Mechanical Engineering Basic Formulas 1

Mechanical

Engineering Basic

Formulas

Mechanical
Engineering
Basic
Formulas

THE ESSENTIAL
TOOLKIT:
UNDERSTANDING
MECHANICAL
ENGINEERING
BASIC FORMULAS

Downloaded from

www.everybodystreet.com
by Choi & Madilynn

For anyone stepping
into the world of
engineering, numbers
tell a story. They
predict how a bridge
will sway in the wind,
how much force a
piston can deliver, and
how efficiently a
turbine will spin. At the
heart of this numerical
storytelling lies a set of

fundamental

expressions. Mastering
Mechanical

Engineering Basic
Formulas is not
merely an academic
exercise; it is the very
language used to
design, analyze, and
improve the physical
systems that power our
world. Whether you are
a student preparing for
exams, a practicing

engineer refreshing
your knowledge, or a
curious hobbyist

building a project,
these equations form
the bedrock of
understanding how
forces interact, energy


https://www.everybodystreet.com/

transforms, and
materials behave. This
guide explores these
core principles in a way
that is both practical

and accessible,
revealing the logic
behind the
mathematics that
shapes modern
machinery.

Why
These
Formulas
Matter
Beyond
the
Classroo

m

It is tempting to view
engineering formulas
as abstract symbols on
a page. In reality, they
are powerful tools for
solving tangible
problems. A civil
engineer uses them to
ensure a building does
not collapse under its
own weight. A
mechanical engineer
relies on them to
calculate the torque
required to lift a heavy
load. An aerospace
engineer applies them
to understand the lift
generated by an
aircraft wing. Without a
solid grasp of these
fundamental

relationships, every
design becomes a
guess, and every
project carries
unacceptable risk.
Therefore, revisiting
these Mechanical
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Engineering Basic
Formulas is an
investment in safety,
efficiency, and
innovation. They
provide the analytical
framework needed to
move from concept to
reality with confidence.

Foundatio
ns of
Statics
and
Dynamics
: The
Language
of Motion

and
Equilibriu
m

The study of
mechanics is typically
divided into two broad
areas: statics, which
deals with bodies at
rest or in constant
motion, and dynamics,
which concerns bodies
undergoing
acceleration. Here, we
encounter some of the
most frequently used
expressions.

NEwTON'S LAWS OF
MoTION

These three laws are
the cornerstones of
classical mechanics.
They describe the
relationship between a
body and the forces
acting upon it.



¢ First Law (Law
of Inertia): A
body at rest
stays at rest, and
a body in motion
stays in motion
at a constant
velocity, unless
acted upon by a
net external
force. This
concept is
summarized by
the idea of
equilibrium,
where the sum of
all forces (2F =
0) and the sum
of all moments
(M = 0).
Second Law (F
= ma): This is
arguably the
most important
formula in
dynamics. It
states that the
net force (F)
acting on an
object is equal to
the mass (m) of
the object

multiplied by its
acceleration (a).
F = ma allows
engineers to
calculate the
force needed to
accelerate a
machine
component or
predict the
acceleration of a
vehicle given a
certain thrust.
Third Law
(Action-
Reaction): For
every action,
there is an equal
and opposite
reaction. This
principle is vital
when analyzing
forces in trusses,
joints, and
structural
supports. If a
beam pushes
down on a
column, the
column pushes
back up with an
equal force.

Mechanical Engineering Basic  2023-08-15

Formulas



Mechanical Engineering Basic Formulas 5

Key FORMULAS IN
STATICS

When dealing with
stationary structures,
we often need to
calculate forces and
moments. A moment
is the rotational
equivalent of a force,
calculated as M = F *
d, where F is the force
applied and d is the
perpendicular distance
from the pivot point to
the line of action of the
force. Torque is a
specific type of
moment that causes
rotation.

Understanding how to
resolve forces into
their components
(using sine and cosine
functions) is also a
fundamental skill,
allowing engineers to
break a single force
vector into its
horizontal and vertical
parts for easier
analysis.

ESSENTIAL
DyYNAMICS
FORMULAS

In dynamics, we often
deal with moving
objects. Beyond
Newton's second law,
several other formulas
are indispensable:

¢ Kinematic
Equations:
These describe
motion without
regard to forces.
Common ones
includev =u +
at, s=ut +
(1/2)at?, and v2
= u? + 2as,
where u is initial
velocity, v is final
velocity, a is
acceleration, tis
time, and s is
displacement.

e Work and
Kinetic Energy:
The work done
by a force is
calculated as W



= F *d * cos(0),
where 6 is the
angle between
the force and
displacement.
This work is
directly related
to a change in
kinetic energy
(KE=1/2*m*
v2).

e Impulse and
Momentum:
Impulse () = F *
At) is equal to
the change in
momentum (p =
m * v). This is
crucial for
analyzing
collisions,
impacts, and the
performance of
mechanisms like
hammers or
punches.

Mechanic

s of
Materials:
Understa
nding
Stress
and
Strain

Imagine designing a
crane that needs to lift
a 10-ton beam. You
cannot just make a
guess about the size of
the steel cable. You
must use formulas
from the mechanics of
materials to ensure it
will not break. This
field examines how
solid materials deform
and fail under various
loads, making its
formulas essential for
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safe design.

