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Curvilinear translation Rotation
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dt dt

As = (BP)A& = (rsin ¢)A6’
ds

Vv=—= |lim (rsin —_rHsm
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i angular aceleration
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« Uniform Rotation, ¢ =0 :
0 = 00 + ot
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V =a)mrm = rf

1571 =w (4) = o =0.39rad /s

at:amr m:af rf

2.42(1) =, (4) = a, =0.60rad /s°

v, = r, =(0.39)(16) =6.30in /s

a, = (@ )*r, =(0.39)2(16) = 2.47in /5
a, =, r, =(0.60)(16) =9.70in /s*

P b ) gl s

b sl gl ol

a, =/(a,)% +()? =+/(2.47)* +(9.70)* =10.0in /s
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_ _ rad
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(3 ), =15 %
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600=500;, = a, =12 ' e
S

a,=600 mm/s?
—_ E — — — m
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Plane motion = Translation with A + Rotation aboul A
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Sl axio &S5 > 50 3o g (oo o
Relative and Absolute Velocity Vg, =V, + \75/ A

Flane motion = Translation with A - Rotatlon about A VR =V 4 Vi
. \elocity Diagram
‘VB/A =l I' = distance from Ato B s yao pl, S0
V. =k xT Vg =Va + ok xT,

Ve/a WK X Ty, B=VATX B/A
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Translation with A +  Rotation about A
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Plane motion

Translation with B + Rotation about B Vo = vyt van
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Vo Vi Vs, = BD @y,
D D D
4 = +
14
B’ B B

V=Vg+V 0

D=VBtVD o
| B BD-

Vp=Vg=[0.45 Mg T]

[Vp $1=[0.45T1+[BD(0gp) "]

50 mm
e

V,=0.2250,.=0.45 Mg

Op =2 ra%
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500x 27
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V,=rm=0.05x52.36=2.62 Mg «

250 mm

= rad
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D
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H =[2.62«]+[0.250,,]
V,=1.96 Mel | o, =13.1 radg| )
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ra = C()—

VB od
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V,=V_+V, =0+[2ro —]=[2x13.9 —]=[27.8 Mg —]
V=V, +
Vou

=[13.9 —]+[13.9 ,'30° ]=2x13.9 cos 15°=[26.8 M¢ "15°]

Dynamics 96-97-2 KINEMATICS OF RIGID BODIES 40




cabls el aS oyl 4 pgd (g

xA:rG

vAzrezrm
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w=-A=_A=44.84 rad

R

Vg =(BC)o=2V, =27.8 My

Vi =(DC)o=(CA+AD)xm=.59x44.84=26.5 My
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vy=12m/s VA — COArA

‘.,t coA:VA _ 12 =8 rad/s
r, 0.15

ry =150 mm% ¢ ) ro =100 mm

Vg =V, +Vyn =1.2+(8x0.1)=[2m/s -]

Vo=V, =[2m/s ]

—_

Vp =V, +Vp, =1.21 +(8x0.15) j =1.2i +1.2]
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e e ]| Np=Vg+Vpsp
Af :

min )\ 60s rev
Vs =(AB) m,, =(3in.)(209.4 rad/s)

0,y = (2000 eV ){ min ](2” radj —209.4 rad/s

[Locus for vp g
)\/\l =8 in.
f<=3 in. ,B G
40° ® Liocus for vy
Al@ - : g
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VD = VB +VD/B

%!) QKo
{fixe (1'%13 0

¥B

% ‘%\ 76.05°

50° ﬁ' \/
Plane motion - Translation Rotation

v, =523.4i0/ = 436f/

S S
Vs =495.910/
Ve =l agp
BD — = : = 0Z. S
I 8in
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Location of C \ %: /
knowing v4 and @
VatTac
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(a) (b)

Location of C
knowing the lines of action of v4 and vp

/N
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Dynamics 96-97-2

Vo |V

B
VAJ_AB
w=0
VA VA 1 AB
Va | VB

1"""[3 S yu0 Logyd (g1 as 91y oy
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a): VA — VA
AC lcosé@
. V
v, =(BC)w=(lsind A
» =(BC)o=( )Icosé’
=V, tan @
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VA 2 m/s

x

ro = 100 mm

1.2m/s ey b Sl <ol Slo wlais by (59, 90 050 7,2 35 ye
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vy=12m/s

= 100 mm

rg =250 mm

rp =150 mm

L

: o

oles g S8l by e el wasg b
Ez O sl ahads (T L osss F =

A8l (oo Olyg0 Sl S

Va

=l

_Va _ grad
=
I, O 15 /

> =1.697 M/
v

V. =V, =or, —(8)(0 25)
r, =(0.15 )JE 0.2121m
v, = o, =(8)(0.2121)

—(1.27 +1.2])r%

SN
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A~

240 mm

360 mm

4_31,6%¢@,_wt_3D4§9b:Jm
coil o oS> s o YU Cas

=7 =7 =? sl o
a)AD"VB"VA" | Ggllas

V,=(DC) o,

: )
—_D — — d
o= 02 =035 053" =013 ™%

B:(Bc)a)AD=(0.36sm30°)(5.13) Va A Men
=0.92 n/
S V B VD
AC:\/(o,ﬁsinBOo)Z+(O.24cos30°)2 B \
=0.36 m C (\/ n &
VA:(AC)wAD:(0.36)(5.13) 7 MAp
=1.87 ry |
S
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C‘/
0

4 in.
{ |‘— 7 in. —»‘«—» 4
j VB = \/A+ ®ag X Tg/a
—T /

Dpg = 4 ra% Opg = _(4 ) K

rgp =—(7)]
Vg = @pp X Iy = (—4K) x (=71)
Vg =(28in./s)
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4in.

