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Lecture — 01
Introduction, Course Content and Classification of UAVs
Good morning friends. Welcome to this course on design of fixed wing UAV. I am
Subrahmanyan Sadrela, instructor for this course and here we have 2 of our TS, Mr. Deep Pareek
and Mr. Salaudeen Kazi. They will be helping us in solving the assignments and whatever doubts
you have, you can mail them. They will be helping you. You are okay? Thank you. Thank you

being a part of this course.

So right now we heard that registration has clicked about 2500. Now we can no more assume the
students who have registered in this course have performed the previous visit. So we have to
redesign the course content in such a way that even the fresher, a student who is out of this
aerospace engineering should be able to understand whatever we are going to discuss in this
lecture. So let us look at what are we going to discuss in this course. So we will start with some
basic introduction, right.
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HRIRIRIRININININ]

First few lectures will cover the introduction about UAVs and their classification. And then some

brief anatomy of aircraft. Followed by these, we discuss about some basic aerodynamics. And



then aerodynamic characteristics of wing sections and also aerodynamic characteristics of finite
wings. And then we will also talk about what is aerodynamic center which is very important for

us, one of the important variable and center of pressure and their relationship.

Relationship between aerodynamic center and center of pressure. So we will also discuss about
what is lift, drag which is in fact the drag polar. And some concepts related to flight path angle,
right. Followed by this, we will look at how to measure the velocity during flight, subsequently
the standard atmosphere, right. These are some of the introductory concepts that we will cover.

(Refer Slide Time: 04:37)

And then we will look at some of the basic prerequisites of this course that relates to
performance characteristics. This includes study about, study or analysis about level flight, such
as, we will talk about thrust requirement and power requirement and range, endurance, and then
by L/D, wing loading and thrust loading, right. So we use this concepts to figure out what should
be the weight of that fuel or the battery that you would like to carry to perform a particular

mission.

How do we get to know? By understanding what is the thrust requirement of the system to
perform or to execute that particular mission from which we can also identify. Since most likely
we will be talking about propeller driven aircrafts or UAVs here, right. So we have to talk in

terms of the power requirement, right. So whether which kind of propulsion system should I



select, the answer for me, I mean, the answer that I get is by performing this performance

analysis, right.

So L/D, W/S, here. And we will also look at climb performance. Here we talk about rate of climb
and angle of climb. This is what limits your rate of climb or what limits your angle of climb. For
the design that you are going to do, what are the parameter that limits your rate of climb and
angle of climb. So if we have to know, then we have to perform this and we have to study this
climb performance, right. We will look at both, study rate of climb as well as accelerated rate of
climb, right. Yes.

(Refer Slide Time: 08:30)

And the third chapter will be about more or like, we can say analytical estimation where you talk
about various stability and control derivatives of the system, right. So analytical estimation. So
the main emphasis is how to design a system which is stable by itself without any add on, like
control system, right. How do you make the system stable by itself during its flight, right? So

here we start, we talk about static stability.

So start with equilibrium, static stability, conditions to satisfy that and then, so there are 2 case
studies. One is about longitudinal static stability and the second part is about lateral static
stability. So in longitudinal static stability, you will talk about which, what should be the size of

the wing for example or what should be the wing and tail size, right. So how far they should be



apart for a stable flight, right.

Again when we say wing, tail, fuselage and all these things in propulsion system, each carries a
weight, right. So there exists a c¢g for this entire system. Once you assemble it, you know, you
will figure out a cg location, right. So where does this cg location should be? What are the
limitations of this cg travel? So we will also look for most forward, you try constraints on cg

location, right. Aft, cg locations, locations for a stable flight.

So this, all these conditions are meant for a stable flight, okay. And we will also look at like how
big should be your elevator or the control surface, right. If you have, if you want to control your
aircraft, how big should be your elevator? Does that sizing involve the distance between wing
and tail or this cg place any role in that sizing of this elevator. So we will address these questions
while performing this sizing of control surface. So sizing of control surface, like how the sizing
can be performed and what is the role of the cg location as well as the distance between wing and

tail.

