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5.1 mimﬁa%ﬁwaai’mqm%ﬂ%szmu (Plane Motion of Rigid body)

Type of Rigid-Body Plane Motion Example
mM3tianlaaluunInse: Liunn
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5.2 msmﬁauﬁuuumgu (Rotation)
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ot Codt?

wodo=add or 6dé=06deo

1 =) H &
N30 ANNLIILBINNWAIN : o = const. Lo

=0, +at 6 =n13N3230L 794N (Angular displacement: rad )

o’ =al+ 2a(0—00) ® = ANUIITIYY (Angular velocity: rad/s)

00, + +%at2 @ = ANULIITIYY (Angular acceleration: rad/s’)

> ﬂ’lsm\g%ﬁamm%mﬁ (Rotation about a Fixed Axis)

ANMNANNIS NITLARARTTILEW — IBINN: VaIIA A

1) AIWANNWSLTIZWIA (Scalar relations)

a=ra
2) ANNANNWSLBILINIADS (Vectors relations)
V = &xT
a=V = @xF +@xF
=@dxV +axr
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Sample Problem 5/1

A flywheel rotating freely at 1800 rev/min clockwise is subjected to a vari-
able counterclockwise torque which is first applied at time ¢ = 0. The torque pro-
duces a counterclockwise angular acceleration o = 4¢ rad/s®, where ¢ is the time
in seconds during which the torque is applied. Determine (a) the time required
for the flywheel to reduce its clockwise angular speed to 900 rev/min, (b) the time
required for the flywheel to reverse its direction of rotation, and (¢) the total
number of revolutions, clockwise plus counterclockwise, turned by the flywheel
during the first 14 seconds of torgue application.

Tangdmuua  danuisiseuisy N_=1800rpm (CW)
AMNLIILTIYY =4t rad/s (CCW)

¢ A = @ . . _
langmamwn  a) 1281 t iATITDUNIAYWINTL 900 revimin, CW : tgn_g0 rom ow=?

A [~ A a
b) 138 t AT flywheel LURIUAANIINIINYY  Egnoy ="
¢) IMIUTBUNIAYUNINUA 19 CW, CCW lug191981 t=0 - 14 Judi

aa o
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{ [ 1 o .
a) 1381t 1AMNLTITAUNITRYKLINAL 900 rev/min (CW)

n_,=1800rpm (CW)=> a)t05=—180(%=—607r rad/s
a=4t rad/s(COW) = =4t rad/s

fuuana CCW lwidu + : aanw =

d ) t t
m:a=- > [ do=[adt=](40)dt = 0=-607+2"radk > (1)

sath w1 £ N=900rpm (CW= wz—sno%z—soﬁ rad/s

INTIZRSIIAT t 1 0=—307 rad /s WANTINFNNTT (1) hisAa

—307=—607+2* =>t*=157 .. t=6.865s Ans

] G, [ A 09’/ 1]
b) 1181t 1AL flywheel LRERNANIINIIVIYK: WA 1 a1t N w= 0 rad/s
N (1) A o= 0 rad/s Ao

0=-607+2> =>t=Dx .. t=9.71s Ans
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c) T INIDUNIIUNUWNINNA N9 Cw, cCw ‘lumanm t=0 - 14 3N

FIWIRIDUNIINY UV flywheel (N,) lug291781 0 — 14 sec TINGINNTD b) WLIINLIAN t=6.86 s flywheel
%Lﬂﬁwﬁﬂmamimmm CW 11 CCW adtus1mIniauninuaazeadutsfaidn 2 124

ﬁa 1) CW' N0-9.71sec e 2) CCW. N9.71-14sec
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o, rad
2r,rad /rev

dé 0 t t 2
i o=-g - [d0= | od=[(-60r+2f)dt = 6=-60rt+5t°rad — (2

CW0-9.71see> eo_glmecz[

AINU —

CCW9.71-14see> Hglmmc:[

INUIBIDY

CW.0-9.71se= N, ,

CCW:9.71-14see> N

3

3

2 t=9.71
—607zt+—t3] =-1200rad #

t=0

2 t=14
—607zt+—t3} =410rad #

3

t=9.71

. 90—9.71sec_ —12(0‘_194 2rev.#
Tsee 24 T 27 | T .
) . =N, =194.2 65.3- 25%ev. Ars
9.71 14sec 9'72}7;486(:: 27[0‘: 053 rev.#
64.81
Angular
velocity
o, rad/s
CCW

—607
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Sample Problem 5/2

The pinion A of the hoist motor drives gear B, which is attached to the
hoisting drum. The load L is lifted from its rest position and acquires an upward
velocity of 2 m/s in a vertical rise of 0.8 m with constant acceleration. As the load
passes this position, compute (a) the acceleration of point C on the eable in con-
tact with the drum and (&) the angular velocity and angular acceleration of the
pinion A,

y=0m=v=0m's

° A AL o
Tanginnea  Load L : laRauniudls a=const = |
- y=0.8m= v=2nM's

Tond - ="
INYDINKI a) ﬂ’)’]&lLix‘ma\‘i"ﬂ‘@ C: Ac = |

b) ANULTATINNUAZANNLTITIYUVDS pinion A @, =7, @, =7

A2l ? H Qs H -— 02
35111 a) WIANNLIIVAIYA C: G = dansuninidaaudsnlang o 4. unde
Wﬁmmwgﬂmmmm;@ C |al=8
a=g+g= v —(Q)
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9n (1) daaudslinudda a Sasmansnswaldain

d a v 1 d 04
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V'=%+23(s 9
=0+ 23, (0.8- 0)= a =2.5m/$ #

adlw (1) azle

ol UNUAINNIU

|a|=3=2.5m/s
a=3a+3=>7 _ Vi 2 2
=—C=—-=10m/s
o 3| r. 04

-|a|=V2.5+10=10.3m'S Ans
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Y
=1 (CW)
pinion A= A —(2)

o :ﬁ (CV\O
A
s 1 1 d U qq:
N (2) denslinsudrdae Vi, & FIv1lean Gear iAo

V=g T,
GearB:>{ =%'s —(3)
=gl



o , . = v . . . <
1N (3) farudslaniudfe Wy, Og Fa1 laan point C on hoisting drum HuAD

@Bzécz%zé—Srad/s acw
pointC = ¢ ”s
&B:acz% S=625rad /g’ CCW

WaLLHe): (1ha997n Gear B Waz Hoisting drum Qﬂﬁ@@@ﬁ'u ﬁoﬁﬂﬁmmL%’st%d&qmu,ammwju%aqw

wirin (unyuldwsauriuiuies)

AIBULNUAN @y, g b (3) 2216

V=51,
GeaB =
a=6.29,
FIuuNuA @y, ap W (@) 2ld
D %z%zlsrad /s (CW) An
pinion A= : ;5 —
d=—a = 3 ¥_18.75ad 5 (CW) An:
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Sample Problem 5/3

The right-angle bar rotates clockwise with an angular velocity which is de-
creasing at the rate of 4 rad/s%. Write the vector expressions for the velocity and
acceleration of point A when w = 2 rad/s.

