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1.0 INTRODUCTION

The increased interest in recent years in the application of unmanned
aircraft to perform a wide variety of tactical missions has stimulated
interest in the shipboard use of RPVs by the Navy. It is recognized that

a critical aspect of successful integration of the RPV into the fleet
inventory is achieving a practical and economical solution to the problem
of launching and recovering the RPV in a reliable manner from the decks
of ships of various classes. This study addresses this problem by con-
sidering a variety of launch and recovery techniques for three classes of
ships. In order to cover a wide spectrum of ship sizes, the three

classes examined in this study are the aircraft carrier (CVA-63), the sea
control ship (SCS) and the ocean escort (DE-1052). To evaluate the impact
of the RPV mission on the launch and recovery techniques selected and
the classes of ships which would be compatible, two diverse missions were
selected as design missions for this study. The first mission is a low
altitude, high subsonic penetration mission which could perform such
tasks as photo-reconnaissance and weapon delivery. The second mission is
a high altitude, long endurance mission to perform such tasks as ocean
surveillance and high altitude relay platform. A total of eight RPV con-
figurations were designed during the study to evaluate the various launch
and recovery concepts. A fundamental constraint on this study was to
evaluate recovery methods for direct landing aboard each of the three
classes of ships, and while other non-direct methods of recovery such

as landing in the sea, or helicopter mid-air retrieval (MARS), may be
practical concepts, they were excluded from the scope of this study at

the direction of the Navy.

The basic study objecti ves were to:

a. Investigate concepts for direct launch and recovery of RPVs
from Navy surface ships.

b. Identify technical problem areas and propose solutions.
c. Evaluate candidate concepts and identify preferred concepts

for launch and recovery for cach of the three classes of
ships.

d. Identify critical technical areas requiring additional research
and development.




The study considered the following launch and recovery concepts:

Launch Concepts

a. Catapult
b. RATO Assisted Deck Run
c. Zero-Length of Short Rail RATO
d. Vertical Take-Off Concepts
(1) Stopped Rotor
(2) Vectored Thrust
(3) Tail-Sitter

Recovery Concepts

a. Conventional Carrier Landing
b. Aerial Track
c. Slow-Rate-of-Closure into Net
d. Vertical Landing Concepts

(1) Stopped Rotor

(2) Vectored Thrust

(3) Tail-Sitter

The results of the study show that for the high-altitude, long-endurance
mission the RPV has a gross weight of nearly 8, 000 pounds and a wing
span of 44. 50 feet. Due to its large size this configuration (SLR02) is
not considered compatible with the Sea Control Ship (SCS) or the ocean
escort class ships. For aircraft carrier operations with this RPV it

is suggested that launch be accomplished utilizing existing steam cata-
pults set at lower stream pressures than for the heavier manned aircraft.
The preferred recovery technique for the high altitude, long-endurance
vehicle is a conventional carrier landing with engagement of the carrier's
existing deck pendants, but utilizing a RPV mounted brake assembly to
dissipate the landing energy.

For the low-altitude, high~subsonic penetration mission a series of con-
figurations, all sized to perform exactly the same mission, were de-
signed and evaluated. The configurations for this mission result in air
vehicles with gross weights in the 3, 000-pound weight class. The study
indicates that this size RPV would be compatible with the carrier and the
Sea Control Ship. This size RPV appears to be feasible on ocean escort
class vessels, but the high cost associated with a VTOL air vehicle and
the higher operational risks inherent in the ocean escort's higher ship
motion and small recovery area, would only be justified in order to
satisfy unique, high-priority mission requirements.




Table 1-1 is an abbreviated summary of the Low Altitude Penetrator
configurations and summarizes their suitability to the three classes of
ships considered in this study. A more detailed summary is provided in
the technical summary, Section 2.

1-3
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AIRCRAFT

CARRIER
TAKE-OFF MINIMUM OPERATIONS RANKING
RPV GROSS APPROACH FOR
C ONFIGURATION WEIGHT, SPEED LAUNCH RECOVERY CARRIER
(ALL SHOWN TO SAME SCALE) | POUNDS |KNOTS, T,A.,S. METHOD METHOD OPERATIONS
1. Conventional
2,252 97 Existing Steam |RPV Mounted 1st
ﬁ @ Catapult Arresting System
and Existing
SLRO1 Deck Pendants
2, Stopped Rotor VTOL
3,088 Near Zero Vertical Vertical Landing 5th
=== Take-off Using |} Using Rotary
@ Rotary Wing Wing
SLRO03
3. Vectored Tarust VTOL
2,992 Near Zero Vertical Vertical Landing 4th
ﬁ ‘! Take-off Using { Using Vectored
5 e Vectored Jet Jet Thrust
SLR04 Thrust
4, Tail=Sitter VTOL
2,881 Near Zero Vertical Vertical Landing 3rd
. Take-off Using |{ Using Direct
Direct Jet Jet Thrust
ﬁ Thrust
SLRO5
5. Slow-Rate-of-Closure ]
2,729 60 Existing Steam | RPV Mounted 2nd hort B
Catapult Arresting System RATO
and Existing Launciy
SLR0G-1 Deck Pendants
G, Slow=Rate-of-Closure
2, 627 60 Not Not Not
‘} Applicable Applicable Applicable
=
SLR0G-2
7. “low-Rate-of-Closure
2,649 GO Not Not Not
Applicable Applicable Applicable

SLROG-3
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SEA CONTROL
SHIP RANKING DESTROVYER
RANKING OPERATIONS FOR OPERATIONS RANKING
FOR SEA CONTROL FOR
CARRIER LAUNCH REC OVERY SHIP LAUNCH RECOVERY DESTROYFER
OPERATIONS METHOD METHOD OPERATIONS METHOD METHOD OPERATIONS
1st Short Rail RPV Mounted 2nd Not Not Not
RATO Arresting System Applicable Applicable Applicable
Launcher and Fixed
Deck Pendants
5th Vertical Vertical 5ta Vertical Vertical 3rd
Take-Off Using | Landing Using Take—~Off Using | Landing Using
Rotary Wing Rotary Wing Rotary Wing Rotary Wing
4th Vertical Vertical 4th Vertical Vertical 2nd
Take-Off Using Landing Using Take-Off Using Landing Using
Vectored Vectored Jet Vectored Jet Vectored Jet
Jet Thrust Thrust hrust Thrust
3rd Vertical Vertical 3rd Vertical Vertical 1st*
Take-Off Using Landing Using Take-Off Using Landing Using
Direct Jet Direct Jet Direct Jet Direct Jet
Thrust Thrust Thrust Thrust
2nd Short Rail RPV Mounted Ist Not Not Not
RATO Arresting System Applicable Applicable Applicable I
Launcher and Fixed
Deck Pendants
Not Not Not Not Short Rail Net 5th
Applicable Applicable Applicable Applicable RATO Recovery
Launcher
Not Not Not \ot Short Rail Aerial 4th
Applicable Applicable Applicable Applicable RATO Track
Launcher
" -

/1
”

e e e

it il




TROYER
ATIONS RANKING
- FOR
| RECOVERY DESTROYFR
METHOD OPERATIONS
_ Not Not
3 Applicable Applicable
-
L | Vertical 3rd
Landing Using
Rotary Wing
- | Vertical 2nd
¢ | Landing Using
. | Vectored Jet
Thrust
Vertical 1st*
Landing Using
Direct Jet
Thrust
Not Not
Applicable Applicable
Net 5th
Recovery
Aerial 4th
Track

TABLE 1-1
LOW-ALTITUDE PENETRATOR STUDY SUMMARY

LOW-ALTITUDE PENETRATOR DESIGN MISSION PROFILE

40, 000 Ft,
M = 0,75

40, 000 Ft.
M = 0,75

/ \
/ \
/ \
500 Ft, / \

M=0,85 // \

-— \

F 200 N, M, —+ 100 N.M.»’o—zoo N.M,—=

Payload = 150 Pounds, 4 Cu, Ft.

S. L.

NOTE:
* Unless there is a unique and critical mission requirement for
this weight class of RPV, it appears that the high cost and
operational risks for this system outweirsh other considerations for
its employment in destroyer operations

Preceding page blank
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2.0 TECHNICAL SUMMARY P2

/

4

2.1 INTRODUCTION /

The purpose of this section is to present a concise summary of the
results and conclusions of the Shipboard Launch and Recovery Operations
Study. The study is an investigation of concepts for the direct launch
and recovery of Remotely Piloted Vehicles (RPVs) from Navy surface
ships, The three classes of ships considered in the study are the air-
craft carrier, the sea control ship and the destroyer. Two basic mis-
sions were used to size eight RPV configurations incorporating several
launch and recovery concepts. The two missions are:

a. A 500-nautical-mile, high-low-high altitude, high-subsonic
penetration mission,

b. A medium-high altitude 14-hour endurance surveillance
mission,

2,2 RPV CONFIGURATION SUMMARY

The eight RPV configurations considered in the study are summarized in
chart form in Table 2-1, Take-off and landing techniques, RPV weights.
dimensions, propulsion system identification, relative costs, and the
ranking of each RPV for each class of ship are included.

2.3 SUMMARY OF AIRCRAFT CARRIER LAUNCH AND RECOVERY
OPERATIONS STUDY

The evaluation of the six RPV configurations considered for the aircraft
carrier is summarized in Table 2-2. The Conventional Low-Altitude
Penetrator (SLRO1) was selected as the logical configuration for opera-
tions from the aircraft carrier for the low-altitude penetration mission,
This RPV is catapult launched from existing steam catapults and
recovered by landing in the same manner as the Navy's manned aircraft,
engaging the existing deck pendants. The inertia of the carrier's arrest-
ing engines is too high to allow the lightweight RPVs landing energy to be
absorbed by these deceleration devices without damage to the RPV,
Therefore, the RPV is equipped with an airborne arresting device which
allows the RPV to decelerate safely by paying out an arresting cable

2-1
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[]
TAKE-OFF | 7ERO | MIssIOf
RPV TAKE-OFF LANDING GROSS FUEL FUEL}
CONFIGURATION TECHNIQUES TECHNIQUES WEIGHT, WEIGHT, | WEIGHE
(ALL SHOWN TO SAME SCALE) . MISSION APPLICABLE APPLICABLE LBS. LBS. LBS. |
1 Conventional Long Endurance | High Altitude, 1. Catapult Cable Arrest- 7,890 4,020 3,87
3 £ ‘ Long Endurance | 2. RATO-Assisted | ment
4 % R e ey Deck Run 1
o i S B o
SLRO2
2 Conventional Low Alt. Pene. Low Altitude 1. Catapult Cable Arrest- 2,252 1,562
(I T Penctrator 2. RATO-Assisted | ment
3 L ST § ' Deck Run :
] SLRO1 3. RATO
1 3 Stopped Rotor TOT. Iow Altitude Vertical Take-Off Vertical Landing 3,088 2,015
(r‘ﬁ‘ Penetrator Using Rotary Using Rotary
%j \53‘ Wing Wing
SLROS
1 4 Vectored Thrust VTOL Low Altitude Vertical Take~Off Vertical Landing 2,992 2,100
e 4 Penetrator Using Vectored Using Vectored
] <f:‘.‘ Jet Thrust Jet Thrust
# SI,R04
( 5 Tail-Sitter VTOI, Low Altitude Vertical Take-Off Vertical Landing 2,881 1,991
ﬂ'f'l.l Penetrator Using Direct Jet Using Direct Jet
1 | Thrust Thrust
[ i
S
A
ﬁ Tl SLRO5
¥ 6 Slow-Rate-of Closure Low Altitude e Catapult Cable Arrest- 2,729 1,739
(ﬁ Penetrator e RATO Assisted | ment
! - ':ri-x-f- . Deck Run
SLROG e RATO
, 7 Slow-Rate-of-Closure Low Altitude RATO Net 2,627 1,637
—— Penetrator
| = PR
SLRO6G-2
8 Slow-Rate-of-Closure Low Altitude RATO Aerial Track 2,649 1,659
% Penetrator
i T
SLROG=-3




LAUNCH/
MISSION RECOVERY NUMBER
FUEL PAYLOAD SYSTEM WING MAX, WIDTH OVERALL HEIGHT ACCOMMODATED
WEIGHT, | WEIGHT, WEIGHT, SPAN, WINGS FOLDED, | LENGTH, | ON DECK, IN HANGAR
LBS. LBS. LBS. FT, FT. FT. FT. OF DE-1065
3,870 750 397 44,50 27.60 31,70 7.6 Not
Applicable
1,562 690 150 135 10.95 10,95 19,83 5.75 Not
3 (No Fold) Applicable
L'q"3.‘v2,015 1,073 150 100 13.50 13.50 25.00 5.33 2
9 (15.0 Dia, (Nn Fold)
b as Rotor)
892 150 150 12.25 12.25 22,46 6. 67 2
(No Fnld)
1,991 890 150 80 10,67 10, 67 18.50. 18.00 6
"‘ (No Fold) (Shock
3 Struts in
4 Static
Position) ¥
12,33 (Nose
Folded)
= 1,739 990 150 165 12.50 8.00 21,17 6.29 3
4§ 1,637 990 150 35 12,50 8.00 21,17 6.29 3
| &
1,659 990 150 50 12.50 8.00 21.1% 6.29 3
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RPV CO
MINIMUM SEA LEVEL RELATIVE 3
APPROACH STATIC RPV UNIT RPV DESIGNED
_ SPEED ENGINE THRUST, PROPULSION SYSTEM PRODUCTION | FOR OPERATIONS
KNOTS, T.A.S. | DESIGNATION LBS. DEVELOPMENT STATUS COST FROM
62 JT15D-4 2,575 In Production 1.94 Carrier
. 97 J69-T-25 1,025 In Production 1.00 Carrier 4 4
éable Sea Control Ship | ¢
] {
Near J69-T-41A 1,920 Extensive Development Re- 1.85 Carrier
Zero quired for Diverter Valve, and Sea Control Ship
Power Conversion. Basic En- Destroyer
gine in Production
Near TCAE 3,400 Development Required for 1.48 Carrier
Zero Model 490 Take-Off Tailpipe Nozzle Control and Sea Control Ship
Modified Rating Reaction Jet Controls, Destroyer
g 2 Min, Limit
Near TCAE 3,400 Development Required for 1.46 Carrier
Zero Model 490 Take-~-Off Madifying Engine for Vector- Sea Control Ship
Modified Rating able Nozzles and Engine Bleed Destroyer
2 Min. Limit | for Reaction Controls |
b
F 60 J69-T-29 1,700 Minor Development Required 1.26 Carrier
for Diverter Valve. Engine in Sea Control Ship
Production
3 60 J69-T-29 1,700 Minor Development Required 1.26 Destroyer
for Diverter Valve. Engine in
Production.
60 J69-T-29 1,700 Moderate Development Re- 1,26 Destroyer

quired for Diverter Valve,
Engine in Production




TABLE 2-1

RPV CONYIGURATION SUMMARY

S e e

R i -

RELATIVE

RPV UNIT RPV DESIGNED RANKING FOR RANKING FOR RANKING FOR
'_ ISION SYSTEM PRODUCTION | FOR OPERATIONS CARRIER SEA CONTROL DESTROYER
,l PMENT STATUS COSsT FROM OPERATIONS SHIP OPERATIONS | OPERATIONS
; ion 1.94 e Carrier 1st Not Not

1 Applicable Applicable
ftion 1.00 e Carrier 4 st 2nd Not

o Sea Control Ship Applicable
:Development Re- 1.85 Carrier 5th 5th 3rd

' Diverter Valve, and Sea Control Ship

nversion. Basic En- o Destroyer
Foduction
fent Required for 1.48 Carrier 4th 4th 2nd

Jozzle Control and ¢ Sea Control Ship

et Controls. Destroyer

:nt Required for 1.46 Carrier 3rd 3rd 1st

t Engine for Vector- Sea Control Ship

ies and Engine Bleed e Destroyer

fon Controls

Télopment Required 1.26 e Carrier 2nd 1st Not

er Valve. Engine in e Sea Control Ship Applicable
Lelopment Required 1.26 e Destroyer Not Not 5th

er Valve, Engine in Applicable Applicable

Development Re- 1.26 o Destroyer Not Not 4th

f Diverter Valve. Applicable Applicable

{Production

Preceding page blank Q




RPV APPROACH SHIP SHIP :
CONFIGURATION LAUNCH RECOVERY SPEED, LOCATION, | LOCATION,
(ALL SHOWN TO SAME SCALE) | METHOD METHOD KNOTS, T.A.S, LAUNCH RECOVERY |
1 Conventional Long Endurance | Existing | RPV Mounted 62 All Canted
{:_“_jf Steam Arresting System Catapults Deck
P F+ z = Catapult | and Existing
Vi . o Deck Pendants
SLRO02
2 Conventional Low Alt. Pene, | Existing | RPV Mounted 97 All Canted
Steam Arresting System Catapults Deck
P L
e Catapult | and Existing
i - __,___‘..1_‘.4
i S sy T U S Deck Pendants
SLRO1
3 Stopped Rotor VTOL Vertical | Vertical Landing Near Zero Rear Rear
=3l Take-Off | Using Rotary Flight Flight
RS Using | Wing Deck - Deck -
B e e Ups, T F e NGOy Port Side Port Side
SLR03 Wing
4 Vectored Thrust VIOL Vertical | Vertical Landing Near Zero Rear Rear
Take-Off | Using Vectored Flight Flight
:—-\._x = Using Jet Thrust Deck - Deck -
- -%_E‘D.:)_ = o5 H o]
! D= e Vectored Port Side Port Side
Jet
SLR04 Thrust
5 Tail-Sitter VITOL Vertical | Vertical Landing Near Zero Rear Rear
Take-Off | Using Direct Flight Flight
Using Jet Thrust Deck - Deck -
Direct Port Side Port Side
Jet
: Thrust
- SLRO5
6 Slow-Pate-of-Closure Existing | RPV Mounted 60 All Canted
Steam Arresting System Catapults Deck
<é:‘__| s g and Existing

SLR06-1

Catapult

Deck Pendants




3

SPECIAL SPECIAL
SHIP RPV DECK SHIPBOARD SHIPBOARD ;
LOCATION, | TRANSPORT EQUIPMENT, EQUIPMENT, ADVANTAGES OF RPV/LAUNCH/R{
RECOVERY | PROVIDED BY LAUNCH RECOVERY SYSTEM COMBINATION |
Canted RPV Holdback None e Low approach speed due to low wing loadin
Deck Landing Direct Control weight.
Gear Umbilical Low technical risk. 3
e Launch and recovery very similar to mann
tions, Maximum utilization of existing shi
Canted RPV Holdback None Smallest and lowest cost RPV considered whie
Deck Landing Direct Control Altitude Penetrator mission.
Gear Umbilical Minimal ship modifications.
Low technical risk. :
Launch and recovery very similar to manned
Maximum utilization of existing shipboard eq
Rear RPV Holdback Docking e Near zero landing speed increases ship saff
Flight Landing Direct Control | Mechanism Good hover efficiency.
Deck - Gear Umbilical e Low downwash velocity and temperatures ,
Port Side |
b
Rear RPV Holdback Docking Near zero landing speed increases ship sai
Flight Landing Direct Control | Mechanism e Moderate technical risk. '
Deck - Gear Umbilical Horizontal fuselage attitude simplifies tram
Port Side ;
Rear RPV Holdback Perforated e Near zero landing speed increases ship saﬁ
Flight Landing Direct Control {Raised Landing | @ Moderate technical risk.
Deck - Gear Umbilical Platform o Vertical fuselage attitude permits high de1
Port Side ‘
Canted RPV Holdback None Lower approach speed than SLRO1, §
Deck Landing Direct Control Lower cost than VTOL configurations, &
Gear Umbilical e Low technical risk.
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SUMMARY OF Al
AND RECOVE

PV/LAUNCH/RECOVERY
ICOMBINATION

DISADVANTAGES OF RPV/LAUNCH/RECOVERY
SYSTEM COMBINA TION

MAJOR REASO]
OR N

How wing loading at recovery

;imilar to manned aircraft opera-
b of existing shipboard equipment,

Requires oversize landing gear to accommodate di-
mensions of launch/recovery equipment designed for
manned aircraft.

