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1 format short e;
2 Rl=1;
3 R2= ;
4 R3= ;
5 R4= ;
6 Rb5= ;
7 theta2=[0:pi/ 12%pi];
8 omegal=zeros (size (theta2));
9 theta3=zeros(size(theta2));
10 thetad=zeros(size(theta?));
11 thd4=zeros(size (theta2));
12 omegal3d=zeros (size (theta2));
13 omegad=zeros (size (theta2));
14 omegab=zeros (size (theta2));
15 alpha3=zeros(size (theta2));
16 alphad=zeros(size (theta2));
17 alphaé6=zeros (size (theta2));
18 alpha2=0;
19 n=max (size (theta2));
20 for j=l:n;
21 omega? (j)=sqrt (4+2*alpha2*theta2(j)) ;
22 end
23 for k=l:n;
24 K1=R1/R2;
25 K2=R1/R4;
26 K3=(R1A24+R2424+R4A2-R342) / (2*R2*R4) ;
27 K4=R1/R3;
28 K5=(R4A2-R14A2-R242-R342) / (2*R2*R3) ;
29 D=(1+K4) *cos (theta2 (k) )+K5-K1;
30 F=(K4-1)*cos (theta2 (k) )+K5+K1;
31 A=cos (theta2 (k) )-K1-K2*cos (theta2 (k))+K3;
32 B=-2*sin(theta2(k));
33 C=K1l-(K2+1)*cos(theta2 (k) )+K3;
34 z1=(-B+sqgrt (BA2=-4*%A*C)) / (2*n) ;
35 wl=(-B+sqrt (B*2-4*D*F) )/ (2*D) ;
36 Ll=0*z1/(14z1*2);
37 Ml=(1-z122)/(1+z1%*2);
38 N1=2*wl/ (1+wl”2) ;
39 Pl=(1-wl?2)/ (1+wl*2) ;
40 thetad (k)=atan2 (L1,M1);
41 theta3 (k)=atan2 (N1,P1);
42
43 end
44 for k=l:n;
45 Q=[R3*cos(theta3(k)) -R4*cos(thetad(k)) ;R3*sin(theta3(k)) -R4*sin(thetad(k))]:;
46 h=[-R2*omega?2 (k) *cos (theta2 (k)) ;-R2*omega2 (k) *sin(theta2(k)) ],
47 z=inv (Q) *h;
48 omegal (k)=z (1) ;
49 omegad (k)=z(2) ;
50 pl=[-R2*alpha2*cos (theta2(k)) ;-R2*alpha2*sin(theta2(k))];
51 p2=[R2*omega2 (k) *2*sin(theta2 (k) ) ;-R2*omega2 (k) *2*cos (theta2(k)) ]
52 p3=[R3*omega3 (k) *2*sin(theta3 (k)) ;-R3*omega3 (k)*2*cos(theta3(k))];
53 pd4=[-R4*omegad (k) *2*sin(thetad (k) ) ;R4*omegad (k) *2*cos (thetad (k)) 1,
54 f=pl+p2+p3+p4;
55 1=inv (Q) *f;
56 alpha3 (k)=1(1);
57 alphad (k)=1(2);
58 end
59
60 for p=l:n;
61 thd (p)=thetad (p) - ( / ) *pi;
62 end
63

64 Vc=zeros (size (thetal)) ;

65 thetabS=zeros(size(theta2));
66 Dist=zeros(size(theta2));
67 Ac=zeros(size(thetal));

68 alphabS=zeros(size (theta2));
69 for k=1l:n;
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T=sqrt (R5*2-R4*2* (sin (th4 (k))*2));
thetab (k)=atan2 (R4*sin(th4(k)) ,-T);

Vcdeg=zeros (size (theta?));

for

end

k=1l:n;

Q=[R5*sin(theta5(k)) -1;-R5*cos(theta5(k)) +0]1;
h=[R4*omegad*sin(th4 (k)) ;-R4*omegad*sin(th4d(k))]:;
z=inv (Q) *h;

omegab (k)=z (1) ;

Ve (k)=z(2) ;

pl=[R4*alphad (k) *sin(th4 (k) ) ;R4*omegad (k) *2*cos (th4d(k))]1;
p2=[R4*omegad (k) *2*cos (th4 (k) ) ;-R4*alphad (k) *cos(th4(k))]1:;
p3=[-R5*omegab (k) *2*cos (theta5 (k) ) ;-R5*omega5 (k) *2*sin(theta5(k)) ]’
f=pl+p2+p3;

1=inv (Q) *f;

alphab(k)=1(1);

Ac(k)=1(2);

$plot (theta2,Vvc,'-',theta2,Ac, '-"',theta2,omega4d, '-',theta2,alphad, '-");
$plot (theta2,Vvc);

$xlabel ('Theta 2'");

sylabel ('Velocity');

stitle ('Velocity vs. Theta 2');
$plot (theta2,Ac);

$xlabel ('Theta 2'");

sylabel ("Acceleration');

stitle ('Acceleration vs. Theta 2');
splot (theta2, omegad) ;

$xlabel ('Theta 2'");

sylabel ('Omega 4');

stitle ('Omega 4 vs. Theta 2');

plot (theta2,alphad);

xlabel ('Theta 2");

ylabel ('Alpha 4");

title('Alpha 4 vs. Theta 2');



