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Logistics Requirement ~ 75 tons/day (dry cargo)
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e Payload = 1,000 Ibs e Launch speed = 500 knots

» Basic Range = 50 miles * Required acceleration = 30g
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Objectives

» Develop a conceptual design for the
glider.

* Investigate inflatable wing technology.
* Identify the operational use of ALDS.
» Develop a trimaran ship design.

* Investigate a ship based launch
mechanism.

ONsor

TEB®  Office of Naval Research

Office of Naval Ressarch

Deliverables
A final report:

1. Feasible glider concept.

2. A ship based mechanical launch
system.

3. Summary of current inflatable wing
technology.

4. Mission profile & operational envelope
of ALDS.

5. Launch ship design.




]
. Center for Innovation in Ship Design

= S
ﬁtﬁ#@ NAVSEA

Part |
Unmanned Glider /
Inflatable Wing Technology



% Center for Innovation in Ship Design

ovory

R A

Knowledge

People Innovation

Tallless Aircraft & Flying Wings

Advantages of Flying Wings
* Increased Performance

e Easier to Assemble

e Less Structure

Issues with Flying Wings
o Stability

e Trim

e Controls
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Launch Vehicle: Centerbody
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The centerbody is launched from a dedicated launch ship
at a speed of 500 knots with an acceleration of 30g’s.

Span = 10 ft

<
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A
Front

Tip Chord
=9 ft

Overhead View

Root Chord
=15 ft
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Glide Body

At the apogee of its flight, the Centerbody deploys
Inflatable wings and becomes a flying wing glider
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Soecifications

Wing Span = 70ft
Gross Takeoff Weight = 1500lbs
Glide Ratio = 33
Cruise Speed = 60kts
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Other Logistics Delivery Systems

ERADS

(Air Drop) (Air Drop)

\ 4

Inflatable Wing Aircraft

P ADS

(Air Drop) (Air Drop)

Snowgoose
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Glider System Weight Breakdown

Avionics (8GRI
1% 13%

Inflation System
7%
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ALDS Centerbody Structure
Loading Cases Analyzed

Innovation

People

* Acceleration (309) S REELLEEEE b,

» Steady Level Flight |

e Landing 1 o
I.) Vertical-Impact .. | rrrrroooniiil o

ii.) Horizontal-Friction

Additional material is required to
accommodate landing impact forces.

| Stabilized
An Option ] Aluminum

Foam




. Center for Innovation in Ship Design

Innovation

ALDS Centerbody Configuration

Knowledge People

Cargo
Control
Surfaces
glail (IjBOHleS / Avionics &
adders Batteries

Wing Pods
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Avionics Package

Example System

Piccolo Plus by Cloud Cap
Tech

Integrated GPS, Sensors and
Communications Package

Accuracy:
Current < 20m

Innovation
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| nflatable Wing Technoloqy

The wing consists of foam wrapped over inflatable
spars and covered with cloth.

People Innovation

 High packing efficiency
» Long Storage life & Low Cost
» Recoverable / durable / reusable

Extended Range Aerial Delivery
System (ERADS)

NASA Inflatable Wing
Technology Demonstrator
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Goodyear Inflatoplane, 1957

People Innovation
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Internal Wing Structure
|nflated Tube Spars

» Use of braids, help resist wrinkle
moment

Multi-spar

o Stiffness determined by internal pressure AT~
and modulus of elasticity of restraint material | '. | |I ] [ T
« Better adaptation to morphing technology | . -+ hokodokod At
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Control Options
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Wing Morphing

Trailing Edge Deflection

[T,
Iy

Control Cables Bump Flattening
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Glider and Inflatable Wing - Related S&T Issues

People

CED

» Optimize centerbody
design

Finite Element Analysis

» Confirm structure can withstand loads

» Optimize to minimize weight, while
maintaining integrity

| nflatable Wing Technoloqy

* Wing Span currently larger then
existing inflatable wing designs
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Part I
Trimaran Launch Ship
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Typical 24 hour day breakdown

Launching Time

h
e 7.75 hours

10 hours

Travel time
6.25 hours
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ALDS Ship Payload Breakdown

24%

Dry Cargo

m Wet Cargo

Rocket Weight

13% Glider Weight
B V-22 Fuel

43%

1%

19%
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Sea-base logistics presents the challenge of sorting and pickinggaiat sea.

