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Adaptive Aerostructures Laboratory… from Aha! To Flight!

Supersonic Hovering Aerial Vehicle (SHAV): !
Recoverable, Strategic Reach VTOL Weapon System at 
High Mach with Sub-Meter Precision!

 Prof. Ron Barrett   
  Director of the Adaptive Aerostructures Laboratory (AAL) 
  Aerospace Engineering Department 
  The University of Kansas, Lawrence, Kansas  USA  

Joint Armaments Conference, Exhibition and Firing Demonstration 
Seattle, Washington 16 May 2012 

AAL  ...Backroom for the Innovation-Driven 
Aerospace Organizations of the world...!
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Adaptive Aerostructures Laboratory… from Aha! To Flight!

Outline:!

I. Hovering Precision Weapon History!

II. Revolutionary Missions!

III. Design Space & Ways Forward !

I. History         II. Revolutionary Missions         III. Forward!

2!
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Adaptive Aerostructures Laboratory… from Aha! To Flight! 3!

I. History!
1st Micro Aerial Vehicle -- DoD CounterDrug 

Technology Office 1994 - 1997!
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I. History!
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I. History
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Adaptive Aerostructures Laboratory… from Aha! To Flight! 5!

a >90° is a common event !

I. History! Low-Level Operations: Serious trouble for UAVs...!
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Adaptive Aerostructures Laboratory… from Aha! To Flight! 6!

First Free-Flight VTOL MAVs!

DARPA !
1999 - 2000!
Flyoffs @!
MacDill &!
Quantico!

6” (15cm) VTOL Coleopter!

I. History!
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I. History!
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I. History
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Adaptive Aerostructures Laboratory… from Aha! To Flight! 8!

Paradigm Shift...   Hypermaneuverable UAVs!

Heinkel Wespe 1944!
(concept only, never built)!

Heinkel Lerche 1944 (concept only, never built)!

missile flight!

takeoff!

vertical 
flight!

transition!

braking!

landing!

conversion!

I. History!
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Adaptive Aerostructures Laboratory… from Aha! To Flight! 9!

AA-12 (R-77) !
(Aamraamski)!

more control authority    !
needed for MOUT environment!

US Pat. 6,502,787!

XQ-138 Program 2001 - !
I. History!

high control authority grid/lattice fins!
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Adaptive Aerostructures Laboratory… from Aha! To Flight! 10!

XQ-138 Hypermaneuverable UAV Mission Profile!

Startup!

VTO & Climb!

Xition!

VL & Shutdown!

Xition!Xition & HOGE 10min!

HOGE 10min!

Descent! Climb!

Release 500g P/L!

HOGE 5min!
Xition!

Cruise, 10km, 50 (140)kts!
Cruise, 10km, 50 (140)kts!

VTO & Climb

Xition & HOGE 10min

I. History!

Descent!
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Adaptive Aerostructures Laboratory… from Aha! To Flight! 11!

ballistic graphite & boron structure!

titanium powerplant housing!

graphite racking grid fins!

magnesium motor mount/
fuselage coupler flight 
control actuators!

Sensor !
Transmitter!
Receiver !
GPS navigator!
 SAS system !
Fuel tank!

1.3hp (970W)!
 powerplant!

Muffler assʼy!

titanium powerplant housingtitanium powerplant housing
piezoceramic turning vane flap actuators!

piezoceramic grid fin actuators!

magnesium motor mount/

Kevlar turning 
vane flaps!

I. History!

Receiver Receiver 
GPS navigatorGPS navigatorpiezoceramic gyros!
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Adaptive Aerostructures Laboratory… from Aha! To Flight!

XQ-138 Payload-Range Diagram!
12!

I. History!
Ai

rc
ra

ft 
G

ro
ss

 W
ei

gh
t (

gm
f)!

3000!

2500!

2000!

1500!

1200!

5% min. reserve thrust margin!

flight control system!

fuel!

GNC & mission 
packages!

0    10    20    30    40    50    60   70   80   90    100    110    120    130   140   !
                  Straight Line Range, R (nmi)!
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Adaptive Aerostructures Laboratory… from Aha! To Flight! 13!

I. History!

Demos for Non-DARPA Entities!
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Adaptive Aerostructures Laboratory… from Aha! To Flight!

XQ-138 Flight Capabilities... !

14!

I. History!
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XQ-138 Flight Capabilities... 

I. History
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Adaptive Aerostructures Laboratory… from Aha! To Flight!

Revolutionary Missions 

• Collocated Close Air Support (CCAS) 

• PSYOP, force multiplier, perch & rest/stare/listen etc. 

