
(*Problem I.4.1*)
Apply[Clear,Names["Global`*"]];
Off[General::spell];
Off[General::spell1];

(* Input data *)
AB=CD=0.04;
AD=BC=0.09;
n=120;
data={f[t]-> p/6, f'[t]->p n/30, f''[t]->0};

(* Position of joint A *)
xA = yA = 0;

(* Position of joint D *)
xD = AD ;
yD = 0 ;

(* Position of joint B *)
xB = AB Cos[f[t]] ;
yB = AB Sin[f[t]] ;
Print["xB = ",xB," = ",xB/.data," m "];
Print["yB = ",yB," = ",yB/.data," m "];

(* Linear velocity of joint B *)
vBx = D[xB,t];
vBy = D[yB,t];
Print["vBx = ", vBx ," = ", vBx/.data, " m/s" ];
Print["vBy = ", vBy ," = ", vBy/.data, " m/s" ];

(* Linear acceleration of joint B *)
aBx = D[vBx,t];
aBy = D[vBy,t];
Print["aBx = ", aBx ," = ", aBx/.data, " m/s^2" ];
Print["aBy = ", aBy ," = ", aBy/.data, " m/s^2" ];

rB={xB/.data,yB/.data,0};
Print["rB = ", rB, " m" ];
w1={0,0,f'[t]/.data};
a1={0,0,f''[t]/.data};
Print["w1 = ", w1, " rad/s" ];
Print["a1 = ", a1, " rad/s^2" ];
vB=Cross[w1,rB];
Print["vB = w1 x rB = ",vB, " m/s" ];
aB=Cross[a1,rB]-w1.w1 rB;
Print["aB = a1 x rB - w1^1 rB = ", aB, " m/s^2" ];

(* Position of joint C *)

Print["Equations for C (xC, yC)"];
Print["(xC-xB)^2+(yC-yB)^2-BC^2 = 0,   (1)"];
eqCI =(xc-xB)^2+(yc-yB)^2-BC^2 == 0;
Print[eqCI," (1)"];
Print["(xC-xD)^2+(yC-yD)^2-CD^2 = 0,   (2)"];
eqCII= (xc-xD)^2+(yc-yD)^2-CD^2 == 0;
Print[eqCII," (2)"];
Print["Solution for C (xC, yC)"];
solutionC=Solve[{eqCI,eqCII},{xc,yc}];

(* Two solutions for C *)
xC1 = xc/.solutionC[[1]];
yC1 = yc/.solutionC[[1]];
xC2 = xc/.solutionC[[2]];
yC2 = yc/.solutionC[[2]];

(* Select the correct position for C *)
If [(yC1/.data)<0,xC=xC1;yC=yC1,xC=xC2;yC=yC2];

Print["xC = ",xC/.data," m"];
Print["yC = ",yC/.data," m"];

(* Linear velocity of joint C *)
vCx = D[xC,t];
vCy = D[yC,t];
Print["vCx = ", vCx/.data, " m/s" ];
Print["vCy = ", vCy/.data, " m/s" ];

(* Linear acceleration of joint C *)
aCx = D[vCx,t];
aCy = D[vCy,t];
Print["aCx = ", aCx/.data, " m/s^2" ];
Print["aCy = ", aCy/.data, " m/s^2" ];

(* Angular velocity and acceleration of the link BC (link 2)*)
f2 = ArcTan[(yB-yC)/(xB-xC)] ;
w2 = D[ f2, t ];
a2 = D[ w2, t ];
Print["f2 = ", f2/.data , " rad = ",(f2/.data)*180/N[Pi]," deg" ];
Print["w2 = ", w2/.data , " rad/s" ];
Print["a2 = ", a2/.data , " rad/s^2" ];

(* Angular velocity and acceleration of the link CD (link 3)*)
f3 = ArcTan[(yD-yC)/(xD-xC)] ;
w3 = D[ f3, t ];
a3 = D[ w3, t ];
Print["f3 = ", f3/.data , " rad = ",(f3/.data)*180/N[Pi]," deg" ];
Print["w3 = ", w3/.data , " rad/s" ];
Print["a3 = ", a3/.data , " rad/s^2" ];

xB=xB/.data;yB=yB/.data;
xC=xC/.data;yC=yC/.data;

markers=Table[{Point[{0,0}],
Point[{xB,yB}],
Point[{xC,yC}],
Point[{xD,yD}],
Point[{-0.05,0}]}];

name=Table[{Text["A",{0,0},{1,0}],
        Text["B",{xB,yB},{-1,-1}],
        Text["C",{xC,yC},{-1,-1}],
        Text["D",{xD,yD},{1,0}]}];

graph=Graphics[{
{RGBColor[1,0,0],Line[{{0,0},{xB,yB}}]},
{RGBColor[0,1,0],Line[{{xB,yB},{xC,yC}}]},
{RGBColor[0,0,0],Line[{{xC,yC},{xD,yD}}]},
{RGBColor[0,1,1],PointSize[0.01],markers},{name}}];

Show[Graphics[graph],
PlotRangeØ{{-.1,.2},{-.05,.05}},
FrameØTrue,AxesOriginØ{0,0},FrameLabelØ{"x","y"},
AxesØ{True,True},AspectRatioØAutomatic];
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(*Problem I.4.1*)
Apply[Clear,Names["Global`*"]];
Off[General::spell];
Off[General::spell1];

(* Input data *)
AB=CD=0.04;
AD=BC=0.09;
n=120;
data={f[t]-> p/6, f'[t]->p n/30, f''[t]->0};

(* Position of joint A *)
xA = yA = 0;

(* Position of joint D *)
xD = AD ;
yD = 0 ;

(* Position of joint B *)
xB = AB Cos[f[t]] ;
yB = AB Sin[f[t]] ;
Print["xB = ",xB," = ",xB/.data," m "];
Print["yB = ",yB," = ",yB/.data," m "];

(* Linear velocity of joint B *)
vBx = D[xB,t];
vBy = D[yB,t];
Print["vBx = ", vBx ," = ", vBx/.data, " m/s" ];
Print["vBy = ", vBy ," = ", vBy/.data, " m/s" ];

(* Linear acceleration of joint B *)
aBx = D[vBx,t];
aBy = D[vBy,t];
Print["aBx = ", aBx ," = ", aBx/.data, " m/s^2" ];
Print["aBy = ", aBy ," = ", aBy/.data, " m/s^2" ];

rB={xB/.data,yB/.data,0};
Print["rB = ", rB, " m" ];
w1={0,0,f'[t]/.data};
a1={0,0,f''[t]/.data};
Print["w1 = ", w1, " rad/s" ];
Print["a1 = ", a1, " rad/s^2" ];
vB=Cross[w1,rB];
Print["vB = w1 x rB = ",vB, " m/s" ];
aB=Cross[a1,rB]-w1.w1 rB;
Print["aB = a1 x rB - w1^1 rB = ", aB, " m/s^2" ];

(* Position of joint C *)

Print["Equations for C (xC, yC)"];
Print["(xC-xB)^2+(yC-yB)^2-BC^2 = 0,   (1)"];
eqCI =(xc-xB)^2+(yc-yB)^2-BC^2 == 0;
Print[eqCI," (1)"];
Print["(xC-xD)^2+(yC-yD)^2-CD^2 = 0,   (2)"];
eqCII= (xc-xD)^2+(yc-yD)^2-CD^2 == 0;
Print[eqCII," (2)"];
Print["Solution for C (xC, yC)"];
solutionC=Solve[{eqCI,eqCII},{xc,yc}];

(* Two solutions for C *)
xC1 = xc/.solutionC[[1]];
yC1 = yc/.solutionC[[1]];
xC2 = xc/.solutionC[[2]];
yC2 = yc/.solutionC[[2]];

(* Select the correct position for C *)
If [(yC1/.data)<0,xC=xC1;yC=yC1,xC=xC2;yC=yC2];

Print["xC = ",xC/.data," m"];
Print["yC = ",yC/.data," m"];

(* Linear velocity of joint C *)
vCx = D[xC,t];
vCy = D[yC,t];
Print["vCx = ", vCx/.data, " m/s" ];
Print["vCy = ", vCy/.data, " m/s" ];

(* Linear acceleration of joint C *)
aCx = D[vCx,t];
aCy = D[vCy,t];
Print["aCx = ", aCx/.data, " m/s^2" ];
Print["aCy = ", aCy/.data, " m/s^2" ];

(* Angular velocity and acceleration of the link BC (link 2)*)
f2 = ArcTan[(yB-yC)/(xB-xC)] ;
w2 = D[ f2, t ];
a2 = D[ w2, t ];
Print["f2 = ", f2/.data , " rad = ",(f2/.data)*180/N[Pi]," deg" ];
Print["w2 = ", w2/.data , " rad/s" ];
Print["a2 = ", a2/.data , " rad/s^2" ];

(* Angular velocity and acceleration of the link CD (link 3)*)
f3 = ArcTan[(yD-yC)/(xD-xC)] ;
w3 = D[ f3, t ];
a3 = D[ w3, t ];
Print["f3 = ", f3/.data , " rad = ",(f3/.data)*180/N[Pi]," deg" ];
Print["w3 = ", w3/.data , " rad/s" ];
Print["a3 = ", a3/.data , " rad/s^2" ];

xB=xB/.data;yB=yB/.data;
xC=xC/.data;yC=yC/.data;

markers=Table[{Point[{0,0}],
Point[{xB,yB}],
Point[{xC,yC}],
Point[{xD,yD}],
Point[{-0.05,0}]}];

name=Table[{Text["A",{0,0},{1,0}],
        Text["B",{xB,yB},{-1,-1}],
        Text["C",{xC,yC},{-1,-1}],
        Text["D",{xD,yD},{1,0}]}];

graph=Graphics[{
{RGBColor[1,0,0],Line[{{0,0},{xB,yB}}]},
{RGBColor[0,1,0],Line[{{xB,yB},{xC,yC}}]},
{RGBColor[0,0,0],Line[{{xC,yC},{xD,yD}}]},
{RGBColor[0,1,1],PointSize[0.01],markers},{name}}];

Show[Graphics[graph],
PlotRangeØ{{-.1,.2},{-.05,.05}},
FrameØTrue,AxesOriginØ{0,0},FrameLabelØ{"x","y"},
AxesØ{True,True},AspectRatioØAutomatic];

xB = 0.04 Cos@f@tDD = 0.034641 m

yB = 0.04 Sin@f@tDD = 0.02 m
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vBx = -0.04 Sin@f@tDD f£@tD = -0.251327 mês
vBy = 0.04 Cos@f@tDD f£@tD = 0.435312 mês
aBx = -0.04 Cos@f@tDD f£@tD2 - 0.04 Sin@f@tDD f££@tD = -5.47029 mês^2
aBy = -0.04 Sin@f@tDD f£@tD2 + 0.04 Cos@f@tDD f££@tD = -3.15827 mês^2
rB = 80.034641, 0.02, 0< m

w1 = 80, 0, 4 p< radês
a1 = 80, 0, 0< radês^2
vB = w1 x rB = 8-0.251327, 0.435312, 0.< mês
aB = a1 x rB - w1^1 rB = 8-5.47029, -3.15827, 0.< mês^2
Equations for C HxC, yCLHxC-xBL^2+HyC-yBL^2-BC^2 = 0, H1L
-0.0081 + Hxc - 0.04 Cos@f@tDDL2 + Hyc - 0.04 Sin@f@tDDL2 == 0 H1LHxC-xDL^2+HyC-yDL^2-CD^2 = 0, H2L
-0.0016 + H-0.09 + xcL2 + yc2 == 0 H2L
Solution for C HxC, yCL
xC = 0.103859 m

yC = -0.0375222 m

vCx = -0.884619 mês
vCy = -0.32675 mês
aCx = 3.84741 mês^2
aCy = 25.1222 mês^2
f2 = -0.693374 rad = -39.7274 deg

w2 = -11.0095 radês
a2 = 307.84 radês^2
f3 = -1.21697 rad = -69.7274 deg

w3 = -23.5759 radês
a3 = 307.84 radês^2
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(*Problem I.4.1*)
Apply[Clear,Names["Global`*"]];
Off[General::spell];
Off[General::spell1];

(* Input data *)
n=120;(*rpm*)
w = n p/30;(*ras/s*)
a = D[ w, t ];(*ras/s^2*)
data={AB->0.04, CD->0.04, AD->0.09, BC->0.09, xD->0.09, f[t]-> p/6, f'[t]->w, f''[t]-
>a};

(* Position of joint A *)
xA = yA = 0;

(* Position of joint D *)
yD = 0 ;

(* Position of joint B *)
xb = AB Cos[f[t]] ;
yb = AB Sin[f[t]] ;
Print["xB = ",xb," = ",xb/.data," m "];
Print["yB = ",yb," = ",yb/.data," m "];

(* Linear velocity of joint B *)
vBx = D[xb,t];
vBy = D[yb,t];
Print["vBx = ", vBx ," = ", vBx/.data, " m/s" ];
Print["vBy = ", vBy ," = ", vBy/.data, " m/s" ];

(* Linear acceleration of joint B *)
aBx = D[vBx,t];
aBy = D[vBy,t];
Print["aBx = ", aBx ," = ", aBx/.data, " m/s^2" ];
Print["aBy = ", aBy ," = ", aBy/.data, " m/s^2" ];

rB={xb/.data,yb/.data,0};
Print["rB = ", rB, " m" ];
w1={0,0,f'[t]/.data};
a1={0,0,f''[t]/.data};
Print["w1 = ", w1, " rad/s" ];
Print["a1 = ", a1, " rad/s^2" ];
vB=Cross[w1,rB];
Print["vB = w1 x rB = ",vB, " m/s" ];
aB=Cross[a1,rB]-w1.w1 rB;
Print["aB = a1 x rB - w1^1 rB = ", aB, " m/s^2" ];

ruleB={
xB[t]->xb/.data,yB[t]->yb/.data,
xB'[t]->vBx/.data,yB'[t]->vBy/.data,
xB''[t]->aBx/.data,yB''[t]->aBy/.data};

(* Position of joint C *)
Print["Equations for C (xC[t], yC[t])"];
eqCI =(xC[t]-xB[t])^2+(yC[t]-yB[t])^2-BC^2  == 0;
Print[eqCI," (1)"];
eqCII= (xC[t]-xD)^2+(yC[t]-yD)^2-CD^2 == 0;
Print[eqCII," (2)"];
solutionC=Solve[{eqCI,eqCII},{xC[t],yC[t]}];
(* Two solutions for C *)
xC1 = xC[t]/.solutionC[[1]];
yC1 = yC[t]/.solutionC[[1]];
xC2 = xC[t]/.solutionC[[2]];
yC2 = yC[t]/.solutionC[[2]];

(* Select the correct position for C *)
If [(yC1/.data/.ruleB)<0,xc=xC1;yc=yC1,xc=xC2;yc=yC2];

