Applied Mechanics -- Dynamics

Chapter 15 Kinematics of Rigid Bodies

15.1 Introduction
relationship between time, positions, velocities and accelerations of rigid

bodies motion may be grouped as follows :

1. translation : if any straight line
inside the body deeps the same
direction during the motion

rectilinear translation : if the
paths of motion of the particles are
straight line

curvilinear translation : if the
paths of motion of the particles are

curved line

2. rotation about a fixed axis : A4’
is called the axis of rotation, v and a
are zero if the particle located on this
axis

it is different from curvilinear

translation

_.JDI

(a) Curvilinear translation (b) Rotation
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3. general plane motion :
plane motion : each particle
moves in a given plane

any plane motion which is neither

a rotation nor translation is referred : ~
(a) Rolling wheel (b) Shiding rod
to as a general motion

4. motion about a fixed point : the three-
dimensional motion of a rigid body attached at a

fixed point

5. general motion : any rigid motion does not fall

in any of above

15.2 Translation

g = Fpo + Fpi

re/a Must remain constant direction and magnitude

Fe/a = constant

differentiate with respect to time, then

g = Fa or Vg = Va

also ag = da

that means when a rigid body is in translation, all the points of the body

have the same velocity and the same acceleration at any given instant
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15.3 Rotation About a Fixed Axis
consider a rigid body rotates about a fixed axis A4’, and let P be a
point of the body and r its position vector

let B be the projection of P on AA’, then
BP = rsin ¢ = constant

P will describe a circle of center at B
denote the angle 6 the angular coordinate

of the body, it is defined the angle between

BP and xz plane

| revolution = 2z rad = 360°

dr | ds
dt dt

. As = BP(a0) = rsin ¢ (A6)

v = ds/dt = rsing 0 0 = do/dt

6 depends on the position of P, but 6 is independent of P

v isavector L the plane containing 44° and r

define W = ék
the angular velocity of the rigid body
v=drldt = @ xr
a = dv/dt = d(@ x r)/dt
= (dw/dt)xr + @ x (dr/dY)

I

axr + wxv

where a = dw/dt is called angular acceleration

a =ak=uwk=0k
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a 1s the sum of two vectors

a x r is the tangent to the circle which is the tangential component of «

@ X (@ x r) is a vector triple product, (@ x r) is tangent to the circle,

and ® X (@ xr) is directed to the center B, which is normal component
of a |

consider a plane containing the circle of point P, choose xy plane as
the reference plane
Y= @xr

and v =rw

a=oakxr - o'r=a + a,

where a = okxr a, = ar

a, = -w'r ay = rw’
15.4 Equations Defining the Rotation of a Rigid Body About a Fixed Axis

the motion of rigid body rotating about a fixed axis is said to be known
when 6(¢) is known

w = db/dt
a =do/dt = d*6/df
a=dw/dt = (dw/!dl) (d6/dt) = w (dw/db)

two particular cases of rotation are encountered

1. uniform rotation

a=20 w = constant
then 0 =60, + wt
2. uniformly accelerated rotation

g = constant

w=w +at & =wd+ 2a(l- 6)

0= 0, + wot + Yat
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Sample Problem 15.1
ve = 300 mm/s  ac = 225 mm/s?

e

determine

(a) numbers of revolutionsat ¢t = 2's

(b) vg and Ayp at t = 2s

(c)ap at t = 0

(VD)() = (V(‘)o = 300 mm/s —

(ap) = ac = 225 mm/s* —

(vp)o = rwy wo = 4rad/s
(ap) = ra a = 3rad/s’
at 1 = 2s

w=wy,+tat =4+ 3x2 = 10rad/s

O = wot + Yoarr =4x2 + %»3x2? = l4rad

no.ofrev. = 14/2n = 2.23 rev.
v =rw = 125x10 = 1250 mn/s 1
Ayg = rf@ = 125x 14 = 1750 mm

p lap) =225 mm/s?

at t =0 ;

(aD)t = 225 mm/s? | 7
(ap), = 1200 mm/s=

(ap)a = 1> w? = 1200 mm/s?

