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Vector Mechanics for Engineers: Dynamics
Introduction

uoIp=

* Kinematics of rigid bodies: relations between
time and the positions, velocities, and
accelerations of the particles forming a rigid
body.

« Classification of rigid body maotions:
S translation:

« rectilinear translation

e curvilinear translation
rotation about a fixed axis
general plane motion
e motion about a fixed point
' - general motion

I

Translation

 Consider rigid body in translation:
- direction of any straight line inside the
£ body is constant,
- all particles forming the body move in
parallel lines.

« For any two particles in the body,
8 — B =Ta+Tg/A

Differentiating with respect to time,
f'B = Y'A +?B/A = Y'A

i_’;B :?A+?B/A:?A

| \ VB = VA
5 S— " Allparticles have the same velocity.
Bl - =« Differentiating with respect to time again,

dg =dp
All particles have the same acceleration.
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Rotation About a Fixed Axis. Velocity

* Consider rotation of rigid body about a
fixed axis AA’

* Velocity vector vV =dr/dt of the particle P is
tangent to the path with magnitude v =ds/dt

As =(BP)AG = (rsing)AQ

ds . . AO .
v=—= lim (rsing)— =ré@sin
. dt At—>0( ¢) At ¢
B<} * The same result is obtained from
W L dr
— P V=—=@xT
dt
@ = wk = 0K = angular velocity

2
Q
3
-

Rotation About a Fixed Axis. Acceleration

« Differentiating to determine the acceleration,

av _d
ad=—=—(oxT
dt dt( )
_d—wx?+a dj
dt dt
=—xI+aoxV
i a = angular acceleration

=ak = ok =0k

* Acceleration of P is combination of two
vectors,
d=axr+adx(dxr)
@ x T =tangential acceleration component
@ x (@xT) = radial acceleration component

[ M [Al [&]
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Rotation About a Fixed Axis. Representative Slab

uoIp=

« Consider the motion of a representative slab in
a plane perpendicular to the axis of rotation.

* Velocity of any point P of the slab,
V=0&xF=wkxF

V=rw

« Acceleration of any point P of the slab,

y d=axT+ax(@&xT)
: =ak xF — &’F
I Yp « Resolving the acceleration into tangential and
e . .2 normal components,
0 . ~
L -0 ' a =ok xr a=ra
i ; ; an =—a)2? a, =ra)2

15 -

~

2
Q
3
=

Vector Mechanics for Engineers: Dynamics
Equations Defining the Rotation of a Rigid Body
About a Fixed Axis

» Motion of a rigid body rotating around a fixed axis is
/A often specified by the type of angular acceleration.

QC" 4 * Recall a)=d—6 or dtzd—g
B t
[

d @
_da)_@_ do

a=—= w—
dt  gt? dée

» Uniform Rotation, &= 0:
0= 90 + wt

 Uniformly Accelerated Rotation, « = constant:
w=wy+oat

[ M [Al [&]

0 =0y + oot + 1ot

w? =a)g +2a(0-6y)

15-8




Vector Mechanics for Engineers: Dynamics
Sample Problem 5.1

SOLUTION:

.

* Due to the action of the cable, the
tangential velocity and acceleration of
D are equal to the velocity and
acceleration of C. Calculate the initial
angular velocity and acceleration.

A * Apply the relations for uniformly
[ & EES accelerated rotation to determine the
velocity and angular position of the

Cable C has a constant acceleration of 9
pulley after 2 s.

in/s? and an initial velocity of 12 in/s,
both directed to the right. « Evaluate the initial tangential and

. . normal acceleration components of D.
Determine (a) the number of revolutions P

of the pulley in 2 s, (b) the velocity and
change in position of the load B after 2 s,
and (c) the acceleration of the point D on
the rim of the inner pulley at t = 0.

15-9
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Sample Problem 5.1

SOLUTION:
» The tangential velocity and acceleration of D are equal to the
velocity and acceleration of C.

