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3— a=f(w) use the relation Jd&‘ = j W, —
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4 — a = Constant use the r@on
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@n@lﬂ’w velocity (@) & angular displacement (0) are;

w € = @p +a.t : where ¢y = wy
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r A is in mesh with gear B as shown. If A
s from rest and has constant angular
teleration @, = 2 rad/s*, determine the time

eeded for B fo attain an angular velocity wy =
50 rad/s .

Oeluilon
Two gea 5 tate tac
(4 T Xp *=T — P ( 25 ) 0.5 d z
A X A S wa L — k. — J FF 5
e i 100 /
for const. acc. W = Wy + a.t — 50 = Qemg.

~ £ =50/0.5 = 100 sec

a constant angular accelerationa, = 6 rad/s*.
Determine the speed of block B when it has risen
to § = 6 m. The pulley has an inner hub D which is
fixed to € and turns with it.
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Givins: mﬁ@% ,  Bp= =0
T, == Sﬂmm: i?' ilﬁﬂmm & Tﬂ":?Emm

Reg.: @—?'? = at Sp=6m
onstace. @

fora 2 = wy* + 2a.(0 — 8y)

Rotation Problems




sehanice 2 for Civif:

wo pulleys (A & C) rotate by contact

———

»
B e —
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e

. 5 ‘ 150
: e 0,4 =80» (Eﬂ_) = 240 rad

Sy =12+ 240 = 53.7 rad/s

Twe pulleys (A & C) rotate by contact \
¢

Sub. into Eq. (1) vields

e s 50
AT =We*T, = dle=@p =537 L_il‘;ﬂ) -ﬂ-‘ 17 & d/s
The velocity of block B when it raised S; = 6 m : ol ':':"--x_
. F 3 l‘r’ L
“Vp =Wp*7Tp=17.9%(75+1073) = 1.34 m/s N\ -
Quor”’
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3- The operation of "reverse" for a - ;,
three-speed automotive transmission is el
illustrated schematically in the figure. \ & ;‘-"a .1 ‘:; 1 S
Lf the crank & is turning with an angular /%4713 {fi B _i;i G
speed of 60rad/s, determine the SR e
1 5 i, L Y
angular speed of the drive shaft H. Each o e 5 i
of jears rotates about a fixed axis. L i
oy M
Notez that gear Aand B, Cand D, Eand F o w D
are in mesh. The radii of each of these Fi SEp
gears are reported in the figure.
W= 6D rudfs 5}
Twe gears (A & e by contact
. . 90
Wy Ty — LW = We = 60 = (-B—H:' = 180 rad{s

30

: % .4:'.'.= Wp *Tp S~ wp = wg = 180+ (Eﬁ) = 108 rad/s

g = @y = 109 \&61)

.......

| = 126 rad/s




=10 the gear train shown
radtus of Ny = 04w
with constant anoular
counterclockwise. The gear () has outer radiug
of Ky = 0.4 m and inner radiug of 1y = 0.3 m. Block
A 18 held at the end of the rope, After 4 xee i-rm.n
the start of motion determing (a) the angular
of gear (3). (b)
the velocity and acceleration of block A

Givens: ay = LSr/s® . Ry =04m . Ry =0.8m & r, 208 m

: } L T ! & % T F O
B.Eﬂ.-__ AL 5 Wy {4 ; a e e '? !

W Tgure, the gear (1) of

atarts o rotate PPN Pest

CCeleration a, = 1.8y /sl
/!

veleeity and angular acceleration

i @, YRUE t = 4 sec
; . U 4
For constant ac, eleration: B 1\ *}”}
I'., iw;
Wy = (Wgy t& t =0+ 1.5+4 =8 rad/s %‘
; Lwe sy k 2) ro 1) < l i )
Y 0.4
: 0. |
@ * Ry =a;* R, = S, 2 1.5 -( ) = 0.75 rad/s*
- 0.8
e 4
Wy Ry = ws = R = . N Wy = b » (ﬁ——) = 3 rad/s
The velocity and acceleratio 6'&& A when t = 4 sec are

AWy =@z oy =3+0.3% m/s

5-When only two gears are in mesh, the
driving gear A and the driven gear B will
always turn in opposite directions. In order to
get them to turn in the same direction an idler.
gear € is used. In the case shown, determine
the angular velocity of gear B whent = § sec,
if cear A starts from rest and has an angular
acceleration of ay = (3t +2) rad/s®, where t
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Lwao gears (A & ) rotate by Sontgct ¥
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, : W =47 5 « qu—]) = 47.5rad/s . ‘
N

