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(*Problem I .6 .1 =*)

Apply[Clear, Names["Global *"]1];

Off[General::spell];

Off [General::spelll];

Print["a)"];

omega[t] = {0, O, theta '[t]};

Print["angular velocity of RB: omega=", omega[t]];

alpha[t] = {0, O, theta''[t]};

Print["angular acceleration of RB: alpha=", alpha[t]];

xC= (L/2-D) *xCos[theta[t]];

yC= (L/2-D) *Sin[theta[t]];

rC = {xC, yC, 0};

Print["position vector of C: rC=", rC];

vC=D[rC, t];

Print["velocity of C: vC=d(xC)/dt=", vC];

aC=D[vC, t];

Print["acceleration of C: aC=d(vC)/dt=", Simplify[aC]];

Print["another way of calculating vC and aC"];

vC = Cross[omega[t], rC];

Print["vC=omega x rC=", vC];

aC = Cross[alpha[t], rC] - omega[t] .omega[t] * rC;

Print["aC=alpha x rC - omega.omega rC=", Simplify[aC]];

Print["Forces"];

FO = {FOx, FOy, O0};

Print["reaction force at pin joint O: FO=", FO];

G={0, mg, 0};

Print["gravitational force at C: G=", G];

rCO = -rC;

IC=mxL"2/12;

Print["mass moment of inertia wrt C: ICz=", IC];

I0=IC+mx* (L/2-D)"2;

Print["mass moment of inertia wrt O: IOz=ICz+mx(L/2-D)"2=",
Simplify[IO]];

Print["Method I"];

eqI = Simplify[IO*xalpha[t] - Cross[rC, G]];

solutionI = Solve[eqI[[3]] ==0, theta''[t]][[1]1];

Print["moment equation: IO alpha = sum M wrt O = rC x G"];

Print[eqI[[3]], "=0"];

Print["Solution: theta''[t]=", theta''[t] /. Simplify[solutionI]];

Print["Method II"];

eqIIF = Simplify[mxaC- (FO+G)];

Print["force equation: m aC = sum F = FO + G"];

Print["projection on x:"];

Print[eqIIF[[1]], "=0", " (1)"];

Print["projection on y:"];

Print[eqIIF[[2]], "=0", " (2)"];

eqIIM = Simplify[IC+alpha[t] - Cross[rCO, FO]];

Print["moment eqation: IC alpha = sum M wrt C = -rC x FO"];

Print["projection on z: "]

Print[eqIIM[[3]], "=0", " (3)"];

solFOx = Solve[eqIIF[[1]] ==0, FOx][[1]];

Fx = FOx /. solFOx;

Print["from Eq. (1) => FOx = ", Fx];

solFOy = Solve[eqIIF[[2]] ==0, FOy]l[[1]];

Fy = FOy /. solFOy;

Print["from Eq.(2) => FOy = ", Fyl;
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solutionII = Solve[ (eqIIM[[3]] /. solFOx /. solFOy) == 0, theta''[t]][[1]];

ddtheta = theta''[t] /. Simplify[solutionII];

Print["from Eqgs. (1) (2) (3) => theta''[t] = ", ddtheta];

Print[" "];

Print["b)"];

Print["The joint force FO can be expressed in terms of the axial unit vector
n and the perpendicular unit vector to the rod t: FO = FOn n + FOt t"];

Print[" n Cos[theta[t]] i + Sin[theta[t]] j"];

Print[" t = -Sin[theta[t]] i + Cos[theta[t] 13"];
Print[" i = Cos[theta[t]] n - Sin[theta[t]] t"];
Print[" j = Sin[theta[t]] n + Cos[theta[t]] t"];

i = {Cos[theta[t]], - Sin[theta[t]], 0};

j = {Sin[theta[t]], Cos[theta[t]], O};

F = (FOx /. solFOx) i + (FOy /. solFOy) Jj;

Print["FO axial, FOn = ", Simplify[F[[1]]]];
Print["FO perp, FOt = ", Simplify[F[[2]]]];
Print[" "];

Print["c)"];

Print["Initial Conditions"];

Print["at t=0: theta[0]=0, theta'[0]=omega[0]=0"];
ic = {theta[0] » 0, theta'[0] » 0};

ddthetaO = ddtheta /. {t » 0} /. ic;

Print["theta''[0] = alpha[0] = ", ddthetaO, " rad/s"2"];
V =Simplify[Fy /. {t >0} /. ic];

VO = Simplify[V /. theta''[0] -> ddthetal];

Print["V = FOy[0] = ", V, " = ", V0, " 1b"];
H=Simplify[Fx /. {t >0} /. ic];
Print["H = FOx[0] = ", H, " 1b"];

Print["FO = FOx i + FOy j"];
Print[" "];
Print["numerical data: m=12/32.2,L=3,D=.75,9=32.2"];
data= {m->12/32.2, L>3, D~ .75, g- 32.2};
(* Numerical solution of differential equation =*)
soldif =

NDSolve[{(eqI[[3]] /. data) == 0, theta[0] == 0, theta'[0] == 0}, theta[t], {t, O, 2}];
Plot[Evaluate[theta[t] /. soldif] *180/Pi, {t, O, 2}, AxesLabel » {"t[s]", "theta[deg]"}];
Plot[Evaluate[D[theta[t] /. soldif, t]], {t, O, 2}, AxesLabel -» {"t[s]", "omega[rad/s]"}];
Plot[Evaluate[D[theta[t] /. soldif, {t, 2}]],

{t, 0, 2}, AxesLabel -» {"t[s]", "alpha[rad/s]"}];

a)
angular velocity of RB: omega={0, 0, theta' [t]}

angular acceleration of RB: alpha={0, 0, theta” [t]}

position vector of C: rC:{ (—D + %) Cos[theta[t] ], (—D+ %) Sin[theta([t]], 0}

L

velocity of C: vC:d(rC)/dt:{—(—D+ 3

) Sin[theta[t]] theta [t], (713 + %) Cos [theta[t]] theta [t], 0}
acceleration of C: aC=d(vC) /dt:{% (2D-1L) (Cos[theta[t]] theta' [t]? +Sin[theta[t]] theta” [t]),

% (-2D+1L) (-Sin[theta[t]] theta [t]? +Cos[theta[t]] theta” [t]), 0}

another way of calculating vC and aC
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vC=omega x rC:{D Sin[theta[t]] theta' [t] - % L Sin[theta[t]] theta’ [t],

-DCos[theta[t]] theta' [t] + % L Cos|[theta[t]] theta' [t], 0}
aC=alpha x rC - omega.omega rC:{% (2D-L) (Cos[theta[t]] theta’ [t]? +Sin[theta[t]] theta” [t]),
% (2D-1L) (Sin[theta[t]] theta’ [t]? - Cos[theta[t]] theta” [t]), 0}
Forces

reaction force at pin joint O: FO={FOx, FOy, 0}

gravitational force at C: G={0, gm, 0}

2
mass moment of inertia wrt C: ICz= L12m
. . 1
mass moment of inertia wrt O: IOz=ICz+mx (L/2-D) AZ:E (3 D2 -3DL+ Lz) m

Method I

moment equation: IO alpha = sum M wrt O = rC x G

%m (3g (2D-1L) Cos[theta[t]] +2 (3D?> -3DL+L?) theta” [t])=0

3g (2D-L) Cos[theta[t]]

Solution: theta''([t]=- 2 (307 _3DL+12)

Method II
force equation: m aC = sum F = FO + G

projection on x:

-FOx + % (2D-1L) m (Cos[theta[t]] theta’ [t]% +Sin[theta[t]] theta” [t])=0 (1)
projection on y:

-FOy -gm + % (2D-L) m (Sin[theta[t]] theta' [t]? - Cos[theta[t]] theta” [t])=0 (2)

moment egation: IC alpha = sum M wrt C = -rC x FO

projection on z:

% (-6 (2D -1L) (FOy Cos[theta[t]] - FOx Sin[theta[t]]) + L% mtheta” [t])=0 (3)
from Eq. (1) => FOx = % (2D-1L) m (Cos[theta[t]] theta’ [t]% +Sin[theta[t]] theta” [t])
from Eq.(2) => FOy = % (-2gm+2DmSin[theta[t]] theta’ [t]? -

LmSin[theta[t]] theta' [t]? -2DmCos[theta[t]] theta” [t] + L m Cos[theta[t]] theta” [t])

3g (-2D+L) Cos|[theta[t]]

from Egs. (1) (2) (3) => theta''[t] = 2 (307 3DL 12

b)

The joint force FO0 can be expressed in terms of the axial unit
vector n and the perpendicular unit vector to the rod t: FO = FOn n + FOt t
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n = Cos|[theta[t]] i + Sin[theta[t]] jJ
t = -Sin[theta[t]] i + Cos|[theta[t] ]j
i = Cos[theta[t]] n - Sin[theta[t]] t

j = Sin[theta[t]] n + Cos[theta[t]] t

FO axial, FOn = —% m (2 gSin[theta[t]] + (-2D+1L) theta’ [t]?)

1

FO perp, FOt = 5 m (-2 gCos[theta[t]] + (-2D+L) theta” [t])

c)
Initial Conditions
at t=0: theta[0]=0, theta'[0]=omega[0]=0

3g(-2D+1L)
2 (3D2 -3DL+L2)

theta''[0] = alpha[0] =

1

rad/s"2

2
gL‘m 1b

V = FOy[0] = Zm (-2g+ (-2D+L) theta” [0]) =

H = FOx[0] = 0 1b

FO = FOx i + FOy j

numerical data: m=12/32.2,L=3,D=.75,9=32.2

theta[deg]
175¢
150}
125}
100
75+
50f
25¢

omega [rad/s]
6

4

4 (3D2-3DL+12)



PI 6_1.nb

alpha[rad/s]

20

10

-10







Pl 6_2 a.nb

(*Problem I.6.2 (a) *)

Apply[Clear,Names["Global *"]];
Off[General::spell];
Off[General::spelll];

(* Input data *)
AB=0.08;
BC=0.21;
CD=0.12;
AD=0.19;

)

n
w

120 n/180;
2400.; (*rpm*)
n 7/30; (*rad/s*)

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

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

(* Position of joint B *)
xB = AB Cos[¢]

~e ~e

yB = AB Sin[¢]

(* Position of joint C *)

eqCI =(xc-xB)"2+(yc-yB)"2-BC"2 == 0;
eqCII= (xc-xD)"2+(yc-yD)"2-CD"2 == 0;

solutionC=Simplify[Solve[{eqCI,eqCII}, {xc,yc}]];

(* Two solutions for C *
xCl = xc/.solutionC[[1]]
yc/.solutionC[[1]]
1
1

Ne Ne Ne Ne

yCl =
xC2 = xc/.solutionC[[2]
yC2 = yc/.solutionC[[2]

(* Select the correct position for C *)
If [yC1>0,xC=xCl;yC=yCl,xC=xC2;yC=yC2];

markers=Table[ {Point[{0,0}],
Point[ {xB,yB}],
Point[{xC,yC}],

Point[ {xD,yD}],
Point[{-0.05,0}1}1;

name=Table[ {Text["A",{0,0},{2,-1}],
TeXt["B"l{XBlyB}I{ll_l}]l
TeXt["C"l{xcch}l{_llz}]l
Text["D", {xD,yD},{-2,-1}1}1];

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

Show [ Graphics [ graph ] ,
PlotRange -> { All , All } ,
Frame -> True,
AxesOrigin -> {xA,yA},
FrameLabel -> {"x","y"},
Axes -> {True,True},
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AspectRatio -> Automatic ] ;

rA={xA,yA,0};
rB={xB,yB,0};
rC={xC,yC,0};
rD={xD,yD,0};

Print["rA = ",rA," m"];
Print["rB = ",rB," m"];
Print["rC = ",rC," m"];
Print["rD = ",rD," m"];

(*0-Ar-1-Br-2-Cr-3-Dr-0%*)

wl0=wl={0,0,w};

w21lv={0,0,omega2l};

w32v={0,0,omega32};

w03v={0,0,omegal3};

eqIlkv=(wl0+w2lv+w32v+wO3v)[[3]]==0;
eqIijv=Cross[rB,w2lv]+Cross[rC,w32v]+Cross[rD,w03v];
eqliv=eqIijv[[1]]==0;

eqIljv=eqIijv[[2]]==0;

solIvel=Solve[{eqIkv,eqIiv,eqIjv}, {omega2l,omega32,omega03}];

omega2ls=omega2l/.solIvel[[1]]
omega32s=omega32/.solIvel[[1]]
omega03s=omega03/.solIvel[[1]]

~e o ~e

w21={0,0,omega2ls};
w32={0,0,omega32s};
w03={0,0,omegal03s};

w20 = w2 = wl0 + w21;
w30 = w3 = w20 + w32;
w30n= -w03;

vB=Cross|[ wlO ,rB];
vC=vB+Cross|[ w20 ,rC-rB];

alO=al=D[wl0,t];

a2lv={0,0,alpha2l};
a32v={0,0,alpha32};
a03v={0,0,alpha03};

eqlka=(al0+a2lv+a32v+a03v)[[3]]==0;
eqIija=Cross[rB,a2lv]+Cross[rC,a32v]+

Cross[rD,a03v]-wl0.wl0 rB-w20.w20 \
(rC-rB)-w30.w30 (rD-rC);
eqlia=eqIija[[1]]==0;
eqlja=eqIija[[2]]==0;
solIacc=Solve[{eqIka,eqIia,eqIja}, {alpha2l,alpha32,alpha03}];
alpha2ls=alpha2l/.solIacc[[1]];
alpha32s=alpha32/.solIacc[[1]];
alphaO3s=alpha03/.solIacc[[1]];

a21={0,0,alpha2ls};
a32={0,0,alpha32s};
a03={0,0,alpha03s};

a20 = a2 = al0 +a2l1;
a30 = a3 = a20 + a32;
a30n= -a03;

aB=Cross[ al0 ,rB]-wl0.wl0 rB;
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aC=aB+Cross|[ a20 ,rC-rB]-w20.w20 (rC-rB);

w3

w30;
al alO;
a2 a20;
a3 = a30;

Print["al = ",al," rad/s”2"];
Print["a2 ",a2," rad/s*2"];
Print["a3 = ",a3," rad/s”*2"];

h=0.01;
d=0.001;
p=8000;
g=9.807;

Mext=-Sign[w3]{0,0,600};
Print["Mext = " ,Mext," N m"];

(*Link 1%)

ml=p AB h d4;
rCl=rB/2;

aCl=aB/2;

Finl=-ml aCl;
G1={0,-ml g,0};
Fl=(Finl+Gl);

ICl=ml (AB"2+h"2)/12;
M1=Minl=-ICl al;

Print["F1 = ",F1," N "];
Print["M1 = ",M1," N m"];
(*Link 2%)

m2=p BC h d4;
rC2=(rB+rC)/2;
aC2=(aB+aC)/2;
Fin2=-m2 aC2;
G2={0,-m2 g,0};
F2=(Fin2+G2);

IC2=m2 (BC"2+h"2)/12;
M2=Min2=-IC2 a2;

Print["F2 = ",F2," N "];
Print["M2 = ",M2," N m"];
(*Link 3%*)

m3=p CD h 4;
rC3=(rC+rD)/2;
aC3=aC/2;
Fin3=-m3 aC3;
G3={0,-m3 g,0};
F3=(Fin3+G3);
IC3=m3 (CD"2+h"2)/12;
M3=Min3=-IC3 a3;
Print["F3 = " ,F3,"

"
Print["M3 = ",M3," !

N 7
N m"];
Print[" "]

Print|["Force Analysis"]
Print["FBD"]

(*Link 3%*)
F03={F03x,F03y,0};
F23={F23x,F23y,0};
eq3F=F3+F03+F23;
eq3Fx=eq3F[[1] ]==0;
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eq3Fy=eq3F[[2] ]==0;
eq3M=Cross[rC-rC3,F23]+Cross[rD-rC3,F03]+M3+Mext;
eq3Mz=eq3M[[3] ]==0;

(*Link 2%)

F12={F12x,F12y,0};

eq2F=F2+F12-F23;

eq2Fx=eq2F[[1] ]==0;

eq2Fy=eq2F[[2] ]==0;
eq2M=Cross[rC-rC2,-F23]+Cross[rB-rC2,F12]+M2;
eq2Mz=eq2M[ [3] ]==0;

equations32={eq3Fx,eq3Fy,eq3Mz,eq2Fx,eq2Fy,eq2Mz};
sol32=Solve[equations32, {F03x,F03y,F23x,F23y,F12x,F12y}];

FO03s F03/.s0l32[[1]];
F23s F23/.s0l132[[1]];
Fl1l2s = F12/.s0l32[[1]];

Print["FO03 = ",F03/.so0l132[[1]]," N"];
Print["F23 = ",F23/.s0l132[[1]]," N"];
Print["F12 = ",F12/.s0132[[1]]," N"];
Print[" "]
(*Link 1%)
FO01=-F1+F12s;
Print["FO1l = ",FOl," N"];
Mm=-Cross[rB,-Fl2s]-Cross[rCl,F1]-M1l;
Print["Meq = ",Mm," N m"]
0.1
0.08 B
0.06
y
0.04
0.02
ok A D ‘ ‘ A\[]
-0.25 -0.2 -0.15 -0.1 -0.05 0
X

rA = {0,0,0} m

rB = {-0.04, 0.069282, 0} m

rC = {-0.246819, 0.105696, 0} m
rD = {-0.19, 0, 0} m

al = {0, 0, 0} rad/s"2

a2 = {0, 0, -11193.8} rad/s"2
a3 = {0, 0, -13423.2} rad/s"2
Mext = {0, 0, -600} N m

Fl1 = {-8.08518, 13.9412, 0.} N
Ml = {0,0,0} Nm

F2 = {-45.8949, 53.9134, 0.} N

M2 = {0, 0, 0.69267} N m



Pl 6_2 a.nb

F3 = {-14.0979, 9.80177, 0.} N

M3 = {0, 0, 0.155709} N m

Force Analysis

FBD

F03 = {6289.33, -1134.23, 0} N
F23 = {-6275.23, 1124.42, 0} N

F12 = {-6229.34, 1070.51, 0} N

F01 = {-6221.25, 1056.57, 0.} N

Meq = {0., 0., 388.759} N m
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(*Problem I.6.2 (b) *)

Apply[Clear,Names["Global *"]];
Off[General::spell];
Off[General::spelll];

(* Input data *)
AB=0.08;
BC=0.21;
CD=0.12;
AD=0.19;

)

n
w

120 n/180;
2400.; (*rpm*)
n 7/30; (*rad/s*)

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

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

(* Position of joint B *)
xB = AB Cos[¢]

~e ~e

yB = AB Sin[¢]

(* Position of joint C *)

eqCI =(xc-xB)"2+(yc-yB)"2-BC"2 == 0;
eqCII= (xc-xD)"2+(yc-yD)"2-CD"2 == 0;

solutionC=Simplify[Solve[{eqCI,eqCII}, {xc,yc}]];

(* Two solutions for C *
xCl = xc/.solutionC[[1]]
yc/.solutionC[[1]]
1
1

Ne Ne Ne Ne

yCl =
xC2 = xc/.solutionC[[2]
yC2 = yc/.solutionC[[2]

(* Select the correct position for C *)
If [yC1>0,xC=xCl;yC=yCl,xC=xC2;yC=yC2];

markers=Table[ {Point[{0,0}],
Point[ {xB,yB}],
Point[{xC,yC}],

Point[ {xD,yD}],
Point[{-0.05,0}1}1;

name=Table[ {Text["A",{0,0},{2,-1}],
TeXt["B"l{XBlyB}I{ll_l}]l
TeXt["C"l{xcch}l{_llz}]l
Text["D", {xD,yD},{-2,-1}1}1];

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

Show [ Graphics [ graph ] ,
PlotRange -> { All , All } ,
Frame -> True,
AxesOrigin -> {xA,yA},
FrameLabel -> {"x","y"},
Axes -> {True,True},
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AspectRatio -> Automatic ] ;

rA={xA,yA,0};
rB={xB,yB,0};
rC={xC,yC,0};
rD={xD,yD,0};

Print["rA = ",rA," m"];
Print["rB = ",rB," m"];
Print["rC = ",rC," m"];
Print["rD = ",rD," m"];

(*0-Ar-1-Br-2-Cr-3-Dr-0%*)

wl0=wl={0,0,w};

w21lv={0,0,omega2l};

w32v={0,0,omega32};

w03v={0,0,omegal3};

eqIlkv=(wl0+w2lv+w32v+wO3v)[[3]]==0;
eqIijv=Cross[rB,w2lv]+Cross[rC,w32v]+Cross[rD,w03v];
eqliv=eqIijv[[1]]==0;

eqIljv=eqIijv[[2]]==0;

solIvel=Solve[{eqIkv,eqIiv,eqIjv}, {omega2l,omega32,omega03}];

omega2ls=omega2l/.solIvel[[1]]
omega32s=omega32/.solIvel[[1]]
omega03s=omega03/.solIvel[[1]]

~e o ~e

w21={0,0,omega2ls};
w32={0,0,omega32s};
w03={0,0,omegal03s};

w20 = w2 = wl0 + w21;
w30 = w3 = w20 + w32;
w30n= -w03;

vB=Cross[ wl0 ,rB];
vC=vB+Cross[ w20 ,rC-rB];

alO=al=D[wl0,t];

a2lv={0,0,alpha2l};
a32v={0,0,alpha32};
a03v={0,0,alpha03};

eqlka=(al0+a2lv+a32v+a03v)[[3]]==0;
eqIija=Cross[rB,a2lv]+Cross[rC,a32v]+

Cross[rD,a03v]-wl0.wl0 rB-w20.w20 \
(rC-rB)-w30.w30 (rD-rC);
eqlia=eqIija[[1]]==0;
eqlja=eqIija[[2]]==0;
solIacc=Solve[{eqIka,eqIia,eqIja},{alpha2l,alpha32,alpha03}];
alpha2ls=alpha2l/.solIacc[[1]];
alpha32s=alpha32/.solIacc[[1]];
alphaO3s=alpha03/.solIacc[[1]];

a21={0,0,alpha2ls};
a32={0,0,alpha32s};
a03={0,0,alpha03s};

a20 = a2 = al0 +a2l1;
a30 = a3 = a20 + a32;
a30n= -a03;

aB=Cross[ al0 ,rB]-wl0.wl0 rB;
aC=aB+Cross[ a20 ,rC-rB]-w20.w20 (rC-rB);
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w3
al
a2
a3

w30;
alO;
a20;
a30;

Print["al = ",al," rad/s"2'
Print["a2 ",02," rad/s”2'
Print["a3 = ",a3," rad/s"2'

1;
1;
15
h=0.01;
d=0.001;
0=8000;
g=9.807;

Mext=-Sign[w3]{0,0,600};
Print["Mext = " ,Mext," N m"];

(*Link 1%)

ml=p AB h d4;
rCl=rB/2;

aCl=aB/2;

Finl=-ml aCl;
G1={0,-ml g,0};
Fl=(Finl+Gl);

ICl=ml (AB"2+h"2)/12;
M1=Minl=-IC1l al;
Print["Fl1 = ",F1," N "];
Print["M1 = ",M1," N m"];
Mmot={0,0,Mm};

(*Link 2%)

m2=p BC h d;
rC2=(rB+rC)/2;
aC2=(aB+aC)/2;
Fin2=-m2 aC2;
G2={0,-m2 g,0};
F2=(Fin2+G2);

IC2=m2 (BC"2+h"2)/12;
M2=Min2=-IC2 a2;

Print["F2 = ",F2," N "];
Print["M2 = ",M2," N m"];
(*Link 3%*)

m3=p CD h 4;
rC3=(rC+rD)/2;
ac3=acC/2;
Fin3=-m3 aC3;
G3={0,-m3 g,0};
F3=(Fin3+G3);
IC3=m3 (CD"2+h"2)/12;
M3=Min3=-IC3 a3;
Print["F3 = " ,F3,"

"
Print["M3 = ",M3," !