1 format short e;
2 J=zeros(2,2);
3
4 d=7.487;
5 a=9.174;
6 b=12.971;
7 c=9.573;
8 p=15;
9 MINVAL = =267
10 MAXVAL = =-20.55;
11 delta = 0.25;
12
13 Maxits=500;
14 Tol=1.0e-6;
15
16 X=[4;21;
17
18 for i=MINVAL:delta:MAXVAL;
19
20 thetal2=i*(pi/180);
21
22 for i=l:Maxits;
23 theta3=X (1) ;
24 thetad=X(2);
25
26 Fl=a*cos (theta2)+b*cos(theta3)-c*cos(thetad)-d;
27 F2=a*sin(thetal2)+b*sin(theta3)-c*sin(thetad) ;
28
29 J(1,1)=-b*sin(theta3);
30 J(1,2)=c*sin(thetad);
31 J(2,1)=b*cos(theta3);
32 J(2,2)==c*cos (thetad) ;
33
34 deltaX=inv (J) *[-F1,;-F2];
35 X=X+deltaX;
36
37 theta3=X (1) ;
38 thetad=X(2);
39
40 Flcheck=abs (a*cos (theta2)+b*cos(thetal3)-c*cos(thetad)-d);
41 F2check=abs (a*sin(theta2)+b*sin(theta3)-c*sin(thetad));
42
43 Fmax=max ([Flcheck,F2check]) ;
44 if Fmax<Tol
45 break
46 end
47 end
48
49 if i<Maxits
50 fprintf('\n")
51 fprintf (' ****x***+xx*x Newton Raphson Method *******xx*x*\n\n');
52 fprintf ('Position Analysis:\n');
53 fprintf (' Inputs:\n');
54 fprintf('a = $-2g mm b = $-2g mm ¢ = $-2g mm d = %$-2g mm theta2 = %$-2.2f degrees'
,a,b,c,d,theta2*180/pi');
55 fprintf('\nlterations=%-5g\n',1i);
56 fprintf ('Outputs:\n');
57 fprintf('theta3 = %-6.2f degrees',X(1)*180/pi);
58 fprintf (' thetad = %-6.2f degrees\n',X(2)*180/pi);
59 else
60 fprintf ('we did not converge!\n');
61 end
62

63 theta3=X (1) ;
64 thetad=X(2);

65 w2=2;
66
67 w3 = (a*sin(thetad4 - theta2))/(b*sin(theta3-thetad)) *w2;

68 wi

(a*sin(theta2 - theta3))/(c*sin(thetad-theta3)) *w2;



69
70 fprintf ('\nVelocity Analysis:\n'");
71 fprintf (' Inputs:\n');

72 fprintf('w2 = %-2g rad/s\n',w2);

73 fprintf ('Outputs:\n');

74 fprintf('w3 = %-6.2f rad/s',w3);

75 fprintf (' w4 = %-6.2f rad/s\n',wd);

76

77 A = c*sin(thetad);

78 B = b*sin(thetal);

79 C = a*(w2”2)*cos(theta2)+b* (w3*2)*cos(thetal3)-c*(wd*2)*cos(thetad);
80 D = c*cos(thetad);

81 E = b*cos(thetal);

82 F = —a*(w2”2)*sin(theta2)-b* (w3%2)*sin(theta3)+c* (wd*2)*sin(thetad);
83

84 a3 = (C*D-A*F)/(A*E-B*D) ;

85 a4 = (C*E-B*F)/(A*E-B*D) ;

86

87 Vax = a*w2*-sin(thetal2);
88 Vpax = p*w3*-sin(theta3l);
89

90 Vay = a*w2*cos(theta?);
91 Vpay = p*w3*cos(theta3);

92

93 Vpx = Vax+Vpax;

94 Vpy = Vay+Vpay;

95

96 Vp = sqrt (Vpx*2+Vpy*?2) ;

97

98 RAax = —a*w2”2*cos(theta?);

99 Apax = p*a3*-sin(theta3)-p*w3%2*cos (theta3);
100
101 RAay = =—-a*w2”2*sin(theta?);
102 Apay = p*a3*cos(theta3)-p*w3%2*sin(theta3);
103

104 Apx = Aax+Apax;

105 Apy = Aay+Apay;

106

107 Ap = sqgrt (Apx”*2+Apy*?2) ;

108

109 fprintf ('\nAcceleration Analysis:');
110 fprintf (' \nOutputs:\n'");

111 fprintf('a3 = %$-6.2f rad/s"2',al3);

112 fprintf (' a4 = %-6.2f rad/s”2\n\n',ad);
113 fprintf('Vp = %-6.2f in/s\n',Vp);

114 fprintf('Ap = %-6.2f in/s\n',Ap);

115

116 end

117
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format long
Rl= ;
R2=1;

R3= ;
R4= ;
FPX=0;
FPY=- ;
M2= ;
M3=

M4= ;
I1G2= ;
IG3=

1G4=

T4=0;

TH2=

TH3=zeros (size (TH2)) ;
TH4=zeros (size (TH2)) ;
TH31l=zeros (size (TH2)) ;
TH41l=zeros (size (TH2)) ;
TH32=zeros (size (TH2)) ;
TH42=zeros (size (TH2)) ;
OM2=zeros (size (TH2)) ;
OM3=zeros(size (TH2)) ;
OM4=zeros (size (TH2)) ;
AL3=zeros (size (TH2)) ;
AL4=zeros (size (TH2)) ;

A=zeros (
g=zeros (
g=zeros (
B=zeros (
H=zeros(
psi=(31-
d=( );

~ N N N~ 0~

RPX=zeros (size (TH2)) ;
RPY=zeros (size (TH2)) ;