I'wo'gears (C& 12) rotate by

contact
-"::‘,-ali
We s Te =W % s 3 : ! (aly .
- i ' Wy =47.50 t_u') = 31.67 rad/s” ) 4
ml%ﬁw;m;mﬁm: e ?*"'__ ¥
! : - e =
6-Stari Ing from rest when s = 0. Pulley A4 is given /\
A canstant angular u:ZCL‘JL:r‘ﬂ'I‘mer__I = (60) rad/s* < rjﬁ: ’ |
B L . . R . = 4 1_. 1 S A !
wheire 0 is in padians. Determine the speed of » N L
block B when it has risen toS=6m : e e
- y
et
Givens: ;= (60) rad/s* , @, ={ wol=0 oy
raq=50mm . Fe=150mm & o= ?5'}}““ :"'
| . ™
Req.: Vg=17 = at Sy b, m’
o )
"
g - - :‘%‘\ﬁ .
b, y (71 .I 2
f I:EI G:l df = f mdfﬂ,:[fh:}?%:— — ﬂai = Tq = oy = *\IIE 8." . [1}
'I'L L)
fly=0 g =10 Foa v
0 ] {.i:i?.{"'
ati e with' Translation of Block (B
Rotation of Pull E},_%w ()
i h';iw' o
Sp =b6m= %f: *1ip = “lp= 0= qu_—s = 80 rad
. 150
¥ - - = = 24“ rﬂd
ﬂd"rd:ﬂr*rf d “E"‘ Eu‘(ﬁﬂ)

Sub, into Iq. (1) pields sy = V6. 2407 = 587.8 rad/s




wnfoe 2 for Gt
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Wy *Ty = @i, al

ik b= s i [ — —

. (1P all’?. B (15”) = 195.94 rad/s
LTwo pulleys (D & C) rotate on the Snme nxis

J:.'.’.':L!’!'.Ll.‘!!f.i.lh'. of block B when it raised
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7=During a gust of wind, the blades of the

[ = K ni = (02 L2
w'.”d""” are - given an  angular acceleration - - mP Mok
of @ = (0.20) rad/s*, where® is in radians, If &
inttially the blades have an angular  velocity AT

" " ._'_.. l'l
of w = Srad/s, determine the speed of points P, e bl

ik
!UI.I.IIU.' afl ”'Ii. II‘J- uI e Llf ”’Il. L‘}l'{,l,li,h_,‘,.r Jl.l‘.ﬂ 2 ':.:ll
afte * the blade has turne ;i rew i I||111'||'l
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] S e ik
: g - &/ § I.?" / 413
rp = 2.5 ft ) i 4

Req,: Vp =11 * o aiter  Op=2rev=2+»2m=12.56rad

w=[(@) u#z:&é;’f.mmm J . dl = J w. dw

0.20*° w*-52

[[l.!.ﬂ}d R T
=0 AgJ'L-J

+25

i 0.2+(12.56)* + 25 = 7.52 rad/s

¥ 'stﬁi:uuu_nlhﬂsr_ Op = 2rev
wUp=wesrp=T7.52+2.5=18.8 ft/s . ;
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(B) Relative Motion Analysis (G. Py )

If displacement, velocity g‘?ﬁeﬁéi&mﬁaﬂ of point (A) are given.
And displacement, veéo% and acceleration of point (B) are required.
el oo B Bys ki A 5 Ao g 251 sy o] 510 A AT ALy gy Aol s

a7 e

A e SR ad AR e R --+{1}

’%ﬁﬂ +@ X Tga i
Acceleration:
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f displacemeny, velocity and aceeleration Hf';m;'ﬂ;' ( -'i;) hi"'_f-' ;" :
: riven,

And di *
displacement, velocity and acceleration of point (4) are required.
: re

: | 3 £ L q v T |
el e A s A il s 5 do gy U Gapleny pupdl o B bl s 4 ey Aol uas

Displacement:
SA=Sp+0X7.7 * '\V‘\'

Velocity: ,. & )

Vg =Vp+ @ X7, e > @)
Acceleration: g Pex

@y =dp+ @ X7 - &
B Tas f'-" * Tan o :-;ﬂ'ql 2 AR L (3)
g iy, S/
# o
y
No‘es:
I- Every equation is a vector in+ x-y plane and it contains two unknowns only.
o wy A dbles S Jsb Jalsall sacy ghuall wd adll Glslee od @ldl cloleall ges
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I-I_I:FAH =Wy = Wyp k& C.C.W = L,.l.:;-jnﬂl:lu." H:;Lﬂlﬂd_ﬂhu
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01 as a vector: R daion
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Qg =ag E —
i ST oo

7 b @ \
A= N
/ T'x A\y
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Vg =Vp | 7 [l iy .A
-+ N oz I
ag =ap j AR v
1 K
1 N
4 b S
Vp = (Vg cos 0) I+ (vy sin ) j -
—= k
—— i i = e |~;\.
dp = (ap cos 0) i + (ap sin 9) j A

