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ABSTRACT 

 

The following report summarizes the work process that had been done 

during the year of 2011-2012, as part of a student project of the 

Aerospace faculty at the Technion Institute of Technology. 

The "iCLEAN" project. 

"iCLEAN" is a suicide Unmanned Combat Air Vehicle (UCAV) with 

loitering and reconnaissance capabilities, 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 equipped with an EO/IR (Electro-Optical 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 configuration survey was conducted, 

two configurations were chosen for the preliminary design.  

One of those configurations had been chosen due to several 

comparisons and requirements arose during the process. 

 

An improved detailed design and a wind tunnel model test were 

conducted on the chosen configuration in order to ensure that the 

theoretical calculations and design are valid. 
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CUSTOMER SPECIFICATIONS 

 
Operational capabilities:  

Á  Suicide UAV 

Á  Endurance: 5hr 

Á  Range: 400 NM (~740km) 

Á  Man in the loop  

Á  Launching System: Mobile Ground  Launcher with as many as 

   possible UAV's ready to be launched 

 
Target definition and acquisition:  

Á  Target type: Static and mobile 

Á  Truck Target: detection range of 30km, recognition of 12km 

Á  Target acquisition: Day and Night Capabilities 

 

 
Attack capabilities:  

Á  Warhead: Approx. 20 Kg 

Á  Attack capabilities: Any angle - vertical or horizontal 

Á Low Cost UAV unit 
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MISSION PROFILE 

 

Á Launch 

 

Á Climb to 5000ft 

 

Á Cruise at 5000ft at approx. 80 knots 
 

Á Loitering at 5000ft at approx. 60 knots 
 

Á Diving at 150 knots 
  

Launch 

Climb 

Cruise 

BOOM 

Combat 

Loiter  
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 MARKET SURVEY 

MARKET SURVEY ɀ CONFIGURATIONS 

A UAV's configurations comparison has been made. 

Eventually, Two Israeli attack UAVs configurations, manufactured by IAI, 

HARPY and HAROP, which has purpose and characteristics similar to the 

customer specifications, were chosen to be assessed in order to try and 

improve the performances of this two. 

HARPY 

General Characteristics 

1) Delta wings 

2) Has an antenna that search a radar 

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

      attack and continues patrolling. 

4) Weight: 135 kg (32kg Warhead) 

5) Performances: Max speed of 185 km/hr, and range of 500km, 

3-4hr endurance. 

6) Propulsion: UEL 37hp AR-731, Wankel engine. 

 

IAI HARPY 

 

  

IAI HARPY 



 

6 

HAROP 

General Characteristics 

1) Delta wings + Rear wings extension 

2) Canard front-plane 

3) Length: 2.5m, Wingspan: 3.0m  

4) Weight: 135kg (23kg Warhead) 

5) Performances: Max speed of 190 km/hr, and range of 1000km,  

6hr endurance. 

6) Propulsion: UEL 37hp AR-731, Wankel engine. 

 

IAI HAROP 

HARPY, HAROP AND REQUIRED UAV COMPARISON 

 

 

 
 

Range Control Target type Weight Engine Warhead Endurance 

 
HARPY 

 

500km Automated Static + 
active 

135kg AR731 32kg 4hr 

 
HAROP 

 
 

1000km Automated+ 
remote 

operator 

Static, 
mobile + 

active 

135kg AR731 23kg 6hr 

Required ~740km Automated+ 
άƳŀƴ ƛƴ ǘƘŜ 
ƭƻƻǇέ 

Static, 
mobile 

+ active + 
passive 

100kg ? 20kg 5hr 

IAI UAVS AND REQUIRED UAV COMPARISON 

IAI HAROP 
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MARKET SURVEY - SUB SYSTEMS 

In order to satisfy the customer requirements several sub-systems had 

to be selected: 

SENSORS 

The sensor characteristics were chosen according to the customer 
requirements and weight limitations. 
 
The sensor that suites best to the requirements is ESP-600C. 
It meets the requirements of detection and recognition, operationally 
proven on several platforms and manufactured by Israeli company, 
which settles down with our End-use requirements.  