Weight penalty for RPV

SELECTED FOR LON|
Simples§

.‘ onsidered which performs Low

tlar to manned aircraft operations.

kg shipboard equipment.

Requires oversize landing gear to accommodate di-
mensions of launch/recovery equipment designed for
manned aircraft,

Weight penalty for RPV mounted arresting system,

SELECTED FOR LOW
MISSION

ﬁjreases ship safety. Extensive development required for rotor wing and NOT ° High'}€
propulsion system. High technical risk. SELECTED e Concg
temperatures High degree of mechanical complexity implies high Addit§
maintenance costs. neces
High velocity and high temperature jet exhaust. NOT ) Addi

eases ship safety.

i
4

 simplifies transition.

High thrust engine required teo provide vertical
take-off and landing.

SELECTED  unned

breases ship safety.

rmits high density storage.

High velocity and high temperature jet exhaust.
Vertical fuselage makes maintenance less
convenient,

High thrust engine required to provide vertical
take-off and landing.

NOT o Addif
SELECTED unneg

ISLRO1.
igurations.

26% higher production unit cost than SLRO1.
Larger and heavier than SLRO1.

NOT °
SELECTED




TABLE 2-2

SUMMARY OF AIRCRAFT CARRIER LAUNCH
AND RECOVERY OPERATIONS STUDY

%.
| 48
i
k
g

}
DOF RPV/LAUNCH/RECOVERY

MAJOR REASONS FOR BEING SELECTED

!M COMBINATION OR NOT SELECTED RANKING

ianding gear to accommodate di- SELECTED FOR LONG ENDURANCE MISSION 1st

.Zrecovery equipment designed for Simplest, lowest cost system,

RPV

Ianding gear to accommodate di- SELECTED FOR LOW ALTITUDE PENETRATOR 1st

(recovery equipment designed for MISSION

4 Simplest, lowest cost system.

E(PV mounted arresting system.

fent required for rotor wing and NOT High system development cost 5th

. High technical risk. SELECTED Concept in early stage of development

hanical complexity implies high Additional cost required for VTOL un-

: necessary for carrier operations.

gh temperature jet exhaust, NOT Additional cost required for VTOL 4th
equired to provide vertical SELECTED unnecessary for carrier operations.

1

jgh temperature jet exhaust. NOT Additional cost required for VTOL 3rd
~akes maintenance less SELECTED unnecessary for carrier operations,

E’equired to provide vertical

i_on unit cost than SLRO1. NOT Additional cost required to reduce 2nd

SELECTED approach speed unnecessary for

 than SLRO1.

carrier operations,

Preceding page hlank
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wrs

against a friction force following engagement of the existing deck pendants.
The additional development cost and unit production cost associated with
VTOL and slow-rate-of-closure vehicles is not appropriate for carrier
operations., The Long Endurance Configuration (SLR02) satisfies the mis-
sion requirements and is launched and recovered in the same manner as
the Low-Altitude Configuration. Due to its large size and inherently low
approach speed, VTOL and slow-rate-of-closure versions of the Long
Endurance Configuration are not practical and were not considered. The
SLRO02 vehicle is very adaptable to carrier operations and would make
maximum utiliza'ion of existing shipboard equipment.

2.4 SUMMARY OF SEA CONTROL SHIP LAUNCH AND RECOVERY
OPERATIONS STUDY

The evaluation of the five RPV configurations considered for the sea con-
trol ship is summarized in Table 2-3. The slow-rate-of-closure (SLOROC)
configuration (SLR06-1) was selected as the most suitable configuration
for operations from the sea control ship to perform the low-altitude pene-
tration mission. The SLR06-1 vehicle is RATO launched from a special
short rail launcher, which permits loading the RPV without the require-
ments to hoist the RPV onto the launcher. The RPV is recovered by a
conventional carrier type landing and engaging new, fixed deck pend‘ants
added to the aft flight deck of the sea control ship. An airborne energy
absorbing device, identical in concept to the device used on SLR0O1 and
SLRO2 for recovery aboard the aircraft carrier, is incorporated in the
SLR06-1 configuration. The additional cost of the SLOROC concept is
required to permit safe recoveries in the limited deck space available on
the sea control ship.

2.5 SUMMARY OF DESTROYER LAUNCH AND RECOVERY
OPERATIONS STUDY

The evaluation of the five RPV configurations considered for the destrover
is summarized in Table 2-4, The Tail-Sitter VTOL Configuration (SLR05)
was selected as the hest candidate for operations from the destroyer class
ship. One of the major reasons for selecting the tail-sitter configuration
is the fact that the vertical fuselage attitude on deck permits high density
storage of the SLLR05 vehicle in the very limited hangar space. Vertical
take-off and landing is considered to he essential, as it is much safer

than the aerial track recoverv system or the net recovery system evalu-
ated in this study.

Preceding page blank




APPROACH SHIP :
RPV CONTIGURATION LAUNCH RECOVERY SPEED LOCATION, LOA?
(ALL SHHOWN TO SAME SCALE) METHOD METHOD KNOTS, T.A.S, LAUNCH RE_

1 Conventional Low Alt, Pene. Short Rail R PV Mounted 97 Aft Star- Aft F

= RATO Arresting System hoard Deck Dec
CI\::.;:‘;“;TF Launcher | and Fixed

Deck Pendants

SLRO1 .
2 Stopped Rotor VIOL Vertical Vertical Near Zero Aft Star- Aft S§
e Pl e Take-Off Landing Using hoard Deck | boa
% </‘T 1',_'.___ ;{3 Using Using Rotary q
-t e oo = & Rotary Wing
SLROJ Wing
3 Vectored Thrust V1OT, Vertical Vertical Near Zero Aft Star- Aft
ﬁ o _/r;/ Tuke-Off 1 Landing Using ' hoard Deck | boa ,
LT wass b Using Vectored Jet E
] T Vectored Thrust
1 STRO4 Jet Thrust
4 Tail-Sitter VTOL, Vertieal Vertical Near Zero Aft Star- Aft 8
A ‘ Take-Off Landing Using board Deck | boa
.| Using Direct Jet '
il

‘l Dircct Jet Thrust

): ‘r\ Thrust

i &9

SLR0OS
5 Slow=Rate-of-Closure | Short Rail | RPV Mounted 60 Aft Star- Aft
—— RATO Arresting System board Deck | Decl
I /\";L;::—s,{,zfj‘/ Launcher and Fixed 4

Deck Pendants
SLLROG-1
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SPECIAL SPECIAL

- SHIP SHIP RPV DECK SHIPBOARD SHIPBOARD 3
JCATION, LOCATION, | TRANSPORT EQUIPMENT, EQUIPMENT, ADVANTAGES OF RPV/L
AUNCH RECOVERY | PROVIDED BY LAUNCH RECOVERY SYSTEM COMB
| Star- Aft Flight Landing Retractable Fixed Deck e Smallest and lowest cost RPV co
1rd Deck Deck Gear Launcher and Pendants Low Altitude Penetrator missio
Umbilical e Low technical risk.
| Star- Aft Star- Landing Prelaunch Docking e Near zero landing speed increas
pard Deck | board Deck Gear Holdback and Mechanism e Good hover efficiency.
3 Umbilical e Low downwash velocity and tempd
.

I Star- Aft Star- Landing Prelaunch Docking Near zero landing speed increas'_'
jard Deck | board Deck Gear Holdback and Mechanism e Moderate technical risk. :
Umbilical ¢ Horizontal fuselage attitude sim
it Star- Aft Star- Landing Prelaunch Perforated e Near zero landing speed increas;
: rd Deck | board Deck Gear Holdback and Raised Land- e Moderate technical risk. :_
3 Umbilical ing Platform e Vertical fuselage attitude permif
it Star- Aft Flight Landing Retractable Tixed Deck e Lower approach speed than SLR@
Pard Deck | Deck Gear Launcher and Pendants e Tolding wings reduces storage s§
1 Umbilical e Lower cost than VTOL configuraj
| e TLow technical risk. 1

Linde




[ES OF RPV/LAUNCH/RECOVERY
¥STEM COMBINATION

DISADVANTAGES OF RPV/LAUNCH/RECOVERY
SYSTEM COMBINATION

b cost RPV considered which performs

PFator mission.

-

Relatively high speed approach

e Weight penalty for RPV mounted arresting system,

NOT ]
SELECTED

itude permits high density storage.

: peed increases ship safety. Extensive development required for rotor wing and NOT :
gcy . propulsion system. High technical risk. SEI.ECTED{
Peity and temperature. High degree of mechanical complexity implies high ¥
‘ maintenance costs,

eed increases ship safety. High velocity and high temperature jet exhaust, NOT 4
'3 isk. High thrust engine required to provide vertical SELECTED
B attitude simplifies transition. take-off and landing.

bpeed increases ship safety. High velocity and high temperature jet exhaust, NOT 4
'7risk. Vertical fuselage makes maintenance less SELECTED

convenient,
High thrust engine required to provide vertical
take-off and landing.

eed than SLRO1.
pes storage size,
L configuration.

26% higher production unit cost than SLRO1,
Larger and heavier than SLR01
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, TABLE 2-3
" SUMMARY OF SEA CONTROL SHIP LAUNCH
AND RECOVERY OPERATIONS STUDY

pF RPV/LAUNCH/RECOVERY MAJOR REASONS FOR BEING SELECTED

EM COMBINATION OR NOT SELECTED RANKING

,ed approach NOT e Higher approach speed than ST.ROG-1, 2nd

P RPV mounted arresting system. SELECTED

ent required for rotor wing and NOT e High system development cost 5th

High technical risk. SEL.ECTED Concept in carly stage of development.

pchanical complexity implies high Higher RPV unit cost than ST.R0G-1,

f igh temperature jet exhaust. NOT e Higher RPV unit cost than SLROG-1, 4th

f required to provide vertical SELECTED |
3 ' 4
Fhigh temperature jet exhaust, NOT e Higher unit cost than STROG-1. 3rd {
makes maintenance less SELECTED i
?
required to provide vertical 3
,J g'

i
etion unit cost than ST.RO1L, SELECTED e Slow approach speed safer for 1st {
jer than STRO1 limited deck space of SCS.

L 1

:,
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Using Di-
rect Jet

Using Di-
rect Jet

APPROACH SHIP SHIP
RPV CONTIGURATION LAUNCH RECOVERY SPEED, LOCATION, | LOCATION, ’
(ALL SHOWN TO SAME SCALE) METHOD METHOD KNOTS, T.A.S. LAUNCH RECOVERY | P
1 Slow-Rate-of-Closure Short Rail Net th] Aft of Above :
RATO Recovery Flight Aft
Launcher Deck Deck
SLROG-2 j
2 Slow-Rate-of-Closure Short Rail Aerial 60 Aft of Off
N, RATO T'rack Flight Port g
ﬁ = ;-_;__'_J'.:::_;_'ézj_ Launcher Deck Side :
SLRO6-3
3 Stopped Rotor VIOL Vertical Vertical ‘Near Flight Tlight
% . kg Take-Off Landing Zeron Deck Deck
. w”" ';_____ _ ".‘;j Using Using
__'!L = & & - Rotary Wing | Rotary Wing 1
SLR0OG :
4 Vectored Thrust VTOL Vertical Vertical Near Flight TFlight
_///7 Take-Off Landing Zcro Deck Deck
— :;::;3:/‘/‘ Using Vec- | Using Vec- g
- 4 - | tored Jet tored Jet ?
SLR04 Thrust Thrust .
5 Tail-Sitter VIOL Vertical Vertical Near Flight Flight
Take-Off Landing Zern Deck Deck

J‘_’;'. ' Thrust Thrust
| S il i
SLRO5 ,
1
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SPECIAL SPECIAL
. SHIP RPV DECK SHIPBOARD SHIPBOARD NUMBER RPVS |
i LOCATION, | TRANSPORT EQUIPMENT, EQUIPMENT, ACCOMMODAT- ADVANTAGES
}RECOVERY PROVIDED BY IAUNCH RECOVERY ED IN HANGAR
Above Special e Retractable |e Large net with energy 3 Permits low weight”“
Aft Handling Launcher absorbing system RPV is simpler and}
Deck Dolly & Umbilical | @ Recovery crane
Off Special e Retractable |e Support Masts 3 Permits low weight;
Port Handling Launcher & | e Aerial Track System Deployment of reco’}
Side Dolly Umbilical other ship systemsg
RPV is simpler and}
~ Flight RPV e Prelaunch e Docking Mechanism 2 Low downwash vele
. Deck Landing Holdback & Good hover efficieng
'fvi‘ Gear Umbilical Near zero landing 8§
Flight RPV e Prelaunch e Docking Mechanism 2 Horizontal fuselage
= Deck Landing Holdback & e Protective Decking ' Moderate technical-;
: Gear Umbilical Near zero landing sj
e Protective
: Decking
TFlight RPV e Prelaunch e Perforated Raised 6 Vertical fuselage
| Deck Landing Holdback & Landing Platform storage. “‘
Gear Umbilical Moderate technical
] Near zero landing
.
)

U

~r’




ADVANTAGES OF RPV/LAUNCH/RECOVERY
SYSTEM COMBINATION

DISADVANTAGES OF RPV/LAUNCH/RECOVERY
SYSTEM COMBINATION

 Permits low weight penalty for launch/recovery in RPV,

3
3

e High risk to ship on recovery.
RPV is simpler and lower cost than VTOL RPVs. e Cost of expendable RATO motors.

o Logistics required to resupply RATO motors,

e Large deck space required for net installation.
k e Special handling dolly required totransport RPV ondeck,
. Permits low weight penalty for launch/recovery in RPV. |e Recovery system sensitive to sea conditions.
?Deployment of recovery system does not interfere with e Questionable feasibility of recovery in moderate sea
- other ship systems. states,
¢ RPV is simpler and lower cost than VTOL RPVs, e Ship top-side weight penalty adversely affects ship
1 roll stability.
- Low downwash velocity and temperature. e Extensive development required for rotor wing and
;Good hover efficiency. propulsion system,
| Near zero landing speed increases ship safety. Large size limits hangar storage to 2 RPVs,
1 e High degree of mechanical complexity implies high

maintenance costs.

- Horizontal fuselage simplifies transition. e High velocity and high temperature jet exhaust.
f;Moderate technical risk. e Large size limits hangar storage to 2 RPVs.
i.Near zero landing speed increases ship safety. e High thrust engine required to provide vertical
1 take-off and landing
-

E_Vertical fuselage attitude permits high density hangar e High velocity and high temperature jet exhaust,
storage. e TIolding nose required for vertical hangar clearance.
. Moderate technical risk. e Vertical fuselage makes maintenance less convenient,
. Near zero landing speed increases ship safety. e High thrust engine required to provide vertical take-

off and landing.

* Conclusion:

are feasible,

sea states,

air vehicles and the system would be restricted to operations in low to moderate

The study indicated that destroyer-based RPV's in the 3,000~-pound weight class Unless
However, the system requires the development of expensive VTOL it appe
consid
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TABLE 2-4

SUMMARY OF DESTROYER LAUNCH AND
RECOVERY OPERATIONS STUDY

'V/LAUNCH/RECOVERY MAJOR REASONS FOR BEING SELECTED

MBINATION OR NOT SELECTED RANKING
:"ery. NOT e High risk to ship on recovery. 5th

P motors. SELECTED e Recovery net occupies valuahle deck

upply RATO motors, space and interferes with missile

ed for net installation. launcher on ships modified for

iredtotransport RPV ondeck. BPDMS.

‘_'e to sea conditions. NOT o Low probdbility of successful recov- 4th

»f recovery in moderate sea SELECTED ery due to ship motion,

‘ e Top-side weight penalty on ship.
plty adversely affects ship

uired for rotor wing and NOT e lligh system development cost, 3rd
3 SELECTED e Concept in early stage of development,
"‘.storage to 2 RPVs, o Larpe RPV size limits hangar storage.

fl complexity implies high

mperature jet exhaust. NOT e Large RPV size limits hangar storage. 2nd
» storage to 2 RPVs, SELECTED
fed to provide vertical

mperature jet exhaust. SELECTED e Vertical attitude permits high density 1st*
r vertical hangar clearance, storage.
‘maintenance less convenient. o Relatively low technical risk.

red to provide vertical take-

" weight class Unless there is a unique and critical mission requirement for this class of RPV,

‘expensive VTOL it appears that the high cost and operational risks for this system outweigh other
Bw to moderate considerations for its employment in destroyer operations.

8_ Preceding page blank
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The study indicates that destroyer-based RPVs in the 3, 000-pound class
are feasible. However, the system requires the development of expensive
VTOL air vehicles and the system would be restricted to operations in low
to moderate sea states.

Unless there is a unique and critical mission requirement for this class
of RPV, it appears that the high cost and operational risks for this system
outweigh other considerations for its employment in destroyer operations.

Other Teledyne Ryan studies have shown that smaller, lighter RPVs with
reduced mission capability appear to be practical for operation from
destroyers (Reference 11). The smaller vehicles, because of their light-
weight and low landing speeds, are suitable for launch from small cata-
pult launchers and recovery using systems such as the net recovery
system discussed in Reference 11.

2.6 RPV AVIONICS SYSTEM SELECTION

The recommended RPV avionics system is one based on the use of general
purpose digital computer-oriented hardware. The unique features of this
approach are:

a. The use of a general purpose minicomputer.

b. Modular approach to software that minimizes the cost for
software changes to incorporate growth capability or changes
in requirements.

¢. Replacement of hardware processing functions with software
routines.

This advanced multipurpose RPV avionics system emphasizes the
following benefits:

a. Low acquisition and life cycle costs,
; b, High degree of mission modularity and flexibility.

¢, Fast turnaround.

T

d., Simple and inexpensive to modify, easy to grow functionally.

. Caiis alRe V

e. Improved reliability, readily adaptable to redundancy.

Preceding page blank
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f. High function density to meet vehicle volume constraints.

g. Readily adaptable to a variety of navigation systems and
payloads.

h. Highly suitable to automatic checkout.

L4 G 0 G S o
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Important additional benefits of this approach in shipboard operations,
where space and safety are premium commodities, include an improve-
ment in reliability and a reduction in electromagnetic interference,
maintenance turnaround time, and number of maintenance personnel
required.

