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Couplings and Shafts

Welcome to the next week in the course Basics of Mechanical Engineering 1. We are
discussing the Components and Systems of the machines in this part of the week. For
example, we will discuss Couplings and Shafts in this lecture. Further lectures in this
week would include keys, belts, pulleys and different other components or the systems
which are there in the machine development. So, Coupling and Shafts.
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The contents in this lecture would flow like this. We will give you Introduction to the
Couplings. What is the need of coupling? Couplings are generally used in machinery to
connect shafts or to transmit power. It has several roles.

For example, two shafts are there which is a play between shafts. Coupling helps to cover
that play. Then the coupling helps to have a flexibility between shafts. Couplings helps to
curb the vibrations if those are there. Then they protect the components from the impact
or torque overload etc.

The equipment performance is also increased when you use couplings also. So, certain
Design Considerations are there when we design couplings. We will also Compare
couplings to the Chain Drives. Chain drives will be discussed in the coming lectures in
this week. Then Flexible Shafts and its Applications will be discussed.

Design and Material Considerations for flexible shafts and introduction to Shaft Design
would be covered. Material selection for the shaft would also be covered. Types of Shaft
and Torsion in the Shaft we will see certain numerical problems here. Different kinds of
couplings are there, flexible coupling, rigid coupling in those further itself the
classification could have single joint coupling or we call them as one piece split clamp
coupling or two piece split clamp coupling. It could be three piece, four piece multiple
couplings could be there.

Introduction to Couplings -
Couplings are mechanical devices used to = \/L/:&':\"::‘)
q

connect two rotating shafts to transmit power,

They are essential in systems where shafts are Z. &

torque and motion from one shaft to another. |
misaligned or where we need for vibration

damping or flgxibility.

Types of Couplings:
\1./Rigid Couplings
2 Flexible Couplings
3 Fluid Couplings

https://kapent.com/what-are-c -types-ofc and-their.
application/
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Let us have a brief introduction on what coupling is. Couplings as mentioned here are
mechanical devices used to connect two rotating shafts to transmit power. It could be
used to transmit power, to transmit torque and transmit motion from one shaft to another.
They are essential in systems where shafts are misaligned or where we need for vibration
damping or flexibility. There are multiple types of couplings.

There are a few couplings which are shown here. You can see this is a very Rigid
Coupling here. There could be some flexibility with a washer put over here or maybe we
could put a membrane which is little flexible. So, there are different kinds of sub-
couplings are there. Types of couplings could be rigid coupling, flexible coupling and
fluid couplings where completely automatic transmission is expected that it is Fluid
Coupling.
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Introduction to Couplings

. Rigid Coupllng/

+ Used to connect perfectly aligned shafts. =
» They do not accommodate misalignment and
are used in applications where precise “aa
alignmentis crucial. . S\ewse cowplo
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2. Flexible Couplings:
* These couplings allow for a small degree of
misalignment between connected shafts.
+ They are commonly used in machinery to
absorb shock and vibration. . ()uueasd Aok
- Gean cw(‘wt
- Blot¥owair <w9\*"z

?&)w il https://kapent.com/what-are- typ < i d-their-application/
www.mav.it/en/products/rigid- ccuplmgslngld coupling-mav-fc2008/
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First is Rigid couplings. Rigid coupling is used to connect perfectly aligned shafts. When
the shafts are perfectly aligned, that is there is no misalignment, then we use rigid
couplings. When the axis of the two shafts are perfectly aligned to each other and those
are exactly horizontal, then only rigid coupling could be used because there is no play
that is allowed here. They do not accommodate misalignment and are used in applications
where precise alignment is crucial.



Here, certain examples where these are used are sleeve couplings or it could be clamp
couplings which in example given here. Then comes Flexible couplings. These couplings
allow for a small degree of misalignment between connected shafts. They are commonly
used in machinery to absorb shock and vibration. So, here because flexibility is now
allowed to some degree.

So, there could be certain coupling such as we have universal joint. Then we have gear
coupling because vibrations in gears are there. So, those could be covered using this kind
of a coupling. Also, we have Elastomeric couplings. When | say elastomers, they are
materials or polymers such as rubber.

So rubber like material which has property that can be stretched when stressed even then
it comes back to its original position for flexible couplings there that accommodates the
misalignment between angle, between axis or so. Similarly, we have Fluid couplings.
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Introduction to Couplings

3. Fluid Couplings:

* These couplings use hydraulic fluid to transmit
torque between shafts, allowing for smooth and
controlled acceleration. (Sece\ade-)

+ They are often used in automotive and industrial
applications where torque transmission withﬂ) is

needed. ng Anoawisviam \

WWW. [l ion-joi
www.hkdivedi.com/2015/02/fluid-coupling.html
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Fluid couplings are couplings that use hydraulic fluid to transmit torque between shafts,
allowing for smooth and controlled acceleration. So smooth acceleration like nowadays
we use hydraulic brakes in vehicles, in automobiles or so, where the smooth acceleration
stopping of the car should be there or deceleration which is there in the car should be
very smooth.



