Eighth Edition

npren  VECTOR MECHANICS FOR ENGINEERS:

1 1 DYNAMICS

Ferdinand P. Beer
E. Russell Johnston, Jr.

Kinematics of Particles

Lecture Notes:
J. Walt Oler
Texas Tech University

=45




Contents

= Vector Mechanics for Engineers: Dynamics

Introduction

Rectilinear Motion: Position, Velocity
& Acceleration

Determination of the Motion of a
Particle

Sample Problem 11.2
Sample Problem 11.3

Uniform Rectilinear-Motion

¥ Uniformly Accelerated Rectilinear-
=1 Motion
1<) I ——

s Motion of Several Particles: Relative

Motion

Sample Problem 11.4
Motion of Several Particles: Dependent

Motion

Sample Problem 11.5

Graphical Solution of Rectilinear-Motion
Problems

Other Graphical Methods

Curvilinear Motion: Position, Velocity &
Acceleration

Derivatives of Vector Functions

Rectangular Components of Velocity and
Acceleration

Motion Relative to a Frame in Translation

Tangential and Normal Components

Radial and Transverse Components
Sample Problem 11.10
Sample Problem 11.12




- Vector Mechanics for Engineers: Dynamics

Introduction

e Dynamics includes:

- Kinematics: study of the geometry of motion. Kinematics is used to relate
displacement, velocity, acceleration, and time without reference to the cause of
motion.

- Kinetics: study of the relations existing between the forces acting on a body,
the mass of the body, and the motion of the body. Kinetics is used to predict
the motion caused by given forces or to determine the forces required to
produce a given motion.

* Rectilinear motion: position, velocity, and acceleration of a particle as it moves
along a straight line.

e Curvilinear motion: position, velocity, and acceleration of a particle as it moves
along a curved line in two or three dimensions.




= Vector Mechanics for Engineers: Dynamics
Rectilinear Motion: Position, Velocity & Acceleration

92 ‘1;* .  Particle moving along a straight line is said to
L LA L LI L ":i: . v )
] - be 1n rectilinear motion.
1 m . : o ,
PP O  Position coordinate of a particle 1s defined by
B L S B L L L L positive or negative distance of particle from a
L?—I fixed origin on the line.
xlm) e The motion of a particle is known if the position

coordinate for particle is known for every value
of time . Motion of the particle may be
expressed in the form of a function, e.g.,

x=6t2 —t3

or in the form of a graph x vs. t.
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Rectilinear Motion: Position, Velocity & Acceleration

P P’
i x ,i a s ri e Consider particle which occupies position P at
e o o - time t and P’ at 1+ At
(t) (t+ At) x
, Ax
P v>0 Average velocity = —
i - At
o g , . Ax
Instantaneous velocity =V = lim —
v <0 | Ar—0 At
l £ ”  Instantaneous velocity may be positive or
o negative. Magnitude of velocity is referred to
%\ o (m/s) as particle speed.
N  From the definition of a derivative,
] . Ax dx
< = v=11mA :d
] s At—0 AT 5
>
N e.g., X= 6t> — 3
dx
v=""=12r -3¢

dt
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Rectilinear Motion: Position, Velocity & Acceleration

P v P v+ e Consider particle with velocity v at time # and v’
! : . at 1+Ar,
) (t+A) = Av
Instantaneous acceleration = g = lim —

| At—0 At

L (¥
T T | .
- I * Instantaneous acceleration may be:
. P"| Pl . - positive: increasing positive velocity

or decreasing negative velocity

- negative: decreasing positive velocity

Al or increasing negative velocity.
. a(m/s?)
< * From the definition of a derivative,
| 2
. Av dv d
<] a= lim ~L=4_-4"7
] At—0 At dt g2
>l e.g. v=12r—3t
d
a=""=12-6t

dt




= Vector Mechanics for Engineers: Dynamics
Rectilinear Motion: Position, Velocity & Acceleration

x(m)

32 e Consider particle with motion given by

24 3

x=6t2 —t
16

e atr=0, x=0,v=0, a=12 m/s?