When I say the distance between wing and tail, we broadly talk in terms of distance between the
aerodynamic centers of these 2 components, right. So once we do this control surface sizing and
at the same time the distances are fixed, then we need to understand what is the range of angle of
attack, yes, range of angle of attacks for which the aircraft can be trimmed for. So we will look at
that possible range to trim. So when we say possible range to trim, it talks about control surface
deflection, okay.

(Refer Slide Time: 13:39)



At the same time for lateral directional case, we will perform vertical tail sizing, right which are
mainly governed by means of some lateral directional parameters, stability and control
parameters, right. We have to design such a way that the vehicle should be able to come back to
its equilibrium whenever there is a disturbance in lateral direction, okay. And then vertical tail

sizing, radder sizing.

Radder is a control surface that is located on this vertical tail which is used for directional
control, right, yes. And then we will proceed to talk about simulation. Why do we need
simulation? So whatever you have designed, you have to translate since you may not be, before
fabrication, right. See ultimately design, what is the output of this design? “Professor - student

conversation starts” Working model. Yes. What should be the output?

It will be like some physical. Yes. “Professor - student conversation ends.” You should have
some physical dimensions. Ultimately you should have the plan for geometry as well as the
cross-sectional properties, right and their respective locations with each, right. Let us say if you
have where you have designed the wing with the span with chord, right with a particular span

and chord and you have a tail and you have located both of them.

So the output should be a geometry, right. Now whether this geometry will, in reality will fly or

not. Or do we need to, I mean is there a step that is involved before flying the actual design, right



or the prototype. We can still do that by means of simulation, right. So what do we do in
simulation is like convert this physical model to mathematical domain, right. You translate to the

mathematical domain and then give various inputs and see how the system behaves, right.

If it has sufficient stability or whatever the disturbance that you give, does it vanish with time or
increases with time, right. All these things you can analyze before actually going for fabrication.
Since we will not be fabricating any design, any model that we are going to design in this course,
let us concentrate on simulation. It is worth spending sometime performing the simulation. So

what we do here is derive, derivation of a rigid body equations of motion, right.

So rigid body equations of motion are common but how can you simulation give a design by
using that rigid body equations of motion, right. So the answer is modelling external forces and
moments. Whatever the shape or whatever the design that you have performed, I mean, you
made, will reflect in terms of external forces and moments called aerodynamic forces, right,

forces and moments.

I call it as aerodynamic model here, right. This aerodynamic model will go as an input, right to
this equations of motion and you use a numerical simulation, some numerical algorithm,
numerical integration algorithm to solve the derived rigid body equations of motion which in
general or in differential form, right, first order differential equations. So numerical integration

and then analysis, right.

And finally, now you actually start to design, design methodology. We will take 1 or 2 case
studies and we will do the entire process. Like without understanding the performance and
stability aspects of this, we will not be able to design a configuration. If possible, we will also try

to include some optimization here, right. So but this limits the scope of this particular course.

And yes, our TS will take you to the UAV as per the UAV laboratory here where there are few
UAV models like and if possible, we will also include the flight test of those models during this
course, right. Yes. So you might have heard a general term called drone and what does, how does

it differ from an UAV, right. We should know that. We more or less use drone and UAV for as a



common word, right. Now we need to know what is the difference between them.
(Refer Slide Time: 20:34)

Drone is also an unmanned system, right and which is meant to perform a mission, more a pre-
programmed mission, right. So that means it will not be able to send whatever data that it has
acquired during that particularly mission to the ground station unless it come back to its home,
right. So it is like limited intelligence, limited onboard intelligence, right. It is also an unmanned
flight vehicle with limited onboard intelligence and mostly designed to perform pre-programmed

missions, right.

Whereas as most of you know the word UAV stands for unmanned aerial vehicle. So unmanned
aerial vehicle, of course there is no onboard pilot, yes, right. So it is more controlled from the
ground station or in an autonomous mode, right but it can communicate to ground station. So
when there exists a communication link, you will be able to change the mission whenever it is
required, right. During the flight, it is like dynamic mission planning. You can actually change
the mission whenever it is required.

