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Problem 6.121 §

A wheel W of radius Ry = 2in. rolls without slip over the stationary
cylinder S of radius Rg = 5in., and the wheel is connected to point O via
the arm OC.

Determine the acceleration of the point on the wheel W that is in contact
with S for woc = 7.5rad/s and apc = 2rad/s>.

Solution
Relating the velocity of C to that of O, we obtain
Ve = Vo + doc X ’7C/0 = a)oclgx (Rs + Rw) i,
= (Rs + Rw)woc g,

where we have used the fact that O is a fixed point. Now let Q be the point
on W in contact with S. Since W rolls without slip on S, 17Q = 0, and so

Uc :5Q +c?)Wx?C/Q = ww k X Ry iy = Rwow tyg.

Equating these two expressions for Uic, we obtain the angular velocity of the

wheel as
_ Rs + RWa)

Rw

oc- (D

(Rs + Rw)woc iy = Rwow g =  ow
Relating the acceleration of C to that of O, we have

dc =do +doc X Fcjo —wHefc/o = Qoc k x (Rs + Rw) iy — wpc(Rs + Rw) iy
= —(Rs + Rw)whc lir + (Rs + Rw)aoc g, (2)
where we have used the fact that point O is fixed. Now relating the acceleration of Q to that of C, we obtain
dg = dc +aw X Fg/c — O To/C
= —(Rs + Rw)w) ¢ iir + (Rs + Rw)aoc iig + aw k x (—Rw i) — 0¥ (—Ry 1)
= [-(Rs + Rw)wye + Rwoy ] iir + [(Rs + Rw)aoc — Rwaw] dg.
where we have used Eq. (2) for d¢. Since W is rolling without slip over S, the component of acceleration

tangent to the two bodies at Q must be equal. Therefore, since S is stationary, it must be true that agg = 0,
and therefore, the acceleration of A4 is given by

(RS + RW)2 2 ] ~
Uy

- Rs N
LZQ = |:—(RS + Rw)a)éc + Ta)oc = W(RS + Rw)a)éc Uy,

where Eq. (1) was used for wy. Using Ry = 2in. = % ft, Rg = 5in. = % ft,and wpoc = 7.5rad/s, we
have

dg = 82.034, ft/s?.
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Problem 6.125 §

At the instant shown, bar C D is rotating with an angular velocity 20rad/s
and with angular acceleration 2 rad/s? in the directions shown. Furthermore, . Y4
at this instant 6 = 45°. If L = 2.25ft, determine the angular accelerations .
of bars AB and BC. T
L
L |
b
o C
B acp 60
wcp
D, L/2

Solution

First finding the velocity of C, we obtain
Uc = dcp X Fe/p = wcp k x %L(COS@ [ +sinfj) = %Lwcp(— sinf7 + cosf j),

where we have enforced the fact that point D is fixed. Now relating the velocity of B to points A and C, we
obtain

Up = 4B X 'g/4 = VCc + ®BC X Tg/C
=  wapk x(—L J) = %Lwcp(—sinei-l— cosf j) + wpc k x (=L7)

= Lwypl = —%LwCD sinf7 + (%LwCD cosf — La)Bc) J.
This equation represents the following two scalar equations in the unknowns w4 p and wpc:
Lwgp = —%La)CD sinf and 0= %La)CD cosd — Lwpgc,
the solution of which is
WAB = —%wcp sinf and wgc = %a)CD cos 6.
Proceeding similarly with the acceleration analysis, we begin by finding the acceleration of point C as
dc = dcp X Fc/p — Weplc/p = ACD k x %L(cos@ 7 +sind J) — wdp [%L(cos@ I +sinf j)]
= dc = —%L (acp sinf + W& p €os )i + %L (acp cosb — wép sin6) j.
We then relate the acceleration of B to points A and C using
G = GAp X I'g/A —WigTB/A = dC +dBC X TB/Cc — WBCTB/C>
or, substituting in known quantities, we obtain
aapk x (=L j) — Ywkp sin? 6(—L j)
= —%L (OlCD sin 0 + a)éD cos 6) I+ %L (OlCD cosf — a)éD sin«9) J

+ agc k x (—L17)— %a)éD cos? O(—L 1),
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where we have used the expressions for w4 p and wpc determined above. Equating components, we have
two equations for ¢4 p and apc:

Lagp = —4L (acp sind + wgp cosb) + Lo, cos? 6,
%LwéD sin? § = %L (OlCD cosf — a%D sin 9) — Lapc,
the solution of which is

_ 1,2 2 1 - 1.2
g = zWcp €os” 0 — sacp sinf — swep cos b,

aBc = —ia)éD sin 6 + %OlCD cosf — %wéD sin 6.

Using wcp = 20rad/s, acp = 2rad/s?, = 45°, and L = 2.25ft, and expressing our answer in vector
form, we have

dap = —92.13krad/s®> and dgc = —190.7 k rad/s2.

This solutions manual, in any print or electronic form, remains the property of McGraw-Hill, Inc. It may be used and/or possessed only by permission May 30, 2012
of McGraw-Hill, and must be surrendered upon request of McGraw-Hill. Any duplication or distribution, either in print or electronic form, without the
permission of McGraw-Hill, is prohibited.