3 cargo handling options:

o “Container Depot” Option | _
« “Vending Machine” Option Containers on ship

o “Hallway” Option
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gty - Retractable Ramp
| 2/ §: :
Contamer Handlé% &

Roller
Conveyor

Containers

Sea-Base Platform

Trimaran Launch Ship
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“Container Depot” Option

Roller Conveyors (2 directions)
/ Conveyor

People
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Automated Pickers = k=
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“Vending Machine” Option

People

Carousel Rooms

Cont|ainers / / /

= Eneeg

1

Conveyors

Forklifts (3)

\
Automated Picker /

Automated Sorter
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Retractable Bridge

/ Ny

v

Trimaran Launch Ship

;

Containers

Sea-Base Platform
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“Hallway” Option

Cargo (pallet) Bays
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ALDS Manufacturing & Assembly:
Offboard vs. Onboard
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Manufacturing Options

Innovation

Plastic Injection
Molding

Stamping
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Four Day Manufacturing Volume Analysis

250,000

200,000 -

150,000 -

100,000

Volume (ft3)

50,000

Offboard Stamping Stacking
Assembly

NEAR-TERM SOLUTION: STACKING
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ALDS
Cargo Plates Centerbody

Batteries/Avionics

Gas Tanks

Ribs/
Spars

Bottoms

Cargo
Package

=
.-
7
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Flaps

ALDS Centerbody
Tops

_ Rockets
Wing Pods

Assembly

Food Pallets

Other Pallets
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Elevator
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Conceptual Profile View of
ALDS Launch Trimaran

Elevator Shaft

n 7

4

V-22 Fuel \

v

}4 ~ 600 feet
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Linear Induction Motor
Launch Tube

ALDS Assembly Room

Cargo Handling Room

Machinery Room
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Ship Design- Related S&T Issues

e Further develop cargo handling technology to
Increase automation.

* Develop manufacturing/assembly process onboard
ship & investigate Plastic Injection Molding as a
possible future solution.
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Electromagnetic Aircraft Launch System (EMALS)

People

* Aircraft Mass : 10,000 to 100,000 lbs
» Speeds: 50 to 200 knots

* Min time 2s, max accn: 5¢
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ALDS Launcher Requirements
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« ALDS Mass : 1,500Ibs

» Speed : 500 knots

» Acceleration : 30g’s

* Reusable shuttle design
» Curved track
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Shuttle Design _Inverted U

Shuttle

Shuttle

ALDS Holding Plat

Design | Design I
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Track Design

N

Shuttle\ \
A

]
o

R. 350 ft !

183 ft
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Linear Induction Motor S&T Issues

People

Thermal Considerations

» Heating of the primary, secondary and track

» Cooling systems

Electromagnetic Interference

* Magnetic Interference

» Magnetic shielding around track
\

Power Requirements -

Vibrations




Summary

= Logistics requirement

= Advanced Logistics Delivery System concept
I. Unmanned Glider/Inflatable Wings
. Launch Ship

lil. Linear Induction Motors

= S&T requirements
I. Inflatable Wing Technology
ll. Linear Induction Motors

lii. On Board Assembly / Cargo Handling




Conclusion

ALDS can be an asset to sea base logistics
Funding is required to bridge the technology gap
Identified near term and far term solutions
Conceptual design work is complete

Preliminary Design to Follow







Pl
:"-P_ l-:"' i

o= Center for Innovation in Ship Design

Knowledge People Innovation

Is ALDS expendable?

ALDS is designed primarily to be an expendable vehicle. Hawingngine or pilot the vehicle cost is relatively lolWwem compared
to other logistics delivery systems. The cargo that ALiD@8esigned to transport (i.e. supplies, ammo, etc)se r@latively
inexpensive. Expendability offers two advantages, finst4n ALDS vehicle is lost due to malfunction or eneattack, another
body can be launched and the impact on the overalianiss negligible. Secondly, the small man receiviegm does not have
the logistical issue of returning the glider. With snsg#tems such as the avionics and GPS, it may be possild&in these to
be returned to the sea base at a convenient time. [ienam shell may be of use to local civilians. Opti@isburning the

ALDS vehicle for energy have also been considered, degepd the material of manufacture.

How do Helicopters compare to the role of ALDS?

