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Problem 2.1

Given Information:
Gear A (80 mm diameter) has a constant rotational speed of 145 rpm
clockwise.

Required:
What is the rotational speed and direction of gears B (200 mm diameter) and C (120mm diameter)?

Solution:

Consider the contact point 1 where gears A and B meet

VA1 = VBl
WypTy = WpRTp A ¢
DA/
— T4\ — P Da
05 = 01 (2) = o (et ) = s (2)
80 mm
wg = (145 rpm) (M) = 58rpm VAi=VBi

Similarly, consider the contact point 2 where gears B and C meet

VBZ = VCZ
WpTp = WcT¢

Tp Dg
wc = s (7) = s (5)

200 mm
wce = (58 rpm) (m) = 96.67 rpm

wg = 58 rpm ccw
we = 96.67 cw

Answer:




Problem 2.2

Given Information:

The disk shown has a radius of 4 inches [101.6 mm] and rotates
about the fixed point O at a constant rate of 75 rpm clockwise.

Required:

Determine the magnitude and direction of the velocities of points A and B.

Solution:

The velocity of disk at point A is

Vi=w X 1y
Vy=w X (r, + R,)
v - rev P min\ /2m rad
A [( min) (60 s)( rev )]
x [(0f +1,]) + (—Ri + 0))]
rev
V, = [(—7

- [(s5 Gre) )

rev

x [(0f +1,]) + (—Ri + 0))]
v _[( 75nl€)rad « [(=R1 + 1, })in]
4= 30 S i+ 1,))in

v, = [( 75”12)md] x [(—4% + 3))in]
A= 1\T30%)s LESpm
V, = (23.561 + 31.42j)) in/s

The velocity of disk at point B is

Vp=w X 1p
Vg =w x (r, + Rp)
757 .\ rad . A ' A
Vs = [(‘%’QT X [(1,)) + (R cos 70°% + R sin 70° j)]
_[(_75m ¢\ rad
Ve = [( 30 k)

N

] x {[(4 cos 70°)i + (3 + 4sin 70°)]]in}
Vs = (53.09( — 10.76)) in/s

Vy = 39.27E;

0, = 53.16‘{57‘

Answer: Vy = 54-17ﬂ;
O0p = —11.46S° \




Problem 2.3

Given Information:
The disk shown has a radius of 4 inches [101.6 mm] and rotates
about the fixed point O at a constant rate of 75 rpm clockwise.

Required:
Determine the magnitude and direction of the normal and tangential accelerations of point A.

Solution:

. . . Va? .
The normal acceleration of point Ais a,, = %en, where e, is the
o/A

unit vector that indicates the position of point A w.r.t the fixed point
O. This unit vector is equal to

_Ton _ (A1=3))in

0.8 — 0.6]
To/a 5in ' J

n

Moreover, from problem 2.2, V4 = (23.561 + 31.42)) in/s =V, = 5
39.27 in/s. Thus, the normal acceleration of point A is t

(39272)°
2 39.27—
Q= e, = i (081 0.6)) = (246.7¢ — 185.06]) in/s?

To/A

In addition, the tangential acceleration of point A is equal to zero because the disk rotates about point O
with constant angular velocity. That is, the angular acceleration of the disk is equal to zero.

ayn = 3084 in/s>@ 6, =36.88°\

Answer:
a,. =0




Problem 2.4

Given Information:
At the instant shown, the disk shown has an angular velocity of 10
rad/s clockwise and is accelerating at a rate of 1.4 rad/s>.

Required:
Determine the velocity and acceleration of point B.