Print["xC = ",xc/.data/.ruleB," m"];
Print["yC = ",yc/.data/.ruleB," m"];

ruleCp={xC[t]Øxc,yC[t]Øyc};

(*Velocity of joint C*)
Print["Equations for vC (xC'[t], yC'[t])"];
eqCIv=D[eqCI,t];
Print[eqCIv," (3)"];
eqCIIv=D[eqCII,t];
Print[eqCIIv," (4)"];

solutionCv = 
    Solve [ { (eqCIv/.ruleCp/.ruleB/.data ),(eqCIIv/.ruleCp/.ruleB/.data 
)} , 
    { xC'[t] , yC'[t] } ];
vCx = xC'[t] /. solutionCv[[1]];
vCy = yC'[t] /. solutionCv[[1]];
Print["vCx = xC'[t] = ",vCx," m/s"];
Print["vCy = yC'[t] = ",vCy," m/s"];

ruleCv={xC'[t]ØvCx,yC'[t]ØvCy};

(*Acceleration of joint C*)
Print["Equations for aC (xC''[t], yC''[t])"];
eqCIa=D[eqCIv,t];
Print[eqCIa," (5)"];
eqCIIa=D[eqCIIv,t];
Print[eqCIIa," (6)"];

solutionCa = 
Solve [ { (eqCIa/.ruleCv/.ruleCp/.ruleB/.data 
),(eqCIIa/.ruleCv/.ruleCp/.ruleB/.data )} , 
    { xC''[t] , yC''[t] } ];
aCx = xC''[t] /. solutionCa[[1]];
aCy = yC''[t] /. solutionCa[[1]];
Print["aCx = xC''[t] = ",aCx," m/s"];
Print["aCy = yC''[t] = ",aCy," m/s"];

ruleC={
xC[t]->xc/.data/.ruleB,yC[t]->yc/.data/.ruleB,
xC'[t]->vCx,yC'[t]->vCy,
xC''[t]->aCx,yC''[t]->aCy};

(* Angular velocity and acceleration of the link BC (link 2)*)
f2n = ArcTan[(yB[t]-yC[t])/(xB[t]-xC[t])] ;
fi2= f2n/.ruleC/.ruleB;
Print["f2 = ",f2n," = ", f2n/.ruleC/.ruleB , " rad = ",(f2n/.ruleC/.ruleB)*180/N[Pi]," 
deg" ];
eqf2=Sin[f2[t]](xB[t]-xC[t])==Cos[f2[t]](yB[t]-yC[t]);
Print["Equations for f2"];
Print[eqf2];
eqw2=D[eqf2,t];
Print["Equations for w2"];
Print[eqw2];
Print[eqw2/.ruleC/.ruleB/.f2[t]->fi2];
solutionw2 = 
Solve [eqw2/.ruleC/.ruleB/.f2[t]->fi2,f2'[t]];
w2 = f2'[t] /. solutionw2[[1]];
Print["w2 = ",w2," rad/s" ];

eqa2=D[eqw2,t];
Print["Equations for a2"];
Print[eqa2];
Print[eqa2/.ruleC/.ruleB/.f2[t]->fi2/.f2'[t]->w2];
solutiona2 = 
Solve [eqa2/.ruleC/.ruleB/.f2[t]->fi2/.f2'[t]->w2,f2''[t]];
a2 = f2''[t] /. solutiona2[[1]];
Print["a2 = ",a2," rad/s^2" ];

(* Angular velocity and acceleration of the link CD (link 3)*)
f3n = ArcTan[(yD-yC[t])/(xD-xC[t])] ;
fi3= f3n/.ruleC/.data;
Print["f3 = ",f3n," = ", fi3 , " rad = ",fi3*180/N[Pi]," deg" ];
eqf3=Sin[f3[t]](xD-xC[t])==Cos[f3[t]](yD-yC[t]);
Print["Equations for f3"];
Print[eqf3];
eqw3=D[eqf3,t];
Print["Equations for w3"];
Print[eqw3];
Print[eqw3/.ruleC/.data/.f3[t]->fi3];
solutionw3 = 
Solve [eqw3/.ruleC/.data/.f3[t]->fi3,f3'[t]];
w3 = f3'[t] /. solutionw3[[1]];
Print["w3 = ",w3," rad/s" ];

eqa3=D[eqw3,t];
Print["Equations for a3"];
Print[eqa3];
Print[eqa3/.ruleC/.data/.f3[t]->fi3/.f3'[t]->w3];
solutiona3 = 
Solve [eqa3/.ruleC/.data/.f3[t]->fi3/.f3'[t]->w3,f3''[t]];
a3 = f3''[t] /. solutiona3[[1]];
Print["a3 = ",a3," rad/s^2" ];
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(*Problem I.4.1*)
Apply[Clear,Names["Global`*"]];
Off[General::spell];
Off[General::spell1];

(* Input data *)
n=120;(*rpm*)
w = n p/30;(*ras/s*)
a = D[ w, t ];(*ras/s^2*)
data={AB->0.04, CD->0.04, AD->0.09, BC->0.09, xD->0.09, f[t]-> p/6, f'[t]->w, f''[t]-
>a};

(* Position of joint A *)
xA = yA = 0;

(* Position of joint D *)
yD = 0 ;

(* Position of joint B *)
xb = AB Cos[f[t]] ;
yb = AB Sin[f[t]] ;
Print["xB = ",xb," = ",xb/.data," m "];
Print["yB = ",yb," = ",yb/.data," m "];

(* Linear velocity of joint B *)
vBx = D[xb,t];
vBy = D[yb,t];
Print["vBx = ", vBx ," = ", vBx/.data, " m/s" ];
Print["vBy = ", vBy ," = ", vBy/.data, " m/s" ];

(* Linear acceleration of joint B *)
aBx = D[vBx,t];
aBy = D[vBy,t];
Print["aBx = ", aBx ," = ", aBx/.data, " m/s^2" ];
Print["aBy = ", aBy ," = ", aBy/.data, " m/s^2" ];

rB={xb/.data,yb/.data,0};
Print["rB = ", rB, " m" ];
w1={0,0,f'[t]/.data};
a1={0,0,f''[t]/.data};
Print["w1 = ", w1, " rad/s" ];
Print["a1 = ", a1, " rad/s^2" ];
vB=Cross[w1,rB];
Print["vB = w1 x rB = ",vB, " m/s" ];
aB=Cross[a1,rB]-w1.w1 rB;
Print["aB = a1 x rB - w1^1 rB = ", aB, " m/s^2" ];

ruleB={
xB[t]->xb/.data,yB[t]->yb/.data,
xB'[t]->vBx/.data,yB'[t]->vBy/.data,
xB''[t]->aBx/.data,yB''[t]->aBy/.data};

(* Position of joint C *)
Print["Equations for C (xC[t], yC[t])"];
eqCI =(xC[t]-xB[t])^2+(yC[t]-yB[t])^2-BC^2  == 0;
Print[eqCI," (1)"];
eqCII= (xC[t]-xD)^2+(yC[t]-yD)^2-CD^2 == 0;
Print[eqCII," (2)"];
solutionC=Solve[{eqCI,eqCII},{xC[t],yC[t]}];
(* Two solutions for C *)
xC1 = xC[t]/.solutionC[[1]];
yC1 = yC[t]/.solutionC[[1]];
xC2 = xC[t]/.solutionC[[2]];
yC2 = yC[t]/.solutionC[[2]];

(* Select the correct position for C *)
If [(yC1/.data/.ruleB)<0,xc=xC1;yc=yC1,xc=xC2;yc=yC2];

Print["xC = ",xc/.data/.ruleB," m"];
Print["yC = ",yc/.data/.ruleB," m"];

ruleCp={xC[t]Øxc,yC[t]Øyc};

(*Velocity of joint C*)
Print["Equations for vC (xC'[t], yC'[t])"];
eqCIv=D[eqCI,t];
Print[eqCIv," (3)"];
eqCIIv=D[eqCII,t];
Print[eqCIIv," (4)"];

solutionCv = 
    Solve [ { (eqCIv/.ruleCp/.ruleB/.data ),(eqCIIv/.ruleCp/.ruleB/.data 
)} , 
    { xC'[t] , yC'[t] } ];
vCx = xC'[t] /. solutionCv[[1]];
vCy = yC'[t] /. solutionCv[[1]];
Print["vCx = xC'[t] = ",vCx," m/s"];
Print["vCy = yC'[t] = ",vCy," m/s"];

ruleCv={xC'[t]ØvCx,yC'[t]ØvCy};

(*Acceleration of joint C*)
Print["Equations for aC (xC''[t], yC''[t])"];
eqCIa=D[eqCIv,t];
Print[eqCIa," (5)"];
eqCIIa=D[eqCIIv,t];
Print[eqCIIa," (6)"];

solutionCa = 
Solve [ { (eqCIa/.ruleCv/.ruleCp/.ruleB/.data 
),(eqCIIa/.ruleCv/.ruleCp/.ruleB/.data )} , 
    { xC''[t] , yC''[t] } ];
aCx = xC''[t] /. solutionCa[[1]];
aCy = yC''[t] /. solutionCa[[1]];
Print["aCx = xC''[t] = ",aCx," m/s"];
Print["aCy = yC''[t] = ",aCy," m/s"];

ruleC={
xC[t]->xc/.data/.ruleB,yC[t]->yc/.data/.ruleB,
xC'[t]->vCx,yC'[t]->vCy,
xC''[t]->aCx,yC''[t]->aCy};

(* Angular velocity and acceleration of the link BC (link 2)*)
f2n = ArcTan[(yB[t]-yC[t])/(xB[t]-xC[t])] ;
fi2= f2n/.ruleC/.ruleB;
Print["f2 = ",f2n," = ", f2n/.ruleC/.ruleB , " rad = ",(f2n/.ruleC/.ruleB)*180/N[Pi]," 
deg" ];
eqf2=Sin[f2[t]](xB[t]-xC[t])==Cos[f2[t]](yB[t]-yC[t]);
Print["Equations for f2"];
Print[eqf2];
eqw2=D[eqf2,t];
Print["Equations for w2"];
Print[eqw2];
Print[eqw2/.ruleC/.ruleB/.f2[t]->fi2];
solutionw2 = 
Solve [eqw2/.ruleC/.ruleB/.f2[t]->fi2,f2'[t]];
w2 = f2'[t] /. solutionw2[[1]];
Print["w2 = ",w2," rad/s" ];

eqa2=D[eqw2,t];
Print["Equations for a2"];
Print[eqa2];
Print[eqa2/.ruleC/.ruleB/.f2[t]->fi2/.f2'[t]->w2];
solutiona2 = 
Solve [eqa2/.ruleC/.ruleB/.f2[t]->fi2/.f2'[t]->w2,f2''[t]];
a2 = f2''[t] /. solutiona2[[1]];
Print["a2 = ",a2," rad/s^2" ];

(* Angular velocity and acceleration of the link CD (link 3)*)
f3n = ArcTan[(yD-yC[t])/(xD-xC[t])] ;
fi3= f3n/.ruleC/.data;
Print["f3 = ",f3n," = ", fi3 , " rad = ",fi3*180/N[Pi]," deg" ];
eqf3=Sin[f3[t]](xD-xC[t])==Cos[f3[t]](yD-yC[t]);
Print["Equations for f3"];
Print[eqf3];
eqw3=D[eqf3,t];
Print["Equations for w3"];
Print[eqw3];
Print[eqw3/.ruleC/.data/.f3[t]->fi3];
solutionw3 = 
Solve [eqw3/.ruleC/.data/.f3[t]->fi3,f3'[t]];
w3 = f3'[t] /. solutionw3[[1]];
Print["w3 = ",w3," rad/s" ];

eqa3=D[eqw3,t];
Print["Equations for a3"];
Print[eqa3];
Print[eqa3/.ruleC/.data/.f3[t]->fi3/.f3'[t]->w3];
solutiona3 = 
Solve [eqa3/.ruleC/.data/.f3[t]->fi3/.f3'[t]->w3,f3''[t]];
a3 = f3''[t] /. solutiona3[[1]];
Print["a3 = ",a3," rad/s^2" ];
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(*Problem I.4.1*)
Apply[Clear,Names["Global`*"]];
Off[General::spell];
Off[General::spell1];

(* Input data *)
n=120;(*rpm*)
w = n p/30;(*ras/s*)
a = D[ w, t ];(*ras/s^2*)
data={AB->0.04, CD->0.04, AD->0.09, BC->0.09, xD->0.09, f[t]-> p/6, f'[t]->w, f''[t]-
>a};

(* Position of joint A *)
xA = yA = 0;

(* Position of joint D *)
yD = 0 ;

(* Position of joint B *)
xb = AB Cos[f[t]] ;
yb = AB Sin[f[t]] ;
Print["xB = ",xb," = ",xb/.data," m "];
Print["yB = ",yb," = ",yb/.data," m "];

(* Linear velocity of joint B *)
vBx = D[xb,t];
vBy = D[yb,t];
Print["vBx = ", vBx ," = ", vBx/.data, " m/s" ];
Print["vBy = ", vBy ," = ", vBy/.data, " m/s" ];

(* Linear acceleration of joint B *)
aBx = D[vBx,t];
aBy = D[vBy,t];
Print["aBx = ", aBx ," = ", aBx/.data, " m/s^2" ];
Print["aBy = ", aBy ," = ", aBy/.data, " m/s^2" ];

rB={xb/.data,yb/.data,0};
Print["rB = ", rB, " m" ];
w1={0,0,f'[t]/.data};
a1={0,0,f''[t]/.data};
Print["w1 = ", w1, " rad/s" ];
Print["a1 = ", a1, " rad/s^2" ];
vB=Cross[w1,rB];
Print["vB = w1 x rB = ",vB, " m/s" ];
aB=Cross[a1,rB]-w1.w1 rB;
Print["aB = a1 x rB - w1^1 rB = ", aB, " m/s^2" ];

ruleB={
xB[t]->xb/.data,yB[t]->yb/.data,
xB'[t]->vBx/.data,yB'[t]->vBy/.data,
xB''[t]->aBx/.data,yB''[t]->aBy/.data};

(* Position of joint C *)
Print["Equations for C (xC[t], yC[t])"];
eqCI =(xC[t]-xB[t])^2+(yC[t]-yB[t])^2-BC^2  == 0;
Print[eqCI," (1)"];
eqCII= (xC[t]-xD)^2+(yC[t]-yD)^2-CD^2 == 0;
Print[eqCII," (2)"];
solutionC=Solve[{eqCI,eqCII},{xC[t],yC[t]}];
(* Two solutions for C *)
xC1 = xC[t]/.solutionC[[1]];
yC1 = yC[t]/.solutionC[[1]];
xC2 = xC[t]/.solutionC[[2]];
yC2 = yC[t]/.solutionC[[2]];