®gp = wgpK  TIpg =—(8)]
| Vp = Vg + @gp X Iy = 28] + (wpK) x (—8])

| Ol Vo =28j+8amgy i

-7 in. —=

S in. Wpp =4 ra% : ‘
Opg =opeK I =—(1D)1+(3)

r DG““ Vp =®pg X I'pe = (@pek) x (111 + 3])
3 in.I T~ _ I I
"““‘“*-~-~.ﬁ_5_:_':*‘@— Vb = _11(0DE | SQ)DE'
E

I 28=-1lwy = opg =—2.55 rad/s

®pe = 2.55 rad/s )

) 3 ®gp = 0.96 rad/s )
11 8wgp =—3wWpg = @gp :_ga)BD
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Wpp \ C

© \
A
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28=4(7) = V5 A

3 § in.
Vb
8 3m.Jk D
(7 ) 4-2 “ \
E
oy =| 22232 0.96 rad Vp = (CD) wgp = (DE) e
BD 88 . S 8
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Slaxao &S > 0 Lt Slbo oLl
Absolute and Relative Acceleration

Translation with A + Rotation sbout A

Plane molion

éB =§A+§B/A

(gn) =T (aga) =ro
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dp

!
|
|
|

Plane motion =

Translation with A

|
é:B =§ +aB/A

Dynamics 96-97-2

+

A (fixed)
Rotation about A

0

(@g/a)t
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Acceleration Diagram

a
’ (aB/A)t B Sy > dSGJl? (5‘)" s_:Lw P‘;bé
T \ a, L Jlo @b g 0 A ol
b
(aB/A)n
N
YN
iaB . ag
0
ag/a)
(@g/a) @sin)n
; Ag/a )t
(@g/a )t
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N\ G5l Ceyw b Ko ST Jlo
r=50 mm \ 9 sd.wl.s Q‘)gd JL>)& wLa LS‘
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0=90° , 6=180° <>
>o

|
D 250 mm
& ® = 500 rpm

N

50027
®=500 pm =>"7 % =52.36 rad ¢ ')

150 mm
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150 mm

r =50 mn o = 500 rom

0=90°
\

vy =(0.05)(5296) =262 | Mg

ap =(0.05)(52.36) 2437.1  — m

B

Wgp=0
Vg= 2.62

\/
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[a, $1=[1371]+[025c 2 ] 4

a,=59.8 m/, T
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6=180°

v,=(0.05)(52.96)=2.62 — m,

a_ =(0.05)(52.36)2=137.1 1 n,

V5 =0.15 Wy
vV, =0.20 Wy =2.62

w, =13.1 rad/ )

-\ 150 mm
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d, =da, +§% =§B +(§%)n +(§%)t

[a $1=[137.1T]+[42.8 /"]+[0.25a, "]

a,=190.65 T
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Pkmy ol &jgar lresil oyt Jlio

aC:?,aD aBz’? a- ? . ,91_140
V, =90 km =25 Mg = a, =0 e
d 0.55
VA o0 = 25= 5
®=90.9 rdy = =0

é:B :é:A +é:B/A :O+(§%)n +(§%)t :(é:%)n =TI @*

sa=(0.35/2)(90.95°=2273

RCHOIN0

a,=a.=ay,=a_=2273 (m/s?) Al 35 e o 0 Kod
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o addnhbt, R

vy =1.2m/s

‘t a, =3 m/s*

ro = 100 mm

JL>)Q 342 gL.ws 12%&.,&-).“[4593).4 00 CP;)A
Sl Col L3l lo awilwss by adlowe &5 >
D9C‘B Ll ul...wsodgo C)'> LQ‘ 443‘) uLo.w g.,w.s9.l.’a.c
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¢ 9]
ay =3 m/s=

r; =150 mm =10

8g =8, + 8y,
=31 + @0’r(—j) +ari
=3i —(8)*(0.1) j + (20)(0.D)i
=51 —6.4]

2k = Gler éD/A
=31 +0’r() +arj
=3i +(8)°(0.15)i +(20)(0.15)]
=12.61 +3]

Dynamics 96-97-2

V,=or = w="A 1.2 =8rad/s
r 0.15
a, 3 )
g =ar => ag=—-= =20rad/s
r o
d; =a, +ag/a

=31 +&°r(]) +ar(-i)
=3i +(8)?(0.15) j — (20)(0.15)i
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@,z =2000 rpm
_ rad / _ constant
—209.4 A _

A pg =0

a, =W, = (% ft)(209.4 ra% )?

—10.962 ﬁ/s2

Dpp =620780/ | B=13057 L5l Juu

Dynamics 96-97-2 KINEMATICS OF RIGID BODIES



40°\
-r Drawn to scale
13.95°

iaD/B>n

Dynamics 96-97-2 KINEMATICS OF RIGID BODIES 74




L—S in><—12in.—f=—17 in.—>|

Sl 4l jo 4bol, 20 o, SKelw ol coll gl gy ce v 51410 AB als

FRWRIE

Dynamics 96-97-2 KINEMATICS OF RIGID BODIES 75




VD/B = (WU, (BD)

V5 = e (DE)

Dynamics 96-97-2
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