Sensor Weight Dimensions Installed on Optical 
zoom 
+FOV 

Angular 
coverage 

 

ESP-600C, 
Controp 

12.3kg Diameter 
300mm 

Scout & 
Searcher 

UAVs 

Zoom x15 
25deg 

Azimuth 
360deg 

 

Height 
435mm 

Elevation 
-90 +25 

ENGINES 

The engines characterization defined similarly to the sensors: 

Engine Power 
[hp] 

Weight 
[kg] 

Fuel consumption 
[g/hr/ hp] 

Capacity 
[cc] 

Installed on  

3W-275 XiB2 26 7 340 274 Elbit's UAV 

 

The chosen engine is 3W-275 XiB2 for its low weight and low fuel 

consumption. 

 

Notice that in the detailed design section we match a compatible 

propeller according to the engine selected, comes up with: 

2 bladed-back-folding prop at the size of 25X18.  
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PRELIMINARY DESIGN 

WORK PROCESS 

Divided into two teams, evaluation started in order to end up with a final 

preliminary design of our system: 
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CONFIGURATIONS REVIEW 

To optimize the development process of the UAV, it was decided to 

divide the group into two teams which will grow ideas and will develop 

simultaneously, each in its own way. 

According to an initial sizing of weight and geometry by Raymer's 
conceptual design book, two configurations were defined. 
 

CONFIGURATION A 
 

 

 
Main wing and canard configuration, 
folding wing mechanism, and Semi-
circular fuselage cross-section. 
 
 
General Dimensions: 
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CONFIGURATION B 
 

 

Rotating main wing configuration 

with conventional tail. 

Cylindrical fuselage, which 

extended close to the motor area. 

 
General Dimensions: 
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FINAL COMBINED CONFIGURATION 

Good results were obtained for both of the configurations, and each 

group found the most important benefits of its configuration. It was 

decided to take the body shape of the canard, improve it and give 

it the aerodynamic capabilities of the narrow body of the rotating wing. 

Advantages of each configuration were combined into one, and the 

planned UAV body actually began to shape into its final combined 

design. 

Combination of all the benefits of both configurations with a few more 

improvements, result in the following combined configuration:   

 

 

Fuselage shape of the canard with the aerodynamic capabilities of the 

changing fuselage of the rotating wing.  

  



 

11 

DETAILED DESIGN 

PITCH-UP PROBLEM 

The wing's unfolding direction determine with the flow direction. In 
small opening angles, the aerodynamic center of the wing is very close 
to the nose of the plane. The wing has the biggest lift area and causes 
the aerodynamic center of the whole UAV to be in front of the center of 
gravity. The moment causes from the lift of the plane will be positive 
and will be enlarged with the enlargement of the angle of attack. This is 
the pitch-up effect.   
 
Two solutions were suggested and examined: 

-  In the PDR, the configuration had a lift area ratio between the 
canard and the wing of 25%-75%. Creating more tandem-like 
configuration was supposed to solve the problem ς 40%-60% ratio 
of canard-wing (the canard opens from the back of the plane, and 
affects the aerodynamic center towards the engine). 

- If the change of the configuration will not be enough, there is a 
need for placing the booster in an angle. 
 

GEOMETRY IMPROVEMENTS 

New configuration has been made in order to improve performance and 
overcome the problems arose:  
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After beginning with the first solution, a comparison between the 
stability of the configuration has been made. To have a suitable 
comparison, the stability margin of both of the UAVs when the wing and 
canard are fully opened had to be between 10%-12% of the wing's root 
chord. 
 
The comparison is shown in the following table: 

 
From the table above one can see that the 25%-75% configuration is 
more unstable for small opening angles of wing and canard. Therefore, 
from now on, the configuration will be 40%-60% lift areas ratio between 
the canard and wing. 
For bigger opening angles than 82.5, the UAV is stable. For smaller 
opening angles, it is still needed to find a solution for the lack of stability 
while opening the wings and the canard ς placing the booster in an 
angle. 
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The changes of the center of gravity and aerodynamic center as a 
function of the opening angle:  

25%-75% configuration: 

 

40%-60% configuration: 
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MOMENT VS. TIME FOR DIFFERENT BOOSTER ANGLES 

I order to complete the pitch-up solution, placing the booster in an angle 
was tasted. This angle should cause negative moment and by this will 
cancel the pitch.

 
At the sketch r,R ςare distances that changing in time. 
To examine this solution, graphs of the moment vs. time (while the 
unfolding of the wings) where plotted for different angles. There is a 
need to confront with the change of mass and pressure centers due to 
wings opening. 
 

 
The above graph shows how the moment changes with time at different 
angles from ρЈ toρυЈ.  
The conclusion is: when the angle equals τЈ the moment's sum is zero, 
so by placing the booster at this angle there will be no pitch. 
 

 