So hydraulic systems are there in the bikes itself, the bicycles use now hydraulic brakes
where these kinds of couplings are there. The fluid helps to have a smooth and controlled
acceleration or deceleration. They are often used in automotive and industrial
applications where torque transmission with slip is needed. For example, in automatic
transmissions. In automatic transmissions, because these are controlled by an automatic
system, manual system is not there, so it is expected to be smooth so that a certain jerk
doesn't happen.
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Introduction to Couplings

Applications

1. Pumps: Flexible and magnetic couplings are
commonly used in pump systems to connect
motors to _pumps, allowing for misalignment
and reducing vibration.

2. Compressors: In compressors, couplings
transmit power from the motor to the
compressor__unit, enabling efficient torque
transfer even when shafts are slightly
misaligned.

3. Gearboxes: Gearboxes often use rigid
couplings to transmit high torque from motors
to the gearbox. (wesdwsis, pratse digeesd)

www.alamy.com/stock-photo/metal-coupling. htmi?sortBy=relevant

www.sbiservices. co.uk/gearbox-motors-pumps-couplings/
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Then, let us now see the certain applications of the couplings. Applications could be in
pumps, in compressors, in gearboxes also. For example, in pumps, flexible and magnetic
couplings are commonly used and these help to connect motors to pumps. This allows for
misalignment and reduce the vibration. In compressors, couplings transmit power from
the motor to compressor.

From the motor to compressor unit, the power is transmitted which enables efficient
torque transfer even when shafts are slightly misaligned you can see from motor, this is
the motor and this is our compressor unit the power is transmitted here then in gearboxes.
Gearboxes often use rigid couplings to transmit high torque from motors to the gearbox.
So, this maintains precise alignment.
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Design Considerations for Couplings

1. Alignment: Proper alignment between _connected shafts is critical for
efficient power transmission. Rigid couplings require precise
alignment.  (Boide Cogley  wex scomeddi deowa/algdd wandigeaet)

2. Load Capacity: The selected coupling must handle the transmitted
load (torque) without failure. Rigid couplings are suitable for high-
torque applications  wewsta osa Meas o Rewide/Roacd conpling)

3. Flexibility: Some applications require couplings that can flex to
accommodate angular or axial misalignment, vibrations, or thermal
expansion. (Femve ez ot wwd) Sl

4. Vibration and Shock Absorption: In systems where vibration and
shock are common, elastomeric or fluid couplings are used to absorb
and dampen these forces, prolonging the life of the machinery.
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Next comes Design Considerations in Couplings. First and foremost thing is Alignment.
Proper alignment between connected shafts is critical for efficient power transmission.
Rigid couplings require precise alignment, so while flexible couplings can accommodate
some or slight misalignment. Flexible couplings may accommodate some or slight
misalignment. Similarly, Load Capacity, selected coupling must be designed to handle
the transmitted torque or transmitted load without failure. Rigid couplings are suitable for
high torque applications because those are very rigid.

In flexible and fluid couplings, loads are varying because flexibility is there, it is not
completely rigid transmission, varying loads are there in flexible and fluid couplings.
Then comes Flexibility, some applications require couplings that can flex to
accommodate angular or axial misalignment vibrations or thermal expansion. Flexible
couplings are ideal for this use. The word flexibility means here flexible couplings are
only used. Then comes Vibration and Shock Absorption.

In systems where vibration and shock are common, elastomeric or fluid couplings are
used to absorb and dampen these forces prolonging the life of the machinery.



Then brief comparison between Chain Drives and Direct Couplings. Efficiency: chain
drives are more efficient as they do not slip unlike belt drives direct coupling is even
more efficient but rigid with no flexibility for distance or alignment issue, so that means
if I talk about slip maximum possible slip that is there is in bell drives. This is more than
what is there in chain drives.

This is even more than some of the rigid couplings. This is about the slip. Then comes
Durability. Chain drives last longer but require more maintenance, we'll talk about chain
drives because the weight to the design ratio, the overall weight of the system increases
when the chain drive is used, belts are lighter in weight, so belts are also quieter chains
are little noisy but those wear out faster and in regular replacement. Belt drives are the
most economical because we do not have to design any serrations or any accommodation
of the coupling or the chain components there.

So, belts are most economical followed by chain drives and direct coupling is expensive,
but efficient in specific application. So, if | say Cost, again | would put it as belt chain.
So, this cost is lesser, belt is lesser than chain is lesser than the couplings. This is cost,
this is slip that is being allowed here.
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Introduction to Shafts

A shaft is a rotating machine element, usually circular in cross section,
which is used to transmit power from one part to another or from
a machine which produces power to a machine which absorbs power.

Role of Shafts in Power Transmission:

+ Shafts are critical mechanical
components used to transmit rotational
motion and power in machinery.