Center point of Rotation:- Q

75 = 0 N,
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Point at outer ri . 0f disic:-
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1- If the collar C is moving downward to

the left at ¥, Bm/s, determine the "'::f

angular velocity of link AB at the nstant |

o ——, \"
‘Bokusion pr
’q' 05m . 'ih .55 m I :
. =8 m/s y
Req : ey
Velocity analysis: *'h\a"'"
Ve=Vg+ Vg =Vg+ g X¥cqp n (1)
where, v;=-8Bcos45(-Bsinds | /
W2 i-w2] - . (2)
and. Ve = g X Ty, “an 2. U5 cos60i+0.5s5ins0 j)
« 0.25 wag J - 0GVI wyy | s aeon ]
and. Ves = Wep X Te ts k X (~0.35 1)
= 0.3 1] i o st wia i 4 L)
1 - -'}-
 Sub. Eq. (3), (}) & {4) into Eq. (1) yields;
N=(025as J~0.25Vwy 0)+ (~0.35 0 J)

':'I.

vg the left and right coefficients of the same direction i.c. “th. same unif vector”
~aVE= 025wy = e =13.06 rad/s © cew
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hanics 2 for "Civifl:

¢- Determine the velocity of block € at

the instant shown if the link AR is "\‘{j ,
& “ A
rolating at w,; = 8 rad/s. ““‘:;‘
X
3 M\\‘*\ it
’ . Eree o i o
Solution H'%:Tl.ﬁ i /j/;'{ .

: N\ Ay 71
Givens: e i
lag=5in , lg-=4in & Wap = 8Brad/s c.c.w F‘,:,ﬁ -

‘-,.._ w 'rla.:;"r,-
REE], . Ve =27y Uf bloclk C :FI f
| —_—
= - I.-
Velocity analysis: ’ﬁ"?':lr,
[y = i 5 'ﬂ , :
'ﬂ'c = Vg -1 Wen X Yrn ,"-._ y ?&Mf

where, Ty =@ps K751 =8 k X (55in45i—5 coy45 )
= 20V2 j+20V2 T
vej = (20VZ j+20VZ i) + wep k X (4; cos 30i+4sin30])

uf;;—(zﬂﬁji—Zﬂﬁ ;)+(5>§;£;’”;—zmm i)

i - equation 0= 2% %’Wcﬂ
53414 rad/s “ C.c.W
S 2

| - equation E‘ﬁgléﬁﬂv@ + 23 wep

N\

ﬂ:?T'B I'ﬂ_fﬂ T
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3- Determine the angular wluuty of the link AB
at the instant shown if

the collar € has \ T
velocity v, = 4 m/s as shown g |

': (LR
‘Solketbon
Idﬂ =0.5m . fm? 0.5 m . "'1&1
Ve=4dm/s N | * ¥
Req,: Way =17 &“‘"f

V¢ =g + Vg = Uy + Geg X ¥p

A,
Velocity analysis: P Q '’

stk

where, V¢=-4cos451+45in45 | : }
= =2v2 T+2V2 "7/ B S Sl

and, Vg = Wag X Tgg = Wy k H@ 1
— -"l},+ 5 m'qﬂ l- # R AR VAR REE BRE AR R s AR R {3]

and, Vep = Wep X oy = w X (0.5 10)
‘ = u, 5 mcﬂ 6 B BES RN REE AN ARE BAE ARE da W AW (4]

Sub. Eq. (2), (Jj'h@a Eq. (1) ylelds;
(—2vZ i+ 2@)

E(—U-Sﬂiﬂg i’]‘l“ (H.Eﬁum D

S I.q..'—————--———— e
-

(il the left and right coefficients of the same direction i.e. "ths sanse unit vector”

~2V2 = =0.5 Wan = Ny = w2 Nllfl’ ©™ LCW
. | Frrerers AN k T ‘'L ¥ —— i a1 TR _1._._ j"-i-. r . ‘1. - s ¥ +:I? l ‘.

= o
™
-



- L e T
ative Velocity Using Instani

Instantaneous Center (1.C) is

R viaton
 Center (1. C)

a position at which the velocity is zero, (1)
The velocity equation in G.P.M is {————

FB:TT‘;'E'WH‘,{XTHH

F‘qzﬁ

Vg = Wpy .Tpy

sbasll e85l 3S50 ib oe bib 4l 505 465 wll "agl, gy allal® UE {1 o %Tl’ﬂﬁi ikt

*The directions of two non-parallel velocities
are. known.

givens: dir. of vy & vy

Tare 1 vy &  Tpic 1 Us

Noies:  4—la

I[ 1-Sine Rule AQ'
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1- The links shown in the figure is guided by two
blocks at A and B, which move in the fixed slots. If
the velocity of A isv, = 3 m/s downward, determine V.
the angular velocity of link AB and the linear velocity
of block B at the instant @ = 45°, Use instantaneous
center (I.C).

L
-;G.Eaﬁﬂn
.k ,“.‘ N = r'H = {]. 1.\..1 Tt
Vg == @ap . Taye = 3mys
3 <
S Wge = ==21.21 rad/s = 3

0.1V2

{-"
— b
e Up =04 . Ty = 21.21-0.1v2 = 3 'ﬂ'lfs — I{}\*\.

e &
And Ve =wyp . Tepe =21.21+=40.05= & 74m/s 7

i

2- Determine the angular velocity of the link AB
at the instant shown if the collar C has
velacity v, = 4 m/s as shown, Use instantaneous

ceriter (I.C).