The ALDS mission is based on re-supplying small disperssaageA helicopter therefore would have to go from pointetioipto
make relatively small drops. The payload capability of-a2is around 20,000lbs. This equates to 20 ALDS drops. The V-22
would therefore have to maneuver to up to twenty differ@sdtlons compared with twenty launches from the Aldb§ direct
to the target. The time to deliver would therefore bes@erable less with ALDS than one V-22. AdditionallgaBasing
concepts do not necessarily include the securing of the bEaetrefore, sending a manned, expensive aircraft into dehpshe
is less desirable when compared to the small, inexpensinmanned ALDS vehicle. ALDS also offers low delectabilit
compared to a helicopter. It has no IR signature asdatiar cross section is extremely small.

How do fixed wing airdrops compare with the role of ALDS?

Fixed wing airdrops again face the problem of flying a mannedadti into what is considered to be a hostile envirorintdowever,
cargo planes can fly at a much greater altitude to makesdand the Army currently demonstrate techniques of hitinggets
within 20m. There are three main problems airdrops face:

1. A base is required for the aircraft to refuel andlstgz With Seabasing not necessarily being able to handle-tiyee aircratft,
this means the aircraft would have to be refueled andbokesti from a source outside of the Seabase. Seabasitignpting to
remove the constraint of being dependent on a land bas®. tAére is the logistical problem of keeping the laaske stocked up
(and manned) with the required cargo.

2. An aircraft can only drop as much payload as it can cémrthe case of a C-130 this is around 42,000lbs. This equatss
ALDS drops. With an estimated 250 drops a day this would regrC-130 sorties.

3. Airdrops usually employ a parafoil design. Current palsaf@ve moderate to poor glide performance and not enougleed o
glide into winds.
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On launch, how does the LIM shuttle traveling at 500kts slow @wn?

Upon launch it is envisaged that the track will leved @escend again forming a ‘hill’ profile. At the same tinmeedectromagnet
braking force will be applied. The length of additional kraequired depends on the deceleration ability of the (tMrrently
unknown). Additionally, at the end of the track (rubdarmpers could be used to absorb any remaining kineticyenerg

How is the heat of the LIM dissipated?

EMALS has a cycle time of 45 seconds. As a result ligowmling is required to dissipate the heat generated. Aiseussions with
General Atomics and Carderock (Philadelphia) it is exgktitat a two-minute cycle time, as with ALDS, is suéfit to dissipate
the heat between launches. Liquid cooling adds a largeleritypto the system and therefore avoidance is desir&biedding the
launcher within the ship could create problems for heaipdissn. Between launches air will be blown down the tdbe the
physical movement of the ‘dolly’. An additional measuiseo embed the ALDS launcher tube within another tuba gfeater
diameter. Air could then be blown down this external tiabaid in heat dissipation.

What difficulties are faced with regards to inflatable wings for use on the ALDS vehicle?

Inflatable structures have existed for many years. In faet1957 Goodyear Inflatoplane was an entirely inflatalotzadt. In recent
times NASA has demonstrated the use of inflatable winds/antigo (an aerospace inflatable structure company) aedageng the
inflatable wing for the Army’s Extended Range AeriabprSystem (ERADS). ERADS is a 12,000Ibs airdropped logiivery
vehicle. A 1,000Ib demonstrator was built and flown. Thegapan of this demonstrator is 29ft, compared to ALDS 70ft wjram.
Inflatable wings suffer ‘crimping’ problems beyond a certaimgth. This hurdle must be overcome to successfullyjampflatable
wings on ALDS. Recent developments show the possilmfitilardening the wings using UV light as a drying agent. 8LIDft
wingspan is the ‘ideal’ to achieve the fifty-mile rangeowéver, if 70ft cannot be reasonably achieved, ALDS I astieasible
concept with a reduction in basic range.

Given the sensitivity of flying wings to sweep and twistdr stability and trim reasons) rigid wings are required. Are inflatable
wings able to provide this rigidity?

Inflatable wings being used today operate at extremely higyye=s making the structure very rigid. Recent advancesterials
technology have allowed the wing to withstand a high pres€iompared to the Goodyear Inflatoplane which operated at 25psi,
inflatable wings in use today have pressures up to 130psi.higher pressure though requires stronger structures, roarglex
inflation systems and a greater mass of gas. Inflgiressure can be reduced through the use of struts. HQwlereeto ALDS flying
wing glider’s relatively planar design, struts are nobpation.
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How accurate is ALDS?

Vertigo have demonstrated an ability to land their aipgrackages within 20m. It is expected in the next ten ®efiftyears
within 20m will be possible. Simple GPS combined withyably-wire system will allow ALDS to meet similar ag@cies.
Guided missiles are much more accurate. This may be duedtmiparops becoming less controllable near the ground.
However, ALDS is a fully controllable vehicle andhigh accuracy is believed to be feasible.

