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POWER ? mechanical, electrical, thermal, solar,
chemical etc

TRANSMISSION? Mechanical power is transmitted
from one shaft to another

ELEMENTS ? There are different elements and units
which help transmit mechanical power

Power is an engineering term/ phenomenon and usually
refers to how fast (or slow) a job can be done/performed.

Somebody doing a job faster than others is usually
named as a more powerful person. In other terms,
somebody doing more work than others within the same
duration, is more powegful than others.



* On the contrary, some body doing the
same work slower than others or doing
less work within the same duration Is
called a less powerful person.

* A job is a work done by somebody or by a
machine.




* A work Is usually done by applying a force
against a resistance and a distance Is usually
created/covered under this applied force.

« Changing position of a mass (while overcoming
a resistance) Is actually a work done.

* This position change can be horitontal, vertical
or inclined.
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Doing a work usually consumes an energy.

A mechanical energy could have forms of
potential energy or kinetic energy
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Awveightlifter applies a force
to cause a barbell tobe displaced.
The barbell then possesses mechanical

energy - all m the form of potential enexgy.
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The ram of a pile-driver possesses mechanical energy — the
ability to do work. When held at a height, 1t possesses
mechanical energy in the form of potential energy. As it falls
1t possesses mechanical energy 1n the form of kinetic energy.
As 1t strikes the spike, 1t apphies a force to displace the
spike - 1.e_, 1t does work on the spike.
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Themassrveball of a demolition machine possesses mechanical energy - the ability to dowork.
When held at a height, it possesses mechamical energy m the form of potenhial enexgy. Asitfalls,
1t exhibitsmechanical energy m the form of lanetic energy. #s 1t strikes the struchure to be demolished,
1t applies a force to displace the stouchme - 1.2., 1t does vwork upm the strachoe.
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Lifting a box from floor to a shelf at
a certain height is a work done
(by a worker or by a machine
like lifting machine etc).

You can call this work as a job to
be done and it Is a calculable
engineering term or
phenomenon.
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Work (W) is the multiplication of “force and
distance” pair in which the force is the
reaction force against which the distance Is
moved.

Like weight of the box (being the force F) and
the height of the shelf (being the distance S).

Weight is the force downwards and shelf
height is the distance upwards.

W=F*S
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* Person A lifting a box of 10kg from floor to a shelf through 2m
height is actually doing a work of

« Work= mass*distance= 10kg*2m=20kg-m

or

 Force=m.g= 10kg*10m/s2= 100Newton (assume g=10m/s2).
« Work = Force*distance= 100N*2m=200Nm

 You have to always put units next to numerical values
calculated.

Person B lifting the same box of 10kg from 0 ..
floor to the same shelf through 2m height ;
again is also doing a work of
10*2=20kg-m or

200Nm (assume g=10m/s2).
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Both of them are actually doing the same work with
a work value of 200Nm (=spending an energy of
200Joules)

The same work is also called the energy in units of
Joule (1Nm=1Joule)

However, the time spent for doing the same work
(or spending the same energy) could be different
for these 2 persons.

Beacuse they could either be at different ages (like
20 and 50 years old) or they could have different
states of health (being fit and sick) or one could be
hungry and other full. ™" -



Person A, at an age of 20 and doing sports
everyday is likely to lift that box within 2 secs

whereas person B at age of 50, not doing
sports much and retired just last year Is more
likely to lift the same box within 4 seconds.

Logically, which person (person A
s aﬁ or person B) seems to be more
5 B S £ powerful?
,-.‘-;'.U";_“‘\_?%_\(';S% K-
i( ( Certainly person A is more
= & powerful, because he is faster to
do the same job and it takes only
half the time to do the same joh,




 In another term, on the basis of how much work
done In unit time, person A can do more job/work
than person B within the same duration.

* He can lift two boxes in 4 secs while person B lifts
only 1 box. That also shows that person A is more
powerful than person B.

