Solutions to Chapter 3 Exercise Problems

G
Problem 3.1

In the figure below, points A and C have the same horizontal coordinate, and @y = 30 rad/s.

Draw and dimension the velocity polygon. Identify the sliding velocity between the block and
the slide, and find the angular velocity of link 2.

Bs, B,

AC=1in
BC=3in
r=28in

Position Analysis: Draw the linkage to scale.

AC=1in
2in BC=3in
o} Vdocity Polygon
30 in/sec
b2, ba
b3
Velocity Analysis:

1 1 1 1 1 .
Ve, =By A, =03 X154, = | Vi,| =] o], 14, | = 3002.2084) = 66,252 in/ sec

1. 1 _1 1
VB, = VB, = VB; t VB, /B, (D
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1 _1 _1
VB2 - VB2 /Cy ~ Gy % rB2 /Cy
Now,

lVB3 = 66.252in/sec in the direction of 15,4

1.1
Vg, = Wy Xrg,c (Htorg,c)

1 . .
VB, /B; is on the line of AB

Solve Eq. (1) graphically with a velocity polygon. From the polygon,
1VB4 /B, = 15.63in/sec

Also,

|1VB2 /C2| _ 68.829
|rB/C|

|1(02| = =22.943 rad /sec

From the directions given in the position and velocity polygons

L, =22.943 rad/sec CW
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Problem 3.2

If w, = 10 rad/s CCW, find the velocity of point B3.

Position Analysis

Draw the linkage to scale.

Position
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Velocity Analysis

v, ='Ve #'V, 0 =0+ 1w xr, :‘IVAZ‘:‘IQHrA/C| =10(1.5) =15 in/s

1o 1 1 _1 1
Ve, =Vt Ve =Vt Ve

—1 1
- V54 + V.€3/54

—1 1 — 0l
=V, t Vg p, =0+ @ X1y,

'v, =15in/s (Otor,.)

1 _1
Vg = WX, (Utorg,,)

1 _1
Vi p, = WXty (Qiorg,)

and @ = &, needtoget & to find 1"33.
Define the point F where 4F [0 DF in position polygon.
1

-1 1
VF3 - VA3 + VF3/A3

Solve Eq. (1) graphically with a velocity polygon.
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Velocity Scale

10 In/s

After finding point “f3”, construct the velocity image to find the point “b3”

aline [Jto AB through the point “a”

aline [Oto BF through the point “f3”

fine the point “b3”

From the polygon,

'V, =9.4 in/s
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Problem 3.3

If @ = 100 rad/s CCW, find vg,.

AD =1.8"
CD =0.75%"
AE=0.7"

CF =0.45%"
FG =1.75"
CB=10"

DB = 1.65"

Position Analysis

Draw the linkage to scale.
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Position

Velocity Analysis

_1 1 sl
Vo, =V, t Ve, =0+ @ xrg,, (1)
='v. +'vg o ="V +Ha

c, G,/C, ¢, T W X0

1o 1 1
Vo, = Vg, T Vg6,

1 -1

Ve, = Ve :1VD4 +1Vc4/04 =0 +'e, xr.,),

Now,
|'Ve.| =] @ lrs, .| =100(3.44) =344 in/s (Oto )
‘w="d

| Vo, 0| = | @[t c| =1002.65) =265 in/s (Do x5,
lsz/Gz is on the line of EG

1 _1
Vep, = Wy XTep (Ot re,p)

Solve Eq. (1) graphically with a velocity polygon.
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Velocity Scole

200 in/s

To find the point “b,” use velocity polygon

Ve, | = 61214 in/s
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Problem 3.4

If &y = 50 rad/s CCW, find vy,

Position Analysis

Draw the linkage to scale.

Position
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Velocity Analysis

1. 1 1 PO
VBz - vAz + sz/Az =0+ w, ><rB/A (1)

1 —1 1 1 1
VB3 - VD3 + VB3/D3 - VD4 + a,)} xrB/D

Now,

'v,.|=|'@]lr, .| =502:39) =119.5 inss (Dro,,,)

=|'@)Ir, .| =50(3.06) =153 in/s (Do x,,)

1
‘ VB3/D3
1 . .

V5, is on the line of AB

Iy, =1
Vp, =V, (tory,)
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Solve Eq. (1) graphically with a velocity polygon.

Velocity Scale

100 in/s

From the velocity polygon

|'v,,| = 164.34 in/s
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Problem 3.5

Determine the velocity and acceleration of point B on link 2.

- 3in

2

w, =1rad/s

o, =0 30°

Position Analysis

Draw the mechanism to scale.

Velocity Analysis

Itg/al =3/ cos30k=3.4641
The velocity of B; is given by

“lvgy /A1 =4VBy/ AL + 1004 X1B/A (1)
and

|'d4 X1/ Al = 103.4642 =3.4642 (U to m8/A in the direction indicated by the cross product)

The direction for the velocity lvp,/a; must be vertical. Equation (1) can be solved for the
unknowns. From the polygon,

lvg, /a1 =4.0278in/ sec 1
4vBy/A; =2.0148 in /sec

Acceleration Analysis

The acceleration of B; is given by
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lap, /A; =4aBy/A; + 1004 X 13/A 1@ X (lou X 13/A)+ 216k X 4VB,y/ A 2)

2
B
3
b,
Vdocity Scde
2 in/sec
Accderation Scde
. 2in/sec2 | O,
’6!

The individual vectors are:
|14 x (1o X1p/a) = (1)2[3.4642 =3.4642 in/sec2 (opposite to 1B/ )
los xm/a=0xm/A=0
21lay X VB, A; =2(1)2.0148 = 4.0296 in / sec? (L to 4vB,/ A in the direction up and to left)
las X m/a (vector [ to rmB/A)
4aB,/A; (vector along the slot)

Equation (2) has only two unknowns and can be solved. From the polygon, the acceleration of
B, is 4.666 in/sec? upward
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Problem 3.6

If 'ew, = 100 rad/s CCW, find !ay,.

E (2.0",6.0")

C
AB =12"
BC =6.0"
CD =30
AD =40 4
BF =3.0"

B

|O]D > X

Position Analysis

Draw the linkage to scale.
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Position c
F
B A D
Velocity Analysis
Vi =V = xry,, =Y, | =] @l =1000.2) =120 in/s ()

1o 1 1 _1 1
Vo, =V t Ve p = Vp T 0 XI

1. —1 1 —nal

=V, T Ven, = 0+ w, xr,,
—iy 4!

VF6 - VF5 VFﬁ/F5

I i

_ 1 ol
Ve S Ve T Ve S0+ @ X,
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Now,

‘v, =120 in/s (Otory,,)

1 _1
Ves = WXre, (Otorg,)

1

1 _
Veop, = W XTe)p (Utor.,p)

1
A (/1 torg,,)

1 _1
Vg, = W XXp g (Uto )

Solve Eq. (1) graphically with a velocity polygon.

7 Vaiz

fs
C = P~~~ 0,a,d, e
Ve,rs,
fa
Velocity Scale
]
S0 in/s b

—
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To find the point “ f;” construct the velocity image by

%Zﬁ:%:bf

From the polygon,

1 — .
Vg, =252 in/sec

and

— ‘IVF(,@‘ _ 252
| 4549

‘1%‘ =5.54 rad / sec CW
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Problem 3.7

If @, = 50 rad/s CCW, find the velocity of point Gs.

AB = 1.16"
BC =0.70"
CD =1.45"
DE= 116"
AD = 1.30"
DF =1.30
EG =2.20"

Position Analysis

Draw the linkage to scale.

Position
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Velocity Analysis

Yy, =V, =lw o =y, | =] @, =500.16) =58 ins (1)

1o 1 1 1
Vo, T Vg T Ve g =V + 0 X1,

1 —1 1 1 — 1
Ve, = Ve, =V, t Ve, =0+ w, *re),
v, =y, +lv, = 0+ @, xr
E, D, E,/D, 4 “Yeip
'v. ='v,_ +'v ='v. +'a xr
Gs ~ VEs Gs/Es —  VE, S “NGIE
1 —1 1 —_ 1
Vi = Ve F Ve =0V,

Now,

IVB2 =58in/s (Utory,,)

1 _1
Vs = W Xrc, (Utorg,)
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1 _1
Vep, = W Xre,, (Htorg,,)

1 _1
Vo g, = W XX g (Utorg,)

1
A\ (/torg,,)

Solve Eq. (1) graphically with a velocity polygon.

Velocity Scale

20 in/s

0. a, fe

From the polygon,
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1 — .
Ve, i, =406 in/sec

and

- 4465 =31.72 rad /sec CCW

To find the point ““ g construct the velocity image by
EF EG=of.: og
From the polygon,

‘IVGS‘:32.5 in/sec
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Problem 3.8

If @y =5 rad/s CCW, find .

Position Analysis

Draw the linkage to scale.

Position

-54 -



Velocity Analysis

1

'v, =5in/s (Otor,,,)

1 —1
Vi, = @ X1 (Otor,,.)

Solve Eq. (1) graphically with a velocity polygon.
Iryc| =133 in
From the polygon,
Ve, =45 in/sec

and

') =‘1V— :% =3.38 rad / sec CW

With the value of &,

1 —1

Vi, =Ve, + Ve n, =@ 3, S| v, [ =] @, =3.38(3.88) =13.12 injs

-55-

_1 _1 1 _h _ e
Vi, = Vg 4 = W XXy, :‘ VBZ‘_‘ aﬂHrB/A| =5(1) =5 in/s

(1)



1
Vpe, (Ut0r,,.)

1
\ (Otorg,)

Solve graphically with a velocity polygon.

Velocity Scale

o in/s

o

From the polygon,

Vo =154 in/sec
and

') :‘]V—’ :% =10.267 rad / sec CW
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Problem 3.9

In the mechanism below, w, = 10 rad/s. Write the velocity equations and determine the
following: vpy,, @y, Vg, 0.

G (-5.6, 2.65)

AB=1.0in

BD =4.3in

AE=3.0in 2 o
DE=4.0in 100
GF=3.35in A

BC=3.4in X

Position Analysis

Draw the linkage to scale. First locate the pivots A, E, and G. Next draw link 2 and locate B.
Then locate point D and point C. Draw the line CF as shown, and finally locate point F.

Velocity Analysis:

1VB3 :lVBz :lVBz /A2

vpy =lvp; = vpy /B4 =lvB3 +1vDy/Bs (1)

Ivrs =gy = Ve G = VB3 +VFs/F3 (2)
Now,

Dy /E4 =lou X 104 /B4 = 'vD4 /B4l ='odl Tip 4/ E4l (O to 14 /E4)

By /A2 =lad2 X 182/ A2 = ['B,/ Aol =l'ax] T2/ A5l =10 D=10 in/sec (0 to s,/ Az)

vps/B; =103 X 13/B; = ['vps/B3l =l'wd (ips /B3| (T to 13 /B3)
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Solve Eq. (1) graphically with a velocity polygon. From the polygon,
4

D c

Veocity Scade
10 in/sec

lyp, =17.034 in/ sec

or

1
oyl = I|:§4//ETI = 17'234 =4.259rad /sec CW
4 /E4

-58 -



Also, using velocity image
lvgs =20.994 in / sec

Now,
lvg; =22.227 in/ sec(using velocity polygon)
W/ Go =16 X 1¥6/Ge = 'VEe /Gl =|'0d6] s/ Gl (O to 1¥6/Gis)
lvks/Ge along the slot

Solve Eq. (2) graphically with a velocity polygon. From the polygon,
IVrs/Ge =26.1711in/ sec

or

1
[yl :Jll‘;}:{’—//GG?l = % =7.812 rad /sec CW
6/G6 .

Problem 3.10

If the velocity of point 4 on link 2 is 10 in/s as shown, find the velocity of point C on link 5.

F (3.15",1.9")

DE=25"
AD =0.75"
AB=1.75"
BE=1.5"
GF=15"

Position Analysis

Draw the linkage to scale.
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Position

Velocity Analysis

! _1 1 _
Vg, =V T Vg, =

3

Va4, +a xry,, (1)

— 1
\ VB3 - VB4/E4 - 0)4 XrB/E

_ _ _1
Vo, = Vo, = Ve r, = W XTgp

I
Ve, = Vo, T Ve 6, = Vg, TG X
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Now,

1 — .