(Vp)o = (V¢ )y =12in/s — (ap) =dc =9in/s -
(VD )0 = I'a)o aD )t =fa
(o), 12 _(ap) _9_ 2
. Wy = ?O:E:Mad/s a ; 3 3rad/s
;*’4—‘\ « Apply the relations for uniformly accelerated rotation to
&2 T determine velocity and angular position of pulley after 2 s.

=y +ot =4rad/s + (Srad/SZXZ s)=10rad/s
0 = wyt +%o¢t2 = (4rad/s)(2 s)+%(3 rad/SZXZ s)?
=14rad

N =(14 rad)(z1 n:;/d) = number of revs N =2.23rev
T

vg =rw =(5in.)10rad/s) Vg =50in/s T
Ayg =10 =(5in.)14 rad) Ayg =70in.

[X] ] [A] [Z]




' Vector Mechanics for Engineers: Dynamics
Sample Problem 5.1

 Evaluate the initial tangential and normal acceleration
components of D.

(ap), =dc =9in/s >
(ap), = rp@§ = (3in.)4rad/s)? = 48in/s?

\(aD)t -9in/s? >  (ap), =48in,/s? i‘

Magnitude and direction of the total acceleration,

o\ ap =+/(ap )tz +(aD)ﬁ
=%
| |
\ (ap)
ply =48 ' tang = —"
: (aD )t
\| _48
9

i
=
Q
2
=
=
9
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B
3
=
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Plane motion = Translation with A

¢ General plane motion is neither a translation nor
a rotation.

» General plane motion can be considered as the
sum of a translation and rotation.

« Displacement of particles A and B to A, and B,
can be divided into two parts:

- translation to A, and B;

- rotation of B; about A, to B,

[Z] [ [A] [Z]
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Absolute and Relative Velocity in Plane Motion

i
2
5
5

yl

vy U
] \ [_A
\ [fixerd luf

Flane mation = Translation with A + Rotation about A

 Any plane motion can be replaced by a translation of an

arbitrary reference point A and a simultaneous rotation
about A.

Va

VB = VA + VB/A

VB/A=a)|ZXFB/A VB/A=rCO

VB =\7A+a)|2><?B/A

VB =VatVaia

15-13
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Absolute and Relative Velocity in Plane Motion

UUIP=

( B B (i /) B \..‘\\ _
i “ Va Vi \"\. e 1 o5
R\

ay I\\ $ Vi p
Vo QA AW " VBia
'R R N »
K A i A (fixed) 5
o . . Vp =V ,
Plane motion = Translation with A +  Ratation ahout A B A BIA

 Assuming that the velocity v, of end A is known, wish to determine the
velocity v, of end B and the angular velocity o in terms of v,, |, and 6.

& - -

5 * The direction of vy and v, are known. Complete the velocity diagram.
= B _tang V—A=\|/—A=cose

Va VB/A [0

| VB = VA tan 9 VA

w =
I cos@

15-14




Vector Mechanics for Engineers: Dynamics
Absolute and Relative Velocity in Plane Motion

B {fixed)

Va=vgt+vyp

Plane motion = Translation with B + Raotation about B

+ Selecting point B as the reference point and solving for the velocity v, of end A
and the angular velocity w leads to an equivalent velocity triangle.

* v,5 has the same magnitude but opposite sense of v,,,. The sense of the
relative velocity is dependent on the choice of reference point.

] V] [A] [Z]

» Angular velocity o of the rod in its rotation about B is the same as its rotation
about A. Angular velocity is not dependent on the choice of reference point.

15-15
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Sample Problem 15.2

SOLUTION:

* The displacement of the gear center in
one revolution is equal to the outer
circumference. Relate the translational
and angular displacements. Differentiate
to relate the translational and angular
velocities.

 The velocity for any point P on the gear
The double gear rolls on the may be written as
stationary lower rack: the velocity of _
its center is 1.2 m/s. Vp =V +Vpja=Va+akxTp/n
Determine (a) the angular velocity of Evaluate the velocities of points B and D.
the gear, and (b) the velocities of the

upper rack R and point D of the gear.