* We, even, can possibly say that person A is 2 times
more powerful than person B because he/she can
lift the same box to the same height in a shorter
time (half the time of person B) or he can lift 2
boxes within the same duration.
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Making a numerical comparison like this (2
times etc), however, requires making
some numerical calculations too.

Power, like work, Is actually a calculable
phenomenon.

Work (W) is the multiplication of “force and
distance” pair in which the force is the
reaction force against which the distance
IS moved.

Weight is the force downwards and shelf
height is the distance upwards.

W=F*S
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Power (P), on the other hand, is the rate of doing the work
(work divided by the time “At” spent to accomplish the
work)

P=WI/At

If you know the amount of work done and the time At
spent for doing that work then you can calculate the
power spent for doing the same work.

Similarly a work W is done by moving a mass along a
horizontal distance (lets say under constant pushing force
F, W=F*S) over a period of time “At", power is then the
“rate of work”, meaning the work divided by the time spent

P=W/ At
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Thus, power of person A (lifted the box In
2S€ecs) Is :

P,=Work/time = 200Nm /2sec = 100Watt

Similarly power of person B (lifted the box In
4secs) Is:

Ps=Work/time =200Nm /4sec = 50Watt

As you see from numerical calculations, person
A Is 2 times more powerful than person B.

“‘ \4 (\{a« ;/
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You could actually re-word the conditions as the
“power spent” to do the work rather than comparing
the power capacities of the persons doing the work
beacuse each work done requires spending power
which usually Iis not re-gained in many cases.

Regarding units of the terms used (in S| units):

— Mass in kg

— Force in N (weight is a force W=mg=kgxm/s2=N)
— Distance in m

— Time in sec

velocity V=rate of movement=distance/time= m/s
Work =Force x distance= F*S = Nm

Power = rate of work = Work/time = W/t = Nm/sec
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Re-arranging the units;
Power = Nm/s = (N) * (m/s) = Force * velocity = F*V
(in lineer terms)

That means Power is composed of two parts namely
the “force and the speed” (F*V)

Considering the condition of lifting the box to shelf,
Person A (with 100Watt power capacity)

— can lift 10kg(F=100N) box to 2m height shelf in 2 sec
(V=2/2=1m/s) (P=F*V=100W)

— can lift 5kg (=50N) box to 4m height shelf in 2sec
(V=4/2=2m/s) (P=F*V=100W)

— can lift 10kg(=100N) box to 1m height shelf in 1 sec
(V=1/1=1m/s) (P=F*V=100W)

— can lift 20kg(=200N) box to 1m height shelf in 2sec
(V=1/2=0.5m/s) (P=F"=10ORW) 20



Similarly, a car/truck driven by an engine with an engine power P
could drive the same car at different road conditions like:

« Up a gradient; with a high pulling/drive force at low speed ,

« On a straight level road; with an average pulling/drive force at
average speed

« Down a gradient; with a minimum pulling/drive force but at
maximum speed ,

R oxd
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* These conditions tell us that power (provided by
engine) could be converted to two managable
parts as “force and velocity” depending on the
requirements of work to be done.

 Power=Force * Velocity

* This (managing the shares of force and
veloctly) Is done by a gearbox in car/truck
example to satisfy the requirements of road
driving conditions.




* Whenever high traction/pull forces are required
(as In case of moving up a gradient with full
load) major part of power is converted to
torque/pull force by shifting to lower gear
selection (gear 1 or 2).