A\ =10in/s (Utor,,,)

1 1

VB3/A3 = W X1y, (Dto rB/A)
1 _1

Vo, g, = W Xl (Utory,,)

1 _1
Vour = @ X1g, (Utorg,,)

5
Vé,/6, (//tory,;)

Solve Eq. (1) graphically with a velocity polygon.
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Velocity Scale

1 in/s

Voo ra;

o,d e f

From the polygon,
IVB4/E4 =8.1in/sec

and

' :‘IV— :8—'51 =5.4 rad /sec CCW
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=|'@|[re | =5.4(0.26) =1.404 in/s (Otor,,;)

‘1VC5 /Gy
To find the point “ g, ” construct the velocity image by
BE: TG =he: g,
From the polygon,

‘1VC5‘=10.75 in/sec

Problem 3.11

In the clamping device shown, links 3 and 4 are an air cylinder. If the opening rate of the air
cylinder is 5 cm/s and the opening acceleration of the cylinder is 2 cm/s2, find the angular
velocity and acceleration of link 2, and the linear velocity and acceleration of point D on Link 2.

s=35cm
AB=17cm

AC=30cm

BD =10cm

A OB

B D A C

Position Analysis

Draw the linkage to scale. Start by locating the pivots A and C. Then locate point B

Velocity Analysis

Consider the points at location B.
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g, =l =lvpy 4
ey =g, + g8y
Where
a4 =1 X1/ 4 (L t0 18/ 4)
g, =g, /cy =1lau Xrp/c (Lto 1)

[V 8l=35 cm /s along rsc

Solve Eq. (1) using a velocity polygon, and determine the velocity of D, by image.

lyp, =5.79 cm/s

1
e lﬁl :% =0.342 rad /s CCW
B/

and

l'vac _ 3.018
ME =2.018 - 0862 rad/s CCW
heal= " =255

Acceleration Analysis

Again, consider the points at location B.

s, =10, =108y 14 ='Qy 4 + 0By

Qs =104/ A4 + 1Ay /By = 1Ay g + 1Oy 4y T4y 5, 4y, 1y
Combining the equations,

@y 4y + 1Ay gy =1y Ty 1y +4 0y, + 4y 5, + 1Ay
Where

['a, ) =l alrs 4l = 0.3422(17) =1.99 cm / 52 (opposite to 13.4)

1A, 4 =100 X114 (LItO 13/4)
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ba

b2 bs
}
b2
o
Velocity Scde
2 omls Accderation Scde

1cm/s2

| e, )= allrsrd = 0.08622(35) = 0.260 cm /52 (opposite to mc)
1,4, ='as X (O to rac)

|4@%, 5, =10 cm /s2 (along m/c)

|1 |
|ayp| =222 = 0

00

105 g, = 2 e X4y gy = |la§3/34| = 2I10-21|4VB3/B4| =2(0.0862)(5)=0.862
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The direction for a4, 5, is perpendicular to BC and in the direction defined by rotating 4vs;/ s
90° in the direction of las. This direction is generally down and to the left.

Solve Eq. (2) using an acceleration polygon, and determine the acceleration of D, by image.

lap, =4.39 cm/ s2

!
o :Iﬁ/f’l =323 20.190rad/ £ CCW
B/A

Problem 3.12

In the mechanism shown, link 4 moves to the left with a velocity of 8 in/s and the acceleration is
80 in/s? to the left. Draw the velocity and acceleration polygons and solve for the angular
velocity and acceleration of link 2.

Position Analysis

Draw link 2 at 45° to the horizontal lineand 4" long. Construct link 2 at an angle of 120° to the
horizontal and through point B.

Velocity Analysis:

lvgy =lvB, +1vBy /B4 =l vBy +4vBy/By (1)
Ivey =lun X 18y/A7 = ['vBal =|Tanlis,/ Al
Now,

lyg, =81in/sec in the horizontal direction to the left
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4vB,/B4 =1VB, /B4 along the link 4
lvg, =lun Xm/a (Oto 1s/A)
Solve Eq. (1) graphically with a velocity polygon. From the polygon,

lyg, /B3 =4VB,/B3; =15.2 in/sec

Vdocity Polygon
8in/sec

&S

AB =4" Oy
b
2 - 4
by | ~a
\ I a,
50.0° -4~ 120.0°

Accderation Polygon

‘ 50 in/sec2 ‘

! a532/ A

b2
Also,

I
['cool :%2% =5.1572rad / sec
/

From the directions given in the position and velocity polygons

loy =5.1572rad / sec CCW

Acceleration Analysis:
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lapy =laps +!apyps =! aps +4apy/Bs + 2104 X4VR2/B4
But, w4 =0. Therefore,

lap, =laps +4apy/p4

Also,

lapy =lapy/a2 ='ak,/a, ' aky
Therefore,

lak, a, +1aky /A, =laps +4ap/ps
Now,

lap4 =801in/ sec? in the horizontal direction to the left
4apy/p4 1s along the link 4

1af) 4, = 1P al (opposite to1s/a)

lag,/a, =l02Xm3/a and is U to m/a

From the acceleration polygon,

lah,/a, =89 in/sec?
Therefore,

1 qt
[lo| = % :8—49 =22.25rad /sec?

From the directions given on the acceleration and position polygons,

lor, =22.25rad / sec? CW
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Problem 3.13

In the mechanism below, the angular velocity of Link 2 is 2 rad/s CCW and the angular
acceleration is 5 rad/s2 CW. Determine the following: VB4, VD4, W4, aB4, aDy, O 4,.

Position Analysis

Draw the mechanism to scale. Locate the pivots A and C. Draw link 2 and locate point B. Then
draw line CBD.

Velocity Analysis:

lvg, =lvp; =gy /A, =lvpy +lvBy/By (1)
lvBs =B, /C4
Now,
gy Az =l X 1B/A = 1'VBy /Al =ll2lrs /Al =26 =121in/sec (T to 18/A)
WB4/Cs =104 x13/C = ['vey /eyl =['@4llis /el (Oto ms/c)
lvB, /B4 in the direction of m/c

Solve Eq. (1) graphically with a velocity polygon. From the polygon,

-69 -



Accderation Scade
10 in/sec2

b2

Veocity Scade

10 in/sec

lyg, =8.1561in/ sec

or
Lo =1¥Ba/Ca| _ 8.156 _
[eo| i - 6.8476 1.191rad / sec CCW
Also,
lvg, /B4 =8.802 in /sec
Also,
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lvp, =11.911in/ sec

Acceleration Analysis:

lag, =lap; =lap,/a, =lap, +lap,/p,
lag, =1
aB4 = 'aB4/C4
t — t
A+ 2By 4= 2 Ry /0yt B By 0yt AB /By + 20004 X VB (2)
Now,
laj,/ pp =l X (lon X 13/ A) = 'a B /Azl = llooof’ Mt/ Al =22 6= 24 in / sec?

) L . N
in the direction opposite to 52 /A2

laly /a, =102 X 18/A = [laly,, »,| =100l /Al = 506 =30 in /sec? (O to 1/a)
lah, ¢, = ws x (lan x 13/¢) = ['ah, /o | =lwd s /el =1.1912[6.848 = 9.713 in / sec?

. L . N
in the direction opposite to B33 /C3

latB4/C4 =log xm/c :>|1atB4/C4| :|1a4l[ﬁB/CI (DtO rB/C)
4ap,/B, in the direction of B,/ Cy
2 (g x4vpy /B4 = 2(1.191(8.802 =20.966 in /sec?

Solve Eq. (2) graphically with an acceleration polygon. From the polygon,

lak, c,=23.75in/sec?

or
Iqt
o = II‘BBL;/ C? = % =3.469rad / sec2 CW
4/C4 .
Also,
lap, =25.66 in/ sec?
Also,

lap,=37.47in/ sec?
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To find the center of the curvature of the path that B4 traces on link 2, we must find an

expression which involves that the radius of curvature of the path. This term is 2a"B4/B, and it
can be evaluated from the following:

lap,/p=—lap /B,
therefore,
la%32/B4= —la tB4 /B2
and
laﬁz/mz —la Ié4/B2
Also,
3af, p, +20s X vey /By =—2afy, g, =22 X VB, /B, 3)
For our purpose, we should arrange Eq. (3) as
2af, g, = —(3a%2/B4 +2 Moz Xlvpy/B, +2 Moy xlve, /B4)

Now,

— |3Vr]§2 /B4I =0

33%2 /B4 — 0
2 [tng Xlvgy/py =20.19108.802 = 20.97 in/ sec? ([0 to DC) down and to the left.
2 (o x1lvpy/B, =22 [8.802=35.20 in/ sec? (0 to DC) up and to the right

Let E be the location of the center of curvature of B4 on link 2. If we choose up and to the right
as the positive direction,

1 2
2ang,/B, =%— = (35.20-20.97 +0) = —14.24 in / sec?

Because 2ahpy/B, is negative, 2ahpy/B, points down and to the left which is the direction of E.
The magnitude of the distance is given by

_vBasBo® _ 88022 _ < 44
Iosel =50 = Ty 0q = S44in

The direction of E is shown on the drawing.
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Problem 3.14

Resolve Problem 3.13 if w, = 2 rad/sec (constant)

Position Analysis

Draw the mechanism to scale. Locate the pivots A and C. Draw link 2 and locate point B. Then
draw line CBD.

Velocity Analysis:

lvg, =lvp; =gy /A, =lvey +lvBy/By (1)
lvBs =By /C4
Now,
By /A2 =lan X 13/A = ['VB, /Al =l @2l /Al =206 =12 in / sec (to ms/a)
By/cs =lwa X3/ =['vBy /el =['edllm/cl (Oto rs/c)
lyg, /B4 in the direction of m/c
Solve Eq. (1) graphically with a velocity polygon. From the polygon,

lyg, =8.1561in/ sec

or
1
1o = VBasCal _ 8.156 _
['eoy) i 6.8476 1.191rad / sec CCW
Also,
lyg, /B4 =8.802 in /sec
Also,

lvp, =11.911in/ sec

Acceleration Analysis:

lag, =lap; =lap, /A, =!ap, +lap,/By
1aB4 = 1aB4 /C4

aly, a,tak A =ak, ot ak, o, H4aBy By + 200 X 4VBy/cy (2)
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Accderation Scde

10 in/sec2

Veocity Scade
10 in/sec

b2

Now,

lah, =10 X (lan X 13/A)= 'a B /A2| = [leoaf ¥p/ Al =22 (6= 24 in /sec?
in the direction opposite to "By /A,

laly 4, =100 X 1B/A = [l 5, =100l TiB/Al= 006 =0

lak, e, = lws x (loy X 13/0) = 'aky, | =lwdl Ois/cl =1.1912(6.848 = 9.713 in / sec?
in the direction opposite to B3 /Cs
laly, ¢, =104 X1B/C =|'al, o, | =l'ad fis/cl (Oto m3/c)
4ap,/B, in the direction of B4/ C4

2 (g x4vp, /B4 = 2[1.191(8.802 =20.966 in /sec?
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Solve Eq. (2) graphically with an acceleration polygon. From the polygon,

lag, c,=3.515in/sec?

or
_labycd - 3515 _
['agl = Mhacd - 6.8476 =0.513rad /sec2 CW
Also,
lag, =10.29 in/ sec?
Also,

lap,=15.06 in /sec?

To find the center of the curvature of the path that B4 traces on link 2, we must find an

expression which involves that the radius of curvature of the path. This term is 2a"B4/B; and it
can be evaluated from the following:

lap,/m=—lan /B,
therefore,
lath/B4: —la tB4/B2
and
lag,/p,=ag, B,
Also,
3ay g, +20u X v, /B4 =—2a}, 5, — 20 X ey /B, 3)
For our purpose, we should arrange Eq. (3) as
2ah, g, = ~(aB,/p, +2 0w X'vBy/ B +2 004 X1V, /B4

Now,

— |3Vr§2 (B4I =0

33%2 /B4 — 0
2 Mg x1lvp,/py =20.19108.802 = 20.97 in/ sec? ([ to DC) down and to the left.

2 [tay xlvpy/B, =212 [8.802 =35.20 in/ sec? (0 to DC) up and to the right
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Let E be the location of the center of curvature of B4 on link 2. If we choose up and to the right
as the positive direction,

1 2
2anp, /By :]V%'//Ez- =—~35.20-20.97 +0) = -14.24 in / sec?

Because 2ahpy/B, is negative, 2ahpy/B, points down and to the left which is the direction of E.
The magnitude of the distance is given by

_|'vBasBo® _ 88022 _ < 4y
Iosel =57 = Ty 0q = S44in

The direction of E is shown on the drawing. Note that the location of E does not depend on the
acceleration of link 2.

Problem 3.15

In the mechanism below, the velocity and acceleration of Point B are given. Determine the
angular velocity and acceleration of Links 3 and 4. On the velocity and acceleration diagrams,
locate the velocity and acceleration of Point E on Link 3.

C

AB=38"  vg=23/-55 inls

égz?'zz_o-- ag =150/ 50° in/s2
DE=3.4" E

Position Analysis

Draw the linkage to scale. Locate both pivots and start with link 2. Locate point B and draw
line BC. Then locate point D. Construct point E on a line perpendicular to the line BD.

Velocity Analysis:

ey =gy +lvey s (1)

Now,
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lvg =lvg/c, 1n the direction of 1oy

W sy =las X reym = W sl =11l fiey sl (O to 1oy ;)
Solve Eq. (1) graphically with a velocity polygon. From the polygon,

ya/p =21.61In/s

or
1
e J% =2k8 =2 51rad/sCCW
3/ B3| .
Also,

Velocity Scae
10in/s Accderation Scae
50in/s2
b3
la,‘3 :la,‘4

The velocity of E£3 can be found by image. The magnitude is

lyg, =18.6 in/s
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Acceleration Analysis:

laB2 = laB3

laC3 = 1aC4 +1aC3/C4

lacy =4acy/cy + 2 Uy X ey

lac3 = laB3 +1aC3/B3

4aC3/C4 + 2 My X 4VC3/C4 :1aB3 +1a€'3/B3 + a63/B3
Now,

4acy c, in the direction of rey/a

2 (ks XWeyc, =212.5121.6=108 in/s2
1y 5 =105 % (16 X 13/ ) =1y ] =16l Biess] =2.5128.59=54.1in/ &2
a5, =106 X 10313y = |\l ) = 110 Uiy 5] (O 20 1y )

Solve Eq. (2) graphically with an acceleration polygon. From the polygon,

latc3/33 =432in/s2

or
1 L
[t = IM‘ =432 5.03rad / s2
IrC3/B3I 859
Also,
las =laqy

The acceleration of point £3 is given by image. The magnitude is

lag; =149 1n/ 82
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Problem 3.16

In the figure below, @, = 500 rad/s CCW (constant). Find @, 2w, w;, ‘a, 3ay, vp, a, 2a,, a;,
as - and ap,

AE=6cm
AB=3cm
CE=8cm
CD =3.2cm

Position Analysis

Locate the relative position of points A and E and the line of motion of point D. Next locate
point B. Draw the line EB and locate point C. Then locate point D by drawing an arc centered
at C and with a radius of 3.2.