(* Select the correct position for C *)
If [(yC1/.data/.ruleB)<0,xc=xC1;yc=yC1,xc=xC2;yc=yC2];

Print["xC = ",xc/.data/.ruleB," m"];
Print["yC = ",yc/.data/.ruleB," m"];

ruleCp={xC[t]Øxc,yC[t]Øyc};

(*Velocity of joint C*)
Print["Equations for vC (xC'[t], yC'[t])"];
eqCIv=D[eqCI,t];
Print[eqCIv," (3)"];
eqCIIv=D[eqCII,t];
Print[eqCIIv," (4)"];

solutionCv = 
    Solve [ { (eqCIv/.ruleCp/.ruleB/.data ),(eqCIIv/.ruleCp/.ruleB/.data 
)} , 
    { xC'[t] , yC'[t] } ];
vCx = xC'[t] /. solutionCv[[1]];
vCy = yC'[t] /. solutionCv[[1]];
Print["vCx = xC'[t] = ",vCx," m/s"];
Print["vCy = yC'[t] = ",vCy," m/s"];

ruleCv={xC'[t]ØvCx,yC'[t]ØvCy};

(*Acceleration of joint C*)
Print["Equations for aC (xC''[t], yC''[t])"];
eqCIa=D[eqCIv,t];
Print[eqCIa," (5)"];
eqCIIa=D[eqCIIv,t];
Print[eqCIIa," (6)"];

solutionCa = 
Solve [ { (eqCIa/.ruleCv/.ruleCp/.ruleB/.data 
),(eqCIIa/.ruleCv/.ruleCp/.ruleB/.data )} , 
    { xC''[t] , yC''[t] } ];
aCx = xC''[t] /. solutionCa[[1]];
aCy = yC''[t] /. solutionCa[[1]];
Print["aCx = xC''[t] = ",aCx," m/s"];
Print["aCy = yC''[t] = ",aCy," m/s"];

ruleC={
xC[t]->xc/.data/.ruleB,yC[t]->yc/.data/.ruleB,
xC'[t]->vCx,yC'[t]->vCy,
xC''[t]->aCx,yC''[t]->aCy};

(* Angular velocity and acceleration of the link BC (link 2)*)
f2n = ArcTan[(yB[t]-yC[t])/(xB[t]-xC[t])] ;
fi2= f2n/.ruleC/.ruleB;
Print["f2 = ",f2n," = ", f2n/.ruleC/.ruleB , " rad = ",(f2n/.ruleC/.ruleB)*180/N[Pi]," 
deg" ];
eqf2=Sin[f2[t]](xB[t]-xC[t])==Cos[f2[t]](yB[t]-yC[t]);
Print["Equations for f2"];
Print[eqf2];
eqw2=D[eqf2,t];
Print["Equations for w2"];
Print[eqw2];
Print[eqw2/.ruleC/.ruleB/.f2[t]->fi2];
solutionw2 = 
Solve [eqw2/.ruleC/.ruleB/.f2[t]->fi2,f2'[t]];
w2 = f2'[t] /. solutionw2[[1]];
Print["w2 = ",w2," rad/s" ];

eqa2=D[eqw2,t];
Print["Equations for a2"];
Print[eqa2];
Print[eqa2/.ruleC/.ruleB/.f2[t]->fi2/.f2'[t]->w2];
solutiona2 = 
Solve [eqa2/.ruleC/.ruleB/.f2[t]->fi2/.f2'[t]->w2,f2''[t]];
a2 = f2''[t] /. solutiona2[[1]];
Print["a2 = ",a2," rad/s^2" ];

(* Angular velocity and acceleration of the link CD (link 3)*)
f3n = ArcTan[(yD-yC[t])/(xD-xC[t])] ;
fi3= f3n/.ruleC/.data;
Print["f3 = ",f3n," = ", fi3 , " rad = ",fi3*180/N[Pi]," deg" ];
eqf3=Sin[f3[t]](xD-xC[t])==Cos[f3[t]](yD-yC[t]);
Print["Equations for f3"];
Print[eqf3];
eqw3=D[eqf3,t];
Print["Equations for w3"];
Print[eqw3];
Print[eqw3/.ruleC/.data/.f3[t]->fi3];
solutionw3 = 
Solve [eqw3/.ruleC/.data/.f3[t]->fi3,f3'[t]];
w3 = f3'[t] /. solutionw3[[1]];
Print["w3 = ",w3," rad/s" ];

eqa3=D[eqw3,t];
Print["Equations for a3"];
Print[eqa3];
Print[eqa3/.ruleC/.data/.f3[t]->fi3/.f3'[t]->w3];
solutiona3 = 
Solve [eqa3/.ruleC/.data/.f3[t]->fi3/.f3'[t]->w3,f3''[t]];
a3 = f3''[t] /. solutiona3[[1]];
Print["a3 = ",a3," rad/s^2" ];

xB = AB Cos@f@tDD = 0.034641 m

yB = AB Sin@f@tDD = 0.02 m

vBx = -AB Sin@f@tDD f£@tD = -0.251327 mês
vBy = AB Cos@f@tDD f£@tD = 0.435312 mês
aBx = -AB Cos@f@tDD f£@tD2 - AB Sin@f@tDD f££@tD = -5.47029 mês^2
aBy = -AB Sin@f@tDD f£@tD2 + AB Cos@f@tDD f££@tD = -3.15827 mês^2
rB = 80.034641, 0.02, 0< m

w1 = 80, 0, 4 p< radês
a1 = 80, 0, 0< radês^2
vB = w1 x rB = 8-0.251327, 0.435312, 0.< mês
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aB = a1 x rB - w1^1 rB = 8-5.47029, -3.15827, 0.< mês^2
Equations for C HxC@tD, yC@tDL
-BC2 + H-xB@tD + xC@tDL2 + H-yB@tD + yC@tDL2 == 0 H1L
-CD2 + H-xD + xC@tDL2 + yC@tD2 == 0 H2L
xC = 0.103859 m

yC = -0.0375222 m

Equations for vC HxC'@tD, yC'@tDL
2 H-xB@tD + xC@tDL H-xB£@tD + xC£@tDL + 2 H-yB@tD + yC@tDL H-yB£@tD + yC£@tDL == 0 H3L
2 H-xD + xC@tDL xC£@tD + 2 yC@tD yC£@tD == 0 H4L
vCx = xC'@tD = -0.884619 mês
vCy = yC'@tD = -0.32675 mês
Equations for aC HxC''@tD, yC''@tDL
2 H-xB£@tD + xC£@tDL2 + 2 H-yB£@tD + yC£@tDL2 +

2 H-xB@tD + xC@tDL H-xB££@tD + xC££@tDL + 2 H-yB@tD + yC@tDL H-yB££@tD + yC££@tDL == 0 H5L
2 xC£@tD2 + 2 yC£@tD2 + 2 H-xD + xC@tDL xC££@tD + 2 yC@tD yC££@tD == 0 H6L
aCx = xC''@tD = 3.84741 mês
aCy = yC''@tD = 25.1222 mês
f2 = ArcTanA yB@tD - yC@tD

ÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅxB@tD - xC@tD E = -0.693374 rad = -39.7274 deg

Equations for f2

Sin@f2@tDD HxB@tD - xC@tDL == Cos@f2@tDD HyB@tD - yC@tDL
Equations for w2

Sin@f2@tDD HxB£@tD - xC£@tDL + Cos@f2@tDD HxB@tD - xC@tDL f2£@tD ==
Cos@f2@tDD HyB£@tD - yC£@tDL - Sin@f2@tDD HyB@tD - yC@tDL f2£@tD

-0.404759 - 0.0532355 f2£@tD == 0.586097 + 0.0367645 f2£@tD
w2 = -11.0095 radês
Equations for a2

2 Cos@f2@tDD HxB£@tD - xC£@tDL f2£@tD - Sin@f2@tDD HxB@tD - xC@tDL f2£@tD2 +
Sin@f2@tDD HxB££@tD - xC££@tDL + Cos@f2@tDD HxB@tD - xC@tDL f2££@tD ==

-2 Sin@f2@tDD HyB£@tD - yC£@tDL f2£@tD - Cos@f2@tDD HyB@tD - yC@tDL f2£@tD2 +
Cos@f2@tDD HyB££@tD - yC££@tDL - Sin@f2@tDD HyB@tD - yC@tDL f2££@tD

-10.1316 - 0.0532355 f2££@tD == -37.8372 + 0.0367645 f2££@tD
a2 = 307.84 radês^2
f3 = -ArcTanA yC@tD

ÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅxD - xC@tD E = -1.21697 rad = -69.7274 deg

Equations for f3
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Sin@f3@tDD HxD - xC@tDL == -Cos@f3@tDD yC@tD
Equations for w3

-Sin@f3@tDD xC£@tD + Cos@f3@tDD HxD - xC@tDL f3£@tD == -Cos@f3@tDD yC£@tD + Sin@f3@tDD yC@tD f3£@tD
-0.829821 - 0.00480214 f3£@tD == 0.113215+ 0.0351979 f3£@tD
w3 = -23.5759 radês
Equations for a3

-2 Cos@f3@tDD xC£@tD f3£@tD - Sin@f3@tDD HxD - xC@tDL f3£@tD2 -
Sin@f3@tDD xC££@tD + Cos@f3@tDD HxD - xC@tDL f3££@tD ==

2 Sin@f3@tDD yC£@tD f3£@tD + Cos@f3@tDD yC@tD f3£@tD2 - Cos@f3@tDD yC££@tD + Sin@f3@tDD yC@tD f3££@tD
-18.0696 - 0.00480214 f3££@tD == -30.3832 + 0.0351979 f3££@tD
a3 = 307.84 radês^2
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(*Problem I.4.2*)
Apply[Clear,Names["Global`*"]];
Off[General::spell];
Off[General::spell1];

(* Input data *)
w = 10.;(*rad/s*)
a = D[ w, t ];(*rad/s^2*)
data={a->.055, f[t]-> p/4, f'[t]->w, f''[t]->a};

yB = a;
xB = yB/Tan[f[t]];

Print["xB = ",xB," = ",xB/.data," m "];
Print["yB = ",yB," = ",yB/.data," m "];

(* Linear velocity of joint B *)
vBx = D[xB,t];
vBy = D[yB,t];
Print["vB2x = vB3x =  ", vBx ," = ", vBx/.data, " m/s" ];
Print["vB2y = vB3y = ", vBy ," = ", vBy/.data, " m/s" ];
vB={vBx,vBy,0};
Print["vB = vB2 = vB3 = ", vB/.data, " m/s" ];

(* Linear acceleration of joint B *)
aBx = D[vBx,t];
aBy = D[vBy,t];
Print["aB2x = aB3x = ", aBx ," = ", aBx/.data, " m/s^2" ];
Print["aB2y = aB3y = ", aBy ," = ", aBy/.data, " m/s^2" ];
aB={aBx,aBy,0};
Print["aB = aB2 = aB3 = ", aB/.data, " m/s" ];

rB={xB/.data,yB/.data,0};
Print["rB = ", rB, " m" ];
w1={0,0,f'[t]/.data};
a1={0,0,f''[t]/.data};
Print["w1 = ", w1, " rad/s" ];
Print["a1 = ", a1, " rad/s^2" ];
vB1=Cross[w1,rB];
Print["vB1 = w1 x rB = ",vB1, " m/s" ];
aB1=Cross[a1,rB]-w1.w1 rB;
Print["aB1 = a1 x rB - w1^1 rB = ", aB1, " m/s^2" ];

vB2={vB2x,0,0};
Print["vB2 = ",vB2];
v21={(vB21 Cos[f[t]])/.data,(vB21 Sin[f[t]])/.data,0};
Print["vB21 = {vB21 Cos[f],vB21 Sin[f],0} = ",v21];
Print["vB2 = vB1 + vB21 => vB2x, vB21"];
eqv=vB2-vB1-v21;
solutionV=Solve[{eqv[[1]]==0,eqv[[2]]==0},{vB2x,vB21}];
VB2x = vB2x/.solutionV[[1]];
VB21 = vB21/.solutionV[[1]];
Print["vB2x = ",VB2x, " m/s" ];
Print["vB21 = ",VB21, " m/s" ];

V21={(VB21 Cos[f[t]])/.data,(VB21 Sin[f[t]])/.data,0};
aB21cor=2 Cross[w1,V21];
Print["aB21cor = 2 w1 x vB21 = ",aB21cor," m/s^2" ];
aB2={aB2x,0,0};
Print["aB2 = ",aB2];
a21={(aB21 Cos[f[t]])/.data,(aB21 Sin[f[t]])/.data,0};
Print["aB21 = {aB21 Cos[f],aB21 Sin[f],0} = ",a21];
Print["aB2 = aB1 + aB21 + aB21cor => aB2x, aB21"];
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eqa=aB2-aB1-a21-aB21cor;
solutiona=Solve[{eqa[[1]]==0,eqa[[2]]==0},{aB2x,aB21}];
AB2x = aB2x/.solutiona[[1]];
AB21 = aB21/.solutiona[[1]];
Print["aB2x = ",AB2x, " m/s^2" ];
Print["aB21 = ",AB21, " m/s^2" ];

xB = a Cot@f@tDD = 0.055 m

yB = a = 0.055 m

vB2x = vB3x = -a Csc@f@tDD2 f£@tD = -1.1 mês

vB2y = vB3y = 0 = 0 mês

vB = vB2 = vB3 = 8-1.1, 0, 0< mês

aB2x = aB3x = 2 a Cot@f@tDD Csc@f@tDD2 f£@tD2 - a Csc@f@tDD2 f££@tD = 22. mês^2

aB2y = aB3y = 0 = 0 mês^2

aB = aB2 = aB3 = 822., 0, 0< mês

rB = 80.055, 0.055, 0< m

w1 = 80, 0, 10.< radês

a1 = 80, 0, 0< radês^2

vB1 = w1 x rB = 8-0.55, 0.55, 0.< mês

aB1 = a1 x rB - w1^1 rB = 8-5.5, -5.5, 0.< mês^2

vB2 = 8vB2x, 0, 0<

vB21 = 8vB21 Cos@fD,vB21 Sin@fD,0< = 9 vB21
ÅÅÅÅÅÅÅÅÅÅÅÅÅè!!!!

2
,

vB21
ÅÅÅÅÅÅÅÅÅÅÅÅÅè!!!!

