Chapter 15 Kinematics of Rigid Bodies

15.1 Introduction

relationship between time, positions, velocities and accelerations of rigid

hodies motion may be grouped as follows :

|. 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 : 1if the
paths of motion of the particles are

curved line

2. rotation about a fixed axis : 44"
15 called the axis of rotation, v and a
are zero 1f the particle located on this

axis

it 15 different from curvilinear

translation

La) Curvilinsur tramslation b ) Rotatinn
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3, general plane motion ¢
plane motion : cach particle

moves in a given plane

any plane motion which is neither

a rotation nor translation 15 referred
bl ol wheel LT |
to as a general motion

4, motion about a fixed point : the three-
dimensional motion of a ngid body attached at a

fixed point

5. general motion @ any rigid motion does not fall

in any of above

15.2 Translation

Fa = Fa + Faix

" Faa, mMust remain constant direction and magnitude

Fpa = Cconsiant

g y.!
differentiate with respect to time, then

e = Ty ar ¥a = Wy

also dp = ds

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

have the same velocity and the same acceleration at any given instant

15.3
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153 Rotation About a Fixed Axis
consider a rigid body rotates about a fixed axis AA", and let P bea

point of the body and r its position vector

let B be the projection of P on 44", then
BP = rsin¢ = constant

£ will describe a ciecle of center at &

denote the angle ¢ the angular coordinate
of the body, it 15 defined the angle between

BP and xz plane

I revalution = 27 rad = 3607

dr dly

1_I=_ -

et dt
As = BP (A = rsin ¢ (A6

v = dsdt = rsingd b = divde

# depends on the position of P, bul i is independent of P

v isavector L the plane containing 44" and r

define w = 0k

the angular velocity of the rigid body
v=dridt = wxr

dvidt = o6y X r)de

i

(da/didxr + @ x (dridi)

EXF 7™ WXy

where a = dan'dr is called angular acceleration

a =ak=wk=0k
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a is the sum of two vectors

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

@ % {& xr) isa vector triple product, (& x r) is tangent to the circle,
and @ X (@ xr) 1s directed to the center 8, which is normal component
of a

consider a plane containing the circle of point P, choose xy plane as
the reference plane

V= g Xr

and v = re

a=agkxr-wr=ua + a,

where a =akxr & =4ar

.

a, = -wr d, = ror

15.4 Equations Defining the Rotation of a Rigid Body About a Fixed Axis
the motion of ngid body rotating about a fixed axis is said to be known
when () 15 known
(= df ] dt
a= dw!dt = £9/de
a= dw/ dt = (deo ! d8)(dl / df) = w (dew [ dE)
two particular cases of rotation are encountered
1. uniform rotation
a = 0 ar = constant
then & =y + i
2. uniformly accelerated rotation
@ = constant
w =yt at o =md+ 2all- 0)

8= 8y + ant + Vaa

15-4
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Sample Problem 15.1

= g = 7% 2 ? - =
ve = 300 mm's  ac = 225 mm/s "ﬁ-;;:i'lh
determine A =
L]
{a)} numbers of revolubons at ¢ = 25 P

(b) vp and Ayy at ¢ = 25

ic) ap at t = 0 é

(volo = (vch = 300 mm's —=

{Hn}‘ = @ = 125 mﬂ‘l.-'lsz —=

(vple = Fany ey = 4 radfs
{gph = ra a = 3 rad's
atr=2s

@ =y +ail =4+ Ixd= 10rads

B =gt +YVear=4x2 + ¥iIx2 = |4rad
no. of rev. = 14/2x = 2.23 rev.

vp = rep = 125x 10 = 1250 mm's 1

Sym = rf = 125x14 = 1750 mm

at t =4

(@) = 225 mm/s’

(2n)e = o’ = 1200 mm's*

e, ap = 1220 mm/s® 7947

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

Flane malion Traiulathon with A + Beotation ahemul A
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yf—s{ iy

in the general case of motion
A B == 438 by ranslation
A:B)" == A:8. by rotation

15.60 Absolute and Relative Velocity in Plane Motion

the absolute velocity we of a particle 8 is obtained

P = ¥y T Vg
whiere Vau = ik X Fua Vaa = Fiu
then Ve = ¥a + ok X Faa

Y

consider the rod 4B, assuming that the velocity ws s known, we wani
to find vs and o

take the reference point at A

15-6
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b

Thine matem L
P = Pa T Vg
the directions of w4, va and va, are all known
Yo = v, lan &
= vypll=v,/!lcosi? {(CCW)
take the reference point at 8
& [ Frosl |
o
i -
“1
Tam
A
Phnwmetion = Trosilatonweth @+ Boenos thoe & L R
¥a = VW T Vam
¥y = Vool => vy = wiand {same)

