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ABSTRACT

The following report presents the entire work process that had been
doneduring the year of 201:2012, as part of a student project of the
Aerospace faculty at the Technion Institute of Technology.

The "ICLEAN" project.

"ICLEAN" is suicideUnmanned ComMaAir Vehicle (UCAV) with
loitering and reconnaissan@apmabilities, designed to perform missions
beyond

line-of-sight in a range of 400 [NM] and for a long period of time,
suggesting a long endurance of just about 5[hr].

Carrying a 20+ warhead and equggpwith an EO/IR (Elect©ptical and
Infra-Red) sensor, the "ICLEAN" provides an advantage to the forces on
the ground and constitute a big threat on the enemy during combat.

During the work process a UCAV configurasanvey was conducted,
two configurations were chosen for the preliminary design.

One of those configurations had been choskreto several
comparisonand requirements arose during the process.

A detailed design and a wind tunnel model test were coneldan the
chosen configuration in order to ensure that the theoretical calculations
and design are valid.
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NOMENCLATURE

Sign & Symbol Interpretation*
X[ f Longitudinal distance of a part from plane
symmetry
yi ft] Lateral distance from planesymmetry
4 fi Vertical distance from plane symmetry
Xuer Zwd i Positions of the &rodynamic center in each axis
d ff] Aerodynamic mean chord
x=X Distance from thereference point divided by the
c mean chord
. The attack angle of the plane (the angle between
allorrad the flow and tr?e plane a?ds) ( ’
The angle measured from the zero lift line in which
Al Tor rad] the wing or canard stall.lt is also the maximum
angle of attack
glof rad Induced angle
/ Taper ratio, the ratio between the chord at tle tip
and the cord at the root
L Sweep angle
i Incidence angle
d The control surface's angle
i The incidence angle of the canard when the
0 control surface's angle equal to zero
_ g The ratio between the control sirface to the
ud canard's surface
AR/ A Aspect Ratio
b ft] Span
g ff] Lift area
L[Ibf] Lift
G 2D lift coefficient (lift coefficient of a section)
C 3D lift coefficient (lift coefficient of the whole wing
- or canard)
K, Span ratio correction factor
W, C, WG Wi Wing, canard, wing-canard, wingtail
r g% The density of the flow

The velocity of the flow in compae to the velocity
of the plane

—
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Sign & Symbol Interpretation*
C, Drag coefficient
Co, Drag coefficient (ata =0)
Xuing/ canard® Zwing canarc Positions of the &rodynamic center in each axis
K Lift- induced drag coefficient
a1
X, g@ Derivation of a mefficient by the angle attack
r v
Aanars = W The ratio between the flow conditions on a part of
c the plane and the flow conditions before the
«| {wing canard body} | jnterferences
T[lbf] Thrust of the engne
o ft
g= 32-18%53 Acceleration of gravity
d1of rad| Angle of climbing
f["lorf rad| Angle of rolling
Rum[ ft] The radius of the turn
E[sedor[hr] Endurance
R f Range
CX:C'; Moment coefficient around the center of gravity
Cim Moment coefficientaround the center of pressure
n Load factor

*Unless otherwise specified
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ABBREVIATIONS

UAV Unmanned Aerial Vehicle
UCAV Unmanned CombaAerial Vehicle
Al Israel Aerospace Industries

EO Electro Optic

IR Infra-Red

FLIR Forward Looking InfriRed

CCD Charged Coupled Device

RCS Radar Cross Section

PDR Preliminary Design Review
CDR Critical Design Review

AOA Angle Of Attack

GNC Guidance Navigation and Control
FCS Flight Control System

FC Flight Computer

PPN Pure Proportional Navigation
PN Proportional Navigation

APN Augmented Proportional Navigation
TPN True Proportional Navigation
LOS Line Of Sight

BLOS Behind Line O®ight

SISO Single Input Single Output
MIMO Multi Input Multi Output

GM Gain Margin

PM Phase Margin

OL Open Loop

CL Close Loop

SP Short Period

TF Transfer Function

IAS Internal Standard Atmosphere
DOF Degrees Of Freedom
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1. INTRODUCTION

Duringthe last decade, the use and the need for UAVs for many and
varied purposes is increasing rapidly as technology get better. And it
doesn't show any sign to slow down soon.