2
, 0=

vB2 = vB1 + vB21 => vB2x, vB21

vB2x = -1.1 mês

vB21 = -0.777817 mês

aB21cor = 2 w1 x vB21 = 811., -11., 0.< mês^2

aB2 = 8aB2x, 0, 0<

aB21 = 8aB21 Cos@fD,aB21 Sin@fD,0< = 9 aB21
ÅÅÅÅÅÅÅÅÅÅÅÅÅè!!!!2

,
aB21
ÅÅÅÅÅÅÅÅÅÅÅÅÅè!!!!2

, 0=

aB2 = aB1 + aB21 + aB21cor => aB2x, aB21

aB2x = 22. mês^2

aB21 = 23.3345 mês^2
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(*Problem I.4.3*)
Apply[Clear,Names["Global`*"]];
Off[General::spell];
Off[General::spell1];

(* Input data *) 
n = 60; (* rpm *)
omega = n Pi/30. ; (* rad/s *)

rule = {AB->0.1, BC->0.2, 
phi[t]->Pi/4, phi'[t]->omega, phi''[t]->0} 

(* Position analysis *)

(* Position of joint A *)
xA = yA = 0 ;
rA = { xA, yA, 0} ;

(* Position, velocity and acceleration of joint B *)
xB = AB Cos[phi[t]] ;
yB = AB Sin[phi[t]] ;
rB = { xB, yB, 0} ;
vB = D[rB,t] ;
aB = D[D[rB,t],t] ;

(* Angular velocity and acceleration of the link 1 *)
omega1 = {0, 0, omega} ;
alpha1 = {0, 0, phi''[t]} ;

(* Angular velocity and acceleration of the link 2 and 3 *)

yC=0;
xC=xB+Sqrt[BC^2-(yC-yB)^2];

(* Position of joint C *)
rC = { xC, yC, 0} ;

mBC = ( yB - yC ) / ( xB - xC ) ;
phi2 = ArcTan[mBC];
omega2 = {0, 0, D[phi2,t]};
alpha2 = {0, 0, D[D[phi2,t],t]};
phi3=0;
alpha3={0,0,0};

rC1 = rB/2 ;
vC1 = vB/2 ;
aC1 = aB/2 ;

rC2 = (rB+rC)/2;
vC2 = D[rC2,t];
aC2 = D[vC2,t];

rC3 = rC;
vC3 = D[rC3,t];
aC3 = D[vC3,t] ;

pxB=xB/.rule;
pyB=yB/.rule;
pxC=xC/.rule;
pyC=yC/.rule;

Print["AC1 = rC1 = ",rC1/.rule,"[m]; AB =  rB = ",rB/.rule,"[m]"];
Print["AC2 = rC2 = ",rC2/.rule,"[m]; AC3 = AC =  rC = ",rC3/.rule,"[m]"];

Print["vB = ",vB/.rule,"[m/s];   omega1=",omega1/.rule,"[rad/s]"];
Print["vC = ",vC3/.rule,"[m/s];   omega2=",omega2/.rule,"[rad/s]"];

Print["aB = ",aB/.rule,"[m/s^2]"];

Print["aC1 = ",aC1/.rule,"[m/s^2];   alpha1 = ",alpha1/.rule,"[rad/s^2]"];
Print["aC2 = ",aC2/.rule,"[m/s^2];   alpha2 = ",alpha2/.rule,"[rad/s^2]"];
Print["aC3 = aC = ",aC3/.rule,"[m/s^2];   alpha3 = ",alpha3/.rule,"[rad/s^2]"];

markers=
Table[{Point[{0,0}],Point[{pxB,pyB}],Point[{pxC,pyC}]}];

name=
Table[{Text["A",{0,0},{1,1}],Text["B",{pxB,pyB},{-.5,-1.5}],
        Text["C",{pxC,pyC},{1,1}]}];
        
graph[increment]=
    Graphics[{{RGBColor[1,0,0],Line[{{0,0},{pxB,pyB}}]},
    {RGBColor[0,0,0],Line[{{pxB,pyB},{pxC,pyC}}]},
    {RGBColor[0,0,1],PointSize[0.02],
    markers},{name}}];
    
Show[Graphics[graph[increment]],Frame->True,
    PlotRange->{{-.05,.3},{-.05,.1}},AxesOrigin->{0,0},
    FrameLabel->{"x","y"},Axes->{True,True},
    AspectRatio->Automatic];
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(*Problem I.4.3*)
Apply[Clear,Names["Global`*"]];
Off[General::spell];
Off[General::spell1];

(* Input data *) 
n = 60; (* rpm *)
omega = n Pi/30. ; (* rad/s *)

rule = {AB->0.1, BC->0.2, 
phi[t]->Pi/4, phi'[t]->omega, phi''[t]->0} 

(* Position analysis *)

(* Position of joint A *)
xA = yA = 0 ;
rA = { xA, yA, 0} ;

(* Position, velocity and acceleration of joint B *)
xB = AB Cos[phi[t]] ;
yB = AB Sin[phi[t]] ;
rB = { xB, yB, 0} ;
vB = D[rB,t] ;
aB = D[D[rB,t],t] ;

(* Angular velocity and acceleration of the link 1 *)
omega1 = {0, 0, omega} ;
alpha1 = {0, 0, phi''[t]} ;

(* Angular velocity and acceleration of the link 2 and 3 *)

yC=0;
xC=xB+Sqrt[BC^2-(yC-yB)^2];

(* Position of joint C *)
rC = { xC, yC, 0} ;

mBC = ( yB - yC ) / ( xB - xC ) ;
phi2 = ArcTan[mBC];
omega2 = {0, 0, D[phi2,t]};
alpha2 = {0, 0, D[D[phi2,t],t]};
phi3=0;
alpha3={0,0,0};

rC1 = rB/2 ;
vC1 = vB/2 ;
aC1 = aB/2 ;

rC2 = (rB+rC)/2;
vC2 = D[rC2,t];
aC2 = D[vC2,t];

rC3 = rC;
vC3 = D[rC3,t];
aC3 = D[vC3,t] ;

pxB=xB/.rule;
pyB=yB/.rule;
pxC=xC/.rule;
pyC=yC/.rule;

Print["AC1 = rC1 = ",rC1/.rule,"[m]; AB =  rB = ",rB/.rule,"[m]"];
Print["AC2 = rC2 = ",rC2/.rule,"[m]; AC3 = AC =  rC = ",rC3/.rule,"[m]"];

Print["vB = ",vB/.rule,"[m/s];   omega1=",omega1/.rule,"[rad/s]"];
Print["vC = ",vC3/.rule,"[m/s];   omega2=",omega2/.rule,"[rad/s]"];

Print["aB = ",aB/.rule,"[m/s^2]"];

Print["aC1 = ",aC1/.rule,"[m/s^2];   alpha1 = ",alpha1/.rule,"[rad/s^2]"];
Print["aC2 = ",aC2/.rule,"[m/s^2];   alpha2 = ",alpha2/.rule,"[rad/s^2]"];
Print["aC3 = aC = ",aC3/.rule,"[m/s^2];   alpha3 = ",alpha3/.rule,"[rad/s^2]"];

markers=
Table[{Point[{0,0}],Point[{pxB,pyB}],Point[{pxC,pyC}]}];

name=
Table[{Text["A",{0,0},{1,1}],Text["B",{pxB,pyB},{-.5,-1.5}],
        Text["C",{pxC,pyC},{1,1}]}];
        
graph[increment]=
    Graphics[{{RGBColor[1,0,0],Line[{{0,0},{pxB,pyB}}]},
    {RGBColor[0,0,0],Line[{{pxB,pyB},{pxC,pyC}}]},
    {RGBColor[0,0,1],PointSize[0.02],
    markers},{name}}];
    
Show[Graphics[graph[increment]],Frame->True,
    PlotRange->{{-.05,.3},{-.05,.1}},AxesOrigin->{0,0},
    FrameLabel->{"x","y"},Axes->{True,True},
    AspectRatio->Automatic];

9AB Ø 0.1, BC Ø 0.2, phi@tD Ø
p
ÅÅÅÅ4 , phi£@tD Ø 6.28319, phi££@tD Ø 0=

AC1 = rC1 = 80.0353553, 0.0353553, 0<@mD; AB = rB = 80.0707107, 0.0707107, 0<@mD
AC2 = rC2 = 80.164252, 0.0353553, 0<@mD; AC3 = AC = rC = 80.257794, 0, 0<@mD
vB = 8-0.444288, 0.444288, 0<@mêsD; omega1=80, 0, 6.28319<@radêsD
vC = 8-0.612213, 0, 0<@mêsD; omega2=80, 0, -2.37482<@radêsD
aB = 8-2.79155, -2.79155, 0<@mês^2D
aC1 = 8-1.39577, -1.39577, 0<@mês^2D; alpha1 = 80, 0, 0<@radês^2D
aC2 = 8-2.86691, -1.39577, 0<@mês^2D; alpha2 = 80, 0, 12.7898<@radês^2D
aC3 = aC = 8-2.94227, 0, 0<@mês^2D; alpha3 = 80, 0, 0<@radês^2D
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(*Problem I.4.4 - solution I*)
Apply[Clear,Names["Global`*"]];
Off[General::spell];
Off[General::spell1];

 
(* Input data *)
AB = 0.15 ; (* m *) 
BC = 0.40 ; (* m *)
CD = 0.37 ; (* m *)
Lc = CD ;
CE = 0.23 ; (* m *) 
EF = CE ;
La = 0.30 ; (* m *) 
Lb = 0.45 ; (* m *)
   
n = 60.;            (*rpm*)
omega = n*N[Pi]/30 ; (* rad/s *)

initdata = {f[t]->Pi/6, f'[t]->omega, f''[t]->0};

(* Position of joint A *)
xA = yA = 0;

(* Position of joint D *)
xD = La ; 
yD = Lb ;

xF = - Lc ;

(* Position of joint B *)
XB = AB Cos[f[t]] ;
YB = AB Sin[f[t]] ;
xBs=XB/.initdata;
yBs=YB/.initdata;
Print["xB[t] = ", XB," = ", xBs, " m" ];
Print["yB[t] = ", YB," = ", yBs, " m" ];

(* Linear velocity of joint B *)
vBx = D[XB,t];
vBy = D[YB,t];
vBxs = vBx/.initdata;
vBys = vBy/.initdata;
Print["vBx = ", vBx ," = ", vBxs, " m/s" ];
Print["vBy = ", vBy ," = ", vBys, " m/s" ];

(* Linear acceleration of joint B *)
aBx = D[vBx,t];
aBy = D[vBy,t];
aBxs = aBx/.initdata;
aBys = aBy/.initdata;
Print["aBx = ", aBx ," = ", aBxs, " m/s^2" ];
Print["aBy = ", aBy ," = ", aBys, " m/s^2" ];

ruleB={xB[t]->xBs,yB[t]->yBs,
       xB'[t]->vBxs,yB'[t]->vBys,
       xB''[t]ØaBxs,yB''[t]ØaBys};

Print["--------------------------------"];

(* Position of joint C *)
eqnC1 = ( xC[t]- xB[t] )^2 + ( yC[t] - yB[t] )^2 - BC^2 == 0 ;
eqnC2 = ( xC[t]- xD )^2 + ( yC[t] - yD )^2 - CD^2 == 0 ;

solutionC = Solve [ { eqnC1/.ruleB, eqnC2/.ruleB } , {xC[t] , yC[t]} ];
(* Two solutions for C *)
xC1 = xC[t] /. solutionC[[1]];
yC1 = yC[t] /. solutionC[[1]];
xC2 = xC[t] /. solutionC[[2]];
yC2 = yC[t] /. solutionC[[2]];
If [ xC1 <= xD , xCs = xC1 ; yCs = yC1 , xCs = xC2 ; yCs=yC2 ] ;
Print["xC = ",xCs," m"];
Print["yC = ",yCs," m"];

(* Velocity of joint C *)
PC={xC[t]ØxCs,yC[t]ØyCs};
eqnC1V = D[eqnC1,t] ;
eqnC2V = D[eqnC2,t] ;
solutionCV = 
    Solve [ { (eqnC1V/.ruleB/.PC ),( eqnC2V/.ruleB/.PC )} , {xC'[t] , yC'[t]} ];
vCxs = xC'[t] /. solutionCV[[1]];
vCys = yC'[t] /. solutionCV[[1]];
Print["vCx = ",vCxs," m/s"];
Print["vCy = ",vCys," m/s"];

(* Acceleration of joint C *)
PVC={xC[t]ØxCs,yC[t]ØyCs,xC'[t]ØvCxs,yC'[t]ØvCys};
eqnC1A = D[eqnC1V,t] ;
eqnC2A = D[eqnC2V,t] ;
solutionCA = 
    Solve [ { (eqnC1A/.ruleB/.PVC ),( eqnC2A/.ruleB/.PVC )} , {xC''[t] , yC''[t]} ];
aCxs = xC''[t] /. solutionCA[[1]];
aCys = yC''[t] /. solutionCA[[1]];
Print["aCx = ",aCxs," m/s^2"];
Print["aCy = ",aCys," m/s^2"];
ruleC={xC[t]ØxCs,yC[t]ØyCs,xC'[t]ØvCxs,yC'[t]ØvCys,
      xC''[t]ØaCxs,yC''[t]ØaCys};

Print["--------------------------------"];
      
(* Position of joint E *)
eqnE1 = ( xE[t]- xC[t] )^2 + ( yE[t] - yC[t] )^2 - CE^2 == 0 ;
eqnE2 = ( yE[t] - yD ) / ( xE[t]- xD ) == ( yC[t] - yD ) / ( xC[t] - xD );
solutionE = 
    Solve [ { eqnE1/.ruleB/.ruleC, eqnE2/.ruleB/.ruleC } , {xE[t] , yE[t]} ];
(* Two solutions for E *)
xE1 = xE[t] /. solutionE[[1]];
yE1 = yE[t] /. solutionE[[1]];
xE2 = xE[t] /. solutionE[[2]];
yE2 = yE[t] /. solutionE[[2]];
If [ xE1 <= (xC[t] /.ruleC) , xEs = xE1 ; yEs = yE1 , xEs = xE2 ; yEs=yE2 ] ;
Print["xE = ",xEs," m"];
Print["yE = ",yEs," m"];

(* Velocity of joint E *)
PE={xE[t]ØxEs,yE[t]ØyEs};
eqnE1V = D[eqnE1,t] ;
eqnE2V = D[eqnE2,t] ;
solutionEV = 
        Solve [ { (eqnE1V/.ruleC/.PE ),( eqnE2V/.ruleC/.PE )} , {xE'[t] , yE'[t]} ];
vExs = xE'[t] /. solutionEV[[1]];
vEys = yE'[t] /. solutionEV[[1]];
Print["vEx = ",vExs," m/s"];
Print["vEy = ",vEys," m/s"];

(* Acceleration of joint E *)
PVE={xE[t]ØxEs,yE[t]ØyEs,xE'[t]ØvExs,yE'[t]ØvEys};
eqnE1A = D[eqnE1V,t] ;
eqnE2A = D[eqnE2V,t] ;
solutionEA = 
        Solve [ { (eqnE1A/.ruleC/.PVE ),( eqnE2A/.ruleC/.PVE )} , {xE''[t] , yE''[t]} 
];
aExs = xE''[t] /. solutionEA[[1]];
aEys = yE''[t] /. solutionEA[[1]];
Print["aEx = ",aExs," m/s^2"];
Print["aEy = ",aEys," m/s^2"];
ruleE={xE[t]ØxEs,yE[t]ØyEs,xE'[t]ØvExs,yE'[t]ØvEys,
            xE''[t]ØaExs,yE''[t]ØaEys};
            