e atr=2s, x=16m,v=v,=12m/s, a=0

2
:

—
bo

e att=4s, x=x,. =32m,v=0, a=-12m/s?

e att=6s, x=0,v=-36m/s, a =24 m/s?
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Determination of the Motion of a Particle

e Recall, motion of a particle i1s known if position is known for all time t.

e Typically, conditions of motion are specified by the type of acceleration
experienced by the particle. Determination of velocity and position requires two
successive integrations.

e Three classes of motion may be defined for:
- acceleration given as a function of time, a = f(t)
- acceleration given as a function of position, a = {(x)

- acceleration given as a function of velocity, a = f(v)




Vector Mechanics for Engineers: Dynamics
Determination of the Motion of a Particle

e Acceleration given as a function of time, a = f(¥):

)

Yoam ) a=fOd av=[fOd 0w =] FO)
Vo 0 0

" )

e Acceleration given as a function of position, a = f(x):

vzgor dtzd—x azd—vor azvﬂzf(x)
dt % dt dx

M VAl [A
<
—_
e
~
=

vdv = f(x)dx jvdv = jf(x)dx %v(x)2 —%v% = )jcf(x)dx




Vector Mechanics for Engineers: Dynamics
Determination of the Motion of a Particle

» Acceleration given as a function of velocity, a = f(v):

v(t) t
b _ - v _ v _
AT R O R
W) dv
N
x(t) ()
v _ - _vdv _ [y
&= va—a—f(\/) dx = ) xjodx VIO o)
] o(1)
vdy
’ ‘ X(t)—XO = vj m

o




= Vector Mechanics for Engineers: Dynamics
Sample Problem 11.2

— o SOLUTION:
: F\"‘ * Integrate twice to find v(¢) and y(¢).
o ~a =—-9.81 m/s2
; o 5 B e Solve for t at which velocity equals zero
= (time for maximum elevation) and
- 0 evaluate corresponding altitude.
e Solve for t at which altitude equals zero
Ball tossed with 10 m/s vertical velocity (time for ground impact) and evaluate
5] from window 20 m above ground. corresponding velocity.

. Determlne

 velocity and elevation above ground at time
L,

 highest elevation reached by ball and
corresponding time, and

e time when ball will hit the ground and
corresponding velocity.
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Sample Problem 11.2

v(m/s) SOLUTION:
10 * Integrate twice to find v(7) and y(z).

& - g=-981m/s>
dt
v(t) 5
fdv=-[9.81dr  v(t)—vy=-9.81s

VO O
v(t):lOm—(9.81n;jt
] 5 S
<[ 4 _ —10-9811
dt

y(e) ¢
[dy=[(10-981t)dr  y(t)-yo=10r—19.81¢

Yo 0

t(s) y(t)= 20m+(10m)t—(4.905 n;]tz
S S

11-12



= Vector Mechanics for Engineers: Dynamics
Sample Problem 11.2

v(m/s)

10

e Solve for ¢ at which velocity equals zero and evaluate
corresponding altitude.

v(t)=10m—(9.81n;jt=0
S S

00—

t=1.019s

-22.2

e Solve for ¢ at which altitude equals zero and evaluate
corresponding velocity.

y(t)=20m + (10 E)t —(4.905 “;jrz
S S

y=20m+ (10 E)(1.019 s)—(4.905 “;j(l.ow s)?
S S

. y=25.1m
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Sample Problem 11.2

y (m) " e Solve for ¢ at which altitude equals zero and evaluate
corresponding velocity.

y(t)=20m + (10 E)z —(4.905 “;jzz =0

25.1 o S :
- \ t =—1.243 s (meaningles s)
Position-time )
curve b t=3.28s
| e
| 1
0 1.019 328  t(s)

v(i)=102 | 9.81 2 |
S 32

S

S

v(3.285) =101 - (9.811121) (3.285)

y=-2221
S




= Vector Mechanics for Engineers: Dynamics
Sample Problem 11.3

Piston

SOLUTION:
a=—kv e Integrate a = dv/dt = -kv to find v(1).

e Integrate v(¢) = dx/dt to find x(1).