« They connect various machine
elements such as gears, pulleys and

couplings, ensuring efficient power
transfer from one component to

another.
www.metalsupermarkets.comvdifference-bearing-shaft-pump-shatting-ground-shatt/

( o www.driveshaftsoftulsa.com/blog different-drive-shaft-
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Now comes the general Shafts introduction. A shaft is a rotating machine element usually
circular in cross section which is used to transmit power from one part to another or from
a machine which produces power to machine which absorbs power. A machine that
produces power, | would say your engine in your automobile that produces power, from
there the transmission torque is there that transmits the power to the wheels so that
absorbs the power and the wheels are rotated and the automobile moves. So, role of
shafts in power transmission, shafts are critical mechanical components used to transmit
rotational motion and power in machinery. They connect various machine elements such
as gears, pulleys, couplings, ensuring efficient power transfer from one component to
another.
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Introduction to Shafts O

Primary Function:

Transmit torque and rotational motion
between connected parts, allowing for the
functioning of engines, machines and
vehicles. T

Common Uses:

Shafts are found in vehicles (drive shafts),
industrial machinery, conveyor systems, and
pumps. They must endure various stresses
like torsion, bending and axial forces during
operation. o

https://content.app-sources.com/s/39721457513420822/uploads/images/Shaft_Sinking-
1658536.jpg?format=webp
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Their major functions that it does is transmit torque and rotational motion between
connected parts allowing for functioning of engine, machines and vehicles.

Common uses of shafts are given here. These are found majorly in vehicles. For example,
drive shafts and industrial machinery, conveyor systems and pumps. They must endure
various stresses like torsion, bending, axial forces during operation. So, these all become
the design consideration when we try to design a shaft.
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Types of Shafts

1. Solid Shafts: Solid shafts are widely used in machinery
where high strength and rigidity are required.

+ They are simpler to manufacture and offer high torsional
stiffness, making them suitable for transmitting large
amou_m/sg_f_torque.

2. Hollow Shafts: Hollow shafts have an empty core and
are lighter than solid shafts.

+ They provide a better strength-to-weight ratio and are
often used in applications where weight reduction, is

critical, such as aerospace or automotive systems.
» Despite their lower weight, they maintain_good torsional

strength.

ww..sandvik.coromant.coms indust i fis
www..indiamart.com/proddetail'stainless-steel-347-hollow-bar-6697451088.html
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Let us try to see the Types of Shafts. Shafts could be of multiple types, it could be solid,
it could be hollow, fixed or rotating. So what are Solid Shafts? Solid Shafts are widely
used in machinery where high strength and rigidity are required. Like we talked about the
Rigid Coupling, Solid Shafts are used where high strength is required, they are simpler to
manufacture and offer high torsional stiffness making them suitable for transmitting large
amounts of torque because these shafts have no joints these do not have any angles
between them in general. So these are straight rods which are divided for the rotational
motion.

So they are solid and they can transmit power with high strength and rigidity. Then
comes Hollow Shafts. We call them Hollow Shafts or Hollow Pipes are there. This could
be used as shafts as well. Hollow shafts have an empty core and lighter than solid shaft.

The light weight or strength to weight advantage or strength to weight ratio is always
better here and these are often used in applications where weight reduction is the
requirement or weight reduction is critical. It is mentioned here such as in aerospace, in
automotive systems or so where weight is to be reduced but strength is required
equivalent so there the hollow shafts are used despite their lower weight they maintain
good torsional strength. This is again law of physics, you understand when for the same
material when the pipe is hollow or a shaft is hollow, it would have strength even higher
than what is there in the solid shaft.
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Types of Shafts

3. Fixed Shafts: Fixed shafts are stationary
and serve as support for rotating
components like pulleys or gears.

» These shafts do not rotate but carry the
load of rotating elements.

4. Rotating Shafts: Rotating shafts are

responsible for transmitting rotational

motion and torque.
« They are subjected to torsional stress

and bending loads due to their rotation
and are often used in motors, gearboxes,
and drives.

www.lockmate.com.au/alhandles/levers/symphony-71-lever-on-ext-round-rose-fixed-half-set-chrome-plate. html
https://images.jdmagicbox.com/quickguotes/images_main/fan-shaft-2020292252-jvwwumnzz.jpg
hitps://bedoeg.com/wp- /2022/09/Crack-Detection-in-Rotating-Sha ft-Kit-Front-1024x512 webp
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Then comes Fixed shafts. Fixed shafts are stationary and serve as support for rotating
components like pulleys or gas.

These shafts do not rotate but carry load of rotating elements. So, fixed shafts are there
that only carry loads they do not rotate. Rotating shafts are there which are actually
related. Rotating shafts are responsible for transmitting rotational motion and torque. For
example, this is a rotating shaft from a motor.

We have a shaft here and this is a coupling. The motion is being transmitted here. They
are subjected to torsional stress and bending loads due to their rotation and often used in
motors, gearboxes and drives.
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Shafts Material Selection

Criteria for Selecting Materials for Shafts:

1. Strength:

* The shaft material must be strong enough to withstand the
applied torque and forces without failing.