ie. ap = 1220 mm/s® \, 79.4°

15.5 General Plane Motion
a general plane motion can always be considered as the sum of a

translation and a rotation, as shown in the following examples

Translation with A + Rotation about A

Plane motion
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in the general case of motion
A]B; => AzB| ’ by translation
AzBl’ => Ang by rotation

15.6 Absolute and Relative Velocity in Plane Motion

the absolute velocity vz of a particle B is obtained
Vg = VA t+ wpjy

where veia = wk X rpa Veia = Frw

then Vg = vy + wk x Fp/a

VBiA

A\
va B

consider the rod 4B, assuming that the velocity v, is known, we want

to find vg and w

take the reference point at 4
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DO &
'f' /l
A (fixed)
= Translation with A +  Rotation about A Vg =Va+Vpa

Plane motion

Vg = vy + v,
the directions of v,, vy and vy, are all known
Vg = Vv, tan 0

w = vgall = vy/lcos O (CCW)

take the reference point at B

B (fixed

" VB
A
Plane motion = Translation with B + Rotation about B VA= Vp+VuB
Va = vg t+ wap
va = vgcot =>  yp = yatan @ (same)

@ = vap/l = vg/lsin0@ = vstan @/ 1sin O

= vallcos@ (same) (CCW)

the angular velocity w of a rigid body in plane motion is independent of

the reference point

LRSI R
Sample Problem 15.2 R R R R AR A RS R
< viy=1.2m/s
va = 1.2m/s— né ,
%
determine w, vr, and wp = 150 T, ra= 100 mm
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after one revolution of the gear

Xpn =27nrn 0=2n
then xx/2mnr =-0/2n
or Xpn=-n6
and w=-rnl=-rnow

1.2 =-015w

w = - 8rad/s or @ = -8 krad/s

VA
—
,,v'//pB \ by o
. 0 > y

BN \) N ”t

‘T'ranslation + Rotation = Rolling Motion

VR = Vg = Vo + vPga = va + wk X e

=12i+ (-8k)x(0.1j) =2i=2m/s —
Vb = Va T Vpa

= 12i+ (-8k)x(-15i) =12i + 12]

= 1.697 m/s . 45°

Sample Problem 15.3
small wheels have been attached to rod AB

va = 1.5m/s <

determine vz and w

fined
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VB = v + wy,
N60° = 15— 4 Viya 7 70°
law of sines
v — Vi - 1.5 wk/§§\u
sin 70°  sin70° ~ §in 700 p N
/ AN
then v = 1.84 m/s \ 60° Lo \?LJP
(su‘;/\
Vga = ].696 m/s 1700 ) = LSy e
but Vea = AB w
1.696 = 0.75

® = 2.261 rad/s counterclockwise

5.7 HFnstantaneous Center of Rotation in Plane Motion
15.

consider the general plane motion in slab, for g given time, the velocitieg

£ the various particles of the slab are the same if the slab were rotating
o

pout 4 certain axis perpendicular to the plane of slab
a

is called

jrz.stantaneous axis of rotation which intersect the slab at a point C, jg
ca 11ed Instantaneous center of rotation

v = A+ kX oy, Fdo
| | ///’='h/w

a general plane motion may be
described by a translation and
e

tation, it may be described by v,
ro

d @ Which rotates about C
an

if va and @ are given, these velocities could be obtained
|ab rotate with the angular velocity @ about 5 point C
sla

ndicular to v, at distance » = y, /¢,
perpe
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V/\J_AC l':AC=\’A/Cl)
the slab seems to rotate about the instantaneous center C

the position of the instantaneous center can be defined in two other ways

. . . /
1. intersection of two lines \ \
/ \C AC
perpendicular to v, and v /,’\\ /1
/o ,’ |
| [

2.1f wva // vy, and AB 1 va, C /

can be found by intersecting the line

AB  with the line joining the

extremities of the vectors v, and vp

the instantaneous center C may be located either on or outside the slab
e.g. consider the rod 4B