Yac _ Teic,
sin45 sin & :
= NJe =

—— =42 rad/s ©
0.5V2

Vg = @Wge -Tpic = @ap - Tap
] an 'ﬂ‘ﬂ = “& * (ﬂ- 5) = 4& rﬂdfﬂ L
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Vi Fas
L] e akl L | - S I3 <
L i r
- A e U (. €. nO rofation at this instant ——— 5 i
5 ¥V, E
Ihe link AB mwoves mranslagion ondy af this incan
L
WMy =Pep=0mys
AR
o . i
l" ik - ~ r‘.i- = ] ABE — = — .: I"ud;'S.'" =
o Y
—— -

4- If link CD has on angular velocity
of wep = 6 rad/s, determine the velocity of
point € on link BC and the angular velocity of
link AB at the instant shown. Use
instantaneous center (I.C)

(N Sokution
repic _ Veichy( ﬂ';.mﬁd
Sin90 sin 3;@ waign 60

o i E—ﬂ?b I‘{-H;EI}.ESIH -.__.,"ﬁl.'
—wz +0.35%* = 0.46m ___E'f" feic

Vg P
rl-' ' ".
« Fep = Wge-Teuc A ].H' Y, E PE
E

= 6 (u'ﬁ)*ma rad/s ~ ,i-—‘-”' E -c
c=%"\0.35/

l. P =0ge-Telc = I&S‘Hq*ﬁ'—'*-TEHl‘.s N

5 ool rad)s ©
"5' Vp = @ge . Tyic = Dap- Tas ;.,“=1u3w(::3=5 !':s




L=AT a given ingtant the 1OD &

e it &t . ! §
J"I'r 'II"n" Ill'- Y (LER k" ||I:|' L1 5 o §e % i

" . ARRL*S Y |
Hown e termine i I e

| lerration o
-..
AR fom ‘-"‘ GNA Dt 8 anautane i
i an

thes instant

ol
Lyens:
{ 10 cm {1 GO
¥a aftmj/s 1 , ,
N, fy =7 \ A = Qg = (1 of baraR
Fe'ocity analysiy
Up = Vot @ga X Foa
Ve i 9 ) twgy kK X (10 cos 601 ~+10.5in 60 ])
Ve o 5 ) +5m54 T 4 !1"1_L?rl=l:;| [
J = cquation 0 D4+ 5 wgy | .* S T | rad/s C.C.W
|- dquaiion Py = V3w > W P =B 60m/s .
leceleration anifysis:
Uy =y |”H.; XFpa =~ Wpa® * Tyal
Ap W
iy I' I f_*l Xy k X (10 cos 60§ — 10 sin 60

| |

K N (1)* « (10 cos GO~ 10 sin 60

T L Fr s R ey Y
iy 7 )+ (Sagy J+ SV3ag, )= (51~ 5V3))
J = Cipuation 0 T4 Sag,+ 5V3 d N\ @pa 0.332 rad/s* ™ cow
i« equation ag = Sv3ayy —~ 5 > N iy 7.87m/s"

N g



Ehanice _fl:m Givif: E
At the instant shown, wheel A rotates | S

with an angular velocii = g : ‘

e g %UL“?,N - 6rad/s r_m_d = B 1_‘_. 30
guiar  acceleration a« = 3 rad/s?, ] . ;
Determine the angular acceleration of 2 ‘. e
link BC and the acceleration of point C. "
ed 1'1 =5 rad's
“gﬁ ! PV O =3 rads’ L
c X %

Giv&ﬂ;ﬁ 2 .-'r*“'t‘-!h
R I'-l"'gr"'

lgc = 0.8 s -" b2

ne M, Twp=02m , wpy=6rad/s cw & asp <3 rad/s* cw

s o . ':"":f'

Req.: ap.=77 & g =77 of link BC ’ ‘

Velocity analysis: : fﬂﬁ; Uiy
Ve == Vg -+ E‘"EH x}'cﬁ ; '::'c" J._:_"_i."'r

- ; o . W ‘h'c'.]::._ y
where, Vp=wp XTp=—6k X (0.2 )= 1.2 ir
(Ve cos 30) T+ (Ve 5in30)j = 1.2 i+ weg k J{#{ﬁﬂ D)
=h - . B = "
ﬂ.wa-?:vc t+0.5v: j=1.2 i+ 0.8 wei
g -
i-equation  0.5V3v,=1.2 C V= S Pe=1.38mfs 7
&

J - equation 0.5v.=0. 3%%,( = nweg=0.87radls © cow

Acczleration analysis: o
a = g -+ [@cy Xiics 5 @cp” * Tou)

where, ﬂ% = !I‘IE‘ XT'_B,;‘—' mﬂﬂz » ?'E;] =—3 E A ([LZ j}*“" {5}2 F({Lzl j"}
=061-727 |