+ High tensile and shear strength are critical for reliable
performance.

2. Fatigue Resistance:
+ Shafts experience cyclic loading, which can lead to fatigue

failure.
+ Materials with high fatigue strength, such as alloy steels, are
preferred for applications with repetitive loading.

Let us try to now see the properties of the shaft material. That is the criteria for selecting
materials for shafts.

First thing is Strength. The shaft material must be strong enough to withstand the applied
torque and forces without failing. That is high tensile and shear strength are critical for
reliable performance. Fatigue resistance like we took the example that we took the test
for the strength of the components in like tensile test, compression test, those were for the
shafts, bending test were also for the shafts, what is the bending strength there. So, those
were all for the components such as shafts.

Fatigue strength is there where cyclic loading that is continuous vibrational loading is
there that is tested on a component where shafts experience cyclic loading. So fatigue
resistance which can lead to fatigue failure that is tested here. Materials with high fatigue
strength such as alloy steels are preferred for applications with repetitive loading. So this
is fatigue resistance. Also certain other criteria such as toughness, wear resistance, Cost
or machinability those are there.



/\
2 ey MedTech {z}

1T KANPUR

Shafts Material Selection

3. Toughness:

* Toughnessis necessary to resist sudden shocks or impact loads.

+ A shaft material that absorbs energy without fracturing is ideal in
dynamic systems.

4. Wear Reslstange:
Materials that are resistant to wear and surface degradation extend the
lifespan of the shaft. besweyr o dhan wawsy ol Ve vaudoe Lackiom

4. Cost and Machinability:

While performance is important, cost and ease of manufacturing also
influence material selection.
+ Common materials include carbon steel, alloy steel, and stainless steel.

Edorcs \o<tmann Cmf,wdd'&:\i% ok feleiivorce

Let us see those toughness is necessary to resist sudden shocks or impact loads like the
impact load that we had a experiment demonstrated in the previous weeks. A shaft
material that absorbs energy without fracturing is ideal in dynamic systems. Without
fracturing means for the specific load for which is designed. Then Wear Resistance,
materials that are resistant to wear and surface degradation extend the lifespan of the
shaft because the surface of the shaft is prone to corrosion, is prone to rust also. So, Wear
Resistance and surface degradation should be the property that is required.

Then comes Cost and Machinability. We could use shafts made of alloy steel or beware.
But that shaft would be very expensive. Machinability of those shafts would be very
tough to be taken off. So then cost becomes a factor.

While performance is important, cost and ease of manufacturing also influence the
material selection. Here common materials include carbon steel, alloy steel, stainless steel
or so. For example, carbon steel would be very expensive that can be used at the places
where even stainless steel will be used but this is cost inefficient if you do it. So, wear
resistance if | say, this is more critical when we talk about bearings which involves
friction or other moving parts involve friction. Similarly, we talked about Cost and
Machinability. So, there should be a balance between Cost, Machinability and
Performance.
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Introduction to Flexible Shafts e

* Flexible shafts are mechanical components designed to transmit
torque and rotational motion between two points, even when the
shafts are bent or misaligned.

+ These shafts consist of wound steel wire or other flexible materials

that allow for bending without losing the ability to transfer power.

/._ "7.”.“'
YA

https://edu l.conmvacessoriesi i shaft-1
WWW Y. i o hafts-brush
machine-accessories/fiexil haf-dry-tube-cleani
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Then comes Flexible shafts these are the shafts which are flexible you could see. Flexible
shafts are mechanical components designed to transmit torque and rotational motion
between two points even when the shafts are bent or misaligned these are completely bent
or flexible shafts here this is a flexible shaft here. These shafts consist of wound steel
wire or other flexible materials that allow for bending without losing the ability to
transfer power allow for bending is that critical or the keyword here.
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Introduction to Flexible Shafts

Importance in Torque Transmission:

* Flexible shafts enable power transmission in systems where direct
alignment of the driving and driven shafts is not possible, offering
flexibility. Vadsar e wad A fecise dygreed:

+ They accommodate angular, axial, and even offset misalignments,
making them versatile for applications in tight spaces or systems that

require roEt_ig@J_motion in multiple directions.
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So, importance of the flexible shaft in torque transmission, flexible shafts enable power
transmission in systems where direct alignment of driving and driven shaft is not possible
offering flexibility to this reduce the need of precise alignment.

They accommodate angular, axial and even offset misalignments which make them
versatile for applications and tight spaces or systems that require rotational motion in
multiple directions. So these are flexible shafts.

¥ | MedTech {?}
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Applications of Flexible Shafts

1. Automotive Systems: Flexible shafts are used in
speedometers, throttle linkages, and transmission
systems where direct drive connections are
difficult or impractical.

2. Remote Power Transmission: Flexible shafts are
employed in applications where power needs to be
transmitted over a distance, such as in conveyor
systems or automated manufacturing lines.