C can easily to locate (C in not inside 4B)

w = valAC = vz / BC
vg = vaBC/AC = v, tan @

if C located on slab (say C’), then ve = 0 at

this instant ¢ (only at this given instant)

since the instantaneous center will move with time
ve=0at¢t but ve=+ 0 at t+ Af
thus ac+ 0

but the acceleration at this point cannot be determined directly

a=a +a =rai-V/pi,

= 04- 0/0#, (nomeaning)

space centroid : instantaneous center describes one curve in space
body centroid : the locus of the position of instantaneous center on the

body

15-10



Applied Mechanics -- Dynamics

two curves are tangent at point C at instant

body centroid curve rolls on the space Space

centrode

centroid curve during motion of the body

Sample Problem 15.4
va = 1.2m/s —

rg = 250 mm

"ra= 150 mm

determine w, vy, and v, <D

point C is the instantaneous center o (
w = va/AC = 1.2/0.15 = 8 rad/s (cw)\/
VR =g =y = 025x8 = 2m/s —

vp = mpw = 0.212x8 = 1.697 m/s _7 45°

Sample Problem 15.5
same problem as 15.3

from the given geometry,

ZACB = 60° 50 mm - %?B
ZABC = 20° + 30° = 50°
then ~BAC = 70°
AC _ 750 _  BC
sin 50° sin 60° sin 700 N

AC = 663.4 mm BC = .813.8 mm

Vo = ACCU v
w = valAC = 1500/ 663.4 = 2.26 rad/s

v = BCw 813.8x2.26 = 1839 mm/s
ve = 1.84 m/s N\ 60°
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15.8 Absolute and Relative Acceleration in Plane Motion
ag = an + apn

apn = (apa) + (@il

(aB/A)t = ak X rg (aB/A)t =ar
(aB/A)n = -w’r B/A (aB//\)n = r w?
thUS ag = a, + aerB/A - 0)2 ¥p/a

Plane motion = Translation with A + Rotation abont A

e.g. consider therod 4B, with I/, 8, v, and a. given

how to determine a,z and agp

+ Rotation about A

. _ . . +h A
Plane motion = Translation with

I, 6, va — vg and was
(method of I. C.)

wap and rgp — (aB/A)n

as, (awa). and the directions of ap, (apna)
— magnitudes of ag, (@pa) by vector polygon

(llB/A)l and /| — dAB
in the vector polygon of accelerations
ag = ax + (asa) + (@pak
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e 8
x-component 0 =ax + [w'sinf - lacosO . \l\;\:/
(“I!/.-\)n
y-component -ap = -lw*cos @ - lasinf e L
&,a//g‘;.\)r
two unknowns ap and a can be solved
) ay
‘{@n‘.~m«w )
(aprady \
oy
: e Lan b
other three cases of vector S 8,
K (agy) \&
polygons can be solved in AN N ag
.. (i‘m\),.“‘-\
the similarly way s
b A o
W gy, )u
(] '\:‘u A o %
A w""jd(:i Bk /I ﬁil prak
15.9 Analysis of Plane Motion in Terms of a Parameter
consider the same example in section 15.8
xan = lsin @ yg = lcos 0
[ ] ®
VA = xa = -lcos 00 \
° D - ° l
arn = va = -10*sin@ + [Gcos b \\
. . \
ve = yp = -Isinf0 3
. . .. L—‘\‘—’IA
ap = vg = -16*cos @ - [Osinb
[ ] ..
0=ow 6 =a
then va = -lcosfw vg = -Isinfw
and w = va/lcos@ and vp = vatan0 can be solved

another two equations

an = -lw?*sinf + lacos®

agp = -lw*cos@ - lasin@

two unknowns ag and a can also be solved
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VAo & 1.21‘11/S—>

ar, = 3 m/s*? —

determine a, as, ac and ap

XA
Va &

aa

-I']H
-F W w = -8rad/s
-ra a = -20rad/s?