Print["--------------------------------"];
            
(* Position of joint F *)
eqnF = ( xF- xE[t] )^2 + ( yF[t] - yE[t] )^2 - EF^2 == 0; 
solutionF = Solve [  eqnF/.ruleE,  yF[t] ];
(* Two solutions for F *)
yF1 = yF[t] /. solutionF[[1]];
yF2 = yF[t] /. solutionF[[2]];
If [ yF1 <= (yE[t] /.ruleE) , yFs = yF1 ,  yFs=yF2 ] ;
Print["xF = ",xF," m"];
Print["yF = ",yFs," m"];

(* Velocity of joint F *)
PF={yF[t]ØyFs};
eqnFV=D[eqnF,t];
solutionFV=Solve[(eqnFV/.ruleE/.PF),yF'[t]];
vFys=yF'[t]/.solutionFV[[1]];
Print["vFx = ",O," m/s"];
Print["vFy = ",vFys," m/s"];

(* Acceleration of joint F *)
PVF={yF[t]ØyFs,yF'[t]ØvFys};
eqnFA=D[eqnFV,t];
solutionFA=Solve[{(eqnFA/.ruleE/.PVF)},{yF''[t]}];
aFys=yF''[t]/.solutionFA[[1]];
Print["aFx = ",0," m/s^2"];
Print["aFy = ",aFys," m/s^2"];
ruleF={yF[t]ØyFs,yF'[t]ØvFys,yF''[t]ØaFys};

Print["--------------------------------"];

(* Angular velocity and acceleration of the link BC (link 2)*)
f2 = ArcTan[ (yB[t]-yC[t])/(xB[t]-xC[t]) ] ;
w2 = D[ f2 , t ] ;
a2 = D[ w2, t ] ;
Print["f2 = ", (f2/.ruleB/.ruleC) , " rad = ",(f2/.ruleB/.ruleC)*180/N[Pi]," deg" ];
Print["w2 = ", w2/.ruleB/.ruleC , " rad/s" ];
Print["a2 = ", a2/.ruleB/.ruleC , " rad/s^2" ];

Print["--------------------------------"];

(* Angular velocity and acceleration of the link ECD (link 3)*)
f3 = ArcTan[ (yD-yC[t])/(xD-xC[t]) ] ;
w3 = D[ f3 , t ] ;
a3 = D[ w3, t ] ;
Print["f3 = ", (f3/.ruleC) , " rad = ",(f3/.ruleC)*180/N[Pi]," deg" ];
Print["w3 = ", w3/.ruleC , " rad/s" ];
Print["a3 = ", a3/.ruleC , " rad/s^2" ];

Print["--------------------------------"];

(* Angular velocity and acceleration of the link EF (link 4)*)
f4 = ArcTan[ (yE[t]-yF[t])/(xE[t]-xF) ] ;
w4 = D[ f4 , t ] ;
a4 = D[ w4, t ] ;
Print["f4 = ", (f4/.ruleE/.ruleF) , " rad = ",(f4/.ruleE/.ruleF)*180/N[Pi]," deg" ];
Print["w4 = ", w4/.ruleE/.ruleF , " rad/s" ];
Print["a4 = ", a4/.ruleE/.ruleF , " rad/s^2" ];
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(*Problem I.4.4 - solution I*)
Apply[Clear,Names["Global`*"]];
Off[General::spell];
Off[General::spell1];

 
(* Input data *)
AB = 0.15 ; (* m *) 
BC = 0.40 ; (* m *)
CD = 0.37 ; (* m *)
Lc = CD ;
CE = 0.23 ; (* m *) 
EF = CE ;
La = 0.30 ; (* m *) 
Lb = 0.45 ; (* m *)
   
n = 60.;            (*rpm*)
omega = n*N[Pi]/30 ; (* rad/s *)

initdata = {f[t]->Pi/6, f'[t]->omega, f''[t]->0};

(* Position of joint A *)
xA = yA = 0;

(* Position of joint D *)
xD = La ; 
yD = Lb ;

xF = - Lc ;

(* Position of joint B *)
XB = AB Cos[f[t]] ;
YB = AB Sin[f[t]] ;
xBs=XB/.initdata;
yBs=YB/.initdata;
Print["xB[t] = ", XB," = ", xBs, " m" ];
Print["yB[t] = ", YB," = ", yBs, " m" ];

(* Linear velocity of joint B *)
vBx = D[XB,t];
vBy = D[YB,t];
vBxs = vBx/.initdata;
vBys = vBy/.initdata;
Print["vBx = ", vBx ," = ", vBxs, " m/s" ];
Print["vBy = ", vBy ," = ", vBys, " m/s" ];

(* Linear acceleration of joint B *)
aBx = D[vBx,t];
aBy = D[vBy,t];
aBxs = aBx/.initdata;
aBys = aBy/.initdata;
Print["aBx = ", aBx ," = ", aBxs, " m/s^2" ];
Print["aBy = ", aBy ," = ", aBys, " m/s^2" ];

ruleB={xB[t]->xBs,yB[t]->yBs,
       xB'[t]->vBxs,yB'[t]->vBys,
       xB''[t]ØaBxs,yB''[t]ØaBys};

Print["--------------------------------"];

(* Position of joint C *)
eqnC1 = ( xC[t]- xB[t] )^2 + ( yC[t] - yB[t] )^2 - BC^2 == 0 ;
eqnC2 = ( xC[t]- xD )^2 + ( yC[t] - yD )^2 - CD^2 == 0 ;

solutionC = Solve [ { eqnC1/.ruleB, eqnC2/.ruleB } , {xC[t] , yC[t]} ];
(* Two solutions for C *)
xC1 = xC[t] /. solutionC[[1]];
yC1 = yC[t] /. solutionC[[1]];
xC2 = xC[t] /. solutionC[[2]];
yC2 = yC[t] /. solutionC[[2]];
If [ xC1 <= xD , xCs = xC1 ; yCs = yC1 , xCs = xC2 ; yCs=yC2 ] ;
Print["xC = ",xCs," m"];
Print["yC = ",yCs," m"];

(* Velocity of joint C *)
PC={xC[t]ØxCs,yC[t]ØyCs};
eqnC1V = D[eqnC1,t] ;
eqnC2V = D[eqnC2,t] ;
solutionCV = 
    Solve [ { (eqnC1V/.ruleB/.PC ),( eqnC2V/.ruleB/.PC )} , {xC'[t] , yC'[t]} ];
vCxs = xC'[t] /. solutionCV[[1]];
vCys = yC'[t] /. solutionCV[[1]];
Print["vCx = ",vCxs," m/s"];
Print["vCy = ",vCys," m/s"];

(* Acceleration of joint C *)
PVC={xC[t]ØxCs,yC[t]ØyCs,xC'[t]ØvCxs,yC'[t]ØvCys};
eqnC1A = D[eqnC1V,t] ;
eqnC2A = D[eqnC2V,t] ;
solutionCA = 
    Solve [ { (eqnC1A/.ruleB/.PVC ),( eqnC2A/.ruleB/.PVC )} , {xC''[t] , yC''[t]} ];
aCxs = xC''[t] /. solutionCA[[1]];
aCys = yC''[t] /. solutionCA[[1]];
Print["aCx = ",aCxs," m/s^2"];
Print["aCy = ",aCys," m/s^2"];
ruleC={xC[t]ØxCs,yC[t]ØyCs,xC'[t]ØvCxs,yC'[t]ØvCys,
      xC''[t]ØaCxs,yC''[t]ØaCys};

Print["--------------------------------"];
      
(* Position of joint E *)
eqnE1 = ( xE[t]- xC[t] )^2 + ( yE[t] - yC[t] )^2 - CE^2 == 0 ;
eqnE2 = ( yE[t] - yD ) / ( xE[t]- xD ) == ( yC[t] - yD ) / ( xC[t] - xD );
solutionE = 
    Solve [ { eqnE1/.ruleB/.ruleC, eqnE2/.ruleB/.ruleC } , {xE[t] , yE[t]} ];
(* Two solutions for E *)
xE1 = xE[t] /. solutionE[[1]];
yE1 = yE[t] /. solutionE[[1]];
xE2 = xE[t] /. solutionE[[2]];
yE2 = yE[t] /. solutionE[[2]];
If [ xE1 <= (xC[t] /.ruleC) , xEs = xE1 ; yEs = yE1 , xEs = xE2 ; yEs=yE2 ] ;
Print["xE = ",xEs," m"];
Print["yE = ",yEs," m"];

(* Velocity of joint E *)
PE={xE[t]ØxEs,yE[t]ØyEs};
eqnE1V = D[eqnE1,t] ;
eqnE2V = D[eqnE2,t] ;
solutionEV = 
        Solve [ { (eqnE1V/.ruleC/.PE ),( eqnE2V/.ruleC/.PE )} , {xE'[t] , yE'[t]} ];
vExs = xE'[t] /. solutionEV[[1]];
vEys = yE'[t] /. solutionEV[[1]];
Print["vEx = ",vExs," m/s"];
Print["vEy = ",vEys," m/s"];

(* Acceleration of joint E *)
PVE={xE[t]ØxEs,yE[t]ØyEs,xE'[t]ØvExs,yE'[t]ØvEys};
eqnE1A = D[eqnE1V,t] ;
eqnE2A = D[eqnE2V,t] ;
solutionEA = 
        Solve [ { (eqnE1A/.ruleC/.PVE ),( eqnE2A/.ruleC/.PVE )} , {xE''[t] , yE''[t]} 
];
aExs = xE''[t] /. solutionEA[[1]];
aEys = yE''[t] /. solutionEA[[1]];
Print["aEx = ",aExs," m/s^2"];
Print["aEy = ",aEys," m/s^2"];
ruleE={xE[t]ØxEs,yE[t]ØyEs,xE'[t]ØvExs,yE'[t]ØvEys,
            xE''[t]ØaExs,yE''[t]ØaEys};
            
Print["--------------------------------"];
            
(* Position of joint F *)
eqnF = ( xF- xE[t] )^2 + ( yF[t] - yE[t] )^2 - EF^2 == 0; 
solutionF = Solve [  eqnF/.ruleE,  yF[t] ];
(* Two solutions for F *)
yF1 = yF[t] /. solutionF[[1]];
yF2 = yF[t] /. solutionF[[2]];
If [ yF1 <= (yE[t] /.ruleE) , yFs = yF1 ,  yFs=yF2 ] ;
Print["xF = ",xF," m"];
Print["yF = ",yFs," m"];

(* Velocity of joint F *)
PF={yF[t]ØyFs};
eqnFV=D[eqnF,t];
solutionFV=Solve[(eqnFV/.ruleE/.PF),yF'[t]];
vFys=yF'[t]/.solutionFV[[1]];
Print["vFx = ",O," m/s"];
Print["vFy = ",vFys," m/s"];

(* Acceleration of joint F *)
PVF={yF[t]ØyFs,yF'[t]ØvFys};
eqnFA=D[eqnFV,t];
solutionFA=Solve[{(eqnFA/.ruleE/.PVF)},{yF''[t]}];
aFys=yF''[t]/.solutionFA[[1]];
Print["aFx = ",0," m/s^2"];
Print["aFy = ",aFys," m/s^2"];
ruleF={yF[t]ØyFs,yF'[t]ØvFys,yF''[t]ØaFys};

Print["--------------------------------"];

(* Angular velocity and acceleration of the link BC (link 2)*)
f2 = ArcTan[ (yB[t]-yC[t])/(xB[t]-xC[t]) ] ;
w2 = D[ f2 , t ] ;
a2 = D[ w2, t ] ;
Print["f2 = ", (f2/.ruleB/.ruleC) , " rad = ",(f2/.ruleB/.ruleC)*180/N[Pi]," deg" ];
Print["w2 = ", w2/.ruleB/.ruleC , " rad/s" ];
Print["a2 = ", a2/.ruleB/.ruleC , " rad/s^2" ];

Print["--------------------------------"];

(* Angular velocity and acceleration of the link ECD (link 3)*)
f3 = ArcTan[ (yD-yC[t])/(xD-xC[t]) ] ;
w3 = D[ f3 , t ] ;
a3 = D[ w3, t ] ;
Print["f3 = ", (f3/.ruleC) , " rad = ",(f3/.ruleC)*180/N[Pi]," deg" ];
Print["w3 = ", w3/.ruleC , " rad/s" ];
Print["a3 = ", a3/.ruleC , " rad/s^2" ];

Print["--------------------------------"];

(* Angular velocity and acceleration of the link EF (link 4)*)
f4 = ArcTan[ (yE[t]-yF[t])/(xE[t]-xF) ] ;
w4 = D[ f4 , t ] ;
a4 = D[ w4, t ] ;
Print["f4 = ", (f4/.ruleE/.ruleF) , " rad = ",(f4/.ruleE/.ruleF)*180/N[Pi]," deg" ];
Print["w4 = ", w4/.ruleE/.ruleF , " rad/s" ];
Print["a4 = ", a4/.ruleE/.ruleF , " rad/s^2" ];
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(*Problem I.4.4 - solution I*)
Apply[Clear,Names["Global`*"]];
Off[General::spell];
Off[General::spell1];

 
(* Input data *)
AB = 0.15 ; (* m *) 
BC = 0.40 ; (* m *)
CD = 0.37 ; (* m *)
Lc = CD ;
CE = 0.23 ; (* m *) 
EF = CE ;
La = 0.30 ; (* m *) 
Lb = 0.45 ; (* m *)
   
n = 60.;            (*rpm*)
omega = n*N[Pi]/30 ; (* rad/s *)

initdata = {f[t]->Pi/6, f'[t]->omega, f''[t]->0};

(* Position of joint A *)
xA = yA = 0;

(* Position of joint D *)
xD = La ; 
yD = Lb ;

xF = - Lc ;

(* Position of joint B *)
XB = AB Cos[f[t]] ;
YB = AB Sin[f[t]] ;
xBs=XB/.initdata;
yBs=YB/.initdata;
Print["xB[t] = ", XB," = ", xBs, " m" ];
Print["yB[t] = ", YB," = ", yBs, " m" ];

(* Linear velocity of joint B *)
vBx = D[XB,t];
vBy = D[YB,t];
vBxs = vBx/.initdata;
vBys = vBy/.initdata;
Print["vBx = ", vBx ," = ", vBxs, " m/s" ];
Print["vBy = ", vBy ," = ", vBys, " m/s" ];