3. Hand Tools for Drilling: In hand tools like flexible
drills and grinders, flexible shafts allow the user to
reach tight or awkward spaces, providing greater
maneuverability.

https://global.webike-cdn.net/@jap _newsAwp-< 019/12/001-700x467.jpg
https://S.imimg.com/dataS/AY/NL/MY-7749710/flexible-shaft-grinder-500x500.jpg
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These are used in multiple places such as in automotive systems, in remote power
transmission, in hand tools for drilling or so. Flexible shafts are used in speedometers in
automated systems, in throttle linkages and transmission systems where direct drive
connections are difficult or impractical. For example, this is you can see an accelerator,
you call it a wire or you call it shaft in automobile systems, in speedometers that is here.

Then Remote Power Transmission flexible: shafts are employed in applications where
power needs to be transmitted over a distance such as in conveyor systems or in
automated manufacturing lines or so. Hand tools for Drilling in hand tools like flexible
drills and grinders. Flexible shafts allow the user to reach tight or awkward spaces that is
intricate or difficult to reach spaces which are there. In those cases, flexible shafts
provide greater maneuverability. Let us see design considerations in shaft.

Like we talked about the strength, the load that shaft could withstand is a consideration.
Shafts must withstand various types of Load. For example, axial loads in the shaft's
length direction and radial loads in perpendicular to the shaft axis. So, in this direction, it
is axial. In this direction,

dTech r}
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Shaft Design Considerations

The design of shafts primarily depends on several key
factors:

N >
1. Load: Shafts must withstand various types of loads, \ K' P
including axial loads (in the shaft's length direction) and ,(\
radlal loads (perpendicularto the shaft's axis). A/

2. Torque: Shafts transmit power through torque, which %
induces shear stresses.

3. Fatigue: Cyclic stresses can lead to fatigue failure,
so the shaft must be designed with adequate safety
factors to withstand repeated loading.

@NPTEL

It is radial. Torque. Shaft transmit power through torque which induces shear stresses.
Fatigue. Cyclic stresses can lead to fatigue failure to the shaft.

hitps:/tungaloy.c _shaft/
18




This must be designed with adequate safety. This is discussed when we talked about the
shaft. So regarding the flexible shafts when we try to talk about the proper design ensures
shaft can carry torque without failure.

D) | edresh Q
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Shaft Design Considerations
ﬂp\d"')
4. Deflection:-Excessive deflection may
lead to misalignment and vibration.

5. Stress Concentration: Sharp
corners, keyways, and other
discontinuities may result in localized

stress concentrations.
Dredd o= winiogd

WWW, ime.com/p imag ive-shaft-truck.html
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So deflection in the shaft that what is the allowed deflection that is there, excessive
deflection should not be there, whatever tolerance limits are there for deflection those are
only taken. There are tolerances or tolerance limits between which the flexibility is
allowed or deflection is allowed.

Stress Concentration, sharp corners, keyways and other discontinuities may result in
localized stress concentrations. So, these should be avoided when we talk about the shaft
design. If not avoided, the stress concentration areas should be minimized.



Then, regarding the flexible shafts, when we talk about the design consideration, flexible
shaft geometry, the diameter of the flexible shaft directly imparts the torque capacity.
Larger diameters can handle high torques, while smaller diameters are more flexible, but
with lower torque limits.

Then winding pattern of the wire, that is, it could be spiral or helical. This affects the
shaft's flexibility and the smoothness of power transmission. That is, what is a Geometry,
whether it is wide, whether it is thin, that is modern diameter, whether it is spiral, whether
it is helical. So, these determine the strength of the shaft.

5
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Shaft Design Considerations
- flexible shafts

Performance Considerations:

1. Torque Capacity: The material and size of the flexible shaft
determine how much torque it can transmit. Overloading the shaft
can lead to failure or reduced efficiency.

2. Bending Radius: The minimum bending radius must be considered
to avoid permanent deformation or stress fatigue in the shaft.

3. Fatigue Resistance: Repeated flexing can lead to fatigue failure, so
materials with high endurance limits are preferred for long-lasting
performance.

Other than those, the regular criteria that we saw in the previous design for flexible shafts
as well, the performance considerations such as the Torque Capacity, the Bending
Radius, the Fatigue Resistance are taken.

In the Torque Capacity, the material and size of the flexible shaft determine how much
torque it can transmit. Overloading the shaft can lead to failure or reduced efficiency.
Then comes Bending Radius. The minimum bending radius must be considered to avoid
permanent deformation or stress fatigue in the shaft. Fatigue Resistance, this is again
repeated flexing can lead to fatigue and failure.