= vip!f = w/lsind = v, tan @/ sinf
= vy /lcos @ (same) (CCW)
the angular velocity «w of a rigid body in plane motion is independent of

the reference point

Sample Problem 15.2
ve = 1.2 ms—

determine w, vg, and vy
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after one revolution of the gear

X = 2mn =2
then nl2nr =-0/2x
or n=-nd
and m=-nb=-rnw

1.2 = -0.15w

mw = = & radis or G = -8B krmd's

Trmaulatisn Nollirg Miviiem

Ve = ¥ = W b v = P+ ol X P
=12i+ -8k x(0lp) =2i=2ms —

Vo = Vit Vg S
=12i+ (-8K)x(-158) = 1.27 + 1.2§ !
= 1.697 m/s .7 45° i
Sample Problem 153
wap = 200 rpm clockwise . ':h__"j”'“'-"-__f

Ll
; ) e+
determine cyn and v f‘f‘ _E_ﬁﬂ

wap = 200x 2x /60 = 209 rad’s (CW)
v = (AB) e =75 x 209 = 15,71 mfs > 507
compute the angle §

75 sin 407 = 200 sin §§ g = 1395°

Vo = ¥ T Vo



Apphad Mechaaeis — Dvnarmce

H

r !‘ - L 1] L ] ¥ IB I
.{i".l-.r 1'{_'_:' = ?:m'.' ; ) g f‘a 1y
3 . Ay -?w = -__1| &

Flarer i iua " Trndatiim [T~

by the law of sine r -
..-"3-':' AT
el
¥ - Vi — __Vom
sin 53.9¢ sin 76.1° sin 50"
'L'I'E

with v = 1571 m/s known

v = 13.09 ms Vi = [ 240 m's

ve =vp = 13.09m's — voa = 1240 m's A~ 76.05°

Vo = [(B0) cpp
vom ! (BD) = 1240/0.2 = 620rad’s  (CCW)

Cedpg

15.7 Instantaneous Center of Rotation in Plane Motion
consider the general plane motion in slab, for a given time, the velocities
of the various particles of the slab are the same if the slab were rotating
about a certain axis perpendicular 1o the plane of slab is called
instantaneous axis of rotation which intersect the slab at a point , s

called instantaneous center of rotation
va = ¥a + kX Faw

a peneral plane motion may be
described by a translation and

rotation, it may be described by v,

and @ which rotates about C
if v, and @ are given, these veloeities could be obtamed by letting the
slab rotate with the angular velocity @ about a point C located on the

perpendicular to v, at distance » = v /@
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vyl AC r=AC = v, /@
the slab seems to rotate about the instantaneous center

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

1. intersection of two lines L-'“ '
perpendicular to vy, and vy

2.0f vy i vy, and AR L w, C
can be found by intersecting the line

A8  with the line joining the

extremities of the vectors v, and vy

the instantaneous center C may be located cither on or outside the slab

e.g. consider the rod AS
C can easily to locate (C in not inside A8)
= vy lAC = v/ BC
Vo = v, BC/AC = vy tan &

if C located on slab (say "), then v~ = ( al

this instant ¢ (only at this given instant)

since the instantaneous center will move with time
o= 0oatr bul owe = 0 gt opd oAl
thus a-# 0

but the acceleration at this point cannot be determined directly

a=mta,=rak-VvVipi

= 04- 0/0f (nomeaning)

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

body

151
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W0 curves are tangent at point C at instant
body centroid curve rolls on the space

centroid curve during motion of the body

Sample Problem 15.4
v = L2m's—=

determine ¢, v and vy

point T is the instantaneous center

= vl AC = 1.2/0.15 = B rad's [CWJ\E
Ve = Vg = rpo = 02528 = 2 mfs —
vp = rpoe = 0L212x8 = 1.697 ms 7 45°

Sample Problem 15.5

ey = 200 rpm clockwise a7

determming rogp and v ey "
ans = 209 radls J “n;;-:g;i -
va = 15.71 ms 500 A,,;*E*F“?'“ﬁ s
f = 131.95°

from the directions of vy and v, C is located
in ABCD, pp = 40° + f = 539% = 90° - § = 76.1°

with 8D = 200 mm, BC and CD can be found

BC . cD _ 200
sin 76.17 sin 76.1° gin 50°
BC = 253.4 mm Ch = 211.1 mm
Vg = iap BC dgy = 62.0 rad/s clockwise