0.5 I+0.5a.j=06i—72] + acg KX (0.8D - (0.87)*+(0.8 D

“'q%f ap i+0.5a;j=0.6i-72j + 0.8ag j— 0.6 i
0.5V3a,=0.6-0.6 — s ap=0 ie constuvelocity
& e =9 rad/s® © cow

i - equation

. ‘J" E@“ﬂiﬁﬂz 0.5a,=-7.2+ 0.8acy =
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2 for ivif

- The slider block B is moving to the

right with accelerationay 2m/st, b Vi o

AT the instant shown, its veloci

'rbf |=_ | ' e,
Vp=2mrad/s Determine the T I .
angular acceleration of link AB and | o P Su
the acceleration of point A at this " &Y J.
instant. \
L=
Dofuidos
Givens: £
I‘.-l,[_' =3m 3 Iﬂﬂ- =5m ¢ Up = b m;"S =4 & g = 2 l'"l.'ll": :l'_l\.it"
Ee_q_,i Cap =117 & a;=1? of link AR é -
- - 'r-g
Velocity analysis: 5=
. :fi-h}"'qll'tr.#
& il
Vg = Vg +wgy XTpy

H-"hr.’l'E, Uﬂ — mﬂc x TAL- = m}t{' E X '['_3 ‘s)%}[ﬂdc i.

I.?Ei'= 3:&_.1,: E“i"ﬂJHJEX{"I' i'+3jj A

6r=3mdcf+4mﬂﬂ j._gmﬂ'ﬂ-r- v

" . &
J - euation 0 =4 wgy

i - eqruation b= 3w, -’%} = sy c=2rad/s = ccw

Acceleration i 2 :
] PR— 2
ap + a4 + [ P — @Wpa * Tgal

¢ T B
— Irlll " I|“|-'~I
a by

~ gy =0 Lelink AB in translation

j:f—wm--w s Tacl=@uc KX (=3 N-(3«(=3))

where, @

ﬁ (Bayef+127) + apa kX@T+3 ) — (0= (@ ¥+3))

Nii= (Bauci+12]) + (Aagyj—3ag ) =0

3 AL ~ oW
J - equation 0=1Z+ 4 ag, e Sjapa s /s

i - equation 2=3ay—3ap =

. - 5
A £

A @pe =233 rad/s® ~ cw




Le Uik

« At a given instant the wheel is rotating
with  The anaguiar  velod Iy and dimum:‘
acceleration shown Determine | the
acceleration of bloc KB at this instant

= ——

L il =
k = 1 N .
Givans: Selebinn
I”-.l 1.5 m . I . [} 3 m
wh « rad/x ¢ \ [ /5*
_l” L ll'l \ L. W -\."\Z il t"r 4] Ilfltl .';. “'. 1Th

Reg, My = of block B

I 'q_‘fullq‘f{].‘ anal ["-_ft

Ve = Va gy X gy \
-"'-F'H >

“'."""rrl Ill','|l| "-'*_Lﬂ. Ar l.1.'. - L l'l. ‘i 'l._'.] _‘nHJ'S G0 I-. ﬁ 35{”- 1[}_!
0.3 /-0.3V3 ¢ x%“."
\ o
Vg = (=03 f=0.3V3 )+ ez k X (1 mm.. 431+ 1.55in45)
"'j — =
Ut = (~0.3 /- 0.3V3 i) + (0.75V2 gy f—l 0.75VZ wgy 1)
_ka?
| = equation 0 0.3v3 — L'i ?5*:1'.! Wi = ~wgy=-049 rad/s ©
| = equation g = =0.3 + 0. 7% = svg=-0.82Z mfs I
Acceleration analysis: Q_ﬁh .
i'll'; : I'.I‘.q - lﬂﬂ'ﬁ %h-gﬁ.ﬂ > rﬂ'.-ll
Ry, | - = .
where, r‘# X¥a0 — w0 * Taol = —6 k X(0.3cos 601~ 0.3s5in60])) ;
—(2)*+(0.3cos501—0.3sin60]) J
@: (~0.9 j—-0.9V3 1) - (0.6 -0.6vV3j)=-2 161+ 0.14j 1
|

A WE2.1674 0.14)) + agy k X(1.Scos451+1.55i245])
"E ~ (0.49)%« (1.5cos 457+ 1.5sin45])

L ay)=(-2160+0.14)) + [u.*rs&::,,.;‘—n.'rswfia.,.ij*-(u.m&: +0.18v2 J) ;.‘
i { - equation 0 = ~2.16 0. T5VEZ agy — 0.18VZ = =~ @ga = 22T/ = ni’

;g;1+n~75v‘iw.._.—n.15ﬁ — = ag=—253 mfs* }




anice 2 for il

- fg_ﬁ'-llﬁh-_rr
- Determine the angular acceleration of
the link AB at the instant shown if the /R
I . = G 1 Y
collar € has w-*lucﬂ*;.r V. =4m/s, and ;
deceleration a. = 3 m/s? as shown. ' NG
l‘—l";,. i » I::-:‘
: EPOriLidas: : =7 N
Givens: VS m R
o g