2.7 LANDING GUIDANCE STUDY CONCLUSIONS

The multilateration radio command and control system is recommended
for applications to all new vessels having an RPV detachmcnt, It provides
a nearly universal application to several types of vessels; provides close-
in guidance; permits operation in a jamming environment, and provides
multiple vehicle service and functional duality with the primary command
guidance and control data link, The ship motion compensation and predic-
E tion can be individually addressed to any incoming RPV in the approach

E pattern; multiple approach paths and multiple air vehicles can be handled
simultaneously. Missed approach guidance can therefore be easily
included. The system can operate cooperatively with the launch and
recovery control/display console, Simple omni antennas, accurately
sited, are the only critical installation requirements.

However, the RPV can utilize any of the existing or planned landing aids
' which provide deck motion compensation and touchdown prediction
capability.

Some aircraft carriers are currently equipped with the AN/SPN-42 auto-
matic carrier landing svstem. It should be used if it is installed and
available,

In the event the Sea Control Ship mounts the Co-Scan landing aids, the
RPV can share this facility as well.

2-14




2.8 RPV CONTROL CENTER STUDY SUMMARY

2.8.1 RPV CONTROL CENTER LOCATIONS

To be operationally acceptable, the RPV detachment control center for
all vessels should provide:

a. Central operations from which all aspects of the repair test,
launch control, mission control, and recovery control can
be made.

Minimum vessel modifications with visual monitor of all
operations.

Minimal interference with present manned airecraft opera-
tions or in the conduct of other ship operations.

Ship's motion interface to the RPV operations processor
for landing aid guidance computations, as well as for air-

borne gyro tests during organizational maintenance,

2.8.1.1 For Carrier Operations

The control center should be located in the hangar deck area, preferrably
in the forward mezzanine area. In order to provide visual monitor during
launch and recovery, the deck edge operator will enforce override control
utilizing the RPV operations processor.

With RPV operations, the launch function is formalized by the RPV cap-
tain; voice or hand signal instructions are given to the catapult control
officer. The RPV captain monitors the RPV progress through the pre-
flight readiness check and prelaunch initialization. The visual RPV post
launch monitor progress is followed by the RPV captain using a voice
link to the control center. Similarly, the landing safety officer (LSO)
can monitor the approach path and conduct vehicle override commands.

2.8.1,2 For Sea Control Ship

An enclosed, glass-lined observation control room is installed. The
platform is suspended from the radar antenna base. It is a complete,
self-sufficient control installation.

The forward observation platform can easily fit 5 multimode consoles,
with ample seating facilities and walk-around servicing areas. The




modular design permits an orderly escalation of one to six consoles for
high sortie rate of operations,

Communication and control to the below decks ready maintenance area
employ the digital data bus and voice grade intercommunications. The
organizational support maintenance specialized equipment is interfaced
to the console complex for display and control.

2.8.1,3 For Ocean Escort Vessel

An observation control tower is added to the hangar. The console opera-

tor can visually monitor the conduct of 21l operations. The limited manual

interconnect and operator assist functions that are necessary for digital

avionics vehicle checkout can be easily monitored because of the relatively

close proximity to the checkout area.

2.8.2 RPV CONTROL CONSOLE

Shipboard installation(s) with critical operational and storage space limi-
tations demands a central RPV control complex.

A multipurpose, computer-aided control console offers flexibility, growth
capacity and efficient space utilization when used with an RPV employing
the digital avionics concept. This permits organizational maintenance,
prelaunch checkout, launch phase support, remote link control during the
conduct of the mission, and the approach and landing during the recovery
phase to be controlled from a central location,

Modular, interchangeable control panels are used for critical functions
providing an extremely flexible control console configuration capability.
The graphic display will utilize a basic CRT and provide horizontal and
a vertical situation display depicting vehicle attitude and typical flight
data monitoring for vehicle flight control. This allows the operator to-
folow the behavior of the vehicle when under automatic control, in addi-
tion, it allows the easy transition to manual control when required.

2.8.3 CHECKOUT AND REPAIR TEST

The RPV operations control console and the RPV operations processor
can be used for full prelaunch checkout and on-vehicle repair test func-
tions in addition to the primary command control operations.

The RPV will be prepared for flight and refurbished in the hangar or
readiness area employing conventional inspection techniques. Three

o
ke
g
A

R

e R e

E,
b




levels of avionics checkout are recommended; repair test, confidence
checkout, and prelaunch validation.

The prelaunch checkout will contain the minimum number of tests practi-
cal and consistent with a high confidence level for subsequent flight., The
confidence level tests are more thorough, containing monitor functions.
The repair test routines are very extensive, containing external stimuli
and specification compliance measurement requirements.

2.9 RPV MAINTENANCE AND OPERATIONS CONCEPTS

2.9.1 CARRIER

RPV operations and maintenance are compatible with the aircraft support
activities existing aboard carriers. The standard between-flight ser-
vicing and organizational/intermediate maintenance functions available
for manned aircraft are directly usable for RPV support. The major
difference is in operation of RPVs and manned aircraft, where the
absence of a live operator on-board the RPV results in a need to main-
tain a data link either by hardware or by radio frequency transmission
between a live operator and an operating RPV aircraft, This man-
machine interface is provided for the maintenance and preflight functions
in the form of a control center located on the hangar deck and connected
simultaneously to multiple RPVs at either the catapult launch station,

the flight deck operational readiness check stations or the hangar deck
maintenance test stations.

Organizational and intermediate maintenance is carried out on the hangar
deck while between-flight servicing is carried out on the flight deck to
facilitate immediate turnaround. The RPV is instrumented with a test
access system to permit the carrier mounted RPV control center to verify
equipment operational readiness or conduct preventive maintenance/
corrective maintenance testing.

2.9.2 SEA CONTROL SHIP

For operations and maintenance aboard SCS, RPV design must he oriented
toward independence from non~-R PV ship based shop facilities. The limi-
tations on organizational and intermediate maintenance facilities aboard
the ship and the restrictions on weight of VTOL aircraft require that the
RPV test facilities be concentrated in the RPV control center. All RPV
unique components are thus tested by the RPV control center as I.RUs

of the RPV and hench test of RPV unique components on board ship is
minimized. For VTOL launch and recovery and arrested recovery




operations, line-of-sight visual contact with the RPV is required from the
RPV control center. The control center is thus located above the flight
i deck with unrestricted view aft and also forward on the port side.

i RPV operations support is conducted on the aft end of the flight deck where
presently planned aircraft support facilities are sufficient for RPV support.
Maintenance of RPVs is conducted on the hangar deck using the container

} facility concept planned for the SCS.

2,9.3 DESTROYER

Support of RPVs on destroyers consists of operations support and limited
organizational maintenance. With the space and weight restrictions on
ship installations, RPV design must be oriented to minimize ship mounted
support equipment which occupies valuable space without increasing the
ship's capabilities. Test equipment will therefore be designed into the
RPV, to be operated by minimal control equipment installed in the ship.
The RPV control center is located to facilitate flight control and test con-
{ trol with line-of-sight visibility for both functions., RPV flight support is
compatible with existing helicopter support facilities such as fueling
equipment, hangar and flight deck, but handling aids must be added to pro-
vide for safe RPV movement in heavy seas.
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3.0 SHIP SELECTIONS AND SHIP MOTION CRITERIA

The Shipboard Launch and Recovery Operations Study is tasked to examine
various launch and recovery methods for representative ships of the air-
craft carrier, sea control ship, and destroyer types. These ships not
only vary in size, but they also differ in their support and interface with
airborne vehicles. The study of launch and recovery of RPVs from these
ships will involve essentially all the considerations necessary for the
integration of the RPVs into normal shipboard operations.

3.1 ATRCRAFT CARRIER AND SEA CONTROL SHIP

Of the three types of ships considered, only the carrier and sea control

ship are dedicated to aircraft support as their prime purpose. Obviously, o

RPV launch and recovery operations can be more readily adaptable to the
carrier and sea control ships than to the destroyer. Therefore, the
selection of a specific carrier class is not nearly as significant to this
study as the selection of the destrover class. The only class of sea con-
trol ship has yet to be built. Therefore, effort was centered on obtaining
information on the proposed sea control ship, Adequate engineering
drawings and other information were obtained from Naval facilities to
serve as a basis for this study.

The USS KITTY HAWK (CVA-63) was selected as the representative air-
craft carrier for the RPV launch and recovery operations study. This
carrier is typical of the large deck attack carriers and its local berthing
permitted ready access for first hand observations and interviews with
ship personnel. The interfaces with the CVA-63 are expected to produce
valid study results applicable to other carriers.

3.2 DESTROYER CLASSES REVIEW

The choice was made from among those classes of combatants under
10, 000 tons which are configured in the manner of destroyers, and are
not nuclear-powered. Referring to U. S, Naval Air Engineering Center
publication NAEC-ENG-7576, and to Jane's FIGHTING SHIPS (1971-72)
these include:

DLG (Guided Missile Frigates), about 5800-8000 tons full-load
displacement
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DL (Frigates), 4500-7500 tons

DDG (Guided Missile Destroyer), 4000-5200 tons

DD (SPRUANCE Class; current construction), 6900 tons
(FORREST SHERMAN Class: 1959-65), 3950 tons
(GEARING, conversions: 1944-46), 3044-3500 tons
(SUMNER, conversions: 1943-45), 3320 tons

DEG (Guided Missile Escort Ships)
(BROOKE Class/DEG 1: 1963-66), 3425 tons

DE (Escort Ships)
(KNOX Class/1052: 1965-72), 4011 tons
(GARCIA Class/1040: 1964-68), 3400 tons
(BRONSTEIN Class/1037: 1962- ), 3650 tons

3.3 CRITERIA FOR SELECTION OR REJECTION

The criteria used for elimination of inappropriate classes recognize that
the ships studied should:

a. Be active vessels, with prospects for continued service in
numbers large enough to allow for system growth into a
significant capability.

b. Offer the potential of enough available space for RPV system
support so that adaptation to this role could be made without
prohibitive expenditures and without unacceptable decreases
in other operational functions. Thus, existence of helicopter
facilities which can be adapted to RPVs is a positive factor,
while any need to remove effective firepower would be a
negative one.

¢. Offer a favorable system environment so that reasonable
variations in weather combined with tactical maneuvers of
the ship will not restrict RPV operations., Therefore,
placement of the landing and work areas as well as the size
of the ship will be significant factors.

d. Possess sufficient vertical stability to accommodate neces-
sary weight above the ship center of gravity; without requiring
the addition of excessive ballast, or unacceptable removals of
other facilities.

e. Not be so valuable a ship (either operationally or in dollars)
so that partial commitment to RPV operations is inappropri-
ate, Example: nuclear-powered Frigates are not appropriate
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candidates because they will, in emergencies, be in short
supply for performing other functions for which they possess
unique capabilities.

f. Possess sufficient speed to be compatible with promising
RPV launch/recovery techniques. Example: in zero-wind
conditions, a technique requiring a relatively low rate of
closure for recovery operations may constrain acceptable
ship speed capability, depending upon the minimum landing-
speed which can be incorporated into RPV design.

3.4 GUIDED-MISSILE FRIGATES (DLG) AND FRIGATES (DL)

These ships are large enough and fast enough for RPV purposes, but it is
possible that commitment to this additional mission would be illogical due
to interference with other missions and with helicopter operations., The
nine BELLKNAP-class DLGs have full helicopter support facilities; and
the LEAHY (9 ships) and COONTZ (10 ships) classes, of somewhat smaller
tonnage, have correspondingly less support capacity, The two remaining
DLs of the MITSCHER class (4730 tons, full load) also have helicopter
facilities, Taken together, the 30 ships of these four classes may he the
easiest to adapt to RPV purposes, particularly the 7930-ton BELLKNAPS,

3.5 GUIDED-MISSILE DESTROYERS (DDG)

Most numerous of the existing DDGe are the 23 ships of the C,F. ADAMS
class, At 4500 tons full-load displacement, these ships are not configured
for helicopter operations., JANE'S points out that they are considered to
be excellent multipurpose ships, a fact which makes it improbable that the
required conversion work would or should be undertaken to reconfigure
this design for RPVs,

DDG35 and DDG36, two ships of the MITSCHER class, were converted
from Frigates to DDGs, bhut were decommissioned in 1969. The conver-
sion process included the improvement of ASW capability: but ASROC was
selected as a weapon instead of the DASH system. Therefore, helicopter
facilities may be less adequate than on the two MITSCHER type Frigates
(DL4 and DL5). These two ships, although decommissioned, may merit
consideration in view of:

a. Size (about 5000 tons full-load displacement)

b. Adaptability to the mission

3=3
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¢. Noncommitment to other missions

d. Basic similarity to two active Frigates, which could allow
the establishment of a class of four ships for RPV support

Somewhat less adaptable than the MITSCHER class ships, but more
numerous, are the 18 vessels of the FORREST SHERMAN type. Heli-
copter facilities are lacking. Four of the ships have been converted to
DDGs with ASROC launchers rather than DASH helicopters systems.
Eight of the remaining 14 DDs have been modernized for improved ASW
capability, again with ASROC instead of DASH. Significant conversion
would have to be undertaken to utilize the class for RPVs. The ships
offer suitable size (about 4000 tons) and speed,

3.6 DESTROYER (DD) AND GUIDED MISSILE ESCORT (DEG)

Newest among the DDs is the large-displacement SPRUANCE class, at
6900 tons, full-load. Hopefully, this class would become available as
the GEARING and SUMNER classes of "modernized" older destroyers
are phased out, SPRUANCE ships will have helicopter facilities and
adequate speed. But it will be a valuable as well as a costly ship, and
the number which will exist remains problematical. Diversion to the
RPV mission is an unlikely course of action; but RPV capability may be

included among this ship's characteristics, in manner similar to the DL
and DLG classes,

The SUMNER class and the enlarged-version GEARING class represented
well over 100 ships, many of which are still active. These ships were
commissioned in 1944-46; and while facilities for small-helicopter (DASH)
operations were installed during modernization programs, these ships are
approaching the 30-year mark. Most of the SUMNER class and a number
of the GEARINGs have been decommissioned or are now in reserve,
Existing helicopter facilities are inadequate for the present purpose, so
that conversion work would he required. Work which would involve re-
allocation of space and which is likely to involve costs not justifiable in
view of the ships' short life-expectancy considering age and budget pro-
spects. It is concluded that these ships are not prospective candidates.

The BROOKE (DEG-1) class of Tartar missile~firing ships are candi-
dates, but lower priority should be given to utilization of these six vessels,
because of possible interference with their present missile capability,
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3.7 ESCORT SHIP (DE)

The GARCIA (DE-1040) class of Escort Ship (ten vessels) are only
slightly older than the 1052 class, having been launched 1964-68, They
are about 600 tons lighter, and no faster. They are provided with DASH
helicopter facilities, which at one time were in use on DE-1041. The
same vessel also carried the BPDMS for a time, at another location on
the ship. Subject to space and stability comparisons, the 1040 class
should be satisfactory.

The two-ship BRONSTEIN (DE-1037) class, at 2650 tons full-load dis-
placement is not a likely caadidate for RPV recovery operations. But it
may prove desirable under some operational concepts (e.g., when attri-
tion will be high or when some RPVs may be launched on one-way missions)
to have greater capacity to launch than to recover. BRONSTEIN and

MC CLOY have small helicopter landing areas but no hangar facilities at
the present time. Launched in 1962, they have a longer prospective period
of service remaining than do the GEARING class DDs, which are at least
16 years older. For study purposes, they may be regarded as represen-
tative of a possible latncher of RPVs which could be recovered by a larger
ship with more complete facilities,

Thoree is one obvious candidate remaining, it is the 1052 class Ocean
Escort Ship. At 4011 tons full-load displacement, it is fully as large as
the FORREST SHERMAN class of destroyers, and is of later construction
(commissioned 1965-72), It possesses a relatively generous ASW heli-
copter space, which has heen adapted for LAMPS helicopters (Light
Airborne Multipurpose System) and BPDMS (Basic Point Defense Missile
System). These have not bheen implemented in significant numbers, so
that RPV utilization would not negate present capabilities.,

3.8 SELECTION

In choosing the prime candidate, the objective is not necessarily to find
the class of ship which could most obviously perform the tasks of RPV
launch, recovery and support; but rather to identify the class of ships
whose successful adaptation to these tasks would not only have a very
good prospect for feasibility, but would also contribute most significantly
to the Navy's total capabilities, Therefore, some promising possibilities
are bypassed as prime candidates. Among such ships may be counted
the CHARLES F. ADAMS class of DDGs., Use of these 23 ships might
well result in no better than even trade of capabilities loss versus gain,
In a somewhat different category are the large new SPRUANCE class of
DDs; the BELKNAP, LEAHY, and COONTZ classes of DLGs; TRUXTAN




and BAINBRIDGE classes of DLL.GNs; and perhaps the inactive DL,
NORFOLK. Such vessels might absorb RPV capability without appreci-
able loss of other potential, individually; but greater flexibility in pro-

jecting Naval firepower will be attained if other suitable platforms can
be found.

The selection of the DE-1052 (KNOX) class of Escort Ship is prompted
by 2 number of favorable considerations. At 4011 tons full-load displace-
ment, it is large enough to serve as a good platform and is of later con-
struction (commissioned 1965-1972), Numerically, the class is larger
than any other of vintage later than 1946, It is equipped with stabilizing
fins which are effective enough to reduce roll under many conditions, to
lower values than those encountered on vessels of greater displacement.
There is a relatively generous ASW helicopter space and adequate air-
craft related facilities. It is clear than the discovery of an important
new mission for the forty-six ships involved should provide an effective
way of increasing Naval capabilities within present force levels using
existing active hulls,

3.9 SHIP MOTION CRITERIA

In tabular and diagrammatic form, References 1, 2, 3 and 4 provide par-
tial data on ships' motions to be expected depending upon wind velocity/
sea state/wave height; ship speed; ship heading with respect to predominant
sea direction; and activation of devices such as stabilizing fins or passive
tanks, Motions dealt with are roll and vertical motion with a few indica-
tions of limiting values (e.g., maximum acceptable roll or vertical accel-
eration)., Based on information in these documents, selection of related

criteria for use in this study is discussed below and summarized in Table
3-1.

Nominal ship speed during recovery is taken to be 20 knots, (Reference
1, and a range of 10 to 30 knots, can be expected to be used in order to
achieve a favorable wind across the deck,) Sea state 6 can be considered
a design constraint, since less favorable conditions are expected no more
than ten percent of the time.

State 6 seas are likely to be accompanied by winds from 29 to 33 knots
(Reference 4) however, the design should allow handling of the vehicle

on deck with any wind velocity less than 45 knots (Reference 1). Handling
will take place at helicopter platforms for destroyer-type ships: but for
vessels with carrier decks, favorable stations may be selected (e.g., 10
to 14, on a 20-station ship, per I'igure 3, Reference 1), Handling should
be feasible up to 5 degrees roll (Reference 1), although landings may not
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TABLE 3-1

CARRIER SCS DESTROYER

E SHIP-RELATED RPV DESIGN CRITERIA

Sea State 6 5 4
:‘ Maximum Ship Roll Angle for 5 degrees | 5 degrees |7 degrees
: Deck Handling (Deck Iced)
Maximum Ship Pitch Angle 4 degrees | 4-1/2 5-1/2 degrees
degrees
“' Vertical RPV Acceleration at 2.3 2,13 2.3
Landing
E Relative Wind Over Deck 20 knots 20 knots |20 knots
f Maximum Ship Roll Angle for 3 degrees | 5 degrees |5 degrees

Take-Off and Landing

normally be made while the ship is more than 3 degrees from vertical
(Reference 4).