Oil

* Integrate a = v dv/dx = -kv to find v(x).

Brake mechanism used to reduce gun recoil
consists of piston attached to barrel moving
in fixed cylinder filled with oil. As barrel
recoils with 1nitial velocity v,, piston moves
and oil 1s forced through orifices in piston,
causing piston and cylinder to decelerate at
rate proportional to their velocity.

Determine v(¢), x(¢), and v(x).
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Sample Problem 11.3

Vector Mechanics for Engineers: Dynamics

SOLUTION:
Yo
* Integrate a = dv/dt = -kv to find v(z).
v(t) t
=P (Y w Yoy
dt oV 0 Vo
0
o t
v(t) = voe_kt
= * Integrate v(¢) = dx/dt to find x(1).
@ 20} V(t) = % = V()e_kt
< x(r) t | t
_ dx = vy [e ™ dt x(t)=v [——e_kt}
> (I) O(I) L& 0
>
Yo —kt |
x(7) = m (1 —e
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Sample Problem 11.3

Vector Mechanics for Engineers: Dynamics

* Integrate a = v dv/dx = -kv to find v(x).

dv = —k dx

Yo
a= v@ = —kv
dx
v—vy =—kx
O Do b
k
e Alternatively,
6] v
-~ with  x(f)=-Y |—e M

Vo
X\t )= —
then () k(

kt —kt

and v(t)zvoe_ or e =

X

’
jdvz—kjdx

Vo 0

v =vy—kx

vV =vy —kx




Vector Mechanics for Engineers: Dynamics
Uniform Rectilinear Motion

For particle in uniform rectilinear motion, the acceleration is zero and the
velocity 1s constant.

dx
di

=y = constant

X t
_[dxzvjdt
X 0

X—Xxg =Vt

X=Xy +vt
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Uniformly Accelerated Rectilinear Motion

For particle in uniformly accelerated rectilinear motion, the acceleration of the
particle 1s constant.

dv € y
— = g = constant _[dv:ajdt vV—vy = at

t VO 0
V=yytat

dx t t 1.2
— =y +at Idxzj(vo +at)dt X—Xxqg =vot +5at

E‘ dt X0 0 2

@ X=X +v0t+%at2

<

_ d v X

’E‘ v = g = constant [vdv=a[dx %(vz—v(%):a(x—xo)
B dx

Vo X0

y? :vg +2a(x—x)
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Motion of Several Particles: Relative Motion

e For particles moving along the same line, time

o) A B . .
o a o - should be recorded from the same starting instant
Xp ! Xg/A— and displacements should be measured from the
B ’ same origin in the same direction.

Xp/a = Xp — x4 = relative position of B with

respect to A
Xp = XA +xB/A

& . . .
_ vp/a =Vp —Vu = relative velocity of B with
@ B respect to A

< VB =VAtVB/aA

]

>l ag/a =ap —a, = relative acceleration of B

with respect to A

aB =aA +aB/A
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Sample Problem 11.4

§ SOLUTION:
vg =18 m/s e Substitute initial position and velocity
il and constant acceleration of ball into
4= 981 m/s? general equations for uniformly

accelerated rectilinear motion.

yo=12m  Substitute 1nitial position and constant
velocity of elevator into equation for
uniform rectilinear motion.

Ball thrown vertically from 12 m level in

e Write equation for relative position of

] elevator shaft with initial velocity of 18 _

= m/s. At same instant, open-platform ball with respect to elevator and solve

<l elevator passes 5 m level moving upward for zero relative position, 1.e., impact.

| at2m/s. L L .

’E‘ e Substitute impact time into equation for

Bl Determine (a) when and where ball hits position of elevator and relative velocity
elevator and (b) relative velocity of ball of ball with respect to elevator.

and elevator at contact.




