
Introduction to Mechanics for Engineers � Ruina & Pratap Ch 18 Section 18.4

18.4.1 Slider crank kinemat-
ics (No FBD required!). 2-D . Assume

R;l; �; ��; �� are given. The crank mecha-
nismpartsmove on thexy planewith the
x direction being along the piston. Vec-
tors should be expressed in terms of �{; �|;

and �k components.

a) What is the angular velocity of the
crank OA?

b) What is the angular acceleration
of the crank OA?

c) What is the velocity of point A?

d) What is the acceleration of point
A?

e) What is the angular velocity of
the connecting rod AB? [Geome-

try fact: Çr
AB

=
ù
l2 * R2 sin

2
� �{ *

R sin � �|]

f) For what values of � is the angu-
lar velocity of the connecting rod

AB equal to zero (assume �� � 0)?
(you need not answer part (e) cor-
rectly to answer this question cor-
rectly.)
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Problem 18.1

Answer:

(a) Ç!
OA

= �� �k.

(b) Ç�
OA

= �� �k.

(c) Çv
A
= *R �� sin ��{ + R �� cos � �|.

(d) Ça
A

= *.R ��2 cos � + R �� sin �/�{ +

.R �� cos � * R ��2 sin �/ �|.

(e) Ç!
AB

=
*R �� cos �t
l2*R2 sin

2
�

.

(f) � = .2n + 1/
�

2
, n = 0;,1;,2;§.

Disclaimer:We have lost track of the many people who wrote these solutions.

They are not o�cial and have not been reviewed by the authors for correctness.
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17.4.1
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18.4.4 The two rods AB and DE, con-
nected together through a collar C, ro-
tate in the vertical plane. The collar C is
pinned to the rod AB but is free to slide
on the frictionless rod DE. At the instant
shown, rod AB is rotating clockwise with
angular speed ! = 3 rad_s and angular
acceleration � = 2 rad_s2. Find the an-
gular velocity of rod DE.

0.5 m

45o

A E

B
D C

ω,α

Problem 18.4

Answer:
Ç!
DE

= *
!

2

�k = *1:5 rad_s �k

Disclaimer:We have lost track of the many people who wrote these solutions.
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17.4.4
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18.4.5 Reconsider problem 18.4.4. The
two rods AB and DE, connected together
through a collar C, rotate in the vertical
plane. The collar C is pinned to the rod
AB but is free to slide on the frictionless
rod DE. At the instant shown, rod AB
is rotating clockwise with angular speed
! = 3 rad_s and angular acceleration
� = 2 rad_s2. Find the angular acceler-
ation of rod DE.

0.5 m

45o

A E

B
D C

ω,α

Problem 18.5

Answer:
Ç�
DE

= 3:5 rad_s2 �k

Disclaimer:We have lost track of the many people who wrote these solutions.

They are not o�cial and have not been reviewed by the authors for correctness.
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18.4.7 A bar of length l = 5 f t, bodyD,
connects sliders A and B on an L-shaped
frame, body L, which itself is rotating at
constant speed about an axle perpendic-
ular to the plane of the �gure through
the point O and relative to a �xed frame
F, Ç!

L_F = 0:5 rad_sk . At the instant

shown, body L is aligned with the x * y
axes, slider A is x

A
= 4 f t from point

O, slider B is y
B

= 3 f t from O. The
speed and acceleration of slider B relative
to the frame L are Çv

B_L = *2 f t_s �| and
Ça
B_L = *2 f t_s2 �|, respectively.

Determine:

a) The absolute velocity of the slider

A, Çv
A_F , and

b) The absolute angular velocity of
bar AB, bodyD, Ç!

D_F .

x

y

A

B

O

�

L

D

⇀
ωL/F

xA

yB

Problem 18.7

Disclaimer:We have lost track of the many people who wrote these solutions.
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18.4.8 The link AB is supported by a
wheel at D and its end A is constrained
so that it only has horizontal velocity. No
slipping occurs between the wheel and
the link. Thewheel has an angular veloc-
ity ! and radius r. The distance OA = l.

Given: !, r, and l. .� = sin
*1 r

l
/.

Determine the angular velocity of the

link AB and velocity of the point A.

r

D
B

A

O

�

β
ω

Problem 18.8

Disclaimer:We have lost track of the many people who wrote these solutions.
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18.4.10 The slotted link CB is driven
in an oscillatory motion by the link ED
which rotates about D with constant an-
gular velocity �� = !

D
. The pin P is at-

tached to ED at �xed radius d and en-
gages the slot on CB as shown. Find the

angular velocity and acceleration �� and
�� of CB when � = �_2.