Translation +

ac =

ay

gyl

Rotation

= da + (apah + (@paln

3i-20kx0.1j - 8x0.1/
5i-64j (m/s?)

an + (aca) + (@cimn

3i-20kx(-0.15j) - 8x0.15]

-9.6j (m/s)

= ax + (apa) + (@pa)n

3i - 20kx(-0.15i)- 8x(-0.15))

12.6i - 3j (m/s?)

Sample Problem 15.7

WaB
Wsp

B = 13.95°

2000 rpm

62.0 rad/s counterclockwise

determine agp and ap

as = w* AB = 209.4x 0.075 = 3289 m/s* ./ 40°
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Vs h2ms

iy =3mi?

- r5 = 100 mm

ry= 150 mm
%HBUUU

P2

- Rolling motion

M Qg
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t
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Sample Problem 15.8
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Plane motion = Translation

_ -~ )

N rad
ap = ag + (apm). + (apm). 13.95° ﬁ 4""*&/
15,
a, = ap <— I/L f”f‘l/
= ap L, .
D "I /R ‘/{."
(@avs) = 0.2 apy or/ 76.1° ! % f,/‘ ‘
v
ey
(@) = 622 x0.2 = 769 \_13.95° /‘;g;

),

ap <> = 3289 ,.40° + 0.2 anp . 76.1° + 769 X\_13.95°
x-comp

-ap = - 3289 cos 40° - 769 cos 13.95° + 0.2 agp sin 76.1°
y-comp

0 = -32895sin40° + 769 sin 13.95° + 0.2 agp cos 76.1°

solving the equations and obtained

agp = 9940 rad/s* counterclockwise

ap = 2787 m/s? <

linkage ABDE

@) = 20 krad/s = constant (CCW)

determine wspp, wpe, asp and apg

@pp = wppk @Wpe = wpe k

rya = 200§ + 350/ (mm) ’ D

rom = 3004 + 75 (mm) / "N

roe = -425i + 425 (mm) A f
A =0 Qsp = app k Qoe = ape k
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Vo = Vg + Vpge = vg t+ vpg

woc kX ron: = wapk X rpa + wop k X rop

with wap = 20 rad/s, two unknowns wgp and wpg can be solved by

the above vector equation (two scalar equations)

wpp = -29.33 rad/s (clockwise)

wpe = 11.29 rad/s (counterclockwise)

ap = ag + ap: = asg + app

2 — 2 2
api: k X rog: - Wi Foi: = - Wap” Fya + app k X Fos - Wep” Fps

two unknowns app and ap;: can be solved by the above vector equation

(two scalar equations)

agp = - 645 rad/s’ (clockwise)

ap: = 809 rad/s? (counterclockwise)

15.10 Rate of Change of a Vector with Respect to a Rotating Frame
OXYZ : frame of reference
Oxyz : rotating frame with rotating axis OA

consider a function @ = Q(r)

define (é)xyz : rate of change of @ w.r.t. OXYZ

(Q).. : rate of change of @ w.rt. Oxyz

Q=0+ 0j+ 0:k

(D)= Oi + Oy + O,k

[ ° . . . 4 di d. dk
and Q= Oci + 0, + Ok + 0.2 + 0,0 + 0.5

(é)xyz = 0 if Q isfixedon Oxyz
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(Q)xyz . the velocity of particle located at the tip of @ and belonging to
a body rigidly attached to the frame Oxyz
if @ is fixed on Oxyz

. di a
(Q)XYZ*QxEE'JnyaTJFQzE;*V—-QXQ

then in general

Dxvz= (). + 2x Q

the last term £2 x @ is induced by rotation of Oxyz

15.11 Plane Motion of a Particle Relative to a R otating Frame, Coriolis
Acceleration Y
consider two frames of reference on a plane

