¢16-9. When only two gears are in mesh, the driving gear
A and the driven gear B will always turn in opposite
directions. In order to get them to turn in the same
direction an idler gear C is used. In the case shown,
determine the angular velocity of gear B when ¢ = 5's, if
gear A starts from rest and has an angular acceleration of
ay = (3t + 2) rad/s?, where ¢ is in seconds.

do = adt

(o) t
0 0

wy = 1.5 + 2t|,_s = 47.5 rad/s
(47.5)(50) = w¢ (50)
wc = 47.5rad/s

wg (75) = 47.5(50)

wp = 31.7 rad/s Ans.

Idler gear

Driving gear

Y



16-22. The disk is originally rotating at w, = 8 rad/s. If it
is subjected to a constant angular acceleration of
a = 6rad/s?, determine the magnitudes of the velocity and
the n and ¢ components of acceleration of point B just after
the wheel undergoes 2 revolutions.

w® = 0} + 2a, (0 — 6p)

w® = (8)> + 2(6)[2(27) — 0]

® = 14.66 rad/s
vp = or = 14.66(1.5) = 22.0 ft/s
(ag), = ar = 6(1.5) = 9.00 ft/s*

(ap), = o*r = (14.66)*(1.5) = 322 ft/s?

wy = 8rad/s

Ans.

Ans.

Ans.




*16-68. 1If bar AB has an angular velocity w45 = 4 rad/s,
determine the velocity of the slider block C at the instant
shown.

For link AB: Link AB rotates about a fixed point A. Hence

vg = waprap = 4(0.15) = 0.6 m/s

For link BC

vg = {0.6 cos 30°i — 0.6 sin 30%j}m/s Ve = vl o = wpck

resp = {—0.2sin 30% + 0.2 cos 30°%j} m

Ve = Vg T o X1¢/B

vei = (0.6 cos 30°1 — 0.6 sin 30°%) + (wpc k) X (—0.2sin 30°1 + 0.2 cos 30%)
vel = (0.5196 — 0.1732wp0)i — (0.3 + 0.1wpe)j

Equating the i and j components yields:

0 =03+ 0.lwgc wpc = —3rad/s

ve = 0.5196 — 0.1732(-3) = 1.04 m/s — Ans.




¢16-73. If link AB has an angular velocity of
wyp = 4 rad/s at the instant shown, determine the velocity
of the slider block FE at this instant. Also, identify the type of
motion of each of the four links.

Link AB rotates about the fixed point A. Hence
vg = waprap = 4(2) = 8ft/s

For link BD
v = {—8cos 60°i — 8sin 60° j} ft/s vp = —vpi wpp = wgpk
rp/p = {1i} ft
Vp = Vg + wpp X Ip/p
—vpi = (—8cos 60°i — 85sin 60%) + (wppk) X (1i)

—vpi = —8cos 60°i + (wpp — 8 sin 60°)j

(i)) —vp = —8cos 60° vp = 4ft/s
+h 0 = wpp — 8sin 60° wpp = 6.928 rad/s
For Link DE

vp = {—4i} ft/s wpg = wpgk Vg = —vugi

rrp = {2 cos 30° + 2 sin 30°j} ft
Vg = Vp + WpE X rE/D

—vgi = —4i + (wpgk) X (2 cos 30% + 2 sin 30%)

—vgi = (=4 — 2sin 30° wpp)i + 2 cos 30°wpj
(B)  0=2cos30°wp wpg = 0

(+1)  —vg = —4 — 25sin 30°(0) vp = 4ftf)s <« Ans.




¢16-93. If end A of the hydraulic cylinder is moving with a
velocity of v, = 3 m/s, determine the angular velocity of
rod BC at the instant shown.

Rotation About a Fixed Axis: Referring to Fig. a,
vp = wpcrp = wpc (0.4)

General Plane Motion: The location of the IC for rod AB is indicated in Fig. b. From
the geometry shown in this figure, we obtain

0.4

rajic = m rajic = 0.5657 m

rB/IC = 04tan45° = 04 m

Thus, the angular velocity of rod AB can be determined from

Vg _ 3
rA/IC 0.5657

= 5303 rad/s

[OF):

Then,
VB = @WapTp/iC
wpc (0.4) = 5.303(0.4)

wpc = 5.30rad/s Ans.




*16-116. At the given instant member A B has the angular
motions shown. Determine the velocity and acceleration of
the slider block C at this instant.

vg = 3(7) = 2lin./s <

VC:VB+le‘C/B

4
. C<§)i _ VC@)J- = 21 + wk X (=5i — 12j)

()  —08ve=-21+ 120

(+1)  —0.6ve = —5w

Solving:

o = 1.125 rad/s

ve = 9.375in/s = 938 in./s Ans.
(ag), = (3)%(7) = 63in./s> |

(ag), = (2)(7) = 14in./s* «

ac = dp + a X rC/B - wer/B

—ac(g)i - aC@)j = —14i — 63j + (ak) X (=5i — 12§) — (1.125)%(=5i — 12j)

()  —08ac=—14 + 12a + 6.328
(+1)  —0.6ac = —63 — 5a + 15.1875
ac = 54.7in./s ;{’ Ans.

a = —3.00 rad/s®




16-142. At the instant shown rod AB has an angular
velocity wyp = 4rad/s and an angular acceleration
aup = 2 rad/s>. Determine the angular velocity and angular
acceleration of rod CD at this instant. The collar at C is pin
connected to CD and slides freely along AB.