Velocity Analysis:

gy =1, =gy 4y = B, + 1By By (1)
11)1’34 :1VB4/E4
lvD5 = 1vD6 :lvc5 +1vD5/C5 (2)

vaS = va4 :va4/&

Now,
W, 14 =102 X¥By/ 4 :>|1vB2/A2| =licy| [']BZ/AZI =50000.03=15m/s (Jtom/4)
ey /gy = s Xrgy ey =>|Wayed Fcd Uiy | (Oto raye,)

lyg, /g, in the direction of my,/E,
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P |
B
0 ds
4
Vdocity Polygon
25m/s
— E
07
1 r
abg/Cg
Accderation Polygon c A
laBz/B4 y
2000 m/s 2 tagy8, - Cy \

r =

'ag,/E, laps

Solve Eq. (1) graphically with a velocity polygon. From the polygon,
g =144m/s

Also,

Wpp =4.22m/ sec

or
ly
| :| &/EJ: 422 _
[t |"B4/E1| 0.044 95.9rad /s CW
Also,
laj3 =16(2L
Now,

1VC4/E4 :1@4 X FC4/E4 :>IIVC4/E4I :|1@4| [I}C4/E4I = 95.8 m’.OS = 7.66 m /S (D to ’C4/E4)
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lyp, 1n horizontal direction

Wpg/cs =las X mycs = |Wwpg o =had Qingcd (Oto rogcy)
575 515 SRR 57 LS S/-5

Solve Eq. (2) graphically with a velocity polygon. From the polygon,

ypy/cg =3.88m/s
or

_|wosic] _ 388 _
[rea| = el 0032 121rad /s CCW

And,
yp, =lvps =3.18m /s

For the relative angular velocities,
2 =lay —lap = 95.8CW —500 CCW =595.8 CW
6as =las —as = 121CCW -0=121CCW
3 =las —laz =121 CCW = 95.8 CW =216.8 CCW

Acceleration Analysis:

t — l
gy ot g 1 =yt Ry gy T4 5y +2 [lus X4vpy
laD5 :laD6 :1aC5 +1a%/c5
laCS =laC4 :1aC4/E4
- t l
lap; =lagy g, +'acy gy 10 s o5 aps cs

Now,

laly =100 % (102 X By 1) = |1l | = I Qs 4] = 5002 [0.03 =7500 m /52

in the direction opposite to 7z, 4

by = X 134 = |1l )| =00l sy =0

1l 5 =0 % (10a X rey ) = 10, 5] =l B 2| = 95.8210.044 =404 m/ &2

in the direction opposite to rz, /g,
Wy g, = Qa X 1oy = aby e =1ad Qim e (Oto raye,)
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4apy/p, in the direction opposite to rz,/z
1§y 5, =2 Do X4vpy/ 5, =295.804.4=2760 m /s2 (0 to 1z, /)

Solve Eq. (3) graphically with an acceleration polygon. From the polygon,
ldg, g, =9960m/ 2

or
_|'abye] _ 9960 _
lad = Fooe| ~0.044 226,000 rad /s2 CW
Also,
2q4 =1y —1ap =226,000 — 0 = 226,000 rad /s2 CW
And,

lay =1a5
Also, using acceleration image

lac, =18,100 m/ s2
Now,

lap, in horizontal direction

1 cs=1as % (1s X 1pgics) = [ abgcs| =l1asl Qing of =1212[0.032 = 470 m /2
in the direction of -rpy/c

lajs s =10's X psics :llabs/cslzllad |:'}735/C5I(D to my/c;)

Solve Eq. (4) graphically with an acceleration polygon. From the polygon,

ldDS/CS =8640 m/s2

or
labsc] _ 8640
lad = = =270,000 rad/ s2 CCW
I SI IFQ/CSI 0.032
Also,
6as =1as —1as =270,000 CCW -0 =270,000rad / s2 CCW
And,
3as =las —1as = 270,000 CCW —226,000CW =496,000 rad /s2 CCW
Also,

lap, =19,400 m /s2

G
Problem 3.17

In the mechanism below, the angular velocity of Link 2 is 60 rpm CCW (constant). Determine
the acceleration of Point Cy and the angular velocity of Link 6.
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Position Analysis

First locate pivot A and the line of action (through A) of the slider. Next draw link 2 and locate

point B. Then locate point D and finally locate point C.

Velocity Analysis:

g, = lvgy 4 =lvp =1Gn X 1874

lyp, =lypy =lvg +1vpy gy
Compute lvg by inage.

lycg zlvc5 =legras =ves + vy
Now,

llerl = 60rpm = 60%7’4141’ /s =628 rad/s

Il =ladmd =6.283.6=22.6 ft / s(0to 1 4)
lvp; in horizontal direction

Wy = 1tu3 X 15 = |Wis/s| = ek (O to oy s)
Wee 14 =6 X 1ra = | ey a6 = ecdlred (O to rev4)
vce/cy along BD

Solve Egs. (1) and (2) graphically with a velocity polygon. From the polygon,

IVCG = 5.85 ft/S
lwpyp =16.5 ft/s

v/ =16.7 ft/s
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and

| |
'@ = rg/f :—196‘35 =1.77 rad /s CW
/ .

Acceleration Analysis:

- — — t
lag, =lap, 4 =lap =ap), 4, g, 4
—_ —_ —_ t
lapy =lap, =lap; +'apy/; = lap; + ap; p; +ap; s
Compute lac; by image.
or
t — ] t
laéé/Aﬁ +1aC6/A6 =lgc; + 1a&'s/C3 + 3aCs/C3 + 3ag's/C3
Now,

lap, in horizontal direction
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C
2 3
6
D
A
d3 ‘ 0'
C3 o5}
% 1
G aBj3
laC6
& 5
1 t
Velocity Scae L aCe/A6
a b
10 ft/s Ce/C3/ b3
Sacg/c,
Accderation Scde
50 ft/s 2 G

lak, n=102 X (12 Xrp4) = |1a%2/A2| = |icof Thsral = 6.282 3.6 =142 ft /s>
in the direction opposite to s/

laly4,=100 X154 =1k, | =l A=03.6=0 fi/s2

lap, g, =105 X rp/p=> |1ab3/33| =|1@| Uky o (O to £/ 1)

1y,
lap, g, =10 X (10 X 1/B) :>|la53/33| | I?Djzlzf = 169'%362 =20.11ft/s

in the direction opposite to /B

aty) 45 =106 X 1c/4=> |1atCa/A6| =ltad Ui A (O to rera)
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2
I8Y
) 4 =10 X (10 X 107 4) =l -] ﬁifjfl = 5-%52 =570 ft/

in the direction opposite to /4
1aésicy = 20as Xvegcs =[1ag o =21 ad Pveyal=2(1.77)(16.66) = 58.97 ft /52

in the direction perpendicular to BD and in the direction obtained by rotating 3ve/c; 90° in the
direction of 'a3. The direction is shown on the acceleration polygon.

3al i, 1s along the slide (line BD)

|3a&/c3| = IV(;50/C3 =0

Solve Egs. (3) and (4) graphically with an acceleration polygon. From the polygon,

lac, =172 1t/ s2
Also,
1l
lad= Iﬁ’ =1—61 =285 rad/s? CW
C/

Problem 3.18

In the position shown AB is horizontal. Draw the velocity diagram to determine the sliding
velocity of link 6. Determine a new position for point C (between B and D) so that the velocity
of link 6 would be equal and opposite to the one calculated for the original position of point C.

385 >
w,=5radls
o 2
AT R
2.3" 3

1.1"

¢ 5
AB=29" 6
BD = 3.1"

5d >

Position Analysis: Draw the linkage to scale.
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| | b2, b3 Vdocity Polygon
A 2 B 5in/s
R \ N 6 C 3
\ N
C
3
% ds; 05
D
o
Velocity Analysis:

The equations needed for the analysis are:

Wy =gy =100 X1y 4y =i = ey n| = 5(2.9) = 14.5in /s

lyg, =g,

lyg =lvg + ey (1)

g =lve, +lveyg

lye, =0

o = Weyop= Yo/ o= e

vps =lvps =lvg; +lvpy/ gy

vps =1vps +1vps/ g (2
Now,

g, =14.5in/s (O tors4)

e /s =las X re/p (Uto reyB)

lyg is on line of rc/p

Solve Eq. (1) graphically with a velocity polygon. From the polygon,
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ye /g =6.901n /s
or

Il@lzlﬁl :% =5.04rad /s
c/ .

From the directions given in the position and velocity polygons
laz =5.04rad /s CCW

Also,
lvg =lvg/cy =12.6 in/s

Using velocity image theorem,
vpy =lvp, =15.251n/s

Now,
lype 1S on the vertical axis,
lvps/ps 18 on the horizantal axis.

Solve Eq. (2) graphically with a velocity polygon. From the polygon,
lype =6.851n/ s

also,

Wpyps =13.621in/s

To find the new location of point C which will make the velocity of link 6 change signs, plot a
new velocity polygon with the velocity of dg in the direction indicated.

b2, b3
Cs New Vdocity Polygon
| 10in/s |
QI [T —
de . daids
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using velocity image theorem,

- Ve8| _ 90 _ .
el =lroid e ZCD % =0.481in

The location of C is shown on the following figure.

—5O/D 4

Problem 3.19

The scotch-yoke mechanism is driven by crank 2 at @, = 36 rad/s (CCW). Link 4 slides
horizontally. Find the velocity of point B on Link 4.

Position Analysis: Draw the linkage to scale.
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1lin

} A Ve ocity Polygon
\\ - 50in/s
\ CA=20" |
2 | AB-1r
45.0° m
: \ 105.0°
c gl

Velocity Analysis:

Wy =Waiq =16 X By = | =1l ic| =36 [[R) =72 in /s
Wy =y, +Wau
lyy =lyy,
Now,
vy, =72 in/s (Oto rac)
g4, 1s along the slider
ly4, moves on a horizontal axis, and because 4 is a rigid body
lyy,=lyg,

Solve Eq. (1) graphically with a velocity polygon. From the polygon,

vy, =lvg, =37.51in/s
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Problem 3.20

The circular cam shown is driven at an angular velocity @, = 15 rad/s (CW) and a, = 100 rad/s?

(CW). There is rolling contact between the cam and the roller, link 3. Find the angular velocity
and angular acceleration of the oscillating follower, link 4.

E (3.0",3.0")

AB = 1.22"

DE = 3.50"

BC = 2.00"

CD = 0.50"
X

Position Analysis:

Draw the linkage to scale. Note that because of rolling contact and because we are to find the
velocity and acceleration of link 4 only, we can model the system as a four-bar linkage. If we
were asked for the kinematic properties of link 3, we would have to model the system using
rolling contact directly.

Velocity Analysis:

gy =W 1 =10 Xrg4 = || = ladry | =150.22)=18.3in /s
g, =lvp,
p, =g +1vpy s (1)
ps =lvp, =l Xrp g :>|1VD4| = el £l
Now,
Wpy s, =l X rpp (Uto 1oy p)
Wpg =l Xrpysps (U torpg)

Solve Eq. (1) graphically with a velocity polygon. The velocity directions can be gotten directly
from the polygon. The magnitudes are given by:
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Vdocity Polygon
ds,ds, ds - 8infs

b

Accderation Polygon
100 in/s2

ly
|1"Ds/35| =11.4in/s=|'wy :IMI =114 —4 56 rad /s

Il 2.5

From the directions given in the position and velocity polygons

legs =4.56 rad/ s CCW

Also,

1
lwpyed =14.61in/s =il :M =146 -4 171ad/s
|”D/E| 3.5

From the directions given in the position and velocity polygons

leyy=4.17rad /s CW

Acceleration Analysis:

For the acceleration analysis, use the same points in the same order as was done in the velocity
analysis.
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—_ —_ t
lag, =lag, p, ='ap, 4, +'ap, 4

_ — Ly / : ¢
lap, =lap, +'ap, p, = 'ap, 4, +'ap, 4, +'ahyp, +'ap, sz

— — — ¢
lap, =lap, ='ap, g, ='ap, /g, +'ap,k,

Therefore,
t — l t
lap, e, Y'ap, p, =4, 14, tag, 4, +apy s Hap, s (2)
Now,

a4 =1l A =152 [0.22 =274.5in/ & in a direction opposite to 1B/A .
1ap, g, =Nl Tt/ =4.1723.5=60.8 in /s2 in a direction opposite to m /E .
lap, /5, =|1ed® Uiy d = 4.562 [2.5=52.0in/s? in a direction opposite to m/B.
laly, 4 =100 % 154 = '@, 4| =1'®| U5/ =1000.22 =122 in / 2 (O t0 7334)
Yap, /e, ='0 X 1y g :>|1“tD4/E4| =|'a,|tip/d (O to 1p/k)

Yap, s =105 Xrpp= @by 5| =1'a5| (/A (O t0 715/5)

Solve Eq. (2) graphically with an acceleration polygon. The acceleration directions can be
gotten directly from the polygon. The magnitudes are given by:

t
|1aD4/E4|

|1a, g, =120.6in /52 = |1aul = :% =34.5 rad/s2

From the directions given in the position and acceleration polygons

lap, /g, =34.5 rad/ s> CCW

-03 -



Problem 3.21
For the mechanism shown, assume that link 2 rolls on the frame (link 1) and link 4 rolls on Link

3. Assume that link 2 is rotating CW with a constant angular velocity of 100 rad/s. Determine
the angular acceleration of link 3 and link 4.

