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0.1 Problem 1

The system shown consists of a wheel of radius R = 5 in. rolling on a horizontal surface. A bar
AB of length R =33 in. is pin—connected to the center of the wheel and to a slider .4 thatis
constrained to move along a vertical guide. PoinC is the bar's midpoint. If the wheel rolls
without slip with a constant counterclockwise angular velocity of 15 rad’s, determine the

velocity of the slider4 when & = 48°,

iy
3

Since the wheel rolls without slip with angular velocity wy;s = 15 rad/sec and its radius is
r=- ft, then the center of the wheel moves to the left (since disk is rolling with counter
clock wise) with velocity

Vp = rwgisk
5
- ()0
= 6.25 ft/sec
In vector format
Vg = —6.250 + 0f
For the point A
Vai=Vg+ @ XTap
= (=6.251 + 0f) + w 45k x (~L cos 07 + Lsin 67)
= —6.251 — w 4L cos O] — w 4L sin OF
=17(-6.25 - wypLsin 0) + j(-w 4L cos O) (1)
1
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Since point A can only move in vertical direction, then its 7 component above must be
zero. Therefore
-6.25 - (UABL sinf@ =0
-6.25
@ =
4B~ Lsin@

= -3.058 rad/sec.

625
(%) sinfe8(555)

Now from (1) we find \7A since now we know w4p

Numerically wyp =

‘7A = f(—a)ABL COS 6)

[ 625
](LSiHGLCOSQ)

[ 6.25
J tan @
Since 6 = 48° then the above becomes
N 6.25

-
"7 tan (48 (L))

= 5.627525
= 5.628; ft/sec

0.2 Problem 2

hat J

For the slider—crank mechanism shown, let R =2.3 in., L =5.3 in., and H = 1.5 in. Also, at
the instant shown, let@ = 26° and @ yp = 4.890 rpm.

Determine the velocity of the piston at the instant shown.

The first step is to find the vector velocities of point B and C and then resolve them along
the x, y directions as follows



Lwep
Lwe g sin ¢

Rcosf = Lsin¢

wWeB

weB

Rwcost
A

Rwsin) €--4£—-—— -1 - —__

w

step 1: Find the vector velocites
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step 2: Resolve along x and y directions

Now we look at point C. We see that its x component of the velocity is
Ve, = Lwcg cos ¢ — Rwsin 0

This is just read from the diagram. In other words, the x component of the velocity of B is
added. Since C can only move in the vertical direction, then Vc, = 0. We use this to solve

for wcp
Rwsin 0
wep = ———
B~ "Lcos ¢

Everything on the right above is known. We find ¢ using R cos 6 = Lsin ¢, hence

Rcos 6
¢ = arcsin( s )

(1)

(2.3) cos (26—
= arcsin[ ( 180)
5.3
=22.957°
And w = 4890 (%) = 512.0796 rad/sec. Hence from (1)

(2.3) (512.0796) sin (26 )
w =
@ T 53y cos (22957 ()
= 105.7955 rad/sec

In vector form
@cp = 105.7955k
From the diagram, we see that the vertical component of the velocity of point C is
Ve, = Lwcpsing + Rw cos 0
T

= o)) +(2.3) (512.0796) cos (26i)

= (5.3) (105.7955) sin (22.957
63)( )Sm( ( 180

=1277.286 in/sec
=106.441 ft/sec



In vector form

Ve =106.4417

0.3 Problem 3

At the instant shown, an overhead garage door is being shut with point B moving to the left
within the horizontal part of the door guide at a speed of 6 ft/s, while point is moving
vertically downward. Determine the angular velocity of the door and the velocity of the
counterweightC at this instantif L =6 ft and 4 = 1.8 ft.

=
]
-

floor

;;AB = I:li} rad/s

The first step is to find the vector velocities of point A and B and then resolve them along
the x,y directions as follows

vB = 6
B
. L
\X
AT

\

\

Lw

step 1: Draw the velocity vectors X
step 2: resolve the velocity vectors
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Point A will have velocity in x direction of

VA,x =Lwsin O - VBx

But sin0 = % =18 0.3, hence 6 = arcsin (0.3) = 17.458°. Since A can only move in vertical

direction, then the above is zero. We use this to find w

Lwsin@ - Vg, =0

W= VBx
Lsin 6
~ 6
 6sin (17.458 ()

3.333 rad/sec



In vector format @ = 3.333k rad/sec. Hence the velocity of A in vertical direction is

Vay =-LwcosO

6(3.333) cos 17 458( K )
— . COS R —_—
180

= -19.076 83 ft/sec
In vector format

V4 = -19.077

This is the same velocity as weight C but C will be going up. Hence
Ve =19.077}

0.4 Problem 4

The system shown consists of a wheel of radius R = 1.58 m rolling without slip on a
horizontal surface. A bar.4B, of length L = 3.43 m is pin—connected to the center of the
wheel and to a slider.4, constrained to move along a vertical guide. Point C is the bar's
midpoint.

If the wheel is rolling clockwise with a constant angular speed of 2.1 rad’s, determine the
angular acceleration of the bar when? = 69°.