Solution: ‘<~ as
. . . . . P E.\kVB/U
The acceleration of point B w.r.t fixed point O is 7 I‘B\\
/ / / AN
o et /o e
/0 — UBt B,n A / , y ‘\
VB2 * asjo — asn :
ag, =(axrg)+|—)e \ / /
B/o ( B) < TB ) n \ ;/ //
. . - L . NG s
where e, is the unit vector that indicates the position of point B w.r.t 70 _—

the fixed point O, and is equal to

15 [(=4cos70°)i— (3 +35in70°)j]in
g 6.970 in
= —0.1997 — 0.98j

€n

Furthermore, the velocity of point B w.r.t the fixed point O is equal to

~ rad
Vs =@ X g = [(—IOk) T] X [(4 cos 70°)1 + (3 + 3 sin 70°)f]in
Vs, = (67.71 — 13.7)) in/s = Vs, = 68.98 in/

Substituting the speed and unit vector of point B w.r.t the fixed point O into the acceleration equation

(68.98 in/s)?
(6.90 in)
as, = [(9.4642 —1.918)) ;—2] + [(=137.23% — 675.8]) in/s?]
as; = (-127.77i - 677.72)) in/s*
Answer: VB/o = 6898 in/s @11.46° \/
ag; = 689.7 in/s? @ 1185.39

~rad
aB/O = [(—1.4k) 5_2] x [(1.371 + 6.76))in] + X (—0.1997 — 0.98j))




Problem 2.5

Given Information:

At the instant shown the 5 inch radius gear A rotates
counterclockwise at a rate of 8 rad/s and is decelerating at
a rate of 2.3 rad/s>. Gear A drives the 8.4 inch radius gear
B. The 5.5 inch radius pulley C is on the same shaft as
gear B. A belt around pulley C drives pulley D, which has a
9 inch radius.

Required:
What is the rotational velocity and acceleration of pulley D?

Solution:
Let point 1 be intersection of gears A and B. The speed of gear A at
point 1 is equal to the speed of gear B at the same point

VA1 = VBI
TpWy = TpWp

where r represents the radius of each pulley. Moreover, pulley C
rotates with the same speed as gear B. Substituting this speed and
the radii values yields

_(rA> B _(5in>(8 d/s)
VB =\;,)CAT QT gaip) 0TS

we =4.762rad/s

Furthermore, because a belt connects pulleys C and D, the pulleys
have the same speed as the belt at all points of contact. Thus
Ve=Vp
Te We =Tp Wp
wp = (:Tf) we = (SéSi;n) (4.762rad/s)
wp =291 rad/s

and by inspection, pulley D rotates in the clockwise direction. Similarly, the magnitudes of the tangential
accelerations of gears A and B at contact point 1 are equal

Aa.t = Apt
T4y = Tpap -
T, in
@B = 4 (r_A> = (=23 rad/s%) (8 4 in)
B .
ag = —1.37rad/s?




Also, because pulley Cis attached to gear B, they both have the same angular acceleration. Similarly,
pulleys C and D have the same angular acceleration because the belt connects them

ag = ac = ap = —1.37rad/s?

Note that the negative sign means pulley D is decelerating.

wp =291 rad/s CW

Answer: o 137rad/s? CCW




Problem 2.6

/ 4"
Given Information: [101.6mm]

The hexagon shown is rotating about point O at a speed of 5.6
rad/s clockwise and accelerating at a rate of 2.7 rad/s>.

Required:
Determine the point along the perimeter that will have the highest velocity magnitude. Calculate the

velocity and acceleration at that point.

Solution:

Let point Q be the point along the perimeter of the hexagon
that has the highest speed. Because the speed of any point
along the perimeter of the hexagon is directly proportional to
its angular speed and the distance to that point from pivot
point O, point Q will be located at the maximum distance
from point O. That is, at either of the opposite vertices of the
hexagon

g (n—2)180° _ (6-2)180°

=120°
n 6

Applying the law of cosines to find the distance between opposite vertices, [

sin @ _ sina
I 4in
sin(120°)
sin(120° — 90°)

l=(4in) [ ] =6.928in

To find the distance from point O to point Q

ros0 =12+ (2in)? =/(6.928 in)2 + (2in)2 = 7.211 in
To calculate the velocity of point Q, the position vector ry /¢ is required
Tg/0 =Tg/o(cospi+singj)
— -1 l — o
where ¢ = tan (E) = 73.89°. As aresult,
Tq/0 = (7.211 in)[cos(73.89°) I + sin(73.89°) j] = (27 + 6.93))in

and the velocity of point Q is




d VQ =wX TQ/O
v, = [(—5.6 ?) %] x {(7.21 in)[cos(73.89°)i + sin(73.89°);1}

in
Vo= (38.801 — 11.21j)?