-40"

Position Analysis

Draw the linkage to scale. Start with link 2 and locate point A. Locate point C and draw link 4.
Then draw a line corresponding to the path of point C. Then locate point C and draw a circle
1.3" in radius. Draw a line from point A tangent to the circle centered at C. Then locate point B
on the radial line from the tangent point to C.

Velocity Analysis:

Find angular velocity of link 2,

W =Wa/py =g =1ap X Fa/p

ey =W +Way 4y =gy =1py/cy (1)
Now,

w4 =l1eallrynl =100 0.5=50 in/s (O tors,p)

W/ 43 =10 X Fpr4 = [y 45| = eslrsrd (O to m31.4)

Wy ey =l X m3rc = ey ci] =liacdmd (O to mic)
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// B \\
/ N
/ N\
/ \\
/ \
\\
/
\
/ \
| _N
| I C 1J
\\ |
\ /
\ /
\ /
\ /
\ /
A . y
\ j \\ ///
D
Accderation Scde
100 in/sec2
b
3
b,
Ol
I
agsas

Veocity Scade

20 in/sec

—

5
& laks) as 4

(0]
e
(0%]
Solve Eq. (1) graphically with a velocity polygon. From the polygon,
e 45=27.51In/s

g ics =44.61n/ s

Then

Y :I—|"|’f3“|‘3 =412 =7.03rad /s
B/ A .

I
|1@|:IM| =446 — 44 6rad /s
bod 1
To determine the direction of laz, determine the direction that /A must be rotated to be

parallel to vy 4. This direction is clearly counterclockwise.
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To determine the direction of lay, determine the direction that rms/c must be rotated to be
parallel to g/, . This direction is clearly clockwise.

Acceleration Analysis:

Because of rolling contact on a flat surface,
lapy/pr =1al, n="1a'p, 4
Also,
lagyip; =yt a1y
Combining the equations,
= t — t —_ -
lag, =lapy pt'a’y ntaly p=1al, =1 Xryp =0
Going to point B,
lag, =las +lap/ 4 =as + a4t a0 4,
also,
lag; =lap, +apg; /3, ='ap,/cy t1apy/p
Then,
lapyc +apy/p =lag +1ap;y ) 4
Expanding the terms,
t — t
la gy oyt gy oy 1y 5y = 0 10y 45 0y

Expanding la},, g, recognizing that there is rolling contact between a circle and flat surface, and
that laa; =0,

t - t
aky ey taR, cot 12y B~ 1By Ayt ARy A
which simplifies to
t - t
laB4/C4_ la]5;3/A3+ laBg /A3 (3)
Now,
1y =100 X (166 X 151.4) = 1@y 4] =1 @ Ty A =7.0423.91 =194 in/ 82
By A4~ 03 X\l X rp/4) = |'apy 4 =G A="7. 91= in
in the direction opposite to rs/4

lalpy 45=1Q5 X rpra (L 10 13/4)

lak, q=1as % mc (Oto mic)
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Solve Eq. (3) graphically with an acceleration polygon. From the polygon,
s, | =172 in/s2

las, | =194 in/ &2

Then
1yt
han| = l%’ :13—9-21 =4.41rad /8
B/ A .
and

109t
Il :]%l :L?“ =194rad/s2
B/

To determine the direction of a3, determine the direction that rz/4+ must be rotated to be parallel
to laj, 4. This direction is clearly counterclockwise.

To determine the direction of a4, determine the direction that rz ¢ must be rotated to be parallel
to lak, ¢, . This direction is clearly counterclockwise.

Problem 3.22

For the mechanism shown, assume that link 4 rolls on the frame (link 1). If link 2 is rotating CW
with a constant angular velocity of 10 rad/s, determine the angular accelerations of links 3 and 4
and the acceleration of point E on link 3.

300 AB = 0.95"
BC = 3.25"

X CDh=12"

BE=12"

EC=3.7%"

245"

Position Analysis

Draw the linkage to scale. Start with link 2 and locate point B. Then draw a line corresponding
to the path of point C. Then locate point C and draw link 4. Then locate point E.

Velocity Analysis:

Find angular velocity of link 2,
lsz :]sz/Az :1‘)33 =l X1/ 4
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lyg =lvg, +lvey/p

lv@ = va 4

0
' ]ar
= C?/B;' Acceleration Scale
50in/s2

3
—

b2’
Veocity Scae
5in/s 1353/3/37 |
\
3 L o}
4 di

Now,
sl =l1ellms 4=100.95=9.5in /s (0 to rz.4)

lyc, along the line of motion of C.
ey /s =163 X 1erp = |way sl = lalre 4 (Oto ress)

Solve Eq. (1) graphically with a velocity polygon. From the polygon,
lyg =lye, =7.531n/s

Also,
lvg /g, =4.81in/s
-98 -
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or

1
ol =]—l‘|’f3”|33 =281 -1 481ad /s
C/B .

To determine the direction of las, determine the direction that rz4+ must be rotated to be parallel
to gy 4. This direction is clearly counterclockwise.

For link 4,
e, =lvpy +Wweypy =Wey/py =10u X 1/ p

or

1
IBIE ]—|‘|;C4”|’4 ——71-523 =6.28rad / s
C/ D .

To determine the direction of lau, determine the direction that rc/p must be rotated to be
parallel to vcy/p, . This direction is clearly counterclockwise.

Acceleration Analysis:

lag, =lap, =lal, g p

lac; =lac, =las; +'acy s

laC3 =l arBz/Az_Hath/Ez'l_ 1a’éé/Bf*_latCsz. (3)
1(1D4 = 1(1C4 +1aD4/C4 :1aD4/D1 :laf)4/[]

1a%4/D1 = laC4 +larD4/C4+1atD4/C4:1a%4/C4 +1ag‘4/F1 +1a1g1/D1

Where F is the center of curvature of the line. Consequently, F is at infinity and both la¢,,5; and
la};p are zero. Also, lap,,c, and la},,, cancel. Therefore, the acceleration equation reduces
to

1aC4 + 1atD4/C4=0
or
1atD4/C4: —lac,
Now,
lac; along the line of motion of point C.

1y =100 % (16 % 15y 4) = a0 =Nl Ui 4=1020.95 =95 in /s2

in the direction opposite to rz/4
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aly, ;=10 X 134 = lay) | =|i0l Qs Al =00= 0 in/s2
1ty 5, =165 % (16 X 1) = [1aty 5] =l Tied =148 3.25 =7.12in / &2
in the direction opposite to rc/z
laty g, =105 X 10/ = |‘ath/33| =t Ui/ 5l(0 to res5)
Solve Eq. (3) graphically with an acceleration polygon. From the polygon,
lac; =65.81n/ s2
and by image,
lag; =122 1n/s2

in the directions shown. Also,

lat, p, =84.2in/ $2
or

— |latC§/le _84.2 _
1 = = & t.L — 2
[las| od 325 259rad/s

To determine the direction of 15, determine the direction that 7o/ must be rotated to be parallel
to lat, s, . This direction is clearly clockwise.

Also,

lah, c, =l X rpc = —lac, = |1aﬁ)4/c4| =i Ui/ d
or

1 t
had =]—"lfrD4/dC =—1528 =54.8rad/s2
D/ .

To determine the direction of laqs, determine the direction that rp,c must be rotated to be parallel
to lap,,c,. This direction is clearly counterclockwise.
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Problem 3.23

If vao, =10 in/s (constant) downward, find @y, @5, vc,, and ac..
) @, az, vcy 3

Cam Contact N

~_— Roalling Contact
FC=1.0"
FE=22"
FD =0.75"
DE=24"
et I A ——
Velocity Analysis
g, =lvy, +lvgy y =lvy, e, Xrg) 4
Wy =g, gy 5 =gy = X1gp
Therefore,
Wy =Wy + Wy 4y + vy (1)

Because of rolling contact,
W p =0

Also,
Wy =l Xrgp (U to 1y/1)
g, 14y =0 X4 (L 10 1314)

Therefore, we can solve Eq. (1) using the velocity polygon. Using the velocity polygon,
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Accderation Scade

100 in/s2

(6] f3 P
C' 1
Veocity Scae by, bg 3 °

10in/s a,fs
P—
CS n
laBg/Fg
a 1al
B3/F3

1
ooy =] I"fz/jzl =144 =14.14rad /s
B/ .

To determine the direction of !>, determine the direction that we must rotate rz 4 90° to get the
direction of g, 4, . Thisis CCW. Also,

|1v |
o =L P = A3 =10.14 rad /s
B/F .

To determine the direction of 'a;, determine the direction that we must rotate ms/r 90° to get the
direction of g, . This is CW.

The velocity of point C; is found by image. The magnitude is
[ve)| =10in /s

and the direction is given by the velocity polygon.
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Acceleration Analysis

lag, =l ay, Hag, 4, =" ay,tap, 4, Va4, =la, 00 Xrg 10y X (150'2 X ”B/A)
lag, =lag, +ap, s,

and
lag, =lap,p =lab,k +'ap,r, =105 Xrgp +lag % (1043 X "B/F)

Compute the normal component of acceleration at the rolling contact point.
lah, s, = ap, j0, t'ap, 4, +'a, 5,

where Oj is at infinity in the direction of AB. Then,

t —_ t
lag, g +lap,r =lay, Hag, 4, Y, 4, +ag, 0, tap, 4, +ay, s,
— ¢
- 1“/12 +1aBz/A2 +1af§3/03 + 1‘163/1‘12

The known information can be summarized as follows:
la 4 = 0

1 -
lag, 4, =02 X 134 (010 rp;4)

_ v, of _ ool ~0

$/0s |"B/03| foof
2 2
Iy |1v |
17 :| (05 Ny R 0: V211 My
o5l |”03/A2 |od

lag s =103 Xrgp (Uto rgr)

|:|1VB3/F5|2 _10.142 _
Irs, 1

lag, 5 103 in /s2 opposite to rzp

Note that 'a},;5, and 'ap, 4 are in opposite directions and cancel each other. Therefore, the
acceleration equations can be combined into the following simple equation
gy 55+, =4 (2)

and solved for the unknown magnitudes of lap,z; and lap,, . Using values from the
acceleration polygon,

gt
la :]ﬁ' :ﬁ =104rad /&2
B/ .
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To determine the direction of 'a;, determine the direction that we must rotate rg/r 90° to get the
direction of ld,r. This is CCW. The acceleration of point C; is found by image. The
magnitude is

|'ac,|=148 in/s2

and the direction is given by the polygon.

Problem 3.24

In the figure shown below, points 4, B, and C are collinear. If va, = 10 in/s (constant)

downward, find v¢,, and ac;.

Cam Contact \/

0.35"

- 104 -



Cam Contact w
Rolling Contact
0 7
b21 C2
Veocity Scade
& 10 in/sec
P
Velocity Analysis
1VC3 :1VB3 :lsz :1VA2 +1VB2/A2 (1)

This can be solved using velocity polygons as shown since we know the directions of !va, and
lvg,. Therefore, lvc, = 10 in/sec.

Acceleration Analysis

Differentiate Eq. (1) to solve for lac,.

lac; =! as
and

lap; =laa, +laf32/A2 +latB2 /A2 +1af33/03 +lar03/A2 +135\2/B2 (2)
where Oj is at infinity in the direction of AB.

laAz =0

_ |1 VB /A2|2

lag, /a, = i A opposite to 13/A
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lah A, =102 X m3/A (Oto 18/4)

_Iveyosf® _ [vesosf _ 0

303 0l T b

qr _Ivoasag _ [vosaol® _ 0
O3/A2 ™ Iy Al |oo]

lar _|1VA2/B2|2

A2 /By = [ra/H

Note that la}y, 5, and 'al ,,, are in opposite directions and cancel each other. Therefore, all of

the terms on the right hand side of Eq. (2) are either zero or cancel each other except for
laly,/ ,. Therefore,

—lat
lap; _laBz/Az

However, 'ap; must be horizontal and lah,, , is perpendicular to m3/a which is not horizontal.
Because the directions are different, the magnitudes must be zero. Therefore, lap; must be zero.

Problem 3.25

Part of an eight-link mechanism is shown in the figure. There is rolling contact at location B and
the velocity and acceleration of points 4¢ and Cs are as shown. Find ak and @ for the position
given. Also find the velocity of £7 by image.

: E

Vves =10/ 0° in/s

VAG = 10 @0 In/S

D7/
/
/

7
/
AD = 2.25"
DB=1.0"
AC = 2.85" 4
A 72

acs = 20/270° in/s?

ang = 20/180° in/s?

£
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Position Analysis

Draw the mechanism to scale. Vectors are:
m/Cc =2in
/A =21n
m/B =1in

Velocity Analysis

Veocity Scde 140
5in/sec Be/ Cs
/ Accderation Scae
1.4 -
a5,/ A, 20 in/sec2
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Velocity analysis:

The basic equations are:
lvg7=1lvp,/a7t1va7
lveg=lveg/cs+veg
1VB8:1VB7 +1VB8/B7
Combining the equations,
vs/cs +1ves =1vBy/a7 +1va; +1veg /B;
where
lyvpg/cg =lwg xms/c (Oto BC)
lvg; /a7 =1w7 Xm/a (U to BA)
lygg/B7 = 0 (rolling contact)
lvcg =lves =10000F
lya; =lvag =100J60F
The solution is given on the polygon. The velocity of E7 is found by image. Then,
lvg; =18.891in/ sec
lvpg/cg =2.687in /sec
lvg; /a7 =9.428 in / sec

Therefore,

I |
oo = LYBSICsl - 2.687 — 1 34154/ sec
s /cl 2

To determine the direction of lwg, determine the direction that we must rotate rs/c 90° to get the
direction of lvgg/cg. This is CW.

