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Kinetics of a Rigid Body



Planer Kinetics of a Rigid Body

Impulse and Momentum

Linear Momentum

L =mvg

Anqgular Momentum

He= lgo

Body momentum
diagr:-un




Planer Kinetics of a Rigid Body
Impulse and Momentum

Translation

Translational motion As Vo=V
(rectilinear or curvilinear)

=0
L=mvg, H;=0
H,= (d)(mvg)
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Translation




Planer Kinetics of a Rigid Body
Impulse and Momentum

Rotation about a Fixed AxIs

lL=m v , Hg=lc o

‘ Ho=lgw +rg(mvg) ‘

since Vi =Tl;w

Ho=low

L= mv

“'rc'l?_s/: ,'a'.’:‘_\ff’ o

Rotation about a fixed axis




Planer Kinetics of a Rigid Body
Impulse and Momentum

General Plane Motion

L=mvg , Hg=Ilg @

H, =l o + (d)(mvg)
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General planc motion




Planer Kinetics of a Rigid Body
Impulse and Momentum

Principle of Linear Impulse and Momentum

m(ve), + 3 [ Fdt = m(v,),

(vg); and (vg), are the velocity vectors of the
center of mass at t, and t, respectively.

Scalar components for motion along xand y axes are:

L t,
MWe); + X [Fdt=mvg),|  [m(ve,), + [F dt=m(vg,),
ty 5}




Planer Kinetics of a Rigid Body
Impulse and Momentum

Principle of Angular Impulse and Momentum

t
oo, + X [Modt =150,
1:1

Conservation of Linear Momentum

‘m(VG )1 — m(VG)Z‘
Conservation of Angular Momentum

(lgw); = (Igw), and (low); = (lp w),



FUNDAMENTAL EQUATIONS OF DYNAMICS

KINEMATICS
Particle Rectilinear Motion
Variable a Constant a = a,
dv
a=— U=1Uvg+ at
dt :
U=‘g‘s— S=SO+U()I+%(ICI2
dt
vdv = ads 02=U<2)+20c(8"‘~5'0)




FUNDAMENTAL EQUATIONS OF DYNAMICS

Particle Curvilinear Motion

x, y, z Coordinates r, 8, z Coordinates

U, = X =X 0. =i a, = F — r@?
v, =y a; =y Vg = ré ag = ro -+ 28
v. = Z a. =z v, = 2 a, = z

L+
|
(o

a,=v=v—
v> ds_ [1 + (dy/dx)*]*"
3 d?yldx?

an

Relative Motion

Vo = Va T Vg ag = a4 T+ apg




FUNDAMENTAL EQUATIONS OF DYNAMICS

Rigid Body Motion About a Fixed Axis

Variable o Constant ¢ = «a,.
dw
e = wo T+ @t
(84 dr w 0
w=£ 8 = 0y + wot + 3 t®
dt
b dw = o d6 w’ = w§ + 2a.(0 — 6)
For Point P

s = Or U= wr a, = ar d, = Wr




FUNDAMENTAL EQUATIONS OF DYNAMICS

KINETICS

S [t a3
Mass Moment of Inertia Lo f redm

Parallel-Axis Theorem [ =1;+ md*
/
Radius of Gyration k = \/-Tn—



FUNDAMENTAL EQUATIONS OF DYNAMICS

Equations of Motion

Particle >F = ma

Rigid Body | =F, = m(@c),

(Plane Motion) SF, = m(ag),
Mg = Iga !l ZMp = 2(M,;)p




FUNDAMENTAL EQUATIONS OF DYNAMICS

Principle of Work and Energy
Iy Elhp =115

Kinetic Energy

Particle T = Ymu?
Rigid Body - > 5

T =3 & + 31
(Plane Motion) s G
Work
Variable force Ueg = f F cos 8 ds
Constant force Ug = (F.cos 0) As
Weight Uw = —W Ay
Spring U, = — (3 ks3 — 1ks?)
Couple moment Uxe = M AB




FUNDAMENTAL EQUATIONS OF DYNAMICS

Power and Efficiency

_4du _ _ P Ugn
P " Fv g= P U.

Conservation of Energy Theorem
T| + Vl - Tz A V2

Potential Energy
V=V, +V, where V, = Wy, V, = +31ks?




FUNDAMENTAL EQUATIONS OF DYNAMICS

Principle of Linear Impulse and Momentum

i

Particle my, + 2 | Fdt = mv,
J

r
Rigid Body | m(vg); + 2 | F dt = m(vg),

Conservation of Linear Momentum
2(syst. mv); = 2(syst. mv),
_ (vg)2 — (va)2

Coefficient of Restitution e =
(Va1 — (VB




‘FUNDAI\/IENTAL EQUATIONS OF DYNAMICS

Principle of Angular Impulse and Momentum

Particle (HO)I + 2 f MO dt = (HO)Z;
where Hp = (d)(mv)

:
Rigid Body  |(Hg), + 2 | Mg dt = (Hg)z,

(Plane Motion) where Hg = Igw
g

(H0)| + EJ MO dI —= (H0)29
where Hp = Icw + (d)(mvg)

Conservation of Angular Momentum
2(syst. H); = Z(syst. H),