R12X=zeros (size (TH2)) ;
R12Y=zeros (size (TH2)) ;
R32X=zeros (size (TH2)) ;
R32Y=zeros (size (TH2)) ;
R23X=zeros (size (TH2)) ;
R23Y=zeros (size (TH2)) ;
R43X=zeros (size (TH2)) ;
R43Y=zeros (size (TH2)) ;
R34X=zeros (size (TH2)) ;
R34Y=zeros (size (TH2)) ;
Rl4X=zeros (size (TH2)) ;
Rl4Y=zeros (size (TH2)) ;

Fl2X=zeros (size (TH2)) ;
Fl2Y=zeros(size (TH2)) ;
F32X=zeros (size (TH2)) ;
F32Y=zeros(size (TH2)) ;
F43X=zeros (size (TH2)) ;
F43Y=zeros(size (TH2)) ;
Fl4X=zeros(size (TH2)) ;
Fl4Y=zeros(size (TH2)) ;
Tl2=zeros(size (TH2)) ;

AG2X=zeros (size (TH2)) ;
AG2Y=zeros (size (TH2)) ;
AG3X=zeros(size (TH2)) ;
AG3Y=zeros (size (TH2)) ;
AG4X=zeros (size (TH2)) ;

*pi;

N N S
Ne Ne N

o N

’

)* (pi/

)



70 AG4Y=zeros (size (TH2)) ;

71

72

73 n=max (size (TH2)) ;

74

75 for k=l:n;

76 theta2=TH2 (k) ;

77 K1=R1/R2;

78 K2=R1/R4;

79 K3=(R1A24R2A2+R4A2-R322) / (2*R2*R4) ;
80 K4=R1/R3;

81 K5=(R472-R1A2-R242-R3%2) / (2*R2*R3) ;
82 D=(1+K4) *cos (theta2)+K5-K1;

83 F=(K4-1)*cos (theta2)+K5+K1;

84 A=cos (theta2)-K1l-K2*cos (theta2)+K3;
85 B=-2*sin(theta2);

86 C=K1l-(K2+1) *cos (thetal)+K3;

87 z1=(-B+sqgrt (BA2=-4*%A*C)) / (2*1n) ;
88 z2=(-B-sqrt (BA2=-4%A*C)) / (2*n) ;
89 wl=(-B+sqrt (B*2-4*D*F) )/ (2*D) ;
90 w2=(-B-sqrt (B*2-4*D*F) )/ (2*D) ;
91 Ll=0*z1/(14z1*2);

92 Ml=(1-z172)/(1+z1%*2);

93 L2=0%z2/ (142242) ;

94 M2=(1-2z2"2)/(1+z2%2) ;

95 N1=2*wl/ (1+wl”2) ;

96 Pl=(1-wl*2)/ (1+wl*2) ;

97 N2=2*w2/ (1+w2"2) ;

98 P2=(1-w2*2)/ (1+w2"2) ;

99 TH41 (k)=atan2 (L1,M1) ;

100 TH42 (k)=atan2 (L2 ,M2) ;

101 TH31 (k)=atan2 (N1,P1);

102 TH32 (k)=atan2 (N2,P2) ;

103 end

104

105 OM2 (1)=40;
106 AL2==2;

107

108 for k=2:n;

109 OM2 (k)=sgrt (OM2 (1) *2+4+2*AL2*TH2 (k) ) ;

110 end

111

112 for k=l:n;

113 TH3 (k)=TH32 (k) ;

114 THA (k) =TH42 (k) ;

115 end

116 for k=l:n;

117 A(1,1)=R2*cos(TH3(k)) ;

118 A(1,2)=-R4*cos(TH4 (k)) ;

119 A(2,1)=R3*sin(TH3(k)) ;

120 A(2,2)=-R4*sin(TH4 (k)) ;

121 g(l)= -R2*0OM2 (k) *cos (TH2 (k) ) ;

122 g(2)= -R2*0OM2 (k) *sin (TH2(k)) ;

123 h=A\g;

124 OM3(k)=h (1) ;

125 OM4 (k)=h(2) ;

126 g(l)=-R2*AL2*cos (TH2 (k) ) +R2*0OM2 (k) *2*sin (TH2 (k) ) +R3*OM3 (k) *2*sin (TH3 (k) ) —-R4*0OM4 (k) *2*
sin (TH4 (k)) ;

127 g(2)=-R2*AL2*sin (TH2 (k) ) -R2*0OM2 (k) *2*cos (TH2 (k) ) -R3*OM3 (k) *2*cos (TH3 (k) ) +R4*0OM4 (k) *2*
cos (TH4 (k)) ;

128 p=A\qg;

129

130 AL3(k)=p (1) ;

131 AL4 (k)=p(2) ;

132

133 R12X (k)=-R2*cos (TH2(k))/2;

134 R12Y (k)=-R2*sin (TH2(k))/2;

135 R32X (k) =-R12X (k) ;

136 R32Y (k)=-R12Y (k) ;



137 R23X (k)=-d*cos (TH3 (k) -psi) ;

138 R23Y (k)=-d*sin (TH3 (k) -psi) ;

139 R43X (k)=R3*cos (TH3 (k) ) +R23X (k) ;

140 R43Y (k)=R3*sin (TH3 (k) )+R23Y (k) ;

141 R34X (k)=.5*R4*cos (TH4 (k)) ;

142 R34Y (k)=.5*R4*sin (TH4 (k)) ;

143 R14X (k)=-R34X (k) ;

144 R14Y (k)=-R34Y (k) ;

145

146 AG2X (k) =AL2*R12Y (k) +0M2 (k) ~2*R12X (k) ;

147 AG2Y (k) =AL2*R12X (k) +0M2 (k) ~2*R12Y (k) ;

132 AG3X (k)=AL2*-(R32Y (k) -R12Y (k) ) -OM2 (k) *2* (R32X (k) -R12X (k) ) -AL3 (k) *-R23Y (k) +0OM3 (k) *2*

150 iégigigéAL2*(R32X(k)—R12X(k))—OM2(k)“ * (R32Y (k) -R12Y (k) ) -AL3 (k) *R23X (k) +OM3 (k) ~2*R23Y
k) ;

