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PROBLEM STATEMENT

FOR THE GIVEN MECHANISM, DERIVE EQUATIONS FOR V;, I_/; W, &y, g, AND a; IN TERMS OF
l1,13,01,0,, w1, AND @;. THEN, DEVELOP A SPREADSHEET TO CALCULATE VALUES FOR THE
TIME, t, 6,, Vg,, Vey, Ve, Vi, w,, ag,, Agy, Ap, Ac, X2, Acg1y, Acgrys Aoy Acgzy, THE REACTION FORCES
PRODUCED BY THE PINS Ay, Ay, By, By, C,, AND Cy, THE NORMAL FORCE, N, THE FRICTION
BETWEEN THE BLOCK AND SURFACE, £, AND THE TORQUE EXERTED BY A MOTOR AT A T.
FOR THE SPREADSHEET, USE THE FOLLOWING PARAMETERS: Ly =5cm,l, = 15cm, w, =

rad

& <=, Va=0,a; = 0,1, = 0.1 AND 6;GOING FROM 0° TO 360° IN 3° INCREMENTS. ALSO, USE THE

SPREADSHEET TO PLOT LINE GRAPHS CHARTING 6, VS 6,, V, VS 61,V VS 61, ag, AND ay,, VS
8,, AND a VS 4,.

GIVEN

miwiEy

L 1 alphas

[
e Eimid G
M

l, = 5cm L=15cm o, =4t Vi=0 a =0

61 = 0°,3°%,6° ... 3609 g = 0.1 gy =422
my; = 10kg m, = 50kg ms = 3kg
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FIND

DERIVATIONS FOR ¥z, V;, w,,a,, a5, AND a@.

A SPREADSHEET CALCULATING VALUES:
t, 62, Vpx, Vay, Ve, Ve, w3, agy, Ay, Ap, Ac, A, Acgx, Acgys Acgay Acg2y, THE REACTION
FORCES 4,, Ay, By, By, C,, AND Cy, PRODUCED BY THE PINS, THE NORMAL FORCE,
N, FRICTION, 7. AND THE TORQUE EXERTED BY A MOTOR AT AT.

LINE GRAPHS CHARTING 6, VS 62, Vp VS 6,,V; VS 6, az, AND apgy VS 61, AND a, VS 6,.

THEORY

THE KINEMATICS AND KINETICS OF MOTION FOR A MECHANISM

EQUATIONS

B = A+VB/A_VA+ CU]_X?”l VC=VB+VC/B= VB+EJ?Xr2
Vex = Vg 1 Vey = Vg ] Vex = Vet Vey =Vej=0
T e 2 2
Vy = ’st + Vsy
7= lycosf; T+ 1 sin6, 7= lycos0,T+1,sin0, ]

A = a4+ 05, = G + TGXT; — Wi ac = ag +ac/p = ap + WXT5 — w3iT,
px = apl Ay = ag )
Ap = /ag,* + apy?
_ Qaxtapgy — Apxtacx
Qggry = 2400 Goozx = =5
- aAy‘l'aBy - a3y+agy
Acery = == Aceay = e
Qcgax = Qg'l
Acesy = Ac ] =0

D Fa = By~ A, = myaggs,

Z Fy, =B, +4, = MyQce1y + Mg

Z Mcgr = Iegray = (A, + ;'Ei'y)(%1 cos6,) — (A, + B,) (%1 sinf;)+T
Z Fyo = =By + Cy = myacg,,

Z Fya = =By + C, = myacg,, + myyg

! I
D Mees = lecaty = (6 + B,)(Zc0s6,) + (G, + By) (F5in6,)



ENGR pf
2120-01 PROJECT #1 08/05/13 | SR RONALD 34

Zan = —Cy —ugN = M3Qcgay

ZFyg = —Cy + N = m3acg3y +m3g =0

ASSUMPTIONS

THE SYSTEM IS COMPOSED OF PERFECTLY RIGID BODIES.

ALL SYSTEM MEMBERS ARE UNIFORM.

POSITIVE MOMENTS AND RADIAL KINEMATIC VALUES ARE MEASURED CCW FROM THE
POSITIVE X-AXIS.

THERE IS NO Y-COMPONENT TO THE MOTION AT C.

THE BLOCK AT C IS A PERFECT CUBE.

THERE IS NO ROTATIONAL MOTION IN THE BLOCK AT C.

THERE IS NO FRICTION IN THE PINS AT A,B,ORC.,

SOLUTION

Vg = liw; c0s0; j — lyw, sin 6,7

Vsl = —Liw, sin 6, = V,, Vy = /Vsz + Vg,

VB}.: ‘—1!1(1)1 CoSs 91 = VBy

17(; = Ilwl cos 81 j“— £1(.01 sin 91? + I20J2 Cos 92 j- o 1!2(!)2 sin 92_1.
Vet = —(lhw; sin6; + Lw, sin 8;) = Vg,
Vel =0 = (lyw, cos 6, + l,w; cos ;) = V,

wqly cosfy e
l> cos@,

Wy, =

ag = lya; cos0; J— La, sin 6,7 — liwf cos ;1 — w?l, sin 6,]

"(f]_&'l sin 91 + 516[)12 Ccos 91) = Upgy
(llal Cos 91 b (U%ll S]n 91) - aBy

agl
agJ

ac = Lia; cos 0y ] — Ly, sin 6,7 — Lhwf cos 0,1 — w?l, sin 6,7 — w3(l, cos 6,1+ 1,sinf,]) +
+lsa; cos 6, j— Lya, sin 6,7

acl = —(lya; sin 6, + L, w? cos 0, + w3l; cos 0, + lya, sin 6,) = ag,

acj = 0= (lya; cos 6, — L,w? sin §, — L w3 sinB, + l;a, cos 6,) = acy

@i1ly c0s 01+w3ly sin 61+, wZ sin 6,
I, cos b,

a; = Qexy = Ac
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Z Fy3:Cy = —ugN — M3Qcg3x

Z Fy2: By, = C, — MyAcg2y —Myg

l L .
Z Mcez: Iegaat; = (Cy + ,93,)(52 cos 8,) + (C, + B,) (Ezsm 6,)

!
Hegaa, = (N —myg + Cy —myacgyy — ng)(“zg €0s0;) + (—ugN — mzacgsy, + C, —

Lo
— My0Acgay) (;2 sin6,)

[ L, .
leg2a; + (F cos 8,)[2mag + myg + myagg,, | + (7 5In8,)[2m3acgsy + myaces,]

(I cos 8, — ul, sin8,)

Cy = —pugN — M3Qce3y Cy =N —mzg
B, =C, — MyAcegoyx B, = Cy— My0Ac62y — My g
Rl = By, —myacey 2 Fyi: A, = myQcg1y + Mg — By,

| l l
Z Mg T = Iggray — (A, + .53,)(51 cos ;) + (A + By) (51 sin 6,)

f = ugN
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