BE
P

C D

d
θ

φ

�

Problem 18.10

Disclaimer:We have lost track of the many people who wrote these solutions.
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17.4.10
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Hw 13 P70 18.4.10 Teaya Yang 1444497

Given : link ED rotates at 0=WD

P is attached to ED with radius d

P slides along BC

Find : a) 0/(0--11) of CB

b) 0%(0--51) of CB

Define one reference frame for each object :

① F is the fixed frame

② A is the body frame for link CB (unit vectors ER
,
éo )

③ Q is the body frame for link DE ( unit vectors ér
. éo )

ér
re
,

A
Q

q
4-

ER
E. ←

R d

5
,

to

e

I
- - - -

i
ieo

R ér "

O
7

T.IE
. -

ÉR

'

e j F
'

'

,
éo

↳
e-

a) Finding it (0--55)

Jp,F=TP1F ☒ Using velocity of pin P as constraint

¥
"

@pic ) = d¥F@p/☐ + risk)
This Pi is the

key for part b) ÑPIA + ÑAIF ✗ Pple = ¥É°tÑQ,= ✗ Rpg, +

Lpiép Lik LRe^R Lik Later

✓
{ pier -1 # Réo = O' déo }

{ ) -

éo : ER = cédléo • Ex)

To solve ix. need to first find R and éo . éo :

↳ BUT the general case for these are not so pretty so let's only consider what R and Eo • Ex

would be for the orientation at o=¥ :

(next page )

Disclaimer:We have lost track of the many people who wrote these solutions.

They are not o�cial and have not been reviewed by the authors for correctness.
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Finding RIO = ) : Finding éo - éo at O=¥ :

P
R R = Jdzte

' éÉÉ"
d

,

d t
> ER

£0 • ÉO = Sin =

jdzez
C l

T
D to C

d

plugging in : i td4é = Wad
jdzez

w☐ d-
☒ (0--12) =

date
'

b) Finding É(o=¥)

Ñp,= = Ñp,= * using acceleration of
pin P as constraint

.

using 5 - term acceleration formula :

a¥i°tap/A + ÉAa= ✗ Tpa - WAI rpTc + 2ÑA,= ✗ VIA

= ?aÉtñp% + JAG ✗ Fpa, - WAI Tpa, + 2Ñaa= ✗ vpÉ
LÉÉ since É = Wo = const .

ÑPIA + ÉAIF ✗ Ñpc - WAIÉ risk + 2Ñt,= ✗ VITA = - WOYÉ Tripp

(KER ) + (0%12) ✗ ( Reta) - i
-

( RER) + Kik) ✗ (pier ) = - Wilder)

{
'

Pier + ix. Réo - ix. REI + zixréo = - wider}

{ } • to : OYR + zip = - wid@r - éo )

Now to solve for ix. we need R , É
,

É (answer to a) ) ,
and Er . Ex

Recall at 0=-5 :

d eig.frSino =
je→ sing = l

l t
l coso = o

Er • É = cos =

jezd-
> ER

65¢ =
jeztdz éo (

Wis da
R = jÑ 0%(0--12) =

date
-

We are left with É
,
which needs a bit of work to get :

R RLaw of sines : sin =

since -0)
=

since

R d

R = d
since

10 I
. . .

sino (general expression for R at any 0.0 )
e

Deferentiate to find Pi :

pi = d
0ÉÑ°- 010050

=
-

diocese
= -dj ⇐ jeatdz) ⇒ pi = -

°☐dl

sin 201 Sin -0 Jdz-112

0%12 t zig pi = - wid@r - éo )

d-0% Rt 2(w☐z)( - Waff) = -wind

0% = 2W ,}
d
,¥ - WI¥

= Wpa ( 2d
't - ldpi

) =w; ( 2d
>
e- dd(d4eZ)) = w☐2 (

d1 - id

R" 124 Ra )

a decd:o)ix. (0=-5)= WD
(e4d72

Recall that we simplified many
terms in this problem by only considering the case where D= ¥

.

The

general case solution would be much more complicated .

Disclaimer:We have lost track of the many people who wrote these solutions.
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18.4.11 The rod of radius r = 50mm
shown has a constant angular velocity of
! = 30 rad_s counterclockwise. Know-
ing that rod AD is 250mm long and dis-
tance d = 150mm, determine the accel-
eration of collar D when � = 90ý.

d
A

r

DB C

θ
ω

Problem 18.11

Disclaimer:We have lost track of the many people who wrote these solutions.
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