SOLUTION:

s=18mss * Substitute initial position and velocity and constant
acceleration of ball into general equations for uniformly
accelerated rectilinear motion.

t=0
a = -9.81 m/s2

S 2

vg =vo+at = 18m—(9.81mjt
S

y(): 12m

yB = yO +V0t+%dt2 = 12m+(18r;l)t—(4905 :I;jtZ

e Substitute initial position and constant velocity of
elevator into equation for uniform rectilinear motion.

m
VE :2—
S

YE = Yo +vEt=5m+(2E)t
S




= Vector Mechanics for Engineers: Dynamics

Sample Problem 11.4

* Write equation for relative position of ball with respect to
elevator and solve for zero relative position, 1.e., impact.

yp g = 12+181-4.905¢% )~ (5+21)= 0

t = —0.39s (meaningles s)
t =3.65s

-« Substitute impact time into equations for position of elevator and
relative velocity of ball with respect to elevator.

Ll ey

A

H yg =5+2(3.65)

!ﬁ\ yp =12.3m
,é‘ vp/p =(18-9.81t)-2

’ﬁ‘ =16 -9.81(3.65)

VB/E = —1981E
S




m

== Vector Mechanics for Engineers: Dynamics
Motion of Several Particles: Dependent Motion

e Position of a particle may depend on position of one or
more other particles.

e Position of block B depends on position of block A. Since
rope 1s of constant length, it follows that sum of lengths of
segments must be constant.

X4 +2xp = constant (one degree of freedom)

* Positions of three blocks are dependent.

A 2x 4 +2xp + x¢c = constant (two degrees of freedom)
@ e For linearly related positions, similar relations hold
< between velocities and accelerations.
= 2 PA BB L BC o or 2y, 42 ve =0
D dt dt dt
2 WA o BB Be o 0, v2ap +age =0
dt dt dt

11 -



= Vector Mechanics for Engineers: Dynamics

Sample Problem 11.5

Pulley D i1s attached to a collar which 1s
&) pulled down at 3 in./s. Att=0, collar A
& starts moving down from K with
s constant acceleration and zero initial
velocity. Knowing that velocity of
collar A 1s 12 in./s as it passes L,
determine the change in elevation,
e velocity, and acceleration of block B
when block A is at L.

SOLUTION:

Define origin at upper horizontal surface with
positive displacement downward.

Collar A has uniformly accelerated rectilinear
motion. Solve for acceleration and time ¢ to
reach L.

Pulley D has uniform rectilinear motion.
Calculate change of position at time t.

Block B motion is dependent on motions of
collar A and pulley D. Write motion
relationship and solve for change of block B
position at time ¢.

Differentiate motion relation twice to develop

equations for velocity and acceleration of
block B.
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Sample Problem 11.5

e SOLUTION:
* i ] . . o o
(Xa)o i | ,;,1: ” %\:‘ . Define origin at upper horizontal surface with positive
R N displacement downward.
\ \ K M-""'Nq . eq e .
=P @4 e Collar A has uniformly accelerated rectilinear motion.
I . .
8in. | | Solve for acceleration and time ¢ to reach L.
L}
2 2
1‘1 » VA = (VA )() +2a, [xA _(XA )()]
i in. )’ in
_ :ivlyv.—~= 1o (12—‘) =2a,(8in.) ay=9—
3] ] S 52

VA :(VA)O +ClAt

12—y 1213335
S 82




= Vector Mechanics for Engineers: Dynamics
Sample Problem 11.5

—o———  Pulley D has uniform rectilinear motion. Calculate
N § AR change of position at time .
(eplo | A 11 N2
I xp = (xp )0 +Vpl
@ b in
* xp —(xp)y :(3—°j(1.333s):4in.
il S
DO | e Block B motion is dependent on motions of collar A

| J’”’ il and pulley D. Write motion relationship and solve for

change of block B position at time .

Total length of cable remains constant,

XA +2XD +XB :(XA)O+2(XD)O+(XB)O

[xa = (xa)o J+-2lep = Cep ) 1+ bxp = (o )y 1= 0

(8in.)+2(4in.)+ [xg — (x5),]= 0

xg —(xp )0 =—161n.