« Just the opposite Is done in case of moving
down a gradient where higher speed is
required. In this case, major part of power is
converted to speed by shifting gear lever to
higher gears like 4th or 5th gear while force
component is reduced because power Is always
constant (ignoring any losses for the moment).
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* The same power could also be written In
angular terms by some unit conversions:

 P=Work/time = (Nm) / sec = Nm * (1/sec) =
(Nm) * (rad/sec) = Torgue * angular speed =
o P=T*w

 That means a power in lineer terms could also
be written in angular terms

» P=Torque * angular speed =T *w ==Nm *
(rad/sec) =Watt
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* For a constant power (ignoring any losses) condition,
which is usually the case;
— higher the torque lower the speed or
— lower the torque higher the speed

« A car (with a constant engine power) at different road
conditions may produce different wheel torque and
wheel angular speeds as in the case of previous
example but in angular terms:

— Up a gradient; a high wheel torque at low angular speeds ,

— On a straight level road; an average wheel torque at average
angular speeds,

— Down a gradient; with a minimum wheel torque at maximum
angular speeds.
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* We understand that power could be spent
both

—In lineer (force*velocity) and
—angular (torque*ang velocity) terms.

* They can also be converted to each other as
In the case of car engine crankshaft (or wheel
axle) and car movement on the road.

 However, before spending a power you
should create or provide the same power.
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The power providers are usually called
“power sources” or “prime movers”.

There are multiples of power sources.

Some examples of power sources:
— Human power
— Solar power
— Thermal power
— Mechanical power
— Electrical power
— Hydraulic power
— Nuclear power

— efc Nihat YILDIRIM
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Humans do have some capacity of doing mechanical
work and this capacity of doing work is usually
called the energy or work capacity in units of Nm (or
joule)

The energy of human is usually derived from the food
digested in human body. Food taken by mouth is
converted to chemical energy through digestive
system. The rate of spending this chemical energy
or rate of doing mechanical work is called the

human power.




 Human can push or pull (lift or turn) items or objects at
low or high speeds depending on his or her power
capacity.

« Workers at work or house women at house works do
alot of work and spent power for doing those works.

I told my careers adviser I
wonted a career in travel..
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Similar to the chemical reactions in human
digestive system, some kind of exothermic
chemical reactions happen on the sun and as a
result (of those chemical reactions) some
thermal energy Is created on the sun surface

Those thermal
energies reaching
world as a

miaier fransformation of
thermal to solar

inverter | T —4 (radiation) form are

. P weeviof@lled the solar energly.




* The capacity of being able to do work with this
solar energy In form of either heating or
creating electricity Is called the solar power.

How Solar Works
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Thermal power Is usually associated with the use
of thermal energy created by burning carbon
based fuels or fosil fuels with oxygen like
elements through chemical reactions

* Most of the power in industrial applications are
derived from thermal energy sources like
petroleum, natural gas, coal etc.

How a Coal-Fired Power Plant Works

Other than using as a heat
source, thermal power,
most of the time, is
converted to steam power
and then to mechanical
power through turbine

systems.
'ILDIRIM 32
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In case of Internal combustion engines,
however, thermal power Is converted directly

to mechanical power through piston-rod

mechanism.
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For the sake of convinience, the same
mechanical power Is then converted to
electrical power (by generators) to be able to
transmit it over long distances to industrial and

urban areas where it 1Is consumed largely.
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« Similar to solar and thermal/heat power, hydraulic
power Is also a natural power to be harnessed with
suitable precatuions.

* Rivers, waterfalls and similar effluents were historically
used to run watermils, pumps etc.

* By help of advancing technologies, water flows with
high flowrates and high potential energies were
directed to hydraulic turbine blades to rotate shafts
and to produce mechanical power.

HOW T NSTALL AN HYDKO “ARTERNATOR,




* As In case of thermal power example, here also
the shaft mechanical power Is converted to
electrical power through use of generators
again to transmit it over long distances.

[ Inside a Hydropower Plant
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* Nuclear power is different than other powers only in generation
of heat and thermal power, and rest of the process until
generation of electrical power is the same as of previous two
cases.

* Nuclear power involves heat generation in atomic level.