To find the acceleration of point Q

a,=ag, +ag; «

aq —{( )[ cos(¢) — sin(@)] }+(aer/o) /
Tq/0

(40.4 in/s)? o °
a, = {(721 - [~ cos(73.89°) sm(7389)

{[( 2.7k) 4 (21+693])Ln]}

in
a; = (—44.2171 — 222.9})5—2

Vo=404in/s @16.11° \
ap =2272in/s* @78.7° ¢

Answer:




Problem 2.7

Given Information:

In the mechanism shown the 8 inch diameter gear A
turns at a constant speed of 1100 rpm clockwise and
drives the 20 inch diameter gear B. Attached to gear B
is a 15 inch diameter disk.

10”
[254mm)]

Required:
Determine the angular velocity of the connecting rod CD and the velocity of slider D for the instant

shown.

Solution:

First, determine the angular speed of gear B

VAI = VBl
WyTy = WRTR
T4 (DA> ( 8in )
= —) = — ) = (1100
WB = @4 (r3> @a\p,) = (1100rpm) (5520
wp = 440 rpm CCW
Then, determine the velocity of point C
VC = wc X rc
rey 2mrad min\ . 7.5"
Ve = [(440 — X X )k]
60s

rey
% (7.5 in)[cos(25°)f + sin(25°)i]
V. = (—313.2i + 146.1}) in/s

10" _

From trigonometry, 8 can be found as follows
[7.5 cos(25°) + 10] in
30in
6 = 34.05°

sinf =

Then, determine the velocity of the slider at point D:




Ve

Weco

Vo D

VD."C

VD = VC + VD/C

Vp=V.+ (wCD X rD/c) = V¢ + [(~wep)k] % [(T‘D/C) (cos @1 — sin Oj)]
Vp = [(—313.2i + 146.1 ) in/s] + {[(—wcp)k] x (30 in)[cos(34.05°)i — sin(34.05°)11}
Vp = (—313.2 — 16.8 wcp)i + (146.1 — 24.86 wcp)j

Because the slider moves in the horizontal direction, the vertical component of the velocity is zero

Vp, = 0 = 146.1 — 24.86 wcp
wcep = 5.88rad/s

Vp, = —313.2 — 16.8 wep
Vp = —313.2 — 16.8(5.88) = —412 in/s
X

wcp = 5.88rad/s CW

Answer: Ty 412 in/s @ 180°




Problem 2.8

Given Information:

Continue Example Problem 2-4 to determine the rotation speed of link 4 [BO4].

Solution:
From problem 2-4

94.71

cos24 = 2471 L X T R
Vy cos 24 s
103.7%
W, = —
7, Tin

Answer: @, = 14.8@ [cw]
s




Problem 2.9

Given Information:
The slider-crank mechanism shown in has a constant crank (link OA)
rotation speed of 850 rpm clockwise.

Required:
Determine the velocity and acceleration of the piston (point B) at the instant shown.

Solution:
First, find the velocity of point A

Va=Va, +Va, = V4(cosB1+sinbj)

where 6 = cos™?! (Z—iZ) = 68°, and

VAy = (UOATOA = VA Sin9
min 2nrad

- )(3 in)

V, sin(68°) = (850 X X
4 S B min 60s
V, = 288.01 in/s

Substituting the speed of point A to obtain its velocity

V, = (288.01 in/s)[cos(68°) i — sin(68°) j]
V, = (107.91 — 267.04}) in/s

Then, find the velocity of point B

Va




Ve =Vs+ Vg
Vg =V, + (wpy X rB/A) =V, + [(—wpak) x g/4(—cos O 1 + sin 6]
Vg = [(107.9 1 — 267.04 ) in/s] + {[(—wpa)k] x (8 in)[—cos(68°) i + sin(68°) j1}
Vg = (107.9 4+ 7.42 wp,)i + (—267.04 + 3 wgs)j

