A Study of a Reconnaissance Surveillance Vehicle



TIER Il + UAV GENESIS

« OPERATION DESERT STORM POINTED OUT AN ISR SHORTFALL

e THIS NEED TRANSLATED INTO DEVELOPING ISR SYSTEMS
WHICH PROVIDE CONSIDERABLE:

- REACH

- PERSISTENCE
AND ...

- ELIMINATES DIRECT PERSONAL INTERACTION
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GENERAL UAV ISSUES
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UAV Design

* UAV Designs have the following attributes embedded:

-AUTOMATION
- PARTIAL AUTONOMY - thus need for Ground Segment

ULTIMATE OBJECTIVE IS TO EVOLVE TO ... FULL AUTONOMY

« THE CONSEQUENCES OF THIS DESIRE:

- LIABILITY
- CERTIFICATION
- SAFETY
- RELIABILITY

- AFFORDABILITY

NPS041003



UAV Operating Domains

MILITARY CIVILIAN
A — AL
KSTRATEGIC TACTICAL 4 COMMERCIAL
* Worldwide OPS * In -Theater Use Only _
« Self ferry / refuel « Transport to theater * Requirements
« Robust Nav « Robust Nav moving towards
e Quad / dissimilar « GPS same as Manned
« GPS / DGPS * Inertial INS
o Inertial INS (high — quality)
(high — quality) * Robust COMMs
« ICAO / GATM

* Robust COMMs
 Over-flight rights

NPS041003



Risk Reduction

 Develop from Experience
* Minimize Non-recurring Development
e Test early

 Design for future growth

NPS041003



Risk Reduction

* Never attempt to incorporate more than 2 major
technological advances at one time

» Thus minimal engine development for this application
was a must

*The major remaining risks were:
 Large scale system integration
 Software development

e Sensor / Comms development and integration

NPS041003



System Reliability - Flight Critical

Reliability Complexity # Flt Computers Example Availability

—— 10 -09

—— 10 -07

—— 10 -05

1 1003

NPS041003

e Quad

e Triple

e Dual / Triple

e Single / Dual

e Airliner
(150M- 500M)

 Fighter
(50M - 150 M)

 Moderate
Cost UAVsS
(10M - 50 M)

* Reusable UAVS
Expendables
(300 K -10 M)



Design to Cost

Lowest costs are achievable by:
« Simple but redundant systems
» Use of parts from existing designs
» Use of COTS hardware wherever possible
* Tailor requirements to avoid over-design
« Use of strategically placed sensors for system status
 Use of smart s/w to limit, control, and “heal” failures

Cost considerations must be applied from part design
through testing and onto system tests.
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Reliability Trade Methodology

Requirement: Desired Loss Rate of Less than 1 Per XXX Missions, ( Ps > (1-

Flight

Items

Optimize Reliability / Redundancy
Consistent with Cost Constraint

Identify
| Trades of

| Costvs.

Critical

Perform

MTTCF

Stop «

NPS041003

|

=<$ZZ M

A 4

Channel
Architecture

Define
Single

vy

Perform

A

Is Redundanc
Feasible ?

Cost [*

Analysis

Define
Redundant
Architecture

*%x))

Sequential
Application
of Min Cost
Redundancy

&>
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Redundancy

* Level of Redundancy — Application dependent / Cost
e Mostly Similar / Some Dissimilar

NPS041003

— Flight Critical / Mission Critical

Elight Critical Mission Critical

* Nav Equipment s COMMs *

* FIt Computers  Payloads

* FIt Control S/W  ECS/ Fuel Mgmt *
 Air Data e Ground segment C2x
 Propulsion

* Electrical System * Could be FIt Critical
* FIt Control Actuators

* Altimeter

» Landing gear
* Nose wheel steering
* Brakes
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Design Redundancy In

Redundancy is obtained by:
e Minimizing single paths
« Use automatic, s/w driven switching
* Validate fail-operate by testing and demonstration
» Bench (System Center) testing of s/w prior to vehicle tests
* \Vehicle ground tests

e Flight Operations / experience

NPS041003
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DMS (Diminishing Mfg Sources) - Obsolescence

* Architect to minimize effect
o (H/W)
o Stay with same processor family
« Partition to accommodate fast changing technology
* (S/W)
e Use Higher Order Language ( HOL) (e.g C++)
*And Certified (DO-178B) Operating System (OS)
Achieve true portability / transparency
 Provision with plenty of critical spares — e.g. processors
* Install an effective DMS tracking system
* Require OEMs to have a DMS tracking system and report changes
In a timely manner

LOOKAT THE ENTIRE LIFE CYCLE

NPS041003
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UAVs Do Have an Advantage

NPS041003

Accidents by Primary Cause*
Hull Loss - Worldwide Commercial Jet Fleet - 1992 through 2001