N i

N m"];

Print[" "]

Print["Force Analysis"]

Print["contour O0-Ar-1-Br-2-Cr-3-Dr-0"]

Print[" Dr "]

F03={F03x,F03y,0};

egM3C=(Cross[rD-rC,FO03]+Cross[rC3-rC,F3]+Mext+M3)[[3]];
eqM32B=(Cross[rD-rB,F03]+Cross[rC3-rB,F3]+Cross[rC2-rB,F2]+Mext+M3+M2)[[3]];
solF03=Solve[ {egM3C==0,eqM32B==0}, {F03x,F03y}];

Print["FO03 = ",F03/.so0lFO03[[1]]," N"];
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Print[" Cr "]

F23={F23x,F23y,0};
eqM3D=(Cross[rC-rD,F23]+Cross[rC3-rD,F3]+Mext+M3)[[3]];
egM2B=(Cross[rC-rB,-F23]+Cross[rC2-rB,F2]+M2)[[3]];
solF23=Solve[ {egM3D==0,eqM2B==0}, {F23x,F23y}];
Print["F23 = ",F23/.s0lF23[[1]]," N"];

Print[" Br "]

F12={F12x,F12y,0};

egM2C=(Cross[rB-rC,F12]+Cross[rC2-rC,F2]+M2)[[3]];
eqgM23D=(Cross[rB-rD,F12]+Cross[rC2-rD,F2]+Cross[rC3-rD,F3]+M2+M3+Mext)[[3]];
solF12=Solve[ {egM2C==0,egqM23D==0}, {F12x,F12y}];

Print["F12 = ",F12/.s0lF12[[1]]," N"];

Fl2s = F12/.so0lF12[[1]];

Print[" "]

(*Link 1%*)

FO01=-F1+F1l2s;

Print["FOl = ",FOl," N"];
Mm=-Cross[rB,-Fl2s]-Cross[rCl,F1]-Ml;
Print["Meq = ",Mm," N m"]

0.1
.08 B
.06
.04
.02

0 B

-0.25 -0.2 -0.15 -0.1 -0.05 0
X

0
0
y
0
0

rA = {0,0,0} m

rB = {-0.04, 0.069282, 0} m

rC = {-0.246819, 0.105696, 0} m
rD = {-0.19, 0, 0} m

al = {0, 0, 0} rad/s"2

a2 = {0, 0, -11193.8} rad/s"2
a3 = {0, 0, -13423.2} rad/s"2
Mext = {0, 0, -600} N m

Fl1 = {-8.08518, 13.9412, 0.} N
Ml = {0,0,0} Nm

F2 = {-45.8949, 53.9134, 0.} N
M2 = {0, 0, 0.69267} Nm

F3 = {-14.0979, 9.80177, 0.} N

M3 = {0, 0, 0.155709} N m
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Force Analysis

contour 0-Ar-1-Br-2-Cr-3-Dr-0

Dr

FO03

FO1

Meq

{6289.33, -1134.23, 0}

{-6275.23, 1124.42, 0}

{-6229.34, 1070.51, 0}

{-6221.25, 1056.57, 0.}

{0., 0., 388.759}

N m

N
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(*Problem I.6.2 (c) *)

Apply[Clear,Names["Global *"]];
Off[General::spell];
Off[General::spelll];

(* Input data *)
AB=0.08;
BC=0.21;
CD=0.12;
AD=0.19;

)

n
w

120 n/180;
2400.; (*rpm*)
n 7/30; (*rad/s*)

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

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

(* Position of joint B *)
xB = AB Cos[¢]

~e ~e

yB = AB Sin[¢]

(* Position of joint C *)

eqCI =(xc-xB)"2+(yc-yB)"2-BC"2 == 0;
eqCII= (xc-xD)"2+(yc-yD)"2-CD"2 == 0;

solutionC=Simplify[Solve[{eqCI,eqCII}, {xc,yc}]];

(* Two solutions for C *
xCl = xc/.solutionC[[1]]
yc/.solutionC[[1]]
1
1

Ne Ne Ne Ne

yCl =
xC2 = xc/.solutionC[[2]
yC2 = yc/.solutionC[[2]

(* Select the correct position for C *)
If [yC1>0,xC=xCl;yC=yCl,xC=xC2;yC=yC2];

markers=Table[ {Point[{0,0}],
Point[ {xB,yB}],
Point[{xC,yC}],

Point[ {xD,yD}],
Point[{-0.05,0}1}1;

name=Table[ {Text["A",{0,0},{2,-1}],
TeXt["B"l{XBlyB}I{ll_l}]l
TeXt["C"l{xcch}l{_llz}]l
Text["D", {xD,yD},{-2,-1}1}1];

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

Show [ Graphics [ graph ] ,
PlotRange -> { All , All } ,
Frame -> True,
AxesOrigin -> {xA,yA},
FrameLabel -> {"x","y"},
Axes -> {True,True},
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AspectRatio -> Automatic ] ;

rA={xA,yA,0};
rB={xB,yB,0};
rC={xC,yC,0};
rD={xD,yD,0};

Print["rA = ",rA," m"];
Print["rB = ",rB," m"];
Print["rC = ",rC," m"];
Print["rD = ",rD," m"];

(*0-Ar-1-Br-2-Cr-3-Dr-0%*)

wl0=wl={0,0,w};

w21lv={0,0,omega2l};

w32v={0,0,omega32};

w03v={0,0,omegal3};

eqIlkv=(wl0+w2lv+w32v+wO3v)[[3]]==0;
eqIijv=Cross[rB,w2lv]+Cross[rC,w32v]+Cross[rD,w03v];
eqliv=eqIijv[[1]]==0;

eqIljv=eqIijv[[2]]==0;

solIvel=Solve[{eqIkv,eqIiv,eqIjv}, {omega2l,omega32,omega03}];

omega2ls=omega2l/.solIvel[[1]]
omega32s=omega32/.solIvel[[1]]
omega03s=omega03/.solIvel[[1]]

~e o ~e

w21={0,0,omega2ls};
w32={0,0,omega32s};
w03={0,0,omegal03s};

w20 = w2 = wl0 + w21;
w30 = w3 = w20 + w32;
w30n= -w03;

vB=Cross|[ wlO ,rB];
vC=vB+Cross|[ w20 ,rC-rB];

alO=al=D[wl0,t];

a2lv={0,0,alpha2l};
a32v={0,0,alpha32};
a03v={0,0,alpha03};

eqlka=(al0+a2lv+a32v+a03v)[[3]]==0;
eqIija=Cross[rB,a2lv]+Cross[rC,a32v]+

Cross[rD,a03v]-wl0.wl0 rB-w20.w20 \
(rC-rB)-w30.w30 (rD-rC);
eqlia=eqIija[[1]]==0;
eqlja=eqIija[[2]]==0;
solIacc=Solve[{eqIka,eqIia,eqIja}, {alpha2l,alpha32,alpha03}];
alpha2ls=alpha2l/.solIacc[[1]];
alpha32s=alpha32/.solIacc[[1]];
alphaO3s=alpha03/.solIacc[[1]];

a21={0,0,alpha2ls};
a32={0,0,alpha32s};
a03={0,0,alpha03s};

a20 = a2 = al0 +a2l1;
a30 = a3 = a20 + a32;
a30n= -a03;

aB=Cross[ al0 ,rB]-wl0.wl0 rB;
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aC=aB+Cross|[ a20 ,rC-rB]-w20.w20 (rC-rB);

w3

w30;
al alO;
a2 a20;
a3 = a30;

Print["al = ",al," rad/s”2"];
Print["a2 ",a2," rad/s*2"];
Print["a3 = ",a3," rad/s”*2"];

h=0.01;
d=0.001;
p=8000;
g=9.807;

Mext=-Sign[w3]{0,0,600};
Print["Mext = " ,Mext," N m"];

(*Link 1%)

ml=p AB h d4;
rCl=rB/2;

aCl=aB/2;

Finl=-ml aCl;
G1={0,-ml g,0};
Fl=(Finl+Gl);

ICl=ml (AB"2+h"2)/12;
M1=Minl=-ICl al;

Print["F1 = ",F1," N "];
Print["M1 = ",M1," N m"];
(*Link 2%)

m2=p BC h d4;
rC2=(rB+rC)/2;
aC2=(aB+aC)/2;
Fin2=-m2 aC2;
G2={0,-m2 g,0};
F2=(Fin2+G2);

IC2=m2 (BC"2+h"2)/12;
M2=Min2=-IC2 a2;

Print["F2 = ",F2," N "];
Print["M2 = ",M2," N m"];
(*Link 3%*)

m3=p CD h 4;
rC3=(rC+rD)/2;
aC3=aC/2;
Fin3=-m3 aC3;
G3={0,-m3 g,0};
F3=(Fin3+G3);
IC3=m3 (CD"2+h"2)/12;
M3=Min3=-IC3 a3;
Print["F3 = " ,F3,"

"
Print["M3 = ",M3," !

N 7
N m"];
Print[" "]

Print|["Force Analysis"]
Print["dyad 2+3 "]

(*Dyad 2 + 3*%*)
F03={F03x,F03y,0};
F12={F12x,F12y,0};

eq23F=F03+F3+F2+F12;
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eq23Fx=eq23F[[1]]==0;
eq23Fy=eq23F[[2]]==0;

egM2C=(Cross[rB-rC,F12]+Cross[rC2-rC,F2]+M2)[[3]]==0;
egM3C=(Cross[rD-rC,FO03]+Cross[rC3-rC,F3]+M3+Mext)[[3]]==0;

sol23=Solve[{eq23Fx,eq23Fy,eqM2C,eqM3C}, {FO3x,F03y,F12x,F12y}];
F03s = F03/.s0l123[[1]];

Fl2s = F12/.s0l123[[1]];

Print["FO03 = ",F03/.so0l23[[1]]," N"];

Print["F12 ",F12/.s0123[[1]]," N"]1;

Print[" "]
F23=F12s+F2;
Print["F23 = ",F23," N"];

Print[" "]

(*Link 1%*)

FO01=-F1+F1l2s;

Print["FOl = ",FOl," N"];
Mm=-Cross[rB,-Fl2s]-Cross[rCl,F1]-M1l;
Print["Meq = ",Mm," N m"]

0.1
08 B
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04
02
0 B

-0.25 -0.2 -0.15 -0.1 -0.05 0
X

0.

0.

y
0.
0.

rA = {0,0,0} m

rB = {-0.04, 0.069282, 0} m

rC = {-0.246819, 0.105696, 0} m
rD = {-0.19, 0, 0} m

al = {0, 0, 0} rad/s"2

a2 = {0, 0, -11193.8} rad/s"2
a3 = {0, 0, -13423.2} rad/s"2
Mext = {0, 0, -600} N m

Fl1 = {-8.08518, 13.9412, 0.} N
Ml = {0,0,0} Nm

F2 = {-45.8949, 53.9134, 0.} N
M2 = {0, 0, 0.69267} Nm

F3 = {-14.0979, 9.80177, 0.} N

M3 = {0, 0, 0.155709} N m
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Force Analysis
dyad 2+3
FO03 = {6289.33, -1134.23, 0} N

F12 = {-6229.34, 1070.51, 0} N

F23 = {-6275.23, 1124.42, 0.} N

F01 = {-6221.25, 1056.57, 0.} N

Meq = {0., 0., 388.759} N m
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(*Problem I.6.3 (a) *)

Apply[Clear,Names["Global *"]];
Off[General::spell];
Off[General::spelll];

AB=0.4;
BC=1.;
¢=r/6;

n=1600; (*rpm*)
w=n 7/30.; (*rad/s*)

xA=yA=0;
rA={xA,yA,0};

xB=AB Cos[¢];
yB=AB Sin[¢];
rB={xB,yB,0};

yC=0;
xC=xB+Sqrt[BC"2-(yC-yB) “2];
rC={xC,yC,0};

markers=Table[ {Point[{0,0}],Point[{xB,yB}],Point[{xC,yC}]1}1];

name=Table[ {Text["A",{0,0},{1,1}],Text["B", {xB,yB},{-.5,-1.5}],
Text["C",{xC,yC},{1,1}]1}1;

graph[increment]=
Graphics[ {{RGBColor[1,0,0],Line[{{0,0},{xB,yB}}1},{RGBColor[0,0,0],
Line[ {{xB,yB}, {xC,yC}}1},{RGBColor[0,0,1],PointSize[0.02],
markers}, {name}}];

Show[Graphics[graph[increment]],Frame-True,
PlotRange-»{{-.1,1.6},{-.1,.3}},AxesOrigin-»{0,0},
FrameLabel-{"x","y"},Axes->{True, True},
AspectRatio-Automatic];

(*0-Ar-1-Br-2-Cr-3-Ct-0%*)

wl0={0,0,w};
w21lv={0,0,omega2l};
w32v={0,0,omega32};
vCO03v={vC03,0,0};

eqIkv=(wl0+w2lv+w32v)[[3]]==0;
eqIijv=Cross[rB,w2lv]+Cross[rC,w32v]+vCO3v;
eqliv=eqIijv[[1]]==0;

eqIljv=eqIijv[[2]]==0;

solIvel=Solve[{eqIkv,eqIliv,eqljv}, {omega2l,omega32,vC03}];

omega2ls=omega2l/.solIvel[[1]
omega32s=omega32/.solIvel[[1]
vC03s=vC03/.solIvel[[1l]];

1;
1;

w21={0,0,omega2ls};
w32={0,0,omega32s};
v03={0,0,vC03s};

w20=0w1l0+w21;
w30=0w20+w32;

vB=Cross[wl0,rB];
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vC=vB+Cross[w20,rC-rB];

alO=D[wl0,t];
a2lv={0,0,alpha2l};
a32v={0,0,alpha32};
aC03v={aCc03,0,0};

eqIka=(alO+a2lv+a32v)[[3]]==0;
eqIija=Cross[rB,a2lv]+Cross[rC,a32v]+

aC03v-wl0.wl0 rB-w20.w20 (rC-rB);
eqlia=eqIija[[1]]==0;
eqlja=eqIija[[2]]==0;
solIacc=Solve[{eqIka,eqIlia,eqIlja},{alpha2l,alpha32,ac03}];
alpha2ls=alpha2l/.solIacc[[1]];
alpha32s=alpha32/.solIacc[[1]];
aCc03s=aC03/.solIacc[[1]];

a21={0,0,alpha2ls};
a32={0,0,alpha32s};
a03={aCc03s,0,0};

a20=al10+a21;
a30={0,0,0};

aB=Cross[alO0,rB]-wl0.wl0 rB;
aC=aB+Cross[a20,rC-rB]-w20.w20 (rC-rB);

al alO;
a2 a20;
a3 = a30;

rad/s
rad/s

Print["al = ",al,’ ~2"1;
Print["a2 = ",a2," ~2"1;
h=0.01;

hSlider=0.02;

wSlider=0.05;

d=0.001;

0=8000.;

g=9.807;

Fext=-Sign[vC] {800.,0,0};
Print["Fext = " ,Fext," N m"];

(*Link 1%)

ml=p AB h d4;
rCl=rB/2;

aCl=aB/2;

Finl=-ml aCl;
G1={0,-ml g,0};
Fl=(Finl+Gl);

ICl=ml (AB"2+h"2)/12;
M1=Minl=-IC1l al;

Print["F1 = ",F1," N "];
Print["M1 = ",M1," N m"];
(*Link 2%)

m2=p BC h d;
rC2=(rB+rC)/2;
aC2=(aB+aC)/2;
Fin2=-m2 aC2;
G2={0,-m2 g,0};
F2=(Fin2+G2);

IC2=m2 (BC"2+h"2)/12;
M2=Min2=-IC2 a2;
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Print["F2 = ",F2," N "];
Print["M2 = ",M2," N m"];
(*Link 3%*)

m3=p hSlider wSlider d;
rC3=rC;

aC3=aC;

Fin3=-m3 aC3;

G3={0,-m3 g,0};

F3=(Fin3+G3);

IC3=m3 (hSlider”2+wSlider”"2)/12;
M3=Min3=-IC3 a3;

Print["F3 = ",F3," N "];
Print["M3 = ",Chop[M3]," N m"];

Print[" "]
Print["Force Analysis"]
Print["FBD"]

(*Link 3%*)
F03={0,F03y,0};
F23={F23x,F23y,0};
eq3F=F3+F03+F23+Fext;
eq3Fx=eq3F[[1]]==0;
eq3Fy=eq3F[[2]]==0;

(*Link 2%)

F12={F12x,F12y,0};

eq2F=F2+F12-F23;

eq2Fx=eq2F[[1] ]==0;

eq2Fy=eq2F[[2] ]==0;
eq2M=Cross[rC-rC2,-F23]+Cross[rB-rC2,F12]+M2;
eq2Mz=eq2M[ [3] ]==0;

equations32={eq3Fx,eq3Fy,eq2Fx,eq2Fy,eq2Mz};
sol32=Solve[equations32, {F03y,F23x,F23y,F12x,F12y}];

F03s = F03/.s0l132[[1]];

F23s = F23/.s0l132[[1]];

Fl2s = F12/.s0l132[[1]];

Print["FO03 = ",F03/.so0l132[[1]]," N"];
Print["F23 = ",F23/.s0l132[[1]]," N"];
Print["F12 = ",F12/.s0132[[1]]," N"];
Print[" "]

(*Link 1%)

FO01=-F1+F12s;

Print["FO1l = ",FOl," N"];
Mm=-Cross[rB,-Fl2s]-Cross[rCl,F1]-M1l;
Print["Meq = ",Mm," N m"];

0 0.25 0.5 0.75 1 1.25 1.5

al = {0, 0, 0} rad/s"2

a2 = {0, 0, 5014.18} rad/s"2
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Fext = {800., 0, 0} Nm

F1 = {155.599, 89.5215, 0.} N
Ml = {0,0,0} Nm

F2 = {875.415, 223.804, 0.} N
M2 = {0, 0, -33.4312} Nm

F3 = {97.2833, -0.078456, 0.} N

M3 = {0,0,0} Nm

Force Analysis

FBD

F03 = {0, -350.207, 0} N

F23 = {-897.283, 350.285, 0} N

Fl12 = {-1772.7, 126.481, 0} N

FO01 = {-1928.3, 36.9599, 0.} N

Meq = {0., 0., 398.408} N m
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(*Problem I.6.3 (b) *)

Apply[Clear,Names["Global *"]];
Off[General::spell];
Off[General::spelll];

AB=0.4;
BC=1.;
¢=r/6;

n=1600; (*rpm*)
w=n 7/30.; (*rad/s*)

xA=yA=0;
rA={xA,yA,0};

xB=AB Cos[¢];
yB=AB Sin[¢];
rB={xB,yB,0};

yC=0;
xC=xB+Sqrt[BC"2-(yC-yB) “2];
rC={xC,yC,0};

markers=Table[ {Point[{0,0}],Point[{xB,yB}],Point[{xC,yC}]1}1];

name=Table[ {Text["A",{0,0},{1,1}],Text["B", {xB,yB},{-.5,-1.5}],
Text["C",{xC,yC},{1,1}]1}1;

graph[increment]=
Graphics[ {{RGBColor[1,0,0],Line[{{0,0},{xB,yB}}1},{RGBColor[0,0,0],
Line[ {{xB,yB}, {xC,yC}}1},{RGBColor[0,0,1],PointSize[0.02],
markers}, {name}}];

Show[Graphics[graph[increment]],Frame-True,
PlotRange-»{{-.1,1.6},{-.1,.3}},AxesOrigin-»{0,0},
FrameLabel-{"x","y"},Axes->{True, True},
AspectRatio-Automatic];

(*0-Ar-1-Br-2-Cr-3-Ct-0%*)

wl0={0,0,w};
w21lv={0,0,omega2l};
w32v={0,0,omega32};
vCO03v={vC03,0,0};

eqIkv=(wl0+w2lv+w32v)[[3]]==0;
eqIijv=Cross[rB,w2lv]+Cross[rC,w32v]+vCO3v;
eqliv=eqIijv[[1]]==0;

eqIljv=eqIijv[[2]]==0;

solIvel=Solve[{eqIkv,eqIliv,eqljv}, {omega2l,omega32,vC03}];

omega2ls=omega2l/.solIvel[[1]
omega32s=omega32/.solIvel[[1]
vC03s=vC03/.solIvel[[1l]];

1;
1;

w21={0,0,omega2ls};
w32={0,0,omega32s};
v03={0,0,vC03s};

w20=0w1l0+w21;
w30=0w20+w32;

vB=Cross[wl0,rB];
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vC=vB+Cross[w20,rC-rB];

alO=D[wl0,t];
a2lv={0,0,alpha2l};
a32v={0,0,alpha32};
aC03v={aCc03,0,0};

eqIka=(alO+a2lv+a32v)[[3]]==0;
eqIija=Cross[rB,a2lv]+Cross[rC,a32v]+

aC03v-wl0.wl0 rB-w20.w20 (rC-rB);
eqlia=eqIija[[1]]==0;
eqlja=eqIija[[2]]==0;
solIacc=Solve[{eqIka,eqIlia,eqIlja},{alpha2l,alpha32,ac03}];
alpha2ls=alpha2l/.solIacc[[1]];
alpha32s=alpha32/.solIacc[[1]];
aCc03s=aC03/.solIacc[[1]];

a21={0,0,alpha2ls};
a32={0,0,alpha32s};
a03={aCc03s,0,0};

a20=al10+a21;
a30={0,0,0};

aB=Cross[alO0,rB]-wl0.wl0 rB;
aC=aB+Cross[a20,rC-rB]-w20.w20 (rC-rB);

al alO;
a2 a20;
a3 = a30;

rad/s
rad/s

Print["al = ",al,’ ~2"1;
Print["a2 = ",a2," ~2"1;
h=0.01;

hSlider=0.02;

wSlider=0.05;

d=0.001;

0=8000.;

g=9.807;

Fext=-Sign[vC] {800.,0,0};
Print["Fext = " ,Fext," N m"];

(*Link 1%)

ml=p AB h d4;
rCl=rB/2;

aCl=aB/2;

Finl=-ml aCl;
G1={0,-ml g,0};
Fl=(Finl+Gl);

ICl=ml (AB"2+h"2)/12;
M1=Minl=-IC1l al;

Print["F1 = ",F1," N "];
Print["M1 = ",M1," N m"];
(*Link 2%)

m2=p BC h d;
rC2=(rB+rC)/2;
aC2=(aB+aC)/2;
Fin2=-m2 aC2;
G2={0,-m2 g,0};
F2=(Fin2+G2);

IC2=m2 (BC"2+h"2)/12;
M2=Min2=-IC2 a2;
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Print["F2 = ",F2," N "];
Print["M2 = ",M2," N m"];
(*Link 3%*)

m3=p hSlider wSlider d;
rC3=rC;

aC3=aC;

Fin3=-m3 aC3;

G3={0,-m3 g,0};

F3=(Fin3+G3);

IC3=m3 (hSlider”2+wSlider”"2)/12;
M3=Min3=-IC3 a3;

Print["F3 = ",F3," N "];
Print["M3 = ",Chop[M3]," N m"];

Print[" "]
Print["Force Analysis"]
Print["contour O0-Ar-1-Br-2-Cr-3-Dt-0"]

Print[" Dt "]

F03={0,F03y,0};
egM32B=(Cross[rC-rB,FO03+F3+Fext]+Cross[rC2-rB,F2]+M3+M2)[[3]];
solF03=Solve[ {egM3C==0,egM32B==0}, {FO3y}];

Print["FO03 = ",F03/.so0lFO03[[1]]," N"];

Print[" Cr "]

F23={F23x,F23y,0};

eqF3x=(F23+F3+Fext+F03)[[1]];
egM2B=(Cross[rC-rB,-F23]+Cross[rC2-rB,F2]+M2)[[3]];
solF23=Solve[ {eqF3x==0,eqM2B==0}, {F23x,F23y}];
Print["F23 = ",F23/.s0lF23[[1]]," N"];

Print[" Br "]

F12={F12x,F12y,0};
egM2C=(Cross[rB-rC,F12]+Cross[rC2-rC,F2]+M2)[[3]];
eqF32x=(F12+F2+F3+Fext+F03)[[1]];

solF12=Solve[ {egqM2C==0,eqF32x==0}, {F12x,F12y}];
Print["F12 = ",F12/.s0lF12[[1]]," N"];

Fl2s = F12/.s0lF12[[1]];

Print[" "]

(*Link 1%*)

F01=-F1+F1l2s;

Print["FOl = ",FOl," N"];
Mm=-Cross[rB,-Fl2s]-Cross[rCl,F1]-M1l;
Print["Meq = ",Mm," N m"];

or o
e N
SIS
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o o o

O

|
o
o
(&)
>
Q

0 0.25 0.5 0.75 1 1.25 1.5

al = {0, 0, 0} rad/s"2
a2 = {0, 0, 5014.18} rad/s"2

Fext = {800., 0, 0} Nm
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F1 = {155.599, 89.5215, 0.} N
ML = {0,0,0} Nm