Acceleration Analysis

lag; =lapg;/a; +1ap;
lagg =lapg/cg +lacg
lagg =lap; +lapg/B;

Combining the equations,

lapg/cgtacg=lap;/ a7 +aa,Hapg/B,
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In component form:

1a%g/Cg+lath/Cg+laC8 = la]5>7/A7 '+'lalt37/A7'+'1 aA7+la}§8/Cg+laEg/D7+laf)7/B7
Computing the individual terms,

lacg =lacs =200270F

laa; =laas =200180F

_ves s _ (2.687)2

1 = _iIl

A g = - > 3.610 Sec BtoC
- )

| | B7/A7| — (9.428)2 in

ag A, = |1rB7/A7| 5 =44.444 o2 Bto A

| VBg /C8| =0

laBg/Cg
| VCg/D7|
an /D7~
A%
1aD7/B7—| |D7/B7| =(4544) o 65340 DtoB
1"D/Bl 1

lah/ cg =108 X 183/C (0 t0 BC)
lag, /A, =107 x1B/a (Oto BA)

From the acceleration polygon,
laly, o, =107 X1B/A =7.81 in/sec?

Then,

a
llad = L |1'11337f|7| 7281 =3.91rad/ sec?

To determine the direction of la7, determine the direction that we must rotate rs/a 90° to get the
direction of lag, 5,. Thisis CW.
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Problem 3.26

In the mechanism shown below, link 2 is turning CW at the rate of 20 rad/s, and link 3 rolls on
link 2. Draw the velocity and acceleration polygons for the mechanism, and determine a-; and

a..

AB=4.0"
BE=28"
EC=4.0"
CD = 10"

Position Analysis

Draw the linkage by scale. Locate the relative positions of A and D. Locate point B and then
draw the circle arc centered at B. Locate point C by finding the intersection of a circle arc of 10
inches centered at D and a second circle of 6.8 inches centered at B. Finally draw the circle
centered at C and of radius 4.0 inches.

Velocity Analysis:

The equations required for the velocity analysis are:
1VEz = 1VEz/Az
1VE3 :lsz + 1VE3/E2
g =lve; + ey (1)
lvg, =lvey, =lvey/py
Because Wwg /5 =0, v =lvg, and

Wey4p =1 G X Fey ay = |We 1| =16l Uz al =20 (3.94 =118.8 in / s (O to 17.4)
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ez 3 =1 3 X 13/ 03 = ['VEs /o =loos| Oifes /sl (O to res/c3)
vey/Ds =! W4 X 104 /D4 = 1'vey/ Dal =l'wdl Okcy /Dyl (O to rey /p4)

Solve Eq. (1) graphically with a velocity polygon. From the polygon,
4in

Acceleration Polygon
2000 in/s2

lay t
E3/C3 A 1aC4/ D4

t
/ 1aEy c3
"

A

Ve ocity Polygon
100 in/s

g c; =1041in/ s

or
haog =12red 2104 -5 6 g /s cow
a4
Also,
Weypy =69.331n/ s
or

e :% =823 =693rad/s CW
C4/Dy
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Acceleration Analysis:

The equations required for the acceleration analysis are:
lag, =lag, /4
1aE3 = 1aEz + 1aE}./Ez
lag, =lac; +ag/c;
laC3 = laC4 :1aC4/D4
" —_ t 2 t
lajEz/Az + ag3/E2 =l a64/D4 + ACy/Dy + ajE3/C3 + arsc3 (2)
Now,
- ‘ N _ _ :
Wy =100 X (02 X 15301, ) => Py o] = Mok’ Oy 0] =202 (3.94 = 2360 in /52

in the direction opposite to rz, /4,

1“]?3/E2 =1a1r:£3/C3 +1ag’3/82 +1a§2/E2

el |vevsl | |wae _ 1042 483 | 562 -
| = - + —1042 483 562 _3500in/s2
bl = T " sl * Fmel © 4 68 t2.8-0300in/s

in the direction opposite to 7z c;

1y p,= 10 % (10 X 1y g )= Nay n =l1ed’ By /nd = 6.93: 010 =480 in / 52
in the direction opposite to rcs/Dy

lat, /p, =04 X104/ Dy = |1atc4 /D4| = o] Okcy/Dal (0 to 104 /D4)

1y e =1as X (1as X 1y ) = @'y ] = had’ Qiesic = 26.02 @ =27001in / &2
in the direction opposite to rgs/c;

laly ¢ =103 Xy :>|1a1t€3/C3| =l mEa/Cal (Otoreycs)

Solve Eq. (2) graphically with an acceleration polygon. From the polygon,

1%3/(:3 =770 1in/s2
or

1 t
I1a3l=|—I|fE3/C3| :—710 =192rad/ 2
E3/ G

To find the direction, determine the direction that rg;/c; must be rotated 90° to get the direction
of lak, ¢ . The direction is clearly CCW.
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Also from the polygon,

lac; =12901in /s2

Problem 3.27

In the mechanism shown below, Link 2 is turning CW at the rate of 200 rpm. Draw the velocity
polygon for the mechanism, and determine vc; and .

AB=1.0"
BE=0.7"
EC=10"
CD =25%"

4

AB=10"  / 10 in/sec

BE=O.7" —_——

EC=1.0" C3 ey €3
CD=25" >

Veocity Polygon

Velocity Analysis:

o] = 200% =20.94 rad /s

gy, =1y 1y =162 X8y 4 =|Wa| = lacdimy ] = 20.94 [) =20.94 in /s
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g, =WEy 4y =102 X Hy) 4y = [Ve| = ety 4] = 20.94[1.46) =30.57 in/ s
e =lvg +vey/ ks (1)

Now,

vg, =30.571in/s (Lto re/4)
yey =lve, =lau X re/p (1o re/p)
ey o =lag X rgre (L to reic) tangent to two circles.

Solve Eq. (1) graphically with a velocity polygon. The velocity directions can be gotten directly
from the polygon. The magnitudes are given by:

1
vy | =27 in/s:sllwsl=]|vr’if| =T7= 27rad /s
E/

From the directions given in the position and velocity polygons

laz =27rad/ s CCW
Also, from the velocity polygon,

lwe =18.291in /s
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Problem 3.28

Assume that link 7 rolls on link 3 without slipping and find @.

F (-2.0",0.95")

Problem 3.29

In the two degree-of-freedom mechanism shown, @) is given as 10 rad/s CCW. What should the
linear velocity of link 6 be so that &, = 5 rad/s CCW?

AB=0.5"
CB=10"
CD =0.8"
DE=1.65"

Rolling
Only

/ w,=10rad/s

2" — 1 25" —>
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Position Analysis:

Draw the linkage to scale. Locate A and C first. Then draw the two circles and locate point D.
Draw the horizontal line on which E is located and locate E 1.65" from D.

Velocity Analysis:

Compute the velocity of points B3 and Ds.

g, =16 X 1y 14 = |Way| = ol Qs /0| =10 0.5=51in /s

i
lyp; =lvp, :1@xm3/03:|1ad:|J'ﬁH=%=5fad/s

lypy =lyvp, =163 X I3/ i3 :>|1vD4| = e %/QI =500.8=4in/s
Next consider the coincident points at E.
lvE4 :lvES :lvD4 +1VE4/D4
Wi, =W +WEy/Eg
WEe + gy /5 =Wpy +WEy/Dy (1)
ds,d,4

Vdocity Polygon
2in/s

€6 €4

N

I/ N

Position Polygon
- - lin

E I 1
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Now,

lyp, =4in/s (L torpsyics)

ey =l Qe nd = 50.65=8.25in /s (Oto mainy)
lvEg is in the vertical direction,

lVE4/Eq is in the horizontal direction.

Solve Eq. (1) graphically with a velocity polygon. From the polygon

lygs =1.28 in/s in the direction shown on the polygon.

Problem 3.30

In the mechanism shown, @, = 10 rad/s. Determine v¢,,c, and v, using two approaches: 1)

Equivalent linkages and 2) Coincident points at C

(02 ]

AN % y
ey
£ 5 NSNSRW

C
AB = 0.5"
| AC=10"

Solution (Equivalent Linkage)

The equivalent linkage is shown below. For the equivalent linkage, we need only find the
velocity and acceleration of point B;.

The velocity equations which must be solved are:

Wy = vyp = T Xrys

and

Wy = Wty (1)
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Here we have written the velocity equation in terms of the velocity of B, relative to Bj rather
than vice versa because we can easily identify the direction of the velocity of B, relative to Bj.
We also know the direction for the velocity (and acceleration) of Bs.

vy, = 10(0.5)=5 in/s(Uto AB)
lyy; 1s along the slide direction between link 3 and the frame
44 1S along the slide direction between link 4 and link 3

From the velocity polygon,

ly4;=3.61 in/s in the direction shown.

"y % )
2 B 3
od NSSAN\N
Alg C
a,y,a,
a3,C3 °
Veocity Scde
\ 5in/s |
%)

Solution (Direct Approach)

To analyze the problem, we can determine the velocity and acceleration of any point on link 3
because all points on link 3 have the same velocity and the same acceleration. The point to
choose is the contact point C3. To solve for the velocity and acceleration of Cjs, first find the
velocity of point C;. Then write the relative velocity expression between points C, and C3 and
solve for the velocity of Cs.

Velocity Analysis

The relevant equations are:

e, = lvoyp = 1ab XKy
and
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veyp = 10(0.737)=7.37 in/s (L to AC)
lvg 1s along the slide direction between link 3 and the frame

ey e 1s along the face of link 3

: vy /)

2 3

NSNANNN

C3

Velocity Scae

| 5in/s |

From the velocity polygon,

vc3 = 35 in/s in the direction shown.
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G
Problem 3.31

In the mechanism shown, a» = 20 rad/s CCW. At the instant shown, point D, the center of

curvature of link 3, lies directly above point E, and point B lies directly above point A.
Determine va/c; and @i using: 1) equivalent linkages and 2) Coincident points at C.

AB=0.75"
BC=15"

Position Analysis

Draw the linkage to scale. First locate pivots A and E. Then locate point B and draw link 2.
Next locate point D and draw link 3.

Solution (Equivalent Linkage)

The equivalent linkage is a fourbar linkage involving points A, B, D, and E. For the equivalent
linkage, we need only find the velocity of point Bs.

The velocity equations which must be solved are:
e, = 1vgy/4p = 1G2 X Fpia
p, =g, + lwpyp, = lvpy =g + lvpy/ i
Where x is the imaginary link between points B and D. Simplifying and combining terms

Wpy/E, =B, + WD/, (1)
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Velocity Scae
20in/s

Now
s =| taolis sl = 20(0.75)=15 in/s (Oto AB)
Wpy ey = s X rp/e 1s perpendicular to DE
vp,/B, 18 perpendicular to BD

From the velocity polygon,
Wpyes =lvg, =151in/s(Uto AB)

Therefore,

el :% :31—?5 =428rad /s
'D/E .

To determine the direction of [las, determine the direction that we must rotate rp/e 90° to get the
direction of wp;/g;. This is counterclockwise

To find g/, , compute ve, and vg and use
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Both we, and 'wg may be determined by velocity image (or computed directly). From the
polygon,

vg /o, =44.81n/ s
in the direction indicated by the polygon.

Solution (Direct Approach)

First find the velocity of point C,. Then write the relative velocity expression between points C,
and Cs and solve for the velocity of Cs.

The relevant equations are:

e, = oy = 1 X 1cr4
and

g = va+ veyio=va e

Where
ey = 202.158) =43.16 in/s (Oto AC)

ey 1s perpendicular to CE
ey e 1s along the tangent to the contact point (perpendicular to BD)

From the velocity polygon,

vg /o, =44.81n/ s

and
1VC3/E3, =9.84 in/S

Therefore,

oo =LPEl Z 984 _ y 5g /s

|7c/ el 23

[e)

To determine the direction of [l , determine the direction that we must rotate rc/z 90° to get the
direction of wcy/g . This is counterclockwise
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G
Problem 3.32

In the position shown, find the velocity and acceleration of link 3 using: 1) equivalent linkages
and 2) Coincident points at C

w, =100 rad/s CCW
a, = 20,000 rad/s2 CCW

Solution (Equivalent Linkage)

This problem is similar to Example 2.11 except for a nonzero value for the acceleration. The
equivalent linkage is shown below. For the equivalent linkage, we need only find the velocity
and acceleration of point By.

Velocity Analysis

The velocity equations which must be solved are:
ey = Tvgy/ay = T2 xms/A
and

lvg, = lvpy+ v, /B (1)

Here we have written the velocity equation in terms of the velocity of B, relative to B3 rather
than vice versa because we can easily identify the direction of the velocity of B, relative to Bj.
We also know the direction for the velocity (and acceleration) of Bs.

lvg, = 100(0.5)=50 in/s (Oto AB)
lyg; is along the slide direction between link 3 and the frame
lvg, /B3 is along the slide direction between link 4 and link 3
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(0} b2

b>
\ SaBZ/ B3
s

From the velocity polygon,

vpz = 35 in/s in the direction shown.