landmuna  Right-angle bar: nyudae (fmua CCW iduuan)

. w=2rad/s,CW= o=—2k rad/s

a=-4rad/s,CW = a=4krad/s
landaam  a) m’mﬁaLLazmmLioL%aLﬁumaagﬂ A v, =7, a,="7

Aag o [ 1 -
8N ‘Vi'lﬂ')'l&llﬁ?LL&Z@]'J']&IL?G‘]JE]G%G] A: VA=?, =7

D)

A

Velocity  %=@x B=(-2 k) x(0.4% 0.3)=0.6- 0.3 m &
(8, =axTp=(4k)x(0.4i+ 0.3)=1.2+ 1. m &
Acderation: 8, ,=&x Vy=(-2 K}x(0.6 + 0.§)=-1.6-13 m#’
4,=—2.8+0.4 mg’

|vA| 0.6+0.8 =Imk  Ans

|aA|— V2.8+0.4 =283 £ An:



5.3 M3ATHRNILARBRTNILLUENY b (Absolute Motion)

mMylANzimMefeunuuusuyInivaala g aunsanszvldeai

1) meNuFINRRITL TR0 TrimInIaliuds uaznIneIaiu (x = f(6))

d
2) mauwuﬁmawm a2ldnu57 meanuSugadunay LT3 [ dt(f(e))

v 4 y d?
o § o A v ' [ 1 a v a e
3) WIABNUIATINRS alaanuse MIANWLITILTIEUUAZLTINY | X = F( f (0))

Sample Problem 5/4

A wheel of radius r rolls on a flat surface without slipping. Determine the |
angular motion of the wheel in terms of the linear motion of its center 0. Also
determine the acceleration of a point on the rim of the wheel as the point comes N \
into contact with the surface on which the wheel rolls. S~y

¢ o ~ A Aa o A
landmuua 10 Center O: imuafeuiliBaidu fo vy, a,
4 v o ¢ A A a Y Y & A Aa o
landman  a) wanuaunusmaadenidaguliidunsidurasmaafeniifaduasya center O
b) WIANLTINVAY (rim) VB wheel th FIUAUINTFURTNLN
2571 a) mmwauwuﬁm‘smaa%ﬂmeﬂmLﬂuﬁan FUBINIILARARTITIEBVINN O (S vy, )

] A A Aa o & A A
ﬁ]zWU?qﬂqiLﬂaa%ﬂTa\ﬁ;(ﬂ Center O (VO, ab) Nﬂﬂﬂ'\ﬁ‘lﬂluuuquﬂu X ONUBBNIIIWCHINIILANDUN

\H93uL89 wheel axdad3udonIIMIANNFNRUTNINTRIATLFUlUAAN x (3202 s G931) AUnIzAaLEIYY

3
o '

V2IMIAYY (6) NNRUmIBUREITIBUdaaaTIN 1 azldanudunuizasnnuiy uaznaywusifinuda

q

AN 2 azldanudunuirasnnuss (munanmilienzimaefewiiduduuazidaguy 3 Taniuaua)

¥
N13N32IN: 1ATZHZNILANBUNVEIIN O
Displacement s=r¢ —» (1) Ans
[
AL
.d(1 ) .
Velocity: % = s=16
= V,=ro —>(2) Ans
ANBUNIAROUNLIDYA center 0 LARBUNA | Gqqaide:
lufie +x ldszoz s (MInszdaiBuduaeaiia o) _dE) -
e . . . Acceleration . = Vo=T@
=R wheel nynlddraniInszaaiding (6)
, o ’ = a,=ra —>(3) Ans
AIanULERLII I3




b) %1AMNLIINVBY (rim) VDI wheel b ANURBINTNNEN LN
winwasangUduurznudt 99N way (im) 289 wheel faga C (6=0 rad) uazila wheel nyuldldnis

nazdaieyy 0 (Tafisunuumwifeaszy) wazazwudnge ¢ wWhsuliidu C's uazazldminszdadudueia

v 1
center O (Juszez s (3282 O - O') AINK NIFIWIWANULIILAD wheel mgu"[ﬂ 0 azinsanuisiluianig x

uazfiand y Giazdaddisuanudinig MInizda AN LazANALE LasRINdaIN I g NaduHE

RuAUNUEN 6=0 rad
ANMNFNANUTNNINIZAA

Displacement x s siné ; ¥ fco¥ —> (4

ANMNFNANUTAINLS?

Velocity. ( ) o X=$-rcog(0)0 . Y=0rrsif6)0
= X=V,—rcosd)m , y=rsinfd)w
= X:vo—rcos(e)(%) ; y:rsh(a)(%)
= X=V,(1-cosh) , Y=V, sig - 9
AMNENWUTAINLI
Acceleration ( ) k=p(l-cosd)+v| si(0)]  ; V= siw+ y| cos(0)]
= X=g,(1-co) + v Sirg ; y=8 Sif+ yw cos
= X=8a,(1- cos9)+v( ) sirg ; y=a Bo+ \5( )cosé’
2
= X=g,(1- cos@){v jsm@ , V=2 sn6?+(vzjcose (6)
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a v o A A ' s oA
G%%Vl?(ﬂ A RANYY (9=0 rad) EUAINULIT LRSAINLII A

Acceleration = %0 ; "szO _Ans

Velocity. = x0; y=0

YDAILNA: Th q@é’um”a ANULTILAZAMNLTILTILFUVDI wheel LHINNUAMNLTILALANLIILTILTUVDIN
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Sample Problem 5/5

The load L is being hoisted by the pulley and cable arrangement shown.
Each cable is wrapped securely around its respective pulley so it does not slip.
The two pullevs to which L is attached are fastened together to form a single
rigid body. Caleulate the velocity and acceleration of the load L and the corre-
sponding angular velocity w and angular acceleration o of the double pulley

under the following conditions:

Case (@) Pulley I: w; = @, = 0 (pulley at rest)

Pulley 2: @y = 2radfs, as = 6y = —3 rad/s®
Case (b) Pulley1: wy= lradfs, a; = ¢y = 4 rad/s®
Pulley 2:  ws = 2radfs, ay = @ = —2 rad/s®

r;=100 mm—

(t)lc

Tangdaamn Double pulley %1 @, @, Uz load L w1 v, @, 1 Case (a), uaz Case (b)

AaAa o

o . v A A Al v o v o o o oA a o '
1 IMNAIYWNUAN 5/4 ﬂqiLﬂaauﬂluLLujaNNﬁTaﬁ double pulley ﬂ@awwaﬂULauLﬁaﬂW@nLL%uﬁ A LAY

B ANNULTILAZANNNLTI T SVINAUAY ANNLTIAZANULIILTIL & WD ILTEN C way D I@m:é’uﬁufﬁumsm’m

v Il
284 Pulley 1 Waz Pulley 2 m%umsmﬁam%wmaa double pulley E‘T’]NW?QW%W‘SM’]%@%WﬂﬂW?ﬂ?&%WU@]’JTGG