F2 = {875.415, 223.804, 0.} N
M2 = {0, 0, -33.4312} N m

F3 = {97.2833, -0.078456, 0.} N

M3 = {0, 0,0} Nm

Force Analysis

contour 0-Ar-1-Br-2-Cr-3-Dt-0
Dt

F03 = {0, -350.207, 0} N

Cr

F23 = {-897.283, 350.285, 0} N
Br

Fl12 = {-1772.7, 126.481, 0} N

FO01 = {-1928.3, 36.9599, 0.} N

Meq = {0., 0., 398.408} N m
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(*Problem I.6.3 (c) *)

Apply[Clear,Names["Global *"]];
Off[General::spell];
Off[General::spelll];

AB=0.4;
BC=1.;
¢=r/6;

n=1600; (*rpm*)
w=n 7/30.; (*rad/s*)

xA=yA=0;
rA={xA,yA,0};

xB=AB Cos[¢];
yB=AB Sin[¢];
rB={xB,yB,0};

yC=0;
xC=xB+Sqrt[BC"2-(yC-yB) “2];
rC={xC,yC,0};

markers=Table[ {Point[{0,0}],Point[{xB,yB}],Point[{xC,yC}]1}1];

name=Table[ {Text["A",{0,0},{1,1}],Text["B", {xB,yB},{-.5,-1.5}],
Text["C",{xC,yC},{1,1}]1}1;

graph[increment]=
Graphics[ {{RGBColor[1,0,0],Line[{{0,0},{xB,yB}}1},{RGBColor[0,0,0],
Line[ {{xB,yB}, {xC,yC}}1},{RGBColor[0,0,1],PointSize[0.02],
markers}, {name}}];

Show[Graphics[graph[increment]],Frame-True,
PlotRange-»{{-.1,1.6},{-.1,.3}},AxesOrigin-»{0,0},
FrameLabel-{"x","y"},Axes->{True, True},
AspectRatio-Automatic];

(*0-Ar-1-Br-2-Cr-3-Ct-0%*)

wl0={0,0,w};
w21lv={0,0,omega2l};
w32v={0,0,omega32};
vCO03v={vC03,0,0};

eqIkv=(wl0+w2lv+w32v)[[3]]==0;
eqIijv=Cross[rB,w2lv]+Cross[rC,w32v]+vCO3v;
eqliv=eqIijv[[1]]==0;

eqIljv=eqIijv[[2]]==0;

solIvel=Solve[{eqIkv,eqIliv,eqljv}, {omega2l,omega32,vC03}];

omega2ls=omega2l/.solIvel[[1]
omega32s=omega32/.solIvel[[1]
vC03s=vC03/.solIvel[[1l]];

1;
1;

w21={0,0,omega2ls};
w32={0,0,omega32s};
v03={0,0,vC03s};

w20=0w1l0+w21;
w30=0w20+w32;

vB=Cross[wl0,rB];
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vC=vB+Cross[w20,rC-rB];

alO=D[wl0,t];
a2lv={0,0,alpha2l};
a32v={0,0,alpha32};
aC03v={aCc03,0,0};

eqIka=(alO+a2lv+a32v)[[3]]==0;
eqIija=Cross[rB,a2lv]+Cross[rC,a32v]+

aC03v-wl0.wl0 rB-w20.w20 (rC-rB);
eqlia=eqIija[[1]]==0;
eqlja=eqIija[[2]]==0;
solIacc=Solve[{eqIka,eqIlia,eqIlja},{alpha2l,alpha32,ac03}];
alpha2ls=alpha2l/.solIacc[[1]];
alpha32s=alpha32/.solIacc[[1]];
aCc03s=aC03/.solIacc[[1]];

a21={0,0,alpha2ls};
a32={0,0,alpha32s};
a03={aCc03s,0,0};

a20=al10+a21;
a30={0,0,0};

aB=Cross[alO0,rB]-wl0.wl0 rB;
aC=aB+Cross[a20,rC-rB]-w20.w20 (rC-rB);

al alO;
a2 a20;
a3 = a30;

rad/s
rad/s

Print["al = ",al,’ ~2"1;
Print["a2 = ",a2," ~2"1;
h=0.01;

hSlider=0.02;

wSlider=0.05;

d=0.001;

0=8000.;

g=9.807;

Fext=-Sign[vC] {800.,0,0};
Print["Fext = " ,Fext," N m"];

(*Link 1%)

ml=p AB h d4;
rCl=rB/2;

aCl=aB/2;

Finl=-ml aCl;
G1={0,-ml g,0};
Fl=(Finl+Gl);

ICl=ml (AB"2+h"2)/12;
M1=Minl=-IC1l al;

Print["F1 = ",F1," N "];
Print["M1 = ",M1," N m"];
(*Link 2%)

m2=p BC h d;
rC2=(rB+rC)/2;
aC2=(aB+aC)/2;
Fin2=-m2 aC2;
G2={0,-m2 g,0};
F2=(Fin2+G2);

IC2=m2 (BC"2+h"2)/12;
M2=Min2=-IC2 a2;
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Print["F2 = ",F2," N "];
Print["M2 = ",M2," N m"];
(*Link 3%*)

m3=p hSlider wSlider d;
rC3=rC;

aC3=aC;

Fin3=-m3 aC3;

G3={0,-m3 g,0};

F3=(Fin3+G3);

IC3=m3 (hSlider”2+wSlider”"2)/12;
M3=Min3=-IC3 a3;

Print["F3 = ",F3," N "];
Print["M3 = ",Chop[M3]," N m"];

Print[" "]
Print["Force Analysis"]
Print["dyad 2+3 "]

(*Dyad 2 + 3*%)
F03={0,F03y,0};
F12={F12x,F12y,0};

eq23F=F03+F3+F2+F12+Fext;
eq23Fx=eq23F[[1]]==0;
eq23Fy=eq23F[[2]]==0;

eqM2C=(Cross[rB-rC,F12]+Cross[rC2-rC,F2]+M2)[[3]]==0;

sol23=Solve[ {eq23Fx,eq23Fy,eqM2C}, {FO3y,F12x,F12y}];
F03s = F03/.s0l123[[1]];

Fl2s = F12/.s0l123[[1]];

Print["FO03 = ",F03/.s0l23[[1]]," N"];

Print["F12 ",F12/.s0123[[1]]," N"]1;

Print[" "]
F23=F12s+F2;
Print["F23 = ",F23," N"];

Print[" "]

(*Link 1%*)

FO01=-F1+F1l2s;

Print["FOl = ",FOl," N"];
Mm=-Cross[rB,-Fl2s]-Cross[rCl,F1]-M1l;
Print["Meq = ",Mm," N m"]

0 0.25 0.5 0.75 1 1.25 1.5

al = {0, 0, 0} rad/s"2

a2 = {0, 0, 5014.18} rad/s"2
Fext = {800., 0, 0} Nm

F1 = {155.599, 89.5215, 0.} N

Ml = {0,0,0} Nm
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F2

M2

F3

M3

{875.415, 223.804,

{0, 0, -33.4312}

{97.2833, -0.078456, 0.}

{0, 0,0}, Nm

Force Analysis

dyad 2+3

F03 = {0, -350.207, 0}

Fl2 = {-1772.7, 126.481, 0}
F23 = {-897.283, 350.285, 0.}
FOl = {-1928.3, 36.9599, 0.}

Meq

{0., 0., 398.408}

0.}

N m

N

N m

N

N

N

N

N
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(*Problem I.6.4%*)

Off[General::spell];
Off[General::spelll];

Apply [ Clear , Names [ "Global™*" ] ]

~e

(* initial data *)

AB = 0.15 ; BC = 0.40 ; CD = 0.37 ;
CE = 0.23 ; EF = CE ; La = 0.30 ;
Lb = 0.45 ; Lc = CD ; fi=Pi/ 3 ;

DE=CD+CE;

(* position analysis *)
xD = La ; yD = Lb ;

XxB = AB Cos [ fi ] ; yB
eq23a = ( xc - xB )"2 +
eq23b = ( xc - xD )"2 +

=ABSin[fi];
(
(
solutionC = Solve [ { eq2
[
[
1

c - yB )2 - BC"2
c - yD )*2 - CD"2
=0, eq23b == 0} , { xc , yc

ycl = yc /. solutionC [ [
yc2 = yc /. solutionC [ [
C =ycl , xC = xc2 ; yC = yc2 ] ;

;7 n=yC - m xC ;

yC )*2 - CE"2 ;

.
r
.
r

xcl = xc /. solutionC [
xc2 = xc¢ /. solutionC [
If [ xcl < xc2 , xC = xcC
m= (yC-yD ) / ( xC - xD
eq24 = ( xe - xC )"2 + ( ye
eq27 = ye - m Xxe - n ;
solutionE = Solve [ { eq24 ==
xel = xe /. solutionE [ [ 1 ]
xe2 = xe /. solutionE [ [ 2 ]
If [ xel <= xC , XE = xel ; y

Y
Y
3a } 1
1 1 1]
2 1 2]

~e
| ~ & =

0, eq27 ==0} , { xe , ye } ] ;

] ; yel = ye /. solutionE [ [ 1 ]

] ; ye2 = ye /. solutionE [ [ 2 ]
E =yel , XE = xe2 ; yE = ye2 ] ;

XF = - Lc ;
eq28 = ( XxE - xF )"2 + ( yE - yf )"2 - EF"2 ;
solutionF = Solve [ { eq28 == 0 } , { v£ } 1 ;

yfl = yf /. solutionF [ [ 1 ] ] ; vyf2 = yf /. solutionF [ [ 2 ]
If [ yf1 < yE , yF = yfl , yF = yf2 ] ;

rAB =rB={xB , yB, 0} ;
rAC = rC={xC , yC , 0} ;
rAD = rD={xD , yD, 0 } ;
rAE = rE = { xE , YE , 0 } ;
rAF = rF = { xF , yF , 0 } ;
Print["rB = ", rB, " m" ];
Print["rC = ", rC, " m" ];
Print["rD = ", D, " m" ];
Print["rE = ", rE, " m" ];
Print["rF = ", rF, " m" ];

(* angular velocity of the driver element *)
n = 1600.; (*rpm¥*)
wl0 = n n/30; (*rad/s*)

(* contour 1 *)

omegald0 = { 0 , 0 , wl0 } ; (* driver element *)
omega2lu = { 0 , 0 , w2lu } ;

omega32u = { 0 , 0 , w32u } ;

omegaO3u = { 0 , 0 , wO3u } ;

eq323a = omegalO0 + omega2lu + omega32u + omegaO3u ;
eq323b = Cross [ rAB , omega2lu ] + Cross [ rAC , omega32u ] +
Cross [ rAD , omegaO3u ] ;

soluCl = Solve [ { eqg323a [ [ 3 1] =0,
eq323b [ [ 1] ] ==0 ,
eq323b [ [ 211 ==01},
{ w2lu , w32u , wO3u } ] ;

e
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w2l = w2lu /. soluCcl [ [ 1 1 ] ;
w32 = w32u /. soluCl [ [ 1] ] ;
w03 = wO3u /. soluCcl [ [ 1] ] ;
w20 = wl0 + w2l ;

w30 = - w03 ; (* w30 = w20 + w32; *)
omega2l = { 0 , O , w21 } ;

omega32 = { 0 , 0 , w32 } ;

omegal03 = { 0 , 0 , wO3 } ;

vB = Cross [ omegalO0 , rAB ] ;

rBC = rAC - rAB ;

omega20 = omegalO0 + omega2l ;

vC = vB + Cross [ omega20 , rBC ] ;

(* contour 2 *)
w30 - w03
omega30

omega43u
omega54u
VO5u {

4
- omegal3

{o,
{o,
, vO5u ,

4
0 , wé43u }
0 , w54u }
0}

.
4

.
4

o

.
4

14
omega30 ] + Cross

eq324a
eq324b

omega30 + omega43u + omega54u
Cross [ rAD
Cross [ rAF

4

14

soluC2 Solve [ { eq324a [ [
eq324b [

eq324b [

{ w43u , w
soluC2 [ [
soluC2 [ [

soluC2 [ [

11-=
111
2] 1
0
wé3

w54
v05

w43u /.
w54u /.
vO5u /.

1]
1]
1]

omega43
omega54
V05 {

w40 = w30 + w43
rDE = rAE - rAD
vE Cross [ omega30 , rDE ]
omega40 omega30 + omega43
rEF rAF - rAE ;

vF Chop[VE + Cross [ omega40 ,

, w43 }
, w54 }
0}

14

{0, o0 ;
{0, o0 ;
={ 0, vO5

14 4

~e ~eo

14

4

4

rEF ]]

"
14

Print [ "VF VvF, m/s" 1 ;
(* contour
Alpha2lu
Alpha32u
AlphaO3u

rCD rAD - rAC

)
0

0
0

4

= alpha2lu }
alpha32u }

alphaO3u }

.
4

.
4

P e Y N
O OO *

14 14
14 14
14 14

.
4

4

eq410a
eq410b

Alpha2lu + Alpha32u + AlphaO3u
Cross [ rAB, Alpha2lu ] + Cross
Cross [ rAD, AlphaO3u ] - wl0"2
w0372 rCD ;
Solve [ {

solutc21 eq4l0a [
eq410b [
eq410b [

{ alpha2lu, a
alpha2lu /. solutC21 |
alpha32u /. solutC21 |

alphaO3u /. solutC21 |

alpha2l
alpha32
alphaO3

omega54u ] + VO5u

; vO5u } ]

(* known from the previous contour *)

[ rtAE , omega43u ]

[ rAC, Alpha32u ] +
rAB - w202 rBC -

0
o,

o},
alphaO3u } ]

14

4

~e e e
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Alpha2l = { 0 , 0 , alpha2l } ;

Alpha32 = { 0 , 0 , alpha32 } ;

Alpha03 = { 0 , 0 , alpha03 } ;

alpha20 = alpha2l ;

alpha30 = - alpha03 ; (* = alpha20 + alpha32 *)
aB = - wl0"2 rAB;

Alpha20 = Alpha2l;
aC = aB + Cross [ Alpha20, rBC ] - w20"2 rBC ;
(* contour 2 *)
Alpha30 = { 0, 0, alpha30 } ;
Alpha43u = { 0, 0, alpha43u } ;
Alpha54u = { 0, 0, alpha54u } ;
AQO5u = { 0, aO5u , 0 } ;
eq4lla = Alpha30 + Alpha43u + Alpha54u ;
eq411lb = Cross [ rAD, Alpha30 ] + Cross [ rAE, Alpha43u ] +
Cross [ rAF, Alpha54u ] + AO5u - w302 rDE -
w402 rEF ;

solutC22 = Solve [ { eq4lla [ [ 3 ] 1] o,
eq4llb [ [ 1] ] ==0 ,
eq4llb [ [ 2] ]1 ==01},
{ alpha43u , alpha54u , aO5u } ] ;

alpha43 alpha43u /. solutC22 [ [ 1 ] ]
alpha54 = alpha54u /. solutC22 [ [ 1 ] ]
a05 = aO5u /. solutc22 [ [ 1] ] ;

~e

~e

alpha40 alpha30 + alpha43
Alpha43 = { 0, 0, alpha43 }
aE = Cross [ Alpha30 , rDE ] - w30"2 rDE ;

Alpha40 = Alpha30 + Alpha43 ;

aF =Chop[ aE + Cross [ Alpha40, rEF ] - w402 rEF];

~e ~eo

markers = Table [ {

Point [ { O, O} 1,

Point [ { xB , yB } ] ,

Point [ { xC , yC } 1 ,

Point [ { xD , yD } ] ,

Point [ { XxE , YE } ] ,

Point [ { xF , yF } 1 ,

Point [ { (xF+xE)/2 , (yF+yE)/2 } 1],

Point [ { (xB+xC)/2 , (yB+yC)/2 } ]

Y1
name = Table [ {

Text [ "A" ,{0 , 0 },{3,01}1,

Text [ "B" I{XB ’ YB }I{_z ’ o } ] ’

Text [ "c" l{xc ’ YC }I{_z 1'2 } ] ’

Text [ "D" I{XD ’ YD }I{_3 ’ o } ] ’

Text [ "E" ,{xE , yE },{3 , 01} ],

Text [ "F" ,{xF , yF },{3 , 01} 1],

Text [ "c4",{(xF+xE)/2,(yF+yE)/2 } ,
{_2 ’ 0 } ] ’

Text [ "c2" ,{(xB+xC)/2, (yB+yC)/2} ,
{2,01}]

Y1

graph = Graphics [
{ { RGBCOlor [ 1 , 0, O],
Line [ { {0,0},{xB,yB} } 1 } ,
{ RGBColor [ O , 0 , 1],
Line [ { {xB,yB} , {xC,yC}} 1} ,
{ RGBColor [ 1 , 0O, 1] ,
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Line [ { {xD,yD}, {xE,yE}} 1 } ,
{ RGBColor [ O , O, O] ,

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

PointSize [ 0.01 ] , markers } ,
{ name } } 1 ;

Show [ Graphics [ graph ]
PlotRange -> { -

N U~

{-5, .5},
{--2, .7}1},
Frame -> True,

AxesOrigin -> {0,0},
FrameLabel->{"x","y"},

Axes -> {True,True},

AspectRatio -> Automatic ] ;

al = a5 = {0,0,0};
a2 Alpha20;
a3 Alpha30;
ad Alpha40;

Print["al = ",al," rad/s”2"];
Print["a2 ",a2," rad/s*2"];
Print["a3 ",a3," rad/s*2"];
Print["a4 = ",a4," rad/s”2"];

h=0.01;
d=0.001;
hSlider=0.02;
wSlider=0.05;
p=8000;
g=9.807;

Fext=-Sign[vF]{0,500,0};
Print["Fext = " ,Fext," N"];

(*Link 1%)

ml=p AB h d4;
rCl=rB/2;

aCl=aB/2;

Finl=-ml aCl;
G1={0,-ml g,0};
Fl=(Finl+Gl);

ICl=ml (AB"2+h"2)/12;
M1=Minl=-IC1l al;

Print["F1 = ",F1," N "];
Print["M1 = ",M1," N m"];
(*Link 2%)

m2=p BC h d;
rC2=(rB+rC)/2;
aC2=(aB+aC)/2;

Fin2=-m2 aC2;

G2={0,-m2 g,0};
F2=(Fin2+G2);

IC2=m2 (BC"2+h"2)/12;
M2=Min2=-IC2 a2;

Print["F2 = ",F2," N "];
Print["M2 = ",M2," N m"];

(*Link 3%*)
m3=p DE h d;
rC3=(rD+rE)/2;
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aC3=aE/2;

Fin3=-m3 aC3;
G3={0,-m3 g,0};
F3=(Fin3+G3);

IC3=m3 (DE"2+h"2)/12;
M3=Min3=-IC3 a3;

Print["F3 = ",F3," N "];
Print["M3 = ",M3," N m"];
(*Link 4%)

m4=p EF h d4;
rC4=(rE+rF)/2;
aC4=(aE+aF)/2;

Fin4=-m4 aC4;

G4={0,-m4 g,0};
F4=(Fin4+G4);

IC4=m4 (EF"2+h"2)/12;
M4=Min4=-IC4 a4;

Print["F4 = ",F4," N "];
Print["M4 = ",M4," N m"];

(*Link 5%*)
m5=p hSlider wSlider d;

Fin5=-m5 aF;

G5={0,-m5*g,0};

F5=(Fin5+G5);

IC5=m5 (hSlider”2+wSlider”~2)/12;
M5={0,0,0};
Print["F5 = " ,F5,"
Print["M5 = " ,M5,"

Print[" "];

Print[" Ft "];

F05={F05x,0,0};

egME54=Cross[rF-rE, FO5+Fext+F5]+Cross[rC4-rE, F4]+M4;
solF05=Solve[eqME54[[3]]==0,F05x];

FO5s = F05/.solFO05[[1]];

Print["FO05 = " ,F05s," N"];

Print[" "];

Print[" Fr "];

F45={F45x,F45y,0};

eqF5y=(FO5+F45+F5+Fext)[[2]];
egME4=(Cross[rF-rE,-F45]+Cross[rC4-rE,F4]1+M4)[[3]];
solF45=Solve[ {eqF5y==0,eqME4==0}, {F45x,F45y}];

F45s = F45/.s0lF45[[1]];

Print["F45 = " ,F45s," N"];

Print[" "];

Print[" Er "];

F34={F34x,F34y,0};

egMF4=(Cross[rE-rF ,F34]+Cross[rC4-rF ,F4]+M4)[[3]];
eqF45y=(F34+F4+F5+Fext)[[2]];

solF34=Solve[ {eqF45y==0,eqMF4==0}, {F34x,F34y}];
F34s = F34/.s0lF34[[1]];

Print["F34 = " ,F34s," N"];

Print[" "];

Print[" Dr "];

F03={F03x,F03y,0};
egMC3=(Cross[rD-rC,FO03]+Cross[rE-rC,-F34s]+Cross[rC3-rC,F3]+M3)[[3]];
eqgMB32=(Cross[rD-rB,F03]+Cross[rE-rB,-F34s]+Cross[rC3-rB,F3]+Cross[rC2-rB,F2]+M3+M2)[[3
11;

solF03=Solve[ {egMC3==0,egqMB32==0}, {FO03x,F03y}];
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F03s = F03/.solF03[[1]];
Print["FO3 = " ,F03s," N"];

Print[" "];

Print[" Cr "];

F32={F32x,F32y,0};

egMB2=(Cross[rC-rB,F32]+Cross[rC2-rB,F2]+M2)[[3]];
egMD3=(Cross[rC-rD,-F32]+Cross[rE-rD,-F34s]+Cross[rC3-rD,F3]+M3)[[3]];
solF32=Solve[ {eqMB2==0,eqgqMD3==0}, {F32x,F32y}];

F32s = F32/.s0lF32[[1]];

Print["F32 = " ,F32s," N"];

Print[" "];

Print[" Br "];

F12={F12x,F12y,0};

eqMC2=(Cross[rB-rC,F12]+Cross[rC2-rC,F2]+M2)[[3]];
eqgMD23=(Cross[rB-rD,Fl12]+Cross[rE-rD,-F34s]+Cross[rC3-rD,F3]+Cross[rC2-rD,F2]+M3+M2)[[3
11;

solFl12=Solve[ {egMC2==0,egqMD23==0}, {F12x,F12y}];

Fl2s = F12/.so0lF12[[1]];

Print["F12 = ",F12s," N"];

Print[" "]

(*Link 1%*)

FO01=-F1+F1l2s;

Print["FOl = ",FOl," N"];
Mm=-Cross[rB,-Fl2s]-Cross[rCl,F1]-M1l;
Print["Meq = ",Mm," N m"]

rB = {0.075, 0.129904, 0} m

rC = {-0.0660047, 0.504227, 0} m
rD = {0.3, 0.45, 0} m

rE = {-0.293521, 0.537935, 0} m
rF = {-0.37, 0.321023, 0} m

vF = {0, 37.5269, 0} m/s



PI 6_4.nb

al =

a2

a3 =

a4

Fext

Fl =

M1l =

F2 =

M2 =

F3 =

M3 =

F4 =

M4 =

F5 =

M5 =

Ft

F05

F45

F Cc2

s

{0, 0, 0} rad/s"2
{0, 0, -5765.48} rad/s"
{0, 0, 11778.5} rad/s"2

{0, 0, -5313.8} rad/s"2

= {0, -500, 0} N

{12.6331, 21.7635, 0}

{0, 0,0} Nm

{22.7634, 130.145, 0.}

{0, 0, 2.46148}) N m

{-26.5739, 174.929, 0.}

{0, 0, -16.9658} N m

{-10.1867, 129.369, 0.}

{0, 0, 0.431835} N m

{0, 54.1071, 0} N

{0, 0,0} Nm

(-131.304, 0, 0} N

{131.304, 445.893, 0}

2

N

N

N

N

N




PI 6_4.nb

F34 = {141.49, 316.523, 0} N

F03 = {281.548, -237.498, 0}

F32 = {113.484, -379.093, 0}

F12 = {-136.247, 248.949, 0}

FO01 = {-148.88, 227.185, 0} N

Meq = {0., 0., 36.3746} N m
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(*Problem I.6.5%)
Apply[Clear,Names["Global™*"]];
Off[General::spell];
Off[General::spelll];

AB=0.08;
BC=0.350;
EC=0.2;
CD=0.15;
ED=.350;
xE=0.200;
yE=0.350;
£i=145 Pi/180.;