Why is high accuracy required?

High accuracy is required because ALDS may deployedztina with high foliage coverage. This means there maybe
be a very small clear area to land ALDS. There may b€ large deviations in the local terrain and ALDSJIaeerelatively
flat area to land.

How does ALDS land?

ALDS lands as a conventional aircraft does but instead wheeled-undercarriage, it skids on the base. The eeisicl
reinforced such that the cargo survives and remains inAadhe vehicle is expendable ALDS does not need to bgraabi
against permanent damage, as long the cargo and vehicle nant@ct. Compared to airdrop systems, it may be ssesn
disadvantage that ALDS requires a ‘runway’ to land inste#gdst floating down to earth. However, the advantagaldS
over parafoil delivery systems much out way the disadvantdgequiring a landing area. If a clear area is simply
possible (which is unlikely), there is no reason that AL&uld not contain a parachute that would simply depéar the
ground to the vehicle float to the ground.
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How reliable is the ALDS system?

The main sources of possible ALDS failure are:
1. Failed launch.

2. Failure to inflate wings.

3. Failure of avionics.

The linear induction motor is designed to offer high alaliky but not necessarily extremely high reliabilitf EMALS
fails it could result in a loss of an aircraft. if ALDS glider is lost in the ocean another body catabached, with little
impact to the overall mission. However, if the launatsslf fails and ALDS is unable to launch this is a probleinear
induction motors generally have a high availability and itosexpected that reliability problems will exist in thiga.

If the wings fail to inflate this will result in an ALDSoly falling (uncontrolled) into the sea. Again, with elative
inexpensive vehicle this can be tolerated say everyronee hundred launches. However, if one compares AuD§
inflation to that of a car air bag, very high relialyiltan be achieved.

A failure in the avionics in the climb phase will resmitan uncontrolled descent to earth. A failure in thdegbhase will
result in a stable descent in the direction of fligbihances of hitting the target would be very slim andvétecle will
probably be lost.

Reliability is a question of acceptable losses. A lineduction motor can be made very reliable but would oaste than
accepting say a 1% failure rate. A similar argument appbethe other failure modes. As ALDS is expendable and
relatively inexpensive, the cost of accepting highesdss(as compared to military aircraft) will be muchs lésan
creating a system with zero losses.
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How is ALDS affected by weather conditions?

The ALDS ship will have a sea state six survivabilityjtasill be deployed from the continental US and wilvearavel over
the open oceans. However, operationally, survivabilitguath a high sea state appears unrealistic. The assemlolspron
board involves moving cargo around this may suffer problerssastate six. An estimate has been made that the AhIpS
would be fully operational at sea state five.

The ALDS glider can be affected by all weather condgiguch as wind, rain and air sinks. Performance resilltbe very
similar to that of sailplanes. With regards to wind, éxreme performance degradation will be experienced avigtrong
headwind, resulting in reduced range. At the other end o$dhake, a strong tail wind will increase the range oDAL The
ALDS ship cruises up and down the coast and appropriatésphiould be chosen to launch, to take best advantdge wind.
Using weather-monitoring systems on board the ALDS shgglider can be programmed to avoid severe weatheliticms.
However, this means height is wasted, as the glidémwailfly directly to the target in line of sight. Heaxgin will still allow
ALDS operations but will increase the stall speed ofglider. This means cruise speed may have to be incredsed means
the glider will not fly at optimum L/D hence decreasiramge. Additionally, steep turns should be avoided as spakd
increases in the turn. Local sinks will cause ALDS tdivally descend at a higher rate. However, sinks avallysassociated
with thermals. This means over a fifty-mile glide #inks should be effectively cancelled out by the thexmal

Is the ALDS ship equipped with weapons for defense?

The ALDS ship contains no defensive weapons. It is envisageé@pipropriate vehicles would escort it. Cruising twentigsni
from the coast means the ship is outside of the standardagge. However, missiles will remain a problem and ithigne
purpose of the escort. Before operations commence itbmakat aircraft will have already destroyed major @apeint ashore
posing a threat.

How are the ALDS wings inflated?

