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I. Resuelva el siguiente problema (100 puntos). Lea atentamente, siga las siguientes
instrucciones, y enuncie sus suposiciones*.

Problema # 1.
Considere el mecanismo de cinco barras mostrado en la figura # 1. Haga lo siguiente:

a. Identifique los eslabones y las juntas existentes.

Eslabones: Ly, Ly, L3, Ly, Ls.
Juntas de rotula: A4,B,C, D, E.
b. Determine el nimero de grados de libertad.
M=3n-1)—2j, —jn
n=>5j,=5j,=0
M=2

c. Deduzca la ecuacién de laso cerrado para este mecanismo.

|74 |(cos 8;,sin 8;)T + |r,|(cos B, ,sinB,)T + |r5|(cos B3, sin 63)T
+ |r4l(cos 8,,sin 6,)T + |rs|(cos Bs,sinB5)T = 0



d. Si se conoce el valor de L,, L,, L3, Ly, Ls, 8,, 85; determine el conjunto de ecuaciones no
lineales necesarias para encontrar expresiones explicitas para 65 y para 6,.
|r3](cos 85,sin 83)T + |ry|(cos B,,sin6,)T =
—[|r1|(cos 8, ,sin8;)T + |r,|(cos B, ,sin 8,)T + |r5|(cos Os,sin O5)7]
Sea:

b = |b|(cosa,sina)” = (b, by)T =
—[|ry|(cos 8, ,sin 8,)T + |r,|(cos B, ,sin 8,)T + |rs|(cos Os , sin O:)7]

|73](cos B5,sin 85)T + |ry|(cos8,,sin 8,)T = |b|(cosa,sina)T
Si la expresion anterior se multiplica primero por un vector unitario perpendicular al vector
b, u,, = (—sina,cosa)”, y luego por un vector unitario paralelo al vector b, uy, =
(cosa,sina)T; se tendra:

|r3] sin(a — 63) + |ry| sin(a — 6,) =0
73] cos(a — 63) + |1y cos(a — 6,) = |b|

Y a partir de las expresiones anteriores se puede determinar 65, 6,. Para las expresiones
explicitas ver clase # 3.

e. A partir de las expresiones deducidas en el inciso anterior, para una configuracion en
donde L, =6in,L, =1in,Ly = 7in,Ly, =9in,Ls = 4in,0, = 60°, 65 = 30° + 20,;
determine el valor que tendra 65 [°]y 6, [°].

b, = —[[6(cos(180°)) + 1(cos(60°)) + 4(cos(330°))]]
b, = 2.035898 in
b, = —[[6(sin(180)) + 1(sin(60°)) + 4(sin(330°))]]
b, = 1.133975 in
|b| = 2.330403 in
a = 29.1174°

7sin(29.1174° — 0;) + 9sin(29.1174° — 9,) = 0
7 c0s(29.1174° — 63) + 9 cos(29.1174° — 6,) = 2.330403

0; = 173.642°
0, = 2.285°
Respecto a la referencia original:
0, = 173.642°
0, = 180° 4 2.285° = 182.285°

f. A partir del analisis de posicion anterior y empleando el analisis de velocidad determine
65 [rad/s] y 6, [rad/s] si se conoce que 6, = 10 rad/s.

by = =(Ir ()| cos(61(t)) + |r2(6)| cos(B,(t)) + |1 (¢)] cos(6, (1))
+ [r5(£)] cos(65(t)))



by = —(I71(0)| cos(81(1)) — Ir1(D)161(0) sin(6, (1)) + [72(£)] cos(6,(D))
— |, ()16, (t) Sin(92 (t)) + |75 (8] C05(95 (t))
— |r5(0)165(8) sin(65(1)))

by = —(=Ir2(0)16,(8) sin(62()) — Irs(£)165(8) sin(65(1)))
b, = —(~1(10) sin(60°) — 4(20) sin(330°)) = —31.339746 in/s

b, = —(|71(0)] sin(6,(t)) + [, (£)161(¢) cos(81(D)) + |7 (£)| sin(8,(¢))
+ |12 (0)16,(2) cos(0,(£)) + |75(D) | sin(85(¢))
+ |5 (£)165(¢) cos(85(¢)))

by = —(Ir2 ()16 () cos(62(1)) + Ir5(£)165(t) cos(B5(1)))
By = —(1(10) cos(60°) + 4(20) cos(330°)) = —74.282032 in/s

b, cos 6,(t) + by sin 8, (t) — [, (©)| — [75(t)|[cos(8, — 65)]