151 gelx(k)=AL4(k)*R14Y(k)+0M4(k)A *R14X (k) ;

152 AGAY (k) =-AL4 (k) *R14X (k) +OM4 (k) A2 *R14Y (k) ;

153

154 RPX (k)= *cos (TH3 (k) -psi)-R23X (k) ;

155 RPY (k)= *sin (TH3 (k) -psi)-R23Y (k) ;

156

157

158 B(L,1)=(1);

159 B(1,2)=(0);

160 B(L1,3)=(1);

16l B(1,4)=(0);

162 B(1,5)=(0);

163 B(1,6)=(0);

164 B(L,7)=(0);

165 B(1,8)=(0);

166 B(1,9)=(0);

167 B(2,1)=(0);

168 B(2,2)=(1);

169 B(2,3)=(0);

170 B(2,4)=(1);

171 B(2,5)=(0);

172 B(2,6)=(0);

173 B(2,7)=(0);

174 B(2,8)=(0);

175 B(2,9)=(0);

176 B(3,1)=(-R12Y(k)) ;

177 B(3,2)=(R12X(k)) ;

178 B(3,3)=(-R32Y(k));

179 B(3,4)=(R32X(k)) ;

180 B(3,5)=(0);

181 B(3,6)=(0);

182 B(3,7)=(0);

183 B(3,8)=(0);

184 B(3,9)=(1);

185 B(4,1)=(0);

186 B(4,2)=(0);

187 B(4,3)=(-1);

188 B(4,4)=(0);

189 B(4,5)=(1);

190 B(4,6)=(0);

191 B(4,7)=(0);

192 B(4,8)=(0);

193 B(4,9)=(0);

194 B(5,1)=(0);

195 B(5,2)=(0);

196 B(5,3)=(0);

197 B(5,4)=(-1);

198 B(5,5)=(0);

199 B(5,6)=(1);

200 B(5,7)=(0);

201 B(5,8)=(0);

202 B(5,9)=(0);

203 B(6,1)=(0);
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B(6,2)=(0);

B(6,3)=(-R23Y(k));
B(6,4)=(-R23X(k)) ;
B(6,5)=(-R43Y(k));
B(6,0)=(R43X(k));

B(6,7)=(0);
B(6,8)=(0);
B(6,9)=(0);
B(/,1)=(0);
B(/,2)=(0);
B(/,3)=(0);
B(/,4)=(0);
B(/,5)=(-1);
B(/,0)=(0);
B(/,7)=(1);
B(/,8)=(0);
B(/,9)=(0);
B(5,1)=(0);
B(8,2)=(0);
B(5,3)=(0);
B(5,4)=(0);
B(5,5)=(0);
B(8,0)=(=1);
B(5,7)=(0);
B(5,8)=(1);
B(5,9)=(0);
B(9,1)=(0);
B(9,2)=(0);
B(9,3)=(0);
B(9,4)=(0);

B(9,5)=(R34Y(k));
B(9,0)=(-R34X(k));
B(9,7)=(-R14Y (k) ) ;
B(9,8)=(R14X(k)) ;

B(9,9)=(0);

H(1,1)=(M2*%AG2X (k)) ;
H(1,2)=(M2*%AG2Y (k)) ;

H(1,3)=(IG2*AL2) ;
H(1,4)=(M3*AG4X (k) -FPX) ;
H(1,5)=(M3*AGAY (k) -FPY) ;

H(l,6)=(IG3*AL3 (k) -RPX (k) *FPY+RPY (k) *FPX) ;

H(1,7)=(M4A*AG4X (k)) ;
H(1,8)=(MA*AGAY (k)) ;

H(1,9)=(IG4*AL4 (k) -T4) ;

end

$Plot (TH2,Vc, '-

$Plot (TH2,Vc) ;

|l
4

$xlabel ('TH 2'");
sylabel ('Velocity');

stitle ('Velocity vs.

$Plot (TH2,Ac) ;

$xlabel ('"TH 2'");
sylabel ("Acceleration');
$title ('Acceleration vs.

$Plot (TH2,0M4)

’

$xlabel ('"TH 2"');
sylabel ('OM 4');
title ('OM 4 vs.