Coordinate Axes: The origin of both the fixed and moving frames of reference are
located at point A. The x, y, z moving frame is attached to and rotate with rod AB
since collar C slides along rod AB.

Kinematic Equation: Applying Eqgs. 16-24 and 16-27, we have

Ve =va+ Q Xresa + (Vera)vy: [1]
ac = a4+ Q X re + QX (Q X xcs0) + 20 X (Ver)a: + (¢ 2]
Motion of moving reference Motion of C with respect to moving
vi=10 reference
Ay = 0 rcja = {075]}1’1’1
Q =4k rad/s (VC/A)xyz = (UC/A)xyzi
N 2 .
Q =2k rad/s (a C/A)xyz = (aC/A)xyz 1

The velocity and acceleration of collar C can be determined using Egs. 16-9 and
16-14 with r¢)p = {—0.5 cos 30°i — 0.5 sin 30°j Jm = {—0.4330i — 0.250j} m.

VYo = Wcp X rc/D = *wCDk X (70433Oi - OZSOj)

—OZSOwCDi + 04330wCDj

— 2
ac = acp X Ic/p — wep¥e/p

—acpk X (—0.4330i — 0.250§) — w?p(—0.4330i — 0.250§)

= (0433002 — 0250 acp) i + (0.4330acp + 0.250w%p j
Substitute the above data into Eq.[1] yields
Ve =va+ Q Xrea+ (Vora)ay:
0250 wep i + 0.4330wcpj = 0 + 4k X 0751 + (ve/A)sy: §

~0.250wcpi + 0.4330wcpj = (Ve/a)sy: i + 3.00f

Equating i and j components and solve, we have
(UC/A)xyz = —1.732m/s
wcp = 6.928 rad/s = 6.93 rad/s Ans.
Substitute the above data into Eq.[2] yields
ac = a4 + Q X rea + QX (Q X xe/a) + 2Q X (ve/a)ny: + (Ac/a) vy
04330 (6.9282) — 0250 acp fi + [0.4330acp + 0.250(6.9282)]j
=0 + 2k X 0.75i + 4k X (4k X 0.75i) + 2 (4k) X (—1.732i) + (ac/n)y: i
(20.78 — 0.250acp)i + (0.4330 acp + 12)j = [(aC/A)XyZ - 12.0]i — 12.36j
Equating i and j components, we have
(ac/a)xy; = 46.85m/s

acp = —562rad/s? = 56.2rad/s> 9 Ans.

wsp = 4rad/s
aup = 2rad/s?




16-159. The quick return mechanism consists of the crank
CD and the slotted arm AB. If the crank rotates with the
angular velocity and angular acceleration at the instant
shown, determine the angular velocity and angular
acceleration of AB at this instant.

Reference Frame: The xyz rotating reference frame is attached to slotted arm AB
and coincides with the XYZ fixed reference frame at the instant considered, Fig. a.
Thus, the motion of the xyz reference frame with respect to the XYZ frame is

Vag=a, =0 wap = 0K wap = aspk

For the motion of point D with respect to the xyz frame, we have

l'D/A = [41] ft (vrel)xyz = (Vrel)xyzi (arel)xyz = (arel)xyzi

Since the crank CD rotates about a fixed axis, v;, and a;, with respect to the XYZ
reference frame can be determined from

Vp = wcp X Ip
= (6k) X (2 cos30°i — 25sin 30°j)
= [6i + 10.39j] ft/s
ap = acp X rp — wcp’rp
= (3k) X (2cos30°i — 25sin 30°j) — 6%(2 cos 30°i — 2 sin 30° j)
= [—59.35i + 41.20j] ft/s’
Velocity: Applying the relative velocity equation,

Vp =Vt 0up X Tpia + (VeeDsxyz

61 + 1039j =0+ (wABk) X (4i) + (Vrel)xyzi
6i + 10.39j = (Vrel)xyzi + 4wapj

Equating the i and j components yields
(VreD)xy; = 6 ft/s
10.39 = 4w p wyp = 2.598rad/s = 2.60 rad/s Ans.
Acceleration: Applying the relative acceleration equation,
ap =ay + osp X tpa + wap X (@ap X 1ap) + 2048 X (VreDryz T (Arel)xyz
—59.35i + 41.20j = 0 + (as5k) X 4i + 2.598k X [(2.598k) X (4i)] + 2(2.598k) X (6i) + (2re))yy; i
—59.351 + 41205 = [(arel)xyz - 27} + (4ayp + 31.18)j
Equating the i and j components yields
41.20 = 4ayp + 31.18

asp = 2.50 rad/s? Ans.