MIAARDUNLTIEU (AULTI UAZANLTI) AIFUMBEN

A O.\ B A Oﬁ
\\J‘ V=021 \\/—’7\ VE=0ar;
v X’
‘?\ _,.—,\3 do
< L7Sa07757 N I A
A O ATy
V=i, T e D case2
A 0 B A 0 B
0.1m 0.2m 0.1m 0.2m
a A =01 A
aA=a,r, ) .
AF1o B A0 B
R 2 .
\‘}) ;........(:‘."
1 dpg=a,r Ap=a,r,
Oease1 Y B Ocaseri % 27
Fig: Case A Fig: Case B

mﬂgﬂﬁ]zwmwmwmmﬂ@hwaamwm%’;u,a:

mmﬁu%uﬁmwiwﬁ;@ A Uaz30 B HINA LA
A AL o =

double pulley LARBUNUUULLAYUGILAINLT

LAZAMNLTILTIYN Taafian19n1ItaRawiuuy

W GRREER LAZANLIILTIYA) azllanunie

PYDINNULTINIAANNLTS L%al,ﬁuﬁgaﬂh

Case: A W30k Fig: Case A

5 = Ve~V _ @10
casd

I'-AB r AB

_ %’: 0.667rad 5 (CCW) Ans

S~ _8a,_ ohal

acasa

rAB rAB
= 3OL0_ 0 1rad ¢ (cwy As
U, =V O o0+ 0.667(0.13-0.0667n s (Up) Ans
8,= 8 Olgpsal 4570+ 0.1(0.3=0.01/s’ (down) _Ans

Case: B W31341 Fig: Case B

= _WVa_oh-olnh

Wease = rAB rAB
- 20010 333ad 5 coW) Ans
g =& _al-af,
case rAB rAB
_ 4(0.1-(-2)(0.1)
= 03 = 2rad/52(CV\)ils
V=Vt @l ,50.31 0.333(0.130.13m/ ( upﬁs

ét):é'A_acasér AO__04_2(01):02T]/52( UF) ﬁs




Sample Problem 5/6

Motion of the equilateral triangular plate ABC in its plane is controlled by
the hydraulic eylinder D. If the piston rod in the cylinder is moving upward at the® ——
constant rate of 0.3 m/s during an interval of its motion, calculate for the instant
when 6 = 30° the veloeity and acceleration of the center of the roller B in the hor-
izontal guide and the angular veloeity and angular acceleration of edge CB.

langmama  ile 6=30°, Roller B w1 v, a, uaz edge CB 1 @, @

AaAa o

1 1689970 Plate ABC L% rigid body @9UUNILARBWALTINNVBING plat ILVINAUNIRNG HuABND
v ] o A = Aa 6 o
L§UBAUVAY plate WYY A @u = Gpe = D=0 U8 @up= @pe =Apo=a TINMTNATIEANIZN IdlasnT
v o & A A a o A Aa @
aMuFINBIvaIMaRauiiuiuM e fauiBuduluuwIun x uaz y
o =) dl d.
fMruanaN1IARawn:

+x=« ; +y=T : +0=CCW

ANMNFNANUTNNINTZIA:

Displacement x bosf ; ¥ B - (1

ANMNFNANUTANLS?

velocity M0 = x=bsn(@)6  © y= beos(0)6
= Vy=—bsin(0)w ;= bcogO)o — (2
AMVFUNWTAINNLT

Acceleration % = X =—b| cog(0)0°+ si(0)0] ;Y =b - :1(0)0°+cos(6)0 ]

= a, =—b| cog(0) @’ + sib)a ]| ; a, =0 - sifd)w’+ codd)a |
v,=corst .. a,=0 = a, =—h[ cos(F)w’+sin(@)a| ; 0=b[ - si(F)w’+ os(0)a] — (3)

G0 1ila 6=30" uaz v,= 0.3m/s(up= contaunuelu (2) uaz (3) 3l

1) ﬁmm?’Jm‘?ay&/ummmﬁm?ﬂﬁu: 91 (2) 2) AN TINUURZAINLTIUTILT: 917 (3)
v, = bcos(0)w 0 =b[ —sin(6)®*+ cog)a |
__Va _ 0.3 sin(0) o
- @ =Dboosh 0.2cos® Loa= %:wztan(?:l.?S? tan 30
o =1.72rad/s(CCW)  Ans a =1.73ad 5 (CCW) Ans
Vg =—bsin(8) @=-0.2sir{ 30)( 1.73¢ 8, =b[cos0) ' + sin(6) ]
Vo= ~0.172mM's=0.173I5>) At — 0.2 co§30)1.732+ siff 30 737

. 8, =-0.96an/¢=0963n/¢ () Ans
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5.4 N13ILATITINITLARARNLULFNNNS (Relative Motion)

5.4a) m'mL?’;ﬁuﬁ'ﬂgtﬁaamnmimgu (Relative Velocity Due to Rotation)

i

of B '

o ® o @ [
ﬁ&lﬂ'liﬂ'.l'l&lﬁ&lw%g ﬂ')']&lls'la&lwwﬁ{'ﬂaﬁﬂﬂ A L‘ﬁﬁlﬂﬂﬂﬂﬂ B

® { Y
1) ANNLTYA A LlBIIEUNUYA B

VA =VB +\7A/B

& - & o 6 a ' o < o

$\) VA/BZ ﬂ'J']@JLTJﬁN‘W‘Y]'E‘UaGﬁ;@ A mﬂma’g@ B ’anﬂmmgumaomqmiﬁaug@ B (ﬂ\‘lgﬂ
& o o & - { a ' ] —

2) ANANTIFANNS V, ; NIINANNITNYHIaLIA B Ad (Tz8eW191enine B-A=T,,)

AINANNWBSLBIYWIA (Scalar relations)

Vag = lea®

I@]El a mmﬁ’u%mwauﬁu AB G]v\‘]zfﬂ

% [ & A & -
AINNTNNWUDLDILINLABD T (Vector relations)

VAIB =dx FBA =g, €

5.4b) Qﬂm\g%ﬂ"mm: (Instantaneous Center of Zero Velocity)

(a) (b) (e)

s A a = & a : “ ) N
'ﬂ']ﬂgﬂ 133 nml@mm%m 7]71‘!(7'] C Nﬂ%’]ﬂJLi’JLﬁug{uﬂ 'i]zljﬂﬂ'ili@] C 'J']Lﬁ% "Q@‘ﬁﬁ:‘lu“ﬁ'ﬁﬂ"ﬂmz
A rf{’ = = a o & v o o 6 = A
mmsﬂgmauq@ Cu &IﬂfJ’]&JLTJL“lTGlJN @ UL ﬁlzvlﬂﬂﬁqllﬁ&lw%ﬁﬂﬁflwﬁ')‘g@ A LLﬂz'ﬂ@l B A
Va=@r, [ Va_Ty

vy I
— B B
Vg =@l
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n’n"‘stm’mﬁunnqmmgu%"mms

AaniaginialugUduans wmnnauenuiinge B (anmauazianid) uazdasmnau

ANNLTIVBIYA A (NNULAWIZAANTS Tasduriany Path line) sansanszvinldmudunon asse Ui
Iwaand 1: mﬁgﬂmgm?"'mmz (@n C) LLaz"i’mqm‘?\aamga
> ANLEUATINIUIA B LazIANNHUANNEA V, ai3u
> ANLEUATINIUIA A WazAIANNNY Path line V89 30 A (fiama V,) aag
> 10003nINg 2 Liu Aaga C Faazdn “ANYUTIUIUL” Uazazld “TaginTaauyd ACB’

I@Uﬁ]zﬂﬂg%ﬁ?ﬂﬂ’l’]&lﬁ%%dﬂgw (0] 38‘1.@@ C @”\‘13‘.1.]