<
=
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Vector Mechanics for Engineers: Dynamics
Sample Problem 15.2

SOLUTION:

AR M AR N T Ty ~ « The displacement of the gear center in one revolution is
equal to the outer circumference.

For x, > 0 (moves to right), @< 0 (rotates clockwise).

Fa= |f|l||IIII.I XA _ 9

XA = —I‘lB

2rr 2

Differentiate to relate the translational and angular

velocities.
VA = —ﬁ_w
_ Va_ 1l2m/s — =
o= r - 0.150m @ = ak ——(8rad/s)k‘

Sample Problem 15.2

» For any point P on the gear, Vp =Vp +Vp/a =Va + @K xTp/p

otk & B> 5L vp L Y
. - A\ =\ y. :" =
e :./ 4 :Té,—-.-—p n —‘Il- \—‘Il-— t J?T. { -_uﬁ-.l.. ;:; .'J/T "‘-—H‘ y‘ .
G- 1 o < gl
W o > i o
Lation Rolling Motion
Velocity of the upper rack is equal to Velocity of the point D:
velocity of point B:
VRZVBZVA+C()IZXrB/A VD:VA+a)IZ><F'D/A
=(L.2m/s)i +(8rad/s)k x(0.20m)] =(L.2m/s)i +(8rad/s)k x (—0.150 m)i
=(L.2m/s)i +(0.8m/s)i
Vg = (2m/s)i Vp =(@.2m/s)i +(1.2m/s)]
vp =1.697m/s
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Absolute and Relative Acceleration in Plane Motion

Plane motion = Transhation with A + Restation about A
« Absolute acceleration of a particle of the slab,

aB :§A+§B/A

* Relative acceleration ag, 5 associated with rotation about A includes
tangential and normal components,

(aB/A)t = ak xTg) (aB/A)t =ra

(aB/A)n =~0"Tyn (aB/A)n =ro’

15-19

Yluanas

Vector Mechanics for Engineers: Dynamics

UUIP=

Absolute and Relative Acceleration in Plane Motion

15,

* Given d, and vV,

* Vector result depends on sense of &, and the
relative magnitudes of a, and (ag/a ), "

<
=

» Must also know angular velocity w.

¥ determine &g and &.
I NS
| — éB = ﬁA + éB/A
A =a a a
e, =dp +(aB/A)n +(aB/A)t
Plane moti
N\ & ] i
~6 % Lo L
g - ]
. -
]
/‘l' {0

10
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Absolute and Relative Acceleration in Plane Motion

15

R
B H‘e/ - ; ‘ THER
1 N7 | ! o |
% =% f |
\ A i R \_-1 _ I
S e o
Plane maotion = Translation with A + Itnl;muu:.1mml.-\
* Write &g =d, +dp/a Interms of the two component equations,
¥ xcomponents: 0= lw?sing -1 0
< N p : =ap+lo°sind-lacos
. 2 ,
— +1 ycomponents: —ag =—lo“coséd—-lasing
* Solve for agand c.
15-21
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Analysis of Plane Motion in Terms of a Parameter

UUIP=

|  In some cases, it is advantageous to determine the
B EQ absolute velocity and acceleration of a mechanism
i directly.
16\ Xa =1sin@ yg =l cosé
Nl
‘ \7\\ \'\ . .
‘ Va =Xa VB =YB
=10cos6 =—16sin6
i =lwcosd =-lwsind
A
ap =X ag = Vs
= =-16%sin0 +1dcoso =—16% cos—1dsin o
Bl =—lw?sind+lacosd =—lw?cosf—lasing

11



Vector Mechanics for Engineers: Dynamics
Instantaneous Center of Rotation in Plane Motion

* Plane motion of all particles in a slab can always be
: replaced by the translation of an arbitrary point A and a
w(“_A rotation about A with an angular velocity that is
L independent of the choice of A.