« Some elements like uranium etc are specially prepared and
processed in special chambers to produce/release energy In
atomic level by displacing/diverting electrons out of their orbits

Such small disturbances in
atomic level causes chain like
reactions hence accumulating
the energy in heat form and
Increasing the temperature of the
chamber environment

) Containment Structure &) Generator

) Control Rods ) Turbine
( Reactor @ Cooling Water Condenser
: ) Steam Generator @ Cooling Tower
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* This high thermal output is balanced by cooling water
which absorbs high heat and changes phase from
liquid to steam and continue to increase the
temperature.

 The same steam power is then used to produce
electrical power through generators again.

Safety Shut OFf Pressurizer Safety Valves Safety valve for safe- Spring loaded
Valves Safety Valve SiH SiZ 2507, 5i95 guarding turbine SiH safety valves

Spring loaded safety
valves
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* In modern power production, every kind of power (whether
thermal or solar or steam or nuclear or hydraulic) is usually
converted to electrical power (through generators) to be
conveyed to proximity of the areas where it is consumed

largely.

- Because, electrical power is the best form of power to be
conveyed over long distances with minimum physical
Investment and constraints.

« At the end of electrical power transmission lines, a conversion
unit, usually called “electrical motor” is used to convert the
electrical power back to the mechanical power which is usually
the right form of power to do work through machines. This is the
case with most of the fixed machineries. | A S
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* \Whereas mobile machineries like automotive
vehicles etc with wheels do not usually use
electrical power, instead they use thermal
power of fuels by burning them in internal
combustion engines and then converting it to

mechanical power through piston-rod
mechanism.
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* New generation of mobile mechineries,
however, are nowadays also tending to use
electrical power through use of batteries and
electrical motors (electric cars and similars).

» The ratio of electrical driven mobile
machineries, nevertheless, Is very low
compared to existing non-electrical mobile
machineries.
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MACHINE OR MACHINERY

* Power Is consumed because a work Is done by
spending power.

* A work is done by applying a force or torque along
with a movement of either linear or angular form
respectively.

* Applying small forces and torques over short
distances are possible for humans but it becomes very
difficult to apply very large forces over long distances.

* It becomes impossible if we want to apply such high
forces/torques over long distances in very short times.
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In such difficult working conditions, machines or
machineries are used to replace humans to do hard
works.

Machines are the collection of parts or equipments
designed, manufactured and assembled together to
do an intended work.

Machines could be purely mechanical nature or could
be a combination of mechanical+hydraulic+ electrical
etc.

All those parts and sub-systems are required to work
In harmony to perfectly accomplish the work intended
by some effective means.

/ 4
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In todays industry, almost all works (except very simle
ones) are done by machineries designed and
manufactured by humans.

Those machines can do a lot of huge and large scale
works almost continuously with huge power
capacities.

However, none of those machines are standalone
power units to accomplish the work.

Almost all machines have some parts, linkages,
shafts, elements etc to accomplish the work together.

Nih DIRIM




There are a vast amount of machineries in
different industries. Some examples are:

— Drilling machine

— Sawing machine

— Lathe

— Cranes

— Trucks (automotive vehicles)
— Ships

— Aeroplanes

— etc

Nihat YILDIRIM




POWER TRANSMISSION ELEMENTS/ UNITS

* There are some parts of the machines (work
performing elements) which are in real contact with
the external environment of the machine itself like
grippers, pushers, drills, etc (similar to fingers of a
human).




* Those elements placed between power source and
power consumption nodes and helping to transmit
power (force and velocity/speed) from source to

consumption are called the "power transmission
elements/units”.
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* These elements —usually not visible to users
of machines- help transmit the power from
source to those work performing elements

and are exposed to heavy working conditions
too.
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* There are lots of different power transmission
elements being used In industry and dally life
machineries.

* A bicycle (machine) is an example where a
human is power source and the work Is done by
forward movement of the bicycle

49




 Human foot Is the power input to the pedals and
driven wheel Is the work performing element of
the machine-bicycle.