'!-’lﬂ =0.5m e er_' .S m . o Iﬂ},y—\/

=dm/s & ar = —3 m/s* L.
Reg.: Qyp =? of link AB
Velocity analysis: 3
Vg == Vg +Weg XTep b
II o~
where, ' Vg =g, X7Tps =g, k X (0.5 ) = —0:5 Wy 1
~(Tccos4A5) T + (Ve sin45)f=— 0.5 wg, E}J.:':;__mm kK'X (0.5 i)
—Eﬁ L+ ..r;’.:"-." f:—ﬂbmﬂﬂl" UJQ}CEI .IJ__.JE::'
i - equation — 2Vl = —-0.5wgy = ~ wgy =42 rad/s AT 8
. )
] & "' = "f-l ._
Jj - equation 272 = 0.5 G (= ) == “ Weg=W2Zradfs © cow
.-"'."-:H“.' '-‘:I:-'I"
Acceleration analysis: /5, 7
sV
E = 2
ac = ag + |@cp X Tepg 8cp 7 Tcg)

'I"",l' ‘
where, ap -*[_‘_Ifsﬁsx ¥pa — Wpa”* Tgal =aps k X (0.5 J) — (4 2) «(0.5 j)

TWE apgy 1 —16 J
I

(ac cos 45 —(a; sin45) j = (-0.5agy { —16 J) + @ k X (0.5 0)
'I‘*t%_f —(4V2)" + (0.5 D)
HQ1&“"*51’]2_1--‘11-"»1.!_,;--( [IE:IML——Iﬁj'}+[ﬂ5n:mf) (16 1)
"|r 2 R
i - equation 1.5V2 = —0.5ap, — 16 = =~ agy=—36.24 rad/s C.W

: 3
| = eiuation _1.5/2=-16+0.5a;z = - O@cg=2776rad[s" * C.CW




2 _ﬁw Giril

-Rod AB has angular motion sh |

Wown. Determine the
™ T : L
acceleration of collar € at his instant e

Velocity analysis-

. SDoksdian 05 e = SYa T
Givens: p
Q
lys =0.5 21
AB = V.o In lge = 0.6 m \E ,,v_} . v
Was = l‘ﬂd 3 C.wW . B s =, "‘"J
; o T >rad/s* cw | &
i
- T - i il .
E“.-"‘.Ha_‘ e =1 ! o) collar < *h
|

V¢ =:ﬁ'+m,'i '
Irl-".flll"l!'. lll_;—[ﬂ ‘ifﬂqz‘—J:L"q.kDSfﬂ'SEﬂI_UBS}niﬂf}

= 7SV3 7-0.75 1 o’ 'I;L_- ’
# Lre
g

Ve J = (—0.75v 3 J—0.751)+wcg kK X {—g.-.@gsin 45':{-— 0.6 cos 45 j)

Ve = (-—D.?Sﬂ.-"g i—0.751)+ L—ﬂ-‘&xf mc j;;‘"' 32 Weg | }
i - equation 0=-0.75+0.3V2 mcﬂr w — S @ep=1.77 radfs = c.c.w
i o
J - ejuation = —{). .fE'n.H — 0.3V ;.,::r,_-ﬂ = & Pe=—32.05m/s |
Acceleration analysis: 4-'2 ’i:h%‘
[ %
ac =ag+ |Gcg X g — * Tep
C B B Z f{% b
where, ag ﬂqﬁ’:{ﬁ, —Wga°* Tgal =—5 k X (6.5¢c0s301—0.35in307))
—(3)*+ (0.5c0s301— 0.3 sin 30})
Q‘(_i 253 j—1.25 :] (2 25V3 7—2.25 j‘~ =—5.157{+0.085]

E“i%'; 151+ 0.085)) + acg k X(-0.65in45i—0.6cos45])

S

acf = (~5.157+0.085)) + (-0.3vZ acz j + 0. 32 agpl) — (~0.94VZ i - 0.94V2 J)

E*E-']mﬂ 02—5._15'}“—3’#’21:{3‘!‘&-94\(_ = & E¢g=9 r}'sz o CCW
. 4

j-euation  ac = 0.085—0.3VZ ap+0.94V2 = - ag=-241 m/s® 4

— (L.77)* =+ (—0.65sin451— 0.6 cos 45))

Tk oy




2 for Givif
Ch. (2) Centroids and Center Leniroias and Center of Mass

/L'y_\

Surfaces Solid
| (Areas)

s =
: 2. Li.y;
L
ELE'II
Zf.' S
2L
P Cﬂ'nsﬂ g
ﬂf%'
m = p* L= kg é@g _ for Line,where = p= kg/m
m=p*A O:@f for Area,where = p= kg/m

kg for Volume,where = p= kg/m

b




gt PRV

| e —————— s -
MName Descri : '
pfion LengTh Centriod
1/2 A
ez %L
. L. L N
Straight wire [ - = — Il xc:"ﬁ?
di R =
- B A
i f il
) i §
Ring AT =l
o6 T
I,-"" ,"f 1
I -
| £\ R.si
ol o)) Sina
| I g
, R sinc