(* Linear acceleration of joint B *)
aBx = D[vBx,t];
aBy = D[vBy,t];
aBxs = aBx/.initdata;
aBys = aBy/.initdata;
Print["aBx = ", aBx ," = ", aBxs, " m/s^2" ];
Print["aBy = ", aBy ," = ", aBys, " m/s^2" ];

ruleB={xB[t]->xBs,yB[t]->yBs,
       xB'[t]->vBxs,yB'[t]->vBys,
       xB''[t]ØaBxs,yB''[t]ØaBys};

Print["--------------------------------"];

(* Position of joint C *)
eqnC1 = ( xC[t]- xB[t] )^2 + ( yC[t] - yB[t] )^2 - BC^2 == 0 ;
eqnC2 = ( xC[t]- xD )^2 + ( yC[t] - yD )^2 - CD^2 == 0 ;

solutionC = Solve [ { eqnC1/.ruleB, eqnC2/.ruleB } , {xC[t] , yC[t]} ];
(* Two solutions for C *)
xC1 = xC[t] /. solutionC[[1]];
yC1 = yC[t] /. solutionC[[1]];
xC2 = xC[t] /. solutionC[[2]];
yC2 = yC[t] /. solutionC[[2]];
If [ xC1 <= xD , xCs = xC1 ; yCs = yC1 , xCs = xC2 ; yCs=yC2 ] ;
Print["xC = ",xCs," m"];
Print["yC = ",yCs," m"];

(* Velocity of joint C *)
PC={xC[t]ØxCs,yC[t]ØyCs};
eqnC1V = D[eqnC1,t] ;
eqnC2V = D[eqnC2,t] ;
solutionCV = 
    Solve [ { (eqnC1V/.ruleB/.PC ),( eqnC2V/.ruleB/.PC )} , {xC'[t] , yC'[t]} ];
vCxs = xC'[t] /. solutionCV[[1]];
vCys = yC'[t] /. solutionCV[[1]];
Print["vCx = ",vCxs," m/s"];
Print["vCy = ",vCys," m/s"];

(* Acceleration of joint C *)
PVC={xC[t]ØxCs,yC[t]ØyCs,xC'[t]ØvCxs,yC'[t]ØvCys};
eqnC1A = D[eqnC1V,t] ;
eqnC2A = D[eqnC2V,t] ;
solutionCA = 
    Solve [ { (eqnC1A/.ruleB/.PVC ),( eqnC2A/.ruleB/.PVC )} , {xC''[t] , yC''[t]} ];
aCxs = xC''[t] /. solutionCA[[1]];
aCys = yC''[t] /. solutionCA[[1]];
Print["aCx = ",aCxs," m/s^2"];
Print["aCy = ",aCys," m/s^2"];
ruleC={xC[t]ØxCs,yC[t]ØyCs,xC'[t]ØvCxs,yC'[t]ØvCys,
      xC''[t]ØaCxs,yC''[t]ØaCys};

Print["--------------------------------"];
      
(* Position of joint E *)
eqnE1 = ( xE[t]- xC[t] )^2 + ( yE[t] - yC[t] )^2 - CE^2 == 0 ;
eqnE2 = ( yE[t] - yD ) / ( xE[t]- xD ) == ( yC[t] - yD ) / ( xC[t] - xD );
solutionE = 
    Solve [ { eqnE1/.ruleB/.ruleC, eqnE2/.ruleB/.ruleC } , {xE[t] , yE[t]} ];
(* Two solutions for E *)
xE1 = xE[t] /. solutionE[[1]];
yE1 = yE[t] /. solutionE[[1]];
xE2 = xE[t] /. solutionE[[2]];
yE2 = yE[t] /. solutionE[[2]];
If [ xE1 <= (xC[t] /.ruleC) , xEs = xE1 ; yEs = yE1 , xEs = xE2 ; yEs=yE2 ] ;
Print["xE = ",xEs," m"];
Print["yE = ",yEs," m"];

(* Velocity of joint E *)
PE={xE[t]ØxEs,yE[t]ØyEs};
eqnE1V = D[eqnE1,t] ;
eqnE2V = D[eqnE2,t] ;
solutionEV = 
        Solve [ { (eqnE1V/.ruleC/.PE ),( eqnE2V/.ruleC/.PE )} , {xE'[t] , yE'[t]} ];
vExs = xE'[t] /. solutionEV[[1]];
vEys = yE'[t] /. solutionEV[[1]];
Print["vEx = ",vExs," m/s"];
Print["vEy = ",vEys," m/s"];

(* Acceleration of joint E *)
PVE={xE[t]ØxEs,yE[t]ØyEs,xE'[t]ØvExs,yE'[t]ØvEys};
eqnE1A = D[eqnE1V,t] ;
eqnE2A = D[eqnE2V,t] ;
solutionEA = 
        Solve [ { (eqnE1A/.ruleC/.PVE ),( eqnE2A/.ruleC/.PVE )} , {xE''[t] , yE''[t]} 
];
aExs = xE''[t] /. solutionEA[[1]];
aEys = yE''[t] /. solutionEA[[1]];
Print["aEx = ",aExs," m/s^2"];
Print["aEy = ",aEys," m/s^2"];
ruleE={xE[t]ØxEs,yE[t]ØyEs,xE'[t]ØvExs,yE'[t]ØvEys,
            xE''[t]ØaExs,yE''[t]ØaEys};
            
Print["--------------------------------"];
            
(* Position of joint F *)
eqnF = ( xF- xE[t] )^2 + ( yF[t] - yE[t] )^2 - EF^2 == 0; 
solutionF = Solve [  eqnF/.ruleE,  yF[t] ];
(* Two solutions for F *)
yF1 = yF[t] /. solutionF[[1]];
yF2 = yF[t] /. solutionF[[2]];
If [ yF1 <= (yE[t] /.ruleE) , yFs = yF1 ,  yFs=yF2 ] ;
Print["xF = ",xF," m"];
Print["yF = ",yFs," m"];

(* Velocity of joint F *)
PF={yF[t]ØyFs};
eqnFV=D[eqnF,t];
solutionFV=Solve[(eqnFV/.ruleE/.PF),yF'[t]];
vFys=yF'[t]/.solutionFV[[1]];
Print["vFx = ",O," m/s"];
Print["vFy = ",vFys," m/s"];

(* Acceleration of joint F *)
PVF={yF[t]ØyFs,yF'[t]ØvFys};
eqnFA=D[eqnFV,t];
solutionFA=Solve[{(eqnFA/.ruleE/.PVF)},{yF''[t]}];
aFys=yF''[t]/.solutionFA[[1]];
Print["aFx = ",0," m/s^2"];
Print["aFy = ",aFys," m/s^2"];
ruleF={yF[t]ØyFs,yF'[t]ØvFys,yF''[t]ØaFys};

Print["--------------------------------"];

(* Angular velocity and acceleration of the link BC (link 2)*)
f2 = ArcTan[ (yB[t]-yC[t])/(xB[t]-xC[t]) ] ;
w2 = D[ f2 , t ] ;
a2 = D[ w2, t ] ;
Print["f2 = ", (f2/.ruleB/.ruleC) , " rad = ",(f2/.ruleB/.ruleC)*180/N[Pi]," deg" ];
Print["w2 = ", w2/.ruleB/.ruleC , " rad/s" ];
Print["a2 = ", a2/.ruleB/.ruleC , " rad/s^2" ];

Print["--------------------------------"];

(* Angular velocity and acceleration of the link ECD (link 3)*)
f3 = ArcTan[ (yD-yC[t])/(xD-xC[t]) ] ;
w3 = D[ f3 , t ] ;
a3 = D[ w3, t ] ;
Print["f3 = ", (f3/.ruleC) , " rad = ",(f3/.ruleC)*180/N[Pi]," deg" ];
Print["w3 = ", w3/.ruleC , " rad/s" ];
Print["a3 = ", a3/.ruleC , " rad/s^2" ];

Print["--------------------------------"];

(* Angular velocity and acceleration of the link EF (link 4)*)
f4 = ArcTan[ (yE[t]-yF[t])/(xE[t]-xF) ] ;
w4 = D[ f4 , t ] ;
a4 = D[ w4, t ] ;
Print["f4 = ", (f4/.ruleE/.ruleF) , " rad = ",(f4/.ruleE/.ruleF)*180/N[Pi]," deg" ];
Print["w4 = ", w4/.ruleE/.ruleF , " rad/s" ];
Print["a4 = ", a4/.ruleE/.ruleF , " rad/s^2" ];
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(*Problem I.4.4 - solution I*)
Apply[Clear,Names["Global`*"]];
Off[General::spell];
Off[General::spell1];

 
(* Input data *)
AB = 0.15 ; (* m *) 
BC = 0.40 ; (* m *)
CD = 0.37 ; (* m *)
Lc = CD ;
CE = 0.23 ; (* m *) 
EF = CE ;
La = 0.30 ; (* m *) 
Lb = 0.45 ; (* m *)
   
n = 60.;            (*rpm*)
omega = n*N[Pi]/30 ; (* rad/s *)

initdata = {f[t]->Pi/6, f'[t]->omega, f''[t]->0};

(* Position of joint A *)
xA = yA = 0;

(* Position of joint D *)
xD = La ; 
yD = Lb ;

xF = - Lc ;

(* Position of joint B *)
XB = AB Cos[f[t]] ;
YB = AB Sin[f[t]] ;
xBs=XB/.initdata;
yBs=YB/.initdata;
Print["xB[t] = ", XB," = ", xBs, " m" ];
Print["yB[t] = ", YB," = ", yBs, " m" ];

(* Linear velocity of joint B *)
vBx = D[XB,t];
vBy = D[YB,t];
vBxs = vBx/.initdata;
vBys = vBy/.initdata;
Print["vBx = ", vBx ," = ", vBxs, " m/s" ];
Print["vBy = ", vBy ," = ", vBys, " m/s" ];

(* Linear acceleration of joint B *)
aBx = D[vBx,t];
aBy = D[vBy,t];
aBxs = aBx/.initdata;
aBys = aBy/.initdata;
Print["aBx = ", aBx ," = ", aBxs, " m/s^2" ];
Print["aBy = ", aBy ," = ", aBys, " m/s^2" ];

ruleB={xB[t]->xBs,yB[t]->yBs,
       xB'[t]->vBxs,yB'[t]->vBys,
       xB''[t]ØaBxs,yB''[t]ØaBys};

Print["--------------------------------"];

(* Position of joint C *)
eqnC1 = ( xC[t]- xB[t] )^2 + ( yC[t] - yB[t] )^2 - BC^2 == 0 ;
eqnC2 = ( xC[t]- xD )^2 + ( yC[t] - yD )^2 - CD^2 == 0 ;

solutionC = Solve [ { eqnC1/.ruleB, eqnC2/.ruleB } , {xC[t] , yC[t]} ];
(* Two solutions for C *)
xC1 = xC[t] /. solutionC[[1]];
yC1 = yC[t] /. solutionC[[1]];
xC2 = xC[t] /. solutionC[[2]];
yC2 = yC[t] /. solutionC[[2]];
If [ xC1 <= xD , xCs = xC1 ; yCs = yC1 , xCs = xC2 ; yCs=yC2 ] ;
Print["xC = ",xCs," m"];
Print["yC = ",yCs," m"];

(* Velocity of joint C *)
PC={xC[t]ØxCs,yC[t]ØyCs};
eqnC1V = D[eqnC1,t] ;
eqnC2V = D[eqnC2,t] ;
solutionCV = 
    Solve [ { (eqnC1V/.ruleB/.PC ),( eqnC2V/.ruleB/.PC )} , {xC'[t] , yC'[t]} ];
vCxs = xC'[t] /. solutionCV[[1]];
vCys = yC'[t] /. solutionCV[[1]];
Print["vCx = ",vCxs," m/s"];
Print["vCy = ",vCys," m/s"];

(* Acceleration of joint C *)
PVC={xC[t]ØxCs,yC[t]ØyCs,xC'[t]ØvCxs,yC'[t]ØvCys};
eqnC1A = D[eqnC1V,t] ;
eqnC2A = D[eqnC2V,t] ;
solutionCA = 
    Solve [ { (eqnC1A/.ruleB/.PVC ),( eqnC2A/.ruleB/.PVC )} , {xC''[t] , yC''[t]} ];
aCxs = xC''[t] /. solutionCA[[1]];
aCys = yC''[t] /. solutionCA[[1]];
Print["aCx = ",aCxs," m/s^2"];
Print["aCy = ",aCys," m/s^2"];
ruleC={xC[t]ØxCs,yC[t]ØyCs,xC'[t]ØvCxs,yC'[t]ØvCys,
      xC''[t]ØaCxs,yC''[t]ØaCys};

Print["--------------------------------"];
      
(* Position of joint E *)
eqnE1 = ( xE[t]- xC[t] )^2 + ( yE[t] - yC[t] )^2 - CE^2 == 0 ;
eqnE2 = ( yE[t] - yD ) / ( xE[t]- xD ) == ( yC[t] - yD ) / ( xC[t] - xD );
solutionE = 
    Solve [ { eqnE1/.ruleB/.ruleC, eqnE2/.ruleB/.ruleC } , {xE[t] , yE[t]} ];
(* Two solutions for E *)
xE1 = xE[t] /. solutionE[[1]];
yE1 = yE[t] /. solutionE[[1]];
xE2 = xE[t] /. solutionE[[2]];
yE2 = yE[t] /. solutionE[[2]];
If [ xE1 <= (xC[t] /.ruleC) , xEs = xE1 ; yEs = yE1 , xEs = xE2 ; yEs=yE2 ] ;
Print["xE = ",xEs," m"];
Print["yE = ",yEs," m"];

(* Velocity of joint E *)
PE={xE[t]ØxEs,yE[t]ØyEs};
eqnE1V = D[eqnE1,t] ;
eqnE2V = D[eqnE2,t] ;
solutionEV = 
        Solve [ { (eqnE1V/.ruleC/.PE ),( eqnE2V/.ruleC/.PE )} , {xE'[t] , yE'[t]} ];
vExs = xE'[t] /. solutionEV[[1]];
vEys = yE'[t] /. solutionEV[[1]];
Print["vEx = ",vExs," m/s"];
Print["vEy = ",vEys," m/s"];

(* Acceleration of joint E *)
PVE={xE[t]ØxEs,yE[t]ØyEs,xE'[t]ØvExs,yE'[t]ØvEys};
eqnE1A = D[eqnE1V,t] ;
eqnE2A = D[eqnE2V,t] ;
solutionEA = 
        Solve [ { (eqnE1A/.ruleC/.PVE ),( eqnE2A/.ruleC/.PVE )} , {xE''[t] , yE''[t]} 
];
aExs = xE''[t] /. solutionEA[[1]];
aEys = yE''[t] /. solutionEA[[1]];
Print["aEx = ",aExs," m/s^2"];
Print["aEy = ",aEys," m/s^2"];
ruleE={xE[t]ØxEs,yE[t]ØyEs,xE'[t]ØvExs,yE'[t]ØvEys,
            xE''[t]ØaExs,yE''[t]ØaEys};
            