For design purposes, it may be considered that the ship can be brought
to a favorable heading with respect to the seas (e.g., seas within 30
degrees of the bow or 15 degrees of the stern depending on conditions;
see Figure 1, Reference ).

Vehicles should be able to withstand up to 2.3 vertical g's at landing
(Reference 1), General magnitudes of vertical accelerations due to ships’
motions can be seen in Figure 4, Reference 1; with more detailed data
tabulated in documents reviewed. The same applies to roll motions: with
general magnitudes in bow seas at 20 knots in state 6 seas appearing in '
Figure 2 of Reference 1,

Although a number of the figures in the documents reviewed take note of
j the "Significant Wave Height'" (page 55 of Reference 4 shows Significant
f Wave Heights of 16 to 20 feet for sea state 6, and Figures 2 and 4 of

¢ Reference 1 use 16.9 feet), the design point can be taken on the Root
Mean Square (rms) amplitude, per the argument given in Reference 2:

"....the selection of realistic design values for vertical and
lateral loads on the aircraft landing gear is strongly dependent

: 3=7




on the operational procedures employed during the launching
and recovery of the aircraft, The takeoffs and landings are
, timed to occur in the lulls of the irregular ship motion cycles. "

"For aircraft launch/recovery operations in extreme seas, the
design amplitudes should be the most frequently occurring
amplitudes (i.e., the rms responses) rather than the much
larger significant amplitudes or the even larger amplitudes
that may not be exceeded but once in a thousand consecutive
cycles, The reason for the choice of the rms values rather
than the more severe values is that the hundreds of landings
and takeoffs of Harrier on the LPH-9 in both mild and very rough
seas suggest that the LSO/LSE and the aircraft pilot are quite
capable of performing landing or takeoff operations during the
lulls of ship motions. For any given sea state, the lulls in the
ship motion are less than the rms values of the ship motions.
The use of rms values is therefore a conservative approach

, backed up by considerable VSTOL operations experience, "

Where needed, stabilizing fins will be considered as operational on the
DE-1052 class vessels, but not on other ships. Passive tanks are not

to be considered. Reference 4 indicates that at 18.2 knots there is a

65 percent reduction in roll when stabilizing fins are activated on the DE~
1052, Although Reference 3 discusses both passive tanks and fins with
respect to the Sea Control Ship, recent informal information has not
indicated that either one will necessarily be present,




4.0 MISSION PROFILE

The two basic profiles used to size vehicles for this study include (a) a
long-endurance mission, with immediate climb after launch to economical

1 cruise altitude for a total endurance of 14 hours; and (b) a low-altitude
penetration mission, involving a low-altitude dash of 100 nautical miles

at Mach 0.85 plus cruise at 40, 000 feet for 40C nautical miles at Mach 0.75.

For the penetration mission, the dash of 100 nautical miles at 500 feet
takes place half-way through the flight. The mission could then be
described as follows:

2

Launch at sea level |

b. Climb to 40,000 feet 9

c. Cruise at Mach 0.75 at 40, 000 feet to a range of 200 nautical -
miles

d. Descend to 500 feet, increasing speed to Mach 0. 85

o e
RS

e. Dash 100 nautical miles at 500 feet, Mach 0. 85
f. Climb to 40, 000 feet, decreasing speed to Mach 0.75

g. Cruist at 40, 000 feet Mach 0,75, to a total range of 500
nautical miles

h. Descend and recover

The profile is pictorially shown in Figure 4-1. This type of profile is

appropriate for reconnaissance missions, including damage-assessment \
runs over known targets. With a buoy payload, it could be applied to the ‘
replacement of buoy which has malfunctioned while part of a distributed
ASW sonobuoy field. E

The long-endurance profile encompasses the requirements of more than
one mission:

a. It is directly applicable to a medium-high-altitude Ocean
Surveillance mission.

4-1
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b. Trading 4 to 4-1/2 hours' fuel for a sonobuoy payload, it
lends itself to a buoy deployment and monitoring sortie,
requiring approximately 9-1/2 hours; as well as a variation
on the same sortie which requires shorter flight time in
exchange for an 80-mile sortie leg at low altitude during
deployment.

c. It is applicable to relay tasks; either in connection with the
above or for other relay of data or communications between
fleet surface or airborne units.

d. Modified to the requirements of the sensors involved, it
can be adapted to barrier and area search functions, to
relieve valuable manned units of tedius use of sensors of
' various non-acoustic types which offer detection capabilities
3 over relatively small swath-widths.

SN TR

g The long-endurance profile is shown in Figure 4-2.
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5.0 RPV DESIGN STUDIES

5.1 INTRODUCTION

Air vehicle design studies were performed to define a series of RPV
designs for use in evaluating different air vehicle concepts with respect
to practical shipboard launch and recovery and to provide realistic RPV
models for the study of other launch and recovery related problems.

Since landing and takeoff speeds have a direct bearing on the complexity
of the launch and recovery systems, the study was structured to cover

the three common takeoff and landing speed regimes, i.e., conventional
takeoff and landing (CTOL), short takeoff and landing (STOL), and verti-
cal takeoff and landing (VTOL). Table 5-1 lists the configurations anal-
yzed in the course of the study and notes the ships from which each RPV

could operate. The figure numbers corresponding to the applicable RPV
three-view drawing are also listed in Table 5-1.

The study consisted of sizing analyses to determine the minimum weight
and size RPV for each vehicle concept, takeoff and landing performance
analyses, performance sensitivity studies, and a general arrangement
drawing for each of the candidate configurations.

5.2 VEHICLE SIZING STUDIES

Teledyne Ryan Aeronautical has developed a synthesis type design anal-
ysis computer program (AVSYN) for the rapid sizing, parametric anal-
ysis, and optimization of aircraft configurations for a specified mission
profile and payload. This program was used to size the candidate con-
figurations listed in Table 5-1.

The AVSYN program is described by the block diagram presented in
Figure 5-1 and the flow chart of Figure 5-2. Essentially, the program
consists of self-contained geometry, aerodynamics, and weight modules;
performs parameter trade-offs for certain constraints and sizing options,
and finally converges on a gross weight and size for a given mission.

Input consists of a total of 140 variables describing the geometric, aero-

dynamic, and weight characteristics (independent variables) of the base-
line configuration, and the speeds, altitudes, and distances of the mission

5-1
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segments. Output consists of a dimension statement, weight statement,
* e performance statement, and aerodynamic statement for each final solu-
tion. The results of the subject RPV sizing studies are presented in the

sections covering the individual candidate configurations (Paragraphs
- 5.6 through 5.1.1).

9.3 TAKEOFF PERFORMANCE

Analyses were performed to determine the deck takeoff performance of
the non-VTOL configurations. The analysis covers unassisted and rocket
assisted deck takeoffs for the CTOL low altitude penetrator (Configuration
SLR01), the SLOROC low altitude penetrator (Configuration SLR06),

and the CTOL long endurance RPV (Configuration SLR02). The require-
ments for short rail rocket launch of Configuration SLR01 werc also
investigated.

el

Figure 5-3 presents takeoff time, RATO bottle impulse, and ¢2ck roll
required for the low altitude penetrator as a function of RATG bottle
i thrust. Bottle impulse was included to provide an indication of the size
; of the RATO unit required. The bottle impulse required for short rail
launch was determined to be approximately 17,900 pound seconds.
Figure 5~4 presents similar takeoff data for the long endurance RPV
(Configuration SLR02).

The SLOROC RPV (Configuration SLR06) was designed to provide slow
rate of closure with the recovery ship through the use of high lift devices,
low wing loading, and deflected engine thrust. The takeoff performance
: for this configuration presented in Figure 5-5, however, suggests that
? deck takeoffs, if required, would be performed without thrust deflection.
This is due primarily to the unfavorable trade-off resulting from divert-
ing acceleration thrust to gain additional lift component.

One aspect of free deck takeoffs that must be considered is the possibility
that the RPV could be diverted from the programmed takeoff trajectory
by excessive ship motion or possibly by a failure in the RPV guidance
system. The danger of such a situation to shipboard equipment and
personnel is obvious and puts the concept of a free deck takcoff in doubt.
One solution to the problem is to install a restraining track. The

- system consists of a deck-mounted guide track and an engagement strut

;{" which is restrained from movement in the lateral direction but is frec

, to move on rollers along the length of the track. The strut is engaged

to the RPV prior to initiating takeoff and it is automatically disengaged
when it reaches the end of the track. The track system requires no
power and can be mounted near the edge of the deck leaving the main deck
area clear for other operations.
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5.3.1

3.

5.4

TAKEOFF STUDY CONCLUSIONS

It is apparent from the deck-roll distances presented in Figures
5-3 through 5-5 that RPVs optimized for minimum weight and
thrust would require rocket assist to provide acceptable deck
take-offs from the carrier and sea control ship.

Aircraft carriers have catapults capable of launching RPVs, and
RATO assisted deck takeoffs are not required or recommended.
(Carrier launches are discussed further in Section 9.0, "Aircraft
Carrier Studies''.)

Deck-roll takeoffs can be performed from the Sea Control Ship
using rocket assist and a guide rail. Other launch methods
compatible with the Sea Control Ship include short-rail and
zero-length RATO launches, and vertical takeoff aircraft.
(Discussed in Section 10.0, ''Sea Control Ship Studies''.)

Since flight decks on destroyer type ships were designed pri-
marily for helicopter operations and are inadquate for conven-
tional aircraft operations, this class of ships cannot be con-
sidered as a platform for deck-roll takeoffs. Launch methods
compatible with destroyers include short-rail and zero-length
launchers, and vertical takeoff aircraft. (Discussed in Section
11,0, '"Destroyer Studies'.)

LANDING PERFORMANCE

One of the most important considerations in the design of RPVs for ship-
board recovery is approach speed. This parameter affects almost every
aspect of the recovery problem and should be of prime corcern beginning
at the earliest design stages. Some of the factors most affected by the
magnitude of approach speed are:

a. Safety - Lower approach speeds allow more time for
approach flight path corrections and the corresponding
lower vehicle energy reduces damage potential.




Ship Mounted Recovery Equipment - Vehicle energy to be
dissipated at touchdown is proportional to velocity squared,
thus the energy levels drop sharply with reduced speed.
This results in smaller, lighter, less complex ship mounted
energy absorbing devices.

Airborne Systems - The lower energy levels associated
with the lower approach speeds reduce design require-
ments for the airborne recovery gear such as landing gear,
arresting hook, and energy absorbing friction brakes.
Structural weights are also favorably affected.

Expressions for approach-thrust required and for approach-speed were
developed from the following force diagram.

Horizon




Where

L = lift, pounds
T = net thrust, pounds

BT = angle between wing chord line and thrust line, degrees

a = wing angle of attack, degrees
W = vehicle weight, pounds

Y = flight path angle relative to horizon (negative value for descent),

degrees
D = drag, pounds

Summing the forces in the lift direction gives,

L + T Sin (GT +a) - W Cos7=0

and summing forces in the drag direction,

D- T Cos (BT +@) + W SinY=0

solving equation (1) for lift gives,

L =W Cos”- T Sin (BT +a)
and solving equation (2) for drag,
D =T Cos (GT +a) - W sinY

L
now, substituting (B)D for lift, L, in equation (3),

L .
(5)D =W CosY- T Sin (6, +a)

substituting equation (4) for D in equation (5) gives:

L L _ - T Si =
(-B-) T Cos (GT +Q) - (3) W SinY =W CosY - T Sin (BT a)

)

)

)]

“)

®)

(6)
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Collecting terms and solving for T gives the expression for thrust
required during approach,

w [Cos Y + (TI;—) Sin )’]
B == )
(D ) Cos (BT +@) + Sin (GT +a)

By definition,

KTS
o = atmospheric pressure ratio
S = reference wing area, 2

2
\%
KTSo S
L=Cpas=C —5 @)
where,
3 CL = lift coefficient
E |
E | \' = velocity, knots

Substituting equation (3) for lift, L, in equation (8) results in the follow-
ing expression for approach speed,

[w Cos7- T Sin (6, +a)] 205y 2

Vapproach 5 CL oS ®)
approach

These equations apply to either conventional or vectored thrust config-
urations; the only difference in applicaticn being the thrust angle, GT’
which is zero or close to zero for the conventional designs.

Utilizing the above equations, approach speeds were calculated for each
of the non-VTOL configurations considered in the study; the conventional
landing low altitude penetrator (Configuration SLR01, Figure 5-9), the
long endurance vehicle (Configuration SLR02, Figure 5-~10), and the slow
rate of closure design (Configuration SLR06, Figure 5-14).

Configuration SLR(01 was designed for minimum weight and size, and
features a close-coupled canard, an aspect ratio 3 wing with large nose-
radius super-critical type airfoils, flaps, and wing leading edge slats

5-12




outboard of the canard to provide a maximum of lift coefficient of 1. 85.
Wing area is 40 ftz, but this could be increased to a maximum of 43 ft2
and still be compatible with the high speed cruise requirement.

e e

T A

The long endurance configuration (SLR02) is a conventional wing-body-
tail design featuring an aspect ratio 9 wing with partial span trailing-
edge flaps designed for a maximum lift-coefficient of 2.20.

Figure 5-6 presents approach speed as a function of wing loading for ;
configurations SLRO1 and SLI'02. The approach speed capabilities of the
low altitude penetrator (SLRO1) are shown to range from 96.5 knots for i
the minimum weight design to 93.4 knots for the same vehicle with the
minimum wing-loading wing. The long endurance RPV will be capable
of approach speeds as low as 61.5 knots due in large part to the low
landing wing-loading.

The approach speed capabilities of the vectored thrust, low altitude pene-
trator (SLR06) are summarized in Figure 5-7. This figure presents
approach speed and thrust-required to maintain a 3.5 degree approach
path angle at any thrust vector angle between zero and 80 degrees. The
lower curve of Figure 5-7 shows that vectored thrust will provide sub-
stantial reductions in approach speed and that by using a high enough
thrust vector angle, the approach speed of configuration SLR06 could be
reduced below that for minimum control speed with conventional controls.

It is apparent from the upper curve of Figure 5-7 that increased amounts
of thrust are required to trim the aircraft on the selected approach path
as thrust-vector angle is increased. As a result, thrust available for
wave-off is greatly reduced at the higher thrust-vector angles. Thus,
thrust margin available for wave-off can become the limiting factor in
determining the maximum usable thrust vector angle.

The data presented in Figure 5-7 also show that Configuration SLR06
provides a thrust margin of 21 percent of maximum thrust available at

a thrust vector angle of 74 degrees and an approach speed of 60 knots.
Lower approach speeds can be attained but these speeds would definitely
be below minimum control speed for conventional aerodynamic controls.
For example, a 10 percent thrust margin is avaiiable at 53 knots, and
the same margin can be retained at 45 knots with the engine operating at
a 4 percent overspeed condition, but with some penalty in engine life.
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The trends illustrated in Figure 5-7 show that vectored thrust aircraft
with proper engine/airframe matching and with reaction control systems
could completely fill in the approach speed range from minimum aerody-
namic control speed to the zero-speed capability of the VTOL designs.

The technical features of SLOROC type vehicles with reaction controls
are practically identical with those of the vectored thrust VTOL designs
with the exceptions that the VTOL version requires a larger engine and
must provide the capability to continuously vary the thrust vector angle
in flight from zero to over 90 degrees. A common requirement for both
vehicles is that the thrust line at any angle be at or very near the vehicle
center of gravity., For comparison purposes, the approach speed capa-
bilities of all the non-VTOL configurations studied are summarized in one
chart, Figure 5-8.

9.5 VEHICLE AERODYNAMIC CONTROLS

The fundamental requirement of flight control systems designed for
shipboard RPVs is the same as for any aircraft, that is, adequate con-
trol throughout the vehicle flight envelope. Practical shipboard recovery
of RPVs, however, requires that closing speeds between the RPV and the
ship be minimized in order to increase the safety of the operztion and to
generally simplify the recovery problem. These low approach speeds,

in some cases just above minimum control speeds, represent the critical
requirement for the flight control systems of the non-VTOL configurations.

An in-depth analysis of RPV aerodynamic control-systems is beyond the
scope of this study, but sufficient data are available from TRA in-house
studies and from government and industry sources to provide the basis
for identifying concepts which show particular promise of solving those
control problems peculiar to shipbased RPVs.

The control philosophy established for the study RPVs is as follows:

a. Directional flight-path control during final approach will be
achieved without banking to turn. Direct side-force may be
utilized to provide lateral translation capability.

b. Vertical deviations from the approach path will be cor-
rected by fast acting dircet-lift controls without changes
in pitch attitude or throttle setting.

c. Speed variations during approach will be controlled by
engine throttle setting.
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The direct side motion will provide lateral flight-path corrections more
rapidly than can be obtained with normal bank-to-turn maneuvers since 3
‘_ the time lags associated with banking are completely eliminated. Another
benefit of side force controls, which is related to the lower time lags, is
3 a reduced tendency of the aircraft to overshoot the desired glide path
during the corrective maneuvers.

The direct-lift controls provide immediate vertical acceleration capa-
bility. This is in contrast to the conventional control system which must
either vary engine power with an attendent lag in rpm or which must
develop a tail-load to produce rotation. This rotation takes a finite time
before enough wing loads are generated to overcome weight, inertias,

and opposing tail loads; and again, a response time-lag is developed.

3 The quick response capabilities of direct-lift controls result when large

» forces are developed by simultaneously deflecting both the wing flaps and

1 canard surfaces in the same direction to provide faster load factor buildup.

The physical aerodynamic controls required to implement the control phil-
osophy discussed above consist of:

a. A controllable side-force fin mounted on the forward portion
of the fuselage which acts in conjunction with the rudder to
provide the required side-force without inducing aircraft
rotation. This function can also be obtained by canting the

3 existing canard surfaces downward to provide a side-force

E | component capability.

b. Fast acting wing flaps and canard surfaoces to provide the
direct-lift capability.

g A discussion of the automatic flight-contirol systems envisioned for the
1 shipboard RPVs considered in the study is presented in Paragraph 6.4.