Vo = wpn CO = 62.0x 02111 = 13.09 m's —

15-11
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15.8 Absolute and Relative Acceleration in Plane Maotion
g = @a ™ daa

HH.'_.'. o [.!.I'p.,.-.':': I ['ull-.ﬁ.hl

{awah = ok X ras [daaly = ar
(@ -1.}.1 = - Fiug (Pualy = F l!'-'J:
thus Gy = @y + ak X ras - oF Pag

1ane meien m I'camalaizns wath A4 # Pasbaduem aburik A

e.g. consider the rod A8, with [, &, v, and a, given

how o determine d.p and ay

I'I:;!..- =3
B\ R\ | e
le _: e -I— L:E—f 1'—--’-‘5;:

1y 4 il o

Palation alwn A
Fliygas o mtion = Taandaliors sl &

|'II Ell: Pa — ¥y ;]"IJ (NN

(method of [. C.)
ian and Faa — (@padn

@y, (@wa)s and the directions of @s, (el
— magmiudes of @u, {@wah by vector polygon

(@aak and | — a.g
in the vector polygon of accelerations
p = ds + (@ga) + (@pn)u

15-12
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T-Component 0 =gy +l'sintl - lacos @

y-component ~ap = -lwfcos B - lasind

two unknowns @y and @ can be solved

[ESTTEY
iy I
other three cases of vector -V‘% :::' o X
LT
polygons can be solved in |"a-}' " l"'.,h n
the similarly way P—— il
L1 -I'
] Ing
1
[ I [ T
15.9 Analysis of Plane Motion in Terms of a Parameter
consider the same example in section 15.8
x, = fsn@ ¥s = fcos @
va=1xp = -lcos B0
s = vy = -IFsind + [0cos 0
va=j'-n=-!sinﬁ'é .i'_!
ap = vy = -[Fcosd - [@sind
A= g =a
then Vo = =fcosfw vy = -lsinfw
and w=1vy/fcosf® and wy = wvitan® can be solved

another two equations

@y = ~fw'sinf + [ecosd

ap = -lw'cos® - lasin@?

two unknowns ap and a can also be solved

15-13
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sample Problem 15.6
Wy = 1.2 m's — s = 3.]'|'|_,|'5,'E = : .._:_-_ I:.'.':: r

determing a, a@p, d and ap

- rp= Vil i

= L5 im

Xn=-nt L L AL T
Va - Ky £ w = =¥ rad's

dn = -Fj il a = - 20 rad's’

L

Traaskstasn L Bodariaii

ap = @s + (@uak + (Gan) .
3i-20kx0.1j-8x01j "
5i-64j (m's)
- = @ T (d@ca) T (@cak
3i-20kx(-0.15/) - 87 x0.15j
- .96 (m/s) I.

dp = @y + (@) + i:ﬂw.-.]'u
- 3.‘-—EU#H{*U.ES“-H’H{*[LES}} - . ks
1261 - ]j {ml'sz:l . e

Sample Problem 15.7

g = 2000 rpm = 209.4 rad's clockwisc raTin fy =M@
P S
tap = 62.0 rad's counterclockwise ::: Sl

n

f = 13.95°
determine app and ap

ag = «f AB = 2094 x 0.075 = 3289 m/s’ .~ 40" % ,?f"r - A
ALYy
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lapegh

1"avr igantEn = Trandasins &

dg = 8y T {dosh T (@oals

8 = @p =
':ul:l'l.t}l: = 0.2 apn iﬂ'l'""_". TH.1"
(@on)y = 62 x0.2 = 769 %, 13.95°

ap — = 3289 7 40° + 0.2 agp .~ T6.1° + 769 %, 13.95°

X-Ccomp
-ag = = 3289 cos 40° - 769 cos 13.95% + 0.2 mgp 5in 76,17

y-comp
0 = - 3289 5in 40° + 769 sin 13.95° + 0.2 agy cos 76.17
solving the equations and obtained
g = 9940 rad’s’ counterclockwise

ap = 2787 m's® —

Sample Problem 15.8
linkage ABDE
ey = 20 krad/s = constant (CCW)

determine twap, o, Gap and Goe
@Wap = o K Wpe = ek
rag = 200# + 3530F (mm)
rom = 3004 + 75 (mm)
o = -4251 + 425 ) (mm)
Q=10 @un = dap K Epe ™ dpp K