Centroid ot

ai"eaqas

. S

e e —

Description

Triangle

| !
i ih |
=3 . - !
2T el o = j & I
Rectangle | ‘ 15: 1
| -7, |
| -
i
l - e —
|

|
| |
]_ 1
| i.
Sector :
i |
; e LI'_- !
I :‘ il =
{
1
Half Disk
L
.-r'i:‘l:j::"' b
{ 7 A i
4 A |
f'..!:"l I.-h,l-' i
1% I

w(Quarter Disk

Hl\..

I ¥




e ——

Cylinder

Right Cone

T —— e e

Half Sphere

Centroid of volumes

Description | Volume |
L - |
\ _— — —i
|
| |
'1 |
I 2 r:'."l - I
IT. i
li : :
|

if.the symmetry exist;

it shiould considered as:

L i
i ii -
AL T

Centriod
i1

2o x

Z . 3

n
- —_— e
o I o ¥
2 Fd
i
-5
ek
g — |
-I'-:':'-IL_ BI

ve | "

: !

|

|

|

1' . oL

|

1 e

' -«
If Symmetery If Symmnctery
about Y axis about ¥ axis

Xy = 1] ¥, = 0

e e S =

g

if Symmetery
gbout X & ¥ axes

X:=¥. =40



1-Determine the length L so
that the centroid of the given

bent wire is located af point
C.

..

from symmeiry about ¥ axis = V.=

[
ﬁ;;___,

“Ginen: =  X.=150mm Find ngi‘@l'
# L; X ﬁyp L;.x;

: g ; -200 L
=
600 ! i ﬁﬂ,{m
100 A 35.36 43,535.5
w | 435.36 43,535.5

. -200 L+147.071

e —200 L + 147,070
- - =150 mm
800+ L Ig-1s

k i 4,
L AT

X o =iy

el -t
N = 1
1 -

e L m






L' gl F o L F
nree members 0T the frame nas
unit length 6

'ocation of the

per

)~ - i
“g/m. Locate the
cenver of gravity. Neglect the

si1Ze of the pins at

Jjoints and the Thickness of
i- i i & - o 3
he members. Also Calculate the reaction at the d
2in A and roller B.
i = [ st
Eeluidon =
s| {7
|'.
T = k. o j — ! "
n=p=][ kg 14 fi e
N . e =
1 78 | 0 0-O% | - i
— 4 L " :-"
2 48 { A e =
5 ae 54 432 T
3 43.27 2 1G | & .54 32,
= = = 27 R 1.563.7
> 169.27 olhiandl elior 20

Ym,.y; 1,563.7
Ff 2 Em! i 1{5{3.2?

= 't;-!._ ;_i'.é-'rm

J/"_' 4 m

For the suppori r'gagffﬂnﬁ:
W, = 2’ m; +4f =, 169.27 +9.81 = 1660.5 N

T L
E | H - ﬂﬁ-:'-' |‘-Lll —_— e "'!{ﬂ == [}
i }:_- b ._.l" -I-




4 De rermine

given areq.

e & _fer  Codvid

S,

-
T ——

o | h-.i i" '\.!r Ir'll.- CENTEOG

hl}{f.i .fna I-.U.I'

"

20,000

24,0305,

The cuurdleutes' of the ceniriod are:

o’

. <Z40n

5,648, 500
= 104.5 mm

vy

2 A J’f

54,050
1,412,000

s pI: ¥

= 26.12
54,050 26.12 mm



|-u:..-l' ] ._.:I"." L g

-Locate the

assembly shown The . WU The  compe

_:f'r’f £

pa

-L-'I :1‘[: '

f cm

7
r

30 em

P

0 cm

\ Q i 5 (:D IIJ

' I 4 . I ] ' . .
1 _ .1 JO5 16 1 &. O Uy 439 1

—_—r———— e e & e o

«9,132.74 39 079,045.%

e e T . e ey I G i e i e = e =

v ———

J- I l 2.5 -133,5186

—— e — = — — e B —— e Ek—

3 { q1 & 2.9 —3.-.5{] o4

i . —

39, ul?‘l '.-" f:“3~.921:l.- ~

_— - s s Mo =

LAy 774,925.4 | -
= — = = 21.76 cm
LA 35,604.7

Z,




i .:'!'....-".r'::':'_ _._ :'.."*-"_"t'

Ch. (3) (4) -

:"rl.it fedu

drea |

Ill-?{#‘;l-”,,. i i o .
<SSR XE O Mnertia

Iy == Jyﬂ.:m

A i i

Iy == ].r"’:.n'.fi

f;..: - f[] — Jp — J ?'E.{-{ﬂ — J‘{,TH a

— fx +- IF

}'.'r' :I aAd el g s
0 ' "
e 0lAP MoOment of inertin

A

I
Ky = |£ 7 by - 8
X , I{F = 1 & Kp= e wmaciuis of f'-"',ri"ﬂ. rlon
|1 v L]

PR panll MR B0 gy AN Jhea (g ghan Wl A gt % Ladla A1 gl 0
-———l-——-h_un—,-mr..---.. -

Ceniroidal moment of inéffia of common Areas

.