Because the piston is constrained to move in the vertical direction only

VBX =0=1079 + 7.42 Wpa
wgys = —14.54 rad/s

Substituting the angular speed into the velocity of the piston equation
Vg =[-267.04 + 3 (—14.54)]j = (—310.7)) in/s

Then, find the acceleration of the piston using the relative accelerations method

ag =, +Apjy = Ay +@gr+ Ag/an + Ap/ae
ap = Wy X (on X rA/O) + wyp X (wAB X rB/A) + (aAB X rB/A)

ag = [(—89.01k)rad/s| x {[(—89.01k)rad/s] x [(31) in]} + [(14.54 k)rad/s]
X {[(14.54 E)rad/s] X (8 in)[—cos(68°) i + sin(68°)j]} + (aABlE)
X {(aABI?) X (8 in)[—cos(68°) i + sin(68°) j]}
ap = (—23134.8 — 7.42 a5)i + (—1569 — 3a,5)]

Because the piston is constrained to move in the vertical direction only, the acceleration in the
horizontal direction is zero

ap, = 0= —23134.8 — 7.42 a g
a5 = —3117.9 rad/s?

As a result, the acceleration is

ap = [-1569 — 3(~3117.9)]j
ag = (7784.7))in/s?




Answer:

Vy =310 in/s @ 270°
ag = 7784.7in/s? @ 90°




Problem 2.10

Given Information:

The slider-crank mechanism is decelerating. At the instant shown
the crank is rotating counterclockwise at a speed of 640 rpm. Itis
decelerating at a constant rate and comes to a complete stop in 1.2
minutes.

Required:
Determine the velocity and acceleration of the piston at the instant shown.

Solution:
First, find the velocity of point A at the given instant

Va=Va, +Va, = V4(—cos @i+ sinfj)
where 8 = cos™! (2—22) = 68°, and
VAy = wOArOA = VA Sin9

rep min 2nrad
V, sin(68°) = (640 ALY )(3 in) i
min 60s rep

V, =2169in/s

Substituting the speed of point A to obtain its velocity

V, = (216.9 in/s)[—cos(68°) i + sin(68°) j]
V,=(-81.231+201.1}) in/s

Then, find the velocity of point B




VE!IA

WeB

A

Vg =V,+ Vg4
Vg =V, + (w45 X rB/A) =V, + [(—wBAE) X 1g/4(—cos 01+ sin Bj)]
Vg =[(—81.231+201.1)) in/s] + [[(—wBA)IQ] X (8 in)[—cos(68°) i + sin(68°)j]}
Vi = (—81.23 — 7.42 w,p)i + (201.1 — 3 wyp)f

Because the piston is constrained to move in the vertical direction only

Vg, =0 =—-81.23 — 742 wyp
wpya = —10.95rad/s

Substituting the angular speed into the velocity of the piston equation
Vg =[201.1 — 3 (—10.95)]] = (234)) in/s

The angular acceleration of arm OA is required to find the acceleration of the piston. Assuming that the
mechanism is decelerating uniformly, the angular acceleration of arm OA can be calculated as

rev
- (wf = w,),, B (0 — 640 min)OA 2m rad (min)2 — 0931 rad/s?
04— At B (1.2 min) rev 60s/

And the acceleration of the piston is




g = Ay +Apjp = Aupn + Ay +Agian + Apjay
ag = wyp X (Wpa X rA/O) + (@40 X TA/o) + wap X (wap X rB/A) + (agp % TB/A)
ag = [(—0.931k)rad/s?] x {[(=0.931k)rad/s?] x [(3D)in]} + [(67.02k)rad/s|
x {[(67.02k)rad/s| x [(31) in]} + [(—10.95 k)rad/s]
X {[(—10.95 E)rad/s] X (8 in)[—cos(68°) i + sin(68°) j]} + (aABIE)
X {(aABIAc) X (8 in)[—cos(68°) i + sin(68°)j]}
ap = (—13115.4 — 7.42 a,5)i + (—892.2 — 3a,5)j

Because the piston is constrained to move in the vertical direction only, the acceleration in the
horizontal direction is zero
ag, =0 =—13115.4 - 7.42 ayp
a,p = —1767.6 rad/s?