•  Visual, Acoustic & RF signature suppression 

• Hovering Precision Weapon (HPW) & stalking mines 

• Counter IED, BDA, lethal/nonlethal counterpiracy 

• High Precision Air Rapid (HiPAR) Cargo Delivery System�

15!
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Adaptive Aerostructures Laboratory… from Aha! To Flight!

XQ-381 Rubber Design General Sketch    
Growth, Range, Payload!

16!
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Adaptive Aerostructures Laboratory… from Aha! To Flight!

Range & Coms Trades...!

17!
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Adaptive Aerostructures Laboratory… from Aha! To Flight!

FAQ-381 Design Point 2 – 100lb MGWTO!
18!
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Adaptive Aerostructures Laboratory… from Aha! To Flight!

 FAQ-381DP1  5 min TIC Response CCAS 
19!
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Adaptive Aerostructures Laboratory… from Aha! To Flight!

The Next 
Generation:    
FAQ-381DP1!

Counterpiracy !

FAQ-381 Intercept Range!
15 min!
30 min!

1 hr!

SH-60 Intercept Range!
15 min!
30 min!

1 hr!

20!
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Adaptive Aerostructures Laboratory… from Aha! To Flight!

FAQ-381 Design Point 2 – 100lb MGWTO!
21!
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Adaptive Aerostructures Laboratory… from Aha! To Flight!

FAQ-381 Design Point 3 – 1000lb MGWTO 

22!
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Adap s Laboratory… from Aha! To Flight!
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FAQ-381 Design Point 3 – 1000lb MGWTO!



R
. M

. B
ar

re
tt 

  2
 M

ay
 2

01
2 

   
   

 U
nc

la
ss

ifi
ed

   
   

  A
ll 

in
fo

rm
at

io
n 

fro
m

 p
ub

lic
 s

ou
rc

es
!

Adaptive Aerostructures Laboratory… from Aha! To Flight! 24!

Supersonic Hovering Air Vehicle (SHAV) 

Startup!

VTO & Climb!

VL & Shutdown!

Xition!

Xition & HOGE > 1 hr!

Descent!

Climb!

Combat 
Operations!

Xition!

Accelerate & Cruise M>1!

Xition!

Accelerate & Cruise @ Vbr!
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Adaptive Aerostructures Laboratory… from Aha! To Flight!

Basic Configuration - Landing!
Supersonic Hovering Air Vehicle (SHAV)!

25!
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Adaptive Aerostructures Laboratory… from Aha! To Flight!

Hover!
Configuration!

Supersonic Hovering Air Vehicle (SHAV)!
26!
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Adaptive Aerostructures Laboratory… from Aha! To Flight!

DARPA X-Plane Possibility: !
27!
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Adaptive Aerostructures Laboratory… from Aha! To Flight!

Supersonic Hovering Air Vehicle (SHAV) 

Wing Fold Sequence 

28!
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Adaptive Aerostructures Laboratory… from Aha! To Flight! 29!

Supersonic Hovering Air Vehicle (SHAV)!

X-Configuration!
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Adaptive Aerostructures Laboratory… from Aha! To Flight! 30!

SH-60 Intercept Range!
15 min!
30 min!

1 hr!

Navy Surface Ship!
15 min!
30 min!

1 hr!

SH-60 Intercept Range
15 min
30 min

1 hr

Navy Surface Ship
15 min
30 min

1 hr1 hr

SHAV 30 min. Intercept Range 

SHAV Counterpiracy Interdiction!
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Supersonic Hovering Air Vehicle (SHAV) !
1000lb MGWTO  5 min. TIC Response!
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ROM Estimations!

� � � � � � � � � �

0    3     6     9    12    15    18    21    24    27    30    33    36    39    42    45    48!
Months!

R
O

M
 $

M!

Hover 
Only!

Hover & Transition!

Autonomy!

Hover 
OnlyOnly

Hover & TransitionHover & Transition

Autonomy

� � � � � � � � � �

0    3     6     9    12    15    18    21    24    27    30    33    36    39    42    45    48

� � � � � � � � � �Fieldable!

XQ-138!
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Adaptive Aerostructures Laboratory… from Aha! To Flight! 33!

• Collocated Close Air Support (CCAS) 

• PSYOP, force multiplier, perch & rest/stare/listen etc. 

•  Visual, Acoustic & RF signature suppression 

• Hovering Precision Weapon (HPW) & stalking mines 

• Counter IED, BDA, lethal/nonlethal counterpiracy 

• High Precision Air Rapid (HiPAR) Cargo Delivery System 

• Supersonic variants...�

Questions??!