» The same translational and rotational velocities at A are
obtained by allowing the slab to rotate with the same
Cqs angular velocity about the point C on a perpendicular to
\_} the velocity at A.

r=u/@ e The velocity of all other particles in the slab are the same

as originally defined since the angular velocity and
translational velocity at A are equivalent.
 As far as the velocities are concerned, the slab seems to
At
k rotate about the instantaneous center of rotation C.
15-23

Vector Mechanics for Engineers: Dynamics
Instantaneous Center of Rotation in Plane Motion

* If the velocity at two points A and B are known, the
instantaneous center of rotation lies at the intersection
of the perpendiculars to the velocity vectors through A

, andB.
BiA—
« If the velocity vectors are parallel, the instantaneous
13\ center of rotation is at infinity and the angular velocity

is zero.

« If the velocity vectors at A and B are perpendicular to
the line AB, the instantaneous center of rotation lies at
the intersection of the line AB with the line joining the
extremities of the velocity vectors at A and B.

|
B." 2\ « If the velocity magnitudes are equal, the instantaneous
center of rotation is at infinity and the angular velocity
A
K..., is zero.

[ M [Al [&]




Instantaneous Center of Rotation in Plane Motion

T 1 Space
o

\ centrode .

] V] [A] [Z]

Sample Problem 15.4

The instantaneous center of rotation lies at the intersection of
the perpendiculars to the velocity vectors through A and B .

Va
I cos@

Va Va .
=—A__"A =(BC)w =(Isin®
“7°AC " Icosd Ve = (BC)o =(Isin0)

=v,tand
The velocities of all particles on the rod are as if they were
rotated about C.
The particle at the center of rotation has zero velocity.

The particle coinciding with the center of rotation changes
with time and the acceleration of the particle at the
instantaneous center of rotation is not zero.

The acceleration of the particles in the slab cannot be
determined as if the slab were simply rotating about C.

The trace of the locus of the center of rotation on the body
is the body centrode and in space is the space centrode.

[ M [A] [Z]

gear.

SOLUTION:

« The point C is in contact with the stationary
lower rack and, instantaneously, has zero
velocity. It must be the location of the
instantaneous center of rotation.

 Determine the angular velocity about C
based on the given velocity at A.

» Evaluate the velocities at B and D based on

The double gear rolls on the their rotation about C.
stationary lower rack: the velocity
of its center is 1.2 m/s.

Determine (a) the angular velocity
of the gear, and (b) the velocities of
the upper rack R and point D of the

13



Sample Problem 15.4

- Vector Mechanics for Engineers: Dynamics

Sample Problem 15.5

Vector Mechanics fo

i SOLUTION:

i e The point C is in contact with the stationary lower rack
and, instantaneously, has zero velocity. It must be the
location of the instantaneous center of rotation.

= lwm e Determine the angular velocity about C based on the

given velocity at A.

Vp =M@ w:vizl'zm/s:Brad/s
. rn 015m
2 ’{:.;1 ; ry =250 mm « Evaluate the velocities at B and D based on their rotation
.4 A .'T-.‘;T_ T - about C.

| o Vg = Vg = Igw = (0.25m)(8rad/s)
Vg = (2m/s)i
I rp =(0.15mK2=0.2121m

D

Vp =rpw =(0.2121m)@8rad/s)
Vp =1.697m/s

Vp = (.27 +1.2] m/s)

r Engineers: Dynamics

angular velocity of 2000 rpm.

For the crank position indicated,
determine (a) the angular velocity of
the connecting rod BD, and (b) the
velocity of the piston P.

<
=

The crank AB has a constant clockwise

SOLUTION:

 Determine the velocity at B from the
given crank rotation data.

« The direction of the velocity vectors at B
and D are known. The instantaneous
center of rotation is at the intersection of
the perpendiculars to the velocities
through B and D.

« Determine the angular velocity about the
center of rotation based on the velocity
at B.

« Calculate the velocity at D based on its
rotation about the instantaneous center
of rotation.




Sample Problem 15.5

Vector Mechanics for Engineers: Dynamics

sin76.05°  sin53.95°  sin50°

BC =10.14in. CD =8.44in.