0% 10% 20% 30% 40% 50% G0% 0% 20%

GE%

Flight Crew 98

Airplane 21 - 14%,
VWeather 14 - 10%

Maintenance 8 :. 5%

Misc/Other 4 | e
Airport/ATC 4 ]3%
Total with 149

known causes

Unknown or 61
awaiting reports

Total 210

¥ As determined by the investigating authority

18
2001 STATISTICAL SUMMARY, JUNE 2002 @!ﬂflﬁ
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Learn from Others’ Mistakes

NPS041003

Accidents and Onboard Fatalities by Phase of Flight

Hull Loss and/or Fatal Accidents - Worldwide Commercial Jet Fleet - 1992 - 2001

Accidents

Fatalities

Hulll
loss
andfor
fatal

accidents

120

100

80
]
40
20

[}

Percentage of accidents/fatalities

17% 54%
Taxi,
load, Initial Climb Initial Final
parked | Takeoff climb {flaps up) Cruise Descent | approach | approach | Landing
6% | 12% 5% 9% 6% 5% 5% 8% | 46%
0 6% 13% 24% 6% 16% 149 19%, 3%
o 22%
19% Exposure = percentage of flight time i
based on flight duration of 1.5 hours il
nitia :
approach  approac
fix fix e
19, 1%, 149 57% 11% T 12% T 3% 1%
Distribution of accidents and fatalities 2000
B 107 ]
L 1,627
- 1500
L 1,252 talil
1051 - Fatalities
B B4T7 - 1000
i 27
381 x 281 4 500
- " 1 1" 12 = 210
K .
Taxi, load, Takeoff Initial Climb Cruise Descent Initial Final Landing
parked climb approach  approach
. Hull loss and/for fatal accidents |:| Onboard fatalities
17

@_mw

2001 STATISTICAL SUMMARY, JUNE 2002
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UAV Major System Attributes

NPS041003

o Significantly lower mission costs than manned
* Incorporates reliable (robust) design features

 Provides protection against human induced accidents through
embedded flight control limits and limited override capability
(outer loop vs inner loop)

» Adequate sensors to predict deterioration and failures
 Use of sufficient redundancy to provide fail-operate systems

o Self “healing” and self controlling systems operation

« Tolerate wide environmental ranges, as operations are
generally in hostile and/or unknown environments (pressures,
temperatures, turbulent atmospheres, etc.)

 Operate in civilian airspace (with or without waivers) over
friendly as well as hostile countries.
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Design Requirements
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Original System - Goals / Requirement

NPS041003

PROGRAM GOALS

CHARACTERISTICS

14,000 NMI
65,000 FT+
42 Hrs
1.5 - 50 Mbps
> 50 Mbps
1.0/0.3m resolution (WAS/Spot)
20 - 200Km/10m Range resolution
EO NIIRS 6.5/6.0 (Spot/WAS)
IR NIIRS 5.5/5.0 (Spot/WAS)
40,000 Sq. NMI/Day
1,900 Spots Targets /Day
< 20 meter CEP

Maximum Range
Maximum Altitude
Maximum Endurance
SATCOM Datalink
LOS Datalink
SAR
MTI
EO
IR
Wide Area Search
Target Coverage

Location Accuracy

Just 1 Requirement - Unit Flyaway Price

18



Notional Mission Profile

50,000 Ft

200 NM

200 NM

Idle / Takeoff

Steady 20Kt
Crosswind
Component

NPS041003

Descent / Land

1 Hr loiter
at Sea Level

o,

Steady 20Kt
Crosswind
Component

00 Ft
Standard Runway

= 8,000’ x 150’
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System Selection Process

NPS041003

« A disciplined systems approach was
used to define the overall system:

— Analysis

— Trades

— Sizing and Sortie profiles

— Survivability issues considered

— Mission radius of operations reviewed

20



System Selection

NPS041003

m System Selection

Input From B
o A — Area Coverage/Day
B — # Tagts/Day

. - A PrB q c r Macc — Targeting Accuracy <1.0
Military Utility :( ad.a WX( asal \Ix eal )X Pg™ xMacc x Nitgtx Migx Mflex Mgt — Targeting Timeliness <1.0
Agoa S B goar / actual Tig — Image Quality <1.0
C — # UAV's Required for Continuous

Surveillance

m — Number of Missions In a 30 Day
Period
Ps — Survivability

TMflex — Flexibility (User Friendly) <1.0
p.q.r — Weighting Exponents

uAv System
| Technical Goals || System - | | Experience I Military Utility I

3
|__system-.. | =] system Analysis |»]

Price Requirement _
$10M }_» I System - N I

APUC APUC=XXM ? b Include in
—he— [ |

Comparison List

No

{ Performance

Relax I NRE" I

Goals

Trade Studies Results

| System Option # N:

T
1
'
T
'
'
L

I Systermn Option # II:

h 4

Systern Option # I

Architecture

Air Vehicle

Optiorn #--—---- Option #----——

Systemn Military | Content

Drescription Utility S55 MRE | RISK
(HAN)&(SAN) Content

Military Utility - See Panel B
*  APUC - Average Procurement Unit Cost
**  RISK - Risk Assessment
*** NRE - NRE

A/ Segment

FHHKM

System Selection Approach Has Sound Basis. It will Result
in Optimizing the System Performance with Due
Consideration of Risk and NRE.