Shafts, those are rotating and vibration is there. Fatigue failure is very prominent there.
So that is why fatigue is coming time and again when we talk about the regular shaft
design, when we talk about couplings, when we talk about the flexible shafts. So fatigue
testing for the shafts becomes a critical characteristic to prefer a long-lasting performance
in the shaft.

i
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Shaft Design and Material Selection

Materials used for Shafts
1. Carbon Steels (e.g., AISI 1040, 1050): Known for
good strength, ductility and machinability.
2. Alloy Steels (e.g., AISI 4140, 4340): Provide better
strength, toughness and wear resistance than carbon
steels. T M
3. Stainless _Steels: Provide excellent corrosion
resistance, often used in environments where corrosion
is a concern.
4. Aluminum Alloys: Used for lighter loads and
applications requiring high strength-to-weight ratios.
n.Nickel and  Titanium Alloys: Employed in high-
w" %%erformance applications, especially where strength
3 and temperature resistance are critical. —

- WWW. ‘motion.com/port Av-precisi shafts/
@ N PTE L hitps://fushunmetal.en.made-in-china.com/product/RxqrGSTvdVU/China-N10865-Nickel-Alloy-Forging-Shafthtml - 55

Materials used for shafts could be Carbon Steels, for example, AISI 1040 or 1050. This is
known for good strength, ductility and machinability. Alloy steels, for example, AlSI
4140 and 4340. These provide better strength, toughness and wear resistance than carbon
steels. Then comes Stainless Steel. These provide excellent corrosion resistance often
used in environments where corrosion is a concern.

So stainless steel is used where the resistance to corrosion is required more. Then comes
Aluminium Alloys. These are used for lighter loads and applications requiring high
strength to weight ratios. Aluminium because it is lighter in weight than the steel
components. So when the strength to weight ratio is the concern aluminium oil is used to
design a shaft or to take it as a material for the shaft.

Then comes Nickel or Titanium. Titanium again it is used when strength to weight ratio
is required but machinability is an issue. | will put it here. Machinability that is difficult. |
will put an arrow down side.



When we talk about titanium alloys, these are employed in high performance
applications, especially where strength and temperature resistance are critical because
high temperature strength or strength at red hot temperatures, that is also high for
titanium alloys.

o2 e LF
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Shaft Design and Material Selection
- flexible shafts

Materials for flexible shafts:

1. Steel and Stainless Steel: These are the most common materials
for flexible shafts due to their high strength, durability and ability to
resist wear and fatigue.

2. Composite Materials: Lightweight composites and polymers are
used for applications requiring corrosion resistance and Iwg.ht.

3. Flexible Steel Wire: The core of many flexible shafts consists of

tightly wound steel wire, which provides the ability to flex while
maintaining the required torque transmission properties.
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Then when we talk about materials for flexible shafts, steel and stainless steel are
generally used. These are most common materials for flexible shafts due to their high
strength, durability and ability to resist wear and fatigue. Then comes Composite
materials. Composite materials are lightweight.

So lightweight composites and polymers are used for applications requiring corrosion
resistance and lower weight. Then comes Flexible Steel Wire. The core of many flexible
shafts consist of a tightly wound steel wire which provides the ability to flex while
maintaining the required torque transmission properties.
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Design Considerations for Flexible Shafts
Applications

1. Precision Instruments:

* Flexible shafts are used in devices
such as optical systems and robotic
arms, where precise control and
méﬁog in multiple planes are required.

2. Medical Devices:

*« |In endoscopic instruments, flexible
shafts enable the transmission of
torque to tools inside the body,
allowing surgeons to perform minimally

invasive __procedures  with  high

preClS'l‘Qn > hitps://veteriankey.c 0pic and- for-flexible-and-rig
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Design Considerations for Flexible Shafts. Let us talk to talk about the applications of
flexible shafts. Flexible shafts are used in devices such as optical systems and robotic
arms where precise control and motion in multiple planes are required. In medical
devices, these are also used where in endoscopic instruments.

When the shaft goes inside the body through the anus or maybe sometimes through the
mouth, flexible shafts enable the transmission of the torque to tools inside the body,
allowing surgeons or for the diagnostic to perform minimally invasive procedures with
high precision. So without cutting the body parts, shafts allow us to go inside and record
the images. These are certain applications or the major applications for the flexible shafts.
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Torsion in Shafts

Shafts Subjected to Twisting Moment only

When the shaft is subjected to a twisting moment (or torque) only,

then the diameter of the shaft may be obtained by using the

torsion equation. We know that
T 1 -
~] T

Where, et 1

T = Twisting moment (or torque) acting upon the shaft

J = Polar moment of inertia of the shaft about the axis of rotation —~——

T = Torsional shear stress, and
r = Distance from neutral axis to the outer most fibre .
where d is the diameter of the shaft.

www.xometry.com/resources/materials/torsional-
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My

Now, let us try to talk about the Torsion in Shafts. So, I will emotionally focus this on the
twisting movement only, shafts which are subjected to twisting movement. When the
shaft is subjected to a twisting movement or torque only, then diameter of the shaft may
be obtained by using torsion equation, which we know§ = ;Where T is twisting moment
that we mentioned here or torque acting upon the shaft, J is polar moment of inertia of the
shaft about the axis of rotation, tau is the torsional shear stress. And r is the distance from
the neutral axis to the outermost fiber.