$Plot (TH2,AL4)
$xlabel ('"TH 2"
sylabel ("AL 4'

)
)

’

’

TH2,Ac, '-

T™H 2"');

', TH2,0M4, '-',TH2,AL4, ') ;

T™H 2");

T™H 2");



273 $title('AL 4 vs. TH 2'");
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format long e;

Rl= ;

R2=1;

R3= ;

R4= ;

TH2=0: :2%pi;

TH3=zeros (size (TH2)) ;
TH4=zeros (size (TH2)) ;
TH31l=zeros (size (TH2)) ;
TH41l=zeros (size (TH2)) ;
TH32=zeros (size (TH2)) ;
TH42=zeros (size (TH2)) ;
OM2=zeros (size (TH2)) ;
OM3=zeros(size (TH2)) ;
OM4=zeros (size (TH2)) ;
AL3=zeros (size (TH2)) ;
AL4=zeros (size (TH2)) ;

)

’

A=zeros (2,
g=zeros (2,
g=zeros (2, ;
B=zeros (9,
H=zeros (9,

’

~— N~

’

psi=(31- ) * (pi/ )

d=( )

R12X=zeros (size (TH2)) ;
R12Y=zeros (size (TH2)) ;
R32X=zeros (size (TH2)) ;
R32Y=zeros (size (TH2)) ;
R23X=zeros (size (TH2)) ;
R23Y=zeros (size (TH2)) ;
R43X=zeros (size (TH2)) ;
R43Y=zeros (size (TH2)) ;
R34X=zeros (size (TH2)) ;
R34Y=zeros (size (TH2)) ;
Rl4X=zeros (size (TH2)) ;
Rl4Y=zeros (size (TH2)) ;

n=max (size (TH2)) ;

for k=l:n;
theta2=TH2 (k) ;
K1=R1/R2;
K2=R1/R4;

K3=(R1A24R2A2+R4A2-R322) / (2*R2*R4) ;

K4=R1/R3;

K5=(R472-R122-R272-R3%2) / (2*R2*R3) ;

D=(1+K4) *cos (theta2)+K5-K1;
F=(K4-1)*cos (theta2)+K5+K1;

A=cos (TH2) -K1-K2*cos (TH2 (k) ) +K3;

B=-2*sin(thetal);
C=K1l-(K2+1) *cos (thetal)+K3;

zl=(-B+sqgrt (B*
z2=(-B-sqgrt (B*
wl=(-B+sqgrt (B*
w2=(-B-sqgrt (B*
Ll=2*z1/(14+z1*

—4%A*C)) / (
—4%A*C)) / (
—-4%D*F)) / (
—-4%D*F)) / (
)

Ml=(1-z1%22)/ (14z1*2);

L2=0%z2/ (14+z2*

)

M2=(1-2z222)/ (14+z2*2) ;

N1=2*wl/ (1+wl”?

)

Pl=(1-wl”2)/ (1+wl”r2);

N2=2*w2/ (1+w2*

)

P2=(1-w2*2)/ (1+w2"2) ;
TH41 (k)=atan2 (L1,M1) ;
TH42 (k)=atan2 (L2 ,M2) ;
TH31 (k)=atan2 (N1,P1);
TH32 (k)=atan2 (N2,P2) ;

end

*A) ;
*A) ;
*D) ;
*D) ;



70 OM2 (1)=40;
71 AL2==2;

72

73 for k=2:n;

74 OM2 (k)=sgrt (OM2 (1) *2+4+2*AL2*TH2 (k) ) ;

75 end

76

77 for k=1;n;

78 TH3 (k)=TH32 (k) ;

79 THA (k) =TH42 (k) ;

80 end

81 for k=l:n;

82 R12X (k)=-R2*cos (TH2(k))/2;

83 R12Y (k)=-R2*sin (TH2(k))/2;

84 R32X (k)=-R12X (k) ;

85 R32Y (k)=-R12Y (k) ;

86 R23X (k)=-d*cos (TH3 (k) -psi);

87 R23Y (k)=-d*sin (TH3 (k) -psi) ;

88 R43X (k)=R3*cos (TH3(k)) + R23X(k);

89 R43Y (k)=R3*sin(TH3(k)) + R23Y(k);

90 R34X (k)=.5*R4*cos (TH4 (k)) ;

91 R34Y (k)=.5*R4*sin (TH4 (k)) ;

92 R14X (k)=-R34X (k) ;

93 R14Y (k)=-R34Y (k) ;

94 A(1,1)=R3*cos(TH3(k))

95 A(1,2)=-R4*cos(TH4 (k)) ;

96 A(2,1)=R3*sin(TH3(k)) ;

97 A(2,2)=-R4*sin(TH4 (k)) ;

98 g(l)= -R2*0OM2 (k) *cos (TH2 (k) ) ;

99 g(2)= -R2*0OM2 (k) *sin (TH2(k)) ;

100 h=A\g;

101 OM3 (k)=h (1) ;

102 OM4 (k)=h(2) ;

103 g(l)=-R2*AL2*cos (TH2 (k) ) +R2*0OM2 (k) *2*sin (TH2 (k) ) +R3*OM3 (k) *2*sin (TH3 (k) ) - R4*0OM4 (k)*
*sin (TH4 (k)) ;

104 g(2)=-R2*AL2*sin (TH2 (k) ) -R2*0OM2 (k) *2*cos (TH2 (k) ) +R3*OM3 (k) *2*cos (TH3 (k) ) + R4*0OM4 (k) *
*cos (TH4 (k)) ;

105 p=A\qg;