VA = MXTca
™\

“Sgunsesnyi ACB”

A
\ . . ’o':l'
\ ‘ﬂﬂ‘l’mu“ﬁﬂ"llmq, rc,\ . ,"
%
/ _—"' .’ rBA
u '
Path "' L S rCB F)\VB OXrcp
Scead L
of A cC o
B

& { o [ 1 % [ A
?l%(ﬂa%ﬁ 2: AMWIWANLID T 7\(]'9]@1'1\‘1 9 u%’mqm‘saamgm

<
ANLIINVDIIA A

V,=axl, w10 V,=arl,

I@] Uﬂﬂiﬂﬂﬂ’]ﬂ’)’]&lt‘i’l Vg

uazAW3IN90 P lag uniaginTeauyd sunsadwinldisudonnu da

1
=

V. =@xT,, lasf Ty, Aaniniaaininiziaainga ¢ ldsae P lag

= P € o o ¢ ~ o
WgULhgl: @MNLIANNNHVDIA A Lhanuan B

A v A v 4 o o aa & o o §
Tﬂﬁ]zWUNaaWﬁ'ﬂvL@uu LNINUNUITANULIIRNNANND
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Q 1

& o o
1 A28819 (ANALSITNNNS)
Sample Problem 5/7

The wheel of radius r = 300 mm rolls to the right without slipping and has a
velocity vy = 3 m/s of its center O, Calculate the velocity of point A on the wheel

for the instant represented.

¢ o a A A a o a
Tﬁ]‘i’lﬂﬂ'\‘ﬁ%ﬂ "g@ Center O: ANILARDUNLTILRY A Vo=3m/3

< = -
Tﬁ]‘i’lﬂﬂ']&l‘ﬁ'l a) V\']ﬂ’J’IEJLTJ‘Ua\‘ﬁ!@] A: VA=?

aa o
Py

-

AA o

3 6 qu A
awsumIndaaudslandonum V, suda
aumimmﬁqﬁww‘”ﬂﬁmaﬁ;m A Lﬁﬂmiaa;@ 0
V,=Vy+ Vo= Vot o xT,— (1)

o A o 1 1 A — o
370 (1) @l'JLL‘]JiY]ﬂ\‘leﬂJ‘Y]T]Uﬂ"I A8 Wy TININIID

a v oA o o a oA
W"ﬂ’]imqvl,@l,m‘ul,@ﬂ’lﬂuﬂ'ﬂ@naﬂ’]ﬂ'ﬂ 5/4

n3u ale

- Vv, 3
%=1 703 )
=10rad/s(CW)=-10k rad/s

wnuennule (1) a2l

i i Kk
V,=3i+| 0 0 -1
-0.1732 01 O

- .~ |0 -10- 0 -10-
V,=3i+ I — |
010 -0.1732 0
0 0|-
+ k
-0.1732 0.1

V,=3i+1i—(-1.733] + @
FITU

V,=4i+1.72/m/s Ans
V,)=V4%+1.73% = 4.36m/s An
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Sample Problem 5/8

Crank CB oecillates about C through a limited are, causing crank UA to os-
cillate about 0. When the linkage passes the pogition shown with CB horizontal
and OA vertical, Lhe angular velocity of CB is 2 rad/s counterclockwise. For this
inatant, determine the angular velocities of OA and AB.

3 Aa
landmant wanasuGiyawes Crank AB: @y, ="? Uaz Crank OA: @y, =7

aA o
39N

o Aa o & _ _
FIFNNNINAauUTIaNd R @,g @op
ﬁuﬁaammsmmﬁaé’uﬁwfmaaa;@ A Lﬁﬂmiafg@ B
V= Va+ V5= Vot @gx Tg— (1)
=
Taan
V= 0o X Top—> (2)
LR
V= @ x Fo= (2KX(-0075)
=-0.15jm/s
o va —_ —_ d‘y v
MABAANAN @, Do ILDDIGW 10U CCW

3o +k wnudinunanuals (1) agle

(a)BAlZ)x(—o.175‘+ 0.0%)
azle
~0.1w0,4 =—0.15+[ - 0.17B,,j — 0.05,, |

&N Vectors component i—,j—ﬁlzvl,@i”

componentj : 0=—0.15- 0.17%;,

-0.15
Der=017E =-0.8571rad 56

wga=0.8571rad/s (CW Ans

component : —0.1m,,=— 0.0%0,,
0.050,, 0.05- 0.857f

WA= 1 0.1
=-0.4286rad/s

won=0.4286rad 6 CW) As
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Sample Problem 5/9

The common configuration of a reciprocating engine is that of the slider- \

crank mechanism shown. If the crank OB has a clockwise rotational speed of
1500 rev/min, determine for the position where @ = 60° the velocity of the piston
A, the velocity of point G on the connecting rod, and the angular velocity of the

connecting rod.

- 5 = ; \r=125mrn
==

6 < . -
landaian a) AuL52va9 piston A: V, =2

b) mmﬁwaaﬁ;@ G: \7A=? LLﬂ:ﬂ’J’]&lL%’JL“ﬁG&qISJ“UaG connecting rod: @,; ="

aa o
D

-

< R -
a) ANLIIVAY piston A: V, =7
2 AA o 6 - & A
gyesunIndasudslandanumn V, huaa

o e

= 6 I~ '
FUNINMULIIRY ﬂﬁma\‘i’i‘]i@ A L"Vlﬂ‘l.l@la’i‘]‘@ B

:(_% K)x0.125¢ cos6® + sin6g

V,=9.8175]+ 17.004m ¢

ludassuil swualiians o,, lu cow +k
waziue V,=vi (—) Fauununina el
(1) ale
V, =Vg+dgxTg,
vi =[9.8175/+ 17.004]+
(@6, )x0.35(— cogBi - sing] )
L Vi =[9.8175+ 17.004] +
0.35wg,(— COsB] + siBi ) (2

> ] 1 & ~a k%
310 (2) §9linTudr B TsunTanaTanlaain

pikE e
sing _ sing :ﬂ:sin‘l(@ sine)
r.OB IFBA IFBA
(0125 .\
= fB=sin ( 0.35 SN 60)—18.02

[
o o

I LWeN Vectors component TI U (2) azld

componentj : 0=9.8175- 0.3,

o — 9.8175 _ 9.8175
84 0.35c0¢¥ 0.35c0s18.07

wga=29.51ad /s (CW) Ans

commnenti : \=17.004+ 0.3%,, Sif
~17.004+ 0.3% 295 Sin18.C
=20.2m/s

. V,=20.2 m/s(>)Ans

b)A3t51289 90 G : V, =7
afusumIidaudslandonam V, dude
suMIANAIFINNT10910 G iinudaia B
V= Va+ Viyp= Vot @gex Tos (3)
wnuenfingy V,=9.8175j+ 17.004m ¢ uaz
pe=0,=29.5 rad ks w3zl qa ﬁlayjuu
rigid body: connecting rod BA) A9y (3) azle
Vg = Vgt @peXT g
= (9.8175j+ 17.004)+
(29.5)x 0.1~ co@i- si])
= (9.8175]+ 17.004)+
29.5 0.)(- c0s18.02+ siB1027 )
sV, =17.92 + 7.012m ¢ ;
Vo| =19.24m's Ans
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2 @agg (aﬂwum}{mm:l
Sample Problem 5/11

The wheel of Sample Problem 5/7, shown again hers, rolls to the right with-
out slipping, with its center O having a velocity vy = 3 m/s. Locate the instanta-
ncous center of zero velocity and use it to find the velocity of point A for Lhe

position indicated.