Acceleration Analysis

The acceleration equations which must be solved are:
- - t
laBZ = laBZ/AZ - la]r32 /A2 +1aB2/A2 >

lap, = lapy+lap,/B; = lap; +af,,p, +3aB2/Bs,
and
al%z/B3 =2 1@3 X 3VB2/B3 =0

The Coriolis term is a function of velocities only and can be computed; however, Links 3 and 4
simply translate making 1wy = 0. Therefore, the acceleration expression becomes

1aBz = 121B3 +33B2/B3

Therefore, the equation has only two unknowns (once lag, is computed), and the equation can be
solved for lag; and 3ag, 3.

|13h2/A2| =l162rs /Al =1002 0.5 = 5000 in /sec? opposite to 1B/ A
l1als, 4] =I1aalt /Al = 20000 0.5 = 10000 in / sec? (0 to AB)
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lap; is along the slide direction between link 3 and the frame
3ap, /B3 is along the slide direction between link 4 and link 3

Therefore, the equation has only two unknowns (once lag, is computed), and the equation can be
solved for lag; and 3ag, 3.

The result is shown in the acceleration polygon. From the polygon,
ap; = 10,200 in/sec? in the direction shown.

Solution (Direct Approach)

This problem is similar to Example 2.10 except for a nonzero value for the acceleration. To
analyze the problem, we can determine the velocity and acceleration of any point on link 3
because all points on link 3 have the same velocity and the same acceleration. The point to
choose is the contact point C3. To solve for the velocity and acceleration of Cs, first find the

velocity of point C,. Then write the relative velocity expression between points C, and C3 and
solve for the velocity of Cs.

Velocity Analysis

The relevant equations are:
vey = Iveara, = Tz Xrey/a
and
lves = Tvey + Ives /oo
lvc, = 100(1.52) =152 in/ sec (dto AC)
lvcs is along the slide direction between link 3 and the frame

lvcs/c, is along the face of link 3

Solve the velocity equation and then solve for the velocity of B, by image. This will be needed
for the acceleration analysis.

vcs = 35 in/s in the direction shown.

Acceleration Analysis

The acceleration equations which must be solved are:
— — t
lac, =lacy/a; _lal(ljz/Az +13C2/A29

lac; = lac, +lag/cp = lag, +1atc3/C2 +lad,,c,,
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Veocity Scae
\

b
acs C\/

Accderation Scde .
10,000 in/sec?, acain;

and

gl —lan  4lan 4 lan _|1VC3/D3|2+|1VD3/B2|2+|1VB2/C2|2_|1VB2/C2|2
e/ C T Gy D B TR /G2 T g bl el I

Where Dj is the center of curvature of the cam follower surface and is located at infinity. The
final equation which must be solved is

lac; = 1ag, ) a, a4, + 1Ak 0, T 1Ay 0,

where
|13%2/A2| =|1unlic) Al =1002 [1.52 =15,200 in / sec? opposite to rc/a
ag,) Aol =lcalrc al =2000001.52 = 30,400 in / sec? ([ to AC)

lacs is along the slide direction between link 3 and the frame
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vy/Gof _[112.9P
(%6l 1.11

1
fap, .| = =11,480 in /52 from B toC

lat.,/c, is along the along the face of link 3

Therefore, the equation has only two unknowns (once 'ac, is computed), and the equation can be
solved for 'ac; and la, ¢, .

The result is shown in the acceleration polygon. From the polygon,

ac; = 10,200 in/sec? in the direction shown.

Problem 3.33

Locate all of the instant centers in the mechanism shown below. If the cam (link 2) is turning
CW at the rate of 900 rpm, determine the linear velocity of the follower.

\
\

Position
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Position

Velocity of the Follower

Convert the angular velocity from “rpm” to “rad/s”

~900(2m)
60sec

1@ =900 rpm =9425rad/s CW

and

Vo =V, tVh

Vi =Vp ¥ Ve ip
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Now,
Vp =V, tv,,, =0 +taw X, =(94.25 rad/s)(2.18in) =205.47 in/s (Utor,,,)

Vp o U to the follower face

Vp,p o/ to the follower face
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Velocity Scale

o0 in/s

From the polygon,

v, | = 81.17in/s
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Problem 3.34

In the mechanism shown, v, = 20 in/s. Find @ and 3. Indicate on link 4 the point which has

zero velocity. In the drawing, H and G are the centers of curvature of links 4 and 5, respectively,
corresponding to location D. F is the center of curvature of link 3 corresponding to C. Also,
point G lies exactly above point E.

VU CF=0.7"
BF =0.84"
: AF = 1.85"
Rolling e BH = 1.88"
" DH =
20 1.14"
. DG=1"
_ 1.25 EG = 0.6"
Rolling and
C, 4 Sliding
~ 42>

Position Analysis

Locate point points A and E. Draw a line 1.3 inches below A and locate point F at a distance of
1.85" from A. Next locate C by drawing a circle arc about F. Then locate B at an angle of 20°
from the line AF. Locate center G and then locate center H. Draw the two circle arcs to locate
D.

Velocity Analysis:

ly 4z = ly A

g =g+l 4 (1)
Now,

lys 1n horizontal direction
g 4 =1 X | d = e | =ed O A (O to rar)
Solve Eq. (1) graphically with a velocity polygon. From the polygon,

e 0| =28.11in /s
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V docity Polygon

10 in/sec
b3 b4 1
/
f3 0
\/ &
ds ds
Continuing with the analysis
lyp, =lvps
lvpy =lvBy +1vpy /By
lvps =lvgs+1vps/Es
and
WDs/Es =1vB4 + VD4 /B4 ()
Now,

Wpy gy =lli X 1/ 3|IVD4/B4| =|ta] Ui/ 5l (O to my5)

-132 -



Wps /g, =1as X 1/ = [Wpgy/ 5| =l @ Tkor el (O'to rore)
Solve Eq. (2) graphically with a velocity polygon. From the polygon,

|wpy4 =10.30in/s
lwp£d=6.911in/s
Solving for the angular velocities

1
el :I—ll';mf =281 = 1519 rad /s
F/A .

peal= 38 =103 4 155120
D/ .

_|1vDS/ES| __ 691 _
1| = =071 _
['ew| |”D/E| 1354 5.10rad /s

To determine the direction for lai, determine the direction that rr/a must be rotated to be in the
direction of g/ 4. From the polygon, this direction is CW.

To determine the direction for lau, determine the direction that rp/B must be rotated to be in the
direction of wp,/p, . From the polygon, this direction is CW.

To determine the direction for las, determine the direction that /g must be rotated to be in the
direction of wp,/e,. From the polygon, this direction is CCW.

To find 3ai use the chain rule for angular velocities. Then,
3y =la — 1 =4.128CW —15.19CW =-11.06 rad /s CW

or

3y =11.06rad /s CCW

To find the point on link 4 which has zero velocity, use the velocity image. The resulting
location is shown in the figure.
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Problem 3.35

On the mechanism shown, link 4 slides on link 1, and link 3 slides on link 4 around the circle
arc. Link 2 is pinned to links 1 and 3 as shown. Determine the location of the center of
curvature of the path that point P, traces on link 2.

P
3 r=1.0"
G 2 AP =0.75"
A AC=04"
\ /+ ¢
4 ; w2 82/ @, =10rads CW

a, =100 rad/s2 CW

Velocity Analysis:

The center of curvature of the path involves only velocity and position information. Therefore,
we need perform only a velocity analysis.

lvp =lvp =lvp g =lvp,+lvpp (1)
Now,

Wp 4 =162 Xrp 4 =|Wp /a0 =ladr 4=100.75=7.5in/s (0 torp.4)

lyp 1n the horizontal direction

g/ (10 Fpic)
Solve Eq. (1) graphically with a velocity polygon. From the polygon,

lyp/p =4.6751in/s

Also,
lyp =3.5361in/s

To find the center of the curvature of the path that P4 traces on link 2, we must find an

expression which involves that the radius of curvature of the path. This term is '@?y» and it can
be evaluated from the following:
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il ’

Vdocity Polygon
5in/s

Pa
lapyp=—lap/np
therefore,

t —_ t
lapyp= —lap,p
and
lap p= —lakpn

Also,
2afy /p, +2 [y Xlvpyp =—4app -2 Xlyp,/py

For our purpose, we should arrange Eq. (3) as

2ap, p = —(4(1}'%2/31 + 2y Xlyp,p, + 2 [y leQ/a)
Now,

1 2 2
4ag/a=|"f)j‘z‘| =873 =51 861/ (from P10 C)

2 [k Xlypyp =2 10[4.675=93.51n/s2 (from C to P)
2 [y Xlypp =2[0[4.675=01in/s2

If we choose rcp as the positive direction,

2
1
2y, =]%|— = -(21.86-93.5)=66.9 in /s>

So,
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_|veunl _ 46752 _ .
/el = 669 669 =0.3271n

Therefore, the center of the curvature of the path that Bs traces on link 2 is in same direction of
rc/p as shown in the drawing.

G
Problem 3.36

For the mechanism shown, find w,, @, VB,, @By VD3> 4ps, and the location of the center of

curvature of the path that point B5 traces on link 2.

AB=A4C=10cm CD=14 cm
@ =1rad/s CCW a; =1rad/s? CW

Position Analysis

Locate points A and C. Construct link 2 at an angle of 60° from the line AC. Draw the line CD
from C and through B.

- 136 -



Veocity Polygon

10 cm/s Accderation Polygon
10 cm/s2
P
o)
b3
A
Velocity Analysis:
lyg, =g, +1p,/ 5 (1)

Now,
g, =lap X mra (L to 13/ 4)
gy =las X 1yc = |va| =l1asl fisd =10.1=0.10 m/s (O torz/c)
lyp, /5, in the direction of rz/c

Solve Eq. (1) graphically with a velocity polygon. From the polygon,

lyg, =0.200m /s

or

1
1 :% = —0'3010 =2.00 rad /s
B/ :

From the directions given in the position and velocity polygons

lap, =2.00 rad /s CCW

Also,

yp,p =0.173m/s
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The velocity of D3 can be computed directly because it is located on the driver link.
wpy =lag Xrpic = |wpy| =fedlind =10.14 =0.14 m/ s (O torpic)

Acceleration Analysis:

lap, =lap; +ap,/5

lag, ot a4 =k 0 T oy +3aB 8+ 2 Uas X3vp 5 (2)
Now,

laly =102 X (162 X rgi4) = [\, | = el Thyral =2.002 0.1 =0.400 m/ &2
in the direction of -rg/4

gy 4 =100 X rB14=> |1aéz/Az| = 1l QA (O to 1314)

1l o =1as X (16 X myc) = aly o =lad lisd =120.1=0.1m/ &
in the direction of -rz/c

laly oy =103 X rpic = |1¢f33/c3| =l s d =10.1=0.1m/s2 (O to rac)

lag, g, =2 Moz X3y 5, =200.173=0.346 m /2 (L to m/c)

3ap, /B, in the direction of rp/c

Solve Eq. (2) graphically with a acceleration polygon. From the polygon,

lag, 4, =0201m/s?

and

1t
vl =I—l‘|lfz/j2 =020 501 rad/ s
B/ .

From directions given in the polygon,
la, =2.01rad/ 2 CW

The acceleration of D3 can be computed by image or directly since it is on the driver link. The
magnitude of the acceleration is

lap, =0.200 m /s2
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Problem 3.37

If 0, = 10 rad/s (constant), find vg,, Vg, ap,, and ac,.

D L 2"

BC=20"
AD = 2.84"
C
ES. B
<—0.92" —
1.7"

Position Analysis

Draw the mechanism to scale. Start by drawing points 4 and C. Then locate point B. Locate
point D to be 2.84 inches above 4 and 2 inches from B.

Velocity Analysis:

g, =lap X g4 = |ve| =haol ks d =102.01=20.1 in/s

g, =lvg, =lvg, +lvpyp (D
Now,

lyg, =20.133 in /s ([ to rs/4)

lyg, in the direction of raz/c

gy, (Lto re/p)

Solve Eq. (1) graphically with a velocity polygon. From the polygon,

lyg, =239 in/s
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BC=2.0" .
AD = 2.84" Accderation Polygon
100 in/s2

la_B3

r
A 2aB,/8,

b

Veocity Polygon
10in/s

bs o

Also,

lyp, =12.8 in/s

Acceleration Analysis:

1aB3:1a%2/A2 +1a1t32/A2 +2a%3/32 +2af33/32 + 22 X lv33/32 (2)
Now,

lag, =lap, in the direction of r/c

1 0= 10 % (162 x,.B/A):>|1¢1592/Az|=|1a;2|2 (k4| =10212.01 =201 in/s? in the direction of -
TB/4

lak, o =102 X rpi4g=> |1af;2 /Azl =laal iz d =0 (Oto rsr4)
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I Iz
|2af;3/32| = |BS/B;| = 122—82 =81.9 in/s2in the direction of -rz/p
V'

2al, 3, tangent to the path that B3 traces on link 2.
lag,, g, =2 May X1 vpyp = 20002.8 =256 in/s? in the direction of rg/p
Solve Eq. (2) graphically with a acceleration polygon. From the polygon,

lap, =lap, =lac, =203 in/s2

G
Problem 3.38

In the mechanism shown, @, = 10 rad/s CW (constant). Determine the angular acceleration of
link 3.

=)

Position Analysis

Draw the linkage to scale. Locate the pivots A and C and the line of motion of point D. Next
draw link 2 and locate B. Then draw link 3 and locate point D.