(* position analysis *)

xA=yA=0;

xB=AB Cos[fi];

yB=AB Sin[fi];
eql=(xE-xc) "2+ (yE-yc) “2-EC"2;
eq2=(xB-xc) "2+ (yB-yc) “2-BC"2;
soll=Solve[ {eql==0,eq2==0}, {xc,yc}];
xcl=xc/.soll[[1]];

ycl=yc/.soll[[1]];

xc2=xc/.soll[[2]];

yc2=yc/.soll[[2]];
If[xcl>xE,xC=xcl;yC=ycl, xC=xc2;yC=yc2];
eq4l=(xE-xd) "2+ (yE-yd) "2-ED"2;
eq42=(xd-xC) "2+ (yd-yC)"2-CD"2;
sol4=Solve[ {eq41==0,eq42==0}, {xd,yd}];
xdl=xd/.sol4[[1]];

ydl=yd/.sol4[[1]];

xd2=xd/.sol4[[2]];

yd2=yd/.sol4[[2]];
If[ydl<yC,xD=xdl;yD=ydl,xD=xd2;yD=yd2];
XF=xD;

yF=-.04;

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

(*1ink 5%*)
1=0.15;

GH=2 1;

FI=2 1;

xG=xF-1;
xH=xF+1;
yG=yH=YF;
rG={xG,yF,0};
rH={xH,yF,0};
xXI=xF;

yI=yF+21;
ri={xI,yI,0};
xC5=xF;

y51=yF;
y52=(yF+yI)/2;
yC5=(y51 (2 1)+y52 (2 1))/(2 1+2 1);
rC5={xC5,yC5,0};

markers=Table[ {Point[{0,0}],
Point[ {xB,yB}],
Point[{xC,yC}],
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Point[ {xD,yD}],
Point|[ {xE,yE}],
Point|[ {xF,yF}],
Point[{xG,yG}],
Point|[ {xH,yH}],
Point[ {xI,yI}],
Point[ {xC5,yC5}]
1

name=Table[ {Text["A", {0,0},{1,0}],
TeXt["Bl' ’ {XBIYB}I {_11‘1}] ’
TeXt["Cl' ’ {xclyc}l {_11‘1}] ’
Text["D",{xD,yD},{1,0}1,
Text["E", {xE,yE}, {1,0}1,
Text["F",{xF,yF},{1,0}1,
Text["G", {xG,yG},{1,0}1,
Text["H",{xH,yH},{1,0}],
Text["I",{xI,yI},{1,0}1,
Text["I",{xI,yI},{1,0}1,
Text["C5", {xC5,yC5},{-1,0}]
i

graph[increment]=Graphics| {
{RGBColor[1,0,0],Line[{{xA,yA}, {xB,yB}}1},
{RGBColor[0,1,0],Line[{{xB,yB},{xC,yC}}1},
{RGBColor[0,0,0],Line[{{xC,yC}, {xD,yD}}1},
{RGBColor[0,0,0],Line[{{xC,yC},{xE,yE}}]1},
{RGBColor[1,0,1],Line[{{xD,yD}, {xF,yF}}1},
{RGBColor[0,0,1],Line[{{xG,yG}, {xH,yH}}]},
{RGBColor[0,0,1],Line[{{xF,yF}, {xI,yI}}1},
{RGBColor[0,1,1],PointSize[0.01],markers}, {name}}];

Show[Graphics[graph[increment]],
PlotRange-»{All,All},
Frame-True,AxesOrigin-»{0,0},FrameLabel-»{"x","y"},
Axes-»{True,True},AspectRatio-»Automatic];

(* contour I: 0-A_R-1-B R-2-C_R-3-E R-0 *)

omegal0 = 2200 Pi/30;

Omegal0 = { 0 , 0 , omegalO }
Omeg2l = { 0 , O , omeg2l } ;
Omeg32 = { 0 , O , omeg32 } ;
Omeg03 = { 0 , O , omeg03 } ;

~e

eqCla = OmegalO+Omeg2l + Omeg32 + OmegO03 ;
eqClb = Cross[rB,Omeg2l]+Cross[rC,Omeg32]+Cross[rE,Omeg03] ;

solvCl = Solve [ { eqCla [ [ 3 ] ] ==0,
eqClb [ [ 1] ] ==0,
eqClb [ [ 2] 1 =0},
{ omeg2l , omeg32 , omeg03 } ] ;

omega2l = omeg2l /. solvCl [ [ 1
omega32 = omeg32 /. solvCl [ [ 1
omega03 = omeg03 /. solvCl [ [ 1

[ RSy —
— e
~e No ~o

Omega2l = { 0 , 0 , omega2l } ;
Omega32 = { 0 , 0 , omega32 } ;
Omega03 = { 0 , 0 , omegal03 } ;

Omega30 = -Omega03;
omega30 = Omega30[[3]];
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Omega20
omega20

VB
vC
VD

Cr
VB
Cr

Alph21 =

Alph32
AlphO3
eqaCla
eqaClb

solvacCl

alpha2l
alpha32
alphaO3

Alpha2l
Alpha32
Alpha0O3
Alpha20
alpha20

Alpha30
alpha30
aB = -
acC
aD

(* cont
Omeg43
VD54={
VG05={

eqC2a

eqC2b =

solvC2

omega43
v54 = v
v05 = v

Alph43
AD54={
AGO5={

eqaC2a
eqgaC2b

solacC2

alpha43

OmegalO0 + Omega2l ;
Omega20[[3]];

oss[OmegalO,rB];
+ Cross[Omega20,rC-rB];
oss [Omega30,rD-rE];

={0, 0, alph21 } ;
={0, 0, alph32 } ;
={0, 0, alph03 } ;

Alph21 + Alph32 + AlphO3 ;
Cross[rB,Alph21]+Cross[rC,Alph32]+Cross[rE,Alph03]-

omegal0"2 rB - omega20”2 (rC-rB) - omega30"2 (rE-rC);

= Solve [ { eqaCla [ [ 3] ] ==0 ,
eqaClb [ [ 1] ] ==0 ,
eqaClb [ [ 2 ] ] ==0} ,
{ alph21 , alph32 , alph03 } ] ;

= alph2l /. solvaCl [ [ 1] ] ;

= alph32 /. solvaCl [ [ 1] ] ;

= alph03 /. solvaCl [ [ 1] ] ;

={0, 0, alpha2l } ;

={0, 0, alpha32 } ;

={0, 0, alphaO3 } ;

= Alpha2l ;

Alpha20[[3]] ;

=-Alpha03;
Alpha30[[3]] ;
omegal0”2 rB;

aB+Cross[Alpha20,rC-rB] - omega20”2 (rC-rB);
Cross[Alpha30,rD-rE] - omega30"2 (rD-rE);

our II: O0-E_R-3-D_R-4-D_T-5-G_T-0 *)

={0, 0, omeg43 } ;
0, vD54 , 0 };
vG05 , 0 , 0 };

Omega30+Omeg43 ;
Cross[rE,Omega30]+Cross[rD,Omeg43]+VD54+VGO05 ;

=Solve [ { eqC2a [ [ 3 1] =0,
eqC2b [ [ 1] ]1 ==0,
eqC2b [ [ 2] 1 ==0} ,
{ omeg43 , vD54 , vGO5 } ] ;

= omeg43 /. solvC2
D54 /. solvC2 [ [ 1
GO5 /. solvC2 [ [ 1

111

[

={0,0,alph43};
0, ab54 , 0 };
aGo5 , 0 , 0 };

Alpha30+Alph43;
Cross[rE,Alpha30]+Cross[rD,Alph43]+AD54+AG05-
omega30”2 (rD-rE);
Solve [ { eqaC2a [

[ 311 o,
eqaC2b [ [ 1] ] ==0 ,
eqaC2b [ [ 2 1 ] ==0} ,
{ alph43 , ab54 , aGO5 } ] ;
= alph43 /. solac2 [ [ 1] ] ;

a54 = abD54 /. solac2 [ [ 1] 1 ;
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a05 = aG05 /. solaC2 [ [ 11 1] ;

al = a4 = a5 = {0,0,0};

a2 = Alpha20;

a3 = Alpha30;

Print["al = a4 = a5 = ",al," rad/s”2"];
Print["a2 = ",a2," rad/s”*2"];

Print["a3 = ",a3," rad/s"2"];

vF = {VD[[1]],0,0};

Print["vF = ", vF, " m/s"];

Fext=-Sign[vF]{1000,0,0};
Print["Fext = " ,Fext," N"];

h=0.01;
d=0.001;
hSlider=0.02;
wSlider=0.05;
p=2800;
g=9.807;

(*Link 1%)

ml=p AB h d4;
rCl=rB/2;

aCl=aB/2;

Finl=-ml aCl;
G1={0,-ml g,0};
Fl=(Finl+Gl);

ICl=ml (AB"2+h"2)/12;
M1=Minl=-IC1l al;

Print["F1 = ",F1," N "];
Print["M1 = ",M1," N m"];
(*Link 2%)

m2=p BC h d;
rC2=(rB+rC)/2;
aC2=(aB+aC)/2;
Fin2=-m2 aC2;
G2={0,-m2 g,0};
F2=(Fin2+G2);

IC2=m2 (BC"2+h"2)/12;
M2=Min2=-IC2 a2;

Print["F2 = ",F2," N "];
Print["M2 = ",M2," N m"];
(*Link 3%*)

m3=p ED h d;
rC3=(rD+rE)/2;
aCc3=aD/2;

Fin3=-m3 aC3;
G3={0,-m3 g,0};
F3=(Fin3+G3);

IC3=m3 (ED"2+h"2)/12;
M3=Min3=-IC3 a3;

Print["F3 = ",F3," N "];
Print["M3 = ",M3," N m"];
(*Link 4%)

m4=p hSlider wSlider d;

Fin4=-m4 aD;

G4={0,-m4 g,0};

F4=(Fin4+G4);

IC4=m4 (hSlider”2+wSlider”~2)/12;
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M4=Min4=-IC4 a4;

Print["F4 = ",F4," N"];
Print["M4 = ",M4," N m"];
(*Link 5%*)

m5=p (GH+FI) h d;
aC5=aF={aD[[1]],0,0};
Fin5=-m5 aC5;

G5={0,-m5 g,0};

F5=(Fin5+G5);

IC51=(p GH h d) (GH"2+h"2)/12;
IC52=(p FI h d)(FI"2+h"2)/12;
IC5=IC51+IC52;
M5=Min5=-IC5 a5;
Print["F5 = " ,F5,"
Print["M5 = ",M5,"

Print[" "];

Print[" Ft "];
F05={0,F05y,0};
eqF5y=(FO5+F5+Fext)[[2]];
solF05=Solve[eqgF5y==0,F05y];
FO5s = F05/.solFO05[[1]];
Print["FO05 = " ,FO05s," N"];

Print[" "];

Print[" Dt "];
F45={F45x,0,0};
eqF5x=(FO05+F5+Fext+F45)[[1]];
solF45=Solve[eqF5x==0,F45x];
F45s = F45/.s0lF45[[1]];
Print["F45 = " ,F45s," N"];

Print[" "];

Print[" Dr "];
F34={F34x,F34y,0};
eqF4y=(F34+F4-F45)[[2]];
solF34y=Solve[eqF4y==0,F34y];
F34ys = F34y/.solF34y[[1]];
eqF45x=(F34+F4+F05+F5+Fext) [[1]];
solF34x=Solve[eqF45x==0,F34x];
F34xs = F34x/.solF34x[[1]];
F34s={F34xs,F34ys,0};
Print["F34 = " ,F34s," N"];

Print[" "];

Print[" Er "];

F03={F03x,F03y,0};
egMC3=(Cross[rE-rC,F03]+Cross[rD-rC,-F34s]+Cross[rC3-rC,F3]+M3)[[3]];
eqgMB32=(Cross|[rE-rB,F03]+Cross[rD-rB,-F34s]+Cross[rC3-rB,F3]+Cross[rC2-rB,F2]+M3+M2)[[3
11;

solF03=Solve[ {egMC3==0,eqMB32==0}, {F03x,F03y}];

FO03s = F03/.solF03[[1]];

Print["FO03 = " ,F03s," N"];

Print[" "];

Print[" Cr "];

F32={F32x,F32y,0};

egMB2=(Cross[rC-rB,F32]+Cross[rC2-rB,F2]+M2)[[3]];
egME3=(Cross[rC-rE,-F32]+Cross[rD-rE,-F34s]+Cross[rC3-rE,F3]+M3)[[3]];
solF32=Solve[ {eqMB2==0,egqME3==0}, {F32x,F32y}];

F32s = F32/.s0lF32[[1]];

Print["F32 = " ,F32s," N"];



PI 6_5.nb 6

Print[" "];

Print[" Br "];

F12={F12x,F12y,0};

eqMC2=(Cross[rB-rC,F12]+Cross[rC2-rC,F2]+M2)[[3]];
eqgME23=(Cross|[rB-rE,F12]+Cross[rD-rE,-F34s]+Cross[rC3-rE,F3]+Cross[rC2-rE,F2]+M3+M2)[[3
11;

solFl12=Solve[ {egMC2==0,eqgqME23==0}, {F12x,F12y}];

Fl2s = F12/.so0lF12[[1]];

Print["F12 = ",F12s," N"];
Print[" "]
(*Link 1%*)
FO01=-F1+F1l2s;
Print["FOl = ",FOl," N"];
Mm=-Cross[rB,-Fl2s]-Cross[rCl,F1]-M1l;
Print["Meq = ",Mm," N m"]
E
0.3
I
0.2
C
y
0.1
B
ii N[
0
0 0.1 0.2 0.3 0.4
X

al = a4 = o5 = {0, 0, 0} rad/s"2
a2 = {0, 0, 13006.1} rad/s"2

a3 = {0, 0, 10727.2} rad/s"2

vF = {-24.7316, 0, 0} m/s

Fext = {1000, 0, 0} N

Fl1 = {-3.89561, 2.70577, 0} N
Ml = {0, 0,0} Nm

F2 = {-25.205, 3.24447, 0.} N
M2 = {0, 0, -1.30222} N m

F3 = {-14.2831, -15.1343, 0.} N
M3 = {0, 0, -1.07405} N m

F4 = {-8.16176, -8.62071, 0.} N
M4 = {0, 0,0} Nm

F5 = {-48.9706, -0.164758, 0} N

M5 = {0, 0,0} Nm
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Ft

F05 = {0, 0.164758, 0} N

Dt

F45 = {-951.029, 0, 0} N

F34 = {-942.868, 8.62071, 0} N

F03 = {520.846, 525.852, 0} N

F32 = {1449.43, 502.097, 0} N

F12 = {-1424.23, -505.342, 0} N

FOl = {-1420.33, -508.047, 0} N

Meq = {0., 0., 98.4676} N m
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(*Problem I .6 .6%)

Apply[Clear, Names["Global *"]1];
Off[General::spell];
Off [General::spelll];

AB=0.1;
AD = 0.35;
BC =0.24;
CE=0.07;
EF =0.3;
a=0.24;

phi = 30Pi/ 180;

n = 1400.; (*rpmx)
w=n*N[Pi] /30; (*rad/s=*)
(*Position of joint Ax)

xA =yA =0;

(*» Position of joint D %)
xD = AD;

yD=0;

(*Position of joint Bx)

xB = ABCos [phi];

yB = ABSin[phi];

(*» Position of joint C %)

eqnCl = (xCsol-xB) "2 + (yCsol-yB) "2 - BC"2 = 0;

eqnC2 (yCsol-yB)/ (xCsol-xB) == (yB-yD)/ (xB-xD);

solutionC = Solve[ {eqnCl, eqnC2} , {xCsol , yCsol} ]; (» Two solutions for C %)
xCl = xCsol /. solutionC[[1]];

yCl = yCsol /. solutionC[[1]];
xC2 = xCsol /. solutionC[[2]];
yC2 = yCsol /. solutionC[[2]];

If [xCl >= 0, xC=xCl; yC=yCl, xC=xC2; yC=yC2];

(*» Position of joint E %)

eqgqnEl = ((yEsol - yC) / (xEsol - xC)) ((yB - yD) / (xB - xD)) = -1;
eqnE2 = (xEsol - xC) "2 + (yEsol - yC) "2 - CE"2 = 0;

solutionE = Solve [ { eqnEl, eqnE2} , { xEsol, yEsol} ];

(* Two solutions for E )

XEl = xEsol /. solutionE[[1]];

yE1 = yEsol /. solutionE[[1]];
XE2 = xEsol /. solutionE[[2]];
YE2 = yEsol /. solutionE[[2]]; If [ YE1 < yC, XE = XEl; yE = yE1, xXE = xE2; yE =

(*» Position of joint F %)

xXF = aj;

yF =yE - Sqrt[EF"2 - (xF - xE) “2] ;
rA = {0, 0, O};

rB = {xB, yB, 0};

rC = {xC, yC, 0};

rD = {xD, yD, 0};

rE = {xE, yE, 0};

rF = {xF, yF, 0};

¢$2 = ArcTan[ (yB-yC) / (xB-xC)];
¢4 = ArcTan|[ (yF-yE) / (xF-xE) ];

(*link 2%)

xBp = xB + 2 BC Cos [¢2] ;
yBp = yB + 2BC Sin[¢2];
rBp = {xBp, yBp, 0};
xC22 = (xC + XE) / 2;
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yC22 = (yC+yE) / 2;
rC22 = {xC22, yC22, 0};
xC2 = (xC + xC22) / 2;
yC2 = (yC + yC22) / 2;
rC2 = {xC2, yC2, 0};

markers = Table[ {

Point [ {xA, yA}],
Point [ {xB, yB}],
Point[{xC, yC}],
Point [ {xD, yD}],
Point [ {xE, yE}],
Point [ {xF, yF}],
Point[{xBp, yBp}],
Point[{xC2, yC2}]
11

name = Table[{

TeXt["A"I {OI 0]’! {-ll '1]’]l
TeXt["B"l {XBI YB}I {-ll 1]’]!
Text["C", {xcl Yc}l {-ll '1]’]l
TeXt["D"l {xnl YD}I {-ll '1]’]l
TeXt["E"l {XEI YE}I {-ll '1]’]l
TeXt["F"l {XFI YF}I {-ll '1]’]l
Text["B'", {xBp, yBp}, {1, 1}],
Text["C2", {xC2, yC2}, {-1, 1}]
11

graph[increment] = Graphics[{{RGBColor[1l, O, 0], Line[{{xA, yA}, {xB, yB}}1},
{RGBColor[0, 1, 0], Line[{{xB, yB}, {xBp, yBp}}1}, {RGBColor[O, O, 1],
Line[{{xC, yC}, {xE, yE}}1}, {RGBColor[1, O, 1], Line[{{xE, yE}, {xF, yF}}]},
{RGBColor[0, O, 0], PointSize[0.02], markers}, {name}}];

Show[Graphics[graph[increment]],
PlotRange -» {All, All}, Frame -» True, AxesOrigin - {xA, yA},
FrameLabel -» {"x", "y"}, Axes » {True, True}, AspectRatio -» Automatic];

(*0-Ar-1-Br-2-Dt-3-Dr-0%)

wl0 = {0, 0, w};

w2lv = {0, 0, omega2l};

w03v = {0, 0O, omega03};

vD32v = {vD32 Cos[¢$2], vD32 Sin[¢2], 0};
eqIkv = (w10 + w2lv + wO3v) [[3]] = O;
eqlijv = Cross[rB, w2lv] + Cross[rD, w03v] + vD32v;
eqIiv = eqIijv[[1]] == 0;

eqIjv =eqIijv[[2]] =0;

solIvel = Solve[{eqIkv, eqIiv, eqIjv}, {omega2l, omega03, vD32}];
omega2ls = omega2l /. solIvel[[1l]];
omega03s = omega03 /. solIvel[[1l]];
vD32s = vD32 /. solIvel[[1l]];

w2l = {0, 0, omega2ls};

w03 = {0, 0, omega03s};

v32 = {vD32s Cos[¢2], vD32s Sin[¢2], O};
w20 = w10 + w21;

vB = Cross[wl0, rB];

VE = vB + Cross [w20, rE - rB];
(*accelerations+)

al0 =D[wl0, t];
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a2lv = {0, 0, alpha2l};
a03v = {0, 0, alpha03};
aD32v = {aD32 Cos[¢2], aD32 Sin[¢2], 0};
eqIka = (al0 + a2lv +a03v) [[3]] = O;
eqIija =

Cross[rB, a2lv] + Cross[rD, a03v] + aD32v - wl0.w10 rB - w20.w20 (¥rD - rB) + 2 Cross[w20, v32];
eqIia = eqIija[[1]] =0;
eqIja = eqIija[[2]] =0;
solIacc = Solve[{eqIka, eqIia, eqIja}, {alpha2l, alpha03, aD32}];
alpha2ls = alpha2l /. solIlacc[[1]];
alpha0O3s = alpha03 /. solIacc[[1]];
aD32s = aD32 /. solIlacc[[1]];
a2l = {0, 0, alpha2ls};
a03 = {0, 0, alpha0O3s};
a32 = {aD32s Cos[¢2], aD32s Sin[¢2], 0};
a20 = al0 + a2l;
aB = Cross[al0, rB] - wl0.wl0 rB;
akE = aB + Cross[a20, rE - rB] - w20.w20 (rE - rB) ;
(*0-Ar-1-Br-2-Er-4-Fr-5-Ft-0x%)
wé42v = {0, 0, omega4d2};
w54v = {0, 0, omega54};
vFO5v = {0, VFO5, 0};
eqIlkv = (wl0 + w21 + w42v + w54v) [[3]] == 0;
eqIIijv = Cross[rB, w2l] + Cross[rE, w42v] + Cross[rF, w54v] + vVFO5v;
eqlIiv = eqIIijv[[1]] == O;
eqlIjv = eqIIijv[[2]] == O;
solIIvel = Solve[{eqlIkv, eqIIliv, eqIIjv}, {omega42, omega54, vF05}];
omega42s = omega42 /. solIIvel[[1l]];
omega54s = omega54 /. solIIvel[[1l]];
vF05s = vFO5 /. solIIvel[[1]];
w42 = {0, 0, omega4d2s};
w54 = {0, 0, omega54s};
v05 = {0, VFO5s, 0};
w40 = w20 + w42;
(*accelerations+)
ad42v = {0, 0, alpha42};
a54v = {0, 0, alpha54};
aFO5v = {0, aF05, 0};
eqIlka = (al0 + a2l + a42v + a54v) [[3]] == 0;
eqlIija = Cross[rB, a2l] + Cross[rE, a42v] +

Cross[rF, a54v] + aFO5v - wl0.w10 rB - w20.w20 (rE - rB) - w40.w40 (xF - rE) ;

eqlIia =eqlIIija[[1]] ==0;
eqlIja =eqlIIija[[2]] == 0;
solIIacc = Solve[{eqlIka, eqIIia, eqIIja}, {alpha42, alpha54, aF05}];
alpha42s = alpha42 /. solIlacc[[1]];
alpha54s = alpha54 /. solIlacc[[1]];
aF05s = aF05 /. solIlacc[[1]];
a42 = {0, 0, alpha42s};
a54 = {0, 0, alpha54s};
a05 = {0, aF05s, 0};
a40 = a20 + a42;

vF = -vO05;

Print["vF = ", vF, " m/s"];
aF = - a05;

Fext = -Sign[vF] {0, 1200, 0};
Print["Fext = ", Fext, " N"];

al =a5= {0, 0, 0};
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a2 = a3 = a20;

ad = a40;
h=0.01;
d=0.001;

hSlider = 0.02;
wSlider = 0.05;
p =8700.;
g=9.807;

(*Link 1)

ml=pABhd;

rCl=rB/2;

aCl=aB/2;

Finl = -ml aCl;

Gl={0, -mlg, 0};

Fl = (Finl +G1);

ICl=ml (AB"2+h"2) /12;
M1 = Minl = -IC1l al;

Print["F1 = ", F1, " N "];
Print["M1 = ", M1, " N m"];
(*Link 2%)

m21 = p (2BC) hd;

m22 = pCEhd;

m2 = m21 + m22;

aC2 = aB + Cross[a20, rC2 - rB] - w20.w20 (rC2 - rB) ;
Fin2 = -m2 aC2;

G2 ={0, -m2g, 0};

F2 = (Fin2 + G2) ;

IC21 =m21 ((2BC)"2+h"2) /12 +m21 (Norm[rC2 - rC]) " 2;
IC22 =m22 (CE"2+h"2) /12 +m22 (Norm[rC2 - rC22]) " 2;
IC2 = IC21 + IC22;

