 w4

% At join B:
V_B1 = VA + w3*cross(k,rAB);   % wrt coupler link -> Eq (1)
V_B2 = w4*cross(k,rO4B);       % wrt rocker link -> Eq (2)

eqn_vel = V_B1 - V_B2 == 0;
[w3, w4] = vpasolve(eqn_vel,[w3 w4]) % rad/s

w3 = 

w4 = 

w3 = round(w3, 1)

w3 = 

w4 = round(w4, 1)

w4 = 

VC = subs(V_B2,w4)

VC = 

% Given the x and y components of velocity vector, you can use the 
Pythagoras' formula 
% to find the resultant velocity:
mag_VC =  round(sqrt(VC(1)^2+VC(2)^2),2)

mag_VC = 
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% Again, you can calculate the magnitude of VC with norm() built-in function
% in MATLAB:
Vel_mag_C = round(norm(VC,2),2)             % Magnitude of velocity at point 
C

Vel_mag_C = 

Acceleration Analysis: 

Rotational Acceleration:   and 

alpha2 = 0;  % rad/s^2           % In rad/s2, CCW

% Position vectors
rAO2 = [a*cosd(theta2) a*sind(theta2) 0];
rBA =  [b*cosd(theta3) b*sind(theta3) 0];
rBO4 = [c*cosd(theta4) c*sind(theta4) 0];

A_An = -w2^2*rAO2

A_An = 1×3
 -173.2051 -100.0000         0

A_At = alpha2*cross(k,rAO2)

A_At = 1×3
     0     0     0

A_A = sqrt(A_An.^2 + A_At.^2)
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A_A = 1×3
  173.2051  100.0000         0

% vnom => MATLAB norm with variable precision arithmetic.
acc_mag_A = norm(A_A,2)  % Magnitude of acceleration at point B

acc_mag_A = 
200

syms alpha3 alpha4
A_A = -w2^2*rAO2 + alpha2*cross(k,rAO2)

A_A = 1×3
 -173.2051 -100.0000         0

A_B1 = A_A + alpha3*cross(k,rBA) - (w3)^2*rBA

A_B1 = 

A_B2 = alpha4*cross(k,rBO4) - (w4)^2*rBO4

A_B2 = 

eqn_ABB = A_B1 - A_B2 == 0;

% vpasolve => MATLAB solver with variable precision arithmetic.
R = vpasolve(eqn_ABB,[alpha3; alpha4]);

% Coupler's rotational acceleration
alpha3 = R.alpha3;
alpha3 = round(alpha3,2) % rad/s^2

alpha3 = 

% Rocker's rotational acceleration
alpha4 = R.alpha4;
alpha4 = round(alpha4,2) % rad/s^2

alpha4 = 

% Magnitude of acceleration at point C:
% 
% For coupler:

5



A_B1 = subs(A_B1, alpha3)

A_B1 = 

Acc_mag_B1 = norm(A_B1, 2);
Acc_mag_B1 = round(Acc_mag_B1, 2)

Acc_mag_B1 = 

% For rocker:
A_B2 = subs(A_B2,alpha4);
Acc_mag_B2 = norm(A_B2, 2);
Acc_mag_B2 = round(Acc_mag_B2, 2)

Acc_mag_B2 = 

% As expected A_C1 = A_C2

Normal and Tangencial Components of Acceleration:

% Link's Acceleration: Normal and Tangencial Components 

% Acceleration of the crank:
% Compute the magnitude of A_An:
A_An = w2^2*norm(rAO2,2)

A_An = 
200

% Compute the magnitude of A_At:
A_At = alpha2*norm(rAO2,2)
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A_At = 
0

% Resultant Acceleration of the crank:
A_A = sqrt(A_An^2 + A_At^2)

A_A = 
200

% Acceleration for the coupler:
% Compute the magnitude of A_BAn:
A_BAn = w3^2*norm(rBA,2)

A_BAn = 

% Compute the magnitude of baAt:
A_BAt = alpha3*norm(rBA,2)

A_BAt = 

% Resultant Acceleration for the coupler:
A_BA = round(sqrt(A_BAn^2 + A_BAt^2), 2)

A_BA = 

% Acceleration for the rocker:
% Compute the magnitude of A_Bn:
A_Bn = w4^2*norm(rBO4,2)

A_Bn = 

% Compute the magnitude of baAt:
A_Bt = alpha4*norm(rBO4,2)

A_Bt = 

% Resultant Acceleration for the rocker:
A_B = round(sqrt(A_Bn^2 + A_Bt^2),2)

A_B = 

Normal and Tangencial Components of Acceleration:
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% Link's Acceleration: Normal and Tangencial Components 

% Acceleration of the crank:
% Compute the magnitude of A_An:
m_rAO2 = norm(rAO2,2)

m_rAO2 = 
2

A_An = -w2^2*rAO2

A_An = 1×3
 -173.2051 -100.0000         0

mA_An = norm(A_An,2)

mA_An = 
200

%A_An = w2^2*sqrt((a*cosd(theta2))^2+(a*sind(theta2))^2+(0)^2)

% Compute the magnitude of A_At:
A_At = alpha2*cross(k,rAO2)

A_At = 1×3
     0     0     0

mA_At = norm(A_At,2)

mA_At = 
0

% Resultant Acceleration of the crank:
A_A = sqrt(mA_An^2 + mA_At^2)
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A_A = 
200

% Acceleration for the coupler:
% Compute the magnitude of A_BAn:
m_rBC = norm(rBA,2)

m_rBC = 
7

A_BAn = -(w3^2)*rBA

A_BAn = 

mA_BAn = norm(A_BAn,2)

mA_BAn = 

% Compute the magnitude of baAt:
A_BAt = alpha3*cross(k,rBA)

A_BAt = 

mA_BAt = norm(A_BAt,2)

mA_BAt = 

% Resultant Acceleration for the coupler:
A_BA = sqrt(mA_BAn^2 + mA_BAt^2)

A_BA = 

% Acceleration for the rocker:
% Compute the magnitude of A_Bn:
m_rDC = norm(rBO4,2)

m_rDC = 
9

A_Bn = -(w4^2)*rBO4

A_Bn = 

mA_Bn = norm(A_Bn,2)

mA_Bn = 
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% Compute the magnitude of baAt:
A_Bt = alpha4*cross(k,rBO4)

A_Bt = 

mA_Bt = norm(rBO4,2)

mA_Bt = 
9

% Resultant Acceleration for the rocker:
A_B = round(sqrt(mA_Bn^2 + mA_Bt^2),2)

A_B = 

% sum of acceleration (closure of the Acceleration polygon):
z = A_An + A_At + A_BAn + A_BAt - A_Bn - A_Bt

z = 

sumZ = norm(z,3)

sumZ = 

% Acceleration of the crank:
A_An

A_An = 1×3
 -173.2051 -100.0000         0

A_At

A_At = 1×3
     0     0     0

% Acceleration for the coupler:
A_BAn

A_BAn = 
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A_BAt

A_BAt = 

% Acceleration for the rocker:
A_Bn

A_Bn = 

A_Bt

A_Bt = 

% The summation of acceleration components must equal zero to 
% satisfy the closure condition of the acceleration polygon:
z = A_An + A_At + A_BAn + A_BAt - A_Bn - A_Bt

z = 

sumZ = norm(z,3)

sumZ = 
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