The main concentration is in the reconnaissance and conepatory.

If we put ourfocus on the combat side of UAVS, it is a side that has much
moreto discover. Nevertheless, there are several operational and very
reliable combat UAVs on the market.

Letusdivide them into two groups: suicide and multiple use UCAVSs.

A multiple use UCAM the Predator, manufactured by General Atomics
for the USA Air Force. Suicide UCAVs for example are the HARPY and the
HAROP manufactured by IAI, Israel.

Thesuicide UCAVSs, as a result of their obvious purpose, doesn't need
any major maintenance procederhas a lower weight (usually doesn't
have any landing gear) and designed for a low price per unit, which all
comes to its advantage.

To focus on the reconnaissance side of UM\&saspiration is to be able

to get the best quality of the imagegcognize and detect from the

longest range you can gewith the best azimuth and area coverage, for

the lowest weight that can be in any light and climate conditions

outside.

From the above we can conclude that there must be a combination

between severasystems to get the best performance available.

{dzOK a3 RlIFI&@ YR YyAIKI GA&aAA2Y 09hkLw

"ICLEAN" is a loitering and suicide U@ASigned by the project's team
members. The main purposes are reducing as much as possible the
dimensions and costs of it.

During the following report the customer requirements are represented,
the market survey and the work done in order to suffice those
requirements,calculationsanalysisdetailed design and wind tunnel

test, and much more.
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2. CUSTOMER SPECIFICADINS

Operational capabillities:

Suicide UAV

Endurance: 5hr

Range: 400 NM (~740km)

Man in the loop

Launching System: Mobile Ground Launcher with as many as
possibleUAV's ready to be launched

D> D> D> >

Target definition andacquisition:

A Target type: Static and mobile
A Truck Target: detection range of 30km, recognition of 12km
A Target acquisition: Day and Night Capabilities

Attack capabilities:

A Warhead: Approx. 20 Kg
A Attack capabilities: Any angleertical or horizontal
A Low Cost UAV unit

14
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3. MISSION PROFILE

A Launch

A Climb to 500

A Cruise at 5000 at approx. 80 knots

A Loitering at 5000ft at approx. 60 knots
A Diving at 150 knots

Loiter
Cruise

Climb

Combat

Launch

BOOM

FIGUREL - MISSION PROFILE
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4. MARKET SURVEY

4.1. MARKET SURVEY CONFIGURATIONS

A UAV's configurations comparison has been made:

. -

Taifun, Germany Plustall, rectangular
fuselagecrosssection,
push-prop

Eitan, Israel

Skylark, Israel Tractor-prop

Harop, Israel

Skyblade, Singapore X-tail, winglets

Switchblade, USA

X47, USA Flyingwing

TABLE 1 - UAV'S CONFIGURATIONS

—
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Eventually, Two Israeli attack UAVs configurations, manufactured by IAl,
HARPY and HAROP, which has purpose and characteristics similar to the
customer specifications, were chosen todmsessed in order to try and
improve the performances of this two.

4.1.1.HARPY

Characteristics:

1.) Delta wings
2.) Has an antenna that search a radar

3.) If target radar shouting off, when Harpy dives, it cancels the
attackand continuesatrolling

4.)Weight: 135 kg
5.) Performancesmax speeaf 185km/hr and rangeof 500m

6.) PropulsionRotor engineAR731.

Harpy Manufactured by IAl, used by the Israeli air force, Turkey,
India, China and South Korea. TUAV iddesigned to attackadar
systems with 32 kg higéxplosive warhead at Power of 37hp

Harpy Launched by a rocket.

How does it work: ARP flight path is planned in the ground
station. After launchHARPY flie® the patrol area and starts patrol
independently untilits antenna finds a location of radar radiation.
When the antenna discovers a radar system, harpy dives and blows
over it to cause maximum damage.

17
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Advantages:

A Hasa ground station and the ability to patrolling independently.
A Can be lunchettom a ground vehicle or a ship.
A Day/night autonomous weapon system.

Disadvantages:

A In a case the Harpy doesn't find an active radar it destroys itself.