(Refer Slide Time: 23:08)



Better onboard intelligence. And then it can also, when I say it can communicate to the ground
station, it can update onboards the payload data as well as health of the system, right and the
performance of the system. So it can update details for the data acquired by onboard payload as
well as data related to sensors health or say health of the system and also the performance of the

system, right. So in this course, we will talk about this UAVs, right.

So how can we classify these UAVs? There are many UAVs, right. Starting from 10 cm UAV to a
10 m UAYV, right in terms of span. How to classify these UAVs?
(Refer Slide Time: 25:12)

First of all let us look at the mode of operation and how they are nomenclatured, right. So UAVs



can be broadly classified into a fixed wing based UAVs and rotary wing based, and a flapping
wing based as well as combination of them, right, combination of either of this fixed wing, rotary
wing, mostly a combination of fixed wind and rotary. Can say hybrid UAV, right. Okay. Flapping

wing are mostly also termed as ornithopters, right.

So where the aerodynamics is, I mean, the design is carried by means of the aerodynamics
associated with the insect's flights and all, right and birds, so on. So in case of rotary wings again
there are a single rotor and multirotor UAVs. So there are single rotor as well as multirotor based
test birds, right, that you can develop under this rotary wing UAVs. So what we will be talking
about is fixed wing UAVs.

So the content that we have presented here is more or less related to this, fixed wing UAVs. To
further narrow it down as we know fixed wing works well in the atmosphere, right. So we will be
more closely talking about in atmospheric flight weight or atmospheric flight vehicle which in
our case is an UAV design. So we will be talking about fixed wing atmospheric UAV design. So

here, this classification is made by means of principal of operation.

Now let us look at the classification based upon the size and weight. At the same time, the mode
of operation.
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Let us look at the classification of these UAVs based upon their size and weight as well as their
mode of operation, right.

(Refer Slide Time: 28:20)
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Classification of Unmanned Aerial Vehicles

Normal Operating

No,  Class Mass Size 3 Ras ige Endurance
Aliitude
1 | Micra <021 < 10em <50 fr 0.1-0.5 km < 1hr
2 (M | 0241 |1030em <100 f 051km | <lhr |
3 .“‘r-\' small | 2-51h | 30-50 em < 1000 ft 1 5km | 1 3 hr
4| Small | 5-201b 0.5-2m 1,000-5,000 ft 10-100km | 05-2hr |
5 | Medium | 00001, 0000 1k | 510 m 10000015 000 £ | S00=2,000 ki | =10 hr
6 | Large 10,000~  20-50m  20,000-40,000 ft = 1,000-5000 @ 10-20 hr
30,000 b km
7 .T:I.\'ri.'.ﬂ-' I 1,000-20,000 © 10-30m  10,000-30000 fr  500-2,000 km = 5-12 he

|combar | I | | |
§ |MALE 1,000-10,000 | 15-40m  15,000-30,000 ft 20,000- 20-40 hr
b 40,000 km
4 |HALE » 5,000 |b 20-50m  50,000-70,000 fr 20,000 30-50 hr
00,000 ke

So the micro UAVs, there are 4 different classifications, 5 different classifications, right in terms
of dimension as well as weight of these UAVs. There are micro, mini, very small, small, medium
and large, right. Very small and mini, they are more or less, we cannot exactly differentiate them.

But here the micro UAVs whose weight class falls below like, I mean, the size is less than 10 cm.

Whereas very small will come under anything between 30-50 cm. And the small UAVs will have
a span of 0.5-2 m and medium sized UAVs will be of 5-10 m and the large size UAVs are 20-50
m, as high as 50 m, right. So these are some of these UAVs which can be classified based upon
this, I mean, there are few examples for it. (()) (29:15).
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Classification of Unmanned Aerial Vehiclas-contd

* Long-endurance, Long-range Role Aircraft

+ HALE- High Altitude Long Enduronce LAV,
+ Altitude — 15000 m
* Erdurance - 24+ hours

* They carry out extremely long-range (trans-global) reconnaissance and surveilance and
increasingly are being armed.