As a result, the acceleration is
ag = [—892.2 —3(—1767.6)]f
ag = (4411))in/s?

Vi =234 in/s @ 90°

Answer: o — 4411 in/s? @ 90°




Problem 2.11

Y -
Given Information:
The spool shown is unwinding such that point O moves
straight down. At the instant shown the spool has an -I-O
angular velocity of 2 rad/s and an angular acceleration of
3.5 rad/s* (both counterclockwise).
4" rad. A 6" rad.
[101.6 mm] [152.4mm]

Required:
Find the acceleration of point O and point A.

Solution:

First, find the acceleration of the center of the spool using the relative accelerations method
(Wao, Ko

.
P
do
\ 7
A r ’

ap =ap+app =ap+ag/pn+Ag/pt
ao = [(wa0°T0sp)t] + ®@as0 X (a0 X Tosp) + @ajo X Toyp
a, = {[(2rad/s)?(2 in)]i} + [(2k)rad/s] x {[(2k)rad/s] x [(2D)in]}
+{[(3.5k)rad/s?| x [(2D)in]}
ap = (7j)in/s?

Then, find the acceleration of point A noting that the center of the spool moves vertically only
a0
o

a0 (a0

—
Q +
A A
o




a,=0ag +au0 =0p + Auion+ Aot
a, =ag+ Wy /0 X (wA/O X rA/O) + Qy/0 X Ta/0
a, = [(77)in/s?] + [(2k)rad/s| x {[(2k)rad/s] x [(-3))in]}
+{[(3.5k)rad/s?]| x [(=3))in]}
a, = (10.5{ + 19f)in/s?

a, =7in/s*> @ 90°

AnSWer: o — 2171 in/s? @ 61.1° /




Problem 2.12

6" rad. 8" rad.
[203.2mm]

Given Information:

The disk shown rotates about point O at a constant
speed of 45 rpm. Connecting rod AB is attached to a
rack that turns the 6 inch radius gear.

Required:
What is the rotational speed and rotational acceleration of the gear at the instant shown?

Solution:
First, find the angle 6 using the law of sines
sin(40°) B sin(9)

24in  8in
6 = 12.37°

Next, find the velocity of the linkage point B

B B
%\ = +
A A
Va
VB = VA + VB/A = w X rA/O + wAB X rB/A
o R
Vg = [(45 X 6—gk> rad/S] x {(8in)[— cos(40°)i — sin(40°)j1} + (wapk)

x {(24 in)[— cos(12.37°) i + sin(12.37°) j1I}
Vg = (24.23 — 5.14w,5) + (—28.9 — 23.44w,5)}

Because the rack is constrained to move in the horizontal direction only

Vg, = 0 =—28.9 — 23.44w,p
wap = —1.23rad/s
and
Vg =[24.23 — 5.14(—1.23)]¢
Vg = (30.571)in/s

Thus, the rotational speed of the gear at the instant shown is

_ Vg 30.57in/s

W
G T 6in

= 5.095rad/s




Similarly, to find the angular acceleration of the gear, determine the acceleration of linkage point B

wis constant

ag =Q, +agjp = Qupn + Apjpn + Apjay
ag =w X (@XTy0)+wap X (Wap XTp/4) + (Aap X T5/4)
ag = [(4.71E)rad/s] X ([(4.71E)rad/s] x {(8in)[— cos(40°)i — sin(40°)j]}) + [(—1.23E)rad/s]
x ([(-=1.23k)rad/s] x {(24in)[— cos(12.37°)i + sin(12.37°)j1}) + (auzk)
X {(24in)[— cos(12.37°)i + sin(12.37°)j]}
ag = (171.84 — 5.14a,5)! + (106.38 — 23.44a,,)]

Because the rack is constrained to move in the horizontal direction only
ag, = 0 =106.38 — 23.44a,5
ayp = 4.54rad/s?
and
ag = [171.84 — 5.14(4.54)]i
ap = (148.5 D)rad/s?