11 - 27



= Vector Mechanics for Engineers: Dynamics
Sample Problem 11.5

e Differentiate motion relation twice to develop equations
for velocity and acceleration of block B.

X4 +2xp + xp = constant

VA +2VD +VB =0

(12£j+2(3£j+v3=0 vg =18

S S S

E‘ CZA+261D+CZB:O

’—\ n in.
9— |+vp =0 ap =-9—

< ( szj B 52




Vector Mechanics for Engineers: Dynamics
Graphical Solution of Rectilinear-Motion Problems

X v a

65|

i< e (Given the x-f curve, the v-f curve 1s equal to the
< x-t curve slope.

] | .

= e Given the v-f curve, the a-f curve 1s equal to the

v-t curve slope.




= Vector Mechanics for Engineers: Dynamics
Graphical Solution of Rectilinear-Motion Problems

a v X

* Given the a-f curve, the change in velocity between ¢, and ¢, 1s equal to
the area under the a-f curve between ¢, and 7,.

* Given the v-f curve, the change in position between ¢, and 7, 1s equal to
the area under the v-f curve between ¢, and z,.
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Other Graphical Methods

» Moment-area method to determine particle position at
time ¢ directly from the a-f curve:
X| — Xo = area under v—1¢ curve
]
=voty + [ (11 —1)dv

Vo

using dv=a dt,

X1 — X0 :VOtl + I(tl —t)ddt

j (t1 —t)adt = first moment of area under a-t curve
Vo with respect to 7 = ¢, line.

x| = Xg +vot; + (area under a-t curve )(t; — 1)

t = abscissa of centroid C
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Other Graphical Methods

e Method to determine particle acceleration from
V-X Curve:

= AB tan @

= BC = subnormal to v-x curve




= Vector Mechanics for Engineers: Dynamics
Curvilinear Motion: Position, Velocity & Acceleration

e Particle moving along a curve other than a straight line is in
curvilinear motion.

x o Position vector of a particle at time 7 1s defined by a vector
between origin O of a fixed reference frame and the
position occupied by particle.

e Consider particle which occupies position P defined by
at tithe  and P’ defined by  at t + 41,

6] x . AF _dF

_ v = lim =

K At—0 At dt

< = 1nstantaneous velocity (vector)
> . As ds

— v = lim =

> At—0 At dt

= 1Instantaneous speed (scalar)




Vector Mechanics for Engineers: Dynamics

Curvilinear Motion: Position, Velocity & Acceleration

e Consider velocity 10f particle at time ¢ and velocity
Vatt + A,

_ . AV dv
ada= lim =
At—0 At dt

= 1nstantaneous acceleration (vector)

 In general, acceleration vector is not tangent to
particle path and velocity vector.




= Vector Mechanics for Engineers: Dynamics
Derivatives of Vector Functions

y

e Let P (1 Jbe a vector function of scalar variable w,

dP AP P(u+Au)—Pu)
—= lim — = lim
du  Au—0 Au Au—0 Au

e Derivative of vector sum,
d(P+0)_dP _d0
du du du

e Derivative of product of scalar and vector functions,

_ e dlFP _d

- du  du

’ﬁ‘ e Derivative of scalar product and vector product,
— d(Ped) aP d0

E = ®()+ P * —

5 P du du Q du

—

LY

; du d du

\?
=
~o!
X
I
Q.
(Ql
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Rectangular Components of Velocity & Acceleration

Y

 When position vector of particle P is given by its
rectangular components,

17=x17+y7+zlg

e Velocity vector,
dx. dy- dz-

J=—d 4+ j+—k=x +y]+zk
a' T a’ T a v

=Vl +v,j+v k

e Acceleration vector,
2
c‘i:d—zxf+d y]+d—k = ¥i + V] + 7k
dt dt? dt?