The ALDS wings are inflated by using compressed gas. A clyramtilable solution is through the use of gas bottles.
However, gas bladders are more suited to the ship envirarasg¢hey occupy less volume when stowed uninflected. Méer
already exist that offer high strength that would béable for use as gas bladders. An inflation system caentinel inflation and
adds air when ALDS descends due to atmospheric pressureovaw#h altitude. The inflation system is a large cimition to

the overall weight. On ERADS it weighs as much asaimg itself. On ALDS it is estimated it will make up 78bthe overall
weight.
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Why does ALDS have a payload of 1,000Ibs?
It has been estimated (by the previous ALDS cell) th&naman team requires 1,000Ibs of dry cargo to supply time fiathree
days. This was how ALDS 1,000lbs payload was chosen. It seewever that this is not strictly true, for one reggbat no-one
really knows what the logistics requirements will Beirrent efforts have taken the 1,000lbs payload as e #esign figure — but
nothing concrete. For lack of better estimates, 1,008desns to offer a good balance between supply and airarage (as
increased payload results in decreased range).

Why does ALDS have a basic range of fifty miles?

The fifty-mile range is results from a set of badisign values that fit well together. It is envisaged &izDS can launch at
500kts. This velocity will allow ALDS to achieve maximum Haigvithout suffering supersonic effects. A glide angle ofuad
thirty was chosen as being on par with mid-range sailpldhesdfers high performance but not unrealistic. Highf@enance
gliders have the capability of a glide angle of forlysp These two things combined give a basic range of riftgs. With the
ALDS ship cruising twenty miles from the coast thiseadflogistic delivery thirty miles inshore, which isemsonable figure. Range
can easily be augmented through the addition of disposadkets. In the ALDS ship design it was estimated that ab%unches
will be rocket augmented.

Why a 30g acceleration?

Again, no one design figure is concrete. All the figuregetber make an acceptable ‘package’. Recent studies hawe shat in
the right conditions, the human body can survive 45gle@t@®ns. Therefore, 30g acceleration for cargo seeasonable. None
of the cargo is susceptible to high accelerations thex¢lfos is not a consideration. High acceleration re¢ha launch distance is
reduced. However, the ALDS vehicle must be stronger tbst@hd the resulting forces. The current figures giveiratriadeoff
between launch distance and ALDS structural requiresndifite important thing to remember about all the designefgyis that
none of them are set in stone. It is easy to kbeMmind that ALDS MUST achieve a fifty-mile range andivST launch with a
30g acceleration. At such an early conceptual design phasenot possible to say whether such figures atgexable. If, for
example, studies show ALDS can only launch at 450ktsavig acceleration, this is not a failure of the concept

Why 30ft2 of cargo space?
This is the result of a packing study that was perfortedee the most efficient way of packing cargo. Theiwal is also the
result of a 1,000lbs of mixed cargo. Additional cargo spaewailable towards the rear of the body for oddlypebdatems.
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Why inflatable wings as opposed to a fixed wing?

With an aspect ratio of twenty, the aerodynamic loadslaunch would be too great for a fixed wing aircraftstovive without
excessive structural design. This extra structure would =iold weight, which is undesirable in glider design. Acs&lary reason is
storage. With approximately 250 launches per day, on a foucyads, the storage space on board the ship for fixed wiogdd be
too large.

Why is ALDS a flying wing design?

Flying wings offer up to a 25% reduction in parasitic drag. elew, there is also a reduction in lift. A good desigwéwver will reduce
the drag by a greater amount than the lift, resulting mgher lift to drag ratio. In terms of ALDS this meaa greater glide ration
resulting in a larger range. As a rough approximation, aivagut fixed wing design would only achieve half the rangéhefflying
wing design. Flying wings are also simpler and cheaper tetrmant, which is advantageous for an expendable glidérhdmto be
assembled ready for launch every two minutes.

How is ALDS assembled on the ship?

Storing complete ALDS bodies on board ship is not anooptas they would occupy too much space. For a near t@utos,
manufacturing processes on board the ship need to be dwbigeto the complex integration and operational issudsoard a ship.
Therefore, ALDS will be a snap together design. This dgmiesa weakness to the design over say riveting, but AsB&pendable
therefore a loss in strength can be tolerated. Atsbenefits to be gained of ease of integration ovezdbn slight loss in strength of
an equivalent riveted structure. A future design would feaum@nufacturing process on board. Plastic injectiordimglis an ideal
solution to minimize on board space and create a stemogyate ALDS shape. The operation of a plastic imjeanolding machine on
board a ship is a capability gap which funding could bridge.

What level of automation is expected with ALDS?