Finally, determine the angular acceleration of the gear noticing that

aG,t = aG XTG == aB
ag 1485 in/s?

= 24.75rad /s*
TG 6in rad/s

dg =

wg = 5.095rad/s
ag =24.75rad/s

Answer:




Problem 2.13

Given Information:
The linkage mechanism shown is driven by link O,A, which
rotates at a constant speed of 90 rpm clockwise.

! [152.4mm]
Required:
Determine the rotational velocity and acceleration of link O4B in the position shown when the drive link
is vertical.

Solution:
First, find the velocity of point A

Va=wy0, X1y
rev 2mrad min\ .
(o0 )

v, = | x [@pyind

— X X
min rev 60 s
V, = (18.851)in/s

Then, find the internal angles of the mechanism at the given instant

[ =4(6in)?+(2in)? =2V10in
Using the law of sines:
sinf  sin(180° — 20)

4in  2J10in
6 = 37.8°

and
¢ = 180° — 20 = 104.5°
f =tan™! (2ﬂ> = 18.43°
B 6in)
@ =180°—¢ — (0 — B) = 56.13°
§=0—-p=19.37°
Then, find the velocity of linkage AB at point B




w

B B
&; — (= Va + Wes (Q\
BIA
A @7/ A @7/ A
Va Va @)

VB = VA + V,?/A = VA + wyp X rB/A
Vs = [(18.85 Din/s] + {(wapsk) x (4 in)[cos(19.37°)i + sin(19.37°)/]}

Moreover, the velocity of point B can be found from linkage BO,

~ VB = w3/04 X TB/04
Vs = (wp/0,k) X (4 in) X [~cos(56.13%) { +sin(56.13°) 1}
Vs = (—3.32wg,0, )i + (—2.23wp/0, )] Eq. (2)

Setting Eq. (1) equal to Eq. (2) in their respective directions

(18.85 — 1.33w4p)T = (—3.32wp/0, )1
_1.33(1)AB + 3.32([)3/04 = _1885
and

(3.8wap)j = (—2.23wg/0, )]
3.8(1)AB + 2.230)3/04 = 0

Solving for the system of equations yields
wg/o, = —46Tad/s

wyug =2.71rad/s

To find the angular acceleration of linkage BO,, first find the acceleration of point B

Dw

(o da
i Aan ;[
ag =a, +Agjp = Aypn +Apjpn +apjay
ap = (waj0, X Va) + wap X (wap X T5/4) + (@ap X T5/4)

ap = [(—9.425k)rad/s| x [(18.85 D)in/s] + [(2.706k)rad/s]
x ([(2.706k)rad/s]
X {(4in)[cos(19.37°)i + sin(19.37°)j1}) + (aask)
X {(4in)[cos(19.37°)1 + sin(19.37°)j1}
ag = (—27.63 — 1.33a,5)1 + (—187.41 + 3.77a,5)] Eq. (3)
Similarly, find an equation for the acceleration of point B from linkage BO,




ag = Qg/o,n + Ao, ¢
ag = w0, X (W50, XT/0,) + (Aanj0, X 5/0,)
ap = [(—4.6)rad/s] x ([(—4.6k)rad/s] x {(4in)[— cos(56.13°)i + sin(56.13°)j1}) + (ap/0,k)
X {(4in)[— cos(56.13°)i + sin(56.13°);]}
ag = (47.2 — 3.32ap,0,)1 + (—70.28 — 2.23a3/,, )] Eq. (4)

Setting Eq. (3) equal to Eq. (4) in their respective directions

(—27.63 — 1.33a,p)i = (47.2 — 3.32a3,0, )i
—1.33a,p + 3.32ap/, = 74.83
and
(—187.41 + 3.77ay)j = (—70.28 — 2.23ap,0, )]
3.77aup + 2.23ag/0, = 117.13

Solving for the system of equations yields
agjo, = 22.25 rad/s?

wgo, = 4671ad/s CW

Answer: g0, = 22.25rad/s* CCW




Problem 2.14

Given Information:

The linkage mechanism shown in Figure 2.42 is driven by
link O,A, which rotates at a constant speed of 90 rpm
clockwise.