5.6 BASIC LOW ALTITUDE CONFIGURATION, SLRO1

5.6.1 AIR VEHICLE DESCRIPTION

The basic low altitude penetrator vehicle as shown in Figure 5-9 was ¢
designed as a close~coupled canard configuration to obtain a design with
high lift coefficients and low landing speeds. The vehicle features a
single Teledyne CAE J69-T-25 turbojet engine having a sea level static
thrust of 1,025 pounds. The engine is man-rated, and is a relatively
low cost engine. The wing has gross wing area of 40. 00 square feet and
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an aspect ratio of 3.00. The wing has trailing edge flaps slats and large
span droopable ailerons for high lift and control at low speeds. The
canards have all-movable surfaces and are located relative to the wing
leading edge so as to increase the maximum useful lift coefficient of the
wing. The low wing arrangement permits the installation of a wide-track,
retractable main landing gear, which increases vehicle stability during
takeoff and landing. The nose gear is located aft of the low mounted engine
air inlet and rotates 90 degrees during retraction to minimize the height
of the nose gear bay. A special retractable tailhook installation is
located below the engine tailpipe in the aft fuselage. The overall length
of the RPV is 19. 83 feet, with an overall height of 5.75 feet. The wing
has a span of 10.95 feet which can be reduced to less than 7 feet if wing
tips are folded. Space is provided in the nose for the payload provisions
of 4.0 cubic feet and 150 pounds. To provide greater control during
landing approach, as well as for mission performance during target runs,
an aerodynamic surface to create side forces is located on the fuselage
lower surface. This side force fin, when coupled with the vertical tail
can create direct side forces which can eliminate the conventional bank-
to-turn maneuver, which will permit better vehicle response to correct
for misalignment from a desired flight path. The side force fin has
provisions for folding to a horizontal attitude to ease deck handling and
launch. The group weight statement for the Basic Low Altitude
Configuration is presented in Table 5-2.

5.6.2 VEHICLE SIZING STUDIES

The AVSYN computer program described in Paragraph 5.2 was used to size
the conventional landing low altitude penetrator (Configuration SLR01).
Results of the study are presented in Figure 5-10 showing that the mini-
mum gross weight vehicle is obtained with a wing aspect ratio of 3.0.

A study was also performed to determine the effects on gross weight of
increasing the low altitude dash range above the nominal 100 nautical

miles. The data presented in Figure 5-11 indicate that with the selected
J69-T-25 engine, the dash range could be doubled by increasing the wing
area to 41.3 ft2, but at a penalty of 336 pounds in vehicle gross weight.

5.7 HIGH ALTITUDE CONFIGURATION, SLR02

5.7.1 AIR VEHICLE DESCRIPTION

The basic high altitude configuration is a conventional wing-body-tail
design featuring a low-mounted high aspect ratio wing. A general
arrangement of this vehicle is shown in Figure 5-12. A single United
Aircraft JT15D-4 turbofan engine, having a sea level static thrust of
2,575 pounds, is mounted in a nacelle on top of the fuselage.

Preceding page blank
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TABLE 5-2 3

GROUP WEIGHT STATEMENT BASIC LOW-
ALTITUDE CONFIGURATION NO. SLRO1

GROUP WEIGHT-POUNDS
Structure ’
Wing 105
Body 221
V. Tail + Canard 59
Surface Controls 51
Propulsion 473
Electrical 164 i
Electronics 90 4
Navigation/Guidance 28
Recovery/Launch 135
Environmental 21
Hydraulics 35
Payload (Installed) 165 b
0il 8
Unusable Fuel . 7
Zero Fuel Weight 1562 5
Fuel (Mission + Reserve) 690
Gross Weight 2252

The wing has a gross area of 220 square feet and an aspect ratio of 9.0.
The twin vertical tails are mounted at the ends of the horizontal tail. i
The wing has a span of 44.50 feet for flight, but has wing-fold provisions ,
to reduce the span to 27.58 feet for easier storage and deck handling.
The wing is fitted with trailing edge flaps from the root fillet outboard to
the wing fold hinge line. Large span ailerons are located outboard of the 4
wing fold hinge line. A side force fin is located below the nose of the
vehicle to provide a more precise control capability during final landing
approach. The side force fin can be folded to horizontal attitude to
facilitate deck handling and launch. Fuel is carried in the center fuselage
as well as in integral wing tanks. A total of over 3,800 pounds of fuel
can be accommodated.

The vehicle is equipped with retractable landing gear located in the wing
and in the forward fuselage. Also provided are catapult bridle attach
fittings, a launch holdback fitting, and a special arresting hook installa-
tion. The group weight statement for the High Altitude configuration is
presented in Table 5-3.

5-27




TABLE 5-3

GROUP WEIGHT STATEMENT BASIC HIGH-
ALTITUDE CONFIGURATION NO. SLR02

et al. sl B B S e i

GROUP WEIGHT-POUNDS
Structure
Wing 651
Body 418
Tail 147
Surface Controls 174
Propulsion 749
Electrical 184
Electronics 192
Navigation/Guidance 28
Recovery/ Launch 397
Environmental 71
Hydraulics 119
Payload (Installed) 825
0il 27
Unusable Fuel 38
Zero Fuel Weight 4020
Fuel (Mission + Reserve) 3870
Gross Weight 7890

5.7.2 VEHICLE SIZING STUDIES

Trade studies were conducted by means of the AVSYN computer program
outlined in Paragraph 5.2 to determine the effects of aspect ratio on the
gross weight and wing span of the long endurance, high altitude RPV
(Configuration SLR02). Figure 5-13 presents wing span, gross weight,
average cruise altitude, and wing area versus aspect ratio. Figure 5-14
is a cross plot of Figure 5-13 showing how gross weight varies as a
function of wing span. The engine assumed for the study is the Pratt
and Whitney JTD15-4 turbofan rated at 2,575 pounds sea level static
thrust. This engine was selected because it comes closer to meeting
the ideal thrust and fuel flow requirements of the mission than does any
other currently available off-the-shelf engine. An aspect ratio of 9 with
a corresponding unfolded wing span of 43.96 feet and a folded span of
27.58 feet was selected based on considerations of ship space, safety,
and handling.
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5.8 STOPPED ROTOR VTOL CONCEPT, SLR03

5.8.1 AIR VEHICLE DESCRIPTION

The Stopped Rotor concept, as shown in Figure 5-15, incorporates the
advantages of low disk loading “over capabilities of a helicopter with the
high speed flight characteristics of modern jet aircraft. This VTOL
concept features a rotor wing which remains deployed and supports the
aircraft in the cruise mode of flight without recourse to an auxiliary
wing or other lift-producing devices.

Perhaps the most significant characteristic of this type of craft would be
its ability to hover as a rotary-wing aircraft at a disc loading on the
order of 10 to 20 pounds per square foot (with a corresponding lift capa-
bility in the region of 5 pounds per equivalent horsepower), yet cruise as
a pure, fixed-wing aircraft at a wing loading approaching 70 pounds per
square foot, all without recourse to variable-wing geometry or retract-
ing of a rotor.

The distinguishing feature of the stopped rotor concept is a high-mounted,
rotor wing which is capable of rotation (shaft-driven, jet-reaction-driven,
or in auto-rotation) about an approximately vertical axis through the
center of its area. The wing is a three-bladed modified delta design.

The movable tips of this wing are capable of independent pitch changes
about essentially radial axes with respect to the center section. Thus,
they act in the manner of a helicopter rotor.

The entire rotor wing can be stopped and locked in a symmetrical posi-
tion with the tips at zero pitch, to operate as a more or less conventional
delta wing in the cruising and nigh-speed flight modes. This is made
possible by the unique aerodynamic properties of the delta-shaped rotor
wings. The longitudinal and lateral positions of the aerodynamic centers k
of this wing must be controlled so as to provide that the resulting pitch-
ing and rolling moments are within acceptable levels. The means used to
accomplish this involves a collective spoiler system, in conjunction with
blade cyclic pitch changes. This spoiler system modulates rotor-blade
lift automatically by fully acrodynamic means to minimize wing center-
of-pressure shift with relative wind azimuthal angle.

R

The positioning of the rigid rotor-wing gives the aircraft static stability
in pitch and roll as well as good damping about these same two axes in
hovering and low-speed flight, much as the rigid rotor does for that type
of helicopter. Longitudinal and lateral control powers and trim are high
and a wide range of center-of-gravity positions is possible.
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The wing for the stopped rotor design in this study has a gross wing area
of 50.26 square feet and an aspect ratio of 3.63. In the VTOL mode the
wing becomes a 15 foot diameter rotor providing a disk loading ranging
between 11 and 18 pounds per square foot. The wing extends vertically
approximately 10 inches when in the VTOL mode to provide fuselage
clearance for the rotor.

The propulsion system incorporates a TCAE J69-T41A turbojet engine
with a unique diverter valve arrangement which converts the gas flow to
shaft power to drive the rotor in the VTOL mode. The diverter valve
also can be selected to permit the gas to exhaust through a conventional
tailpipe and nozzle for cruise flight. During the VTOL mode the diverter
valve doors are positioned to force the jet exhaust to impinge on a tur-
bine stage to drive a shaft system to a gear box which drives the rotor
shaft. The residual gas downstream of the shaft turbine is ducted to a
rotatable nozzle used to produce anti-torque forces. The engine air
inlet ducts are bifurcated side inlets to minimize the overall size of the
vehicle. Approximately 1100 pounds of fuel is located in the center
fuselage.

The vehicle is equipped with retractable landing gear which is housed in
the fuselage just below the inlets and in the nose section. The.RPV has

a wing span of 13. 50 feet, and since the wing tips have cyclic pitch con-
trol mechanisms and rotate about a shaft along a wing element line, it
does not appear practical to fold the wing to reduce wing span. The over-
all length is 25.00 feet and an overall height of less than 5.5 feet. The
group weight statement for the Stopped Rotor VTOL configuration is pre-
sented in Table 5-4.

5.9 VECTORED THRUST VITOL CONCEPT, SLR04

5.9.1 AIR VEHICLE DESCRIPTION

The vectored thrust VIOL concept, as shown in Figure 5-16, is a con-
ventional wing-body-tail design which performs transition, and VTOL
flight operations while maintaining a horizontal fuselage attitude. The
propulsion system inctudes a turbofan engine based on the Teledyne
CAE 490 engine, but modified to incorporate four vectorable exhaust
nozzles. The capability for VTOL flight is achieved by directing the
jet efflux of the engine through nearly 100 degrees of movement from
aft to forward of the vertical. The nozzles are rotated by shafting and
chains, powered by an air motor in a manner similar to the Rolls-Royce
Pegasus engine used in the AV-8 Harrier aircraft. The two front noz-
zles exhaust the turbo-fan efflux, while ‘wo rear nozzles exhaust the
turbojet efflux. The center of gravity of the vehicle is located between
the fore and aft nozzles in such a way that the resultant engine thrust

Preceding page blank




TABLE 5-4

GROUP WEIGHT STATEMENT STOPPED
ROTOR VTOL, CONFIGURATION NO, SLRO03

GROUP WEIGHT-POUNDS
Structure
| Wing 236
Body 480
Tail 62
Surface Controls 99
Propulsion 492
Electrical 164
Electronics 90
Navigation/Guidance 28
Recovery/Launch 100
Environmental 28
Hydraulics 47
Payload (Installed) 165
4 0il 13
Unusable Fuel 11
Zero Fuel Weight 2015
Fuel (Mission + Reserve) 1073
Gross Weight 3088

creates no pitching moment on the vehicle for any of the possible nozzle
positions. Hover controi during VTOL operations is provided by reac-
tion control nozzles supplied by engine compressor bleed air. There
are control nozzles located in the nose section (pitch), in the extreme
tail end of the fuselage (yaw and pitch), and in each wing tip (roll).

The RPV is equipped with a retractable, tricycle landing gear system.
The main gear has been positioned aft of the normal location of main
gear for conventional takeoff vehicles to minimize any adverse effects

: of jet efflux impingement on the landing gear. It is anticipated that the

1 landing gear will be retracted when the nozzles are rotated for transition

! from either conventional flight to VTOL, or vice versa. "his will avoid
direct impingement of the jet efflux on the main landing gear structure
during transition. The problem of overheating landing gear members,
and the flight deck surface, during pre-launch warmup can be minimized
by running up the engine with the nozzles vectored aft, until just prior to
actual lift-off,

h=36
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The payload of 150 pounds and 4 cubic feet is located in the fuselage
nose section.

Fuel is located in the wing torque box and carry-through structure as
well as the upper fuselage fore and aft of the wing.

The overall dimensions of the RPV include a wing span of 12,25 feet,
an overall length of 22.46 feet, and an overall height of 6.67 feet. The
wing has gross area of 50.00 square feet with an aspect ratio of 3.00.
Wing folding was not considered practical for this design because of
the added complexity which would be required to fold the ducting to the
reaction nozzles located in the wing tips.

The group weight statement for the Vectored Thrust VTOL configuration
is presented in Table 5-5.
TABLE 5-5

GROUP WEIGHT STATEMENT VECTORED
THRUST VTOL, CONFIGURATION NO. SLR04

— e

GROUP WEIGHT-POUNDS
Structure
Wing 150
Body 310
Tail 69
Surface Controls 66
Propulsion 796
Electrical 164
Electronics 90
Navigation/Guidance 28
Recovery/Launch 150
Environmental 28
Hydraulics 65
Payload 165
Oil 10
Unusable Fuel 9
Zero Fuel Weight 2100
Fuel (Mission + Reserve) 892
Gross Weight 2992

Preceding page blank




5-40

5.10 TAIL SITTER VTOL CONCEPT, SLR05

9.10.1 AIR VEHICLE DESCRIPTION

The tail sitter VTOL vehicle as illustrated in Figure 5-17, is a single
engine, modified delta wing design with both dorsal and ventral vertical
tails. The combination of wing panels and vertical tail surfaces form
a cross which supports the aircraft in a vertical attitude while resting
on a landing gear members housed in the tips of each of the four sur-
faces. The wing has a basic wing area of 50.00 square feet and has an
aspect ratio of 3.00. The engine air inlets are bifurcated ducts which
are integrated into the wing root fairing. The engine is a modified
Teledyne CAE 490 turbofan engine having a sea level static thrust of
3105 pounds. The jet exhaust is equipped with a gimballed nozzle which
permits vectoring the hot gas portion of the exhaust +15 degrees in two
directions. Engine bleed air is ducted from the engine to the wing tips
where it is exhausted through nozzles which can be rotated. The gim-
balled tailpipe nozzle and wing tip jet reaction nozzles provide the
control forces for hover flight.

The vertical attitude of the vehicle while resting on its landing gear
permits a reduction in hangar deck space required for storage. Pro-
visions for folding down the fuselage nose forward of the engine inlets
reduces the height of the vehicle from 18 feet to about 12 feet. The
payload and avionics are located in the nose section.

The recovery gear also includes a pair of engagement hooks which
secure the RPV to a metal grating which is mounted approximately 12
inches above the deck of the ship. The engagement hooks are designed
to extend downward through the openings in the grating as the shock
struts compress during initial contact with the ship. After extending
through the grating, the engagement hooks automatically open by un-
folding four arms. The unfolded arms form a means of trapping the
engagement hook below the grating. The engagement hooks are spring
loaded to take up any slack, so that the RPV is firmly secured to the
landing deck.

Fuel is located in the center fusclage between the inlet ducts and in the
wing root fairing area. Approximately 900 pounds of fuel can be accom-
modated internally.

The group weight statement for the Tail Sitter VTOL configuration is
presented in Table 5-0.
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TABLE 5-6

GROUP WEIGHT STATEMENT TAIL SITTER
VTOL, CONFIGURATION NO. SLRO5

GROUP WEIGHT-POUNDS
Structure
Wing 152
Body 296
Tail 79
Surface Controls 75
Propulsion 760
Electrical 164
Electronics 90
Navigation/Guidance 28
Recovery/Launch 80
Environmental 28
Hydraulics 47
Payload 165
0il 18
Unusable Fuel 9
Zero Fuel Weight 1991
Fuel (Mission + Reserve) 890
Gross Weight 2881
5.11 SLOW RATE OF CLOSURE (SLOROC) CONCEPT, SLR0G-1,
-2 AND -3

5.11.1 AIR VEHICLE DESCRIPTION

The SLOROC vehicle is designed to minimize approach speed during a
conventional landing approach. The configuration, as shown in Figure
5-18, is a close~-coupled canard arrangement to maximize the lift
coefficient at high angles of attack. The wing has a gross area of 50.00
square feet and an aspect ratio of 3.13. The span of the wing is 12.50
feet, but folds to a maximum dimension of 8.00 feet. The overall length
is 21.17 feet and the overall height is 6.29 fecet. A side force fin, which
provides lateral control during landing approach, is located on the
underside of the fuselage forward of the nose gear. The side force fin
folds to a horizontal attitude to facilitate deck handling and launch.

Preceding page blank
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The vehicle is equipped with a single Teledyne CAE J69-T-29 turbojet
engine having a sea level static thrust of 1,700 pounds. The propulsion
system includes a diverter valve installation mounted to the rear flange
of the engine. The diverter valve has two exits; one exit, used during
cruise flight, allows the jet exhaust to flow through a conventional
tailpipe and exhaust through a tailpipe nozzle located near the end of

the fuselage; while the second exit, used during landing approach,
allows the gas to exhaust downward through a nozzle located near the
center of gravity of the velicle. The later nozzle position provides a
strong increase in the lift component. This additional lift force permits
a much slower approach speed with a corresponding reduction in kinetic
energy to be dissipated during landing. The diverter valve has two
internal valve doors which are hydraucially actuated to select the desired
exhaust position. In the cruise position, the two valve doors are essen-
ti~ ..y horizontal, sealing off the lower diverter valve exit. In the slow
flight condition, the two valve doors are rotated toward a vertical
position, sealing off the exit to the tailpipe and opening the exit to the
high lift nozzle. The resultant thrust force of the engine in the slow
flight mode acts through or near the vehicle center of gravity, with any
pitch down moments trimmed by increased lift provided by the canard
surfaces.

The basic SLOROC configuration, SLR06-1, is equipped with retractable
landing gear and a special tail hook installation. Additional SLOROC
configurations include a version, SLR06-2, to be used with a landing
net, which would have only a tail hook to engage the net system.

Another version, SLR06-3, would have an engagement hook mounted on
a retractable arm, located in the upper fuselage, for recovery with the
Aerial Track Recovery System. In all three versions, provisions are
made for RATO launch.,

The group weight statements for the taree versions are presented in
Table 5-7, Table 5-8, and Table 5-9.

Preceding page blank




TABLE 5-7

GROUP WEIGHT STATEMENT SLOW RATE OF

CLOSURE CONFIGURATION NO.

SLR06-1

GROUP WEIGHT-POUNDS

Structure
Wing 180
Body 239
V. Tail + Canard 70
Surface Controls 62
Propulsion 487
Electrical 164
Electronics 90
Navigation/Guidance 28
Recovery/Launch 165
Environmental 25
Hydraulics 42
Payload (Installed) 165
0il 12
Unusable Fuel 10
Zero Fuel Weight 1739
Fuel (Mission + Reserve) 990
Gross Weight 2729
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TABLE 5-8
GROUP WEIGHT STATEMENT SLOW RATE OF
CLOSURE CONFIGURATION NO. SLR06-2
GROUP WEIGHT-POUNDS
Structure :
Wing 192
Body 246
V. Tail + Canard 79
Surface Controls 62
Propulsion 487
Electrical 164
Electronics 90
Navigation/Guidance 28
Recovery/Launch 35
Environmental 25
Hydraulics 42
Payload (Installed) 165
il 12
Unusable Fuel 10
Zero Fuel Weight 1637
Fuel (Mission + Reserve) 990
Gross Weight 2627
|
|
3
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TABLE 5-9

GROUP WEIGHT STATEMENT SLOW RATE OF
CLOSURE CONFIGURATION NO. SLR06~3

GROUP WEIGHT-POUNDS

Structure

Wing

Body

V. Tail + Canard
Surface Controls
Propulsion
Electrical
Electronics
Navigation/Guidance
Recovery/Launch
Environmental
Hydraulics
Payload (Installed)
0il
Unusable Fuel

Zero Fuel Weight

Fuel (Mission + Reserve)

Gross Weight




6.0 COMMAND AND CONTROL STUDIES

6.1 RPV AVIONICS

6.1.1 INTRODUCTION

This section discusses the elements of RPV avionics which are most
important for ship-based operations. RPV launchisa relatively straight-
forward operation, hence it will not be discussed. However, shipboard
recovery is the critical phase of RPV flight where vehicle controllability,
ease of operator handling, and ship safety are key considerations.
Vehicle controllability is optimized so as to minimize dispersion in the
touchdown point and in impact velocity from nominal values. While

the techniques for maximizing maneuverability and control precision

are the same for RPV as for tightening path control. Similarly good
handling qualities criteria for the remote operator on board the ship will
differ from the criteria for manned aircraft. More importantly however,
the man-machine interface is simplified to allow one man operation from
launch through recovery with minimal training. This minimizes the size
and skill requirements of the RPV crew. Good handling qualities, maneu-
verability, and control precision also enhance ship safety. Other key
factors are reliability and contingency operations. These factors which
are all very important to assuring precise positive RPV control at all
times, will be discussed in this section.