OXY : fixed frame

Oxy : rotating frame

let vp = absolute velocity of P

then . .
vp = (Poxy = (Noyy + Q X 1

= Vpr T Vp

vp : velocity of point P’ on the moving
frame which coincide with P at the instant

vy : velocity of P relative to Oxy

let ap be the absolute acceleration

ap=vp=er+Qx;‘+(%[(':)0xy]
zdi‘ [(Pos] = [Fonlory = Foy + Q X (Plowy

; = (;')oxy = (;')Oxy + Qxr
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then @ = Q x r + Q x Qxr)+2Qx (t.')oxy + (;'50xy
= (ap) + (ap)n + ac + apy

ar = ap + apyp t+ ac

ay : acceleration of point P’ of the moving

frame coincide with P at instant

apy: : acceleration of P relative to moving frame

ac: ac =2Q x (;)()xy = 2Qx (vpr) is the complementary or Coriolis
acceleration

ac L Q and vpr, ac = 0 when Q or vpyp = 0

consider a collar P which is made to slide along a rotating rod OB
time from ¢ to 1 + At

yp +200 4469
¥y — r + Ar Wy +o 1Y
6 — 0+ A0 4
0 — 0+ nb

Vi —> v+ AV,

Vo —> Vgt Avg

{
for the velocity vector polygon
OA=v=r
OB = Vg = l"é

OA’ = v, + Ay,
OB = vy + Avg = (r+2ar)@0 + Ad)

= ré + Aré + rAf.) + ArAH.

at time ¢ v =04 + OB
attime t + At v+ Av = 04’ + OB’
then Av = (0OA’ + OA) + (OB’ + OB)
= AA” + A”A’ + BB” + B”B’
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AA” = OANBis = 1 AB
A’A = Avii,

BB” = -OBAOiy = -rf b,
B’B = (ar0 + rn0)i
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Av = (&v - rOAD)E + (P00 + ArO + rabd)i
take At — 0
oAy dve add e d)  dr e dO .
ap = lim ~ = ( o —197)1,+(r o + 7 6+ r 7 ) iy

= -rfi+ 0+ 2r0)i

= (-r@i, +r0Qiy +ri. + 2r0i

= ap + apr t+ ac

® ¢
ac = 2r 0 i, inculde two components :

1. the direction of relative velocity changed (A4A4)

2. the distance from O is changed, thus the tangential velcoity component

changed (B”B’)

Sample Problem 15.9
wp = 10 rad/s counterclockwise
6 = 135° R = 50mm

when ¢ = 150°, determine ws and vps

=R+ P -2RIlcos30° = 0.551 R?
r = 37.1 mm

50 _ 37.1
sinffi  sin 30°

=> B = 424°

." P is attached on D
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v = Rwp = 50x 10 = 500 mm/s .~ 60°

from dish S
Vp = Vp T Wpg

y = 90° - 30° - 42.4° = 17.6°

vpr Lo wps vpr = vpsiny = 151.2 mm/s |\ 42.4°
vps = vpcosy = 477 mm/s , 42.4°
and \)P = Fr ws

ws = 4.08 rad/s clockwise

Sample Problem 15.10
same condition as state in 15.9

determine ag

from sample problem 15.9

ws = 4.08 rad/s clockwise

B = 42.4° wpys = 477 mm/s . 42.4°
ar = ap + aps + ac
apr = (ap),. = -RCDDZ in = 5000 mm/sz_\ 309
['." wp = constant, (ap). = 0]
ap = (ap ) + (@) = rasi, - rws i
= 37.1asi - 6181, (ap->..:21:8;:;':‘/::#
aps = aps /' Or  42.4°

dc = 2ws X Vps = 2x4.08 x 447
= 3890 mm/s N\ | 42.4°

424° 42.4°

from the vector polygon diagram
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(ar ) = ac + apcos 17.6°
37.1 as = 3890 + 5000 cos 17.6°

as = 233 rad/s® clockwise

aps = (ap)a + apsin 17.6° = 768 mm/s? ~ 42.4°

15.12 Motion about a Fixed Point

at instant, motion about a fixed point may be considered as a rotation of
the body about an axis (called instantaneous axis of rotation) through O

consider the body rotates about O
(A\B)) — (A:B>)
but A]Bl = Asz (Tlgld bOdy)