! [152.4mm]

Required:
Determine the velocity magnitude of the midpoint of link AB.

Solution:

First, find the velocity of the midpoint of link AB

VM = VA + VM/A = VA + Wyp X TM/A

where V4 and w45 were found in problem 2.13. As a result

Ve =Va+Vga=Vs+ wap XTp)4
Vs = [(18.85Din/s] + {[(2.71k)rad/s| x (2 in)[cos(19.37°)" + sin(19.37°)/1}
Vi = (17.051 + 5.125))in/s
and

Vg = +/(17.05)2 + (5.125)2in/s = 17.80 in/s

Answer: Vg =17.80in/s




Problem 2.15

Given Information:
For the linkage shown the drive link O,A rotates at 5 rad/s
clockwise and is accelerating at a rate of 1.2 rad/s.

! [152.4mm]

Required:
Determine the rotational velocity and acceleration of link O4B in the position shown.

Solution:

First, find the velocity and acceleration of point A

Va=wa0, X174 = [(5 k)rad/s] x [(2))in]
V,=(101Din/s

Ay = aue + ay, = (@40, X14) + (@470, X V)
a, = [(—1.2k)rad/s?] x [(2))in] + [(~5k)rad/s] x [(10 D)in/s]
a, = (2.41 — 50)) in/s?

Then, find the internal angles of the mechanism at the given instant

l=(6in)?+ (2in)2 =2vV10in
Using the law of sines:
sinf sin(180° — 26)

4in 24/10in
6 = 37.8°

and

¢ = 180° — 20 = 104.5°
=t -1 (2 in> 18.43°
= tan — ] =18.
6in

® =180°—¢ — (6 — B) = 56.13°
§=0—p=1937°

Then, find the velocity of point B
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Vg =Va+Vpa=Vai+wyup XTp/y 2"|
Vg = [(10 Din/s] 02

+ {(wa5k)
X (4 in)[cos(19.37°)i + sin(19.37°)j]} 7
VB = (10 - 1'33wAB)i + (3.8wAB)j Eq. (1)

Moreover, the velocity of point B can be found from linkage BO,

- Vg = ®g/0, X /0,
Vi = (wpj0,k) X {(4 in) x [—c0s(56.13°) I +sin(56.13°) f1}
Vs = (—3.32wp/0,)1 + (~2.23wg/0,)] Ea. (2)

Setting Eq. (1) equal to Eq. (2) in their respective directions

(10 — 1.33wy)t = (—3.325/0, )1
~1.33w4p + 3.32wg,0, = —10

and

(3.8wap)f = (—2.23wp/0,)]
3'8wAB + 2.230)3/04 = 0

Solving for the system of equations yields
wgjo, = —2.44rad/s

wyug =144 rad/s
To find the angular acceleration of linkage BO,, first find the acceleration of point B

[25:1%

Uan
Aar

Aan
g = Ay + Apjp = Aupn + Ay +Agjan + Apjaye
ag = aun + Ay + wap X (Wap ¥ rB/A) + (@ap % rB/A)
ap = [(2.41 — 50§) in/s?] + [(2.706k)rad /s]
x ([(2.706k)rad/s] x {(4in)[cos(19.37°)i + sin(19.37°)j1}) + (auzk)
x {(4in)[cos(19.37°)1 + sin(19.37°)j]}
ag = (=25.23 — 1.33a,5)l + (=59.714 + 3.77a,5)] Eq. (3)




Similarly, find an expression for the acceleration of point B from linkage
BO,

ag = Qg/o,n + Ao, ¢
ap = Wg0, X (g0, X T/0,) + (Xanj0, X T5/0,)
ag = [(—4.6)rad/s]
X ([(—4.6E)rad/s]
X {(4in)[— cos(56.13°)i + sin(56.13°)j1}) + (ap/0,k)
x {(4in)[— cos(56.13°)i + sin(56.13°)j1}
ag = (47.2 - 3.32ap,0,)i + (=70.28 — 2.23a5/,, )] Eq. (4)