The study indicates that further work is needed in certain areas to help
quantify the recovery technology and capabilities. Such areas include
the following:

e Dynamic error analysis to estimate error dispersions, taking
into account vehicle dynamics, ship moticn, turbulence, and
guidance and control errors.

® An adjunct to the dynamic error analysis is a man-machine
interface study to include operator characteristics and man-in-
the-loop dynamics for contingency operations.

® Reliability analysis to determine the level of redundancy and
backup control needed to assure ship safety as a function of cost.

T L s




During the past several years, a number of efforts have addressed the
task of improving the avionics in RPV, This has resulted in the identifi~
cation of several technical apprcaches, based on the use of general pur-
pose digital computer-oriented hardware. The most cost-effective
architecture for an advanced multipurpose avionics shipborne system
emphasized the following benefits:

® Low acquisition and life cycle costs

High degree of mission modularity and flexibility

Fast turnaround (goal < 30 minutes)

Simple and inexpensive to modify, easy to grow functionally

Improved reliability, readily adaptable to redundancy

High function density to meet vehicle volume constraints

Readily adaptable to a variety of navigation systems and
payloads

Highly suitable to automatic checkout
The unique features of this approach are:

® The use of a general purpose minicomputer

® Modular approach to software that minimizes the cost for
software changes to incorporate growth capability or changes
in requirements.

® Replacement of hardware processing functions with software
routines.

Important additional benefits of this approach in shipboard operations,
where space and safety are premium commodities, include an improve-
ment in reliability and a reduction in electromagnetic interference, main-
tenance turnaround time, and number of maintenance personnel required.

The digital avionics architecture is indicated in Figure 6-1.

The modular approach provides a high degree of adaptability to various
navigation schemes, command/control links, and payloads. The basic
navigation mode is dead reckoning (Doppler/heading, inertial, or air-
speed/heading) working synergistically with one or two position update
schemes, such as a radio navaid (loran, trilateration, NavSat), map
matcher (TERCOM or optical correlation), or visual update via TV, The
choice of scheme depends on the availability of navaid support systems
in the operational area at the time. Hence, the adaptability feature pro-
vides a significant operational flexibility.
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i 6-4

All of the automatic flight control system (AFCS) computation and logic
functions are implemented by software programs in the digital controller.
These routines accomplish signal filtering, autopilot mode control, and
control law calculations. The flight control routines interface with other
subsystems software, including the mission programmer routine, the air
data processing routine, the various navigation and guidance routines
and the executive programs. Previous drone autopilots required special
purpose analog hardware to accomplish these functions, however, once

a digital computer is on board the RPV, for any reason, the recurring
cost of implementing the AFCS computations in software is negligible.

The avionics architecture provides the flexibility for incorporating any

of the ""standard" AFCS functions as well as the control configured vehicle
functions which are important to precision shipboard recovery. CCV
functions can include side force control, direct lift control, relaxed
stability margins, and flutter suppression. Other software functions
include energy management and monitoring flight condition with respect
to the allowable flight envelope to avoid stall, flutter, or excessive loads.
In this way, the RPV system can be optimized for performance and
precision control, especially during weapon delivery and shipboard
recovery. The AFCS implementation in Navy RPV is explored in greater
depth in the remainder of this section.

Other subsystems in the avionics include electrical power, environmental
control, and propulsion control. The concepts of computer control and
power bus minimizes the number of switching elements, particularly
those required to handle large currents. The integrity of those functions
in the computer that are critical to RPV reliability are preserved in a
backup microcomputer. Such functions include AFCS, recovery,

power bus control.

6.1.2 RPV AFCS: GENERAL DISCUSSION

The RPV avionics, particularly AFCS, are very similar in function,
hardware and performance as are found in manned aircraft. However,
the basic nature of the RPV leads to differences in performance, func-
tions, and design criteria, The RPV AFCS provides hoth the automatic
and primary flight control functions. In manned vehicle control parlance,
it is equivalent to a combination of an autopilot and a fly-by-wire manual

o s s e sl i st Lo ot J
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flight control system (which in RPV parlance becomes fly-by-wireless é
manual control). This section summarizes the technology and trends in
AFCS and design flight path guidance that are applicable to Navy RPVs. A
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Although autopilots have existed since 1912, AFCS design is yet to be
routine. The role of the AFCS has expanded in recent years due to
greater emphasis on man-in-the~-loop control. The AFCS has played an
increasing role in optimizing vehicle pérformance particularly in such
demanding tasks as weapon delivery, air combat, terrain following, and
automatic carrier landing.

Initially, autopilots were designed to relieve pilot loads by holding a set
heading and altitude. With the advent of high performance jet aircraft,
techniques were developed to control the short period and Dutch roll
oscillations (stability augmentation) and to counter such phenomena as
inertial cross-coupling and body bending. Recent concepts for improv-
ing aircraft response and handling characteristics include command
augmentation, direct lift control and side force control. Advanced
developments in the general field of automatic controls are being adapted
to aircraft control technology; these include adaptive, optimal and self-
organizing control technique's.

The arrival of compact, high speed digital computers, strapdown atti-
tude sensors, solid-state sensors, and digital actuators have provided
the designer with a wealth of alternatives and opportunities to meet the
demanding requirements of RPV AFCS design.

The primary reasons for the existence of RPVs are to remove the pilot
from a highly dangerous environment and/or to accomplish certain tasks
or missions at greatly reduced costs. For both reasons, RPVs tend to
be small, simple, and have restricted capabilities.

Having no pilot or crew and their associated controls, displays, safety,
and life support equipment inherently reduces size and cost. Relaxing
reliability requirements and complexity also reduces cost. However,

as we become more confident and clever in RPV design technology and
applications, more tasks will be and are being performed by such vehicles.
Projected multi~purpose RPV designs have the functional complexity and
capability to perform nearly any role that an F-4 can (albeit with consid-
erably less range and payload carrying capacity). Therefore, applications
of such strike/recce RPV can provide a strong supplement to manned air-
craft in naval operations.

The consequences of remoting the pilot are several:

a. He is removed from a constrained and undesirable environ-
ment and placed in a more comfortable unconstrained one.
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b. His visual, aural, and physical (dynamic) feedback or
"sent of the pants'' cues are gone.

c¢. The complexity and constraints of telecommunication links
have been added.

d. His capability to ""see" is restricted with some RPV sensors
and improved with others; data transmission link
characteristics have significant impact.

e. Vehicle design requirements are relaxed - such as for flight
safety, reliability, ridingqualities, and environmentzi control

f. The optimum control laws, handling qualities criteria, and
controls/displays configuration for the RPV are different
due to b, d, and e above.

g. The overall vehicle costs are reduced by an order of
magnitude.

In an RPV, the AFCS is considered a basic part of the vehicle. Since
mechanical control systems are not required, the RPV inherently utilizes
fly~-by-wire techniques. Furthermore, a single (albeit redundant) servo-
actuator drives each set of control surfaces, thus combining inner and outer
loop and trim control. RPVs currently in development and future designs
will utilize virtually the gamut of the advanced control techniques, includ-
ing optimal control and control configured vehicle concepts, and adaptive
control techniques (the latter in a more restrictive sense because of the
relatively high complexity and cost). Of particular interest to shipboard
recovery are those techniques which optimize vehicle control response at
approach speeds, such as side force control and direct lift control. The
newer techniques may find applications in RPV before manned aircraft
because of the higher risk tolerance level, especially where the fringes of
safe flight are being penetrated.

New techniques for implementing control functions are also being utilized,
including integrated hydraulic power/servo packages and digital techno-
logy, as was discussed previously. Implementing control logic and com=-
putations in software is currently underway in several developmental
RPVs. A central system computer is used to satisfy as many of the
on-board computation:l and logical requirements as possible as opposed
to being dedicated to flight control. This of course includes approach
guidance where an advantage is gained in doing so.




The important features of a software AFCS are minimization of required
hardware, flexibility of computation and of implementing changes, and
the ease of introducing nonlinear constraints and functions. For example,
the safe flight envelopes are stored in memory. Flight conditions are
continuously compared with the stored envelopes. Control actions are
modified or constrained as the safe boundary is approached or penetrated.
This allows maximum use of the RPV performance capabilities without
incurring stall, buffet, or excessive vehicle loads. It prevents the pilot
from accidentally driving the vehicle beyond a safe limit - a natural con-
sequence of not having "seat of the pants" feel.

6.1.3 CONTROL TECHNIQUES

The discussion of control techniques centers around the inner and outer
control loops. These loops are so called because the low frequency
outer loops, which provide flight path control, close around the higher
frequency loops, which dominate the aircraft handling qualities and
control precision.

The situation may be described as follows: In general, if the period of
oscillation inherent in the vehicle exceeds 10 seconds (such as in sprial
divergence and ''phugoid" modes), a pilot can adequately control or
damp motion, but {f the period is less than 4 seconds (as in the "short
period' or "Dutch roll" modes), the pilot's reaction time is not adequate
to continuously cope with the oscillation. Because of the latter situation,
nearly all jet aircraft have augmented damping. The importance of
inner loop dynamics to handling qualities has fostered considerable
development leading to such concepts as adaptive control, command
augmentation, and direct lift control among others.

Inner Loop Control

The inner loop characteristics are normally vehicle dependent. For
many vehicles, fixed gains have proven adequate for the inner loops.
Others have used gain scheduling of the damping terms over the dynamic
pressure range expected. In general, the detail gains are different from
vehicle to vehicle and this is where detailed design is required. Typical
ways in which gain changes have been handled are:

e Mission dependent gain switches and/or logic in the autopilot

» Plug-in gain adaptors which are different for each type of
mission

WL 77 .




e For digital systems, the constants involved are stored in
memory and a notification of mission type is required before
flight to activate the appropriate set.

¢ Self-adaptive control techniques which automatically set gains

b and hold stability within acceptable bounds. The complexity

of these techniques is normally not justified in RPV, since one
of the more simple alternates above usually provides acceptable
realizable solutions.

‘ r Command Augmentation

A recent concept now finding increasing application is the CAS (Com- ;

mand Augmentation System). Designers have known for many years of !

the advantages of SAS (Stability Augmentation Systems) for ensuring :

adequate vehicle dynamic response and stability. CAS extends the SAS
| advantages.

The CAS combines three-axis stability augmentation, command shaping
compensation to minimize cross coupling and undesirable moment
generation in direct lift and side force controls. Typically angular rate
! and linear acceleration are combined in a complimentary filter so as to
! maintain approximately constant flight load response to input commands
over the vehicle's flight envelope. Some gain adjustment (usually as a
i function of dynamic pressure) is also required in some cases. The com-
i bined feedback term is sometimes referred to a C* feedback; it is used
in the longitudinal axis and in the lateral axis side force control loop.
The CAS intentionally slows the aircraft responses to pilot commands so
as to tailor the control feel. However, RPV CAS response is optimized
for best flight path control, which provides a relatively quicker short
period response than is normally experienced in a manned aircraft.

In essence, the shaped command signals buck the SAS signals so as to
effectively reduce damping during maneuvers when reduced damped is
desired for fast response while retaining the well damped gust response.
Other advantages of CAS include:

¢ Nearly neutral speed stability which permits rapid speed changes
without trim adjustment.

¢ Aircraft pitch response conforms to angular rate at low speed
and to normal acceleration at high speeds.
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e Control response is relatively independent of altitude and
airspeed.

* Responsiveness is relatively independent of aircraft configuration.
e Signals from other subsystems can be added.

Adaptive Control

Adaptive control provides a means for determining the vehicle flight
condition and/or performance and for varying gains, filter time constants,
or other control parameters to maintain best perforrrance. Such a capa-
bility provides flexibility of operation and improved performance over
fix-parameter control systems, but it suffers the penalty of increased
complexity. A number of techniques have been demonstrated for obtain-
ing self-adaptive control capability with varying degrees of success. At
least eight systems have been flown since 1959, the best known of these
include the X-15 and the F-11l systems. Experience gained from these
programs do not clearly indicate whether the benefits gained from
adaptive control, as implemented thus far, are worth the penalties
incurred. While some applications may be worthwhile, indiscriminate
use should be discouraged.

Direct Lift Controt

DLC (Direct Lift Control) is any device that produces changes in lift
without generating a significant pitching moment. Elevators control
lift and consequently normal acceleration by rotating the vehicle to
change its angle of attack. With large pitching motions and lag in lift
build-up evident in some flight regimes, precise flight path control is
difficult. Use of DLC, blended with elevator control, provides a means
of speeding up normal acceleration response, reducing pitch rate over-
shoot, and eliminating the initial acceleration reversal due to elevator
lift.

Lift force producers include flaps, spoilers, and collective ailerons.
Unless specially designed, flaps tend to operate in one direction and
hence must be biased and are slow. Ailerons work well if the available
area is sufficient. Spoilers must be operated at a bias to achieve plus
and minus values thus incurring a drag penalty.

6=9




The DLC surface is very effective at producing instantaneous normal
acceleration, on a transient basis, proportional to surface deflection.
It is much less effective than the elevator in producing steady state
acceleration. That is, DLC is a more efficient short-term device,
while the elevator is more efficient on a long-term basis.

Stated another way, when the elevator is used to maintain a constant
attitude, a given DLC surface deflection will not generate a steady

state normal acceleration. Rather, a flight path angle response results
with a time constant inversely proportional to the acceleration. Therefore,
a blended system generally yields the best results.

Blended DLC yields a marked decrease in acceleration response time,
by a factor of 5 to 10 times, together with a decrease in pitch rate
overshoot, by a factor of 2, with respect to conventional elevator only
control. Further, gust response damping is increased by 1.5 to 2 times.
Hence DLC-equipped aircraft will be less disturbed by turbulence.

Direct Side=-Force Control

Direct side force control (DSFC) produces lateral accelerstion with the
wings level. It provides an additional maneuvering controi to increase
the precision and responsiveness of the RPV. Hence, it improves the
pilot's effectiveness in target tracking and recovery approach control.
The expected improvement in lateral control time respot.se should be
similar to the improvement in longitudinal response provided by DLC.

Side forces can be generated by deflected thrust or vertical surfaces in

a manner analagous to direct lift force generation. For example, con-
figurations SLROIl and SLR06 utilize an active nose fin in conjunction

with the rudder. When operated collectively such as to produce a net

zero moment, a direct side force results. Aileron control automatically
counteracts any residual roll moments generated by roll-yaw coupling,
thus providing a roll-stabilized control mode. Configuration SLR04 and
SLRO5 utilize vectored thrust, although the latter uses it in the hover mode
only. Tip jets produce control moments to counteract undesirable cross-
coupled moments.

DSFC capability is particularly important for the SLOROC SLR06 con-
figuration. Lateral control response tends to become sluggish at the
lower approach speeds achieved by STOL aircraft. This would be detri-
mental to shipboard recovery where the allowable lateral touchdown

(or impact in the case of the Brodie system) is quite small. DSFC
increases directional control stiffness and responsiveness so as to
correct the deficiency.




Control Configured Design

1
3
A

The concept of control configured design is to optimize the vehicle and
AFCS as a unit rather than treat them independently as is normally

done. All of the previously discussed techniques plus those not discussed
are brought together under control configured design. The primary
objectives are: (1) to minimize stability margins so as to minimize
control power requirements, and (2) to alleviate loads (gust and maneuver)
so as to minimize structural strength requirements.

The following is a short summary of these techniques and an estimation
of the benefits to be gained:

¢ Reduction in the horizontal and vertical tail size with the auto~
pilot stabilizing for the resultant changes in both static and
dynamic stability., For a large aircraft like a B-52 an approxi-
mate 2:1 reduction in both horizontal and vertical tail area is 3
possible. This would cause a significant decrease in weight.
To perform the same long range, high altitude mission, the
gross weight at takeoff would be reduced 13.7 percent. Even !
greater reductions are predicted for low altitude, high speed 1
flight where the drag penalty is a skin friction function and is
reduced proportional to the wetted area reduction. The respon-
siveness of the vehicle would also increase which is important 3
for the air-to-air mission.

Maneuver load control has been projected as a technique to

reduce wing structural weight. During high ""q'" pull-up maneuvers p
wing control surfaces are used to shift the load pattern toward
the center of the wing and reduce wingroot bending. Estimates
of weight reductions of as high as 2 percent of gross weight
have been predicted for this technique. This technique if pro=-
perly designed can improve the responsiveness of the aircraft }‘
by providing a direct lift component. L

>

Redundancy

Much has been accomplished in mission dependability and safety in recent
years in multi-channel redundant flight control systems. Fail-operational :
3 systems of triplex and quadruplex configurations have been designed which E
3 can sustain one and two failures and continue to operate. Automatic
] landing systems of the triplex channel configuration or dual-dual configu- 4
ration are also fail operational for the first failure. These system are

6-11 1
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much more complex than normal single channel systems but have greater
integrity and increased probability of success in accomplishing a specific
task. Determining the level of redundancy that is optimum for RPV in

shipboard recovery requires a level of analysis that is beyond the scope
of this studv.

A less complex technique uses the concept of fail-passive design which
inherently eliminates active or hardover failure modes. When two
fail-passive control channels are operated in parallel, a failure in one
channel will not affect operation of the other. Since neither monitors
nor switching are required, the overall system is much less complex
than a conventional monitored system. In fact, the complexity (and
hence cost) is in general reduced by one control channel (either real or
simulated) plus all of the associated voting, comparison, and switching
mechanisms in comparison to a conventional redundant system of equi-
valent performance. Monitoring, in effect, is mainly relegated to the
role of status reporting. Switching is used to change control modes rather
than eliminating failures. The feasihility of fail-passive design was
demonstrated in 1966 (Reference 5).

The benefits of redundancy accrue from the fact that the overall system
failure rate decreases as the product of the failure rates of the indivi-
dua! channels, whereas the rate of need for maintenance actions and
system cost increases linearly.