Print["--------------------------------"];
            
(* Position of joint F *)
eqnF = ( xF- xE[t] )^2 + ( yF[t] - yE[t] )^2 - EF^2 == 0; 
solutionF = Solve [  eqnF/.ruleE,  yF[t] ];
(* Two solutions for F *)
yF1 = yF[t] /. solutionF[[1]];
yF2 = yF[t] /. solutionF[[2]];
If [ yF1 <= (yE[t] /.ruleE) , yFs = yF1 ,  yFs=yF2 ] ;
Print["xF = ",xF," m"];
Print["yF = ",yFs," m"];

(* Velocity of joint F *)
PF={yF[t]ØyFs};
eqnFV=D[eqnF,t];
solutionFV=Solve[(eqnFV/.ruleE/.PF),yF'[t]];
vFys=yF'[t]/.solutionFV[[1]];
Print["vFx = ",O," m/s"];
Print["vFy = ",vFys," m/s"];

(* Acceleration of joint F *)
PVF={yF[t]ØyFs,yF'[t]ØvFys};
eqnFA=D[eqnFV,t];
solutionFA=Solve[{(eqnFA/.ruleE/.PVF)},{yF''[t]}];
aFys=yF''[t]/.solutionFA[[1]];
Print["aFx = ",0," m/s^2"];
Print["aFy = ",aFys," m/s^2"];
ruleF={yF[t]ØyFs,yF'[t]ØvFys,yF''[t]ØaFys};

Print["--------------------------------"];

(* Angular velocity and acceleration of the link BC (link 2)*)
f2 = ArcTan[ (yB[t]-yC[t])/(xB[t]-xC[t]) ] ;
w2 = D[ f2 , t ] ;
a2 = D[ w2, t ] ;
Print["f2 = ", (f2/.ruleB/.ruleC) , " rad = ",(f2/.ruleB/.ruleC)*180/N[Pi]," deg" ];
Print["w2 = ", w2/.ruleB/.ruleC , " rad/s" ];
Print["a2 = ", a2/.ruleB/.ruleC , " rad/s^2" ];

Print["--------------------------------"];

(* Angular velocity and acceleration of the link ECD (link 3)*)
f3 = ArcTan[ (yD-yC[t])/(xD-xC[t]) ] ;
w3 = D[ f3 , t ] ;
a3 = D[ w3, t ] ;
Print["f3 = ", (f3/.ruleC) , " rad = ",(f3/.ruleC)*180/N[Pi]," deg" ];
Print["w3 = ", w3/.ruleC , " rad/s" ];
Print["a3 = ", a3/.ruleC , " rad/s^2" ];

Print["--------------------------------"];

(* Angular velocity and acceleration of the link EF (link 4)*)
f4 = ArcTan[ (yE[t]-yF[t])/(xE[t]-xF) ] ;
w4 = D[ f4 , t ] ;
a4 = D[ w4, t ] ;
Print["f4 = ", (f4/.ruleE/.ruleF) , " rad = ",(f4/.ruleE/.ruleF)*180/N[Pi]," deg" ];
Print["w4 = ", w4/.ruleE/.ruleF , " rad/s" ];
Print["a4 = ", a4/.ruleE/.ruleF , " rad/s^2" ];

xB@tD = 0.15 Cos@f@tDD = 0.129904 m

yB@tD = 0.15 Sin@f@tDD = 0.075 m

vBx = -0.15 Sin@f@tDD f£@tD = -0.471239 mês

vBy = 0.15 Cos@f@tDD f£@tD = 0.81621 mês

aBx = -0.15 Cos@f@tDD f£@tD2 - 0.15 Sin@f@tDD f££@tD = -5.1284 mês^2

aBy = -0.15 Sin@f@tDD f£@tD2 + 0.15 Cos@f@tDD f££@tD = -2.96088 mês^2

--------------------------------

xC = -0.0689445 m

yC = 0.422073 m

vCx = -0.0788027 mês

vCy = 1.04105 mês

aCx = 2.87595 mês^2

aCy = 1.03567 mês^2

--------------------------------

xE = -0.298288 m

yE = 0.404712 m

vEx = -0.127788 mês

vEy = 1.68819 mês

aEx = 4.66371 mês^2

aEy = 1.67947 mês^2

--------------------------------

xF = -0.37 m

yF = 0.186177 m

vFx = O mês

vFy = 1.64625 mês

aFx = 0 mês^2

aFy = 3.29262 mês^2

--------------------------------

f2 = -1.05052 rad = -60.1903 deg

w2 = -1.1307 radês
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a2 = -22.33 radês^2

--------------------------------

f3 = 0.0755515 rad = 4.32878 deg

w3 = -2.82169 radês

a3 = -2.20443 radês^2

--------------------------------

f4 = 1.25372 rad = 71.8329 deg

w4 = 0.58475 radês

a4 = -21.453 radês^2
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(*Problem I.4.4 - solution II*)
Apply[Clear,Names["Global`*"]];
Off[General::spell];
Off[General::spell1];

 
(* Input data *)
AB = 0.15 ; (* m *) 
BC = 0.40 ; (* m *)
CD = 0.37 ; (* m *)
Lc = CD ;
CE = 0.23 ; (* m *) 
EF = CE ;
La = 0.30 ; (* m *) 
Lb = 0.45 ; (* m *)

xD = La ; 
yD = Lb ;
xF = - Lc ;

fi = Pi / 6 ;

(* Position of joint A(0,0) *)

(* Position of joint B *)

xB = AB Cos [ fi ] ;
yB = AB Sin [ fi ] ;

Print["xB= ",xB," [m]"];
Print["yB= ",yB," [m]"];

(* Position of joint C *)

eqCa = ( xc - xB )^2 + ( yc - yB )^2 - BC^2 ;
eqCb = ( xc - xD )^2 + ( yc - yD )^2 - CD^2 ;
solution = Solve [ { eqCa == 0 , eqCb == 0 }, 

   { xc , yc } ] ;
(* Two solutions for C *)
xc1 = xc /. solution [ [ 1 ] ] ;
yc1 = yc /. solution [ [ 1 ] ] ;
xc2 = xc /. solution [ [ 2 ] ] ;
yc2 = yc /. solution [ [ 2 ] ] ;
(* Select the correct position for C *)
If [ xc1 < xD , xC = xc1 ; yC = yc1 ,

     xC = xc2 ; yC = yc2 ] ;  
Print["xC= ",xC," [m]"];
Print["yC= ",yC," [m]"];      

  
(* Position of joint E *)

(* Parameters m and n of line CD: y=n x + n *)
m = ( yC - yD ) / ( xC - xD ) ;
n = yC - m xC ;
eqEa = ( xe - xC )^2 + ( ye - yC )^2 - CE^2 ;
eqEb = ye - m xe - n ;
solutionE = Solve [ { eqEa == 0 , eqEb == 0 } ,

{ xe , ye } ] ;
(* Two solutions for E *)    
xe1 = xe /. solutionE [ [ 1 ] ] ;
ye1 = ye /. solutionE [ [ 1 ] ] ;
xe2 = xe /. solutionE [ [ 2 ] ] ;
ye2 = ye /. solutionE [ [ 2 ] ] ;
(* Select the correct position for E *)
If [ xe1 <= xC , xE = xe1 ; yE = ye1 ,

 xE = xe2 ; yE = ye2  ];
 

Print["xE= ",xE," [m]"];
Print["yE= ",yE," [m]"];

  
(* Position of joint F *)

eqF = ( xE - xF )^2 + ( yE - yf )^2 - EF^2 ;
solutionF = Solve [ { eqF == 0 } , { yf } ] ;
(* Two solutions for yF *)    
yf1 = yf /. solutionF [ [ 1 ] ] ;
yf2 = yf /. solutionF [ [ 2 ] ] ;
(* Select the correct position for yF *)
If [ yf1 < yE , yF = yf1 , 

yF = yf2 ] ;

Print["xF= ",xF," [m]"];
Print["yF= ",yF," [m]"];

(********)
(*Link 2*)
(********)
f2=ArcTan[(yB-yC)/(xB-xC)];
"f2=ArcTan[(yB-yC)/(xB-xC)]"
Print["f2 = ",f2," rad = ",f2*180/N[Pi]," deg "];

(********)
(*Link 3*)
(********)
f3=ArcTan[(yC-yD)/(xC-xD)];
"f3=ArcTan[(yC-yD)/(xC-xD)]"
Print["f3 = ",f3," rad = ",f3*180/N[Pi]," deg "];

(********)
(*Link 4*)
(********)
f4=ArcTan[(yF-yE)/(xF-xE)];
"f4=ArcTan[(yF-yE)/(xF-xE)]"
Print["f4 = ",f4," rad = ",f4*180/N[Pi]," deg "];

 
markers = Table [ { 

Point [ { 0 , 0 } ] , 
Point [ { xB , yB } ] ,
Point [ { xC , yC } ] , 
Point [ { xD , yD } ] ,
Point [ { xE , yE } ] , 
Point [ { xF , yF } ] ,
Point [ { (xF+xE)/2 , (yF+yE)/2 } ],
Point [ { (xB+xC)/2 , (yB+yC)/2 } ] 

} ] ;

name = Table [ { 
Text [ "A" ,{0  , 0  },{ 3 , 0 } ] ,
Text [ "B" ,{xB , yB },{-2 , 0 } ] ,
Text [ "C" ,{xC , yC },{-2 ,-2 } ] ,
Text [ "D" ,{xD , yD },{-3 , 0 } ] ,
Text [ "E" ,{xE , yE },{3  , 0 } ] , 
Text [ "F" ,{xF , yF },{3  , 0 } ] ,
Text [ "C4",{(xF+xE)/2,(yF+yE)/2 } , 

       {-2 , 0 } ] ,
Text [ "C2" ,{(xB+xC)/2,(yB+yC)/2} , 

       { 2 , 0 } ] 
 } ] ;

graph  = Graphics [ 
{ { RGBColor [ 1 , 0 , 0 ] ,

Line [ { {0,0},{xB,yB} } ] } ,
  { RGBColor [ 0 , 0 , 1 ] ,

Line [ { {xB,yB} , {xC,yC}} ] } ,
  { RGBColor [ 1 , 0, 1 ] ,

        Line [ { {xD,yD},  {xE,yE}} ] } ,
  { RGBColor [ 0 , 0 , 0 ] ,

Line [ { {xE,yE},{xF,yF} } ] } , 
  { RGBColor [ 0 , 1 , 1 ] ,

 PointSize [ 0.01 ] , markers } ,
  { name } } ] ;  

Show [ Graphics [ graph  ] ,
    PlotRange -> { { -.5 , .5 } , 
                   { -.2 , .7 } } ,
   Frame -> True, 
   AxesOrigin -> {0,0},
   FrameLabel->{"x","y"},
   Axes -> {True,True},

       AspectRatio -> Automatic ] ;
       

rB={xB,yB,0};
rC={xC,yC,0};
rD={xD,yD,0};
rE={xE,yE,0};
rF={xF,yF,0};
Print["rB = ", rB, " m" ];
Print["rC = ", rC, " m" ];
Print["rD = ", rD, " m" ];
Print["rE = ", rE, " m" ];
Print["rF = ", rF, " m" ];

n=60.;(*rpm*)
omega=n*N[Pi]/30;(*rad/s*)

omega1={0,0,omega};
vB=Cross[omega1,rB];
Print["vB = w1 x rB = ",vB, " m/s" ];

alpha1=D[omega1,t];
aB=Cross[alpha1,rB]-omega1.omega1 rB;
Print["aB = a1 x rB - w1^2 rB = ", aB, " m/s^2" ];

w2={0,0,w2z};
w3={0,0,w3z};
vC={vCx,vCy,0};

eqvC=vB+Cross[w2,rC-rB]-Cross[w3,rC-rD];
Print["vC = vB + w2 x (rC-rB) = w3 x (rC-rD) => w2, \
w3"];
solutionw23 = 
    Solve [ { eqvC[[1]]==0, eqvC[[2]]==0 } , {w2z , w3z} ];
omega2 ={0,0, w2z /. solutionw23[[1]]};
omega3 = {0,0,w3z /. solutionw23[[1]]};

Print["w2 = ", omega2  , " rad/s" ];
Print["w3 = ", omega3  , " rad/s" ];

vC=Cross[omega3,rC-rD];
Print["vC = w3 x (rC-rD) = ",vC, " m/s" ];

vE=Cross[omega3,rE-rD];
Print["vE = w3 x (rE-rD) = ",vE, " m/s" ];

w4={0,0,w4z};
vF={0,vFy,0};
eqvF=vE+Cross[w4,rF-rE]-vF;
Print["vF = {0, vFy, 0} = vE + w4 x (rF-rE) => w4, vFy"];
solutionvF = Solve [ { eqvF[[1]]==0, eqvF[[2]]==0 } , {w4z ,vFy} ];
omega4 ={0,0, w4z /. solutionvF[[1]]};
VF = {0,vFy /. solutionvF[[1]],0};
Print["w4 = ", omega4  , " rad/s" ];
Print["vF = ", VF  , " m/s" ];
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(*Problem I.4.4 - solution II*)
Apply[Clear,Names["Global`*"]];
Off[General::spell];
Off[General::spell1];

 
(* Input data *)
AB = 0.15 ; (* m *) 
BC = 0.40 ; (* m *)
CD = 0.37 ; (* m *)
Lc = CD ;
CE = 0.23 ; (* m *) 
EF = CE ;
La = 0.30 ; (* m *) 
Lb = 0.45 ; (* m *)

xD = La ; 
yD = Lb ;
xF = - Lc ;

fi = Pi / 6 ;

(* Position of joint A(0,0) *)

(* Position of joint B *)

xB = AB Cos [ fi ] ;
yB = AB Sin [ fi ] ;

Print["xB= ",xB," [m]"];
Print["yB= ",yB," [m]"];

(* Position of joint C *)

eqCa = ( xc - xB )^2 + ( yc - yB )^2 - BC^2 ;
eqCb = ( xc - xD )^2 + ( yc - yD )^2 - CD^2 ;
solution = Solve [ { eqCa == 0 , eqCb == 0 }, 

   { xc , yc } ] ;
(* Two solutions for C *)
xc1 = xc /. solution [ [ 1 ] ] ;
yc1 = yc /. solution [ [ 1 ] ] ;
xc2 = xc /. solution [ [ 2 ] ] ;
yc2 = yc /. solution [ [ 2 ] ] ;
(* Select the correct position for C *)
If [ xc1 < xD , xC = xc1 ; yC = yc1 ,

     xC = xc2 ; yC = yc2 ] ;  
Print["xC= ",xC," [m]"];
Print["yC= ",yC," [m]"];      

  
(* Position of joint E *)