M2 = Min2 = -IC2 a2;

Print["F2 = ", F2," N "];
Print["M2 = ", M2, " N m"];
(*Link 3%)

m3 = phSlider wSlider d;

rC3 = rD;

ac3 = {0, 0, 0};

Fin3 = -m3 aC3;

G3 = {0, -m3g, 0};

F3 = (Fin3 +G3);

IC3 =m3 (hSlider”2 + wSlider"2) /12;
M3 = Min3 = -IC3 a3;

Print["F3 = ", F3," N "];
Print["M3 = ", M3, " Nm"];
(*Link 4%)

m4 =p EFhd;

rC4 = (rE + rF) / 2;

aC4 = (aE + aF) / 2;

Fin4 = -m4 aC4;

G4 = {0, -mdg, 0};

F4 = (Fin4 + G4) ;

IC4=m4 (EF"2+h"2)/12;
M4 = Min4 = -IC4 a4;
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Print["F4 = ", F4, " N"];
Print["M4 = ", M4, " N m"];
(*Link 5%)

m5 = p hSlider wSlider d;

rC5 = rF;

acC5 = aF;

Fin5 = -m5 aC5;

G5 = {0, -m5g, 0};

F5 = (Fin5 + G3) ;

IC5 =m5 (hSlider”2 + wSlider"2) /12;
M5 = Min5 = -IC5 a5;

Print["F5 = ", F5, " N "];
Print["M5 = ", M5, " N m"];

Print[" "];

Print[" Ft "];

FO5 = {FO5x, 0, 0};

eqME54 = Cross[rF - rE, FO5 + Fext + F5] + Cross[rC4 - rE, F4] + M4;
solFO05 = Solve[egME54[[3]] == 0, FO5x];

FO5s = FO5 /. solFO5[[1]];

Print["FO5 = ", FO5s, " N"];

Print[" "];

Print[" Fr "];

F45 = {F45x, F45y, 0};

eqgF5y = (FO5 + F45 + F5 + Fext) [ [2]];

eqME4 = (Cross[rF -rE, -F45] + Cross[rC4 -rE, F4] +M4) [[3]];
solF45 = Solve[{eqF5y == 0, eqME4 == 0}, {F45x, F45y}];

F45s = F45 /. solF45[[1]];

Print["F45 = ", F45s, " N"];

Print[" "];

Print[" Er "];

F24 = {F24x, F24y, 0};

eqMF4 = (Cross[rE - rF, F24] + Cross[rC4 -rF, F4] +M4) [[3]];
eqF45y = (F24 + F4 + F5 + Fext) [ [2]];

solF24 = Solve[{eqF45y == 0, eqMF4 == 0}, {F24x, F24y}];

F24s = F24 /. solF24[[1]];

Print["F24 = ", F24s, " N"];

Print[" "];

Print[" Dt "];

F23 = {F23x, F23y, 0};

(*F23 perpend. on BD%*)

eqF23p = F23. (rB-rD) = 0;

rQ = {le YQ, 0]’;

(*point Q is on BDx*)

eqQ = (yB-yD) / (xB - xD) == (yQ-yD) / (xQ - xD) ;

eqMD3 = (Cross[rQ-rD, F23] +M3) [[3]];

eqMB2 = (Cross[rQ-rB, -F23] + Cross[rE - rB, -F24s] + Cross[rC2 - rB, F2] +M2) [[3]];
solF23 = Solve[{eqF23p, eqQ, eqMD3 == 0, egqMB2 == 0}, {F23x, F23y, x0Q, y0}1];
F23s = F23 /. solF23[[1]];

Print["F23 = ", F23s, " N"];
rQs =rQ /. solF23[[1]];
Print["rQ = ", rQ0s, " m"];

Print[" "];
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Print[" Dr "];

F03 = {FO3x, FO3y, 0};

eqF3BD = (FO3 +F3) . (rB-rD);

eqMB32 = (Cross[rD - rB, FO3] + Cross[rE - rB, -F24s] +
Cross[rC3 - rB, F3] + Cross[rC2 - ¥rB, F2] +M3 + M2) [[3]];

solF03 = Solve[{eqF3BD == 0, eqMB32 == 0}, {FO03x, FO3y}];

F03s = FO3 /. solF03[[1]];

Print["FO3 = ", FO3s, " N"];

Print[" "];
Print[" Br "];
Fl12 = {F12x, Fl2y, 0};

eqF2BD = (F12 + F2 - F24s) . (rB-rD);
eqMD23 = (Cross[rB - rD, F12] + Cross[rE - rD, -F24s] + Cross[rC2 -rD, F2] + M3 +M2) [[3]];
solF1l2 = Solve[{eqF2BD == 0, egqMD23 == 0}, {F12x, F12y}];

F12s = F12 /. solF12[[1]];

Print["F12 = ", Fl2s, " N"];
Print[" "]
(*Link 1)
FOl = -F1 + Fl2s;
Print["FO1l = ", FO1, " N"];
Mm = -Cross[rB, -Fl2s] - Cross[rCl, F1] - M1;
Print["Meq = ", Mm, " N m"];
B C
0 7‘ o>
c2
& 5
-0.1
y
-0.2
-0.3
F
[] L
0 0.1 0.2 0.3 0.4 0.5
X

vF = {0, 0.610599, 0} m/s

Fext = {0, -1200, 0} N

Fl = {8.09717, 4.58958, 0.} N

Ml = {0,0,0} Nm

F2 = {83.8843, -45.2631, 0.} N

M2 = {0, 0, -6.71072}) N m

F3 = {0, -0.0853209, 0} N

M3 = {0, 0, -0.0172205} N m

F4 = {17.1452, -27.6733, 0.} N
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M4 = {0, 0, -0.802965} N m

F5 = {0, -10.1467, 0} N

M5 = {0, 0,0} Nm

Ft

FO05 = {-296.586, 0, 0} N

F45 = {296.586, 1210.15, 0} N

F24 = {279.441, 1237.82, 0} N

Dt

F23 = {-222.241, -1170.76, 0} N

rQ = {0.349986, 2.69503x10°%, 0} m

F03 = {222.241, 1170.84, 0} N

F12 = {-26.6853, 112.326, 0} N

FOl = {-34.7825, 107.737, 0.} N

Meq = {0., 0., 11.0657} N m
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(*Problem I .4 .7%)

Apply[Clear, Names ["Global *"]];
Off [General::spell];
Off [General::spelll];

AB = .060;
BD = .160;
BC = .055;
CD = .150;
DE = .100;
CF = .250;
AE = .150;
b = .040;

n =1400; (*rpmx)
omega =n*N[Pi] /30; (*rad/s=*)

initdata = {phi[t] - N[Pi] /3, phi'[t] » omega, phi''[t] -» 0};

(#Position of joint Ax)

XA = 0;
YA =0;
Print["xA = ", xA, " [m]"];
Print["yA = ", yA, " [m]"];

(#Position of joint Bx)

xB = AB Cos[phi[t]];

yB = ABSin[phi[t]];

xBp = xB /. initdata;

yBp = yB /. initdata;

rB = {xBp, yBp, 0};

Print["rB = ", rB, " m"];
(*Linear velocity of joint Bx)
vBx =D[xB, t];

vBy = D[yB, t];

vBxp = vBx /. initdata;

vByp = vBy /. initdata;

vB = {vBxp, VByp, 0};

Print["vB = ", vB, " m/s"];
(#Linear acceleration of joint Bx)
aBx = D[vBx, t];

aBy =D[vBy, t];

aBxp = aBx /. initdata;
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aByp = aBy /. initdata;
aB = {aBxp, aByp, 0};

Print["aB = ", aB, " m/s"2"];
(#Position of joint Ex)
YE = -b;

eqnEl = (xEsol -xA) "2 + (YyE-yA) "2-AE"2 == 0;
solutionE = Solve[{eqnEl}, {xEsol}];

(#Solution for xEx)

xEl = xEsol /. solutionE[[1]];

xE2 = xEsol /. solutionE[[2]];

(#Select Correct Position for Ex)

xE = If[xEl 2 xA, xEl1, xE2];

rE = {XE, yE, 0};

Print["rE = ", rE, " m"];

(#Position of joint Dx*)

eqnDl = (xB - xDsol) "2 + (yB-yDsol) “2-BD"2 == 0;
eqnD2 = (XE - xDsol) "2 + (YE-yDsol) “"2-DE"2 == 0;
solutionD = Solve[{eqnDl, eqnD2}, {xDsol, yDsol}];
(#*Two solutions for Dx*)

xD1 = xDsol /. solutionD[[1]];

yD1l = yDsol /. solutionD[[1]];

xD2 = xDsol /. solutionD[[2]];

yD2 = yDsol /. solutionD[[2]];

(#Select the Correct Position of Dx)

If[yE < (yD1 /. initdata), xD = xD1; yD = yD1, xD = xD2; yD = yD2];
xDp = xD /. initdata;

yDp = yD /. initdata;

rD = {xDp, yDp, 0};

Print["xD = ", rD, " m"];

vDx =D[xD, t];

vDy = D[yD, t];

vDxp = vDx /. initdata;

vDyp = vDy /. initdata;

vD = {vDxp, vDyp, 0};

Print["vD = ", vD, " m/s"];

(#Linear Acceleration of joint Dx)

aDx = D[vDx, t];

aDy = D[vDy, t];

aDxp = aDx /. initdata;

aDyp = aDy /. initdata;

aD = {aDxp, aDyp, 0};

Print["aD = ", aD, " m/s"2"];

ruleBD = {
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XB[t] -» xBp, YB[t] - yBp,

XB'[t] » vBxp, YB' [t] -» VByp,

XB''[t] » aBxp, YB''[t] - aByp,

XD[t] -» xDp, ¥YD[t] - yDp,

XD'[t] » vDxp, YD' [t] -» vDyp,

XD''[t] » aDxp, YD''[t] -» aDyp};
(#Position of joint Cx)
eqnCl = (XB[t] - XC[t]) "2 + (¥YB[t] - ¥C[t]) *2-BC"2 == 0;
eqnC2 = (XD[t] - XC[t]) "2 + (¥YB[t] -¥C[t])*2-CD"2 == 0;
solutionC = Solve[{eqnCl, eqnC2}, {XC[t], ¥YC[t]}];
(*Two solutions for Cx)

xCl = (XC[t] /. solutionC[[1]]) /. ruleBD;
yCl = (¥YC[t] /. solutionC[[1]]) /. ruleBD;
XC2 = (XC[t] /. solutionC[[2]]) /. ruleBD;
yC2 = (¥YC[t] /. solutionC[[2]]) /. ruleBD;

(*Select the Correct Position of Cx)
If[(xB /. initdata) < xCl, xC = xCl; yC = yC1, xC = xC2; yC = yC2];

xCp = xC;

yCp = yC;

rC = {xCp, yCp, 0};
Print["rC= ", rC, " m"];

PC = {XC[t] » xC, ¥YC[t] » yC};
eqnClV = D[eqnCl, t]
eqnC2V = D[eqnC2, t]
solutionCV =

Solve [ { (eqnClV /. PC /. ruleBD ), (eqnC2V /. PC /. ruleBD)} ,

{XC'[t], YC'[t]}];

vCx XC'[t] /. solutionCV][[1l]];
vCy = ¥YC'[t] /. solutionCV[[1l]];
vC = {vCx, vCy, 0};
Print["vC = ", vC, " m/s"];
PVC = {XC[t] » xC, YC[t] » yC, XC'[t] » vCx, YC'[t] » vCy};
eqnClA = D[eqnClV, t]
eqnC2A = D[eqnC2V, t]
solutionCA =

Solve [ { (eqnClA /. ruleBD /. PVC),

(eqnC2A /. ruleBD /. PVC )}, {XC''[t],
YC''[t]}1;

aCx = XC''[t] /. solutionCA[[1l]];
aCy = YC''[t] /. solutionCA[[1l]];
aC = {aCx, aCy, 0};
Print["aC = ", aC, " m/s"2"];
ruleC = {XC[t] -» xC, ¥YC[t] »yC, XC'[t] » vCx, ¥YC'[t] - vCy,

Ne weo

.
4
.
4
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XC''[t] » aCx, ¥YC''[t] » aCy};
(#Position of joint Fx*)
YF =0;
XF = XC[t] + Sqrt [CF "2 - (¥YC[t]) " 2];
vFx =D[xF, t];
aFx = D[vFx, t];
xFp = xF /. ruleC;
rF = {xFp, yF, 0};
Print["xF= ", rF, "m "];
vF = {vFx /. ruleC, 0, 0};
aF = {aFx /. ruleC, 0, 0};
Print["vF= ", vF, " m/s "];
Print["aF= ", aF, " m/s"2 "];

(*Angle of Link 2%)
phi2 = ArcTan[ (¥YB[t] - ¥YD[t]) / (XB[t] -XD[t])];
Print["¢2 = ", phi2 /. ruleBD,
" rad = ", (phi2 /. ruleBD) 180 /Pi, " deg"];
omega2 = D[ phi2 , t];
alpha2 = D[ omega2, t] ;
w2 = {0, 0, omega2 /. ruleBD};
a2 = {0, 0, alpha2 /. ruleBD};
Print["w2 = ", w2, " rad/s" ];
Print["a2 = ", a2, " rad/s"2"];
(*Angle of Link 3%)
phi3 = ArcTan[ (¥YD[t] - YE) / (XD[t] - XE) ];
Print["¢$3 = ", phi3 /. ruleBD,
" rad = ", (phi3 /. ruleBD) 180 /Pi, " deg"];
omega3 = D[ phi3 , t];
alpha3 = D[ omega3, t] ;
w3 = {0, 0, omega3 /. ruleBD};
a3 = {0, 0, alpha3 /. ruleBD};
Print["w3 ", w3, " rad/s" ];
Print["a3 = ", a3, " rad/s"2"];
(*Angle of Link 4%)
phi4 = ArcTan[ (¥YC[t] - YF) / (XC[t] - xF) ];
Print["¢4 = ", phid /. ruleC,
"rad = ", (phi4 /. ruleC) 180/Pi, " deg"];
omega4 = D[ phid4d , t];
alpha4 = D[ omega4, t] ;
w4 = {0, O, omegad4 /. ruleC};
a4 = {0, 0, alpha4 /. ruleC};
Print["w4 = ", w4, " rad/s" ];
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Print["a4 = ", a4, " rad/s"2"];

d=0.001;
hSlider = 0.02;
wSlider = 0.05;

rho = 8700;
g=9.807;
(*Link 1x)

ml = rhoABhd;
rCl =rB/ 2;
vCl =vB/ 2;
aCl =aB/ 2;

Finl = -ml aCl;

Gl={0, -mlxg, O};

Fl = (Finl +Gl);

ICl=ml (R B"2+h"2)/12;
M1 = {0, O, O};

Print["F1 ", F1, " N"]
Print ["M1 '

n
o
2
8

(#Link 2x)

(*mass center of plate 2x)

b = BD;

= CD;

BC;

(a+b+c)/2;

Sqrt[p (p-a) (p-b) (P-¢c)];

ht =2s/b;

xC2 = xG = (xBp + xDp + xCp) / 3;

yC2 = yG = (yBp + yDp + yCp) / 3;

rC2 = {xC2, yC2, 0};

Print["rC2 =", rCc2, " m"]

phiBD = ArcTan [ (yDp - yBp) / (xDp - xBp) ] ;

XGp = (xBp + xDp) /2 + (ht /2) Cos[phiBD +Pi/ 2];
yGp = (yBp+yDp) /2 + (ht/2) Sin[phiBD +Pi /2];
GGp2 = (xGp - xC2) "2 + (yGp - yC2) ~2;

M =rhobht d;

m2=M/2;

n'w oo
nou
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IC2=M (b"2+ht"2) /12 + m2 GGp2;

Print["IC2 = " , IC2, " kg m"2"];

aC2 = aB + Cross[a2, rC2 - rB] - w2.w2 (rC2 - rB) ;
Fin2 = -m2 aC2;

G2 = {0, -m2xg, O};

F2 = (Fin2 + G2) ;

M2 = Min2 = -IC2 a2;

Print["F2 = ", F2, " N"];

Print["M2 = ", M2, " N m"];

Print["----—— - "1;
(#Link 3=x)

m3 = rhoDE hd;

rC3 = (xrD+rE) / 2;
vC3 =vD/ 2;
aC3 =aDb/ 2;

Fin3 = -m3 aC3;

G3 ={0, -m3xg, 0};

F3 = (Fin3 +G3);

IC3=m3 (DE"2+h"2) /12;
M3 = Min3 = -IC3 a3;

Print["F3 = ", F3, " N"];

Print["M3 = ", M3, " Nm"];

Print["----—— - "1;
(*Link 4%)

m4 = rhoCF hd;

rC4 = (xC+rF) / 2;

aC4 = (aC+«cF) / 2;

Fin4 = -m4 aC4;

G4 = {0, -mdxg, O0};

F4 = (Fin4 + G4) ;

IC4=m4 (CF"2+h"2) /12;
M4 = Min4 = -IC4 a4;

Print["F4 = ", F4, " N"];

Print["M4 = ", M4, " N m"];

Print["----—— - "1;
(#Link 5=%)

m5 = rho hSlider wSlider 4;
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Fin5 = -m5 aF;

G5 = {0, -m5%g, 0};

F5 = (Fin5 + G5) ;

IC5 =m5 (hSlider "2 + wSlider"2) /12;

M5 =0;

Print["F5 = ", F5, " N"];

Print["M5 = ", M5, " N m"];

Print["----—— - "1;

(*Graph of the mechanismx)

markers = Table[ {Point[{xA, yA}],
Point[{xBp, yBp}], Point[{xCp, yCp}], Point[{xDp, yDp}],
Point [{xE, YyE}], Point[{xFp, yF}], Point[{xC2, yC2}] }];

name =
Table[{Text["A", {0, 0}, {-1, 1}], Text["B", {xBp, yBp}, {0, -1}],
Text[“c", {xcpl ch}l {_11 1}]1 TeXt["Dlll {XDPI YDP}I {ol _1}]l
Text["E", {XEI YE}I {Ol _1}]l TeXt["F"l {XFPI YF}I {ol _1}]l
Text["C2", {xC2, yC2}, {0, -1}]}];
graph = Graphics [{
{RGBColor[1l, O, O], Line[{{xA, yA}, {xBp, yBp}}]},
{RGBColor [0, O, 1], Line[{{xBp, yBp}, {xDp, yDp}}1},
{RGBColor [0, 1, 1], Line[{{xDp, yDp}, {xE, yE}}1},
{RGBColor [0, O, 1], Line[{{xBp, yBp}, {xCp, yCp}}1},
{RGBColor[1l, 1, 0], Line[{{xCp, yCp}, {xFp, YF}}1},
{RGBColor [0, O, 1], Line[{{xCp, yCp}, {xDp, yDp}}1},
{RGBColor [0, O, 0], PointSize[0.035], markers},
{RGBColor[1l, 1, 1], PointSize[0.02], markers}, {name}}];
Show [Graphics [graph], PlotRange -» {All, All}, Frame - True,
AxesOrigin -» {xA, yA}, FrameLabel - {"x", "y"},
Axes -» {True, True}, AspectRatio -» Automatic];

Fext = -Sign[vF] {1500, 0, 0};
Print["Fext = ", Fext, " N"];

Print[" "];

Print[" Ft "];

FO5 = {0, FO5y, 0};

egMC54 = Cross [rF - ¥C, FO5 + Fext + F5] + Cross[rC4 - rC, F4] + M4;
solFO05 = Solve[egMC54[[3]] == 0, FO5y];

FO5s = FO5 /. solFO5[[1]];
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Print["FO5 = ", FO5s, " N"];

Print[" "];

Print[" Fr "];

F45 = {F45x, F45y, 0};

eqF5x = (FO5 + F45 + F5 + Fext) [[1]];

egMC4 = (Cross[rF - rC, -F45] + Cross[rC4 -rC, F4] +M4) [[3]];
solF45 = Solve[{eqF5x == 0, eqMC4 == 0}, {F45x, F45y}];
F45s = F45 /. solF45[[1]];

Print["F45 = ", F45s, " N"];

Print[" "];

Print[" Cr "];

F24 = {F24x, F24y, 0};

egMF4 = (Cross[rC - rF, F24] + Cross[rC4 - rF, F4] +M4) [[3]];
eqF45x = (F24 + F4 + F5 + Fext) [[1]];

solF24 = Solve|[{eqF45x == 0, eqMF4 == 0}, {F24x, F24y}];

F24s =F24 /. solF24[[1]];

Print["F24 = ", F24s, " N"];

Print[" "];
Print[" Dr "];
F23 = {F23x, F23y, 0};
egME3 = (Cross[rD - rE, F23] + Cross[rC3 -rE, F3] +M3) [[3]];
egMB2 = (Cross[rD - rB, -F23] +
Cross[rC - rB, -F24s] + Cross[rC2 - rB, F2] + M2) [[3]];
solF23 = Solve[{eqME3 == 0, eqMB2 == 0}, {F23x, F23y}];
F23s =F23 /. solF23[[1]];
Print["F23 = ", F23s, " N"];

Print[" "];

Print[" Er "];

FO03 = {F03x, FO3y, 0};

egMD3 = (Cross[rE - ¥rD, FO3] + Cross[rC3 -rD, F3] +M3) [[3]];

egMB32 = (Cross|[rE -rB, FO3] + Cross[rC3 - rB, F3] + M3 +
Cross[rC - rB, -F24s] + Cross[rC2 - rB, F2] +M2) [[3]];

solF03 = Solve[{eqMD3 == 0, eqMB32 == 0}, {FO3x, FO3y}];

FO03s = F03 /. solF03[[1]];

Print["FO3 = ", FO3s, " N"];

Print[" "];
Print[" Br "];
F12 = {F12x, Fl2y, 0};
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egMD2 = (Cross[rB - rD, F12] +
Cross[rC - ¥rD, -F24s] + Cross[rC2 - rD, F2] + M2) [[3]];
egME23 = (Cross[rB-rE, F12] + Cross[rC - rE, -F24s] +
Cross[rC2 - xrE, F2] +
Cross[rC3 -rE, F2] + M3 +M2) [[3]];
solF1l2 = Solve[{egMD2 == 0, eqME23 == 0}, {Fl12x, Fl2y}];
Fl2s =F12 /. solF12[[1]];
Print["F12 = ", F12s, " N"];

Print[" "]

(*Link 1x)

FOl = -F1 + Fl2s;

Print["FOl = ", FO1, " N"];

Mm = -Cross [rB, -F12s] - Cross[rCl, F1] - M1;
Print["Meq = ", Mm, " N m"]

Null®
XA = 0 [m]
YA = 0 [m]

rB = {0.03, 0.0519615, 0} m

vB = {-7.61796, 4.39823, 0} m/s

aB = {-644.814, -1116.85, 0} m/s"2
rE = {0.144568, -0.04, 0} m

rD = {0.189974, 0.0490971, 0} m
vD = {-7.62711, 3.88696, 0} m/s

aD = {-635.38, -498.683, 0} m/s"2
rC= {0.049118, 0.103532, 0} m

vC = {-7.62602, 4.40122, 0} m/s

aC = {-636.508, -1119.93, 0} m/s"2
rF= {0.276673, 0, 0} m

vF= {-9.62846, 0, 0} m/s

aF= {-229.713, 0, 0} m/s"2

$2 = -0.0179036 rad = -1.0258 deg
w2 = {0, 0, -3.19594} rad/s

a2 = {0, 0, 3863.99} rad/s"2
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¢3 = 1.09948 rad = 62.9955 deg

w3 = {0, 0, 85.6045} rad/s

a3 = {0, 0, 3396.73} rad/s"2

¢4 = -0.426984 rad = -24.4644 deg
w4 = {0, 0, -19.3414} rad/s

a4 = {0, 0, 4751.39} rad/s"2

rc2 ={0.0896975, 0.0681968, 0} m
IC2 = 0.000186834 kg m"2

F2 = {25.4137, 31.4565, 0.} N
M2 = {0, 0, -0.721923} N m

F3 = {2.7639, 2.08395, 0} N

M3 = {0, 0, -0.0248725} N m

F4 = {6.91901, 11.966, 0} N

M4 = {0, 0, -0.539105} N m

0.1
0.08
0.06
0.04

y
0.02

-0.02
-0.04

Fext = {1500, 0, 0} N
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11

Ft

F05

Fl2

FO1

Meq

{0, -688.475, 0}

{-1502., 688.561,

N

0}

{-1508.92, 676.595, 0}

{-285.26, -557.528, 0}

{282.496, 555.444, 0}

{-1823.4, 87.6788, 0}

{-1825.08, 84.815, 0}

{0., 0., 97.3776}

N m

N

N

N

N

N

N
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(* Problem I.6.8 *)
(* Contour Method *)