106 AL3(k)=p (1) ;

107 AL4 (k)=p(2) ;

108 B(L,1)=(1);

109 B(1,2)=(0);

110 B(L1,3)=(1);

111 B(1,4)=(0);

112 B(1,5)=(0);

113 B(1,6)=(0);

114 B(L,7)=(0);

115 B(1,8)=(0);

116 B(1,9)=(0);

117 B(2,1)=(0);

118 B(2,2)=(1);

119 B(2,3)=(0);

120 B(2,4)=(1);

121 B(2,5)=(0);

122 B(2,6)=(0);

123 B(2,7)=(0);

124 B(2,8)=(0);

125 B(2,9)=(0);

126 B(3,1)=(-R12Y(k)) ;

127 B(3,2)=(R12X(k)) ;

128 B(3,3)=(-R32Y(k));

129 B(3,4)=(R32X(k));

130 B(3,5)=(0);

131 B(3,6)=(0);

132 B(3,7)=(0);

133 B(3,8)=(0);

134 B(3,9)=(0);

135 B(4,1)=(0);

136 B(4,2)=(0);



137 B(4,3)=(-1);

138 B(4,4)=(0);

139 B(4,5)=(1);

140 B(4,6)=(0);

141 B(4,7)=(0);

142 B(4,8)=(0);

143 B(4,9)=(0);

144 B(5,1)=(0);

145 B(5,2)=(0);

146 B(5,3)=(0);

147 B(5,4)=(-1);

148 B(5,5)=(0);

149 B(5,6)=(1);

150 B(5,7)=(0);

151 B(5,8)=(0);

152 B(5,9)=(0);

153 B(6,1)=(0);

154 B(6,2)=(0);

155 B(6,3)=(-R23Y(k));
156 B(6,4)=(-R23X(k));
157 B(6,5)=(-R43Y(k)) ;
158 B(6,60)=(R43X(k)) ;
159 B(6,7)=(0);

160 B(6,8)=(0);

161 B(6,9)=(0);

162 B(7,1)=(0);

163 B(7,2)=(0);

164 B(7,3)=(0);

165 B(7,4)=(0);

166 B(7,5)=(-1);

167 B(7,60)=(0);

168 B(7,7)=(1);

169 B(7,8)=(0);

170 B(7,9)=(0);

171 B(8,1)=(0);

172 B(8,2)=(0);

173 B(8,3)=(0);

174 B(8,4)=(0);

175 B(8,5)=(0);

176 B(8,0)=(-1);

177 B(8,7)=(0);

178 B(38,8)=(1);

179 B(8,9)=(0);

180 B(9,1)=(0);

181 B(9,2)=(0);

182 B(9,3)=(0);

183 B(9,4)=(0);

184 B(9,5)=(R34Y(k)) ;
185 B(9,60)=(-R34X(k)) ;
186 B(9,7)=(-R14Y(k));
187 B(9,8)=(R14X(k));
188 B(9,9)=(0);

189

190 end

191

192

193

194



1 format short e;
2 J=zeros(2,2);
3
4 d=7.487;
5 a=9.174;
6 b=12.971;
7 c=9.573;
8 p=15;
9 MINVAL = =267
10 MAXVAL = =-20.55;
11 delta = 0.25;
12
13 Maxits=500;
14 Tol=1.0e-6;
15
16 X=[4;21;
17
18 for i=MINVAL:delta:MAXVAL;
19
20 thetal2=i*(pi/180);
21
22 for i=l:Maxits;
23 theta3=X (1) ;
24 thetad=X(2);
25
26 Fl=a*cos (theta2)+b*cos(theta3)-c*cos(thetad)-d;
27 F2=a*sin(thetal2)+b*sin(theta3)-c*sin(thetad) ;
28
29 J(1,1)=-b*sin(theta3);
30 J(1,2)=c*sin(thetad);
31 J(2,1)=b*cos(theta3);
32 J(2,2)==c*cos (thetad) ;
33
34 deltaX=inv (J) *[-F1,;-F2];
35 X=X+deltaX;
36
37 theta3=X (1) ;
38 thetad=X(2);
39
40 Flcheck=abs (a*cos (theta2)+b*cos(thetal3)-c*cos(thetad)-d);
41 F2check=abs (a*sin(theta2)+b*sin(theta3)-c*sin(thetad));
42
43 Fmax=max ([Flcheck,F2check]) ;
44 if Fmax<Tol
45 break
46 end
47 end
48
49 if i<Maxits
50 fprintf('\n")
51 fprintf (' ****x***+xx*x Newton Raphson Method *******xx*x*\n\n');
52 fprintf ('Position Analysis:\n');
53 fprintf (' Inputs:\n');
54 fprintf('a = $-2g mm b = $-2g mm ¢ = $-2g mm d = %$-2g mm theta2 = %$-2.2f degrees'
,a,b,c,d,theta2*180/pi');
55 fprintf('\nlterations=%-5g\n',1i);
56 fprintf ('Outputs:\n');
57 fprintf('theta3 = %-6.2f degrees',X(1)*180/pi);
58 fprintf (' thetad = %-6.2f degrees\n',X(2)*180/pi);
59 else
60 fprintf ('we did not converge!\n');
61 end
62

63 theta3=X (1) ;
64 thetad=X(2);

65 w2=2;
66
67 w3 = (a*sin(thetad4 - theta2))/(b*sin(theta3-thetad)) *w2;

68 wi

(a*sin(theta2 - theta3))/(c*sin(thetad-theta3)) *w2;



69
70 fprintf ('\nVelocity Analysis:\n'");
71 fprintf (' Inputs:\n');

72 fprintf('w2 = %-2g rad/s\n',w2);

73 fprintf ('Outputs:\n');

74 fprintf('w3 = %-6.2f rad/s',w3);

75 fprintf (' w4 = %-6.2f rad/s\n',wd);