* They are usually operated by Air Forces from tixed bases,
+ Example- Glabal Hawk
* MALE - Medium Altitude Long Endurance UAV

* Altitude — 5000 15000 m

* Frduranre - 241 hours

* Their roles are similar to the HAIF systems but generally operate at somewhat shorter
ranges, hut still in excess of 500 km, and from fixed hases.
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Classification of Unmanned Aerial Vehicles-cont.
* Long-endurance, Long-range Role Aircraft

Specifications
39.49m)
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Classification of Unmanned Aerial Vehicles-contd

CHARACTERISTICS

* Lang-endurance, Long-range Role Aircraft v s 1 i
Lengih: WRIIm)
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Classification of Unmanned Aerial Vehicles-contd.

= TUAV - Medivm Range or Tocticel AV

+ With range of order between 100 and 300 km, these air vehicles are smaller and operated
within simpler systems than are HALE or MALE and are operated also by land and naval

forces,
RUAG Ranger
All-Up-Mass 285k
Powe’r 315“‘?
Speed 240km'hr
Radius of Actlon 180km
Flight Endurance Shr
Payload Mass

pti
Laser Target Designator
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Classification of Unmanned Aerial Vehicles-contd.

= TUAV - Medivm Ringe ar Toclical DAV

Pattormance

=rdurancy 1214 haurs
11 el TB000 el 1)
ielaa i)

or hour |

Technical Data
W Length 157 R .78 m)

W e peyld 91 L, (21 kg
W admom gross weigt SEE ba (265 kgl
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Classification of Unmanned Aerial Vehicles-contd
* Close-Range UAV

+ These are used by mabile army battle groups, for other military/naval operations
and for diverse civilian purposes,

+ They usually operate at ranges of up to abaut 100 km and have probably the
most prolific of uses in both fields, including roles as diverse as reconnaissance,
target designation, airfield security, ship-to-shore surveillance, power-ling
inspection, crop-spraying and traffic monitoring, ctc.
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Classification of Unmanned Aerial Vehicles-contd.

* Close-Range UAV

All-Up-Mass J6kg
Wing span 2.42m
Wing area 1.73m?
Enginc power 5.25kW
Wing loading 184N/m:
Span leading 120N/m
Cruise speed 125kmihr
Loiter speed 110km/hr
Mission radius 25km
Endurance 2 hours

"Image credit Cranbekd Acrogpace soltions Ohserer
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Classification of Unmanned Aerial Vehicles-contd.
* Close-Range UAV

All-Up-Mass 177kg
Wing span 5.5m
Wing Area 3.48m?
Engine power 19kW
Wing loading 500N/m?
Span loading 316N/m
Cruise spead 158km/hr
Loiter speed 126kmihr
Mission Radius 50km
Endurance 4 hours

Fimage credit The BAE Syctems Froeniu
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Classification of Unmanned Aerial Vehicles-contd.

* MUAV or Mini UAV

* MUAY relates to UAV of balow a certain mass [yet to he defined) prabably below 20 kg,
but not as small as the MAV, capable of being hand-launched and operating at ranges of
up to about 30 km. These are, again, used by mobile battle groups and particularly far
diverse civilian purposes.

All-up-Mass 3 B6kg
Mass emply 2.95ky
Wing Span 1.32m
Wing Area 0.323m?
wing Isading 120N/m?
Pawer- Electric molar RW
Cruise speed a2kmihr
Endurance S0min
Operaling Range up le 15km
Payload Mass/Vol. 0.91kg/4720ee
Payload Optical, LLL or IR TV

*irage credit  Lockbued BMartta Desem Howb 10
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Classification of Unmanned Aerial Vehicles-contd

* Micro UAV or MAV

+ The MAV is defined as a UAV having a wing-span no greater than 150 mm.
The MAY is principally required for operations in urban environments,
particularly within buildings.