6 o 4 { o [ —
landmuwa 9@ Center O: imuafauliBaidu fa v,=3m/s

3 = -~ a o
Tﬁ]‘i’lﬂﬂ']&l‘ﬁ'l a) VVW]']'T?JL?’J‘U@G?@] A VA=? (')LﬂiﬁzﬁLLUUﬁ!@%l‘!%?'J‘Umz)

aa o
Py

-

WINNINTUIARYUTIVULVBIAMNLT T,

¥
@ o o A

azwuiduezagfraaudanuin (39 C) a93

— @xYer
VA"’)

<

T Fe=0.2m
; ~6}‘,«.\0 Vo = OXIco

3

Y =3m/s
E L)

v

JUMBUULEAIINLABTAINTIVEIIN O Uaz
A o A s A
0 A fanyutiamefayn C TAN19vaY
LINLABTAIINETD Vg DSEIAIBINAVLINIADINTT
o . 1 = o o - —
N0 Too WRSLTWALINUNY V, L Fgy NAANA
TG LINFINITANII T (A I181ULAALN CAO

o & A A Y =
Lﬁu?ﬂq&nidﬂ&l&!ﬁ ﬁﬂl‘{uiau‘i‘]‘@l C @3aa37uLI7

L%mu @ agﬂﬁmma

IBUAINNIILANNLTY L%x‘]&ql&l%ﬂd’s’(?’lqmgd-

§UN& CAO (@) MazaaNInMiwImIANNLTIZY

nng auwinninisldan V = oxT udangiin

NIUANLTY V) =3I M/S asinazisg1uIn

3 [~ a v A
ﬂ?%')i%ﬂ’l']&lt'ﬁt“ﬁ\ﬁ&!&lvl,@ fa

}

o

= WX T,
@x0.3 = .. @=-10k rad/s
w=10rad /s (CW)

aannazlannuiiy V, o dunis A e

(_o'l
I

}

= OxT,

=-10kx[ 0.3+ 0.Z— cos3U+ sin3P)]
= 4i+/3] m/s

wio [V, =19 = 4.36mk~ 23.41 An:

>

}

>

<l
Il

a I's
ALAINTHKLLULY Scalar

N3 ’q]:vl,ﬁ’ﬂ’l’llltg’sl,%\‘]g&l Ao

Vo = (Te0)
Fw(0.3 = .. =10rad/s(CW)

& ) —_ ) v
TINANINVEY @ (CW) W13 laan
[-% =i =} ) U
WANNIIVINHNEV I mawmsmvmngﬂmwmv
- A pd p=a ° 2o &
A 7%71ﬂnwmmmazmumm?vz'mQmw
ANNG CAO Nyw3augna C Tunanis cw a931

uazazldanusa V, o dunik A e

Vo = a)(rCA)

v,=(10)/{0.3+ 0.2- 2(0.3)(0.2) &} 0°+90°)}
S V,=4.36m/s
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150 200

Sample Problem 5/12 A mm D _mm B

Arm OB of the linkage has a clockwise angular velocity of 10 rad/s in the 150 150 4mm
position shown where § = 45°. Determine the velocity of A, the velocity of D, and ™™ - 0 = 45° /’ 0
the angular velocity of link AB for the position shown. —}A j_'%)\_

6 <1 - -
langdanamn ANUIV9I0 A uaz D (V,, Vp=7)

ANUTUTINNVDI Link AB: @p5="

WWULAN(UDN) AU NUINTINUDY link O'A: @Dy, =?

aA o
39N

' '
Aa A

RINABINITNINLABHNAANTNITLARNEUNL Y
link AB oAl @,5,V,, Vy AI% WINRINIHNLA
q
WUV link AB 926 8INTIUTNIANIIANNLT
V8IAA9 9 U link AB 8E119%BY 2 90 LAIINLEY
ANNAIANALANUTIAINGT IAAANUVBILTUATI
aldiduwanyutiame (30 C) uazazldianinis-
Ad‘
auyANnYwIaLIA C
A « . A A
AAN19AULIIUN link AB 1N31UA8

VL Tgn 482 Vg L T (NILUIIA Vg = @5 T )99

C

Vi = MoXXco

0.15m  0.20m .

A=y, D B

/\\ror,FO.lSm /u‘({:mm;:lﬂl‘ad/s
w()vA 456.\
Q‘—' 705=0.15\2m —H‘B

ﬁnﬂgﬂﬁﬁuuu TWUIN link AB ﬁq@%quiﬁ

{ = v = a
wzfiza C GaazldiaginTaauy@ CAB UazHAN
ALY Uy e lwianiniauyd  CAB
WHUIOUIA C MEANUTUTINY @,y AANIINIL

InwRn1 (CCW) asgudal

VB = OxXI'cB
= WopXI'co

V4= MapXrca “.“
= coon.\xro:\
'H i}

A N Fo=0.15m

0'.0)0“ Fos=0.15\2m ii"‘,g

a =S o ' ' =
'cn’mgﬂ i:ﬂzﬂ'ﬁﬂiﬁm‘mﬂﬁgﬂ C DALAWIGNN S AB

. D op=10rad/s

g __ 035 —0.35/2
sin90 sin45 = Tes =" A
035 _ . _oaen
sind5  sin45 = fea=" '

= Ip=4/I5+0.15 = r,,=0.381m.