* In simplest form, between those elements
(pedal and wheel) are the front sprocket -chain-
rear sprocket and they can be listed as the
power transmission elements.
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* Another common example is the automobile we all
drive everyday.

* |C engine is the power source and the driving wheels
are the work performing elements between which are
the power transmission units like clutch, gearbox,
universal joints, couplings, shafts, differential, axle,
etc.

\How Four Wheel Drive Works
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* Power transmission units are those sub-units
constructed by assembling different machine
elements together and can be used in different

applications.

* The best known example of such units are the
gearboxes.

« Clutch, torque converter, differential, axle
system etc are some of other power
transmission units used in machineries

FIRST GEAR RATIO 258 TQ |



PRIME MOVERS

* |In most of those immobile machineries (machines with
fixed positions in workshop etc) electric motors (EM)
are the most widely used power sources (prime
movers) and usually standardized with standart

voltage, power and speed values.

 Electric motors do have some basic types based on
their internal electric wiring too. The most common
types are :
— DC motors and

— AC motors

Frame __Stator

_Commutator
Brush



DC motors are historically the firs motors
used but nowadays they are usually used
for low power applications.

AC motors dominate the market and
iIndustry due to some advantages.

While DC motors are supplied with single
phase and fixed voltage level

AC motors are supplied with alternating
usually sinusoidally varying voltage
levels.

The most common voltage types and

levels used in industry are AC and

standart values are: . 240 Volts
— 380Volts (3phase industrial lines) /\ /\ 0 volts

— 220Volts (single phase premises lines) e

DC does not reach 0

24g 4Volts
0 volts

DC
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* Power levels of AC electric motors vary from kW to
hundreds of kW and usually standardized

— Either in kW or in hp

« Speed of electric motors is always given in rpm
(sometimes in rad/sec).

« Most widely used standart (nominal) speeds are
— 900rpm,
— 1400rpm and
— 2800rpm.
— Rarely over 3000rpm
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 Although electric motors are designed for a constant
power level they do not provide the constant power at
all speeds.

* They are designed to provide that power at their
nominal speed.

« Away from that speed, power (and other parameters)
may change.

« Usually electric motors are supplied with some
performance charts regarding variation of power,
torque and current with speed.
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* Anybody to select a proper EM for his/her application
should understand that chart and decide if it suits or
not his/her requirements.

 The nominal torque at nominal speed, torque at
minimum shaft speed and torque at overrunning
speed, current at minimum speed are some of the
Important parameters to be taken into consideration
during EM selection
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* By the way, EM itself is a machine with some
elements inside It.

* Voltage and current fed into EM is the
power/energy input into the system and output
shaft is the work performing element.

* Other elements like wiring, wiring plates, keys,
bearings etc could all be called as the power
transmission elements.

Torque @

Speed (7)o . v, |
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EM’s as prime movers (or power sources) are usually used to
drive or run a machine to do some work.

This generally requires physically connecting the EM output
shaft to the input (shaft) of the machine to be driven.

However, connecting one machine to another requires some
kind of compatibility (suitability) of the two sides.

This is like running of two persons hand in hand (in harmony).

The very first requirement of this running together is to have
almost equal power capacities of two persons for a long
duration accompanying.




« Second requirement is to make speeds of two
persons equal (or almost equal) for a comfortable
running and

* third requirement is to have “compatible hands”
holding together or something which can be held by
both sides comfortably.
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Usually the driven machinery’s power requirement determines
the power of prime mover.

Prime mover Is required to have slightly more power than what
the machine requires to have some power in reserve for difficult
conditions.

Power requirement calculation of the machine is usually the first
step of process and there are some standart formulas or
procedures for this step. (see sections for power requirement
calculation)

Second is the determination of input speed of the driven
machine which varies from machine to machine.
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* While some standart machines require some standart
speeds other specially built machines may require
totatlly different speeds (from very low to very high
speeds).