Apply[Clear,Names|["Global *"]];
Off[General::spell];
Off[General::spelll];

(* Input data *)

AB = .11 ;
AC = .055 ;
BD = .22 ;
DE = .3 ;

EF = .175 ;
La = .275 ;
Lb = .065;

n = 2400. ; (* rpm ¥*)
w=n*N[Pi]/30; (*rad/s*)

initdata = {¢[t]->N[Pi]150/180};

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

(* Position of joint C *)
xC = -AC ;

yC = 0. ;

rc={xC,yC,0};

(* Position of joint F *)
XF = La ;

yF = Lb ;

rF={xF,yF,0};

(* Position of joint B *)

XB = AB Cos[¢[t]] ;

YB = AB Sin[¢[t]] ;
xBs=XB/.initdata;
yBs=YB/.initdata;
rB={xBs,yBs,0};
ruleB={xB[t]->xBs,yB[t]->yBs};

phi2 = (ArcTan[ (yB[t]-yC)/(xB[t]-xC) ])/.ruleB ;

(* Position of joint D *)

eqnDl = ( xD[t]- xB[t] )"2 + ( yD[t] - yB[t] )"2 - BD"2 == 0
eqnD2 = ( yD[t] - yB[t] ) / ( xD[t]- xB[t] ) == ( yB[t] - ¥C
( xB[t] - xC );

solutionD = Solve [ { eqnDl/.ruleB, eqnD2/.ruleB } , { xD[t]

~e
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yD[t] } 1;
(* Two solutions for D *)
xD1 = xD[t] /. solutionD[[1

17
yDl1l = yD[t] /. solutionD[[1]];
xD2 = xD[t] /. solutionD[[2]];
yD2 = 1;

Ds

]
]
]
yD[t] /. solutionD[[2]
If [ yD1 < 0 , xDs = xD1 ; y
rD={xDs,yDs,0};

ruleD={xD[t]-»xDs,yD[t]->yDs};

= yD1 , xDs = xD2 ; yDs=yD2 ] ;

(* Position of joint E *)
eqnEl=(xE[t]-xD[t]) "2+ (YE[t]-yD[t])"2-DE"2::0;
eqnE2=(xE[t]-xF) "2+ (yE[t]-yF) "2-EF"2:==0;
solutionE=Solve[ {eqnEl/.ruleD,eqnE2/.ruleD}, {xE[t] ,YE[t]}];
(*Two solutions for E*)
xEl=xE[t]/.solutionE[[1]];
yEl=yE[t]/.solutionE[[1]];
xE2=xE[t]/.solutionE[[2]];
yE2=yE[t]/.solutionE[[2]];

(*Select the correct position for E*)

If[yEl = 0,xEs=xEl;yEs=yEl,xEs=xE2;yEs=yE2];
rE={xEs,yEs,0};

ruleE={xE[t]-»>xEs,yE[t]->YEs};

phi4 = (ArcTan[ (yD[t]-YE[t])/(xD[t]-xE[t])])/.ruleD/.ruleE;
(*GRAPH OF THE MECHANISM*)

markers=Table[ {Point[{xA,yA}],Point[{xBs,yBs}],Point[{xC,yC}],Poi
nt[{xDs,yDs}],
Point[{xEs,yEs}],Point[{xF,yF}]1}1;

name=Table[ {
TeXt[“A"l{olo}l{_lll}]l
TeXt[“B"l{XleYBs}l{_zll}]l
TeXt[“c"l{xclyc}l{_ll_l}]I
Text["D",{xDs,st},{-l,—l}],
Text["E", {xEs,yEs}, {-0.5,1}],
Text["F",{xF,yF},{-2,1}1}1;

graph=Graphics[{{RGBColor[1,0,0],Line[{{xA,yA},{xBs,yBs}}1}, {RGBC
olor[0,1,0],

Line[ {{xBs,yBs}, {xC,yC}}1}, {RGBColor[0,1,0],

Line[ {{xC,yC}, {xDs,yDs}}1}, {RGBColor[0,0,1],

Line[ {{xDs,yDs}, {xEs,yEs}}]}, {RGBColor[0O,1,1],

Line[ {{xEs,yEs}, {xF,yF}}1}, {RGBColor[0,0,0] ,PointSize[0.01],
markers}, {name}}];

Show[Graphics[graph],PlotRange-»{All,All},Frame-True,
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AxesOrigin-{xA,yA},FrameLabel-»>{"x",6"y"},
Axes—»{True,True},AspectRatio—»Automatic];

¢2 = (ArcTan[ (yB[t]-YyC)/(xB[t]-xC) ])/.ruleB ;
(*0-Ar-1-Br-2-Ct-3-Cr-0%*)

w1l0={0,0,w};

w21lv={0,0,omega2l};
w03v={0,0,omegal3};

vC32v={vC32 Cos[¢2],vC32 Sin[¢2],0};

eqIkv=(wl0+w21lv+w03v)[[3]]==0;
eqIijv=Cross[rB,w2lv]+Cross[rC,w03v]+vC32v;
eqIiv=eqIijv[[1]]==0;

eqIjv=eqIijv[[2]]==0;

solIvel=Solve[{eqIkv,eqIiv,eqIjv}, {omega2l,omegal03,vC32}];

omega2ls=omega2l/.sollIvel[[1
omega03s=omega03/.solIvel[[1l
vC32s=vC32/.so0lIvel[[1l]];

11;
11;

w21={0,0,omega2ls};
w03={0,0,0omega0l3s};
v32={vC32s Cos[¢2],vC32s Sin[¢2],0};

w20=wl1l0+w21l;

vB=Cross[wl0,rB];
vD=vB+Cross[w20,rD-rB];

(*accelerations*)

alO=D[wl0,t];

a2lv={0,0,alpha2l};
a03v={0,0,alpha03};

ac32v={aC32 Cos[¢$2],aC32 Sin[¢2],0};

eqIka=(al0+a2l1lv+a03v)[[3]]==0;
eqIija=Cross[rB,a2lv]+Cross[rC,a03v]+
aC32v-wl0.wl0 rB-w20.w20 (rC-
rB)+2 Cross[w20,v32];
eqIia=eqIija[[1]]==0;
eqIlja=eqIija[[2]]==0;
solIacc=Solve[{eqlka,eqIia,eqIja},{alpha2l,alpha03,aC32}];

alpha2ls=alpha2l/.sollacc[[1
alpha0O3s=alpha03/.sollacc[[1
aC32s=acC32/.sollacc[[1]];

11;
11;
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a21={0,0,alpha2ls};
a03={0,0,alpha03s};
a32={aC32s Cos[¢$2],aC32s Sin[¢$2],0};

a20=al10+a21l;

aB=Cross[al0,rB]-wl0.wl0 rB;
aD=aB+Cross[a20,rD-rB]-w20.w20 (rD-rB);

(*0-Ar-1-Br-2-Dr-4-Er-5-Fr-0*)

w42v={0,0,0omegad2};
w54v={0,0,omega54};
w05v={0,0,omega05};

eqITkv=(wl0+w2l1+w42v+w54v+w05v)[[3]]==0;
eqIIijv=Cross[rB,w21]+Cross[rD,w42v]+Cross[rE,w54v]+Cross[rF,w05v
1

eqIIiv=eqIIijv[[1]]==0;

eqIIjv=eqIIijv[[2]]==0;

solIIvel=Solve[{eqIlkv,eqIIiv,eqIIjv}, {omega42,omega54,omegal5}];

omega42s=omega42/.solllIvel[[1]];
omega54s=omega54/.sollIvel[[1]];
omega05s=omegal05/.solIIvel[[1]];

w42={0,0,0omega4d2s};
w54={0,0,omega54s};
w05={0,0,0omega0l5s};

w40=w20+w42;
w50=-w05;

vE=vD+Cross[w40,rE-rD];
(*accelerations*)

ad2v={0,0,alphad2};
a54v={0,0,alpha54};
a05v={0,0,alpha05};

eqITka=(alO0+a2l+ad42v+a54v+a05v)[[3]]1==0;
eqIIija=Cross[rB,a2l1]+Cross[rD,a42v]+Cross[rE,a54v]+Cross[rF,a05v
]-w10.w1l0 rB-w20.w20 (rD-rB)-w40.w40 (rE-rD)-w50.w50 (rF-rE);
eqIIia=eqIIija[[1]]1==0;

eqIIja=eqIIija[[2]]==0;
solIIa=Solve[{eqIlka,eqIIia,eqIIja},{alpha42,alpha54,alpha05}];

alpha42s=alpha42/.solIIa[[1]];
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alpha54s=alpha54/.solIIa[[1]];
alpha0O5s=alpha05/.solIIa[[1]];
a42={0,0,alpha4d2s};
a54={0,0,alpha54s};
@05={0,0,alpha05s};

a40=a20+a42;
a50=-a05;

aE=aD+Cross[a40,rE-rD]-w40.w40 (rE-rD);
w5=w50;

Mext=-Sign[w5]{0,0,600};
Print["Mext = " ,Mext," N"];

al={0,0,0};
a2=a3=a20;
ad4=a40;
a5=a50;

h=0.01;
d=0.001;
hSlider=0.02;
wSlider=0.05;
0=8000.;
g=9.807;

(*Link 1%*)

ml=p AB h d4d;
rCl=rB/2;

aCl=aB/2;

Finl=-ml acCl;
G1={0,-ml g,0};
F1=(Finl+Gl);

ICl=ml (AB"2+h"2)/12;
M1=Minl=-IC1l al;

Print["F1 = ",F1," N "];
Print["M1 = ",M1," N m"];
(*Link 2%)

m2=p BD h d;
rC2=(rB+rD)/2;
aC2=(aB+aD)/2;
Fin2=-m2 aC2;
G2={0,-m2 g,0};
F2=(Fin2+G2);

IC2=m2 (BD"2+h"2)/12;
M2=Min2=-IC2 a2;
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Print["F2 = ",F2," N "];
Print["M2 = ",M2," N m"];
(*Link 3*%*)

m3=p hSlider wSlider d;
rC3=rC;

ac3={0,0,0};

Fin3=-m3 acC3;

G3={0,-m3 g,0};

F3=(Fin3+G3);

IC3=m3 (hSlider”2+wSlider"2)/12;
M3=Min3=-IC3 a3;

Print["F3 = ",F3," N "];
Print["M3 = ",M3," N m"];
(*Link 4%)

m4=p DE h d;
rC4=(rD+rE)/2;
aC4=(aD+aE)/2;
Fin4=-m4 aC4;
G4={0,-m4 g,0};
F4=(Fin4+G4);

IC4=m4 (DE"2+h"2)/12;
M4=Min4=-IC4 a4;

Print["F4 = ",F4," N"];
Print["M4 = ",M4," N m"];
(*Link 5%*)

m5=p EF h d4d;
rC5=(rE+rF)/2;
aC5=aE/2;
Fin5=-m5 acC5;
G5={0,-m5 g,0};
F5=(Fin5+G5);
IC5=m5 (EF"2+h"2)/12;
M5=Min5=-IC5 a5;
Print["F5 = ",F5,"
Print["M5 ",M5,"

Print[" "];

Print[" Fr "];

FO05={F05x,F05y,0};
egME5=(Cross[rF-rE,F05]+Cross[rC5-rE,F5]+M5+Mext)[[3]];
egMD54=(Cross[rF-rD,F05]+Cross[rC5-rD,F5]+M5+Mext+Cross[rC4-rD,F4
1+M4) [[31];

solF05=Solve[ {egME5-=0,eqMD54::0}, {FO5x,FO05y}];
FO05s=F05/.s0lF05[[1]];

Print["FO5 = ",F05s," N"];
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Print[" "];

Print[" Er "];

F45={F45x,F45y,0};

egMF5=(Cross[rE-rF,F45]+Cross[rC5-rF ,F5]+M5+Mext)[[3]];
egMD4=(Cross[rE-rD,-F45]+Cross[rC4-xrD,F4]+M4)[[3]];
solF45=Solve[ {egqMF5-=0,eqMD4:=0}, {F45x,F45y}];
F45s=F45/.s0lF45[[1]];

Print["F45 = " ,F45s," N"];

Print[" "];

Print[" Dr "];

F24={F24x,F24y,0};
egME4=(Cross[rD-rE,F24]+Cross[rC4-rE,F4]+M4)[[3]];
egMF54=(Cross[rD-rF,F24]+Cross[rC4-rF,F4]+M4+Cross[rC5-rF,F5]+M5+
Mext) [[3]];

solF24=Solve[ {eqME4:=0,eqMF54::0} , {F24x,F24y}];
F24s=F24/.s0lF24[[1]];

Print["F24 = ",F24s," N"];

Print[" "];

Print[" Ct "];

F23={F23x,F23y,0};

(*F23 perpend. on BD¥*)

eqF23p=F23. (rB-rD)==0;

rg={x0,yQ,0};

(*point Q is on BD¥*)

eq0=Cross[rB-rC,rC-rQ][[3]]1==0;
egMC3=(Cross[rQ-rC,F23]1+M3)[[3]1];
egMB2=(Cross[rQ-rB,-F23]+Cross[rD-rB,-F24s]+Cross[rC2-rB,F2]+M2) [
[311;

solF23=Solve|[ {eqF23p,eqQ,eqMC3=-0,eqMB2==0} , {F23x,F23y,x0,y0}1;
F23s=F23/.s0lF23[[1]];

Print[IlF23 = “,F23S," N"];
rQs=rQ/.solF23[[1]];
Print[“rQ = “,rQs’" mll];

Print[" "];

Print[" Cr "];

F03={F03x,F03y,0};

eqF3BC=(F03+F3) . (rB-rC);
egMB32=(Cross[rC-rB,F03+F3]+M3+Cross[rD-rB,-F24s]+Cross[rC2-rB,F2
1+M2) [[31];

solF03=Solve[ {eqF3BC==0,eqMB32::0}, {F03x,F03y}];
F03s=F03/.s0lF03[[1]];

Print["FO03 = ",F03s," N"];

Print[" "];
Print[" Br "];
F12={F12x,F12y,0};
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eqF2BC=(F12+F2-F24s) . (rB-rC);
egMC23=(Cross[rB-rC,Fl12]+Cross[rD-rC,-F24s]+Cross[rC2-rC,F2]+M2+M
3)[[311;

solFl2=Solve[ {eqF2BC==0,egMC23==0} , {F12x ,F12y}];
F12s=F12/.s0lF12[[1]];

Print["F12 = ",Fl2s," N"];
Print[" "]

(*Link 1%)

FOl=-F1+F12s;

Print["FO1 = ",FO01," N"];

Mm=-Cross[rB,-F12s]-Cross[rCl,F1]-M1;

Print["Meq = ",Mm," N m"]
0.05 “F
0.025 S

0 A

y-0.025

-0.05
-0.075
-0.1 o - 7,,,,,7———0]3

-0.125k4 e

Z0.1 0 0.1 .3
X

Mext = {0, 0, -600} N

Fl = {-26.4762, 15.1997, 0.} N

Ml = {0,0,0} Nm

F2 = {-73.89, -246.044, 0.} N

M2 = {0, 0, -5.71412} N m

F3 = {0, -0.078456, 0} N

M3 = {0, 0, ~0.155304} N m

F4 = {-66.2885, -616.732, 0.} N

M4 = {0, 0, 6.89466} N m

F5 = {-22.0134, -139.862, 0.} N

M5 = {0, 0, ~1.98112} N m

Fr
FO5 = (-3667.41, 142.67, 0} N
Er
F45 = (3689.42, -2.80758, 0} N




PI 6_8 Inb

F24 = {3755.71, 613.924, 0} N

Ct

F23 = {-9173.2, -6715.25, 0} N

rQ = {-0.0550081, 0.000011023, 0} m

F03 = {9173.2, 6715.32, 0} N

F12 = {-5343.59, -5855.28, 0} N

F01 = {-5317.12, -5870.48, 0.} N

Meq = {0., 0., 851.684} N m
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(* Problem I.6.8 *)
(* Dyad Method *)

Apply[Clear,Names|["Global *"]];
Off[General::spell];
Off[General::spelll];

(* Input data *)

AB = .11 ;
AC = .055 ;
BD = .22 ;
DE = .3 ;

EF = .175 ;
La = .275 ;
Lb = .065;

n = 2400. ; (* rpm ¥*)
w=n*N[Pi]/30; (*rad/s*)

initdata = {¢[t]->N[Pi]150/180};

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

(* Position of joint C *)
xC = -AC ;

yC = 0. ;

rc={xC,yC,0};

(* Position of joint F *)
XF = La ;

yF = Lb ;

rF={xF,yF,0};

(* Position of joint B *)

XB = AB Cos[¢[t]] ;

YB = AB Sin[¢[t]] ;
xBs=XB/.initdata;
yBs=YB/.initdata;
rB={xBs,yBs,0};
ruleB={xB[t]->xBs,yB[t]->yBs};

phi2 = (ArcTan[ (yB[t]-yC)/(xB[t]-xC) ])/.ruleB ;

(* Position of joint D *)

eqnDl = ( xD[t]- xB[t] )"2 + ( yD[t] - yB[t] )"2 - BD"2 == 0
eqnD2 = ( yD[t] - yB[t] ) / ( xD[t]- xB[t] ) == ( yB[t] - ¥C
( xB[t] - xC );

solutionD = Solve [ { eqnDl/.ruleB, eqnD2/.ruleB } , { xD[t]

~e
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yD[t] } 1;
(* Two solutions for D *)
xD1 = xD[t] /. solutionD[[1

17
yDl1l = yD[t] /. solutionD[[1]];
xD2 = xD[t] /. solutionD[[2]];
yD2 = 1;

Ds

]
]
]
yD[t] /. solutionD[[2]
If [ yD1 < 0 , xDs = xD1 ; y
rD={xDs,yDs,0};

ruleD={xD[t]-»xDs,yD[t]->yDs};

= yD1 , xDs = xD2 ; yDs=yD2 ] ;

(* Position of joint E *)
eqnEl=(xE[t]-xD[t]) "2+ (YE[t]-yD[t])"2-DE"2::0;
eqnE2=(xE[t]-xF) "2+ (yE[t]-yF) "2-EF"2:==0;
solutionE=Solve[ {eqnEl/.ruleD,eqnE2/.ruleD}, {xE[t] ,YE[t]}];
(*Two solutions for E*)
xEl=xE[t]/.solutionE[[1]];
yEl=yE[t]/.solutionE[[1]];
xE2=xE[t]/.solutionE[[2]];
yE2=yE[t]/.solutionE[[2]];

(*Select the correct position for E*)

If[yEl = 0,xEs=xEl;yEs=yEl,xEs=xE2;yEs=yE2];
rE={xEs,yEs,0};

ruleE={xE[t]-»>xEs,yE[t]->YEs};

phi4 = (ArcTan[ (yD[t]-YE[t])/(xD[t]-xE[t])])/.ruleD/.ruleE;
(*GRAPH OF THE MECHANISM*)

markers=Table[ {Point[{xA,yA}],Point[{xBs,yBs}],Point[{xC,yC}],Poi
nt[{xDs,yDs}],
Point[{xEs,yEs}],Point[{xF,yF}]1}1;

name=Table[ {
TeXt[“A"l{olo}l{_lll}]l
TeXt[“B"l{XleYBs}l{_zll}]l
TeXt[“c"l{xclyc}l{_ll_l}]I
Text["D",{xDs,st},{-l,—l}],
Text["E", {xEs,yEs}, {-0.5,1}],
Text["F",{xF,yF},{-2,1}1}1;

graph=Graphics[{{RGBColor[1,0,0],Line[{{xA,yA},{xBs,yBs}}1}, {RGBC
olor[0,1,0],

Line[ {{xBs,yBs}, {xC,yC}}1}, {RGBColor[0,1,0],

Line[ {{xC,yC}, {xDs,yDs}}1}, {RGBColor[0,0,1],

Line[ {{xDs,yDs}, {xEs,yEs}}]}, {RGBColor[0O,1,1],

Line[ {{xEs,yEs}, {xF,yF}}1}, {RGBColor[0,0,0] ,PointSize[0.01],
markers}, {name}}];

Show[Graphics[graph],PlotRange-»{All,All},Frame-True,
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AxesOrigin-{xA,yA},FrameLabel-»>{"x",6"y"},
Axes—»{True,True},AspectRatio—»Automatic];

¢2 = (ArcTan[ (yB[t]-YyC)/(xB[t]-xC) ])/.ruleB ;
(*0-Ar-1-Br-2-Ct-3-Cr-0%*)

w1l0={0,0,w};

w21lv={0,0,omega2l};
w03v={0,0,omegal3};

vC32v={vC32 Cos[¢2],vC32 Sin[¢2],0};

eqIkv=(wl0+w21lv+w03v)[[3]]==0;
eqIijv=Cross[rB,w2lv]+Cross[rC,w03v]+vC32v;
eqIiv=eqIijv[[1]]==0;

eqIjv=eqIijv[[2]]==0;

solIvel=Solve[{eqIkv,eqIiv,eqIjv}, {omega2l,omegal03,vC32}];

omega2ls=omega2l/.sollIvel[[1
omega03s=omega03/.solIvel[[1l
vC32s=vC32/.so0lIvel[[1l]];

11;
11;

w21={0,0,omega2ls};
w03={0,0,0omega0l3s};
v32={vC32s Cos[¢2],vC32s Sin[¢2],0};

w20=wl1l0+w21l;

vB=Cross[wl0,rB];
vD=vB+Cross[w20,rD-rB];

(*accelerations*)

alO=D[wl0,t];

a2lv={0,0,alpha2l};
a03v={0,0,alpha03};

ac32v={aC32 Cos[¢$2],aC32 Sin[¢2],0};

eqIka=(al0+a2l1lv+a03v)[[3]]==0;
eqIija=Cross[rB,a2lv]+Cross[rC,a03v]+
aC32v-wl0.wl0 rB-w20.w20 (rC-
rB)+2 Cross[w20,v32];
eqIia=eqIija[[1]]==0;
eqIlja=eqIija[[2]]==0;
solIacc=Solve[{eqlka,eqIia,eqIja},{alpha2l,alpha03,aC32}];

alpha2ls=alpha2l/.sollacc[[1
alpha0O3s=alpha03/.sollacc[[1
aC32s=acC32/.sollacc[[1]];

11;
11;
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a21={0,0,alpha2ls};
a03={0,0,alpha03s};
a32={aC32s Cos[¢$2],aC32s Sin[¢$2],0};

a20=al10+a21l;

aB=Cross[al0,rB]-wl0.wl0 rB;
aD=aB+Cross[a20,rD-rB]-w20.w20 (rD-rB);

(*0-Ar-1-Br-2-Dr-4-Er-5-Fr-0*)

w42v={0,0,0omegad2};
w54v={0,0,omega54};
w05v={0,0,omega05};

eqITkv=(wl0+w2l1+w42v+w54v+w05v)[[3]]==0;
eqIIijv=Cross[rB,w21]+Cross[rD,w42v]+Cross[rE,w54v]+Cross[rF,w05v
1

eqIIiv=eqIIijv[[1]]==0;

eqIIjv=eqIIijv[[2]]==0;

solIIvel=Solve[{eqIlkv,eqIIiv,eqIIjv}, {omega42,omega54,omegal5}];

omega42s=omega42/.solllIvel[[1]];
omega54s=omega54/.sollIvel[[1]];
omega05s=omegal05/.solIIvel[[1]];

w42={0,0,0omega4d2s};
w54={0,0,omega54s};
w05={0,0,0omega0l5s};

w40=w20+w42;
w50=-w05;

vE=vD+Cross[w40,rE-rD];
(*accelerations*)

ad2v={0,0,alphad2};
a54v={0,0,alpha54};
a05v={0,0,alpha05};

eqITka=(alO0+a2l+ad42v+a54v+a05v)[[3]]1==0;
eqIIija=Cross[rB,a2l1]+Cross[rD,a42v]+Cross[rE,a54v]+Cross[rF,a05v
]-w10.w1l0 rB-w20.w20 (rD-rB)-w40.w40 (rE-rD)-w50.w50 (rF-rE);
eqIIia=eqIIija[[1]]1==0;

eqIIja=eqIIija[[2]]==0;
solIIa=Solve[{eqIlka,eqIIia,eqIIja},{alpha42,alpha54,alpha05}];

alpha42s=alpha42/.solIIa[[1]];
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alpha54s=alpha54/.solIIa[[1]];
alpha0O5s=alpha05/.solIIa[[1]];
a42={0,0,alpha4d2s};
a54={0,0,alpha54s};
@05={0,0,alpha05s};

a40=a20+a42;
a50=-a05;

aE=aD+Cross[a40,rE-rD]-w40.w40 (rE-rD);
w5=w50;