76

77 A = c*sin(thetad);

78 B = b*sin(thetal);

79 C = a*(w2”2)*cos(theta2)+b* (w3*2)*cos(thetal3)-c*(wd*2)*cos(thetad);
80 D = c*cos(thetad);

81 E = b*cos(thetal);

82 F = —a*(w2”2)*sin(theta2)-b* (w3%2)*sin(theta3)+c* (wd*2)*sin(thetad);
83

84 a3 = (C*D-A*F)/(A*E-B*D) ;

85 a4 = (C*E-B*F)/(A*E-B*D) ;

86

87 Vax = a*w2*-sin(thetal2);
88 Vpax = p*w3*-sin(theta3l);
89

90 Vay = a*w2*cos(theta?);
91 Vpay = p*w3*cos(theta3);

92

93 Vpx = Vax+Vpax;

94 Vpy = Vay+Vpay;

95

96 Vp = sqrt (Vpx*2+Vpy*?2) ;

97

98 RAax = —a*w2”2*cos(theta?);

99 Apax = p*a3*-sin(theta3)-p*w3%2*cos (theta3);
100
101 RAay = =—-a*w2”2*sin(theta?);
102 Apay = p*a3*cos(theta3)-p*w3%2*sin(theta3);
103

104 Apx = Aax+Apax;

105 Apy = Aay+Apay;

106

107 Ap = sqgrt (Apx”*2+Apy*?2) ;

108

109 fprintf ('\nAcceleration Analysis:');
110 fprintf (' \nOutputs:\n'");

111 fprintf('a3 = %$-6.2f rad/s"2',al3);

112 fprintf (' a4 = %-6.2f rad/s”2\n\n',ad);
113 fprintf('Vp = %-6.2f in/s\n',Vp);

114 fprintf('Ap = %-6.2f in/s\n',Ap);

115

116 end

117



O J oy Ui Wb

DO T TGO BRSNS DNSDDDLDNEWWWWWWWWWWNNRNONNONNNNNDNONNRE PR R R e
OO dNNP>EWNROWOWOJdNTDWNROW®O-JAUDRWNROW®OWJdNU R WNRFROW®OW-JNTD™WNROW®W-JOU D WN R, O W

format short e;
J=zeros(2,2);

R1=&;
R2=4;
R3=7;
R4=6,’

TH2=[0:pi/12:pi/2];
TH3=zeros (size (TH2)) ;
TH4=zeros (size (TH2)) ;
TH31=zeros (size (TH2)) ;
TH41l=zeros (size (TH2)) ;
TH32=zeros (size (TH2)) ;
TH42=zeros (size (TH2)) ;
n=max (size (TH2)) ;
for k=l:n;
theta2=TH2 (k) ;
Maxits=500;
Tol=1.0e
X=[4;2]1;

e-6;

I3

for i=1:Maxits;
theta3=X (1) ;
thetad=X(2) ;
Fl=R2*cos (theta2)+R3*cos (thetal3)-R4*cos(thetad)-R1;
F2=R2*sin(theta2)+R3*sin(thetal3)-R4*sin(thetad);
J(1,1)==-R3*sin(theta3l);
J(1,2)=R4*sin(thetad);
J(2,1)=R3*cos (thetal);
J(2,2)=-R4*cos (thetad) ;
deltaX=inv (J) *[-F1,;-F2];
X=X+deltaX;
theta3=X (1) ;
thetad=X(2) ;
Flcheck=abs (R2*cos (theta2)+R3*cos (thetal3)-R4*cos(thetad)-R1);
F2check=abs (R2*sin(theta2)+R3*sin(thetal3)-R4*sin(thetad));
Fmax=max ([Flcheck,F2check]) ;
if Fmax<Tol
break
end
end

Nl=floor(X(1)/ (2*pi));

N2=floor (X (2)/ (2*pi)) ;

J1=X(1)=(2*N1) *pi;

J2=X(2) = (2*N2) *pi;

if pi>Jl
X(1)=J1;

else
X(1)=J1=-2%pi;

end

if pi>J2
X(2)=J2;

else
X(2)=J2=-2%pi;

end

if i<Maxits
fprintf('theta2=%-6.2f degrees\n',TH2(k)*1380/pi)
fprintf (' Iterations=%-5g\n\n"',1i);
fprintf('theta3=%-6.2f degrees\n',X(1)*180/pi);
fprintf('thetad=%-6.2f degrees\n',X(2)*180/pi);

else
fprintf('theta2=%-6.2f degrees\n',TH2(k)*130/pi);
fprintf ('we did not converge!\n');

end

K1=R1/R2;
K2=R1/R4;
K3=(R1A2+4+R2724R4"2=-R3%2) / (?*R2*R4) ;
K4=R1/R3;



70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97

K5=(R4~2-R172-R242-R3%2)/ (2*R2*R3) ;
D=(1+4+K4) *cos (theta2)+K5-K1;
F=(K4-1)*cos (theta2)+K5+K1;
A=cos (theta2)-K1-K2*cos (thetal2)+K3;
B=-2*sin(theta2);
C=K1-(K2+1)*cos (theta2)+K3;
z1=(-B+sqgrt (BA2=-4*%A*C)) / (2*n) ;
z2=(-B-sqrt (BA2=-4%A*C)) / (2*1n) ;
wl=(-B+sqrt (B*2-4*D*F) )/ (2*D) ;
w2=(-B-sqrt (B*2-4*D*F) )/ (2*D) ;
Ll=2*z1/(14z1*2);
Ml=(1-z122)/(14z1*2);

L2=2%z2/ (14z2”2) ;

M2=(1-2z222)/ (14z2~2) ;

N1=2%*wl/ (14+wl”2) ;

