|:> restart;
[Calcul des équations du mouvement

¥ Equation du mouvement

[> edm:=(ml+m2)*11*diff (thetal (t),t$2)+m2*12*diff (theta2 (t),6 t$2)*
cos (thetal (t) -theta2(t))+m2*12*diff (theta2(t),t)*2*sin(thetal
(t) -theta2(t) )+ (ml+m2) *g*sin (thetal (t) ) +c*diff (thetal(t),t)=0;

2 2
edm:= (ml +m2) 11 [% 9](t)j +m212 (% 62(t)) cos(O1(t) —62(t)) (1.1)
t t
d 2
Fm212 (E 92(t)) sin(61(¢) — 02(£)) + (ml +m2) gsin(61(1))

+c(% 91(z))=0

_On force la masse m2 a tourner
> forcing:=theta2 (t)=omega*t;
forcing:=02(t) =t (1.2)

=> eql:=combine (simplify (expand (subs (forcing,edm))) ,b trig) ;

2 2
eql =11 [% 9](t)j ml + 11 (% 6](t)) m2—m212 @ sin(-01(t) +wt) (1.3)

+gsin(01(t)) ml +gsin(01(t)) m2+c (% Ql(t)) =0

_Simpliﬁcation pour des petits déplacements de thetal
> eg2:=expand (subs (thetal (t) =epsilon*thetal (t) ,eql)) ;

2 2
eq2 =1l¢ [% el(t)] ml+11¢ [% 91(:)] m2+m2i2w sin(g 01(t)) cos(wt) 1.4)

—m212 0)2005(8 01(¢t)) sin(wt) +gsin(e0I(t)) ml +gsin(e01(t)) m2
d _
i +c€(dt ez(z)j—o
> convert (series (lhs (eq2) ,epsilon,2)=0,polynom) :
eq3:=subs (epsilon=1, %) ;

2 . & 4>

eq3=-m212w sin(wt) +11 ? 01(t) | ml+11 ? 01(t) | m2 (1.5)
t

+m212(o26](t) cos(wt) +g 01(t) ml +g0I(t) m2+c (% 9](t)) =0

[ Calcul de la réponse du pendule (sans le terme paramétrique)
> egd:=eqg3- (m2*12*omega”*2*thetal (t) *cos (omega*t)=0) ;

2 2
eqd :=-m212 (02 sin((z)t) + 11 [% Gl(t)J ml + 11 (% 8](1,‘)) m2+g0l(t)ml (1.6)
t 4

+g01(1) m2+c(% GI(I))ZO

Y Frequence de résonance




\ 4

Fréquence de résonance
> eg5:=subs (sin (omega*t)=0,c=0,eqg4) ;

2 2
eqd =11 (% 9](t)) ml + 11 [% OI(Z)J m2+g0l(t)yml+g0l(t)m2=0

Equation caractéristique

t) ,eq5) /exp (I*lambda*t))) ;
eqcaract:= -0l [1 szl — 0l ksz +0Olgml+ 0Ol gm2=0
> natfreq:=omegalO=solve (eqcaract,lambda) [1];

natfreq .= w0 = —&Z

Réponse du pendule forcé

> repform:=thetal (t) =A*cos (omega*t) +B*sin (omega*t) ;

i repform =01 (t) =A cos(wt) + Bsin(wt)

> egb6:=expand (subs (repform,eq4)) ;

eq6:=-m212 o sin(wt) —11 ml Acos(wt) o — 11 mlB sin(®¢) ®
— I m2Acos(wt) o — 11 m2B sin(® ?) o +gmlAcos(wt) +gmlBsin(wt)
+gm2Acos(wt) +gm2Bsin(wt) —cAsin(wt) ®+cBcos(wt) ®=0

_Equilibrage harmonique
> eqgCos:=coeff (lhs (egb) ,cos (omega*t))=0;

eqCos = -Allml & —Allm2w +Agml+Adgm2+Bcw=0
=> egSim:=coeff (1lhs (eqg6) ,sin (omega*t))=0;
eqSim = -Bliml® —Bllm2e —2m2® —Aco+Bgml+Bgm2=0
=On résoud pour A et B
> eq7:=solve([eqgCos,eqSim], [A,B]) []-;

eq7=|d=-(c2m2e’) [ UPmP & 212 mim2 e +1PmP o —2g1ImP o

2 2 2
—dglimimlo —2glimPo +Fo +&mP+28mim2+g* m?),B

—((-timio —tim2 +gml+gm2) 2m26’) | (1P mP o +2 12 mim2 e

+”2m220)4_2g”m120)2—4g11m1m20)2—2g11m220)2+c20)2+g2m12
+2g2mlm2+g2m22)]

_Amplitude de la réponse
> thetalmax:=simplify (expand (subs (eq7,sqrt (A*2+B*2))));

thetalmax =
(1Zm2 ) | (1BmP o 4202 mim26’ +12mP o =21 mP &
1/2

2 2 2
—dgllmim2e —2glim?o +® +gml+2g*mlm2+ g m?*))

> eqcaract:=simplify (expand (subs (thetal (t) =Thetal*exp (I*lambda*
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Y Application numérique
[> paraml:=[11=4,ml1=6,m2=0.5,12=0.2,9=9.81];
paraml ;= [l1 =4, mI=6,m2=0.5,12=0.2,g=9.81] 4.1)

=> evalf (subs (paraml , natfreq)) ;
f0=evalf (rhs (%) /2/Pi) ;

o0 =1.566045976

i f0=0.2492439581 4.2)
B param:=[paraml[], subs (paraml,c=2*ml1*0.02*rhs (natfreq))];
param = [l1=4,mlI=6,m2=0.5,12=0.2,2=9.81, c=0.3758510343 ] 4.3)

=> subs (param, thetalmax) :
plot(%$*180/Pi,omega=0.1..5);
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_Déplacement horizontal
> Projection:=[Hx=11l*sin(thetalmax) , Hy=11l-1ll*cos (thetalmax)];

Projection := | Hx “4.4)




11
sin[((l22m220)4)/(112m12w4+2l]2m] m2o +1PmPo —2glimPo

12
2 2 2
—4dglimime —2glimZ® +o +@mP+2gmlim2+g m2)) ),Hy

— 11

cos[ (1Zm2 ) [ (1BmP o + 202 mim26’ +1PmP o —2g 1 mP &

1/2
—4gllm1m20)2—2gl]m220)2+02(02+g2m12+2g2m]m2+g2m22)) H

[> temp :=subs (param, Projection) ;

, Hy=4 4.5)

temp =

)
Hx=4sin| 0.100 ; =
676.00 ' — 3315.638736 @ + 4065.975225

7
— 4 cos| 0.100 - @ -
676.00 & — 3315.638736 & + 4065.975225

_Deplacement horizontal
> plot(rhs(temp[1l]) ,omega=0.1..5);
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_Deplacement vertical
> plot(rhs(temp[2]) ,omega=0.1..5);
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