STRESS ([J) AND
STRAIN ()

These are the two most
basic concepts. Stress
is the internal
resistance of a material
to an applied force,
calculated as force per
unit area: o = F / A.
Strain is the measure
of deformation, defined
as the change in length
divided by the original
length: € = AL / Lo. For
many materials, stress
and strain are linearly
related by Young's
Modulus (E) in the
elastic region: o = E *
€. This is known as
Hooke's Law and is a
fundamental
Mechanical
Engineering Basic
Formulas for material
selection.

BEAM BENDING

Beams are everywhere

in structures and
machines. The
bending stress in a
beam is given by the
flexure formula: o = M
*y /1l Here, Mis the
bending moment at the
section, y is the
distance from the
neutral axis to the
point where stress is
being calculated, and |
is the area moment of
inertia (a geometric
property of the cross-
section). This formula
allows engineers to
determine if a beam is
strong enough to resist

bending without
yielding.
TORSION
When a shaft is

twisted, it experiences
torsional shear stress.
The formulais: T =T *
r /), where T is the
applied torque, ris the
radius of the shaft, and
J is the polar moment
of inertia. This is



critical for designing THE FoOuRrR LAWS OF
drive shafts, axles, and  THErRMODYNAMICS

any rotating power
transmission
component.

Thermod
ynamics:
The
Science
of Energy
and Heat

Thermodynamics
governs the behavior
of energy, particularly
heat and work. It is
fundamental to
engines, power plants,
refrigeration, and
HVAC systems. The
core of this subject is
built upon a few
powerful laws.

Zeroth Law:
Defines thermal
equilibrium and
is the basis for
temperature
measurement.
First Law
(Conservation
of Energy):
Energy cannot be
created or
destroyed, only
transformed. For
a closed system,
this is expressed

asAU=Q-W,
where AU is the
change in

internal energy
of the system, Q
is the heat added
to the system,
and W is the
work done by the
system. This is
the fundamental
formula for
analyzing any
energy
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conversion
process.
Second Law: It
states that the
total entropy of
an isolated
system can
never decrease
over time. It also
sets limits on the
efficiency of heat
engines. The
maximum
theoretical
efficiency of a
heat engine
operating
between a hot
reservoir at T,
and a cold
reservoir at T is
given by the

Carnot efficiency:

r.lmax =1- (Tc/
T.).

Third Law: As
temperature
approaches
absolute zero,
the entropy of a
perfect crystal
approaches zero.

IDEaL GAs Law

This is a cornerstone
formula for working
with gases: PV = nRT,
where P is pressure, V
is volume, n is the
number of moles, R is
the universal gas
constant, and T is
absolute temperature.
It links the state
variables of a gas and
is used extensively in
calculations for
compressors, turbines,
and internal
combustion engines.

Fluid
Mechanic
s: The
Behavior
of Liquids




and
Gases

From the flow of oil in a
pipeline to the
aerodynamics of a race
car, fluid mechanics
provides the tools to
analyze fluids at rest
and in motion.
Accuracy in this area is
vital for hydraulic
systems, pumps, and
piping networks.

Key FLuiD
DynAMICS
FoOrRMuULAS

e Continuity
Equation: This
expresses the
conservation of
mass in a flowing
fluid. For an
incompressible
fluid (like water),
it simplifies to

10

cross-sectional
area and V is the
velocity. This
means that as a
pipe narrows, the
fluid must speed
up.

e Bernoulli's
Equation: This
is a statement of
conservation of
energy for a
flowing fluid. It
relates pressure
(P), velocity (V),
and elevation (2):
Pi/pg + V1%2/2g
+ z1 = P2/pg +
V2229 + 22 +
h,, where p is
density and h,
represents head
losses due to
friction. This
formula is used
to understand lift
on an airfoil, flow
through a venturi
meter, and the
pressure drop in

A:V1 = A2V2, a pipe.
where A is the e Reynolds
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Number (Re): .
This is a DeSIgn
dimensionless
number used to a n d
predict flow
patterns. It is
calculated as Re Powe r
=(p*V*D)/ .
M, where D is a TransmIS
characteristic .
length (e.qg., pipe S|On
diameter) and u
is the dynamic Putting all the

viscosity. A low
Re indicates
laminar flow
(smooth), while a
high Re indicates
turbulent flow
(chaotic). This is
critical for
determining
friction factors
and heat transfer
coefficients.

Machine

11

fundamentals together,
machine design
focuses on creating
reliable and efficient
mechanical
components. This area
relies heavily on
previously mentioned
formulas but applies
them in specific
contexts.

GEAR AND BELT
DRIVES

When power s
transmitted from one
shaft to another, speed
and torque are



transformed. The
fundamental
relationship for gears is
that the ratio of input
speed to output speed
is inversely
proportional to the
number of teeth. The
gear ratio (GR) is GR
= Noutput / Ninpur: Where
N is the number of
teeth. Similarly, the
relationship between
torque (T) and speed
(w) is governed by
power conservation:
Power (P) = T * w.
This is a universal
Mechanical
Engineering Basic
Formulas that
appears in almost
every power
transmission
calculation, whether
it's for a gearbox, a
belt drive, or a chain
drive.

BEARING SELECTION

12

AND LIFE
Bearings reduce
friction in rotating

machinery. Their life is
predicted using a
formula that relates
load and fatigue. The
basic rating life (L) is
given by L = (C /
P)~p, where C is the
dynamic load rating, P
is the equivalent
dynamic load, and p is
an exponent (3 for ball
bearings, 10/3 for roller
bearings). This formula
helps engineers select
a bearing that will last
for a desired number of
revolutions or hours
under a given load.

Practical
Applicatio
n of
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Knowing the formulas

These is only half the battle.
Formulas
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