15-15
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o = ¥ F ¥pe = Vo + Vo

tupe k X rpy = tdan K X Fow + cipp K X Fap

with wss = 20 rad’s, two unknowns wsp and e can be solved by

the above vector equation (two scalar eguations)

g = - 29,33 rad’s (clockwise)

epe = 11.29 rad's (counterclockwise)

@y = & T odpg ™ #p T dng

@pe kX Fpe: - wop' Foe = - @as’ P + 2pp K X rpp - app® M
two unknowns asp and ape can be solved by the above veclor equation

(two scalar equations)

dap = - 645 rad/s’ (clockwise)

tpe = 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 04
consider & function @ = )

define tﬂihn.f.::mt: of change of @ w.rt OXYZ

(@) : rate of change of @ wrl. Onz

O=0.i+ i+ Ok
(Qhe= Oui + O, + Ok
nd @ 0ui+ 0+ Ok + 05+ 0T 1 g 88

{é}::«? =0 if @ is fixed on Oxyz

15-16
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l!f.!_»‘im : the velocity of particle located at the tip of @ and belonging to
a body rigidly attached to the frame Oy
if @ is fixed on Owpz
2 i df ik
= | — | | — — = = ﬂ
Choa= o * Qg * G =" x @

then in general

vz = Hjih:,g +2x Q@

the last term £2 x @ 15 induced by rotation of Oz

15.11 Plane Motion of a Particle Relative to a R otating Frame, Coriolis
Acceleration T
consider two frames of reference on a plane
QXY : fixed frame
Chey - rotating frame

let wp = absolute velocity of P

then . K
v = (Floxy = (Flow + Q x r
= ¥rr T ¥p
vpe 1 velooity of pommt P on the moving

frame which comncide with P at the instant

v : velocity of P orelative to Oxn

ler @= be the absolute acceleration

ﬂp=;|'=ﬁxr+nx;‘+‘f_r[(;hhvl

E‘}[{FJHMJ = [(Mayloy = (Posy + Q& X (Pogy

F={Foxw = (Ploe + 8 x 1

15-17



Applied Mechanics - Dmamics

then a@p = Qxr+ 0y 2 x F)+ 20 x l;;}.;_-..,, +{:I':-|.,..].

+ T « F ¥
(@e) + (ap) + ac + apa i

e = d@p t dpr v ol

.ap- '.arl:l:l;[l:ﬁl-[]'-ﬂﬂ of point ' of the moving
frame coincide with P at instant

ary : acceleration of P relative to moving frame

dp g = 20} X (;}cm = 200 % (wpp) 15 the complementary or Conolis
acceleration

g L L) and wpg, a- = 0 when L2 or e = 0

consider a collar P which is made to slide along a rotating rod O8

time from ¢ to ¢ + Af

1 +& e s 420
F—= r+t Ar o, ale
g — 8+ a0 i
i 6+ af
Ve =™ Fr I |':"|1l"r ' F
v — Wt A )\
b ¢
for the velocity vector polygon
OA=vw=r
OF = wm = il !
' 7o 7
ﬂ.l"I.' = ¥+ &-'l” :l:‘ "\‘:I "qﬂ __.-'"’
OB = vt aw = (r+aril + af) < by A
B

= B+ arf + raf + arad

at nme ¢ v =04 + O

gitme ¢ + Al vd Av = 04" + OF

(04" + 04) + (OB" + OF)

AA" + A4 + BR” + B'R’
1518

then S
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AA" = 04 AREs = r ARs
A"A' = A,

BB = - OB AW = -ril Al
BB = (ar0 + rabi

Av = (A - rﬁaﬁ'u‘. + t;.&ﬂ + arf o+ raﬁ'}:‘u

take Ar — 0

Av o dw, ot . e ] dr = ;
Af e 7 o i, e T atr T

ay = lim
=r-rfi+ (rl + 270y

= (-rfPi, + r i) + ri, + 278y
=i ap T fdry T MC
g = 2 ré iy imculde two components

1. the direction of relative velocity changed (A44")

2. the distance from O is changed, thus the tangential velcoity component
changed (B"EH’)