=== rad

g I -

s

-
74

The first step is to find the acceleration vectors of point A and B and then resolve them
along the x,y directions as follows



\
Laapsinf oA Lw? 5 cosf

Lw? ;sin6

i

Laapcost

step 2: Resolve the acceleration vectors

step 1: Find the acceleration vectors
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step 2: Resolve along x and y directions

To find w,p we need to resolve velocity vectors and set the x component of the velocity of
A to zero to solve for w . If we do that as before, we get

VBx - LC()AB sind =0 (1)
The above is just the x component of V4. We know Vg which is velocity of center of wheel.
It is
VB, = Rwyjsk
=1.58(2.1)
= 3.318 m/s
And to the right. Hence VB = 3.3187. Now we use (1) to solve for w5
Vs 3.318
WAB = ; = . G
Lsin®  (3.43)sin (69@)
=1.0362 rad/sec

Hence @5 = 1.0362k. Now we have all the information to solve for a 45. The x component
of @, is zero, since A does not move in x direction. Hence from the figure, we see that

Law3pcos 0 — Lapsin 6 = 0

There is no acceleration to transfer from point B since B is not accelerating. Solving the
above for a 45 gives

Law?3g cos O

Lsin@

2
_ Wap

~ tan®

_1.03622
=

tan (69@)
= 0.41216 rad/sec?

asp =

In vector format @45 = 0.41216k. Hence the vertical component of the acceleration @, is



(from the diagram)

aAy

In vector format

0.5 Problem 5

—Lw%psin 0 — La s cos 0

2\ o T
—(3.43) (1.03622) sin (69@
~3.945 m/s’
E)A =0i—-

) —(3.43) (0.41216) cos (

3.9457

69—
180

A flood gate is controlled via the hydraulic cylinder .4 B. If the length of the cylinder is

increased with a constant time rate o2.4 ft/s, determine the angular acceleration of the gate

wheng =0° Let/{=10.01t, # =2.21t, and d =4.7 ft.

()

rad/s

dpc = 7.507k

2
rad/sec

Need to type the solution. This uses constraints method.

0.6 Problem 6

f

IA\

V
)

)

For the slider—crank mechanism shown above, let R =2.1in.. L =5.8 in., and H = 1.3 in.

Assuming thate yp = 5,030 rpm and is constant, determine the angular acceleration of the



connecting rod.B C, and the acceleration of point C at the instant when & =289,

-

— 2

}

e 3

—> £

We need to first find wpc. This follows similar approach to problem 2. The first step is to
find the vector velocities of point B and C and then resolve them along the x, y directions

as follows

LwCB .
Lwepsing

Rcosf = Lsin¢

weB

weB

Rwcos 6
A

Rwsin) €--/£—-—— -1 - —__

w

step 1: Find the vector velocites
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step 2: Resolve along = and y directions

Now we look at point C. We see that its x component of the velocity is
Ve, = Lwcg cos ¢ — Rwsin 0

This is just read from the diagram. In other words, the x component of the velocity of B is
added. Since C can only move in the vertical direction, then Vc, = 0. We use this to solve

for wcp
Rwsin 0
1)

“CB = T cos ¢
Everything on the right above is known. We find ¢ using R cos 6 = Lsin ¢, hence
R cos 6)

¢ = arcsin(
Tt
(2.1) cos (28@)
5.8

= arcsin

= 0.3254 radians
=18.6441°



And w = 5030 (i—g) = 526.740 4 rad/sec. Hence from (1)

(2.1) (526.740 4) sin (28-55)
e (5.8) cos (0.3254)

= 94.495 rad/sec

In vector form
Wep = 94.495k

Now we draw the acceleration vectors and resolve them

Loc
,,,ﬁ,,,,C,B ,,,,,,,, Lacpsin ¢

Rcosf = Lsin¢ 6\ Lw? !

Lagpcos¢ Lw} g sing
weB, ACB

Lwipcoso

Radisk cos

W, Qdisk

step 1: Find the acceleration vectors

|

|

|
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Rw*sin 6

step 2: Resolve along x and y directions

The x component of the acceleration of point C is zero. Hence from the diagram
Lacg cos ¢ + Lw?g sin ¢ — Ragg sin 0 — Rw? cos 6 = 0
Solving for acg

Rag sin 0 + Rw? cos 0 — Lw?g sin ¢
Lcos¢

Since a4 = 0 since we are told w is constant, then the above simplifies to

acp =

Rw? cos O — Lwgg sin ¢
Lcos¢

cB =
Using numerical values gives

(2.1) (526.740 4)2 cos (28%) —(5.8) (94. 494 71)2 sin (0.3254)
(5.8) cos (0.3254)

acp =

= 90598.94 rad/sec”
In vector form
dcp = —90598.94k
The acceleration of point C is only in vertical direction. From diagram

acy = Lacpsing - La)%B cos ¢ — Rw?sin 0
— (5.8) (90598.95) sin (0.325 4) — (5.8) (94.495)? cos (0.3254) — (2.1) (526.740 4)° sin (28%)

— _154624.9 in/sec’
— —12885.41 ft/sec?



Hence in vector form

i = —12885.37] ft/sec’
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