Anexo 3.2

Comparacion numérica de los resultados obtenidos
al estimar la fuerza que ha de hacer el actuador,

aplicando Lagrange y potencias virtuales.

Debido a las peculiares caracteristicas del programa empleado, que no permite
impresiones en formato .pdf, la unica solucidon encontrada para integrar este anexo en este

documento ha sido exportarlo como fichero .rtf e imprimirlo con un programa diferente.
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PARAMETROS GEOMETRICOS

04 =1'm

02 :=.25m

b :=.25m

g2 '=.3m

g3 .=2m

g4 =.6m

S =3.1416(.016 - .008)-m’
1:=.4m
$=6.03210 " -m’
li:=.4m

Is :=.80m

e =.010m
m2:=5.0kg
m3:=2.0kg
m4:=1.0kg

1e2 - '.g2%m2
3
1 2

Ig3 :=—1"-m3
12

Ig4 ::1.g42.m2
3
t:=0,0.01..1.0C
a(t) '=(.6+ .02sin(t-2-1))-m

veil(t) :=.04n-cos(t-2:m )-1
sec

acil(t) =087 sin(t-21 )2
5602

hs =1s— <~ a(0)
2

hi=a(0)— < i
2
GEOMETRIA
d:= ‘A/042+ 022‘
[02 :=1g2 + g2°-m2

tan(o )=0—2
04

To2 :0.6'kg°m2
d=1.03I'm

Ig3 =0.027 kg m’

02
o =atan|—
o4

f =atan (04)

02
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To4 :=Igd + g4*m4

To4 =0.96 kg m’

d*+b* = (a(t) + )’
2-d-b

veil(0) =0.126 mrsec |

04(t) =¢(t) - B

hs =0.195m

hi=0.1

o (t) =acos

y(t) ‘=acos

i a) + D> b2
2-d-(a(t) + 1)
02(t) =7 — B - y(t)

ANALISIS CINEMATICO
VELOCIDADES

0 4(t) iii'sin(GZ(t) ~ 04(t))-veil(t)

02(t) =

-sin(02(t) — 04(t))-cos(02(t) — 84(t))-vcil(t)
a(t) +1

vg2(t) =o2(t)-g2

vg3(t) =o2(t)-(a(t) + g3)

vgd(t) ~o4((t) g4

vg2x(t) :=-02(t)-g2-sin(02(t))

vg3x(t) :=-02(t)-(a(t) + g3)-sin(02(t)) + veil(t)-cos (02(t))
vgdx(t) =-04(t)-g4-sin(04(t))

vg2y(t) =02(t)-g2-cos(02(t))

vg3y(t) == 2(t)-(a(t) + g3)-cos(02(t)) + veil(t)-sin(02(t))
vgdy(t) —o4(t)-g4-cos(04(t))

ACELERACIONES

ed(t) Iié-sin(GZ(t) — 04(t))-acil(t) + %'((02(0 — 04(t))-cos(02(t) — 64(t))-vcil(t)

-veil(t)® 1 veil(t)
£2(t) = — ) Zsin(2-(02(1) — 84(1))) + L (02(t) — 04(t))-cos (02(t) — B4(t)) ...
(a(t) + 1) 2 a(t) + 1
+ 3l 1 G 2.(02(t) - 04(0)))

a(t)+12
ag2x(t) ::wa(t)z-gZ-cos(GZ(t)) — €2(t)-g2-sin(02(t))
ag2y(t) 1:—0)2(t)2-g2-sin(62(t)) +€2(t)-g2-cos(02(t))

ag3x(t) 117032('[)2~(a(t) 4+ g3)-cos(02(t)) — e2(t)-(a(t) 4+ g3)-sin(62(t)) ...
+acil(t)-cos(02(t)) — 2-02(t)-veil(t)-sin(02(t))

ag3y(t) ::—m2(t)2-(a(t) + g3)-sin(02(t)) + &2(t)-(a(t) + g3)-cos(62(t)) ...
+acil(t)-sin(02(t)) + 2-02(t)-vcil(t)-cos(02(t))

agdx(t) \=- 0)4(t)2-g4-cos(94(t)) — 4(t)-g4-sin(04(t))

agdy(t) = 04(t) -gd-sin(04(t)) + £4(t)-gd-cos (84(1))
02(0) = 1.571
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04(0) =0
02(0) = 0'sec
04(0) =0.503sec '