Sample Problem 15.9
cop = 10 rad’s counterclockwise

g=135" R = 50 mm

when ¢ = 1507, determine ax and ves

F=pR+P.2R{cos30" = 0551 ¢

r=37.1 mm

50 _ 371
sin i sin 30¢

== f = 424°

~7 P is attached on D

15-19
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v = Ram = 50% 10 = 500 mm's .~ 60°

from dish &

Ve = Wt Vim IR

¥=90" - 30° - 424° = 176°
e L vpy Ve = sy = 1512 mmds |y 42,47
¥pg = vpoosy = 477 mm's o7 42.49

and Ve = rik
s = 408 rad's clockwise

Sample Problem 15.10
same condition as state in 15,9

determmne as

from sample problem 15.9
iy = 408 rad's clockwise
f =424 wy = 47T mmis o 42,47

a = ap + &y + e

ar = {arhy = - R o’ iy = 5000 mm/s® 5 307
[." e = constant, (@), = 0]

idp = l:ﬂ'p":h + (@p ) = rasi - ras'é,

lapl, = RS s
a, = R A

=37 1ash - 618/,
Qps = dps 2 OF 2~ 42.4°

4"

or

e = 2ewg % ey = 2x 408 x 447
= 3890 mm's “.| 42.4°

laphy =37 Loty

from the vector polygon diagram

15-20
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(dp-} = ac + apcos 17.6°
37.1 @y = 38WF + 5000 cos 17.6"

as = 233 rad/s’ clockwise

dps = (@) + gpsin 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 €

consider the body rotates about O

{.-'I;.Hl_:l E L“i?ﬂ.ﬂ
bt ..-I|B'| A _IB_;- {]’IE.{]{I ]'H.HJ:."]I

lat Az at By, and

let € be the point of intersection of these

two bisecting arcs, then
A,C = 4,C = 8,C
Al = 484
AA OBy = A4 OB,

denote # = <A\ CH,

the motion of the sphere during A1 may

be considered as a rotation through Af

ahout €

let A4 —= 0O, €A 15 called the instantaneous axis of rotation

at this mstant
v =drldl = @ xr

g=adXF+@mX {iwxrF)

where it = dod i
15-21
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"t is change in direction and magmitude 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 «»

SpACE COne | INSTANTANEGNUS axis of rotaton descrbes o Cone 1T space
body cone @ the locus of the position of mstantaneous axis of rotahon 1n

the hody o

Space cone

at any instant, fwo cones are tangent along the Boedy cae

mstantaneous 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 {), rotates
simultaneously about 04 and OF, may
he considered equivalent a single rotation

af e

f_-::=f§.+ﬁ.g

let point P inside the body of position vector r
denote v, : velocity of P when the body rotates about O4

1y @ velocity of P when the body rotates about OF

then W= iy X P 1-"-=E:I-Ll:"'.l“

- =
and p=wtwm=(ntin)x r=axr
thus = o + oy

15.13 General Motion

peneral motion = translation + rotation about a fixed point

Fu = Fa + Fina

Vo = Fa T P
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= ¥y o X Fua

where e is the angular velocity of the

body at instant

g = da T+ daa

= iy * 2K Fpa o X (o X Pga)

where a is the angular acceleration of the

body at instant

Sample Problem 15.11 |
ey = 0.3 rad’s
ay = (.5 rad/s relative to the cab (Oxpz)

determing e, Gop, vp and ap

ape = on + an = 03+ 0.5k (rad's)

tor = [wardoxvz ™ [en]osvz + [anfoxvz

b+ {u.r;}n'.u + o X g

0.3 x 0.5k = 0.154 (rad/s?)

W =top X Fe = (0375 + 05k x (10397 + 6))
= -3i+ 52§ - 312k (m's)

@ = dop X Fp + tpp X (op X Fp)

=-354i- 157+ L8k (m'sH)

Sample Problem 15.12
an = 12ifrad’'s CD on xy plane |

deterrmine vy and e for & = 0 &

Vo =y X Py = 124 x 40 &k = - 480 j (mm/s)
vg = vpl coap = and + o+ ok

15-13
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¥a = Vs + @ X Faa
| & f & |
val = -480F + |, on |
[120 60 -40|
— Vp = - 40 e, - B0, (1]
- 480 = 40 a3, + 120 @, i2)
0= 60w, - 120w, (3)