g t) =
" I3 (©)[sin(6, — 63)]
G (t) = —34.276466 ~ 32598 radA i _
3\ = ) [sin(2.285 — 173.642)] 0000 Ty Anthorarto
6,(0) = by cos 03(t) + by sin B5(t) — [75(t)| — [74(2)|[cos(B; — 6,)]
' |7, () |[sin(65 — 6,)]
6.(0) = 22.920962 PPN .
T Olsin(173.642 — 2.285)] 0 g Cntuorarto

g. A partir del analisis de posicion y de velocidad anterior, y empleando el andlisis de
aceleracion determine 65 [rad/s?] y 6, [rad/s?]. Considere que la velocidad angular del
eslabon 2 de 10 rad/s es constante.

. d . .
by = === (=1 (0)162(6) sin(62(1)) — Irs(1)105(¢) sin(65 (1))

by = = [~ (I12(B)162() + I (D18,(8) ) sin(8,(6)) = Iro(£)]6,(£)? cos(6,(0)))]
— [ (55 (©185(6) + Iy (©)185(2) ) sin(65 (1))
— Ir5(8)165(6)? cos(65 (1)) |
6,=0-6;=20,=0
by = —[~Ir2()16,(£)? cos(6,(1))] — [~ 175 (£)165(t)? cos(65(1))]



b, = [(1)(10)2 cos(60°)] + [(4)(20)2 cos(330°)] = 1435.640646 in/s>
. d . .
b, = — E(VZ ()16,(t) cos(8,(2)) + Irs(£) 165 (t) cos(65(1)))

by, = —[~Ir )16, (£)? sin(6,(1))] — [—I7s(D)165()? sin(65(D))]
by, = [(1)(10)2 sin(60°)] + [(4)(20)? sin(330°)] = —713.397460 in/s>

600 = d < b, cos 8,(t) b, sin 0,(t)

d
dt \|rs(O)|[sin(6, — 65)] * [r3(O|[sin(6, — 93)]> =7 (fi+12)

d —
E(fl) =

(bx cos 0,(t) — b, 0,(t) sin 94(t))|7”3 ®)|[sin(8, — 65)] — (bx cos 94(t))(|7’3 (t)|)(94 - 93) cos(8, — 03)
(Irs(@©)[sin(6, — 85)])?

d —_
T =

(1455.675821)(7)[—0.150277] — (—31.314827)(7)(—15.637)(—0.988644)
(1.106581)

d
E(fl) = 1678.578105 rad /s?

d —
E(fZ) =

(By sin 6,(t) + by94(t) cos 94(t))|r3 ®)|[sin(8, — 03)] — (by sin 94(t))(|r3 (1:)|)(t94 — 93) cos(6, — 65)
(Irs(®1[sin(8, — 85)])?

d o
T =

(—1286.374162) (7)[—0.150277] — (—2.961640)(7)(—15.637)(—0.988644)
(1.106581)

d
EUZ) = 1512.482082 rad /s



.. rad
05 = 3191.060—2
S

.. d
0,(t) = —

<bx cos 05(t) + by sin; (t)> d
dt

|7, () |[sin(63 — 6,)] = E (f3 + f4)

d d by cos 63(t)
dt (f3) = E(Im(t)l[sin(ﬁs - 94)]>

d —_
7=

(Bx cos 05(¢t) — bxés (t) sin 63 (t))|r4(t)|[sin(93 —6,)] - (bx cos 03 (t))(lr4(t)|)(93 - 94) cos(0; — 6,)
(I (@®)1[sin(05 — 0,)])?

d —
E(fs) =

(—1313.721789)(9)[0.150277] — (31.146987)(9)(15.637) (—0.988644)
(1.829246)

d
IT: (f5) = 1397.751536 rad /s?

d . d b, sin 65(¢)
@)= E(Im(t)l[sin(es - 94)]>

d J—
E(ﬁl) =

(by sin 05(t) + by,B5(t) cos O5(1) ) Ir4 ()| [sin(85 — 6,)] — (by, sin 85() ) (I, (D)) (65 — 6,) cos(85 — 6,)
(I (O [sin(85 — 0,)])?

d —
E(ﬁ;) =

(2326.590576)(9)[0.150277] — (—8.226024)(9)(15.637) (—0.988644)
(1.829246)

d
E(ﬁ*) = 1094.533468 rad /s?

. rad
0, = 2492.295—2

Ambas aceleraciones anti horario.

Para el mecanismo de cinco barras anterior considere que los eslabones son rigidos y que
el eslabon 1 esta en reposo.