Mext=-Sign[w5]{0,0,600};
Print["Mext = " ,Mext," N"];

al={0,0,0};
a2=a3=a20;
ad4=a40;
a5=a50;

h=0.01;
d=0.001;
hSlider=0.02;
wSlider=0.05;
0=8000.;
g=9.807;

(*Link 1%*)

ml=p AB h d4d;
rCl=rB/2;

aCl=aB/2;

Finl=-ml acCl;
G1={0,-ml g,0};
F1=(Finl+Gl);

ICl=ml (AB"2+h"2)/12;
M1=Minl=-IC1l al;

Print["F1 = ",F1," N "];
Print["M1 = ",M1," N m"];
(*Link 2%)

m2=p BD h d;
rC2=(rB+rD)/2;
aC2=(aB+aD)/2;
Fin2=-m2 aC2;
G2={0,-m2 g,0};
F2=(Fin2+G2);

IC2=m2 (BD"2+h"2)/12;
M2=Min2=-IC2 a2;
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Print["F2 = ",F2," N "];
Print["M2 = ",M2," N m"];
(*Link 3*%*)

m3=p hSlider wSlider d;
rC3=rC;

ac3={0,0,0};

Fin3=-m3 acC3;

G3={0,-m3 g,0};

F3=(Fin3+G3);

IC3=m3 (hSlider”2+wSlider"2)/12;
M3=Min3=-IC3 a3;

Print["F3 = ",F3," N "];
Print["M3 = ",M3," N m"];
(*Link 4%)

m4=p DE h d;
rC4=(rD+rE)/2;
aC4=(aD+aE)/2;
Fin4=-m4 aC4;
G4={0,-m4 g,0};
F4=(Fin4+G4);

IC4=m4 (DE"2+h"2)/12;
M4=Min4=-IC4 a4;

Print["F4 = ",F4," N"];
Print["M4 = ",M4," N m"];
(*Link 5%*)

m5=p EF h d4d;
rC5=(rE+rF)/2;
aC5=aE/2;
Fin5=-m5 acC5;
G5={0,-m5 g,0};
F5=(Fin5+G5) ;
IC5=m5 (EF"2+h"2)/12;
M5=Min5=-IC5 a5;
Print["F5 = ",F5,"
Print["M5 ",M5,"

Print[" "];

Print[" 4&5 "];

FO05={F05x,F05y,0};

F24={F24x,F24y,0};

eqF45=(F5+F4+F05+F24);
egME5=(Cross[rF-rE,F05]+Cross[rC5-rE,F5]+M5+Mext)[[3]];
egME4=(Cross[rD-rE,F24]+Cross[rC4-rE,F4]+M4)[[3]];
sol45=Solve[{eqF45[[1]]==0,eqF45[[2] ]==0,egME5==0,eqME4:==
0},{F05x,F05y,F24x,F24y}];

FO05s=F05/.s0145[[1]];
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F24s=F24/.s0l45[[1]];
Print["FO5 = ",FO05s," N"]
Print["F24 = ",F24s," N"]

Ne we

Print[" "];
Print[" 2&3 "];
F12={F12x,F12y,0};
F03={F03x,F03y,0};
eqF23=(F2+F3+F03+F12-F24s);

eqF3BC=(F03+F3). (rB-rC);
egMB32=(Cross[rC-rB,F03+F3]+M3+Cross[rD-rB,-F24s]+Cross[rC2-rB,F2
1+M2) [[3]1];

sol23=Solve[{eqF23[[1]]==0,eqF23[[2] ]==0,eqF3BC==0,eqMB32:==
0},{F03x,F03y,F12x,F12y}];
F03s=F03/.s0123[[1]];
Fl12s=F12/.s0l123[[1]];
Print["FO03 ",FO03s," N"]
Print["F12 ",Fl12s," N"]

I
Ne weo

0.05 'F
0.025
0
40.025
~0.05
-0.075
-0.1

-0.125L% I ‘
-0.1 0 0.1 0.2 03

Mext = {0, 0, -600} N

Fl1 = {-26.4762, 15.1997, 0.} N

Ml = {0,0,0} Nm

F2 = {-73.89, -246.044, 0.} N

M2 = {0, 0, -5.71412}) N m

F3 = {0, -0.078456, 0} N

M3 = {0, 0, -0.155304} Nm

F4 = {-66.2885, -616.732, 0.} N

M4 = {0, 0, 6.89466} N m

F5 = {-22.0134, -139.862, 0.} N

M5 = {0, 0, -1.98112} N m

4&5

FO5 = {-3667.41, 142.67, 0} N
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F24 = {3755.71, 613.924, 0} N

2&3
F03 = {9173.2, 6715.32, 0} N

F12 = {-5343.59, -5855.28, 0} N
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(*Problem I .6 .9%)

Apply[Clear, Names ["Global x"]];
Off [General::spell];

Off [General::spelll];

(*Input datax)

AB = .250;
BC = .650;
AD = .600;
DE = .200;
EF = .600;
CD = .350;
CE = CD + DE;
La=.100;

phi = N[Pi] / 3;

n
w

2500; (*rpmx)
nxN[Pi] /30; (*rad/s%*)

(#Position of joint Ax)
xA=yA=0;
rA = {0, 0, 0};

(#Postiton of joint Dx)
xD = AD;

yD =0;

rD = {xD, yD, 0};

(#Position of joint Bx)
xB = AB Cos [phi];
yB = AB Sin[phi];
rB = {xB, yB, 0};

(#Position of joint Cx)

eqnCl = (xB - xCsol) "2 + (yB-yCsol) “"2-BC"2 == 0;
eqnC2 = (xCsol - xD) "2 + (yCsol -yD) “"2-CD"2 == 0;
solutionC = Solve[{eqnCl, eqnC2}, {xCsol, yCsol}];
(*Two solutions for Cx)

xCl = xCsol /. solutionC[[1]]
yCl = yCsol /. solutionC[[1]];
XC2 = xCsol /. solutionC[[2]];

yC2 = yCsol /. solutionC[[2]];

(#Select the correct position for Cx)
If[yCl2>0, xC=xCl; yC=yCl, xC = xC2; yC = yC2];
rC = {xC, yC, 0};

o we

(#Position of joint Ex)

phi3 = ArcTan[ (yD - yC) / (xD - xC) ] ;
XE = xC - (CD + DE) Cos[phi3];

YyE = yC - (CD +DE) Sin[phi3];
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rE = {XE, yE, 0};

(#Position of joint Fx*)

yF = -La;
xF = XE + Sqrt [EF *2 - (yF - yE) " 2];
rF = {xF, yF, 0};

(*Graph of the mecanismx)
markers = Table[{Point[{xA, yA}], Point[{xB, yB}], Point[{xC, yC}],
Point [{xD, yD}], Point[{xE, yE}], Point[{xF, yF}1}1;

name =
Table[{TeXt["A"l {XAI YA}I {_11 1]’]! TeXt["BHI {XBI YB}I {ol _1}]1
Text["C", {xcl Yc}l {_11 1]’]! TeXt["D"l {XDI YD}I {_11 _1}]l
TeXt["E"l {XEI YE}I {Ol _1}]l TeXt["FHI {XFI YF}I {ol _1}]}];

graph = Graphics [{{RGBColor[1l, O, 0], Line[{{xA, yA}, {xB, yB}}1},
{RGBColor [0, 1, 0], Line[{{xB, yB}, {xC, yC}}]
{RGBColor [0, 0, 1], Line[{{xC, yC}, {xD, yD}}]
{RGBColor [0, 0, 1], Line[{{xC, yC}, {xXE, YE}}]
{RGBColor [0, 1, 1], Line[{{xE, YE}, {xF, yF}}]
{RGBColor[1l, 1, 1], PointSize[0.01], markers}, {name}}];

}o
}o
}o
}o

Show [Graphics [graph], PlotRange -» {All, All},
Frame » True, AxesOrigin -» {xA, yA}, FrameLabel -» {"x", "y"},
Axes -» {True, True}, AspectRatio -» Automatic];

Print["0-Ar-1-Br-2-Cr-3-Dr-0"];

wl0 = {0, 0, w};

w2lv = {0, 0, omega2l};
w32v = {0, 0, omega32};
w03v = {0, 0, omegal3};

eqIkv = (wl0 + w21lv + w32v + w03v) [[3]] = O;
eqIijv = Cross[rB, w2lv] + Cross[rC, w32v] + Cross[rD, wO3v];
eqliv = eqIijv[[1]] == 0;
eqIjv = eqIijv[[2]] =0;
sollIvel =
Solve[{eqIlkv, eqIiv, eqIjv}, {omega2l, omega32, omegal03}];

omega2ls = omega2l /. solIvel[[1l]];
omega32s = omega32 /. solIvel[[1l]];
omega03s = omega03 /. solIvel[[1]];

w21 = {0, 0, omega2ls};
w32 = {0, 0, omega32s};
w03 = {0, 0, omega03s};

Print["w21l
Print["w32
Print["w03

", w21, " rad/s"
", w32, " rad/s"
", w03, " rad/s"

—_
N weo weo
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w20 = wl0 + w21;
w30 = -w03;

Print["w20
Print["w30

", w20, " rad/s"];
", w30, " rad/s"];

vB = Cross [wl0, rB];
vC = vB + Cross [w20, rC - ¥B] ;
vE = Cross [w30, rE - rD];

Print["vB = ", vB, " m/s"];
Print["vC = ", vC, " m/s"];
Print["VvE = ", VvE, " m/s"];
(*accelerationsx)

al0 =D[wl0, t];

a2lv = {0, 0, alpha2l};
a32v = {0, 0, alpha32};
a03v = {0, 0, alphaO03};

eqlka = (al0 + a2l1lv + a32v + a03v) [[3]] == 0;

eqIija = Cross[rB, a2lv] + Cross[rC, a32v] + Cross[rD, aO3v] -
wl0.w1l0 rB - w20.w20 (¥rC-rB) - w30.w30 (xrD - rC) ;

eqlia = eqIija[[1]] ==0;

eqIja = eqIija[[2]] =0;

solIacc =
Solve[{eqIlka, eqIia, eqIja}, {alpha2l, alpha32, alpha03}];

alpha2ls
alpha32s
alphaO3s

alpha2l /. solIacc[[1]];
alpha32 /. solIacc[[1]];
alpha03 /. solIacc[[1]];

a2l
a32
a03

{0, 0, alpha2ls};
{0, 0, alpha32s};
{0, 0, alphaO3s};

Print["a2l ", a21, " rad/s"2"];
Print["a32 ", a32, " rad/s"2"];
Print["a03 ", a03, " rad/s"2"];

a20 = al0 + a21;

a30 = -a03;

Print["a20 ", a20, " rad/s"2"
Print["a30 ", a30, " rad/s"2"

aB = Cross [al0, rB] - wl0.w1l0 rB;

aC = aB + Cross [a20, rC - rB] - w20.w20 (xC - rB) ;
akE = Cross [a30, rE - rD] - w30.w30 (rE - rD);
Print["aB ",aB, " m/s"2"

= 2°1;
Print["aC = ", aC, " ~2"1;
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Print["aE = ", aE, " m/s"2"];
Print[" "];
Print["0-Dr-3-Er-4-Fr-5-Ft-0"];
w43v = {0, 0, omega43}

w54v = {0, 0, omega54}
vFO5v = {vF05, 0, 0};

.
4
.
4

eqIIkv = (w30 + w43v + w54v) [[3]] == O;
eqIIijv = Cross[rD, w30] + Cross[rE, w43v] + Cross [rF, w54v] + VFO5v;
eqIliv = eqIIijv[[1]] =0;
eqIIjv = eqIIijv[[2]] = O;
sollIvell =
Solve[{eqIIkv, eqIIiv, eqIIjv}, {omegad43, omega54, vF05}];

omega43s = omega43 /. solIvelI[[1]
omega54s = omega54 /. solIvelI[[1]
vFO05s = vFO5 /. solIvelI[[1l]];

1;
1;

w43 = {0, 0, omega43s};
w54 = {0, 0, omega54s};
v05 = {vF05s, 0, 0};

Print["w43 = ", w43, " rad/s"];
Print["w54 = ", w54, " rad/s"];
Print["vFO5 = ", v0O5, " m/s"];

w40 = w30 + w4d3;

Print["w40 = ", w40, " rad/s"];

vF = VE + Cross [w40, rF - rE];
Print["vF = ", Chop[VvF], " m/s"];

a43v = {0, 0, alpha43};
a54v = {0, 0, alpha54};
aF05v = {aF05, 0, 0};

eqlIIka = (a30 + a43v + a54v) [[3]] == 0;
eqIIija = Cross[rD, a30] + Cross[rE, a43v] +
Cross[rF, a54v] + aFO5v - w30.w30 (rE - rD) - w40.w40 (rF - rE) ;
eqIlia = eqIIija[[1]] =0;
eqIIja = eqIIija[[2]] = 0;
solIIa = Solve[{eqIIka, eqIIia, eqIIja}, {alpha43, alpha54, aF05}];

alpha43s = alpha43 /. solIIa[[
alpha54s = alpha54 /. solIIa[[
aF05s = aF05 /. solIIa[[1l]];

1113
1113

a43 = {0, O, alpha43s};
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a54 = {0, 0, alphab54s};
a05 = {aF05s, 0, 0};

Print["a43 = ", a43, " rad/s"2"];
Print["a54 = ", a54, " rad/s"2"];
Print["aF05 = ", a05, " m/s"2"];

a40 = a30 + a43;
Print["a40 = ", a40, " rad/s"2"];

aF = aE + Cross [a40, rF - rE] - w40.w40 (rF -rE);

Print["aF = ", Chop[aF], " m/s"2"];
Print[" "]
Print[" "]

Fext = -Sign[vF] {1600, 0, 0};

Print["Fext = ", Fext, " N"];
al=a5={0, 0, 0};

a2 = a20;

a3 = a30;

a4 = a40;

h=0.01;

d=0.001;

hSlider = 0.02;
wSlider = 0.05;

p = 8000.;
g-= 9.807;
(*Link 1x)

ml =pABhAd;

rCl =rB/ 2;

aCl =aB/ 2;

Finl = -ml aCl;

Gl={0, -mlg, O};

Fl = (Finl +Gl);

ICl=ml (R B"2+h"2)/12;
Ml = Minl = -ICl al;

Print["F1 = ", F1, " N "];
Print["M1 = ", M1, " N m"];
(*Link 2%)

m2 = pBChd;

rC2 = (rB+rC) /2;

aC2 = (aB+acC) /2;

Fin2 = -m2 aC2;

G2 = {0, -m2g, 0};

F2 = (Fin2 + G2) ;

IC2=m2 (BC"2+h"2)/12;
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M2 = Min2 = -IC2 a2;

Print["F2 = ", F2, " N "];
Print["M2 = ", M2, " N m"];
(#Link 3=*)

m3 =pCEhd;

rC3 = (xrC+rE) /2
aC3 = (aC+aE) / 2
Fin3 = -m3 aC3;
G3 = {0, -m3 g, 0};

F3 = (Fin3 +G3) ;

IC3=m3 (CE"2+h"2)/12;
M3 = Min3 = -IC3 a3;

.
4
.
4

Print["F3 = ", F3, " N"];
Print["M3 = ", M3, " N m"];
(*Link 4%)

m4 = pEF hd;

rC4 = (rE +rF) / 2;

aC4 = (aE + aF) / 2;

Fin4 = -m4 aC4;

G4 = {0, -m4 g, 0};

F4 = (Fin4 + G4) ;

IC4=m4 (EF"2+h"2) /12;
M4 = Min4 = -IC4 a4;

Print["F4 = ", F4, " N"];
Print["M4 = ", M4, " N m"];
(#Link 5=%)

m5 = p hSlider wSlider d;

rC5 = rF;

aC5 = aF;

Fin5 = -m5 aC5;

G5 = {0, -m5g, 0};
F5 = (Fin5 + G5) ;
IC5 =m5 (hSlider "2 + wSlider"2) / 12;
M5 = Min5 = -IC5a5;
Print ["F5 ",F5, " N
Print["M5 ", M5, " N

1
= we

]
m

"1;

Print[" "];
Print[" 4&5 "];
FO5 = {0, FO5y, O};
F34 = {F34x, F34y, 0};
eqF45 = (F5 + F4 + FO5 + F34 + Fext) ;
egMF4 = (Cross[rE - rF, F34] + Cross[rC4 - rF, F4] +M4) [[3]];
so0l45 = Solve|

{eqF45[[1]] == 0, eqF45[[2]] == 0, eqMF4 == 0}, {FO5y, F34x, F34y}];
FO5s = F05 /. sol45[[1]];
F34s =F34 /. sol45[[1]];
Print["FO5 = ", FO5s, " N"
Print["F34 = ", F34s, " N"

—_—
Ne weo
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F54 = FO5s + F5 + Fext;
Print["F54 = ", F54, " N"];

Print[" "];
Print[" 2&3 "];
Fl12 = {F12x, Fl2y, 0};
FO03 = {F03x, FO3y, 0};
eqF23 = (F2 + F3 + FO3 + F12 - F34s);
egMC3 = (Cross[rD - rC, FO3] +
Cross [rC3 - rC, F3] + Cross[rE -rC, -F34s] +M3) [[3]];
egMC2 = (Cross[rB - rC, F12] + Cross[rC2 - rC, F2] +M2) [[3]];
sol23 = Solve[{eqF23[[1]] == 0, eqF23[[2]] == 0, eqMC3 == 0, eqMC2 == 0},
{F03x, FO3y, Fl12x, Fl2y}];
FO03s =F03 /. sol23[[1]];
Fl2s =F12 /. sol23[[1]];

Print["FO3 = ", FO3s, " N"];
Print["F12 = ", F12s, " N"];
F23 =Fl1l2s + F2;
Print["F23 = ", F23, " N"];
Print[" "]
(*Link 1x)
FO0l = -F1 + Fl2s;
Print["FO1l = ", FO1, " N"];
Mm = -Cross [rB, -F12s] - Cross[rCl, F1] - M1;
Print["Meq = ", Mm, " N m"];
0.3
s o
0.2f
0.1/
Y
OFa
-0.1 F
0 0.2 0.4 0.6 0.8 1

0-Ar-1-Br-2-Cr-3-Dr-0

w21l = {0, 0, -264.389} rad/s

w32

{0, 0, 186.669} rad/s

w03 = {0, 0, -184.079} rad/s

w20 = {0, 0, -2.59006} rad/s

w30 = {0, 0, 184.079} rad/s

vB

{-56.6812, 32.7249, 0.} m/s

vC = {-56.4478, 31.0577, 0.} m/s

VE

(32.2559, -17.7472, 0.} m/s
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a2l = {0, 0, 10131.7} rad/s"2
a32 = {0, 0, 2155.67} rad/s"2
a03 = {0, 0, -12287.4} rad/s"2
a20 = {0, 0, 10131.7} rad/s"2
a30 = {0, 0, 12287.4} rad/s"2
aB = {-8567.36, -14839.1, 0.} m/s"2
aC = {-9484.99, -8317.73, 0.} m/s"2

aE = {5419.99, 4752.99, 0.} m/s"2

0-Dr-3-Er-4-Fr-5-Ft-0

w43 = {0, 0, -154.265} rad/s
w54 = {0, 0, -29.814} rad/s
vF05 = {-30.013, 0, 0} m/s
w40 = {0, 0, 29.814} rad/s

vF = {30.013, 0, 0} m/s

o43 = {0, 0, -20159.7} rad/s"2
o54 = {0, 0, 7872.33} rad/s"2
aF05 = {-5483.1, 0, 0} m/s"2
040 = {0, 0, -7872.33} rad/s"2

aF = {5483.1, 0, 0} m/s"2

Fext = {-1600, 0, 0} N

Fl1 = {85.6736, 148.195, 0.} N
Ml = {0,0,0} Nm

F2 = {469.361, 601.568, 0.} N
M2 = {0, 0, -18.5539} N m

F3 = {89.4299, 77.9928, 0.} N
M3 = {0, 0, -13.6333} N m

F4 = {-261.674, -114.543, 0.} N
M4 = {0, 0, 11.3393} Nm

F5 = {-43.8648, -0.078456, 0.} N
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M5 = {0, 0,0} Nm

4&5
FO05 = {0, -185.982, 0} N
F34 = {1905.54, 300.603, 0} N

F54 = {-1643.86, -186.061, 0.} N

2&3
FO03 = {2809.92, 122.681, 0} N
F12 = {-1463.18, -501.639, 0} N

F23 = {-993.815, 99.9288, 0.} N

FOl = {-1548.85, -649.834, 0.} N

Meq = {0., 0., 254.094} N m
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(*Problem I .6 .10x%)

Apply[Clear, Names ["Global x"]];
Off [General::spell];

Off [General::spelll];

(*Input datax)

AB = 0.05;
AC =0.16;
BD = 0.25;
La=0.03;
Lb=0.06;
(*Selectx*)
EF =0.16;

n = 1500.; (*rpmx)
omega =n*N[Pi] /30; (*rad/s=*)

initdata = {phi[t] - 130Pi /180., phi '[t] » omega, phi''[t] - 0};

(#Position of joint Ax)

xA=yA=0;

(#Position of joint Cx)
xC = -AC;

yC =0;

(#Position of joint Ex)
xE = -AC - La;
YE = Lb;

(#Position of joint Bx)
xB = AB Cos[phi[t]];
yB = ABSin[phi[t]];

(*Linear velocity of joint Bx)

vBx =D[xB, t];

vBy =D[yB, t];

vB = {vBx /. initdata, vBy /. initdata, 0};

(#Linear acceleration of joint Bx)

aBx = D[vBx, t];

aBy =D[vBy, t];

aB = {aBx /. initdata, aBy /. initdata, 0};

(#Position of joint Dx*)

(*Parameters m and n of line BC:y=m x+bx)

m= (yB-yC) / (xB -xC);

b = yB - mxB;

eqnDl = (xDsol - xB) "2 + (yDsol -yB) “2-BD"2 == 0;
eqnD2 = yDsol - m* xDsol - b == 0;

solutionD = Solve[{eqnDl, eqnD2}, {xDsol, yDsol}];
xD1 = xDsol /. solutionD[[1]];
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yD1l = yDsol /. solutionD[[1]];

xD2 = xDsol /. solutionD[[2]];

yD2 = yDsol /. solutionD[[2]];

(*Select the correct position for Dx)

If[(xD1l /. initdata) <0, xD = xD1; yD = yD1, xD = xD2; yD = yD2];

(*Linear velocity of joint D=%)

vDx =D[xD, t];

vDy = D[yD, t];

vD = {vDx /. initdata, vDy /. initdata, 0};

(#Linear acceleration of joint Dx*)

aDx = D[vDx, t];

aDy = D[vDy, t];

aD = {aDx /. initdata, aDy /. initdata, 0};

(€EXZZITITTTY)

(*Link 2%)

(€EXZZITITTTY)

¢2 = ArcTan[ (yB-yC) / (xB-xC)];
w2 =D[¢2, t];

a2 =D[w2, t];

€EZZITITTTY)

(#Link 5=%)

€EZZITITTTY)

¢5 = ArcTan|[ (YE - yD) / (XE - xD) ] ;
w5 =D[¢5, t];

a5 =D[w5, t];

al = {0, 0, O};

¢2 = ¢3 = ¢2 /. initdata;

w2 =w3 ={0, 0, w2 /. initdata};
a2 =a3 ={0, 0, a2 /. initdata};
¢5 = ¢4 = ¢5 /. initdata;

w5 =w4 = {0, 0, w5 /. initdata};

a5 =a4 = {0, 0, a5 /. initdata};

(*Redefine positions numerically for plottingx)

xB = (xB /. initdata);
yB = (yB /. initdata);
xD = (xD /. initdata);
yD = (yD /. initdata);
XF = XE + EF Cos[ ¢5 +Pi];
yF =yE + EF Sin[ ¢5 + Pi];