With a system that launches every two minutes, a highedegfrautomation is desirable. The ALDS glider is fine #orget, i.e. once
launched, it will fly to it's target unaided. On board #HeDS ship, a high level of automation is designed fore Thrgo loading and
assembly phases will be fully automated using a combmatficCOTS. The main human effort is required in thadlog of the cargo
on-board the ALDS ship and the placement into the appte@aces.
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How is the cargo unloaded from ALDS?

ALDS is a snap together design. The body would inclugeick release mechanism which would release the cargduiure option of a
plastic injected molding design would include a flap to ssHeahe cargo. The main point here is that the cargo ssrand remains in tact
for the landing.

How is ALDS controlled?

Controls are located on the rear of the ALDS centerbdtlg flaps occupy ~20% of the chord. They act as theagoyi controls in the
climb, but secondary in the cruise due to efficiencygoea. The main method for control in the glide phastrough the use of wing
warping or morphing.

The centerbody is launched at 500kts, at an angle of around 30 gtees. How confident is the team that the body will launch
correctly and not become unstable?

There are two ways to look at this question. Firstly gan consider the centerbody as a projectile, whighmapelled off the deck of a
ship and climbs to attitude through the expenditure of lkanetiergy. However, the centerbody is an aerodynamipeshapable of
generating lift (and drag). The body is controllable tigio the use of the flaps, and at high speeds only small fiigcuens would be
required. Aerodynamically the body is unstable. A fly-byengystem with a feedback control system (autopilot) eohtrol the
centerbody. Military aircraft, such as the F-15 areuradly unstable yet are fully controllable through avasniThe unstable nature of
ALDS in the climb is even desirable as it resultsapid maneuvers, i.e. the controls are extremely respe.

ALDS needs a specialized ship design.

YES -you do, but currently there is no way of providing taipability from Sea based supplies. This is not somethitgolawould
backfit onto a aircraft carrier as you are never goingetal a high value asset into the littorals. Backfittntp other ships is likely to
lead to signigicant inefficiencies & impact in their primm@nd secondary roles given the space requirementsedgry ALDS logistics.

other supporting justification might include;

1. the ALDS ship has lots on unused upper deck space whesehtlogpads could be placed enabling a leapfrog refuelingfyeoit
helos going ashore extending their range

2. the ALDS ship could act as a support vessel for splec@ds (launch and recovery)

3. the ALDS ship frees up air assets for other more irapovtarfighting duties rather than logistics delivery
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What does the team see as the next steps in the ALDS praq?

The Advanced Logistics Delivery System (ALDS) is @wanced sea-based concept capable of providing rapid susthiohg®ods and
supply to dispersed military forces maneuvering ashoree syetem consists of a shipboard mechanical launcherraadt@anomous,
unmanned glider designed to transport cargo such as food, aoehoand water. The glider has inflatable wings, whicplale at
apogee. An initial conceptual design has been performed sedhbk®llow-on projects have been identified.

The centerbody was designed using basic conceptual methdgsediminary studies are now required. Computational Fluidayics
(CFD) would allow the centerbody to be aerodynamicallynoiged to reduce the size and drag, while maintaining theresglift. A
detailed structural design also needs to be performed batlthe body can withstand all associate loads expedeatclkunch, cruise
and landing. Finite Element Analysis (FEA) would allod i the optimization to reduce structural weight whilentaning integrity.

The ALDS glider is naturally stable, and basic stabdiyalysis has been performed. However, flying wings temdve greater stability
issues than tailed aircraft and a detailed analysis nedssperformed.

Flying wings, unlike tailed aircraft, do not have a wealtlil@dign tools and experimental data available, due tentiadl number built.
This means the design of a successful flying wing is gtyoexperimental. There is therefore a desire to buld3 glider models.
Wind tunnel tests would provide basic aerodynamic charactsridti is also desired to test the launch by catapultivgogking
centerbody model. A model of the glide body with movirap§l is also desired to prove the concept and aid in ghlenprary design.
An investigation into inflatable wing deployment, and tHe&fupon the glider is also of interest.

Flying wings, unlike tailed aircraft, do not have a wealtlil@dign tools and experimental data available, due tentiadl number built.
This means the design of a successful flying wing is styamgerimental. It would be a good idea to build a woadieh of ALDS and
fly. Following on from this, wind tunnel test would be dabie to fully analyze the glider concept.

Technology roadmaps need to be ascertained with regardtatabié wings and the other S&T issues.

The ship design needs to undergo a similar preliminary study