] V] [A] [Z]

SOLUTION:
0N | » From Sample Problem 15.3,
5057 Vg = (403.97 - 481.3])in/s)  vg =628.3in/s
N\ S =13.95°
N\d0® Vg
ff~—\L J Vot e * The instantaneous center of rotation is at the intersection
{\m‘,m\ E“ == ._‘1_’__ Xy of the perpendiculars to the velocities through B and D.
ik L g D “p : .
A p « Determine the angular velocity about the center of
Vg = 40°+ f —53.95° rotation based on the velocity at B.
b =90°— f = 76.05° Vg = (BC)wgp
s
. =2 =——"1° =62.0rad/s
BC cD _ 8in. “BD = 5C T 10.141n. 8D /

 Calculate the velocity at D based on its rotation about
the instantaneous center of rotation.

Vp = (CD)C()BD = (844 |n)(620 I‘ad/s)

Vp =Vp =523in./s = 43.6ft/s|

The center of the double gear has a
velocity and acceleration to the right of
1.2 m/s and 3 m/s?, respectively. The
lower rack is stationary.

Determine (a) the angular acceleration
of the gear, and (b) the acceleration of
points B, C, and D.

<
=

SOLUTION:

» The expression of the gear position as a
function of @is differentiated twice to
define the relationship between the
translational and angular accelerations.

 The acceleration of each point on the
gear is obtained by adding the
acceleration of the gear center and the
relative accelerations with respect to the
center. The latter includes normal and
tangential acceleration components.

15



- Vector Mechanics for Engineers: Dynamics
ll Sample Problem 15.6

SOLUTION:

» The expression of the gear position as a function of @
is differentiated twice to define the relationship
between the translational and angular accelerations.

XA = —r10

Vp=-ho=-now

_ Va_ 12m/s

= =-8rad/s
n 0.150m

aA = —rlé = —rla

aa_ 3m/s2

n 0.150m

] V] [A] [Z]

‘07 =gk = —(ZOrad/sz)Z‘

» The acceleration of each point
is obtained by adding the
acceleration of the gear center
and the relative accelerations
with respect to the center.

The latter includes normal and
tangential acceleration
components.

dg =dp+aga=dp+ (aB/A)t + (aB/A)n
=dp+ak x g p — 07Ty
B O i = (3 m/sZ)T - (20rad/s2)|2 x(0.100m)j — (8rad/s)*(~0.100m)j
= (3 m/sZ)T + (2 m/sz)f - (6.40 m/sz)]

[ M [Al [&]

\aB =(5m/sz)f—(6.40m/sz)i ag =8.12m/32‘

16
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Sample Problem 15.6

- Vector Mechanics for Engineers: Dynamics

i o —
o VOE "

Ve
+ S ({x a I)w
wn VOIS

" Raotation

dc =ap+ac/a=ap+akxic/a—o’Tc/a

= (3m/sz)r - (20 rad/sz)lz x (= 0.150m)j — (8rad/s)*(-0.150 m)j
:(3m/sz)f—(3m/sz)f+(9.60m/52)T

Rolling motion

ED =dp +§D/A = EA +al2>< fD/A —a)sz/A
[ —(20rad/sz)|2><(— 0.150m)i — (8rad/s)?(— 0.150m)7
, :(3m s2 i +(3m/52)]+(9.60m/52)f

r 3
ransiation
g;‘ AciA
By é (aga
’
P = (3 m/sz)f
: ) )r

‘éD = (12.6m/s2)7 + (Sm/sz)]

ap =12.95 m/s2 ‘

Sample Problem 15.3

15-33
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The crank AB has a constant clockwise
angular velocity of 2000 rpm.

For the crank position indicated,
determine (a) the angular velocity of
the connecting rod BD, and (b) the
velocity of the piston P.

Kl
Bl

SOLUTION:

 Will determine the absolute velocity of
point D with

VD = VB +VD/B

* The velocity Vg is obtained from the
given crank rotation data.

* The directions of the absolute velocity v,
and the relative velocity vpg are
determined from the problem geometry.

 The unknowns in the vector expression
are the velocity magnitudes vp andvp g
which may be determined from the
corresponding vector triangle.