So, if | see this diagram, this r is here. This is my r, which is d/2, that is half of the
diameter. This is d. So, r = d/2, which is given here, where d is diameter of the shaft.
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Torsion in Shafts

We know that for round solid shaft, polar moment of inertia,
=t &

be written as

The equation (i) may

From this equation, we may determine the diameter of round solid shaft (d).
We also know that for hollow shaft, polar moment of inertia,

= & 4 4
= (o)t (;11) ]
Where, d, and d,= Outside and inside diameter of the shaft, and r‘=/d0 /2

®NPTEL

Checking this, we know that for solid shaft, the polar moment of inertia J = 3“—2 x d*. So,
now equation 1 which is there, so this is equation 1 that could be rewritten here as

T T s
n—4:gOI’T:—XT>< d3
Exd 5 16

We also know that for hollow shaft, polar moment of inertia is this because when we talk
about the hollow shaft, in hollow shaft, there are two diameters, that is the outside and
inside d or we call it do or d1. do is the outside diameter and d; is the inside diameter. So,
it becomes the J. So, J = :—2 [(do)* - (d1)?]. Here again r that is radius is equal to do/2.
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Substituting these values in equation (i), we have
T

T _m (do)* _( d,)? /

/ 32 (do) (dl) ] gor T_'lz [ 9 ] ....(III)
Let k Ratio of inside dlameter and outside dlameter of the shaft ’
Now the equation (iii) may be written as

4
T (D0 @)= 5w oo

Qe

®NPTEL

...(iv)

Now, | put the value for the hollow shaft here where
T

T o — or
@) @)

MR

T==

4 4
X T X [(do)—(dl) ]
16 do

...(iii)
Let

T==

k = Ratio of inside diameter and outside diameter of the shaft = di/do
16

Now the equation (iii) may be written as

do)*
x 7 x 40

- (G)=

)| = x1(d0)® (1-KY

(iv)
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Torsion in Shafts

From the equations (iii) or (iv), the outside and inside diameter of a hollow shaft may be

determined.
o

It may be noted that:

1. The hollow shafts are usually used in marine work. These shafts are stronger per

kg of material and they may be(forged on a mandret>thus making the material
more homogeneous than would be possible for a solid shaft .

When a hollow shaft is to be made( equal in_strengifi>to a solid shaft, the twisting
moment of both the shafts must be same. In other words, for the same material of both

the shafts,
EERS Oy R
16 -~ d, 16
| S
GNPTEL

The outside and inside diameter of a hollow shaft may be determined. It may be noted
that the hollow shafts are usually used in marine work. These shafts are stronger per kg of
material than the solid shafts and they may be forged on a mandrel because those are
hollow. So, when the shafts are hollow, for example, this is a shaft, this is a mandrel, this
could be mounted on a mandrel.

So, these shafts are rotated and there is a mandrel that could be stationary that could even
rotate with the shaft. So, thus making the material more homogeneous than would be
possible for a solid shaft. So, this is a major application of the hollow shaft that could be
forged on a mandrel. When a hollow shaft is to be made equal in strength to a solid shaft,
the twisting moment of both the shafts must be same. In other words, for the same
material of both the shafts, we are equating for the hollow shaft and for the solid shaft.

So, this is what | have for the hollow shaft and this is what | have for the solid shaft. So,
to design them for equal strength, So, for the material to be of equal strength these are
equated which is

T:lxrx

[[(do)4 RCON
16

]:lXTX d3
do 16
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Torsion in Shafts

2. The twisting moment (T) may be obtained by using the using the following
relation:

We know that the power transmitted (in Watts) by the shaft,
————-P—:zmvxr 0
5 60

Where, T = Twisting moment in N-m, and
N = Speed of the shaftin r.p.m.

3. In case of belt drives, the twisting moment (T) is given by

Tl =T} R
Where T, and T, = Tension in the tight side and slack side of
the belt respectively, and

R = Radius of the pulley.

®NPTEL -———

Next is twisting moment may be obtained by using the following relation. Here we know
that the power transmitted in watts by the shaft is V.

2N XT PX60
=——orT=

60 2N

P

T is a twisting moment in Newton meter.
In case of belt drives, the twisting moment could be written as
T=(T:-T2) R

Where, T1 and T2 = Tension in the tight side and slack side of the belt respectively and R
= Radius of the pulley.
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Numerical Example: Shafts

A line shaft rotating at 200 r.p.m. is to transmit 20 kW. The shaft may be
assumed to be made of mild steel with an allowable shear stress of 42
MPa. Determine the diameter of the shaft, neglecting the bending
moment on the shaft.

i \MK*J‘
Solution: .2 W= 200 AP ‘t:m_,.?:n .
' P 220kwW = 20xPW = AT
T = 42¥ 00 =AWV wa> qgf&ol _—~‘7—P <42 K dg
—c \ 19
o 8 A = QST xs
T = Pro | 20%w Ko e
TN -
N ) d= 483 SOWS
-~ QSSWw
- \S( X (% W k
GNPTEL

Let us try to solve a few numerical statements to understand the twisting moment and the
torque that we have just understood in the previous slides. This is a problem statement
that is given. A line shaft rotating at 200 rotations per minute is to transmit 20 kilowatts
of the power. The shaft may be assumed to be made of mild steel with an allowable shear
stress of 42 MPa. Determine the diameter of the shaft neglecting the bending movement
of the shaft.