XC5 =xE+ 0.5 EF Cos[ ¢5 + Pi];
yC5 =yE + O.5EF Sin[ ¢5 + Pi];
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markers = Table[ {
Point [{xA, yA}], Point[{xB, yB}], Point[{xC, yC}],
Point [{xD, yD}], Point[{xE, yE}], Point[ {xF, yF}],
Point [ {xC5, yC5}]
31

name = Table] {
Text["A", {0, 0}, {1, 1}],
TeXt["B"l {XBI YB}I {Ol _1}]l Text["C", {xcl Yc}l {_11 _1}]l
TeXt["D"l {XDI YD}I {Ol _1}]l TeXt["E"l {XEI YE}I {_11 1}]1
Text["F", {xF, yF}, {-1, -1}], Text["C5", {xC5, yC5}, {-1, -1}]
31

graph = Graphics [{{RGBColor[1l, O, 0], Line[{{xA, yA}, {xB, yB}}1},
{RGBColor [0, 1, O], Line[{{xB, yB}, {xD, yD}}1},
{RGBColor [0, O, 1], Line[{{xF, yF}, {xE, yE}}1},
{RGBColor [0, O, 0], PointSize[0.02], markers}, {name}}];

Show [Graphics [graph], PlotRange -» {All, All},
Frame » True, AxesOrigin -» {xA, yA}, FrameLabel -» {"x", "y"},
Axes -» {True, True}, AspectRatio -» Automatic];

rA = {0, 0, 0};

rB = {xB, yB, 0};
rC = {xC, yC, 0};

rD = {xD, yD, 0};

rE = {XE, yE, 0};

rF = {xF, yF, 0};
rC5 = {xC5, yC5, 0};

Mext = -Sign[w5] {0, 0, 900};

Print["Mext = ", Mext, " N"];
h=0.01;
d=0.001;

hSlider = 0.02;
wSlider = 0.05;
o = 8000.;
g-= 9.807;

(*Link 1x)

ml =pABhAd;

rCl =rB/ 2;

aCl =aB/ 2;

Finl = -ml aCl;
Gl={0, -mlg, O};
Fl = (Finl +Gl);
ICl=ml (R B"2+h"2)/12;
Ml = Minl = -ICl al;
Print["F1 ", F1,"
Print ["M1 ", M1, "

N "]
N )
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(*Link 2%)

m2 = pBDhd;

rC2 = (rB+rD) /2
aC2 = (aB+aD) / 2
Fin2 = -m2 aC2;
G2 = {0, -m2g, 0};

F2 = (Fin2 + G2) ;

IC2=m2 (BD"2+h"2) /12;

.
4
.
4

M2 = Min2 = -IC2 a2;

Print["F2 = ", F2, " N "];
Print["M2 = ", M2, " N m"];
(#Link 3=x)

m3 = p hSlider wSlider d;

rC3 = rC;

ac3 = {0, 0, 0};

Fin3 = -m3 aC3;

G3 = {0, -m3 g, 0};

F3 = (Fin3 +G3) ;

IC3 =m3 (hSlider "2 + wSlider"2) /12;
M3 = Min3 = -IC3 a3;

Print["F3 = ", F3, " N "];
Print["M3 = ", M3, " N m"];
(*Link 4x)

m4 = p hSlider wSlider d;

rC4 =xrD/ 2;

aC4 =ab/ 2;

Fin4 = -m4 aC4;

G4 ={0, -még, O};

F4 = (Fin4 + G4) ;

IC4 =m4 (hSlider "2 + wSlider"2) / 12;
M4 = Min4 = -IC4 a4;

Print["F4 = ", F4, " N"];
Print["M4 = ", M4, " N m"];
(#Link 5=%)

DE = Norm|[ (rE - rD) ] ;
m5 = pDEhd;

aC5 = Cross[a5, ¥rC5 - rE] - w5.w5 (rC5 - rE) ;
Fin5 = -m5 aC5;

G5 = {0, -m5g, 0};

F5 = (Fin5 + G5) ;

IC5=m5 (DE"2+h"2) /12;

M5 = Min5 = -IC5a5;
Print ["F5 ",F5, " N
Print ["M5 ", M5, " N

1
= we

]
m

"1;

Print[" "];

Print[" 4&5 "];

FO5 = {FO5x, FO5y, 0};
F24 = {F24x, F24y, 0};
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eqF45 = (F5 + F4 + FO5 + F24) ;
eqME45 =

(Cross[rD - rE, F24 + F4] + Cross[rC5 - rE, F4] + M4 + M5 + Mext) [[3]];
eqF4DE = (F4 + F24) . (rE - rD) ;
so0l45 = Solve[{eqF45[[1]] == 0, eqF45[[2]] == O,

eqME45 == 0, eqF4DE == 0}, {FO05x, FO5y, F24x, F24y}];

FO5s = FO5 /. sol45[[1]];
F24s = F24 /. sol45[[1]];

Print["FO5 = ", FO5s, " N"];
Print["F24 = ", F24s, " N"];
F54 = FO5s + F5;

Print["F54 = ", F54, " N"];

rQ = {xQ, yQ, 0};

eqQ = Cross[rD-rE, rE-rQ][[3]] == 0;
eqMC4 = (Cross[rQ - rD, F54] +M4) [[3]] == 0;
solQ = Solve[{eqQ, eqMC4}, {xQ, yQ}];

rOs =rQ /. solQ[[1]];

Print["rQ = ", rQ@s, " m"];

Print[" "];
Print[" 2&3 "];
F12 = {F12x, Fl2y, 0};
FO03 = {FO3x, FO3y, 0};
eqF23 = (F2 + F3 + FO3 + F12 - F24s) ;
egMC23 = (Cross|[rB-rC, F12] +
Cross [rC2 - rC, F2] + Cross[rD - rC, -F24s] + M3 + M2) [[3]];
eqF3BC = (F2 + FO3) . (rC - rB) ;
sol23 = Solve[{eqF23[[1]] == 0, eqF23[[2]] == O,
eqMC23 == 0, eqF3BC == 0}, {F03x, FO3y, Fl12x, Fl2y}];
F03s = F03 /. sol23[[1]];
Fl2s = F12 /. sol23[[1]];

Print["FO3 = ", FO3s, " N"];
Print["F12 = ", F12s, " N"];
F23 = F12s + F2 - F24s;

Print["F23 = ", F23, " N"];

rP = {xP, yP, 0};

eqP = Cross[rB-rC, rC-rP][[3]] ==0;
eqMC3 = (Cross[rP - rC, F23] +M3) [[3]] == 0;
solP = Solve[{eqP, eqMC3}, {xP, yP}];

rPs =rP /. solP[[1]];

Print["rP = ", rPs, " m"];
Print[" "]

(*Link 1%)

FOl = -F1 + F12s;

Print["FO1 = ", FOl, " N"];

Mm = -Cross [rB, -F12s] - Cross[rCl, F1] - M1;
Print["Meq = ", Mm, " N m"];
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0.06
0.04
0.02

y 0
-0.02 D
-0.04
-0.06

-0.3 -0.25 -0.2 -0.15 -0.1 -0.05
X

Mext = {0, 0, 900} N

Fl1 = {-1.58601, 1.85091, 0} N
Ml = {0,0,0} Nm

F2 = {-9.26466, -8.04039, 0} N
M2 = {0, 0, 1.14823} Nm

F3 = {0, -0.078456, 0} N

M3 = {0, 0, 0.021277} N m

F4 = {-0.533833, -6.99643, 0} N
M4 = {0, 0, 0.00898107} N m

F5 = {1.49894, -3.98823, 0.} N

M5 = {0, 0, 0.059531} N m

485

FO5 = {5464., -4770.49, 0} N
F24 = {-5464.97, 4781.47, 0} N
F54 = {5465.5, -4774.48, 0.} N

rQ = {-0.271624, -0.0334376, 0} m

2&3
FO3 = {-3297.99, 11048.3, 0} N
F12 = {-2157.72, -6258.72, 0} N

F23 = {3297.99, -11048.2, 0} N

rP {-0.159998, 5.29553x1077, 0} m

FOl = {-2156.13, -6260.57, 0} N

Meq = {0., 0., 283.796} N m
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(*Problem I .6 .11%)

Apply[Clear, Names ["Global x"]];
Off [General::spell];
Off [General::spelll];

(*Inputx)

AB = 0.150;

BD = 0.500;

La=0.180;

phi = 2107/ 180;
xA=yA=0;

xC = -La;

yD =0;

XE = -La;

yE=-0.4;

Print["xA = ", xA, " m"];
Print["yA = ", yA, " m"];
(*Bx)

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

Print["xB = ", xB, " m"];
Print["yB = II, YB, n mII] ;
(*Dx*)

eqnD = (xB-xD) "2 + (yB-yD) "2 ==BD"2;
solutionD = Solve[{eqnD}, {xD}];

xD1
xD2

xD /. solutionD[[1
xD /. solutionD[[2

117
117
If[xD1 < xB, xD = xD1, xD = xD2];

(*Cx*)

yC=yB- ((yB-yD) / (xB-xD)) (xB - xC);

Print["xC = ", xC, m"];
Print["yC = ", yC, " m"];
Print["xD = ", xD, " m"];
Print["yD = n , YD, n mII] ;
Print["xE = ", xE, " m"];
€EXZZITITTTY)

(*Link 2%)
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€EZZITITTTY)

¢2 = ArcTan[ (yB-yD) / (xB-xD) ];

"¢$2=ArcTan|[ (yB-yD) / (xB-xD) ]"

Print["¢2 = ", ¢2, " rad = ", $2 %180 /N[Pi], " deg "];

(*Graphs*)

markers = Table[{Point[{xA, yA}], Point[{xB, yB}],
Point [{xC, yC}], Point[{xD, yD}], Point[{xE, YE}]}];

name = Table[{Text["A", {0, 0}, {-1, 1}],
TeXt["B"l {XBI YB}I {_11 _1}]l Text["C", {xcl Yc}l {_11 _1}]l
Text["D", {xD, yD}, {0, -1}], Text["E", {xE, yE}, {1, 1}]}1;

graph = Graphics [{{RGBColor[1l, O, 0], Line[{{xA, yA}, {xB, yB}}1},
{RGBColor [0, 1, O], Line[{{xB, yB}, {xD, yD}}1},
{RGBColor [0, O, 1], Line[{{xC, yC}, {xE, YE}}1},
{RGBColor[1l, 1, 1], PointSize[0.01], markers}, {name}}];

Show [Graphics [graph], PlotRange -» {{-0.8, 0.25}, {-0.5, 0.1}},
Frame » True, AxesOrigin -» {xA, yA}, FrameLabel -» {"x", "y"},
Axes -» {True, True}, AspectRatio -» Automatic];

rB = {xB, yB, 0};
rC = {xC, yC, 0};
rD = {xD, yD, 0};
rE = {XE, yE, 0};

Print["rB = ", rB, " m"];
Print["xC = ", rC, " m"];
Print["xD = ", rD, " m"];
Print["rE = ", rE, " m"];

n=1600.; (*rpmx)
omega =n*N[Pi] /30; (*rad/s=*)
omegal = {0, O, omega};

Print["wl = ", omegal, " rad/s"];

vB = Cross [omegal, rB];
Print["vB = wl x rB = ", VB,

m/s"];

alphal = D[omegal, t];
aB = Cross [alphal, rB] - omegal .omegal rB;
Print["aB = al x rB - wl”2 rB = ", aB, " m/s"2"];

w2 = {0, 0, w2z};
vD = {vDx, 0, 0};

eqvD = vB + Cross [w2, rD - rB] - vD;
Print["vD = {vDx,0,0} = vB + w2 x (¥rD-rB) => w2z, vDx"];
solutionD = Solve[{eqvD[[1]] == 0, eqvD[[2]] == 0}, {w2z, vDx}];
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omega2 = {0, 0, w2z /. solutionD[[1]]};
VD = {vDx /. solutionD[[1]], O, O};

Print["w2 ", omega2, " rad/s"];
Print ["vD ", VD, " m/s"];

a2 = {0, 0, a2z};
ab = {aDx, 0, 0};

eqgaD = aB + Cross [a2, rD - rB] - omega2.omega2 (rD - rB) - aD;
Print["aD={aDx,0,0}=aB +

a2 x (rD-rB) - w2.w2(rD-rB)=> a2z, aDx"];
solutionaD = Solve[{eqaD[[1]] == 0, eqaD[[2]] == 0}, {a2z, aDx}];

alpha2 = {0, 0, a2z /. solutionaD[[1]]};
AD = {aDx /. solutionaD[[1]], O, O};

Print["a2
Print["aD

", alpha2, " rad/s"2"];
II’ AD, n m/sAzll];

vC2 = vB + Cross [omega2, rC - rB] ;
Print["vC2 = vB + w2 x ¥rBC = ", vC2, " m/s"];

vvC3 = {0, vC3y, O0};

Print["vC3 = {0,vC3y,0} "];

vvC32 = {vC32 Cos[¢$2], vC32 Sin[¢2], 0};
Print["vC32={vC32 Cos[¢2],vC32 Sin[¢2],0}= ", vvC32];
Print["vC3 = vC2 + vC32 => vC3y, vC32"];

eqvC = vvC3 - vC2 - vvC32;

solutionvC = Solve[{eqvC[[1]] == 0, eqvC[[2]] == 0}, {vC3y, vC32}];
vC3 = vvC3 /. solutionvC[[1]];

vC32 = vvC32 /. solutionvC[[1]];

Print["vC3 = ", vC3, " m/s"];

Print["vC32 = ", vC32, " m/s"];

aC2 = aB + Cross [alpha2, rC - rB] - omega2.omega2 (rC - rB) ;
Print["aC2 = aB + a2 x rBC - w2.w2 x ¥rBC = ", aC2, " m/s"2"];

aC32cor = 2 Cross [omega2, vC32];
Print["aC32cor = 2 w2 x vC32 = ", aC32cor, " m/s"2"];

aaC3 = {0, aC3y, 0};

Print["aC3 = {0,aC3y,0} "];

aaC32 = {aC32 Cos[¢2], aC32 Sin[¢2], O0};
Print["aC32={aC32 Cos[¢2],aC32 Sin[¢2],0}= ", aaC32];
Print["aC3 = aC2 + aC32 + aC32cor => aC3y, aC32"];
eqgaC = aaC3 - aC2 - aaC32 - aC32cor;

solutionaC = Solve[{eqaC[[1]] == 0, eqaC[[2]] == 0}, {aC3y, aC32}];
acC3s = aaC3 /. solutionaC[[1]];

aC32s = aaC32 /. solutionaC[[1]];

Print["aC3 = ", aC3s, " m/s"2"];

Print["aC32 = ", aC32s, " m/s"2"];
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Fext = -Sign[VD] {2000, O, 0};

Print["Fext = ", Fext, " N"];
h=0.01;
d=0.001;

hSlider = 0.02;
wSlider = 0.05;

p = 8000.;
g=9.807;

al = {0, 0, O};
a2 = a3 = omega2l;
(*Link 1x)

ml =pABhAd;
rCl =rB/ 2;
aCl = aB/ 2;

Finl = -ml aCl;

Gl={0, -mlg, O};

Fl = (Finl +Gl);

ICl=ml (R B"2+h"2) /12;

M1l = Minl = -ICl al;

Print["F1 = ", F1, " N "];
Print["M1 = ", M1, " N m"];
(*Link 2%)

m2 = pBDhd;

rC2 = (rB+rD) /2
aC2 = (aB+AD) /2
Fin2 = -m2 aC2;
G2 = {0, -m2g, O0};

F2 = (Fin2 + G2) ;

IC2=m2 (BD"2+h"2) /12;
M2 = Min2 = -IC2 a2;

.
4
.
4

Print["F2 = ", F2," N "];
Print["M2 = ", M2, " N m"];
(#Link 3=x)

m3 = p hSlider wSlider d;

rC3 = rC;

aC3 = aC3s;

Fin3 = -m3 aC3;

G3 = {0, -m3 g, 0};

F3 = (Fin3 +G3) ;

IC3 =m3 (hSlider "2 + wSlider"2) /12;
M3 = Min3 = -IC3 a3;

Print["F3 = ", F3, " N "];
Print["M3 = ", M3, " N m"];
(*Link 4x%)

CE = Norm[rC - rE] ;
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m4 = pCEhd;

rC4 = (xC+rE) / 2;
aC4 = aC3;

Fin4d = -m4 aC4;

G4 = {0, -m4 g, 0};

F4 = (Fin4 + G4) ;

IC4=m4 (CE"2+h"2) /12;
M4 = Min4 = -1C4 {0, O, O};

Print["F4 = ", F4, " N"];
Print["M4 = ", M4, " N m"];
(#Link 5=%)

m5 = p hSlider wSlider d;

rC5 = rD;

aC5 = AD;

Fin5 = -m5 aC5;

G5 = {0, -m5g, 0};

F5 = (Fin5 + G5) ;

IC5 =m5 (hSlider "2 + wSlider"2) / 12;
M5 = Min5 = -IC5 {0, O, O};

Print ["F5 ", F5, " N"];

Print ["M5 ", M5, " Nm"];

Print[" "];

(*5%)

FO5 = {0, FO5y, 0};

F25 = {F25x, F25y, 0};

eqF5 = (Fext + F5 + FO5 + F25) ;

(*2%)
F12 = {F12x, Fl2y, 0};
F32 = {F32x, F32y, 0};
eqF23 = F32. (¥rB - xrD) ;
rQ = {xQ, yQ, 0};
eqQ = Cross[rB-rD, rB-rQ][[3]];
eqF2 = (F2 +F12 + F32 - F25) ;
egM2 = (Cross[rD - rC2, -F25] +
Cross[rB -rC2, F12] + Cross [rQ - rC2, F32] +M2) [[3]];

(*3%)
F43 = {F43x, F43y, 0};

eqF3 = (F3 + F43 -F32);
egM3 = (Cross[rQ - rC3, -F32] +M3) [[3]];
(*4x)

F04 = {F04x, 0, 0};
eqF4 = (F4 + FO4 - F43);

eq = {
eqF5[[1]] =0, eqF5[[2]] = 0O,
eqF2[[1]] =0, eqF2[[2]] == 0, eqM2 == 0, eqF23 == 0, eqQ == O,
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eqF3[[1]] = 0, eqF3[[2]] == O, egM3 == O,
eqF4[[1]] =0, eqF4[[2]] == 0};

un = {FO5y, F25x, F25y, F12x,
Fl2y, F32x, F32y, xQ, yQ, F43x, F43y, F04x};

sol = Solve[eq, un];
FO5s =F05 /. sol[[1]];

Print["FO5 = ", FO5s, " N"];
F25s = F25 /. sol[[1]];
Print["F25 = ", F25s, " N"];
F12s = F12 /. sol[[1]];
Print["F12 = ", Fl2s, " N"];
F32s = F32 /. sol[[1]];
Print["F32 = ", F32s, " N"];
F43s = F43 /. sol[[1]];
Print["F43 = ", F43s, " N"];
FO4s = FO4 /. sol[[1]];
Print["FO4 = ", FO4s, " N"];
r9s =rQ /. sol[[1]];
Print["rQ = ", rQ@s, " m"];
Print[" "]

(*Link 1x)

FOl = -F1 + Fl2s;

Print["FOl = ", FO1, " N"];
Mm = -Cross [rB, -F12s] - Cross[rCl, F1] - M1;
Print["Meq = ", Mm, " N m"];
XA = 0m

YA =0 m

XB = -0.129904 m

yB = -0.075 m

xC = -0.18 m

yC -0.0673996 m
xD = -0.624247 m
yD = 0m

xXE = -0.18 m

¢2=ArcTan| (yB-yD) / (XB-xD) |

¢2 = -0.150568 rad = -8.62693 deg
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rB = {-0.129904, -0.075, 0} m

rC = {-0.18, -0.0673996, 0} m

rD = {-0.624247, 0, 0} m

rE = {-0.18, -0.4, 0} m

wl = {0, 0, 167.552} rad/s

vB = wl x rB = {12.5664, -21.7656, 0.} m/s

aB = al x rB - wl”2 rB = {3646.86, 2105.52, 0.} m/s"2
vD = {vDx,0,0} = vB + w2 x (rD-rB) => w2z, vDx

w2 = {0, 0, -44.0293} rad/s

vD = {15.8686, 0, 0} m/s

aD={aDx,0,0}=aB + a2 x (rD-rB) - w2.w2(rD-rB)=> a2z, aDx
a2 = {0, 0, 3965.11} rad/s"2

aD = {4307.8, 0, 0} m/s"2

vC2 = vB + w2 x rBC = {12.901, -19.5599, 0.} m/s

vC3 = {0,vC3y,0}

vC32={vC32 Cos[¢2],vC32 Sin[¢2],0}= {0.988686vC32, -0.15vC32, 0}
vC3 = vC2 + vC32 => vC3y, vC32

vC3 = {0, -17.6026, 0} m/s

vC32 = {-12.901, 1.9573, 0} m/s

aC2 = aB + a2 x rBC - w2.w2 x ¥rBC = {3713.84, 1892.14, 0.} m/s"2
aC32cor = 2 w2 x vC32 = {172.357, 1136.05, 0.} m/s"2

ac3 = {0,aC3y,0}

aC32={aC32 Cos[¢2],aC32 Sin[¢2],0}= {0.988686aC32, -0.15aC32, 0}

aC3 = aC2 + aC32 + aC32cor => aC3y, aC32

aC3 = {0, 3617.79, 0} m/s"2
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aC32 = {-3886.2, 589.6, 0} m/s"2
Fext = {-2000, 0, 0} N

Fl1 = {-21.8812, -12.7508, 0.} N
Ml = {0,0,0} Nm

F2 = {-159.093, -42.5026, 0.} N
M2 = {0, 0, 0.0367058} N m

F3 = {0, -29.0208, 0} N

M3 = {0, 0, 0.0000851234} N m
F4 = {0, -96.5232, 0} N

M4 = {0, 0,0} Nm

F5 = {-34.4624, -0.078456, 0} N

M5 = {0, 0,0} Nm

F05 = {0, 355.15, 0} N
F25 = {2034.46, -355.071, 0} N
F12 = {2212.6, -187.025, 0} N
F32 = {-19.0471, -125.544, 0} N
F43 = {-19.0471, -96.5232, 0} N
F04 = {-19.0471, 0, 0} N

rQ = {-0.180001, -0.0673995, 0} m

FO01 = {2234.48, -174.274, 0.} N

Meq = {0., 0., 190.233} N m
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solutionaC = Solve[{eqaC[[1]] == 0, eqaC[[2]] == 0}, {a2z, aC32}];
alpha2 = a2 /. solutionaC[[1]];
AC32 = aaC32 /. solutionaC[[1]];

Print["a2 = ", alpha2, " rad/s"2"];

Print["aC32 = ", AC32, " m/s"2"];

aD = aB + Cross [alpha2, rD - rB] - omega2.omega2 (rD-rB);
Print["aD = vB + a2 x rBD - w2.w2 rBD = ", aD, " m/s"2"];
a4 = {0, 0, adz};

Print["a4 = ", a4];

a5 = {0, 0, abz};

Print["a5 = ", a5];

akE4 = aD + Cross[a4, rE - rD] - omega4.omega4 (rE - rD) ;

aE5 = Cross[a5, rE - rF] - omega5.omega5 (rE - rF ) ;
Print["aE = aD + a4 x rDE - w4.

w4 rDE = a5 x rFE - w5.w5 rFE => a4z, ab5z"];
eqaE = aE4 - aE5;
solutionakE = Solve[{eqaE[[1]] == 0, eqaE[[2]] == 0}, {ad4z, a5z}];
alpha4 = a4z /. solutionakE[[1]];
alpha5 = a5z /. solutionakE[[1]];
Print["a4z = ", alpha4, " rad/s”
Print["a5z ", alpha5s, rad/s”

2Il];
2Il];
aE = akE4 /. solutionaE[[1]];

Print["aE = ", aE4 /. solutionaE[[1]], " m/s"2"];

w5 = omega5;
Mext = -Sign[w5] {0, O, 1500};

Print["Mext = ", Mext, " N"];
h=0.01;
d=0.001;

hSlider = 0.02;
wSlider = 0.05;
o = 8000.;
g-= 9.807;

al = {0, 0, O};

a2 = a3 = alpha2;
a4 = {0, 0, alpha4d};
a5 = {0, 0, alpha5};
(*Link 1%)

ml =pABhAd;

rCl =rB/ 2;

aCl =aB/ 2;

Finl = -ml aCl;
Gl={0, -mlg, O};
Fl = (Finl +Gl);