* |t is required to fly slowly, and preferably to hover and to ‘perch’ — ie. to be
able to stop and to sit an a wall or post. To meet this challenge, research is
being conducted into some less conventional configurations such as flapping
wing aircraft.

v MAV are generally expected to be launched by hand and therefore winged
versions have very low wing loadings which make them very vulnerable to
atmospheric turbulence.
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Classification of Unmanned Aerial Vehicles-contd.
* Micro UAV or MAV

1Al Malat
“MISQUITO”
Wing Span 0.4m
Wing Area® 0.075m2
AUN 0.5ky
Paower i
Endurance 1hr
Payload EOTV
Status Development

*Image credit A1 Malad

Paliza zrudil - Unmanned Arerall Synluns, dali trzabus o wred Cliis st uf Tossd ey LAY

(Refer Slide Time: 31:35)

Classification of Unmanned Aerial Vehicles-contd.

* Micro UAV or MAV
SPECIFICATIONS

PHYLOADS Girrbsied payizad win gar and f wabiized ! '-
igh razch.tion D & 18 carera b g cempast Jh S
asnodynamic madular payload = N,
FARGE b km Une of Bk, &1 km with DCL olay ‘ ‘0‘ e
EADURANTE S =
ol
SPEED 20 kN rizg, 454 kot Jh
UPERATING 5% {432 m) L - v
METDETYR) -
WINGEPAN 43r02om
LENETH 18R TR o]
WEIGHT T Ly
L8] Gy GG mily P amd Py 42
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Classification of Unmanned Aerial Vehicles-contd
* NAV - Nano Air Vehicles

* These are propased to be of the size of kidney bean seed and used in swarms
for purposes such as radar confusion or conceivably, if camera, propulsion
and control sub-systems can be made small enough, for ultra-short range
surveillance.

= Other terms which may sometimes he seen, but are less commonly used

today, were related to the radius of action in operation of the various
classes. They are:-
+ Long-range LAY - replaced by HALE and MALE

+ Medium-range UAY - replaced by TUAY
+ Close-rznge LAY — often referred to as MUAY or midi-LIAY,

(Refer Slide Time: 31:56)
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Classification of Unmanned Aerial Vehicles-contd.

* NAV = Ngnp Air Vehicles
+ PD-100 PRS BLACK HORNET 2

Timaw radit— LR Eluck hamut 1|

(0) (32:08) And also there is a classification based upon its mode of operation.
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Applications of Unmanned Aerial Vehicles-conta

* Military uses
* Navy

So there is a tactical and combat UAV which will be used more in a dynamic sense. Those are
more active, they are used to drop the payloads and whatever the payload may be, right. It can be
a warhead or anything. So these tactical and combat UAVs are more active in the sense and there

is a MALE UAV which is abbreviated for medium altitude long endurance UAV.

And the HALE, high altitude long endurance UAV. These 2 UAVs are meant to perform
surveillance and reconnaissance missions, right. So the high altitude long endurance UAV can

have a range up to 40,000 km, right and a medium altitude long endurance UAV can have a

range up to; yes, similar range but at a lower altitude. (Video Starts 33:03 - Video Ends 36:26)
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Dear friends, we are right now near the runway of this flight laboratory of IIT Kanpur. So flight
laboratory is in front of me. We can see this as a fixed wing UAV. The 1.5 m class. Overall
takeoff weight is 1.6 kgs and it was designed to have an endurance of 2 hours right now. So let
me introduce our chief test pilot, right. He is a test pilot for most of our configurations, Mr.

Naveen and you know Mr. Deep again.

He is here. So let us quickly have a flight test of this and this has been designed by us, right and
see how this design behaves right now. So it is a bit windy as you can see the model is almost
waving here. So let us see how this performs in the wind. So you can zoom that wind, right. A bit
gusty. (()) (35:01) So we can witness a power of flight. So the model is gliding and is able to

sustain its weight because of this gust.