=ayl +ay,j+azk




= Vector Mechanics for Engineers: Dynamics
Rectangular Components of Velocity & Acceleration

e Rectangular components particularly effective when
component accelerations can be integrated
independently, e.g., motion of a projectile,

a, =X=0 a,=y=-8 a, =7=0

X <

with 1nitial conditions,
x0=)’O:ZO :O (VX)O,(Vy)O,(VZ)O ZO

Integrating twice yields

= VxZ(Vx)o vy:(vy)o—gt v, =0

_ 2

§ x=(v )yt =l )yy-ter® 2=0

_ Vylo

’%‘ v)o ® Motion in horizontal direction i1s uniform.

’E‘ e Motion in vertical direction is uniformly accelerated.
1] — x )

e Motion of projectile could be replaced by two
independent rectilinear motions.
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Motion Relative to a Frame in Translation

e Designate one frame as the fixed frame of reference. All
other frames not rigidly attached to the fixed reference
frame are moving frames of reference.

Y

 Position vectors for particles A and B with respect to the
fixed frame of reference Oxyz are 74 and rp.

* Vector 7g/4 joining A and B defines the position of B
with respect to the moving frame Ax’y’z’ and

]_;B :?A_l_’_;B/A

3] » Differentiating twice,

!B\ Vp =Vt VB/A VB/A = velocity of B relative to A.
< dp=d, +dp/s dpa = acceleration of B relative to
=

N * Absolute motion of B can be obtained by combining

motion of A with relative motion of B with respect to
moving reference frame attached to A.
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Tangential and Normal Components
Yy

e Velocity vector of particle is tangent to path of
particle. In general, acceleration vector is not.
Wish to express acceleration vector in terms of
tangential and normal components.

¢, and ¢, are tangential unit vectors for the particle
path at P and P’. When drawn with respect to the
same origin, Aé, =é/ —énd
A6 is the angle between them.

| D]
o
O
-

Ae, = 2sin(A6/2)

As .
lim 2 lim sm(A0/2)E =e

AO0—0AO Ae—0 AB2 " T

. de
a0
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Tangential and Normal Components

Y

* With the velocity vector expressed as vV = vé,
the particle acceleration may be written as

. dv dv de dv _ de d@ ds
a= =—¢€; +V =—¢€; +V
dt dt dt dt dl ds dt
but
de; ds
——=e dl = ds — =y
dg " P dt
0b After substituting,
. v 2 2
&) ’ a= ﬂg + V_é, a, = @ a. = v
%\ Cq 7 ¢ o on rT "=

e Tangential component of acceleration reflects
change of speed and normal component reflects
change of direction.

e Tangential component may be positive or
negative. Normal component always points
toward center of path curvature.
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Tangential and Normal Components

o Osculating » Relations for tangential and normal acceleration also

plane apply for particle moving along space curve.

2 2
L dv_ vT _dv v
d=—ée, +—é, a, =— a,=—

dt yo, dr Jo,

e Plane containing tangential and normal unit vectors

05 - 1s called the osculating plane.
& / e Normal to the osculating plane is found from
e

é, = principal normal

é, = binormal

Acceleration has no component along binormal.
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Radial and Transverse Components

 When particle position is given in polar coordinates, it
1s convenient to express velocity and acceleration with
e~ components parallel and perpendicular to OP.

€o

e The particle velocity vector 1s
dr de, dr . dé

. d
v=—(ré.)="—¢ +r =—¢,+r—=~ég
dt dt dr dt dt
O = rer + 1’9 €
S F=re,
&3] ~ B e Similarly, the particle acceleration vector is
m - €9 o _ €, d(dr. _ do
— do a= ( e, + r—eg)
< dt \ dt dt
B e, _de, do_, db _d d’r,  drdé, drdf, d%6 . d6déy
§| 4 4o dr dr o e Tar a0 dr dt
deg _ deg dO —_g ae = (if'—ré} )ér +(r§+2f9)§9

dt  dé di "dt
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Radial and Transverse Components

. e When particle position is given in cylindrical
coordinates, it 1s convenient to express the velocity
and acceleration vectors using the unit vectors

—

€r,€y,and k.

e Position vector,

Y .
F=Rép+zk
_ 2 e Velocity vector,
ﬂ‘ dr . : .
i< vzazReR+R6?e(9+zk
<]
] e Acceleration vector,
— av (. . L _
P i=Y _(R-R6%)ep +(RG+2RE)e, + 2K

dt




= Vector Mechanics for Engineers: Dynamics

Sample Problem 11.10

SOLUTION:

v4 =60 mi/h .
e (Calculate tangential and normal

components of acceleration.

e Determine acceleration magnitude and
g direction with respect to tangent to curve.