P2 & A

Gﬁdﬁﬂﬂgﬂﬂ’nmi’lﬁﬁ)‘@ B, A D fa
Vo =@pa M= 0Onn [ => @ =@ Teo
B~ *AB'cB™ “YOB'CO AB™ “YOB

rC B

=4.29rad /s (CCW) _As

Vp =@aglcp= 4.29(0.38)=1.632m /s Ans

Va =@ Fca=4.29(0.35)1.50m/s_Ans

— — VA
Va =Wgplga= a)OA_E
- @py=op=10rad /S(CW) An:
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5.4c) AMNLIIANNNS (Relative Acceleration)

of A

/ Path
of B

ANNITANMNFNNUS ANLIIANNNSVIIA A NLIA B

1) @AL399A A LilBLNBUNUYA B
a, =dg +aye

o 51 ANNTIFUNNTVRITA A (isudaga B :nmInyusadiaginisauya B aigll

L [ 6 A a =l ] g
2) ANMNLIIANNND A, ‘VlLﬂGl%'lﬂﬂ'li‘Vi&g%S'E]iJ%qﬂ B A8 (3c8eWINTENINN B-A=r)

Q)

A=+ (aA/B)n + (aA/B)t

@ o A . A a
AINTANWWDLBIVWIA (Scalar relations) PBIAMUTIFUNNT IHAANI n Uae t Aa

VvV
(aA/B )n = ?IB
BA

2

2
=A@
(aA/B )t =Vag = leal

o o A & R A
AINNFNNUDLIDILINLABD T (Vector relations) maammmauwnﬂuwﬂma n Waz t Ao

A A & ' - o o ¢ & ' =i ' o 1A A '
a5UNe: MINATIEHAINUARGUTUUUFUANS (AWTIUAZAINLTI) VBIIA A 1ALUGDTA B Init/Sonaionin
T udoudiluwsauny B LL&”’J&/@J'&J@ A TINITIAROUTIVEY A TETINAIAY U HABNAAIITEAIN A AL B

! ' [ I e o & & o & o ' A ;e
%?@ﬁL?E/ﬂ'J'] "ﬂ')’l&ll??ﬂgﬂﬂ'?'l&ll?\?ﬂNWﬂﬁ” UULAY NUUARINAINIINITILATITY (mawymf) Va4

o
-7

A fl@ a8 Ui (AduWns) a1uan Aunsindauiived B (Fauyiaived B)

NG Lﬁaamnmaguu B ua2aune [U A anulaniaaniinizanasaadiilu 1aniaasain B 11 A

& a4
Witele rBA
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Q 1

3 (29819 (ANLIIANNND)
Sample Problem 5/13

The wheel of radius 7 rolls to the left without slipping and, at the instant con-
sidered, the center O has a velocity v, and an acceleration ag to the left. Deter-
mine the acceleration of points A and C on the wheel for the instant considered.

3 ' - —
landmanr anuissv0930 A uaz C (8,, 8.=7)

aA o
i)

i)

1) @NNLIVBIIAA © 8,="?
] > s 6 = '
MNENNMIANULNFUNNTIA A Luda B

a,= 3,+ ayo —> (1)

Toofi 8y= a5

uaE Ayo=(ayo). 8+( 3,0, € DaRansamnldann
v 1 =

auas Aa

t ~
‘{;.,.\‘0 ‘ (aA/O)t = UXoa€,
e ™

=aro, &

A
Fo
\ \ (@y0)n = -Tor0’&

= -ron’ €

NG2LNN 5/4 L15INTUIN

a=ar and vy=wr

A9t Unuen i (1) 3zl

8,= 8yt yo= Aot{ (840t (An0)
at,(singi + coj )
= (ari)+ 4
rw’(cosdi — sirgj )
a,= (ar+(ar,sind+rw’ cod))i

+(ar,cosd-r,w* shd)j  Ans

2) ANMAULIIVBIIAC : 3. =7?
MNFUNIANUTIFUNNTIA A Liinusie B
&= 8+ a8y, > (2

lasf 8= a, i
— A ~ 4 a Y

W82 8yo=(ago), &+ ( & o), € TINa13m ldan

£ 1 =}
gﬂmuma Ao

a=or O /
o !

X
O iA

(aA/O)t = arocét

=aré

NABEIN 5/4 15INTIUIN

a,=ar and y=wr

aonin unuenln 2) 9=l
8= 8+ 8yo= dot{ (Aot (@)
=(ari)+{(re?j)+(-ari )}

a,= ro’j Ans
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Sample Problem 5/14 Al

The linkage of Sample Problem 5/8 is repeated here. Crank CB has a con- 100mm
stant counterclockwise angular velocity of 2 rad/s in the position shown during a
short interval of its motion. Determine the angular acceleration of links AB and
OA for this position. Solve by using vector algebra.

3 ' A . . & —_ —_
landmant 0210305950289 link AB WAz link OA Uufla @as=?, @g, =72
A a [ 6
laglE3FmsieneAuuuiniaas (Vector algebra)

ad o
Py

i)

HASWE3N Problem 5/8 ANTILTINNVaT % ANMNLIIA A L TIABATIA @, (+K)

link AB W&z link OA fa _ _ -
" " a,= (aA)n+(aA)t

6 A
rad/s(CW——7k rad ¢ PR 4/_? A
rad/s(CV\)——% k rad < (@)i=dostor Y (@) = Yos®’os
. Wo4—=a
Suduwioaun1Indeandsilandaiuna r,=01m

a()/l
— —_ 4 a v e o
arB, Ay Gﬁ\‘iW"i]']mqu@ﬁnﬂﬁaJﬂ']iﬂ'J']NLi\jawwcﬂﬁ{ o .

99 A LiDUGa B (IAQWA LWIIZNIUANLIIN B)

a,= 3+ ayg— (1) a,= (éA)n+(_aA)t
4 _ _ . . RN =[@opx(@oaxTon)]+[@ 0r<F od
T3 8, &, uaz ayy Wasanldangudaluil 3 3 ) L
o m'lms'aqﬂ 5 =[—7kx((—7 k)x(O.lj)ﬂ+[0{oAkX 0.1J]
_ = 3\? -
(@), = Fent0er a,=-0.1c,i —0.(7) i mig— (3
r,=0.075 m
>y ) .
\ W Ocy %* ANLIVANNND A/B : NMMANANE a,; (+K)
ét (all)t Ucplcp A
" o= (), +(), . //‘\<a,w),.=rmwzm
pa=-0.175 i +0.05 j m
= (aB)n+( aB)t (aA/B)t = Upal'pa K’wBA

:[@CBX(@CBX FCE;)]"'[O7 cBX ch K,/_\aBA
=[ 2k x(2kx(-0.075))]+ 0 Bus=(8us), +(3us), B[®) 5
3,=0.3 m/s - (2)
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A= (Axp), t(3ye), —(4)
B3
(Aws)n=[@pax (@< T )]

=[—$E (( gg)x(_o.175i‘+ 0.05))}

(8us), ( )z(o 175- 0.0p) m¢
LR
(Aus) =[@enxTedl
=| ot kx(-0.175+ 0.05) |
=[ ps(—0.05-0.175 ) |

(8yp) =] @ea(-0.05-0.175)] mE

WNUARNNNT (2) (3) (@) luaums (1) waauen
sUa. wihnaes i, | el
i —term:
6 2
0.1a,,= 0.3 0.17{7) 005, (

—te m:

—01( ) ( )oo& 0.175,, (*

WATSUURNNNT (%) baz (**) Az be
aBA=—0.1050:>aBA:O.105Orad £ (CW) An:
aop=—4.34 =ay=4.34rad s (CW) Ans

LAZDIRNILAY (-) LEA9IIANLTIT I
W59 S RAN19ASIRWIN T AANIAI A RA
(MIL@aunanaIng)  aawusn Saaanwusn’le
fvuatdn (+k) Wia (CCW) 6i7i% angay ()