 The angular velocity of the connecting
rod is calculated from vp g.




- Vector Mechanics for Engineers: Dynamics
ll Sample Problem 15.3

SOLUTION:
3 n’.)\ B « Will determine the absolute velocity of point D with

a}.‘k."..;&rﬁll VD :VB +VD/B

 The velocity Vg is obtained from the crank rotation data.

Opg = (zooore"j[m'”J( 2z rad) = 209.4rad)s

min / 60s \  rev
Vg = (AB)wag = (3in.)(209.4 rad/s)

The velocity direction is as shown.

’\5'},- » The direction of the absolute velocity Vp is horizontal.
The direction of the relative velocity Vp g is

perpendicular to BD. Compute the angle between the
3 horizontal and the connecting rod from the law of sines.
sin40°  sin g

D>l =—" =13.95°

& 8in. 3in. p

Sample Problem 15.3

£
=3 > — s g + e e 3 -
L e M \{:‘:n‘ e IR

Vi
B i B )‘””f’ B=1345°
b vy -— nxecl Ty o )
A e Aiae [P Af60s
é 50° = 2 ‘\é 50) 2 _— V\\

Plane motion - Translation + Rotation
* Determine the velocity magnitudes vp andvpg
from the vector triangle.
& Bl Vo _ Vo/g _6283in/s
sin53.95° sin50°  sin76.05°

s Vp =523.4in /s = 43.6ft/s Vp = Vp = 43.61t/s
E S VD/B = 4959|n/3
Bl ey vp/g =lwgp
—Vg +
b="e " D/E Vp/s _ 495.9in/s
wgp =— =
| 8in.
=62.0rad/s \@gp = (62.0rad/sK|

15-36
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SOLUTION:

 The angular acceleration of the
connecting rod BD and the acceleration
of point D will be determined from

gD :aB +aD/B :aB +(aD/B)t +(aD/B)n

» The acceleration of B is determined from
the given rotation speed of AB.

Crank AG of the engine system has a ¢ The directions of the accelerations
constant clockwise angular velocity of ap, (a‘D/B )t, and (a‘D/B )n are

2000 rpm. determined from the geometry.

[ For the crank position shown,
determine the angular acceleration of
]| the connecting rod BD and the
acceleration of point D.

» Component equations for acceleration
of point D are solved simultaneously for
acceleration of D and angular
acceleration of the connecting rod.

Sample Problem 15.7

SOLUTION:

« The angular acceleration of the connecting rod BD and
the acceleration of point D will be determined from

dp =dp +dp/g =dp + (aD/B)t +(5D/B)n

» The acceleration of B is determined from the given rotation
speed of AB.

@pg =2000rpm = 209.4rad/s = constant
opB = 0

ag = rodp = (2 ft(200.4rad/s)? = 10,962ft/5

dg = (10,962ft/ SZX— C0s40°T —sin40°7)

Kl
Bl




- Vector Mechanics for Engineers: Dynamics

5 Sample Problem 15.7

Plane motion e Translation + Rotatior

* The directions of the accelerations ap, (dp/g )., and (dp/s ), are
determined from the geometry.

-

aD =$aD|

> From Sample Problem 15.3, @y, = 62.0 rad/s, = 13.95°.
(aoys), = (BD)wfp = (& ft)62.0rad)s)? = 2563ft/s
(ap/s), =(2563ft/s? |- cos13.95° +sin13.95°] )
(aD/B)t = (BD)agp = (& ft)rgp =0.667agp
The direction of (apg), is known but the sense is not known,
(8p/s ) =(0.667argp )+ 5in76.05°7 + cos 76.05° )

Sample Problem 15.7
i 'I - ; 2 . | B " rlx,-”,(: -)a,

\ ” l=&in v S
Nt =t o’ — T 4
& 5 G [ K 13857 D = o s
N\ e A imm ] 1 T 5 # G D
Ne Fy__F1 _TSemulp | 1
)

Plane motion e Translation + Rotatior

-

/ » Component equations for acceleration of point D are solved
— T simultaneously.