Pl=(1-wl”2)/ (1+wl”r2) ;
N2=0%w2 / (14+w242) ;

P2=(1-w222)/ (1+w2*2) ;

TH41 (k)=(180/pi)*atan2(L1,M1);
TH42 (k)=(180/pi)*atan2(L2,M2) ;
TH31(k)=(180/pi)*atan2(N1,P1);
TH32 (k)=(180/pi)*atan2(N2,P2) ;

fprintf('thetal31=%-6.2f degrees\n',TH31(k))
fprintf('thetal32=%-6.2f degrees\n',TH32(k));
fprintf('thetadl=%-6.2f degrees\n',TH41(k))
fprintf('thetad2=%-6.2f degrees\n',TH42(k)) ;
end



O J oy Ui Wb

DO T TGO BRSNS DNSDDDLDNEWWWWWWWWWWNNRNONNONNNNNDNONNRE PR R R e
OO dNNP>EWNROWOWOJdNTDWNROW®O-JAUDRWNROW®OWJdNU R WNRFROW®OW-JNTD™WNROW®W-JOU D WN R, O W

format short g; J=zeros(5,5);

R2= 28; R3=66; R5=33; R6=93.56; theta2=1.29; gamma=0.8594; theta6=0.1719

Maxits=500;
Tol=1.0e-6;

X=[-.422; 68.2; .442; 60.2; -.432];

for i=1:Maxits;
theta3=X(1); dl=X(2); thetab=X(3); d4=X(4); thetad=X(5);
Fl=R2*cos (theta?2)+R3*cos (theta3)-dl;
F2=R2*sin(theta2)+R3*sin(theta3);
F3=R2*cos (theta2)+R5*cos (thetab)-d4*cos(thetad)-R6*cos (thetab) ;
F4=R2*sin (theta2)+R5*sin(thetab5)-d4*sin(thetad4)-R6*sin(theta6) ;
F5=thetab-theta3-gamma;

J(1,1)=-R3*sin(theta3l);
J(—14)=_7;
J(2,1)=R3*cos (thetal);
J(3,3)=-R5*sin(thetab);
J(3,4)=-cos(thetad);
J(3,5)=d4*sin(thetad) ;
J(4,3)=R5*cos (thetab);
J(4,4)==-sin(thetad);
J(4,5)=-d4d*cos (thetad) ;
J(Elf)=_*;

J(5,3)=1;

deltaX=inv(J)*[-F1;-F2;-F3;-F4;-F5];
X=X+deltaX;

theta3=X(1); dl=X(2); thetab=X(3); d4=X(4); thetad=X(5);
Flcheck=abs (+R2*cos (theta2)+R3*cos (theta3)-dl) ;
F2check=abs (+R2*sin (theta2)+R3*sin(theta3l3)) ;

F3check=abs (+R2*cos (theta2)+R5*cos (thetab5)-d4*cos (thetad)-R6*cos (thetao)) ;
F4check=abs (+R2*sin(theta2)+R5*sin(thetab5)-d4*sin(thetad4)-R6*sin(thetao6)) ;

FS5check=abs (+theta5-theta3-gamma) ;

Fmax=max ([Flcheck,F2check,F2check,F3check,F4check,F5check]) ;
if Fmax<Tol
break
end
end

if i<Maxits fprintf('\n')
fprintf('Iterations = %-5g\n\n',1)
fprintf('theta3l $-6.2f degrees\n',X(1)*1380/pi);

fprintf('dl = %-6.2f \n',X(2));
fprintf('thetab = %-6.2f degrees\n',X(3)*180/pi);
fprintf('d4d = %-6.2f \n',X(4));
fprintf('thetad = %-6.2f degrees\n',X(5)*180/pi);
else
fprintf ('We did not converge!!!!!\n'")
end

omegaz=-2;

z=[omega3; dotdl; dotd4; omegadl];
A=zeros (4,4);

Gl=-R2*sin(theta2) *omega2-R3*sin(theta3) *omega3-dotdl;
G2=R2*cos (theta2) *omega2+R3*cos (theta3) *omega3;

G3=-R2*sin(theta2) *omega2-+d4*sin(thetad) *omegad-cos (thetad) *dotd4-R5sin(thetab) *omega3;
G4=R2*cos (theta2) *omega2-d4*cos (thetad) *omegad-sin(thetad) *dotd4+R5*cos (thetab) *omega3;

A(1,1)=-R3*sin(thetal);
A(—/4)=_7;
A(2,1)=R3*cos(theta3l);
A(3,1)=-R5*sin(thetab);

I3



70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88

A(3,3)=-cos(thetad);

A(3,4)=d4*sin(thetad);
A(4,1)=R5*cos (thetab);

A(4,3)=-sin(thetad);

A(4,4)=-dd*cos (thetad) ;

gl=R2*sin(theta2) *omega?2;
g2==-R2*cos (theta2) *omega?2;

G=[gl;92;9l;92];

z=inv (A) *G;

fprintf ('theta3
fprintf('dl = %-
fprintf ('thetab
fprintf('d4 = %-
fprintf ('theta4

o I ol

$-6.2f degrees\n',X(1)*180/pi);
L2 \n',X(2));
$-6.2f degrees\n',X(3)*130/pi);
28 \n',X(4));
$-6.2f degrees\n',X(5)*180/pi);



	project_v3.m
	project_ME213b.m
	project_ME213_v2
	project_me213.m
	hw_ME213b.m
	hw_ME213_hw6.m
	hw_machineDynamics.m