A Any information about its price.

IAl HARPY

FIGURE2 - IAl HARPY

18
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4.1.2.HAROP

General Information

Manufactured by IAl, Israel
Used by the Israeli Air Force, India and Germany
Realtime access to control the platformiNlanin the Loop' Operation)

Equipped with: Loitering munition system, Radio aatiar homing
system, EO/IR sensors, FLIR and CCD, which siuqugrageof
hemispherical 360 degrees viéw

Main targets:n general, main to perform Suppression of Enemy Air
Defense (SEAD) operations, such as radars whether it emits a signal or
not. Low and high intensity conflicts, urbamrfare and counter terror
operations

How does it workThe HAROP launched from transtable launcher.

After launch it navigates and loiters in the combat area. Once target is
detected, the HAROP strikes and destrthgsspot target immediately
before its activation. The operator monitors the attack until the target is
hit. The operator an abort the attack in order to avoid collateral
damage returning th&lAROP tdoitering mode

Estimated Price: 10 Million Dollars

General Characteristics

Delta wings + Rear wings extension
Canard fromrplane

Length: 2.5m

Wingspan: 3.0m

Weight: 135kg

Armament: 23kgvarhead

Propulsion: UEL AR31, Wankel engine

19
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Performance

Power: 3hp suppliecdby UEIAR731, Wankel engine

Max speed: 190 km/hr

Range: 1000 km (625 miles

Lineof-sight range: 150 km

Endurance: Br

Advantages

)l

= =4 =4 =2

)l

Can be launched from groummat. Can be adapted to alaunch

Can be launched and attack in any angel, vertical or horizontal
Can hit static and mobile targets

Can be used to attack targets even if there are no radio signals
High quality Day/Night system

Have the option to adthnding gear

Disadvantages

l

High price

IAl HAROP

FIGURES - IAl HAROP
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4.1.3.HARPY, HAROP AND RBIRBD UAV COMPARISON

1000km Automated+ Static, 135kg AR731 23kg
HAROP remote mobile +
operator active

Required

TABLE 2 - IAl UAVS AND REQUIRE UAV COMPARISON

—
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4.2. MARKET SURVEYSUB SYSTEMS

In order to satisfy the customer requirements three ssystems has
been compared:

Sensors, Engines and Launchers.

4.2.1.SENSORS

The sensor characteristics chosen accordiniipéocustomer
requirements and weight calculations that will introduce later, as follows

A Requirements: - Up to 10 kg
- Day & night capability

- Installed on operational systems
- Detection range of 3

- Recognition range of 12km

A Over 15 companies and more than 70 Sensors compared

22
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Four sensors, which suites best to the customer requirements, had been
chosen:

Sensor Weight | Dimensions | Installed on| Optical Angular
zoom coverage
+FOV

COBALTO90,

Flir Sys.
Elevation
-60 +20

Elevation
-100 +25

ESPG00C,
Controp

Elevation
-90 +25

MINIPOP,
TAMAM

Micro Compass,
ELOP

Height Elevation
290mm -85+30

TABLE 3 - SENSORS COMPARISON

The sensor that suites best to the requiremente §600C

It meetsthe requirements of detection and recognition, operationally
proven on several platforms and manufactured by Israeli company,
which settles down with our ERdse requirements.

—
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4.2.2.ENGINES

Similarly to the sensors characterization, the engide@siands as
follows:

A Requirements:- Installed on operational systems
-Upto 12 kg

- Fuel Consumption of 0:8.9 lib/Hp/hour
-22-28 Hp

A Over 7 companies and more than 20 engines examined

Four engines, which sei$ best to the customer requirements, had been

Fuel consumption| Capacity | Installed on
[g/hr/hp] [cc]

chosen:

305i,
Zanzottera
Tech.

WAE342, Phoenix,
Meggit BAE Sys.

Elbit's UAV

DYAD290B,
Herbrandson

3W-275 XiB2

TABLE 4 - ENGINES COMPARISON

The chosen engine 8V-275 XiBZor its low weight and low fuel
consumption.