« If that required speed does not match one of the
“standart EM shaft speeds” then some equipments or

units or elements may be required to vary the speed of
EM to the required speed of the machine.

* There are lots of different speed varying mechanisms
and units to be used in such conditions. Some
examples are gears, gearboxes, sprocket and chains,
belts and pulleys etc.




* In cases where no speed change is required EM shaft can
be directly connected to machine input shaft with some
suitable means (coupling like connecting elements).

 However, in cases where EM shaft and machine input shatft
are not close to each other or not in correct alignment then
some kind of other connecting elements are required to let
them hold hand to hand.

« These elements are usually called connecting elements and
shafts, universal joints, couplings etc are some examples of
these type of elements.
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In some applications only connecting elements could be
enough to connect prime mover (EM or IC engine or else) to

the machine,

but in some cases both connecting elements and speed
changing units could also be necessary to connect prime mover

to the machine.

The best example for such condition is the automobile where IC
engine is the prime mover and wheels are the driven machine

In between you can see both connecting elements (keys and
couplings, splines, universal joints etc) and speed changing
units (like gearbox-tarnsmission and differential).

DRIVE SHAFT
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A list of those elements and
units are given below:
*Shafts

*Keys

*Splines

*Couplings

*Gears

*Belts-pulleys
*Chains-sprockets
*Ropes-sheaves
*Screws 64
*Clutches and brakes



POWER TRANSMISSION UNIT DESIGN
PRINCIPLES

 Power transmitted via different elements and
different units Is usually two parts:

— torgue and rotational speed (in rotary environment) or
— force and linear velocity (in unidirectional environment)

Where torque or force acts on any material,
there Is always a stress pushing material to its
load carrying capacity limits.

 Different materials may have different load
carrying capacities called as material strength.
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Any material lost its strength or any stress occuring within the
material surpassing the material strength causes material
failure (stress> strength).

In simple terms, any failure in form of material fracture or
unacceptable plastic deformation is a loss of safety in terms of
functionality and human life.

Failure, however, is not restricted to only fracture and plastic
deformation under static loads.

Failure can take form of

— unacceptable wear,

— excessive elastic deformation,
— fatigue fracture,

— etc.

and will cause loss of functionality mostly.

Therefore safety in design of any power transmission element
or unit is a must from point of wiev both functionality and
human life.
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However, safe power transmission units and
elements do not work for free.

Energy has to be spent to make them work properly
and efficiently.

Efficiency Is a representaton of how good and
economically the unit is working.

Any safe unit designed to work for long times and
consumes energy as long as it works.

Neverthless, not all of the energy is converted to
work and some is wasted because none of the
mechanical system (power transmission unit) Is
100% efficient.

Less the lost energy, more the work is done, hence
high efficiency is a design criteria for better units.
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« Any unwanted or unintended relative
movement (irregardless of how small or how
large) between parts and elements of any
power transmission unit is usually a cause of
energy and power loss and therefore of lower
efficiency.

 Friction between moving surfaces Is a cause
of low efficiency and has to be avoided If
possible or minimized by some means (like
rolling, lubrication etc as in the case of
bearings and gears).
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Speed or velocity Is a factor usually given
less importance than torqgue and force.

However, It IS as iImportant as loading since
many vibrational characteristcs of complex
mechanical systems like gearbox etc are
excited by rotational speed frequencies and
Its harmonics.

Most mechanical systems are made of
multiples of linkages and joints, hence
multiples of degrees of freedoms.

Therefore such systems will have multiples
of vibrational resonances which can be hit at
different running speeds.
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* Near resonance speeds, vibration levels of
the system increases with resulting
Increased dynamic load and dynamic stres
levels.

* Those dynamic load and stres levels may
reach few times the static load and stres
levels.

 In such dynamic conditions, any system
designed based only on static performance
or static loading will fail due to high dynamic
stresses.
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