Solution:
N= 2000 rpm P=20kW=20 X 10> 6=42 MPa=42N/mm? d=?

Torque transmitted:

__ Px60 __ 20x103x60
T 2N T 2xmx200

T =955 Nm =955 X 10° Nm

Torque Transmitted:
=Zxoxd?
16

955X1O3:1—"6><42><d3

_955%x10%%x16
42X

d=48.7 =50 mm

d3
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Numerical Example: Shafts

A solid shaft is transmitting 1 MW at 240 r.p.m. Determine the
diameter of the shaft if the maximum torque transmitted exceeds the
mean torque by 20%. Take the maximum allowable shear stress as

6»—% Twarz 2 Vaon
-\ xR 2AEU *\o*
Solution: Pz A = Lxe'w ~ ATTAL X\ Y~
= 240
—‘1___\,:;“ T=};—:n‘f\<c\3
% 2 Govle = 6oV wwr P T Tr? n66xa®
As 3 A3 = ATt xw©’ xlg
Voo RREO _ webxeo —ay
TN 5w x240 I d=15%4 = 160w |
= 2QN84 W~
®NPTEL 2 3184 XS S-—

Let us see another problem statement where it is given a solid shaft is transmitting 1
megawatt at 240 rpm. Determine the diameter of the shaft if the maximum torque
transmitted exceeds the mean torque by 20 percent.

Solution: P=1MW =1 X 10° W N =240 rpm Tmax = 1.2 Tmax © = 60MPa = 60
N/mm? d=2?

6
max = > = > = 39784 Nm = 39784 x 10° N-mm

2TN 2XTX240

Tmax =12 Tmax

=1.2 x 39784 x 10° = 47741 x 10° N-mm
T=Lx0xd?
16

47741 x 103:1—”6 X 60 X d3

_ 47741x103x16
B TX60

d=159.4 =160 mm

d3
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To Recapitulate

What is the purpose of a coupling in a mechanical system and when would a
erxlm_eg_o’Liplmg be preferred over a rigid coupling?

* Whatis the role of Shafts in Power Transmission?

* What are the key factors to consider when designing a shaft for strength and
stiffness?

* How do flexible shafts transmit torque through curved paths and in which
industrial applicationsare they commonly used?

* What factors influence the efficiency of power transmission in belt drives and
how can it be improved? /nixd od Kexide

* What is the importance of selecting the right i ign and what
properties are crucial?

* What are uses and applicationsof Solid and Hollow shaft?

* Where do Fixed and Rotational shafts find their application?

« How do you calculatethe torsional stress in a solid shaft under a given torque?

®NPTEL =

So, let us try to just recapitulate what we discussed in this lecture. The questions that you
could ask yourself or try to introduce yourself to solve while going through this lecture
and also going through the reference material.

First is what is the purpose of coupling in a mechanical system and when would a
coupling that is flexible coupling preferred over a rigid coupling? What is the role of
shafts in power transmission? What are the key factors to consider when designing a shaft
for strength and stiffness? How do flexible shafts transmit torque through curved paths?
And in which industrial applications they are commonly used?

Curved paths could be as | talked about the industrial application, talk about applications
in automobile or so. You can answer those applications specifically where those are used.
What factors influence the efficiency of power transmission in belt drives and how it can
be improved? What is the importance of selecting right material for shaft design and what
properties are crucial? When | say right material, we talked about both rigid and flexible.

So, all the characteristics or the design criteria which were there, try to list them down.
So what are the uses and applications of solid and hollow shaft? The strength to weight
ratio you can mention. Where do fixed and rotational shaft find their application? How do
you calculate the torsional stress in solid shaft under a given torque?



And these are a few reference books which are taken for this PPT presentation and also
certain other references were taken from the internet.

References

1. Shigley, J.E., Mitchell, L.D. and Saunders, H., 1985. Mechanical
engineering design.

2. Dechev, N., Cleghorn, W.L. and Mills, J.K., 2005, June. Design of
grasping interface for microgrippers and micro-parts used in the
microassembly of MEMS. (pp. 6-pp).

3. Bhandari, V.B., 2010. Design of machine elements. Tata McGraw-
Hill Education.

4. Khurmi, R.S. and Gupta, J.K., 2005. Theory of machines. S.
Chand Publishing.

5. Rattan, S.S., 2014. Theory of machines. Tata McGraw-Hill
Education.

BONPTEL pp———

All the references of the sources are given. Beyond the figures which are presented in the
different slides here. With this | am closing this lecture. I will meet in the next lecture
where | will talk to talk about the keys and other components in the shaft systems as well
which are used.

Thank you.