let A, at By, and

let C be the point of intersection of these

two bisecting arcs, then

(a)
A]C = AzC - BzC

A]B] = Asz
AA}CB] = AAzCBz

denote 8 = £ A,CB,

the motion of the sphere during A¢ may

be considered as a rotation through Af
about OC

let At — 0, OC is called the instantaneous axis of rotation

at this instant

vy =dr/dt = w xr

a=axr+ wx(xr)

where o = dw/dt
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"." @ is change in direction and magnitude with time
thus a is not directed along the instantaneous axis of rotation

a is tangent to the curve described in the space by the tip of vector w

space cone : instantaneous axis of rotation describes on cone in space

body cone : the locus of the position of instantaneous axis of rotation in

the body

Space cone

at any instant, two cones are tangent along the Body cone

instantaneous axis or rotation, the body cone
appears to roll on the space cone

the vector «» moves within the body as well as in space ©

consider a rigid body fixed at O, rotates
simultaneously about O4 and OB, may
be considered equivalent a single rotation

of w

— — —
w=w t w

let point P inside the body of position vector r
denote v; : velocity of P when the body rotates about OA4
v, : velocity of P when the body rotates about OB

then V.= X F vV, =y X F
- — -
and v=wt+twm=(+tw) X r=wixr
— — —
thus w=w + w

15.13 General Motion

general motion = translation + rotation about a fixed point

¥g = ra t rpa

VB = Vo t vpa
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=va +t W X Ipa

where w is the angular velocity of the

body at instant

as = an + apn

=dapx + a X rga + 0 X (0 X Fpa)

where a is the angular acceleration of the

body at instant

Sample Problem 15.11 H
w; = 0.3 rad/s

w2 = 0.5 rad/s relative to the cab (Oxyz)

determine wop, aop, v» and ap

Wop — W + wn = O.3j + O.5k (l’ad/S) 5} @, =0.50k

L]

[ ] [ ]
aor = [worloxyz = [wi]oxvz + [w2]oxyz

0+ (a)z)o.Xyz + W X w;
=03j x 0.5k = 0.15i (rad/s?

v = wop X rp = (035 + 05k) x (1039i + 6))
=-30+ 52j-3.12k (m/s)

Gor X Fp + wop X (op X Fp)

= -354i - 1.5j + 1.8k (m/s?)

ap

Sample Problem 15.12
w; = 12irad/s CD on xy plane

determine vz and wap for @ = 0

va = w X Fa = 120 x 40 k = - 480j (mm/s)

v = Vi wap = axi + wyj + ok
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an axis L plane containing 4B and CD
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VB = VA + W X Fpi

| i k| y
V[3i='480j + lCl)x Wy CUzl '

1120 60 -40| )
vy = - 40 w, - 60 w, (1) oo
- 480 = 40 w, + 120 w, 2) '
0 = 60w - 120 w, 3) P
o, =12
3 equations for 4 unknowns :::Tg:;i+ﬁ()j

A= 120§ + G()j - 40k

(1)x6 + 2)x3 + (3)x(-2)
6vy = - 1440 vy = -240i

. AB rotates about CD, also rotates about

wy L BE and AB plane ABE

w; 1L BE and BF plane BEF z
ie. w // BC x BA

w, /I BC

Teg = '*60]‘ + 40k

thus w in on the plane containing vectors (BC x BA) and BC

ie. w L BC x (BC x BA)
BE // BC x (BC x BA)

thus w 1L BE

or w*BE =0
(oni + wyj + w, k) (-60j + 40k) = 0
60w, + 40w, = 0 (4)

from equations (1) to (4), it is obtained

w = 3.69i + 1.846j + 2.77 k (rad/s)
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15.14 Three-Dimensional Motion of a Particle Relative to a Rotating

Frame, Coriolis Acceleration

.
A

OXYZ : fixed coordinate \ Y

Oxyz : rotating coordinate o \ i

OA : instantaneous axis of rotation \

(Qoxyz = (Qoy: + Q x Q

v = (Moxvz = (PNoxyz + Q X 1

= vpy t vp ;
ap = ap t apr + ac
Q P
/4\
. , \{/
apr=Qxr+ Qx((Q xr N/
e
.. X

apr = (r )Oxyz

ac = 2Qx(Fox.  Coriolis acceleration
ac L Q and vpr but Q not L vpy in general

thus ac # 2 Q vpr in general -

15.15 Frame of Reference in General Motion
OXYZ : fixed coordinate
AX'Y’Z’ : translation coordinate y
Axyz : rotating coordinate

Q : angular velocity of Axyz at instant

S oy .