3 equations for 4 unknowns

(xé6 +(2)x3 + (3)x(-2)
bve = - 1440 ve = - 2404

" AR rotates about C0, also rotates about

an axis 1 plane containing A8 and CD

ayy L BE and AB plane ABE

iy L BE and BF plane BEF :
e, oy i BC x BA

wn I BC

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

ile. w L BC x (BC x BA)
BE /| BC x (BC x BA)

thus w L BE

or s BE = 1)
(e d + oy f + e k)= (-605 + 40k) = 0O
60w, + 40w, = 0 ()

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

w = 369§ + 1846 + 27Tk (rad's)

15- 24
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15.14 Three-Dimensional Motion of a Particle Relative to a Rotating
Frame, Coriolis Acceleration
OXYZ . hxed coordinate
_Oxyz : rotating coordinate

04 : instantaneous axis of rotabon

(@hscve = (Qhowe + 2 x O
Wp = {f'Jr:xvz - Ei‘}:;m + X F
= Vpp + ¥

dp = &p + Bpe + dc

ﬂp-=ﬂxr+ﬂx{ﬂxr}

dpr = {i"}m;.-z
ar = 20X (o Coriolis acceleration

ac L £} and wer but £2 not L wer in general

thus ac = 2 L) vor in general

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

£} : angular velocity of Axyz at instant

o= Fy % Fua

Ve o + [Prafaey e

= ¥4t (Peadange + £ X Fe

ay = [veloxvz = :’a. T [I'P.-.a.j;:-.'w-?_'
= s T ﬁ Xrpa + D x{2X rpa) + {J:P.'-.t}m,; + 20Q1x {J'r.-.ﬂ:..m

= @, t+ iy + @ + A
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Sample Problem 15.13

() = - 20 rad's €1 = - 200§ rad/s®
v = 1.25 mfs 760 gpe = 1.25 m'st 607
Q0 = 200 mm

determine vy and ap
choose OAB as the rotating frame
ro = 0.2 (sin 207§ + cos 307 )
= 01§ + 0.1732; (m)

vor = 06250 + 1.083§ (mfs)
e = 7.50 + 12,99 (m/s?)

IPD = .ln, 1 -I_lrlll_.

= =204 x (014 + 0.07325) + (0.625¢ + 1.083)) g

= 0625i + 1.083j + 2k
fn = @pr + dpy T O
nu-=!.!.lxr+ﬂx[ﬂxr]
= -200f x (0.1§ + 0.1732]) - 20f x 2 &
40§ + 20k
ae = 20} x wpp = 2(-205) x (0.625i + 1.083)
=25k
ap = -3250 + 1299f + 45 k (m's’)

Sample Problem 15.14

.‘._’"f Iln-- ki

I'"- A pnln s

ey =030=0
[ = ﬂjﬁ' = {iMF
P = 12m

determine wpoand g
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choose the cab as the rotating coordinate
then r= 1039§ + 6j
D =ay=03j

Fp_= Fp T ¥pa

=R xr+aprxr
037 x (1039 + 6) + 0.5k x (1039§ + 6j)
=304+ 52)- 312k (ms)

dp = fiy T dpr T d@c
nr-=f!xr+ﬂx{ﬂxr,'|
=0+ 03jx3.12k =-094{
apr = war X (wps X r)
=05k X (-3i+ 52j) = -26i-15]
ac = 2102 x vy
2(03/) x (-3 + 52f) = 1.8k
gz = -354i - 157 + 1.8k (m/s")

the results are the same as in sample problem 15.11

Sample Problem 15.15
oy and c; are given as constants

determune wp, @p, and e and @ of the disk

choose Axyz as the rotating coordinate

t]'IBTI. ﬂ = I".t.l|_ﬂ‘I and iy = f'_'l:.fi

po= ¥y W = ¥yt (Mpa T VeE g
Vo =an X Od =anfx Li=-w Lk
W = x AP =wjfx Rj=10

¥r¥ = l.'l'.i',zk X Hj = -l'.'-iill.ll:l.'l-

Vp = 'Eﬂzﬂi*-[WLk
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ar = [@rfoxvz + Ger + @c = (@, + gpg) * dpp + 0
@ @y =0xQx L0
=gnj X (~anlk)=-wLli =g,
dpy = en % (op x AP)
=enk X (~epRi) = - Rj
ae = 2508 % wyp
=2 X (~enRi)= 2w ok

ap = -t Li -en” R+ 2o ank
wp = £+ py = ooy f + ank

ap = fi:JuJu-xw. = [ﬂt'r.r}.-..-.,. + L) X an
=0+ onfx (onf + ok

=1'.:1'.?'|_l‘.'l'.il,zi‘l
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