AaaNLTILTIyNdan1adn (-k) w38 (CW)
e
mnmﬁmm:ﬁﬂ?ymft ALWUINANIIVEY
mwm%u%wu (Angular velocity: @) Az laigInada
PWIAURTANIIVBIAVLTILTILEY LAQHALNTIE
ﬁﬂmwaammLs'al,ﬁaamnﬂmuﬁal,%agu WL
“

gaagudnaranmanyulunnnidl (4, = re’é, nie

= 24
a,=-ro’)
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Sample Problem 5/15

The slider-crank mechanism of Sumple Problem 5/9 is repeated here. The
crank OF has a constant clockwise angular speed of 1500 revimin, For the in-
stant when the crank ungle ¢ is 60°, determine the arceleration of the piston A

and the angular acceleration of the connecting rod AR

6 ' A { o ' — ' A . -
Iﬁ]?’lﬂﬂ'\&nﬁn AMULTILTING AU A: aA=? LLazﬂ’JWLNLNQWUaG link AB: aas="7

aa o
Py

-

Nﬂﬂq’Wﬁf"ﬂ’m Problem 5/9 mwm%u%aqwaa
link AB @@

0= 29.5rad /s (CCW)= 2. X rad/s

%

a o v Aa dl &

Liu@]u@’)ﬂa“ﬂq?ﬂw(ﬂ'}LLﬂiWI'ﬁ]Wﬂﬂ']sJV\']
— -~ 4 a % e o
ans, d, T\‘]W"i]']mf]vl,@ﬁnﬂﬁl]ﬂqiﬂquliﬂalJW'ﬂﬁ{?@

A Wiguda B (1AQNS INTIENTILANNLTIN B)

a,= 3+ a5 (1)

& — — — A o ' g
B3 8y 8, Waz 8y, NI ldnngdda’llil

* AALI990 B

éB = (éB)n +(5‘B )t

(aB)t = Olopl'oB

\ o / (ab‘)n = rOBwZOB

r

‘L:"' \\ I'OB= 0.125m
a)OB=const.\ [ Oop=0
0=60°".
— @0
25 =(8g), +(3),

:_(a)cz)B ros)ér +(aoeroe)é

:(%%(2”))2[—0.125(— cos60i + sin6q )]+

%))2( cos60i - sin69)—

aB:o.125( =5

% ANALTIRA A L unanie 8, (+i )

a,=a,i ms® —(3)

A
Al
R —

e

R N Y

) 1 o %] 6 o a —_ ~
%* ANLIVFANNND A/B : NMANRANE a,, (+K)

5‘A/B = (aNB)n +(aA/B )t

Oz B é&
Yoo= 0.350m “A\\,:
\,f-""'\‘wm=29.5md/s

(aA/B)n = I'pa) zBA

\ ~B=18.02°
A
sing  sind
/ 0.125 0.35(
LONg
(aA/B)t = Opal'pa é~( ; £=18.02
t

é-A/B: (aNB)n+(aA B)t — (4)
4

BN

(é‘NB)n:_wEArBAér

=29.5(-0.3§— cogi— sip]))

(8uys),= 29.5 (0.35] c0s18.02+ sin18Q3 ms’
(:
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LbRE
(é'NB)t =0Ugp FE;Aé[

=, (0.35+ sh Bi—cospj))
(8yp),=0.352;,( sin18.02 - cos18.02)ms?

WNUAIENNTT (2) (3) (4) luauns (1) usuen

sUa. wihnaes i, | el

i —term:

2
A= 0.125(%)) cos 60

+29.5 (0.35)c0s18.02
+0.35¢,, Sin18.02

j—term:

50 sin 60

+29.5 (0.35)sin18.02
—0.35¢,, c0s18.02

0 =— O.lZ'E(w))2

L)
i—term: a,=1831.77 0.1083,, (¥

j—term: 0 =—-2576.82- 0.333,, (**)

WASZLLENMT (%) waz (%) A la
Gop=~TT42 = y,=T742rad K (CW) An:
a, =993 =a, =993m/'s &)  Ans

anydsa: 3nunlgnn Problem5/15 fazuanens
mn’?‘ﬁmmﬁ/ﬂfym Problem 5/14 @a 971N Problem
5/14 LNUINNANIIVDIANNLIINIRNALIINTILIN
: & _ -
1) ANLF9 IwUWIAIRIN (normal &) : 4
PYPWIALYINAY T ? ﬁﬂﬂ’lavﬁaﬁwg&ﬁ;wgmawa Tae'lal
PUAUAANIINIIAYH (19 CCW WAz CW ) 49

a A, Xa ~ . ~

fenaniniae (-6 ) 1w unit vector 14 7
2) @MNLII IS (tangent ) : &

' v P & o/ A v a
PWALINAL af T99zaIanAL €, vgnasitanis
ldann @ Mdnue @Wnddwuadu cow 1
fian) HUARNILAIINTINIINTIL unit vector V83 €
AIT L ANTIUNIVUNABRTAANIIVAIAINNLTI
NINUALRD ARINITDRINITINARLULLINLADT Lo
Tasdne laolidaid1uwnis Cross  vector L%
a,=ox(@xT) uaz & =axt (Hnanmiuiu
laitta ez AawWa1aa1nN1T cross vector LWEILNINE
] Qs Q v =\ U v =)

Taivzia7:79 Tatau wIaldianuiwuin ausutanly
A & va A o a a° o .
slumq@) NHH AT NFULUITLANTAU unit

vector i, j WALAIZULRNNIINARIAIGDL
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[ENGINEERING DYNAMICS]

UNN 5 Plane Kinematics

of Rigid Bodies
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425203/525203 war1d@n33fanssu (ENGINEERING DYNAMICS)
Ch5: Plane Kinematics of Rigid Bodies

dauil 1 msndauiiuuuduysal (Absolute Motion)
1.1 n15ARBUNBUUNY (Rotation)

4ail 1 ([1] Problems 5/5) ) —

75 mm
@
N

5/5 Magnetic tape is fed over and around the light pulleys
mounted in a computer frame. If the speed v of the
tape is constant and if the ratio of the magnitudes of
the acceleration of points A and B is 2/3, determine
the radius r of the larger pulley. W

Ans. r = 112.5 mm

$oi 2 ([1] Problems 5/9)

5/9 The circular disk rotates about its center O in the di-
rection shown. At a certain instant point P on the rim
has an acceleration given by a = —3i — 4j m/s%. For
this instant determine the angular velocity @ and an-
gular acceleration a of the disk.

Ans. w = — v-@k rad/s, @ = 6k rad/s®
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4afi 3 ([1] Problems 5/13)

5/13 The circular disk rotates with a constant angular ve-
locity w = 40 rad/s about its axis, which is inclined in
the y-z plane at the angle § = tan™* -i— Determine the
vector expressions for the velocity and acceleration
of point P, whose position vector at the instant
shown is » = 3751 + 400j — 300k mm. (Check the
magnitudes of your results from the scalar values
v = rw and @, = ro®.)