Velocity Analysis:

vy =gy +1vpy/ 5 (1)

Now,
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g, =l X g4 (O to my.4)= | ve| =l s d =102 =20 in/s
g =las X myc (U to reic)
lyp, /B, in the direction of r/c

Solve Eq. (1) graphically with a velocity polygon. From the polygon,
lyg, =15.1in/s

D gl;é Vdocity Polygon
10in/s

VA 0 |
bs
30° B
A Accderation Polygon
b2
C
or
1
[l = % :% =2.85 rad/sCW
B/ .
Also,

lyg,/p; =13.1 in/s

Acceleration Analysis:

laB2 :laB3 +1a32/33
t _ 1 )
lag  ptab 4 =k ¢ Hlakyc, +3as /5 + 2 Uas X3vp /5
where

1y =10 % (16 X 1814) = 1@’y | = Iaf T4l =102 2 =200 in /s2
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in the direction of /4

laky 4, =102 X 184 = |1af92 /A2| =l lks 4 =02 =0 in/s2

1y e =1as % (16 X myc) =@ty of =had” isid =2.852 (329 =432 in/ ¢
in the direction of rg/c

gy, = a5 X 1/c jlla%z./Cél =1 Uiz d (O to m0)

3ap, /B, in the direction of rp/c

lag, g, =2 Moz X3vp, /5, =2[2.8503.1=74.9 in/s2

Solve Eq. (2) graphically with a velocity polygon. From the polygon,

laB3t /c _56.1 _
1 oy —nrel —
['erd IB/CI 579 10.6 rad/s2

therefore,

las =10.6 rad/s2 CCW

Problem 3.39

In the mechanism shown, slotted links 2 and 3 are independently driven at angular velocities of
30 and 20 rad/s CW and have angular accelerations of 900 and 400 rad/s2 CW, respectively.
Determine the acceleration of point B, the center of the pin carried at the intersection of the two
slots.

c4',-1")
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Position Analysis

Locate the pivots A and C. Then draw links 2 and 3 in the orientations shown.
rg/4 =2.581n
reic=4.231n

Velocity Analysis

Consider the points at location B.

g, =1, 14 =102 X114 =|Ws 40| = lad Q4 =302.58) =77.4 in/s(0to rz4)

gy =vgy/cy =3 X e = Wy | =1aol Uiy d =20(4.23) =84.6 in /s (L to rsic)
Call the pin link 4. Then,

g, =lvgy +lvpy gy = lvg, +lvpyp, (1)
Where,

lvp, B, 1S along rp/4

lvg, /By 1s along rp/c
Solve Eq. (1) using the velocity polygon. Then,

lyp, =118 in/s

lyg,/3=113 in/s

Acceleration Analysis

Consider the points at location B.
lag, =\apy/ 4 ='ap, 4 ' Ay 4
lap, =lapy/c; =g cy 1! “593/(3
Call the pin link 4. Then,
lag, =lap; +lapy ;= ag, +apg /s
or
Yapy oy H Ay oy 3y By T3y By ARy By = Ay 4y Ty 4 Ry B ARy E T ARy B (2)

Where,
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[, | =helrsd = 202(4.23) =1690 in /52 (opposite rz/c)

la, | =l ad s d = 400(4.23) =1690 in /2 (O to rsic)

3al, p, along rpc

b2

Velocity Scde
50 in/sec

1 C
aAB4/B 2 1t
aBg/Cg
Accedleration Scae
2000 in/s2 1af32 Ao

C
1aB4/B 3

2
pag, ) =228 =

a%y 5 =2 i X3vg s =|ag,, 5| = 2 as| Bve, sl =2(20)(113) =4520in / s2 (Oto raic)
lag,, | F1ed s d =302(2.58) =2320 in/ s2 (opposite rz/.4)

las,, | F1ad Qs 4l = 900(2.58) = 2320 in / 82 (Oto 1.4)
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ld, 4, along rp4

:|2v34/32|2 =0
00

P, 5
a5y, =2 My X2vpy 5 = |a%, 5] = A1 e BV, p] = 2(30)(118) = 7080 in /s2 (0 to m3.4)
Solve Eq. (2) using the acceleration polygon. Then,

lgp, =48901in/s2 in the direction shown.

Problem 3.40

For the mechanism shown, find @, a3, ag;, and the location of the center of curvature of the

path that point Bj traces on link 2.

12"

AC=9in Wy =50rad/s
AB=2in 0,=0Q

Velocity Analysis:

1VBz = 1VBz/Az = lVB3 +1VB2/B3 (1)
1VB3 :lVB3/C3

Now,
By /a2 =1 w2 X1By/ A2 = ['VBa/ Aol = [fezlss Al = 50 2 =100 in /sec (L to 13/A)
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s/ s =l w3 % 1/ = ['ves/cal = losbes /el (O to m/c)
lyg, /B3 tangent to the curve

Solve Eq. (1) graphically with a velocity polygon. From the polygon,

lvg; =60.78 in/ sec

or

1ol = [VB3/C3| _ 60.78 _
[feos] Mol - 8.286 7.335rad /sec CCW

Also,

lyg, /B3 =103.12 in/ sec

Acceleration Analysis:

lap, =lap, /A, =lap; +1aB,/B;

lag; =lag;/c;3

a ]r32 /A2 H a%z/Azzla ]r33/C3+1atB3/C3 +3a%2/B3+ 321%32/B3"' 2 M3 X3vBy/Bs (2)
Now,

Ly, a0, =100 X (o X 18y /42) = [l ] =l'e0al” Oty /4l = 50212 = 5000 in / sec?

: o . 1y
in the direction opposite to B2/ A2

laby /a, =102 X187 A = |lal, 0| = 2] By 20 =022 =0 in /sec? (O to m32/42)
lahy, oy= s X (s X 183/C3) = ['af, o] = ool s/l = 7.3352 [8.286 = 445.805 in / sec?

in the direction opposite to m/c

lab, ¢y = 03 X183/ =>|'a, o =l'osl ey /cd (O to mss /c3)

| 2
Paﬁz/BJ =]%L =% =886.145 in / sec? (in the direction of 13/p)
/Dl

3ag,/p, (Oto 1B/D)

2 [z x3vpy /By =2[7.3350003.12=1513 in /sec?
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Acceeration Polygon

D
; \ 1000 in/sec 2
lag,icy \ |
\
\
. \1
Vdocity Polygon \
100 in/sec \
bs
b2
b2
0

Solve Eq. (2) graphically with an acceleration polygon. From the polygon,
lag, c, =4880 in/ sec?
or

gt
[fos| = | h}f/ij&l = ggzi% =589 rad/ sec2 CW

Also, to find the 'ap;, add !af,, ¢, in the acceleration polygon to lag, /¢,

lap; =4900 in / sec?
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To find the center of the curvature of the path that B3 traces on link 2, we must find an

expression which involves that the radius of curvature of the path. This term is 2a"B3/B; and it
can be evaluated from the following:

lap,/B;= —aBs/B,
therefore,
lah, = ~'akyp,
and
ap) B~ Ay
Also,
3aly g, +2 M3 X lvpy By =—2af, g, —2 (2 X1vey/B, (3)
For our purpose, we should arrange Eq. (3) as
2aR, B, = _(33%2 /By + 2002 Xlvpy gy +2 (o3 % 1VB2/B3)
Now,
3a}y g, = 886in/sec? (from B to D)
2 3 x vpy/B; =2[7.3350003.12=1513 in/ sec? (from D to B)
2 o x1lvpsy/B, =2 [3003.12 =10310 in/ sec? (from D to B)

Let E be the location of the center of curvature of B3 on link 2. If we choose rp/g as the positive
direction,

1 2
2ang; B, =]Vf‘%|:”— = 886 -1513-10310)=10,937 in / sec?

Because 2anp;/B, points from B toward E, point E must lie on the same side of B as D does.
The magnitude of the distance is given by

_veysf _103.122 _ :
s/l = 10.937 ——10’937 =0.9721n

The location of E is shown on the drawing.
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Problem 3.41

For the mechanism shown, points C, B and D are collinear. Point B, moves in a curved slot on
link 3. For the position given, find @, a3, VB3-@B;3> VD3:ADy and the location of the center of

curvature of the path that point By traces on Link 2.

AB=AC=5m CD=7Tm CE=5.7Tm
w =2rad/s CCW a, =3rad/ s> CCW

Position Analysis:

Draw the linkage to scale. Start by locating the pivots A and C. Next draw link 2 and locate
point B. Next find point E and draw the arc at B. Also locate point D.

Velocity Analysis:

lve, =WB,/ A, =12 X1B/a = |vBy| =['w2ls/ Al =2[05)=10m / sec
lyg, =lvp; +1lvp,/B; =lvps +3VB2/B3 (1)
or
1VB3 :1VB2 +1VB3/B2 :lVBz +2VB3/B2 (2)
lvey =lvps/c; =los X 1B3/C3

lvps =lvpy/ s =las Xms/c3
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Now, to find lvg;, we can use either equ.l or equ.2. However, to see vps/B,, it is better to
begin with Eq..(1).

Accderation Polygon
10 m/sec2

['vBol = ['eolrs, /a5l =2 [5) =10m /sec  in the direction of rB/a
lvg; =lws xm/c (Oto ms/c)

lyg, /B3 is tangent to the curvature on point B
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Solve Eq. (1) graphically with a velocity polygon. The velocity directions can be gotten directly
from the polygon. The magnitudes are given by:

['ve,/B;| = 8.66m /sec.

Also,

1
['vy =5m/sec =[] =]&l =2 =1rad/ sec
13:%e

From the directions given in the position and velocity polygons

w3 =1rad /sec CCW
To compute the velocity of D3,
lvps =lvpy/cy =las Xmy/ 3 = 'vps| = eshs; /o3l =1 [7) = 7m / sec

Acceleration Analysis:

lag, =lag,/a, = 1u}32/A2 + la%Z/AZ
lag, =lap; +!ag,/B;
also
o,/ Ay = 1GB3/C3 +lap, /B3
Expanding the equation,
1ath/Az +1af32/A2 = 1af33/C3 +1a%33/C3 +3GB2/B3 +1G%2 /B3 +1a]C?>2/B3
Or
lag, A, 12k, 4, ='ah,/c; H1ak; 0, H3aBy/Bs +2 (3 X3vp, /B3 +1a, p, (2)
Now,
laly ) A=l X (lon X 13/4) = [la ) /o ,| = l'ooaf Tis/ Al =2.02 3=20 m/ sec?
in the direction of /A
lah, /a, =102 X1B/A = |1ath/A2| =|loo|Ois/al=3.0 3=15m/sec2(0 tors/a)
laly, o5= 103 X (13 x13/) = [lak, oy = Moo ke d =12 3=5m / sec?

in the direction opposite to m/c
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laly, /¢ =103 X 1/C = [laly, o) = ol Ois/cl (Ot 1/c)

1 5, =2 s X3vB,/B; =2[108.66=17.32 m /sec? (U to 13/c)

3 2
an = PvBuml _ 8.662 _ )
ap) /p; T 3 25m/sec’ fromBto E

3ap, /B in the direction of m/c

Solve Eq. (2) graphically with a acceleration polygon. From the polygon,

Iqt
Nl = I 11';3/C|3 =%=0.0426 rad / sec?
/C

From directions given in the polygon,

lo3 =0.0426 rad /sec2 CCW

The accelerations of D3 and B3 can be computed by image. The direction of the accelerations
are given in the polygon and the magnitudes of the accelerations are

lap; =8.00 m /sec?
lag; =5.71m/ sec?

To find the center of the curvature of the path that B3 traces on link 2, we must find an

expression which involves that the radius of curvature of the path. This term is a"B3/B2 and it
can be evaluated from the following:

13B2/B3: _13B3/B2
therefore,
12‘%32/B3: _latB3/B2
and
a %2 /B3~ —la %3/B2
Also,
3afy) /gy +2 0oz X vey/B; =—2al}; /5, —2 L0z X1vBy/B, 3)
For our purpose, we should arrange Eq. (3) as
2a,/p, = _(33%2 /B3 T2 vy By +2 Moz X 1VB2/B3)
Now,
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3al} g, =25m/sec? (from BtoE)
2 [t x3vB,/B; =208.66=17.32 m/sec? (from B to E)
2 [(to x1vps/B, =2 [2[8.66 =34.64 m /sec? (from E to B)

Let F be the location of the center of curvature of B3 on link 2. If we choose rp/g as the positive
direction,

1 2
2ang, /B, = J%— = ~(25+17.32-34.64)= 7.68 m /sec? (from E to B)

Because 2a"p3/B, points from F toward B, point E must lie on the opposite same side of B than
F. The magnitude of the distance is given by

_'veaBof _ 8.662 _
Il =™ = 5 g = 9-765m

The location of F is shown on the drawing.

Problem 3.42

If the mechanism shown is drawn full scale, find @4, O3, and the location of the center of
curvature of the path that point B; traces on Link 2. Assume that Link 2 is driven at constant
velocity.