I’
. e

F P Bl B ek B s e i e e e e 3§ R 588 e b e ——

Name Description Ay, and fy, lye (polar)

e e ey ]

Ixe = FTH {7c° - :
12 b.h* h.b3

.'FF[.' = L 12

ftectangular

ﬁ;{r -' & '
b.h* h.b?
26 36

A *"I-Em;h ..I
. Triangle

r




1"1‘ '“'Ih”_}l- ilj|| -__ R — __I.______ :'_I‘n_‘ s
i s S —
r."u'r Ui'ht . |
[ i S -
| ¥
! L | i —
| | |
|
& i | . h:. II: |
o o r I
i 'J F i ; .- - i | "'.. I
I% .. o L _,,__l. - T - _-_1-! J : i .
| - e iz I = = 2 ‘
t '-.{c.?':- I,;'-" " Il |'.r_ .-".
K '.-‘l {
- - R — -.._.;._
! T 'S . ._-__\
\ | |
| ¥, _— '
[ | '} -, ] .?II I_ -
T (¢ ircle e | 3 | LI
£ -~ ' i 2 :
i T | e N i | R
hitfrﬁf#;xr;uiwug-;;:l;_ i 1 :Ii' . r_-_
| : | : |
L ul”
P = — OIS e, | o g A Fik S
Parallel_axes theoren
SUE] GXES Theoreimn
To get RUanc i i '
@ gei and y axes in the given area follow this

theory.

“__JI,!.LLH 1."':- skl O y:l.u._'l._” l.*ll_ \.I-.'l.,lJ. W [ k;f."!"::j ) '-"'I.-._.'_LQ.H e 'h.':"_.] LLI.'.BH u__,lBt
:I._'l."ﬁ.l.' ['h"l.:ll ol I'.LL‘E\” [ I 15V x'-.F_ y Lll,fl_.;_” I}t":__}.li,'l ,._"_’.L_-'- _J_‘-}L'L'\.D.“ 'u'_'.i':"-."_:_i LIJ.JS‘]

The: Centriodaltmottient” of inertia (Iy. and Iy, ) are:

b. hj.-
4%
Tha:lll;'--_‘fl':t': )1 and {y are:

"“Il' hr

b h’

I,\* — f.h- i ﬂ.tf‘,:‘ ﬂ.'*'

ia

h. b*

2
Ao

Iy = lye + Ad}*

the moment of inertia abéli

L
o

P,

}I

h. b? :
3 -CE Jr] :: tf ¥
1

i ’_U:. E, r.lj."!‘

- [(b. ) « d,?]




m i i
the shadeq areq ub-nl.:::t: \:ti:ji:m i

areq Vi 8 \\\! Bsdeten
' 1- Calculate the mo . &
yi

x = [Iy]y Uxl, lUx]s

_ [375 + 2503 - 1508, (225 -
_[ 2 +(375125ﬁ)‘ﬂszl_[zz; 150% __’(2252150)‘ 5“,]

150+ 150° ,i50- 150
T ( ) ’ Sﬂz]
2

.86 + 10° nuint

159 + 17.6°
+2 * [ ;2 + (159 * 17. .21] = 389.52 + 10° mm*
~ 2- Calculate the moment of inertia of Il
~ the shaded area about the x-axis. :

‘ r




o x for Gl
. The ¢€ross section of ¢ e,
zhown in the figure by the

calculate the moment o1
section about itg

Fing Lloe| 1
';Fllli.h'-l Qe

Nertia o Fhe
base a-q. |

Dokstion i e
fa—u = Uxly + “,ﬁrlz o “x];: F
"3ﬂn + 1003 :
ST e (R e % B2 iTx 100 T = 100%
. 12 ol 11}“] t 5() - _—_H__ 4 (_ __.‘ _{ J . lﬂﬂz\
7T * 504 :
| e T (@+50%) 5 1002| = 292.9 ¢ 106 mm*
_I%? e —— e | - S e _ll, _:‘ r il L I
4- Calculate the moment of inertia of the shaded I
area about the centeriodal axes.
y 1
Dolution { o i
= } =
I.. for half circle A G J X2
Z L= 7Y H}""' 4 ";‘-_:
[},_:IJ,E'PH.dI H;L\} =
ERZ\Y 2
m+ 50% P Eﬁ.sﬁ-tﬁ)_(‘ﬂ' : 5“)
3 = ycsh.,i’qqh;,_%ﬂ 3