A motorist 1s traveling on curved
section of highway at 60 mph. The
motorist applies brakes causing a
constant deceleration rate.

Knowing that after 8 s the speed has
been reduced to 45 mph, determine the
acceleration of the automobile
immediately after the brakes are
applied.
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Sample Problem 11.10

a, = 2.75 ft/s2

, = 3.10 ft/s2

60 mph = 88 1t/s
45 mph = 66{t/s

SOLUTION:

e (Calculate tangential and normal components of
acceleration.

0 = Av _ (66 —88)ft/s _ _ 75g
At 8S S
o v2  (88ft/s)? o ft
" p o 2500 ft g2

e Determine acceleration magnitude and direction with
respect to tangent to curve.

fi
a=1la+a? =+/(-2.75)% +3.10° a=4.14 5

14 —1 3.10

=tan L =tan —— — o
a, ) 75 o =48.4




m

== Vector Mechanics for Engineers: Dynamics
Sample Problem 11.12

SOLUTION:

e Evaluate time ¢ for = 30°.

e Evaluate radial and angular positions,
and first and second derivatives at time ¢.

Rotation of the arm about O is defined by e Calculate velocity and acceleration in
6 = 0.15¢> where @is in radians and ¢ in cylindrical coordinates.

] seconds. Collar B slides along the arm

2 such that 7 =0.9 - 0.12£2 where ris in e Evaluate acceleration with respect to

@ meters. arm.

’%‘ After the arm has rotated through 30°,

| determine (a) the total velocity of the

W collar, (b) the total acceleration of the

collar, and (c) the relative acceleration of
the collar with respect to the arm.




= Vector Mechanics for Engineers: Dynamics
Sample Problem 11.12

SOLUTION:

e Evaluate time ¢ for 8= 30°.

0 =0.151>
~30°=0524rad r=1.869s

e Evaluate radial and angular positions, and first and
second derivatives at time ?.

r=0.9-0.12¢%> =0.481 m

%‘ F=-0.24t=-0.449 m/s
& F=-024m/s>

<

> 6 =0.15¢*=0.524 rad
X 6 =0.30¢=0.561rad/s

g =0.30rad/s>




= Vector Mechanics for Engineers: Dynamics

Sample Problem 11.12
e (Calculate velocity and acceleration.
v, =F=-0.449m/s
vg =76 =(0.481m)(0.561rad/s)=0.270 m/s

1V
v=AvZ+vj f =tan lv—e
r

v=v.e. + Vg€ v=0.524 m/s B =31.0°

a=a,e,.+dg€y

arzf—réz

= —0.240m/s2 — (0.481m)(0.561 rad /s )?

&3] . =-0.391m/s>
’E‘ /O }_/30140'&%\/ v, =(—0.449 m /s)e, ag =r 5 L7 0
< \/ = (O.481m)(0.3rad/ s2)+ 2(~0.449m/s)(0.561rad/s)
_ B )
’E‘ ar=(-0.391 m/s?)e, . - 0359 m/S
] /\ azw/ar2+ag 7/=tan_1a—9
al’
P st a=0.531m/s  y=42.6°

11 - 48



= Vector Mechanics for Engineers: Dynamics
Sample Problem 11.12

* Evaluate acceleration with respect to arm.

Motion of collar with respect to arm is rectilinear
and defined by coordinate r.

agon =¥ =-0.240m/s>

agoa = (—0.240 m/s2)e,