—
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4.2.3.LauncherTechnology Selection

The main requirements for the launcher are:
A Low cost
A Mobile Ground Launcher
A Can carry as many units as possible
A ready to launch

There are two main types of launchers technologies. Rocket launch and
catapult launch that can be pneumatic or mydlic.

All the characteristics are summarized in the following tables:

Technology Launch UAV Power Ease of Use Operation Budget
Velocity | Weight | [KPa] Field
[kts.] [ka]

Pneumatic >60+ >23+ Hard to design Can be Expensive
700 and transported to ’
| manufacture. any area by -
v Leakage and vehicle. ‘“
3500 temperature ready-to-use ’
dangers launch
container.

TABLES - LAUNCHERS COMPARISON

—
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Based on the table, the rocket launch technology seems to be the
best for the mission. Especially because the rocket engines have the
highest exhaust velocities and the manufacturing materials are
aluminum, magnesium or steel, which are easy to work with a
common in the industry.

In comparison to tha&dARPY's launch vehicle, that able to carry up to
18 canisters, it concluded that the same vehicle can carry up to 100
units of our UAV (based on widtteight calculations)Of course we

do not need such klrge number of canisters and therefore settle at
20 for our taskWhat able us to minimize our carrying vehicle.
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5. PRELIMINARY DESIGI

5.1.INITIAL SIZING

5.1.1L INITIAL WEIGHT ESTIMTION

This part of the report will discuss the initial amvised calculations
made in order to satisfy the customer and mission requirements.

According to Raymer, Chapter 3:
(Under the assumption of a Setdomebuilt Semi{General Aviation configuration)

A Takeoff Weight Buildup Equation:

W, = Design Takeoff Gross Weigh220

V\%V = Empty Weight Fraction
0

W, = W,
0~ W/ W
1- ", - /
W /W W%V = Fuel Weight Fraction
0

W, = Payload Weight

A Empty Weight Fraction Estimation:V\%v =1.03\@; %%
0

A FuelFraction Estimation:
- Mission Profile
- Fuel required as reserve

27
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A Mission Selected Profile:

P AP~
e

BOOM

1. Takeoff

2. Climb

3. Cruise

4. Loiter

5. Combat/Landing

Mission Segments FuElactions:

1. TakeoffFraction % =0.997
0

2. ClimbFraction: W%\é =0.98¢

3. CruiseFraction: % - expae RC R = Range
E = Endurance

C = Specific Fuel Consumption
%) = Lift to Drag Ratio

a
- oW, -EC
4. Loiter Fraction: / - exp®E LS
W E:E(VD) V =Velocity

5. LandingFraction: V\%V =0.99¢
4

28
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Therefore: N -W W W W W, W
W W w W W

Fuel required aseserve:

Allowing a fuel reserve of 10%:

: W 3
Our Fuel Weight Fraction is:—- =114 W,
W, ¢ W
W
Thus, W,= W P
1- 1.5 5 210300
¢ W -+

For a Given Mission Design Takeoff Welghtwe can nowestimate

our Empty Weight),, Fuel WeightW, , and Payload Weighty, .
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5.1.2.INITIAL WINGGEOMETRY EVALUATION

According to Raymer, Chapter 4:

(Under the assumptionf a SemHomebuilt Semi{General Aviation configuration)

A Wing Geometry:
AR from tabIeG
(*) Sref -

(V%)cs y

(* ¥ For an arbitrary MainWing G, /

i Yb z[AR D

VG 7GR

AR—Aspect Ratio

Sre of —Referance Surface

W _ B .
/S’ Wing Loading
b - Wing Width

Cr oot~ Root Chord

Ctip — Tip Chord

A — Taper Ratio

Finding Main Wing and Canard Geometry by iterative method:

buzg @ Auing) CQ

(* * ) *Smng >

(**** ) ForchosenCanardb G, /Y S.q=

—
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To bemore specific, in order to begin the layout of the wing, it is
common to use the basic geometrytrapezoidal wing. The key

geometric parameters of the trapezoidal wing are shown in the
following figures:

FIGURE4 - WING GEOMETRY

FIGURES - WING AERODYNAMIC CHRD

The shape of the reference wing is determined by its aspect ratio,
taper ratio, and sweep.

—

31

'






























































































































































































































































































































































































































































