Velocity Analysis:

1VB2 :1VB2/A2 =1 VB3 +1VB2/B3 (1)
1 =1
VB3 —'VB3/C3

Now,

VB, /A2 =1 W02 XT2/42 =>|1VB2 /Al =['w2ls/ Al =200 =200 in / sec ((to 1B,/A5)
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s/ o3 =l w3 X msy/c3 = VBs/csl = 'aslms /o3l (Oto 3/ c3)
lyg, /B3 linearly along the slot

Solve Eq. (1) graphically with a velocity polygon. From the polygon,

lyg; =123.66in/sec

or
1ol = [VB3/C3| _ 123,66 _
['coq] Imacl 38977 31.726 rad / sec CCW
Also,

lyg, /B3 =201.77in/ sec

Acceleration Analysis:

lap, =lap,/A, =lap; +laB,/B;

lap; =lap;/c;

afy, artahy g =1a kst aks ot aB /By +2 M3 X3vey/Bs (2)
Now,

laly A, =100 X (lan X 13/A) = [lafy) 4] = ool s/ al = 2002 [ = 40000 in / sec?
in the direction opposite to /A

lag, ja, =102 X183y /A7 = |1ath/A2| =|loto] Tiz/al=0 =0 in /sec?

laky, oi= s % (s X 183/C3) = ['afy oy = ol s/l = 31,7262 3.8977 =3923 in / sec?

. o . 1y
in the direction opposite to B3 /C3

13}33/C3 =laz x I'B3/C3 = |latB3/C3| = Ila3| |:li'B3/C3I (Lto mssy/C3)

3ap, /B; lies along the slot

- 155 -



r 1
V docity Polygon lagg/cg "'%O

‘ 100 in/sec ‘ Accderation Polygon

10000 in/sec?

2

r
lab,ia,

t
1aB3/C3

3ap,/B,

2 3 x3vp,/B; =2[31.726[201.77 =12803 in / sec? (I toslot)
Solve Eq. (2) graphically with an acceleration polygon. From the polygon,

lag, c, =45706 in/ sec?

or

Iat
['os| = ||1BB3//CCi| = ; %ggg =11726rad / sec2 CW
3/C3 :
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To find the center of the curvature of the path that B3 traces on link 2, we must find an

expression which involves that the radius of curvature of the path. This term is 2a"B3/B; and it
can be evaluated from the following:

13B2/B3: _13B3/B2
therefore,
13%2/]33: _latB3/B2
and
a %2 /B3~ —la %3/B2
Also,
3af, /g, +2 s X v, /By =—2afy, g, —2 (w2 X!vey/B, 3)
For our purpose, we should arrange Eq. (3) as
2aj,p, = ‘(33%2 /B3 T2 xlvpy B, +2 Moz X 1VB2/B3)

Now,

2
=Lveoml” _ 0 m /sec?
o0

33%2 /B3
2 w3 x3vp,/B; =2[31.726[201.77 =12803 in /sec? (O toslot and generally upward)
2 [Mtuy %3vRs/B, =2 [2000201.77 =80708 in / sec? ([ toslot and generally upward)

Let E be the location of the center of curvature of B3 on link 2. If we choose "gnerally upward"
as the positive direction,

1 2
2anp; /B, = %— = —(0+12803+80708) = ~93511in / sec?

Because 2anps/B, points from B toward E, point E must lie in the "generally downward"
(opposite "generally upward") direction from B in a direction perpendicular to the slot. The
magnitude of the distance is given by

_veysf _ 201772 _ :
s/ El = 0le = 0351 = 0-435in

The location of E is shown on the drawing.
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Problem 3.43

If 0, = 20 rad/s (constant), find Wy, O3, and the center of curvature of the path that C; traces on
Link 2.

CD =0.6" Center of Curvature
AD =4.0" of Slot —

R=1.35" B
AB = 3.22" Y

Position Analysis

Locate the pivots A and D. Then draw link 2 and locate C. Next locate B and draw the circle
arc through C.

Velocity Analysis:

ey =vey/ps =lves +ivey/cs (1)
ey =lves/as
Now,
ey /Dp =l X 10 /Dy =1'es/ Dol =l fic, /0ol =20 0.6 = 12in /sec (O to ey /)
ey /as =los xress a3 = 1ves/asl =l wd lies/ asl (O tores/a3)
lvc, /3 along the slot
Solve Eq. (1) graphically with a velocity polygon. From the polygon,
lyc; =9.37in/sec

or

1
['ex| = IIZCCXATI = 399;:;’34 =2.391rad/sec CCW
3/A3 .

Also,
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lvc,/c3 =15.661n /sec

Acceleration Analysis:

lac, =lacy/p, =lacs +lacy/cs
lac; =lacy/as
t — t t 3
lal) pytak, b, =1ad;) a; H1adya; 388, 05 a0, 05 +2 003 X3veyics (2)
Now,
— 2 — — ;
laf, p,=lan % (lan X1cy/Dp) :>|larC2/D2| =|looal” ko /Dol =202 [0.6 =240 in / sec?
in the direction of rc,/p,
lal, p, =102 X103/ Dy = |1atCz /D2| = ol (tc, /Dol = 000.6 =0in / sec?
— 2 — — ;
laf 0 5= 1003 X (T3 XT3/ A3) = ['a sy 4| =104 Okes/ asl = 2.3912 [3.9194 = 22.407 in/ sec?
in the direction of rc3/as

lal, ay =103 X 103/ A3 = [tk oy = ad i asl (O'to res/as)

2
1
ParCNCJ :I vey/cif =15.062 131 656 in/sec? in the direction of IC3/B3
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Veocity Scae

10 in/sec

C3

r
lat, D2

G

Accderation Scae

100 in/sec 2

r
3a-Cz/Cg

1 t
an/Ag

t
3a-C?_/Cg

2 0 x3ve, /03 =2 [2.39105.66 = 74.886 in / sec?

Solve Eq. (2) graphically with an acceleration velocity polygon. From the polygon,

laf, /5, =380.49in /sec?
or

Iqt
lo) = ladasal - 38040 97.079 rad/ sec2 CW
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To find the center of the curvature of the path that C3 traces on link 2, we must find an

2_n
. o . . . “a -
expression which involves that the radius of curvature of the path. This term is “~©3/C2 and it
can be evaluated from the following:

121C3/C2 =_13C2 /C3
therefore,
latC3/C2 :_latC2 /C3
and
'ag 0, =—1ad, e
Also,
zaré3/C2 +2 [t xlves /oy :“33%2/@ =203 Xlvey /oy 3)
For our purpose, we should arrange eq.3 as
2arés/Cz = _(33?32/C3 +2 03 xlvey /oy +2 0tz ><1VC3/C2)
Now,

| 2
_Iveral” _15.662 =181.6561in / sec?

3aléz/C3
2 3 x3ve, /03 =2[2.391015.66 = 74.886 in / sec?

2 M X2vey/c, =2 2005.66 = 626.4 in / sec?

If we choose BC as positive direction,

1 2
2al, ¢, :M— = «(181.656 — 74.886 +626.4) = =733.17 in / sec2
C3/E3

So,

_Ivesol® _ 15662 _ 22
hesesl =533 17 = T733.17 - 0334in

Therefore, the center of the curvature of the path that B3 traces on link 2 is in opposite direction
of BC as shown in the sketch.
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G
Problem 3.44

If @y, = 10 rad/s (constant), find a;.

AC =10.5cm
BC =13.0cm

Position Analysis

Locate points A and C. Then draw the line AB. Next locate point B at a distance of 13 cm from
point C.

Velocity Analysis:

lvg; =lv, + vBy /B, (1)

Now,
lvg, =la xm/a = |'vey| =['wal Tt/ Al =10 [3.4088 = 54.088 cm /sec ((to 18/A)

vy =las xm/c = sl =['w4lOis/d (Oto 18/¢)
lve;/B, in the direction of 1B/A

Solve Eq. (1) graphically with a velocity polygon. From the polygon,

lyp; =86.581 cm /sec
or

I
['oos| = LV%;[ :%281 =6.66 rad / sec
B

From the directions given in the position and velocity polygons
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w3 =6.66 rad/ sec CW

Also,

lypy/B, =67.532 cm/sec

Acceleration Analysis:

lap; =lag, +!aB;/B,
t — t

13{33/C3+1 aB3/C3_1 ai%z /A2 + aB) /A, +2 aB3/B2 +2 [b)z X! VB3/B2
Now,

laky, .= o3 x (Yo x1/C) = [1ak, cy] = Mol s/ d = 6.662 (13 = 576.623 cm / sec?
in the direction of rs/C

lafy, =t o3 x13/c = |laf,, o =I'asl O/ d (O toms/c)

lafy) o, =l X (lan X 18/A) = [laly /a,] = lloaf” s/ Al =102 [3.4088 = 540.88 cm /sec?
in the direction of 1B/

lafy x, = 02 X1B/A = [lak, a0 ,| =Mool lis/al= 0

lag, g, =2 Mz X! vpy/B, =2 00[67.532 =1351 cm /sec? (L to m3/a)
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b3

Vdocity Polygon
10 cm/sec
s

lat
Acceleration Polygon B3/C3 28g,/B,

200 cm/sec?

2ag, p, in the direction of ms/a

Solve Eq. (2) graphically with a acceleration polygon. From the polygon,

gt
[los| = Iﬁ :% =110.785 rad / sec?

From directions given in the polygon,

la3 =110.785 rad/ sec2 CW
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Problem 3.45

For the linkage shown, @, = 10 rad/s CCW and a, = 100 rad/s> CCW. Determine &, and a;.

(A)zy a2
AB=18"
AC=10"

BD =DC=2.0"

TLD

Position Analysis

Draw the mechanism to scale. First locate the relative position of points A and B. Next locate
point C. Locate point D at the intersection of two circle arcs: one centered at C and with a 2"
radius, the other centered at point B with a 2" radius. Next draw a circle arc through C and
centered at D and of radius 2"

Velocity Analysis:
e, =l vey 4 =l vg Hveycs (1)
va = va3 / By

Now,

Weoyia = W X roy 4 = IIVCZ/AZI =l ['}Cz/Azl =100=10in/s(Jto ry/4)
Wy 8y =163 X 1oy = ey | =l ed ke m| (O to reym)
e,/ along the path of slot

Solve Eq. (1) graphically with a velocity polygon. From the polygon,

yey =8.8171n /s

Also,
wap =2.9171n /s

or

_|wvevs| _ 2917 _
[te] = sl 10594 =2.753rad /s CW
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A Vdocity Polygon
10in/s

Co
S
1ar 1at
Ca/B3 CalAz
o
acacs Acceleration Pol 3a)
eration Polygon ac,/cs
50in/s2 s
Accelration Analysis:
lasz 1aCz/Az = 1aC3 + 1aCz 1C3
lac, =lacy/ B,
1arC‘z/Az +1a[C2/A2 = 1“63/83 + 1a[(/’_>,/B3 +3a€’2/C3 +3a62 /C3 +21a % vaZ/Q (2)

Now,

1%y =100 X (16h X 10y 1) :>|1¢lr02/A2| =l ef’ Oz 4] =1020=100in/ &2
in the direction opposite to rc, /4

by 1 =100 X105/ 4 = 'aly) 4] =110 Qero) =100 D =100 in /52 (O t0 #or45)

1%y 5=16 % (163 X 1es/ ) = 1@l ] =16’ Qieym =2.7532 01,0594 =8.029 in /52
in the direction opposite rc;/s;

Wby 5 =100 X 1oy = | aly 5] =l ey s (O to ry s)
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=38.87 in/ s2 in the direction of -rc;/p;

1ol _ 88172
|3aC2/C3|_ I =

i 2
3agy ¢ (Uto rosins)
21a3 Xlyey g =212.7538.817=48.546 in/s2 in the direction of -rc3/Ds

Solve Eq. (2) graphically with an acceleration polygon. From the polygon,

ltfc3/33 =1641in/s2
or

_latys| _ 164 _
[iard = Feus] 1059 =154.8 rad/s2 CCW

ey
Problem 3.46

If @, = 10 rad/s CW (constant), find

a) @

b) The center of curvature of the path that B, traces on link 3 (show on drawing).

c) The center of curvature of the path that B traces on link 2 (show on drawing).

Position Analysis

Draw the linkage to scale. Start by locating points B and C relative to A. The line BC gives the
direction of travel of B relative to link 3.
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0 Vdocity Polygon
10 in/sec

Velocity Analysis:

lvg, =lvps +1vB,/B; (1)
Now,

lvg, =lun xme/a (Oto 18/A) = |'ve,| Flanl Ots/al =102 =20 in/ sec

lvg; =los xms/c (Oto ms/c)

lvg, /B3 in the direction of m/c

Solve Eq. (1) graphically with a velocity polygon. From the polygon,

lygy =7.647 in/sec
or

1
['oos) = Jllﬁl :% =2.748 rad/ sec

From the directions given in the position and velocity polygons
I3 =2.748 rad / sec CCW

Also,

lyg, /B3 =18.48 in/ sec

Also, the center of curvature (Point G) of the path that B, traces on link 3 is at infinity and is
perpendicular to ms/c.
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To find the center of the curvature (Point E) of the path that B3 traces on link 2, we must find an

expression which involves that the radius of curvature of the path. This term is a"B3/B2 and it
can be evaluated from the following:

laBz /B3 :_13B3/B2
therefore,

1ilth /B3 =_latB3/B2
and

lanBz /B3 =1 a'p; /By
Also,

3ang, /B3 +2 las x1lvp,/B; =—2anpy/B, —2 lun X lvps/B, (2)

Because the center of the curvature of the path that B, traces on link 3 is at infinity, the first term
of the left hand side of Eq (2) is 0. Therefore,

Zangs/B; = —2 w3 X! v, /B3 — 2 Mux X! ves /B, (3)

Now, If we choose BG as the positive direction,
1 2
Zanpy /By = %— =—101.566 +369.6) = —471.166 in / sec?
/E

So,

_ vyl _ 18482 _ :
IosEl = o T66 = T4 166 - 0 7241n

Therefore, the center of the curvature of the path that B; traces on link 2 is in the opposite
direction of BG as shown in the sketch.
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