) dp =dp +8p/ =3g +(Ap/s), +(@p/s),
X components:
—ap =-10,962c0s40° — 2563¢0513.95° + 0.66 7 SiN13.95°
e y components:
0=-10,962sin 40° + 2563sin13.95° + 0.667agp €0513.95°

[ M [Al [&]

dpp = (9940 rad/sz)IZ
ap = —{o200ft/s? )7




- Vector Mechanics for Engineers: Dynamics
ll Sample Problem 15.8

% T SOLUTION:
REILEN f/ﬂ\-!-'__._,.-- D \\._\"‘\ - -
/ 1 . O | * The angular velocities are determined by

in. £/ A U simultaneously solving the component
. 3

| & -0 equations for

LK o Vel q
~+8 in~<—12 in.—= ]Tirl.——-l

 The angular accelerations are determined
by simultaneously solving the component

In the position shown, crank AB has a .
equations for

constant angular velocity , = 20 rad/s
counterclockwise. dp =dg +dpp

Determine the angular velocities and
angular accelerations of the connecting
rod BD and crank DE.

Sample Problem 15.8

SOLUTION:

. ) » The angular velocities are determined by simultaneously
| Ty [ solving the component equations for

!
ok ‘ 2 .. I7in VD =VB +VD/B
|

NS Vp = Gpg * fy = wpek x (~177 +177)
=-17wpgi —17wpg j
Vg = g X Ty = 20K x (87 +147)
= 2807 +160]

VD/B = @BD X FD/B = C()BDR X (12r + 3})

E Y = —3C()BDr + 120)BDI
E ry=8i+14j
rp=-1Ti + 17j
> epp = 12i : 3 : x components: —17wpg =-280-3wgp
y components: —17wpg =+160+12wpp

@pp = —(29.33rad/sk  @pg = (L1.29rad/sK|
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Vector Mechanics for Engineers: Dynamics
Sample Problem 15.8

] V] [A] [Z]

¢ The angular accelerations are determined by
simultaneously solving the component equations for
fain I : g ﬁD = éB +éD/B
| 17T in = 2
in ‘ _ 8p =dpg xp —wpef
| Npit = apgk x (- 177 +17]) - (11.29)*(-177 +17])
el 17 t0.—] =—17apei —17apgj + 21707 —2170]

dg = dipg x Ty — 03Ty = 0— (207 (87 +147])
= —3200i +5600]
dp/p = dpp X /D _a)éDrB/D
. = ag pk x (127 +3])- (29.33) (127 +3])
= 3o pi +12a)p ] 10,3207 — 2580

ry=8i+14j
rp=-1Ti + 17j
rpyg = 12i + 3j

x components: —17apg +3agp =-15,690

y components: —17apg —12agp =-6010
dgp = —(6451ad/s* K apg = (B09rad/s? K|

Vector Mechanics for Engineers: Dynamics
Motion About a Fixed Point

Kl
Bl

* The most general displacement of a rigid body with a
fixed point O is equivalent to a rotation of the body
about an axis through O.

« With the instantaneous axis of rotation and angular
velocity @, the velocity of a particle P of the body is

V= di =axT
dt

Bl and the acceleration of the particle P is

do

d=axr+ax(@xr) a =4
» The angular acceleration & represents the velocity of

the tip of @.

e Asthe vector @ moves within the body and in space,
it generates a body cone and space cone which are
tangent along the instantaneous axis of rotation.

« Angular velocities have magnitude and direction and
obey parallelogram law of addition. They are vectors.
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Vector Mechanics for Engineers: Dynamics
General Motion

* For particles A and B of a rigid body,

* Particle A is fixed within the body and motion of
the body relative to AX’Y’Z’ is the motion of a
body with a fixed point

VB :VA+@XrB/A

« Similarly, the acceleration of the particle P is

aB =§A +§B/A

=, +dxTyp+Dx(@xTyn)

» Most general motion of a rigid body is equivalent to:

- atranslation in which all particles have the same
velocity and acceleration of a reference particle A, and

- of a motion in which particle A is assumed fixed.

15- 45
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