Statics of particles and rigid bodies


∑F = R = 0
and
∑MO = 0
MO = rO × F
g = 9.81 m/s2 = 32.2 ft/s2
Normal stress, deformation


σ = P/A
ε = δ/L

σ = Eε

δ = PL / AE
Friction


static equilibrium: 

f ≤ μsN ; 
if moving, f = μkN  


belt friction: 


T2 = T1 eμβ     

Particle kinematics






v = dx/dt
a = dv/dt = d2x/dt2 = v(dv/dx)


uniform rectilinear motion: 
x = x0 + v0t


uniformly accelerated rectilinear motion: 

v = v0 + a0t

x = x0 + v0t + ½ a0t2
v2 = v02 + 2a0(x-x0)

relative motion:  

xB = xA + xB/A
vB = vA + vB/A

aB = aA + aB/A

intrinsic coordinates:  

v = v et

a = dv/dt et + v2/ρ en
Particle kinetics


Newton’s Second Law:

∑F = ma

intrinsic coordinates:

∑Ft = m dv/dt

∑Fn = m v2/ρ


work and energy:

TA + UAB = TB

kinetic energy:


T = ½mv2

work done by spring:

U = ½k δ2  ;  by weight:  -Wy


conservation of energy:

VA + TA = VB + TB

   if not conserved, then:

VA + TA = VB + TB + energy lost

impact and momentum:

mv1 + ∫Fdt = mv2


coefficient of restitution:
e = (v´B-v´A)/(vA-vB) = v´B/A/vA/B
Rigid body kinematics – plane motion


translation:

vA = vB
aA = aB

rotation:

v = ωk × r 
a = αk × r – ω2r


uniform rotation: 
θ = θ0 + ω0t


uniformly accelerated rotation: 

ω = ω0 + α0t

θ = θ0 + ω0t + ½ α0t2
ω2 = ω02 + 2α0(θ-θ0)


general plane motion:

vB = vA + ωk × rB/A
aB= aA + αk × rB/A – ω2rB/A

rolling:



v = ωr


a = αr


pulleys:



ω1r1= ω2r2


gears:



ω1r1= -ω2r2

mass moments of inertia:





parallel axis theorem: 
IO = IG + md2 

radius of gyration: 
k2 = I / m
rod: IG = mL2 / 12
disk: IG = mr2 / 2


ring: IG = mr2 

sphere: IG = 2mr2 / 5

Rigid body kinetics – plane motion


Newton’s Second Law: 


∑F = ma
∑MG = IGαk

non-centroidal rotation: 


∑Mo = Ioαk

kinetic energy:



T = ½mvG2 + ½ IG ω2 ; 
non-centroidal rotation: T = ½ IO ω2

momentum:



mvG + IGω ;  non-centroidal rotation: Ioω