(* Parameters m and n of line CD: y=n x + n *)
m = ( yC - yD ) / ( xC - xD ) ;
n = yC - m xC ;
eqEa = ( xe - xC )^2 + ( ye - yC )^2 - CE^2 ;
eqEb = ye - m xe - n ;
solutionE = Solve [ { eqEa == 0 , eqEb == 0 } ,

{ xe , ye } ] ;
(* Two solutions for E *)    
xe1 = xe /. solutionE [ [ 1 ] ] ;
ye1 = ye /. solutionE [ [ 1 ] ] ;
xe2 = xe /. solutionE [ [ 2 ] ] ;
ye2 = ye /. solutionE [ [ 2 ] ] ;
(* Select the correct position for E *)
If [ xe1 <= xC , xE = xe1 ; yE = ye1 ,

 xE = xe2 ; yE = ye2  ];
 

Print["xE= ",xE," [m]"];
Print["yE= ",yE," [m]"];

  
(* Position of joint F *)

eqF = ( xE - xF )^2 + ( yE - yf )^2 - EF^2 ;
solutionF = Solve [ { eqF == 0 } , { yf } ] ;
(* Two solutions for yF *)    
yf1 = yf /. solutionF [ [ 1 ] ] ;
yf2 = yf /. solutionF [ [ 2 ] ] ;
(* Select the correct position for yF *)
If [ yf1 < yE , yF = yf1 , 

yF = yf2 ] ;

Print["xF= ",xF," [m]"];
Print["yF= ",yF," [m]"];

(********)
(*Link 2*)
(********)
f2=ArcTan[(yB-yC)/(xB-xC)];
"f2=ArcTan[(yB-yC)/(xB-xC)]"
Print["f2 = ",f2," rad = ",f2*180/N[Pi]," deg "];

(********)
(*Link 3*)
(********)
f3=ArcTan[(yC-yD)/(xC-xD)];
"f3=ArcTan[(yC-yD)/(xC-xD)]"
Print["f3 = ",f3," rad = ",f3*180/N[Pi]," deg "];

(********)
(*Link 4*)
(********)
f4=ArcTan[(yF-yE)/(xF-xE)];
"f4=ArcTan[(yF-yE)/(xF-xE)]"
Print["f4 = ",f4," rad = ",f4*180/N[Pi]," deg "];

 
markers = Table [ { 

Point [ { 0 , 0 } ] , 
Point [ { xB , yB } ] ,
Point [ { xC , yC } ] , 
Point [ { xD , yD } ] ,
Point [ { xE , yE } ] , 
Point [ { xF , yF } ] ,
Point [ { (xF+xE)/2 , (yF+yE)/2 } ],
Point [ { (xB+xC)/2 , (yB+yC)/2 } ] 

} ] ;

name = Table [ { 
Text [ "A" ,{0  , 0  },{ 3 , 0 } ] ,
Text [ "B" ,{xB , yB },{-2 , 0 } ] ,
Text [ "C" ,{xC , yC },{-2 ,-2 } ] ,
Text [ "D" ,{xD , yD },{-3 , 0 } ] ,
Text [ "E" ,{xE , yE },{3  , 0 } ] , 
Text [ "F" ,{xF , yF },{3  , 0 } ] ,
Text [ "C4",{(xF+xE)/2,(yF+yE)/2 } , 

       {-2 , 0 } ] ,
Text [ "C2" ,{(xB+xC)/2,(yB+yC)/2} , 

       { 2 , 0 } ] 
 } ] ;

graph  = Graphics [ 
{ { RGBColor [ 1 , 0 , 0 ] ,

Line [ { {0,0},{xB,yB} } ] } ,
  { RGBColor [ 0 , 0 , 1 ] ,

Line [ { {xB,yB} , {xC,yC}} ] } ,
  { RGBColor [ 1 , 0, 1 ] ,

        Line [ { {xD,yD},  {xE,yE}} ] } ,
  { RGBColor [ 0 , 0 , 0 ] ,

Line [ { {xE,yE},{xF,yF} } ] } , 
  { RGBColor [ 0 , 1 , 1 ] ,

 PointSize [ 0.01 ] , markers } ,
  { name } } ] ;  

Show [ Graphics [ graph  ] ,
    PlotRange -> { { -.5 , .5 } , 
                   { -.2 , .7 } } ,
   Frame -> True, 
   AxesOrigin -> {0,0},
   FrameLabel->{"x","y"},
   Axes -> {True,True},

       AspectRatio -> Automatic ] ;
       

rB={xB,yB,0};
rC={xC,yC,0};
rD={xD,yD,0};
rE={xE,yE,0};
rF={xF,yF,0};
Print["rB = ", rB, " m" ];
Print["rC = ", rC, " m" ];
Print["rD = ", rD, " m" ];
Print["rE = ", rE, " m" ];
Print["rF = ", rF, " m" ];

n=60.;(*rpm*)
omega=n*N[Pi]/30;(*rad/s*)

omega1={0,0,omega};
vB=Cross[omega1,rB];
Print["vB = w1 x rB = ",vB, " m/s" ];

alpha1=D[omega1,t];
aB=Cross[alpha1,rB]-omega1.omega1 rB;
Print["aB = a1 x rB - w1^2 rB = ", aB, " m/s^2" ];

w2={0,0,w2z};
w3={0,0,w3z};
vC={vCx,vCy,0};

eqvC=vB+Cross[w2,rC-rB]-Cross[w3,rC-rD];
Print["vC = vB + w2 x (rC-rB) = w3 x (rC-rD) => w2, \
w3"];
solutionw23 = 
    Solve [ { eqvC[[1]]==0, eqvC[[2]]==0 } , {w2z , w3z} ];
omega2 ={0,0, w2z /. solutionw23[[1]]};
omega3 = {0,0,w3z /. solutionw23[[1]]};

Print["w2 = ", omega2  , " rad/s" ];
Print["w3 = ", omega3  , " rad/s" ];

vC=Cross[omega3,rC-rD];
Print["vC = w3 x (rC-rD) = ",vC, " m/s" ];

vE=Cross[omega3,rE-rD];
Print["vE = w3 x (rE-rD) = ",vE, " m/s" ];

w4={0,0,w4z};
vF={0,vFy,0};
eqvF=vE+Cross[w4,rF-rE]-vF;
Print["vF = {0, vFy, 0} = vE + w4 x (rF-rE) => w4, vFy"];
solutionvF = Solve [ { eqvF[[1]]==0, eqvF[[2]]==0 } , {w4z ,vFy} ];
omega4 ={0,0, w4z /. solutionvF[[1]]};
VF = {0,vFy /. solutionvF[[1]],0};
Print["w4 = ", omega4  , " rad/s" ];
Print["vF = ", VF  , " m/s" ];
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(*Problem I.4.4 - solution II*)
Apply[Clear,Names["Global`*"]];
Off[General::spell];
Off[General::spell1];

 
(* Input data *)
AB = 0.15 ; (* m *) 
BC = 0.40 ; (* m *)
CD = 0.37 ; (* m *)
Lc = CD ;
CE = 0.23 ; (* m *) 
EF = CE ;
La = 0.30 ; (* m *) 
Lb = 0.45 ; (* m *)

xD = La ; 
yD = Lb ;
xF = - Lc ;

fi = Pi / 6 ;

(* Position of joint A(0,0) *)

(* Position of joint B *)

xB = AB Cos [ fi ] ;
yB = AB Sin [ fi ] ;

Print["xB= ",xB," [m]"];
Print["yB= ",yB," [m]"];

(* Position of joint C *)

eqCa = ( xc - xB )^2 + ( yc - yB )^2 - BC^2 ;
eqCb = ( xc - xD )^2 + ( yc - yD )^2 - CD^2 ;
solution = Solve [ { eqCa == 0 , eqCb == 0 }, 

   { xc , yc } ] ;
(* Two solutions for C *)
xc1 = xc /. solution [ [ 1 ] ] ;
yc1 = yc /. solution [ [ 1 ] ] ;
xc2 = xc /. solution [ [ 2 ] ] ;
yc2 = yc /. solution [ [ 2 ] ] ;
(* Select the correct position for C *)
If [ xc1 < xD , xC = xc1 ; yC = yc1 ,

     xC = xc2 ; yC = yc2 ] ;  
Print["xC= ",xC," [m]"];
Print["yC= ",yC," [m]"];      

  
(* Position of joint E *)

(* Parameters m and n of line CD: y=n x + n *)
m = ( yC - yD ) / ( xC - xD ) ;
n = yC - m xC ;
eqEa = ( xe - xC )^2 + ( ye - yC )^2 - CE^2 ;
eqEb = ye - m xe - n ;
solutionE = Solve [ { eqEa == 0 , eqEb == 0 } ,

{ xe , ye } ] ;
(* Two solutions for E *)    
xe1 = xe /. solutionE [ [ 1 ] ] ;
ye1 = ye /. solutionE [ [ 1 ] ] ;
xe2 = xe /. solutionE [ [ 2 ] ] ;
ye2 = ye /. solutionE [ [ 2 ] ] ;
(* Select the correct position for E *)
If [ xe1 <= xC , xE = xe1 ; yE = ye1 ,

 xE = xe2 ; yE = ye2  ];
 

Print["xE= ",xE," [m]"];
Print["yE= ",yE," [m]"];

  
(* Position of joint F *)

eqF = ( xE - xF )^2 + ( yE - yf )^2 - EF^2 ;
solutionF = Solve [ { eqF == 0 } , { yf } ] ;
(* Two solutions for yF *)    
yf1 = yf /. solutionF [ [ 1 ] ] ;
yf2 = yf /. solutionF [ [ 2 ] ] ;
(* Select the correct position for yF *)
If [ yf1 < yE , yF = yf1 , 

yF = yf2 ] ;

Print["xF= ",xF," [m]"];
Print["yF= ",yF," [m]"];

(********)
(*Link 2*)
(********)
f2=ArcTan[(yB-yC)/(xB-xC)];
"f2=ArcTan[(yB-yC)/(xB-xC)]"
Print["f2 = ",f2," rad = ",f2*180/N[Pi]," deg "];

(********)
(*Link 3*)
(********)
f3=ArcTan[(yC-yD)/(xC-xD)];
"f3=ArcTan[(yC-yD)/(xC-xD)]"
Print["f3 = ",f3," rad = ",f3*180/N[Pi]," deg "];

(********)
(*Link 4*)
(********)
f4=ArcTan[(yF-yE)/(xF-xE)];
"f4=ArcTan[(yF-yE)/(xF-xE)]"
Print["f4 = ",f4," rad = ",f4*180/N[Pi]," deg "];

 
markers = Table [ { 

Point [ { 0 , 0 } ] , 
Point [ { xB , yB } ] ,
Point [ { xC , yC } ] , 
Point [ { xD , yD } ] ,
Point [ { xE , yE } ] , 
Point [ { xF , yF } ] ,
Point [ { (xF+xE)/2 , (yF+yE)/2 } ],
Point [ { (xB+xC)/2 , (yB+yC)/2 } ] 

} ] ;

name = Table [ { 
Text [ "A" ,{0  , 0  },{ 3 , 0 } ] ,
Text [ "B" ,{xB , yB },{-2 , 0 } ] ,
Text [ "C" ,{xC , yC },{-2 ,-2 } ] ,
Text [ "D" ,{xD , yD },{-3 , 0 } ] ,
Text [ "E" ,{xE , yE },{3  , 0 } ] , 
Text [ "F" ,{xF , yF },{3  , 0 } ] ,
Text [ "C4",{(xF+xE)/2,(yF+yE)/2 } , 

       {-2 , 0 } ] ,
Text [ "C2" ,{(xB+xC)/2,(yB+yC)/2} , 

       { 2 , 0 } ] 
 } ] ;

graph  = Graphics [ 
{ { RGBColor [ 1 , 0 , 0 ] ,

Line [ { {0,0},{xB,yB} } ] } ,
  { RGBColor [ 0 , 0 , 1 ] ,

Line [ { {xB,yB} , {xC,yC}} ] } ,
  { RGBColor [ 1 , 0, 1 ] ,

        Line [ { {xD,yD},  {xE,yE}} ] } ,
  { RGBColor [ 0 , 0 , 0 ] ,

Line [ { {xE,yE},{xF,yF} } ] } , 
  { RGBColor [ 0 , 1 , 1 ] ,

 PointSize [ 0.01 ] , markers } ,
  { name } } ] ;  

Show [ Graphics [ graph  ] ,
    PlotRange -> { { -.5 , .5 } , 
                   { -.2 , .7 } } ,
   Frame -> True, 
   AxesOrigin -> {0,0},
   FrameLabel->{"x","y"},
   Axes -> {True,True},

       AspectRatio -> Automatic ] ;
       

rB={xB,yB,0};
rC={xC,yC,0};
rD={xD,yD,0};
rE={xE,yE,0};
rF={xF,yF,0};
Print["rB = ", rB, " m" ];
Print["rC = ", rC, " m" ];
Print["rD = ", rD, " m" ];
Print["rE = ", rE, " m" ];
Print["rF = ", rF, " m" ];

n=60.;(*rpm*)
omega=n*N[Pi]/30;(*rad/s*)

omega1={0,0,omega};
vB=Cross[omega1,rB];
Print["vB = w1 x rB = ",vB, " m/s" ];

alpha1=D[omega1,t];
aB=Cross[alpha1,rB]-omega1.omega1 rB;
Print["aB = a1 x rB - w1^2 rB = ", aB, " m/s^2" ];

w2={0,0,w2z};
w3={0,0,w3z};
vC={vCx,vCy,0};

eqvC=vB+Cross[w2,rC-rB]-Cross[w3,rC-rD];
Print["vC = vB + w2 x (rC-rB) = w3 x (rC-rD) => w2, \
w3"];
solutionw23 = 
    Solve [ { eqvC[[1]]==0, eqvC[[2]]==0 } , {w2z , w3z} ];
omega2 ={0,0, w2z /. solutionw23[[1]]};
omega3 = {0,0,w3z /. solutionw23[[1]]};

Print["w2 = ", omega2  , " rad/s" ];
Print["w3 = ", omega3  , " rad/s" ];

vC=Cross[omega3,rC-rD];
Print["vC = w3 x (rC-rD) = ",vC, " m/s" ];

vE=Cross[omega3,rE-rD];
Print["vE = w3 x (rE-rD) = ",vE, " m/s" ];

w4={0,0,w4z};
vF={0,vFy,0};
eqvF=vE+Cross[w4,rF-rE]-vF;
Print["vF = {0, vFy, 0} = vE + w4 x (rF-rE) => w4, vFy"];
solutionvF = Solve [ { eqvF[[1]]==0, eqvF[[2]]==0 } , {w4z ,vFy} ];
omega4 ={0,0, w4z /. solutionvF[[1]]};
VF = {0,vFy /. solutionvF[[1]],0};
Print["w4 = ", omega4  , " rad/s" ];
Print["vF = ", VF  , " m/s" ];
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