RPV reliability is normally significantly lower than the typical case in
manned aircraft both by requirement and design so as to minimize system
costs. The relative cost of redundancy in a simple vehicle can be devas-
tating. Hence, redundancy and/or back up control is reserved for vehicles
on which long endurance or special safety requirements, such as ship-
board recovery, are imposed. Dual redundancy with a model monitor
residing in a general purpose computer for resolving failure ambiguities
has been implemented in one long endurance RPV at TRA to achieve
reliability goals. Safety requirements on the other hand, are normally
satisfied by simple backup systems, which previde reduced mission
capabilities but are adequate for recovery.

6.1.4 AFCS CONFIGURATIONS

For the types of aircraft considered in this study, two classes of AFCS
must be considered: conventional and VTOL. Control laws do not change
appreciably over the speed range of fixed wing aircraft from supersonic

to STOL. However, to get to the lower speeds of VTOL, an abrupt transi-
tion in control laws occurs. In fact, a VTOL AFCS must encompass both
sets of control laws.
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A functional diagram for the conventional AFCS is shown in Figure 6-2.
The inner control loops comprise 2 command augmentation system (CAS)
and the mixing function for integrating direct lift and side force control.
The outer loop control modes are similar to manned aircraft AFCS
modes: seek and hold of heading, airspeed or Mach number, and altitude
or altitude rate (vertical velocity).

One of the key design parameters in obtaining good controllability of the
approach path is the vehicle path control frequency response. It should
be greater than the ship motion power spectra, which peaks in the vicinity
of 0.5 radians per second. Aircraft path control responses typically fall
into the same region. The relationship is shown in Figure 6-3. Refer-
ence 6 confirms the importance of this factor. It notes a significant
decrease in carrier landing accidents as the dominant longitudinal axis
transfer function numerator term, ‘T% , increases. This term approxi-
mates the closed loop phugoid parameters. The values of TH for four
carrier-based aircraft are indicated in Figure 6-3. Also shown is the
range of desired values, which can be achieved using such techniques

as DLC, high lift devices, and speed control. The '""goodness' of con-
trollability of any particular vehicle configuration is best determined in
a dynamic simulation which is beyond the scope of the present study.

An important difference between RPV and manned aircraft AFCS is in
the point of manual control input, While the RPV input could enter at the
CAS, as it does in a manned aircraft fly-by-wire system, it normally
enters in the outer loops. Typical inputs are roll angle (or lateral
velocity for side force control), vertical velocity (sometimes pitch
attitude), and airspeed or Mach number. The reason for this is that a
remote pilot's task can be simplified by providing a time integration
between control input and flight path vector that would otherwise have to
be done by the pilot. Hence, he controls roll angle rather than roll rate
(as from within the cockpit), vertical velocity or pitch attitude rather than
normal acceleration or pitch rate, etc. This method is similar to a pilot
flying an aircraft through the autopilot rather than the control stick.

VTOL AFCS

As we discussed earlier an aircraft in the VI'OL mode obeys a different
set of control laws than when in a conventional mode. The VTOL air-
craft is more difficult to fly, particularly when holding the aircraft in

a fixed position with respect to the earth or a ship, because four time
integrations exist between control inputs and vehicle position. The
pilot's task can be simplified by reducing the number of integrations

6-13
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involved. Feeding back (within the AFCS) inertially-derived transla-
tional acceleration and velocity, along with the familiar angular rate
stability augmentaiion loops, provides three integrations. This type
of system is sometimes referred to as a hover augmentation system
(HAS). Hence instead of commanding attitude (to achieve lateral
acceleration, velocity, and position), the pilot commands velocity
directly. By adding response-shaping filters, a command hover-
augmentation system results.

Since the velocity command/hold characteristic provides a linear rela-
tionship between control inputs and aircraft velocity (as opposed to non-
linear acceleration relationships), it is inherently easy to use for maneu-
vering. This factor is especially important for remote operations since
the pilot lacks the physical cues which are so important to the typical
attitude control. An important feature of the HAS is that the path control
commands are directly compatible with the conventional flight mode
commands. That is, both modes employ linear velocity commands.
Therefore, pilot task loads and path guidance complexity are minimized
as the vehicle travels through the transition speed region.

The flight sensors (attitude, angular rate, acceleration) for the VTOL
mode are the same as those used for the conventional mode. Guidance
inputs are also the same. What differs are the control law computation
software package and the control servoactuators and their mixing
functions. During control transition, the computer switches between
control law software routines and the corresponding servoactuator sets
in a controlled blending manner which is established in a transition
routine. Once again, the flight performance envelope is stored and
monitored; this is particularly important in and near the critical transi-
tion region. The difference between VTOL aircraft lies not in the
flight sensors or control laws but in the unique propulsion and control
moment generators and the associated control mixing functions.

One of the direct consequences of the HAS implementation, in addition

to the desirable handling qualities and compatibility with the conventional
AFCS mode, is excellent path damping. It improves performance in
both automatic and manual approach and hover, which is very important
to RPV operations. It also allows use of steep approach angles, exceed-
ing 15 degrees, thereby reducing the time spent in ship's turbulence.




6.2 SHIPBOARD MOTION COMPENSATION

The recovery of shipbased RPV's safely on board Naval vessels becomes
increasingly difficult as the sea state and the associated ship motion
increase., The critical task is to synchronize aircraft motion with ship
motion so as to minimize dispersions in impact point and velocities.

When conventional shipbased signals-in-space guidance systems are
utilized, the incoming aircraft attempting to track a radio beam line

of position will sense relative deviations from the desired path caused
by either aircraft motion or by beam motien induced by ship motion.
These typical landing guidance aids provide signals in space which are
combined to form a squinted or scanning radio beam of a nominal one

to two degrees width. This provides correcting approach guidance infor-
mation to the electronic flight director indicator which the pilot uses
directly or automatically through the automatic flight control system.
Hence, the landing aid ties the terminal point of the aircraft's approach
path to the flight deck, However, unless compensation is provided, ship
motions will rotate and translate the reference beam which, acting as a
long lever arm, amplifies the motions at the aircrfat location.

In land-based approach systems, the reference beam does not shift in
spatial position, except for unusual reflecting or refracting phenomena.
The air vehicle spatial position variations are attributed solely to the
vehicle perturbations, typically, pilot response control lag, and the
effects from the air mass., Accordingly, a smooth, predictable flight
path to touchdown can be established.

For a shipbased approach system of this type, however, a more suitable
system must satisfy two separate and diverse conditions:

a. When the aircraft is far out in approach path (4 to 10 miles),
the reference beam should be fixed in space, independent of
the vessel motion.

b. When the aircraft is near the touchdown zone, the reference
guidance system should provide an indication of the vessel
motion relative to the RPV and provide ship position
prediction.

Additionally, a smooth transition from the stabilized approach path to
the deck-phased touchdown maneuver is required. It is important,
therefore, that a combination approach pattern be provided; stabilized
in the far field, and with suitable motion and position prediction at/or
near touchdown.

6=17




6.3 INSTRUMENT LANDING SYSTEMS

In 1970 the Department of Transportation (DOT), the Department of
Defense (DOD) and NASA prepared a 5-year national plan for the
development of a microwave landing system (MLS). The goal is to pro-
duce an approved and validated system design, together with production
specifications for each of the various airfield and aircraft equipments.
A limited number of preproduction equipments will probably be procured
for evaluation at military and civil sites.

The requirements for this MLS have been assembied from the combined
efforts of various user groups. Collectively, they postulated that cost and
safety introduced the necessity for a common system signal format.
Additionally, special or unique military requirements, i.e., weapons,
vessel motion compensation, or theater of operations, can be accommo-
dated with auxiliary data link channels, codes, or special operating modes.
Traditionally, most military aircraft operate within the civil air traffic
control (ATC) jurisdiction for a large portion of their useful life. Accord-
ingly, military equipment and procedures should be compatible with the
civil system enroute and landing concepts. The safety element is para-
mount, but economic values contribute heavily toward this requirement.

After extensive analysis, frequency and channelization requirements
were established, together with a best-judgment signal format which
provides for signal commonality among all users. Two signals in space
system techniques were identified: the scanning beam and the Doppler;
both of which can be expected to economically meet the requirements for
a new MLS,

The MLS national plan provides for a 5-year study program with an
$82,000,000 commitment. During the initial period, contract definition
has resulted in four contractors to build feasibility demonstration equip-
ments by mid-1974.

Several individual military requirements exist which may not be easily
satisfied by the FAA national plan. Considerable controversy exists,

and individual departments are actively pursuing their unique require-
ments. The probable large physical size and C-band implementation

to satisfy civil long-range heavy precipitation requirements will force

the military to continue interim MLS developments and procurements
based around Ky band. Because of this controversial status, it is difficult
to postulate the outcome of any flyoff demonstration.
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Due to worldwide applications and high production rates, however, the
RPV community can benefit from the economics and logistics afforded
from the adopted system if special requirements can be easily introduced.

Insofar as naval warship installations are concerned, the requirement
for deck motion compensation separates the conventional land-based
systems from a system satisfying shipboard requirements.

Study recommendations (RTCCA SCI1I7) recognizing the international scope
of its advisory/regulatory effort, provided for multiple air vehicle
approach geometry to satisfv the many envisioned users. The horizontal
tracks studied included:

o Simple, linear -- straight approaches Figure 6-4a
e Muitiple angled linear Figure 6-4b
e Circular Figure 6-4c
e Complex curved tracks Figure 6-4d
» Combinational approaches Figure 6-4e

The vertical profiles that were investigated are illustrated in Figure 6-5.
The most desirable approach paths for RPV recovery are as follows:

a. The constantangle approach Figure 6-5a for the conventional
landing configurations.

b. The multiple angle approach (Figure 6-5¢) for the SLOROC
vehicle.

c. The multipleangle (Figure 6-5¢) for the vertical takeoff/
landing and tailsitter configurations.

The first and third approach path are representative of current practice.
The multiple angle approach requires further study, but it would facilitate
more flexibility in recovering relatively slow aircraft at high recovery
rates.

The three basic control and guidance concepts which offer acceptable
solutions to the landing/recovery of RPVs aboard a ship are:

¢ Signals-in-space format
e Precision approach radar
«On-bhoard sensors
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(d) OTHER CURVED TRACKS

(e) COMBINATIONS

i

Figure 6-4. Plan Views of Approach Patterns, Sheet 2
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The signals-in-space concept is best illustrated by the AN/SPN-41 and
VHF /UHF ILS navigational landing aid. Essentially, either a squinted
beam or a scanning beam is radiated, and the aircraft equipped with a
receiver and decoder is able to sense the beam position. These data are

then fed to an auto flight subsystem or the pilot's cross-pointer indicator.

The precision approach radar scheme can best be illustrated by the AN/

SPN-10, AN/SPN-42, and similar civilian precision all-weather approach
radar systems. The AN/SPN-42 is a current naval operational automatic
landing system which is installed on several carrier and land-based sites.

The on-board visual sensor is likened to a pilot operating in clear weather.
He can see the landing site, remotely in the case of RPV's, and can
visually resolve the relative motions to effect a touchdown.

The approach and landing guidance techniques considered during this
study are:

The AN/SPN-42 Precision Approach Radar System
. The AN/SPN-41 Microwave Scanning Beam System
Microwave Doppler Scanning Beam Systems
Multilateration Techniques

Vehicle-Mounted Sensor Guidance Aids
Range~Bearing Command and Control Systems

-0 Q0 o P

6.3.1 CANDIDATE LANDING AID SYSTEMS

Precision Approach Radars (PAR)

Precision approach radars provide for practical all-weather landing
operations. The Navy AN/SPN-42-T2 is in final certification phase for
IACO Category Illc automatic landings on runways. It is now certified for
Mode 1 (Category Ilic) "hands off" approaches on aircraft carriers within
limited sea conditions. It is a ship- or shore-based precision tracking
radar for both search and tracking modes. It can skin-track a standard
size carrier aircraft to approximately 10 miles in clear weather or can
operate in conjunction with a beacon transponder to extended range or
operate in severe weather conditions.

The characteristics of the AN/SPN-42 landing system are listed in Table
6"1.




TABLE 6-1

AN/SPN-42 LANDING SYSTEM CHARACTERISTICS

Frequency Band
Environment
Coverage
Minimum Range
Maximum Range
Azimuth
Elevation
Auto Search

Search Rate

Resolution
Range
Azimuth
Elevation

Stabilization
(Shipboard Installation)
Pitch
Roll
Heave
Yaw

Glide Slope

Minimum Aircraft Separation

33.0 - 33.4 GHz
Tested to MIL-E-16400

300 feet

To 8 nautical miles

+55 degrees

+30, -15 degrees

1 degree elevation by 25 degrees
azimuth by 1200-foot range

20 scans per minute

2 feet
0.022 degrees
0.022 degrees

+7 degrees
+20 degrees

+7 feet

+3/4 degree/second (360 degree
range

Auto or manual

Selection 1 to 15 degrees

1 mile or 30 seconds, which-
ever is less




During search, the radar antenna is directed by computer. When a tar-
get is detected, the radar switches to the track mode and automatically
follows the target. The radar consists of transmitter, receiver, synchro-
nizer, servo control, pedestal, and antenna sub-systems.

The returned video signal is tracked by an early-gate/late-gate range
tracker which produces data proportional to slant range to the aircraft
and a direct digital range count, Digital ranging circuifs enable the
computer to realize a resolution of two (2) feet in position.

The aircraft spatial location is determined from measurements of
azimuth and elevation angles relative to the radar antenna and range
measurement. The system includes a computer with a stored desired
approach path with which it continuously compares the measured aircraft
position. The appropriate signals are then generated and sent ‘o the
aircraft to correct its course.

A civil version identified as Advanced Integrated Landing System (AILS)
has been in development and operation at the FAA test center for several
years. This system also provides precision azimuth and elevation guidance
with coverage throughout flare and touchdown, precision distance measure-
ment, and a PAR function. The quality of guidance data has been proven

to meet the requirements established for Category III operation: elevation
angle +0.028 degrees, azimuth angle +0.021 degrees, and range +75 feet
(all expressed as one-sigma values).

The land-based version is identical to the carrier version except for the
stabilization subsystem designed to compensate for the ship's pitch, roll,
vertical, and yaw motions.

The advantages of the system are its precision, minimization of airborne
equipment (since all the processing is done on the ship-based, or ground-
based equipment), and the flexibility to set up any type of approach path
which is not restricted to straight-line segments. Another advantage is
the capability to provide both glide path and localizer guidance throughout
flare and rollout although this capability is not required in shipboard
applications.

The disadvantages are that it is very complex, expensive, and can be
used only by one aircraft at a time, since it must point to that aircraft

in order to determine its pocition. The system also requires a command
link to the approaching aircraft for transmission of course correction
signals. This factor is not of particular concern in RPV applications

6-25
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{ since a data link is a pre-requisite for normal operations. An additional
disadvantage of the PAR system is the large shipboard volume required
to install the system. This volume may become critical on the smaller
vessels.

Published data on the sea control ship concept does not include provisions
for the installation of this equipment. Several exploratory discussions
with the landing aid community has determined that several contractors
are proposing other lower cost systems in lieu of the AN/SPN-42 ACLS
for the sea control ship application.

The AN/SPN-42 system with motion compensation capability and a +2-foot
position accuracy is a practical solution. Mathematical models of the
approach profile with wind turbulence, gusts, and ship motions are
available, although the air vehicle characteristics for each aircraft using
the system must be modeled and included.

AN/SPN-41 Microwave Scanning Beam System

! The AN/SPN-41 system consists of two Ky-band transmitters and antennas
on the ground and a receiver/decoder in the aircraft. The receiver/
decoder in the aircraft provides deviation data from the selected path,
typically on a crosspointer indicator. Selection of one of ten frequency
channels in the 15.4 to 15,7 GHz band may be selected. The two trans-
mitters operate on the same frequency which is time-shared. One trans-
mitter and antenna, which provide elevation scan coverage, are located
approximately 80 feet off from the touchdown point. Both antennas are
mechanically scanned. The azimuth antenna has a 2-degree beam which
is scanned +20 degrees from the centerline of the landing area, The ele-
vation antenna has a 1.3-degree beam which is scanned from 0 to +20-
degree elevation, The antennas are vertically polarized and the azimuth
and elevation antennas are respectively 2 feet and 3 feet in length., The
mechanical scan of the antennas is greater than the electrical scan. The

! peak power of each transmitter is 2 kilowatts. Pulse pair coding is used
to distinguish azimuth from elevation and azimuth left of centerline from
azimuth right of centerline. The spacing between pulse pairs is a meas-

3 ure of the angle. Coding is also available for station identity and for

obstacle clearance information. The antenna scan rate is 2-1/2 times/

second and signals are transmitted in both locations of scan, thus pro-
viding an information rate of 5 scans/second.

R g L Lo b -
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Airborne equipment is the AN/ARA-63 which receives signals on the
selected channel and decodes the information for display on the cross-
pointer. For the RPV application, these data would be introduced into
autoflight control system. Suitable compensation for extraneous beam
data must be provided for Category IIT approaches. Flag alarms and
cross-pointer deflection in the absence of a signal above threshold is
also provided.

The use of the scanning beam technique permits the selection in the
aircraft of any azimuth or elevation angle (within the scan coverage
pattern) for approach. The optimum glide slope for a particular air-
craft type may be pre-established.

Additional systems from the same family as the AN/SPN-41 (C-scan);
A-scan, shorscan, and Co scan are all manufactured by AIL and use the
same basic technique but differ in spatial coverage. C-scan was designed
for single corridor carrier landings, A-scan for triple corridor V/STOL
landings, shorscan for split location azimuth and elevation providing
guidance and touchdown and rollout, while Co scan is a commercial
version of C-scan.

The AN/SPN-41 system is in the military (Navy) inventory and a moderni-
zation plan for the AN/ARA-63 airborne decoder is in the IFB stage. The
flexibility of scanning beam systems provide selectable glide slope and
localizer courses permits various track captures without restricting the
landing aid.

The two serious drawbacks are the sector scan width, £20 degrees, air-
borne intercept capture angle +30 degrees and Mode Il minimums.

Scanning beam systems, like the AN/SPN-41, AN/TRN-28, Co-scan,

and MRAALS, are systems that generate and scan a radio beam over a
specified swept volume within a predetermined time period. These
systems all sweep from a given reference. To establish a reference
which can be biased so as to compensate for a moving platform is difficult.
However, AIL, Division of Cutler Hammer, has proposed a simple modi-
fication to the existing AN/SPN-41 system which rotates and translates
the beam so as to shift the glide path in elevation and azimuth. This
modification is now being installed on a carrier for trial evalutions. The
modification to the stabilization platform allows service to one approach-
ing vehicle at a time; the beams are accurate for only one specific point
in space at one instant. The shifted motions are: rotation of the path
angle which changes the glide path and vertical translation of the glide

6=27
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path which parallels the selected azimuth path without affecting the normal
glide slope. The combined effect is to stabilize the selected touchdown
point independent of the vessel motion, yaw, roll, pitch, or heave, and
alter the glide path aiming point so that the air vehicle does not have to

touch down at the landing aid aiming point. This technique can be applied 3
to all conventional scanning beam systems.

Specification listings of the AN/SPN-41 scanning beam navigation land-
ing aid are contained in Table 6-2.

