Engineering Science - MECH 226 - Formula Sheet
Statics

Beams - Load, shear force and bending moment relationships:

dv dm
w=-——; V=—"X
dx dx
. _ E -0
Simpletheory of bending: —=—=—-—
I R vy
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Bending moment - curvaturerelationship: El P =M
X
. o 1 _T _Gg "
Simpletheory of torsion for circular asection: —=—=—; J = ——
rJ I 32
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For aslender column with thin ends: P = ———
d d d
Thincylinders: 0, :p— ;0 :p— =P

: , Thinsphere: 0, = ——
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Two dimensional stressand strain - relationships for isotropic elastic materials:

r 1
Vi :EW L E, :E(ax—vay) . O, =

= (&, +VE,); E=2G(1+v)

Two dimensional stressand strain transformations - stresses on plane at ¢

g,= %(0X +0,) +%(0X —0,)CoS2¢+T,,SiN2¢
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rT,= —%(aX —0)SIN2¢+T1,, COS2¢
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Principal planes. tan 2 = as

o,-0,

Strainson plane at @

&, :%(% +<9y)+%(‘9X —ey)00529+%ywsin29

1 1 . 1
Eyg :—E(&:X —ey)sn29+§yxycosze

Dynamics- acceleration: F =Ma; T =l

Moments of inertia;

Mr 2 _ Mr?

for athin disc, polar axis: | | :T ; about diameter: | ,, = ——

2
ml
for aslender rod about its centre of mass; | = ——
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Equations of motion - for constant acceleration: V=U + at ;

V2 :u2+2as;s:ut+%at2

Acceleration of a geared system - torque on A to accelerate A and B:

G
T,=(l,+n’l,) wheen=—"2
Wi
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Vibration

Free undamped vibration - general equation: X' +—Xx=0the genera solution is:
m

X'(0) .
= ﬂs Nt + X(0) cosw,t where @), = K
) m

n

n C I
Freevibration with damping - general equation: X + —X +—X=0
m m
where m = mass, k = spring stiffness and ¢ = viscous damping coefficient.

There are three solutions to this equation depending upon the magnitude of the damping.
These are usualy written in terms of the damping ratio Z which is defined as:

C
= — Thethree solutions are:
2w, m

a) Under damped ¢ <1: X = e " (Acosw,t + Bsinw,t)
where @, = @,+[1-({)?

b) Critically damped { =1: X =(A+ B’[)e—&"”t

_ 2_ B 2
¢) Over damped ¢ >1: x =€ Za’nt(,a\(:,.wntin1 +Be wntJﬁ)

27T
L ogarithmic decrement: O = LH(LJ ={wT= —Zz
Xn+1 w/l_Z
| e 27
where T isthe periodic time: T = —
QW
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