Fp = Fao + Fpa

vp = va + [Fealax vz )
. X
= vo + (Fpa)axyz T €2 X Fpa /

] L]
ap = [veloxyz = va + [Venlax vz

=an + Qxrpa + QX (QX1pa) + (Fea)axyz T 2 QX (Fp/a) axyz

= qap + ap +  dapn + ac
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Sample Problem 15.13
Q = -20j rad/s

OD = 200 mm

determine v, and ap
choose OAB as the rotating frame

ro = 0.2 (sin30°i + cos 30°))
= 0.17i + 0.1732j (m)

vor = 0.625§ + 1.083j (m/s)

apy = 7.5 + 12,99 (m/s?)

Yp = vp t+ Vpr

I

= 0.625i + 1.083j + 2k
ap = ap + apr + ac

aD'=£.2xr+Qx(er)

QO = -200j rad/s?
Vo — 1.25 m/s 41_600 apy = 1.25 lTl/S2 1600

204 x (0.1 + 0.1732j) + (0.625i + 1.083j) 5.7

Applied Mechanics -- Dynamics

0.2 m l

/ ) ‘Q = (=20 rad/s)j
VA

‘fz = 1200 rad/s2Y

= -200j x (0.1i + 0.1732j) - 20j x 2k

=40i + 20k

ac = 2Q X vor = 2(-20j) x (0.625i + 1.083 )

=25k

ap = -32.5i + 12.99j + 45 k (m/s*)

Sample Problem 15.14
w =03J=0Q
w; = 05k = wpr
OP = 12m
determine vp and ap
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Y

choose the cab as the rotating coordinate ‘ " y 1039 m
then r=1039i + 6j g
Q = w; = O3j

Vp = Vp + Vg
=QXI‘+CL)B/}:XI‘ Z/

= 03j x (1039i + 6j) + 0.5k x (1039 + 6)
=-3i+52j-3.12k (mfs)

ar = ap + apyr + ac
apa=f2xr+Qx(er)
=0+ 03jx3.12k =-094i
G = wpr X (Wpnr X F)
=05k x (-3i+52j)=-26i-15j
ac = 20 x vpp
=203j) x (-3i +52j) =18k
ap = -354i - 15j + 1.8k (m/s?)

the results are the same as in sample problem 15.11

Sample Problem 15.15
w; and w, are given as constants

determine vp, ap, and w and a of the disk

choose Axyz as the rotating coordinate

then Q = Cl)lj and Op/g — a)zk

Y
Vb = Vo T Vpa = VA + (Wpia + Ver)axy: l___ L

Va=wr X OAd=onjx Li=-o1Lk

VP'/A=QXAP’=CO1].XR_].=O

Ve = a)zk X Rj = —a)zRi

:/ Dz = w,k

Vp = -COzRi - 601Lk
15-27



Applied Mechanics -- Dynamics

ar = [ap]oxyz + apr + ac = (an + apr) + apr + ac
an tapp = Qx Qx Li)+ 0

=wjx (-oLk)=-w’li =g,

apr = wy X (w2 x AP)

I

w2k X (-wRi) = -w?Rj
ac = 2Q X vy
= 2601_] X (-szi) = 260|Cl)2k

apr = -a)lzLi -Cl)zsz + 20)10)2’(
wp = Q + wpr =wnj + ank

ap = (wploxyz = ((1)1))Axyz + Q x wp
=0 + (L)]j X ((J)xj + (Uzk)

= w wi
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