Singer-Kearfott MRAALS

The Marine Aviation Detachment is sponsoring this scanning beam portable
3 microwave landing aid development. It is difficult to obtain significant

: data other than that covered by the IFB because of the industry competi-
tion and flyoff demonstration which is now in process. The Singer-
Kearfott prototype unit has been delivered for comments and some data
have been obtained. Cost information will not be officially provided,
again because of the impending competition; however, informal agree-

ment as to a hypothetical cost has been obtained, i.e., approximately
$83, 000 for the ground station.

The Navy has circulated an IFB to upgrade the companion airborne unit,
( AN/ARA-63 receiver-decoder. Present inventory costs are $8,000. It
‘ is postulated that microcircuit, large-scale integration will reduce the size,
weight, and power, and the acquisition cost to less than $2, 800.

While the following description is based upon the Singer-Kearfott design,
sufficient insight into the basic operating requirements and methods to
satisfy the IFB are provided. The MRAALS ground subsystem will pro-
vide three major guidance parameters: azimuth angle, elevation angle,
and slant range (DME). The ground subsystem generates two scanning,
fan beams. These beams are encoded with a pulse modulation which
uniquely defines their position in space. As the beam scans by, the air-

borne receiver detects and decodes this modulation and thereby establishes
its position in space.

The scanning motion is provided by a single, low-inertia, low-friction
scanner. This unit is contained in an integrated folded pillbox antenna !
assembly which provides the beam patterns required. The azimuth
antenna feeds an additional stationary reflector which provides the

elevation pattern shaping required for low angle coverage and minimal
multipath contamination.
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TABLE 6-2

AN/SPN-41 LANDING SYSTEM CHARACTERISTICS

GROUND STATION

Frequency
Weight
Power
Size
Range (10 mm rain)
Localizer
Course Width
Coverage:
Horizontal
Vertical
Glide Slope
Course Width
Coverage:
Horizontal
Vertical
Guidance (incl angle)
Indent Channels
Decision Height

Type
Cost

15.4 = 15.7 (Ku)
550 ea. 1100 pounds
115V/28V 1 KW

3 x 2-1/2 x 4 feet each (2)

10 nautical miles
+2 degrees

+20 degrees
0 -~ 20 degrees

+1.3 degrees

+20 degrees

0 - 20 degrees
1.4 to 20 degrees
20

50 feet (Mode TI)
Scan Beam

$100, 000

AIRBORNE COMPLEMENT

Antenna Type

Coverage

Size

Weight
Electronics/Cont. Amp

Size

Weight

Power
Interface/Control Box

Size

Weight

Cost

Horn

120 deg.vert. - 100 deg. horiz.

2.5 x 8 x 6 inches
3.6 pounds

8.,5x12.5 x 6,5 inches
9.35 pounds
28 VDC 12 watts

7x2.4x 2.8 inches

0.8 pounds
$8,000 (AN/ARA-63)
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The rotating scanner has a multiple feed arrangement which provides
four scans of both azimuth and elevation for each revolution. This
arrangement makes it possible to achieve four-to-one increase in system
scan efficiency compared to a single scan per revolution and significant
improvement in reliability.

The RF transmitter is pulse-modulated, The modulation consists of a
series of pulse pairs in accordance with a specified format. The pulse
trains are supplied to the transmitter modulator by the modulation
generator. This module accepts inputs from the antenna position encoder
and from the control panel in the form of channel identification, obstruc-
tion clearance angle setting, and guidance limits. These inputs are in turn
used to generate the appropriate modulation, synchronized to the antenna.

Microwave switching is not required because of the self-switching action
of the scanner. The antenna system accepts the microwave output of

the transmitter and radiates the energy as two planar scanning fan beams.
Both angle guidance and DME use a common supply which operates off
either 28 Vdc power or 45 to 420 Hz ac power.

The airborne subsystem consists of an antenna, an ARA-63 Radio
Receiver and ARA-63 Pulse Decoder. For RPV applications, an auxiliary
assembly is required to permit interfacing to the multiplex terminal unit
and provide the decoded guidance data, encoded selectable courses, and
station vertification data. This, in effect, measures and displays devia-
tion about fixed glide path in space. This path is defined by the center of
the azimuth scan and a referenced coded glide slope from the ground.

A tabular listing of operational parameters are contained in Table 6-3.

Microwave Doppler Scanning Beam Systems

The SCI117 committee recommendations, with respect to Doppler scanning
beam systems, have been critically reviewed by ITT Gilfillan and ITT
has elected to continue in its development.

The Doppler technique features simplicity of both ground and airborne
equipment, The transmitting antennas consist of an array of switched
radiators of the simplest kind. The transmitter provides a CW signal to
the switches with no special modulation required. The airborne receiver
determines angular position by a frequency measurement which is both
easily performed and independent of amplitude. Multipath rejection is
accomplished by filtering techniques, of which a wide variety is available.
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TABLE 6-3

MRAALS

GROUND STATION

Frequency 15.4 - 15.7 (Ky)
Weight 80 pounds
Power 175 watts 28V
Size 34 x 41 x 26 inches
Range (10 mm rain) 10 nautical miles
Localizer
Course Width +] degree
Coverage
Horizontal 420 degrees
Vertical 0-20 degrees
Glide Slope
Course Width 1 degree
Coverage
_ Horizontal +20 degrees
Vertical 0-20 degrees
Guidance (incl angle) 2 to 18 degrees
Ident Channels 20
Decision Height 0
Type Scan Beam .
Cost $83,000

AIRBORNE COMPLEMENT F

Antenna Type Horn
Coverage $20 deg. vert, -100 deg. hor, , 
Size 2.5 x 8 x 6 inches
Weight 3.6 pounds 1
Electronics/Cont. Amps E
| Size 8.5 x 12.5 x 6.5 inches
1 Weight 9.38 pounds
Power 28 VDC 12 watts :
Interface/Control Box 1
Size 7x 2,4 x 2.8 inches i
Weight 0.8 pounds 3
Cost $3,000 + ARA-63)
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The transmitted Doppler signal is self encoded. The nature of the
transmission uniquely defines a frequency at any point in space, and no
special data take-offs or coding modulation need be employed. The self-
encoding feature has important implications for the integrity and moni-
toring of the system. Since no moving parts or angle modulators necd
be employed, this system is less prone to failure. Alsc, the Doppler
signal may be monitored at one point in the far field with an assurance
that the transmitted signal is also accurate at all other points in the
transmitted volume.

An important feature of the Doppler approach is the potential for selec-
table performance tailored to the needs of the individual user. Different
classes of users, both civil and military, have varying requirements as

to required coverage, accuracy, portability, and beam width. The Doppler
equipment can accommodate these requirements and assure complete
interoperability among them, Thus, ground antenna apertures may vary
greatly in size according to the angular accuracy requirements, and in the
airborne equipment a wide variety of signal processing methods may be
employed with compatibility between all types of ground and airborne equip-
ment. The critical factor, physical size of the antennas, is a restrictive
element in consideration for shipboard use; a factor limiting its use to
large aircraft carriers.

The aircraft carrier landing situation is unique in the siting limitations
found on the types of ships where the system would be deployed. Multi-
path models in the shipboard situation determined the sizes of the MLS
antennas to be used on an aircraft carrier. Stabilization techniques were

also included with a possibility of both mechanical and electronic stabili-
zation. '

The large antenna elements rapidly discounted mechanical stabilization
methods. Electronic stabilization requires considerable computational
power to process the translation of Doppler-characterized signals.

The ease with which DME can be introduced into the system using a shared
front end reduces the avionics complement.

Multilateration Techniques

Multilateration is a method of precise all-weather landing navigation
available for those installations wherein the primary command and control
link employs a compatible data link. The air vehicle spatial position is
determined by time and phase difference measurements from a coopera-

tive emitter. Usually three or more fixed ground transmitters (transponders)
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are employed to obtain the spatial position in the three axes. The
equipment operating frequencies are flexible since they are controlled
by the frequency allocation board, but nominally UHF or X-band is used.
For RPV applications, the handover problem is eliminated because the
same equipment is used for mission control. All necessary equipment
components are installed in Lhe rehicie. The penalty to the air vehicle
is minimal.

Two competitive multilateration navigation systems are in service today,
but the extension of this technique for precision landing aids has been
promoted by several companies. The published and projected vehicle
spatial position accuracies are 5 feet and 2 feet, respectively.

The advantages of a multilateration system when considered for new
installations, and in particular for destroyer class ships, are as
follows:

e Small, simple omni-antennas can be easily located on the ship
with minor concern for reflection and multi-path effect.

e The system provides hemispheric coverage.

e Measurement of three-dimensional spatial position, computation
of steering commands and ship motion compensation can be con-
ducted in the ship~-based computer.

¢ RPV velocity and position information, together with steering
correction data, are transmitted through the normal control
command link.

» The system can readily accommodate ten or more incoming
vehicles at one time, each individually addressed and identified.

» Ship motion compensation can be computed for each air vehicle in
the approach phase and touchdown prediction information indepen-
dently transmitted to that vehicle.

¢ A different approach path and profile can be individually assigned
for each air vehicle.

For multiple control of air vehicles, the control and response data update
rates must be an efficient mix: fast enough to permit accurate vehicle
control, yet slow enough to permit multiple control of aircraft with
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adequate data guard bands. Several studies have collectively agreed upon
five updates per second as the optimuin value. With this value, together
with data averaging techniques, air vehicle position accuracy of 2-foot of
position and 1/2-foot-per-second velocity accuracy can be obtained while
operating at X-band.

If it becomes necessary that the RPV launch and recovery system operate
in a secure mode, then additional communications modules can be pro-
vided. Spread spectrum and pseudo random coding techniques are possi-
ble methods. These are outside the scope of this study.

A simplified block diagram of the electronics interface is contained in
Figure 6-6. The antenna geometry and typical navigation plot is shown

in Figure 6-7. Specific characteristics are included in Table 6-4.

Vehicle Mounted Sensor Approach Systems

The cooperative utilization of the normal RPV equipment complement

is very effective for the landing/recovery maneuver. For those vehicles
which have a tracking TV or IR systems are weather limited, provisions
are required for vectoring the incoming vehicle into the approach path.
The vehicle-mounted sensor can track any assigned inbound bearing to
the vessel. The RPV command and control subsystem can establish and
monitor the approach path. The transition to the approach corridor is
most easily effected from this display console.

Once the aircraft is within sensor acquisition range, the video tracker
can lock onto a target light source which is pulse or spatially coded for
identification. The airborne processor derives steering signals using
modified proportional navigation for guidance laws and the target source
for touchdown reference. The RPV controller monitors the approach via
a heads-up flight director display overlaid electronically on the monitor
video. This capability allows manual correction or contingency control
where atmospheric visibility precludes or interrupts tracker operation.
Guidance accuracy in this mode is greater than SPN-42 capability.

Range=-Bearing Navigation

The range-bearing, RHO-THETA integrated command and tracking system
offers excellent azimuth coverage for a potential landing aid; however, the
lack of a precise elevation guidance capability is a serious handicap.
Conventional air transport aircraft include an inertial complement which
can be used for deriving vertical as well as horizontal velocity components.
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TABLE 6-4

MULTILATERATION NAVIGATION SYSTEMS

Range

Transmitted Power
Airborne
Ground

Spatial Coverage

Position Accuracy

4 stations
Lateral Position
Vertical Position
: Lateral Velocity
Vertical Velocity

2 stations
Lateral Position
Vertical Position

HIGH POWER

200 n.m.

200 W
1 KW
Hemispherical

15 feet
15 feet

LOW POWER

20 n.m,

20W
200 W

2 feet
2 feet
3 ft./sec.
2 ft./sec.
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Range-bearing navigation utilizes the time delay measurement between the
RPV command messages and the response to a referenced synchronization
bit to determine range. The bearing measure to the RPV is obtained by
reference to a known sited reference. Relative bearing from the vessel

: is obtained using the vessel heading and referenced datum. Thi-= is
illustrated in Figure 6-8.

In addition to the complex, wave-induced ship motion computations, an
along-track vessel and RPV interception continuing solution is necessary.
The RPV heading luad to assure deck tonchdown intercopt is mora oasily
incorporated with the RHO-THETA system; albeit, this solution is required
for all navigation landing aids.

A RHO-THETA system is under current USAF development funding. The

system has demonstrated slant-range accuracy of 5 feet and angular

accuracy of 1 milliradian. For a precision landing navigation aid, the

system must also provide an elevation guidance (glide slope) capability.

An on-board altimeter, together with a computer program, is necessary
n for this function.

S et

In addition, for this system to Le acceptable for shipboard applications,
a method of providing ship motion compensation data linked to the RPV
for its fiight eontrol eonputations to reduce touchdown irmpset is necessary.
| While a vertical profile can be maintained using reference RPV position
data along a prescribed stored path, the coupling of these data with a
heaving, rolling, pitching platform to effect a predicted touchdown point
and vertical velocity is not simple. Techniques exist which can resolve
, the ship's motion and thereirom provide a pseudo-prediction of the deck
3 position at a definite future time. Pseudo-prediction techniques are now
i usad in the AN/SPN-42 ANLE, FExtension of these tochniques to data link
to other approach systems is within practical limits.

The major driving factors to employ this system as a navigation landing
aid are the reduction of airborne hardware and the simplification of
mission control and handover from launch or recovery.

Insofar as RHO-THETA guidance is concerned, a means for establishing

a referenced glide slope is necessary. A possible method is using
interferometry techniques with the sensing untennas installed on the RPV

to provide a rough angle reference. Refinement is accomplished using
vertical veloeity data obtnined by integrating the flight eontrol inertial
references. The addition of a barometric or radar altimeter would provide
an additional reference datum from which a descent profile can be computed
and controlled to maintain the descent rate within specific limits.
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6.3.2 LANDING AIDS TRADE-OFF ANALYSIS

A trade-off analysis between the candidate landing-aid systems was con-
ducted. A weighted, scored matrix technique was employed. Each can-
didate was scored for each evaluation parameter based on a linear scale
from 1 to 10, with graduations scaled as follows:

1 to 3 least effective or desirable
4 to 6 mean
7 to 10 most effective or desirable

Each score was then multiplied by the weighting factor assigned to the
evaluation parameter under consideration. The weighting factor is an
attempt to measure the relative importance of that parameter to the over-
all system evaluation. An arbitrary total of 100 was assumed for the
weighting factors which were distributed among :%e individual parameters.
The result of multiplying individual scores times the appropriate weighting
factor is the ranking points. The scores are listed in the lefthand side

of each candidate column, with the ranking points shown adjacent to the
scores. A perfect score would occur if a candidate could score 10 for
every evaluation parameter. When multiplied by the sum of all weighting
factors (the arbitrary value of 100) the maximum number of ranking
points achievable would be 1,000.

The trade-off evaluation matricies are presented later in this section as
Table 6-5 indicating the scores and weights assigned to each evaluation
parameter. An evaluation summary is provided in Table 6-6. The total
ranking points for each of the candidate landing aids systems are indicated
in the lower row of the table.

System Effectiveness

Range - Candidate No. 2, the long-range AN/SPG-60 track, while a scan
radar by primary design and application, undeniably has the greatest ac-
quistion range and tracking capability limited only to line-of-sight restric-
tions. Candidate No. 1, the AN/SPN-42 ACLS is a 50-KW pulse system
and has a 4-mile tracking limit. Candidate Nos. 3, 4, 5, and 6 are all
signals in space, formatted microwave signals, and have equal penetra-
tion range (at 100 mm rainfall). Candidate Nos. 7 and 8, multilateration
and interferometry technique systems, are also signals in space but at
UHF or X-band frequencies. Candidate No. 9, vehicle on-board visual
sensor, has the lowest acquisition range, being dependent upon light or IR
direction. In the visual spectrum, ranges of 3 to 4 miles at night during
clear weather is possible; with IR the range can be extended to 6 miles
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with drastic reduction attributable to weather/rain. Candidate No. 10,
integrated RHO-THETA command and tracking system, has the greatest
range limited only by the line of sight from the antenna.

Minimum Range "Key Effect'" - Only Candidate Nos. 1 and 2, which oper-
ate on an illuminate-reply basis, have this effect. In practice, this results
in a minimum effective range; typically, 200 to 300 feet for high-power
radar system. This characteristic seriously limits the installation for
aircraft carriers and sea control ships, and eliminates it entirely for
destroyers of less than 300 feet in length.

Accuracy - All candidates rate high. Candidate No. 9, the IR or visual
sensor homing device, when operated in the intercept (collision) mode,

is the most accurate because the error is always being driven to zero.
However, for tangential intercepts like a deck landing, the intercept angle
is usually high with proportionately very large along-track errors. Ac-
cordingly, in this mode the candidate is rated low. This characteristic
is difficult to rate competitively for this candidate; it is closely allied to
the recovery technique employed.

Candidate No. 1, ACLS, provides the highest accuracy for the acquisition
range of all systems.

Candidate No. 2, ship's tracking radar, is a long-range system and ac-
curacy at close-in ranges is degraded, accounting for the low rating.

All remaining candidate systems are about equal.

Azimuth Coverage - Systems having the capacity for full 360-degree cov-
erage are rated high: Candidate Nos. 2, 7, 8, and 10. Candidate No. 9

is a relative 360-degree system. That is, the on-board system, albeit a
relatively narrow field of view (beam), can seek, sense, and track to any
inbound bearing within its narrow tracking gate by correcting the vehicle
course; hence, a 360-degree azimuth coverage, with no correcting of the
ship-based systems.

Although Candidate No. 1 is a narrow-sector azimuth scan and track
system, the specific sector of interest can be slewed to other quadrants;
typically, an azimuth of 270-degrees is available, restricted only be an-
tenna placement and masking by the ship's superstructure.

The remaining systems are scanning beam; signals in space formats
having an azimuth scan of approximately 40 degrees. The sector cannot
be reassigned without extensive alignment.

6-41
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Elevation Coverage - Candidate No. 7, the multilateration system, offers
the best coverage in elevation. The altitude is computed from time and
phase differences from three or more radiating antennas. These data are
used by the on-board computer to provide error correction data to the
vehicle aerodynamic control system. Candidate No. 5, the MMRALS, is
a new-generation scanning beam system offering very high elevation cov-
erage, nominally 0 to 30 degrees. Extension of the elevation angle is
possible by changes in initial set-up angle. Candidate Nos. 1, 3, 4, 6,
and 9 are all equal in sector coverage, with possibly Candidate No. 9
having a slight edge since it is determined from the vehicle elevation
above the ship-based target and Candidate No. 1 having a slight demerit
since the elevation angle during track is less than the total elevation
sweep angle. The remaining systems are, for practical purposes, out of
the running since they do not have inherent elevation coverage without

' extensive assist from an on-board computer and altimeter.

Vehicle Installation Effects - Candidate Nos. 7 and 10 rate the highest
because no additional equipment is necessary for landing guidance, albeit
the on-board processor must be updated with the computations required
for impact prediction.

Candidate Nos. 1 and 2 require only an identity beacon or reflector

; located to indicate the air vehicle touchdown point, i.e., hook or wheels.

! Candidate No. 9 is rated high but it is mandatory that the RPV include a

f sensor for the primary mission. It must be emphasized that an IR sensor

! will provide better all-weather performance than will a low-light-level
TV sensor.

! The remaining candidates all require extensive airborne equipments to
i;: be installed into the air vehicle. The receiver and antenna must be
p located with a high, forward-look angle and in a radome.
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