Setting Eq. (3) equal to Eq. (4) in their respective directions

(—25.23 — 1.33a,p)1 = (47.2 — 3.32a5/,, )1
—1.33a,p + 3.32ap/9, = 72.43
and
(=59.714 + 3.77ay)j = (—70.28 — 2.23ap,0, )]
3.77aup + 2.23ap/9, = —10.57

Solving for the system of equations yields
ayp = —12.7 rad/s?
apjo, = 16.73 rad/s?

wgo, = 244 rad/s CW

ANSWEr: s 10, = 16.73 Tad/s? CCW




Problem 2.16

Given Information:

The linkage mechanism shown is driven by link O,A. At
the instant shown the driving link is rotating at 8 radians
per second clockwise and accelerating at 2.5 radians per
second squared.

[152.4mm]

Required:
Determine the rotational velocity and acceleration of links AB and O4B in the position shown.

Solution:
First, find the velocity of point A at the instant shown

V4= wa0, XTas0, = [(—=8 k)rad/s] x {(2in)[cos(50°) { + sin(50°)71}
V,=(12.261—10.28))in/s

Then, find the internal angles of the linkage mechanism at the instant shown.
Applying the law of cosines to triangle O,AQ,:

12 =(2in)% + (6 in)? — 2(2 in)(6 in) cos(50°)
l=496in

Applying the law of sines to triangle 0,AQ,:

6in l 2in
sin(B) - sin(50°) - sin(¢)
4.96 in _ 2in
sin(50°)  sin(¢) Y
¢ = 18°

Applying the law of cosines to triangle BAO,:

(4in)? = (3.5in)? + (4.96 in)? — 2(3.5in)(4.96 in) cos(¢ + )

¢ +6 =53.1°
6 = 35.1°
Applying the law of sines to triangle BAO,:
4in l

sin(6 + ¢) B sin(y)




4in 496 in

sin(53.1°) - sin(y)
y = 82.6°

and
y+y+60=180°
Y =62.3°
6 =90°—y =277
Then, determine the velocity of point B

Vg =V, + VB/A =V, + wyp X T34
Vg =V,4+ wyp X [(rB/A)(cos PYi—sin 1,l)j)]
Vg =[(12.26 1 — 10.28))in/s] + (wapk) X {(4in)[cos(62.3°)i —sin(62.3°)/1}
Vg = (12.26 + 3.55w,5)i + (—10.28 + 1.83w,p)j Eq. (1)

The velocity of point B can also be calculated from linkage BO,4 as follows

Vi = wpo, X T5/0, = (wpo,k) X [(18/0,)(— cos 8 —sin 8 j)]
Vi = (wpo,k) x {(3.5 in)[— cos(35.1°) { — sin(35.1°) j]}
Vi = (2.02wp,)i + (—2.86wp, )] Eq. (2)

Setting Eq. (1) equal to Eq. (2) in their respecitve directions

(12.26 + 3.55w4p)1 = (2.02wp,, )1
3.55wyp — 2.02wp,, = —12.26
and
(—10.28 + 1.83w,p)f = (—2.86wp,, )]
1.83wyp + 2.86wp,, = 10.28

Solving for the system of equations yields

wyug = —1.033rad/s
wgo, = 4.25rad/s

Furthermore, substituting wg,, into Eq. (2) to determine the velocity of point B yields

Vy = [2.02(4.25)]i + [-2.86(4.25)]]
Vi = [(8.59)i + (—12.17)f]in/s

Next, find the acceleration of point A
ay = ta, =wu0, XVa+ago, XTy0, )
a, = [(—8k)rad/s| x [(12.26  — 10.28))in/s] + [(—2.5k)rad /s?]
x {(2in)[cos(50°)i + sin(50°)]}
a, = (—78.411 — 101.3))in/s?

Then, find an expression for the acceleration of point B