Ans. v= —20i + 12j — 9k m/s
a = —600i — 640j + 480k m/s*

4afl 4 ([1] Problems 5/25)

5/25 The circular disk rotates about its center O. At a cer-
tain instant point A has a velocity v4 = 0.8 m/s in
the direction shown, and at the same instant the
tangent of the angle # made by the total acceleration
vector of any point B with its radial line to O is 0.6.
For this instant compute the angular acceleration «
of the disk.

Ans. @ = 38.4 rad/s®
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Ch5: Plane Kinematics of Rigid Bodies

4afi 5 ([1] Problems 5/26)

5/26 A V-belt speed-reduction drive is shown where pul-
ley A drives the two integral pulleys B which in turn
drive pulley C. If A starts from rest at time { = 0 and
is given a constant angular acceleration «;, derive
expressions for the angular velocity of C' and the
magnitude of the acceleration of a point P on the
belt, both at time ¢.
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4afi 1 ([1] Problems 5/27)

5/27 Slider A moves in the horizontal slot with a con-
stant speed v for a short interval of motion. Deter-
mine the angular velocity w of bar AB in terms of
the displacement x 4.

Jﬁu

3,2

41z

Ans. w =

2L [1 -

$afi 2 ([1] Problems 5/29)

5/29 Point A is given a constant acceleration ¢ to the
right starting from rest with x essentially zero. De-
termine the angular velocity w of link AB in terms of
x and a.

V2ax

JdbZ — x2

Ans. w =
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4afi 3 ([1] Problems 5/31)

5/31 The concrete pier P is being lowered by the pulley
and cable arrangement shown. If points A and B
have velocities of 0.4 m/s and 0.2 m/s, respectively,
compute the velocity of P, the velocity of point C for
the instant represented, and the angular velocity of
the pulley.

Ans. w = 0.5 rad/s CW, vp = 0.3 m/s
ve = 0.25m/s

$oi 4 ([1] Problems 5/37)

5/37 Calculate the angular velocity w of the slender bar
AB as a function of the distance x and the constant

angular velocity w, of the drum.

rhay
22 + h?

Ans. o =
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4afi 5 ([1] Problems 5/46)

5/46 Determine the acceleration of the shaft B for 8 = 60°if
the erank OA has an angular acceleration # = 8 rad/s?
and an angular velocity § = 4 rad/s at this position.
The spring maintains contact between the roller and
the surface of the plunger.

487l 6 ([1] Problems 5/48)

5/48 The hydraulic cylinder C gives end A of link AB a con- ki
stant velocity vy in the negative x-direction. Deter-
mine expressions for the angular velocity @ = 6 and
angular acceleration a = # of the link in terms of x.
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d2uN 2 N1sLAFIUNBUUFUNNS (Relative Motion)
2.1 A TaduinsiliadaInnsviyu (Relative velocity due to rotation)

%’aﬁ 1 ([1] Problems 5/59)

5/59 End A of the link has the velocity shown at the in- 60°
stant depicted. End B is confined to move in the slot. B
For this instant calculate the velocity of B and the 0b %
angular velocity of AB.

Ans. vg = 3.06 m/s, wap = 7.88 rad/s CCW A 40°
~ 14 =2 /s

%’aﬁ 2 ([1] Problems 5/59)

5/63 For a short interval, collars A and B are sliding along
the fixed vertical shaft with velocities vy = 2 m/s and
vg = 3 m/s in the directions shown. Determine the
magnitude of the velocity of point C for the position
0 = 60°.

Ans. vp = 1.528 m/s
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48 3 ([1] Problems 5/69)

5/69 The rider of the bicycle shown pumps steadily to
maintain a constant speed of 16 km/h against a
slight head wind. Calculate the maximum and mini-
mum magnitudes of the absolute velocity of the
pedal A.

Ans, (Ug)max = 5.33 m/s
(Ca)min = 3.56 m/s

Ch5: Plane Kinematics of Rigid Bodies
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2.2 M5AATIZRAMUSIUUIANUTIVUE (Instantaneous Center of Zero Velocity) y
!
|
!

$a¢ 1 ([1] Problems 5/94)

5/94 The constrained link of Prob. 5/81 is repeated here.
End A of the link has a downward velocity v, of 2 m/s
during an interval of its motion. For the position
where # = 30°, determine by the method of this arti-
cle the angular velocity w of AB and the velocity v of
the midpoint GG of the link.

487 2 ([1] Problems 5/96)

5/96 For the instant represented, when crank OA passes
the horizontal position, determine the velocity of the
center G of link AB by the method of this article.
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ot 3 ([1] Problems 5/109)

5/109 Horizontal oscillation of the spring-loaded plunger g
E is controlled by varying the air pressure in the ~
horizontal pneumatic cylinder F. If the plunger has
a velocity of 2 m/s to the right when 6 = 30°, deter-
mine the downward velocity vp of roller I in the
vertical guide and find the angular velocity » of
ABD for this position.

Ans. vp = 2.31 m/s, w = 13.33 rad/s

Ch5: Plane Kinematics of Rigid Bodies
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2.3 N153A312MAR1LLT9FUNS (Relative Acceleration)
Toi 1 ([1] Problems 5/126)

5/126 A container for waste materials is dumped by the
hydraulically-activated linkage shown. If the piston
rod starts from rest in the position indicated and
has an acceleration of 0.5 m/s® in the direction
shown, compute the initial angular acceleration of
the container.

Ch5: Plane Kinematics of Rigid Bodies
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Ch5: Plane Kinematics of Rigid Bodies

$iafi 2 ([1] Problems 5/127)

5/127 The 9-m steel beam is being hoisted from its hori-
zontal position by the two cables attached at A and
B. If the initial angular accelerations of the hoist-
ing drums are a; = 0.5 rad/s® and @y = 0.2 rad/s® in
the directions shown, determine the corresponding
angular acceleration a of the beam, the accelera-
tion of C, and the distance b from B to a point P on

the beam centerline which has no acceleration.
Ans, @ = 0.05 rad/s> CW, a¢ = 0.05 m/s® down

b = 2 m right of B

12
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$iafi 3 ([1] Problems 5/130)

5/130 The punch, repeated here from Prob. 5/57, is oper-
ated by a simple harmonic motion of the pivoted
sector given by # = 0, sin 2n¢. By the method of
this article, calculate the acceleration of the punch
when 6 = 0 if the amplitude 8, = 7/12 rad.

13
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Ch5: Plane Kinematics of Rigid Bodies

$iafi 4 ([1] Problems 5/149)

5/149 For a short interval of motion, link OA has a con-
stant angular velocity @ = 4 rad/s. Determine the
angular acceleration aup of link AB for the in-
stant when OA is parallel to the horizontal axis

through B.

120

Ans. dap — 1.688 radjsﬂ CCW |

14
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Ch5: Plane Kinematics of Rigid Bodies

4iafi 5 ([1] Problems 5/150)

5/150 The elements of a power hacksaw are shown in the
figure. The saw blade is mounted in a frame which
slides along the horizontal guide. If the motor turns
the flywheel at a constant counterclockwise speed of
60 rev/min, determine the acceleration of the blade
for the position where 8 = 90° and find the corre-
sponding angular acceleration of the link AB.
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