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Mechanics Key Equations

Forces & Moments as Vectors

The magnitude of a moment about a point P

in scalar form:

|Mp| = |FID

In vector form, this is given as the cross
product of the position and force vectors:

Mp=1XF |Mp| = |r X F|

Rectilinear Kinematics of Particles

The SUVAT equations for constant, linear

acceleration:
v=u-+at
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Integral relations:
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Moments about a line:
ML = (é .rX F) é
M,=(e.Mp)e

In both cases, the direction and sign of the

moments are given by the right-hand rule.

Curvilinear Kinematics of Particles

Angular velocity & acceleration:

_
=T
. d%0 dw
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T
Unit conversion: rad/s = RPM X 30

Velocity is tangential:
V=Tw V=vé =Trwé,
Acceleration has both components:
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For Circular motion:
v=Rw v=Rwe;

a=Ra a=Raét+§én

Kinematics of Rigid Bodies

Velocity of a point P on a rigid body:
Vp=wXT

Relative motion:

Vg/p = W XTyp

where ay/p = a4 — ag

For a sliding contact at point A:

Vy=Vp +WXTyp+ U,

Where v, is the velocity relative to the slot.

Friction

F is the frictional force, R the normal reaction

with the surface:
F = uR

Us = tan Qpqy
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In Polar Coordinates:
v=r ér + T'é ég
a=(i—r62) e, + (ré +2i) &

Where r = re,.

Acceleration of a point on a rigid body:
a=aXr+wX(wXr)

where a X r is the tangential component and

w X (w X r) is the normal component.

For general plane motion, the normal

component becomes:
a=axr—wr
Relative motion:

_ 2
aA/B—aXrA/B—w Ta/B
where ay/p = a5 — ag

For a sliding contact at point A:
ay,=ag+ AXTyp—wTryp+a,+2wxv,

Where a, is the acceleration relative to the
slot.

Us is the static coefficient of friction (~20% >

Uy, the kinetic coefficient of friction).

Amax 1S the friction angle — the maximum

angle of inclination before the object slips:
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Screw threads:

t
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pitch, t
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Square Screw Threads:

tang +
P = (&) X
1 — pustang

Belts:

For square belts:

T,

Where ug is the static coefficient of friction,

and a the wrap angle.
Clutches
For uniform pressure:

F = mp(Rf — R})

T_z s R} —R3
—3M\RZ—R2
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For v-threads:

( tang + us secf )
X
1 — ug secf tang

For v-shaped belts:

T Hs@
— = esiny
T,

Where y is the angle of the v-section.

For uniform wear:

R, +R
T=;1F(1 2)
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