1

DINAMICA INVERSA

Fg2x(t) :=-m2-ag2x(t)
Fg2y(t) \=-m2ag2y(t)
Mg2(t) :=-1g2-¢2(t)
Fg3x(t) :=-m3-ag3x(t)
Fg3y(t) :=-m3-ag3y(t)
Mg3(t) :=-1g3-e2(t)
Fgdx(t) :=-mdagdx(t)
Fgdy(t) '=-m4agdy(t)
Mg4(t) :=-Igd-c4(t)

Qdi(t) =

veil(t) | 4

Fg3x(t)-vg3x(t) + (Fg3y(t) — m3-g)-vg3y(t) + Mg3(t)-02(t) ...

Fg2x(t)-vg2x(t) + (Fg2y(t) - m2-g)-vg2y(t) + Mg2(t)-02(t) ...
EL Fgdx(t)-vgax(t) + (Fgdy(t) — m4g)-vgdy(t) + Mga(t)-0 4(t)

60

Qdi(t) 40

20
0

1.572

1.5715 —
02(t)

1.571

1.5705

DINAMICA DIRECTA
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m2g2’ g2 2

2
Qdd(t) <m2-g22+lg2>-{ Lsin(2-(0201) - 94(t)))} acil(t) - 2 02(0)° ...
a(t)+12 a(t) + 1
+(m2g2? 1 1g2)- 22O = 0D s (2.(02(1) - 04(1))))- 20 2(1) ..

(a(t) +1)
L[ m2e2 182 ) 0 2 4 2:(82(t) - 04
W 02(t)(02(t) — (02(t) — 04(t))-cos(2:(02(t) — 84(1)))) ...

+m2~g'g2~cos(62(t))-{

é.sin(z.(ez(t)f 64(t)))}

a(t) 1 1

2
+[m3~(a(t) + g3)2+ Ig3]{ % i 1-%-sin(2~(62(t) - 94(t)))} -acil(t) + m3-acil(t) ...
a(t

+

I m3(a(t) + g3)%+ Igﬂ-"’z((t()t)"’f)(t)[ (sin(62(1) — 04(1))2) + cos(62(t) — 04(0))2)-2:02(1) .
a(t) +

2
1-%-sin(2~(62(t) - 94(t)))} wveil(t)? + m3-g-sin(92(t)) ...

+(2-m3~(a(t)+g3))-{ !
a(t) +

+m3-g-(a(t) + g3)-cos(02(t))- 1[7 <sin(92(t) — 64(t))2> 4 cos(02(t) — 64('[))2}

a(t) +
m3-(a(t) + g3)2+ Ig3
a(t) +1

+-m302(t)>(a(t) + g3) - 2 02(t)" ...

m3-(a(t) + g3)* + Ig3
a(t) +1
+(maga?+ Ig4>-(t1)-sin(62(t) - 94(t))>

+

‘02(t) (02(t) — (02(t) — 04(t))-cos(2:(02(t) — 84(t)))) ...

veil(t) (02(0) - w4(t))-;os(92(t) - 041)

2
+ <m4»g42+ Ig4>'<ll)-sin(62(t) — 94(t))> -acil(t) + m4g~g4-cos(64(t))%-sin(62(t) — 04(t))

Qdd(0.0) =43.14926kg-mrsec ~
Qdd(0.25) =29.371299kg* nr sec
Qdi(0) =43.14926kg* m sec >
Qdi(0.25) =29.35809kg-mrsec
Qdd(0.01) =42.284 kg mrsec °

Qdd(.75) = 56.648 kg-mrsec
COMPARACION DE LOS RESULTADOS

60 T T

Qdd(t)
= 40 -
Qdi(t)

20
0

Las 2 graficas se superponen.
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Error(t) = Qdd(t) - Qdi(t)

0.02 I

0.01 [~
Error(t)

—0.01

El error maximo es 0.0132088 N y Qdi(t) siempre supera los 29 N.

.013208¢
29

error_relativo =4.55% 104

error_relativo :=
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