System Options |System Il Provides Maximum Utility for APUC. RISK, LCC, and NRE Cost
Will Also be Considered for the System Selection

1
1.0 = 1| IV

0.5

0
Military Utility

1 1w

Lofial FLDEHH

Military Utility - 100% Meets all the Specified Goals. Risk - 0 is No Risk

10
APUC
(8M) 5

Cost Content Air Vehicle
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Trades and Analyses

NPS041003

System Trade Studies and Analyses

SYSTEM LEVEL TRADES

* High Attitude/Survivability

* Long Endurance/Cruise

+ Wide Area Surveillance

+ Compatibility with Existing Systems
* Payload Capacity - Multiple Sensors
+ Data Links Capability

* Mission Planning + Logistics

* Reliability/Redundancy

* Multi-Int Operation

* Theatre Interoperability

UAV System Simulations and

Experience Models

Trade Studies

Notional examples
/ Shown on Panels D

Panel D

Fleet Sizing

On Station Endurance
Radius of Operations
Sortie/Maintenance Planning
Operational Cycle Timeline
FOB Selection

AV Reliability Impact

and Analysis

Best Military Utility
< $XXM APUC

Operational Objectives

* Fly Above Most Threats
* XX Hr On Station Time
* YYYY nmi Radius of Operation
* SAR Payload
— Strip Map
— Spotlight
- GMTI
* EO/IR Payload
- Area Coverage
- Spotlight

*YY CEP

* Mixed Payload Fleet
- Weather, Targeting

* Threat Warning
Countermeasures

* Comm Interfaces

* MCE Capability

* Launch & Recovery

22



Analysis Approach

NPS041003

E] sSystem Analysis

Input

® Mission Analysis

o ® Ferry Range Range

= Enroute Tasking
= Payloads

Input Data
Customer Goal « Theaters
- World Wide T estdng
« Continuous « MOBs
coverage « FOBs
Customer Goal ¥
AN Design
: Eﬁﬁ'ﬁice = Stability
= Altitude
= Range * Range
= Survivability : gng;éance
Customer Goal P
goal
= Area Sensor
Covered/Day « Accuracy
B * Slant Range
'goal * Atmospheric
. #Tgts/Day Attenuation

Customer Goal

* Terrain Masking

Flexibility

= Basing Compatibility
= Altitude/Range

= Weather/Crosswind
= Payloads/Mix

+ Countermeasures

b

r

Fleet Sizing Analysis

= Sensor Reliability

= Flight Critical Reliability

= Systems Mission
Reliability
= Sortie Planning

= On-Station Coverage

« Turnaround Time
BUZARD Simulation

1

1

!

T

i

= Mission Radius - !
FOB :
= Time On-Station |
I

1

1

1

!

Specific Peace :
Tasking No Threat ]

1

1

|
1

®r=== A ! pwce | |
Survivability , Altitude |
Per Mission ' Defensive |
Threats ! Measures |

* SAMs 1

* Fighters !

Sensor Image

= Resolution
= Spot Size
* All Weather

Customer Goal

Shooter
Reqmit

Quality

Type of Sensor

I

Target Characteristics

* Size
= Fixed
= Moving
= NE At
= Area Weather
Mission Mode
+ Peace
= War
Weapon
Characteristics
= Smart Area Weapons

= Smart GPS/INS
Bombs

= Terminal Homing

Defensive Measures

= Altitude

« RCS/IR

= Mission Planning

= Maneuverability
= ESM/Decoy/ !

Expendables
Signature ———Pg

—

‘On-Board Processing

Communications

Area Covg/Day
'actual

= MUX Capability

* Compression Scheme

# Tgts/Day

v

* Range

™= » Link Type
» Capacity

* Interface

Targeting Timeliness <&—I ¢
Reqd AT « Processing Capability Mig Ground
* Comm Delay - Processing
. ?ommarécé Decision
ime to ooter -
tgt timeliness
CEP Targeting Accuracy

= MU Quality
= GPS/INS Implementation
= DTED, DFAD; Scene/Tgt Registration

= Sensor Slant Range
= Pointing Accuracy

_—"T]aoc
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Sizing and Sortie Profile

[1] Fleet Sizing and Sorte Profile

s Wsson ol At D Gl B0l
. Ingress Eqress Above 60K Q Q Q
[}
0 . Prefight Check {y{Launch [ On-Sta E
> € 9% onstation | P 3 refight Check  {{ Launch [ Ingress [y nla\on+ ress
0 . £ <>
§ ﬁ %E aelfude » iu § ! Dashed Lines Indicate Mission L _____ - S——
- Incomplete Due to Reliability ;
i4 . 60 min ‘
\dle* gLt | " liter Programming/Service (¢ '”SRP:“\;?"IF and e
it Sea 0
Level
< Operational Cycls Time g
Number of UAVs Required

—
1

2= UAVs on Station
oo imi Mission Radius

W

~

Longer On-Station and Lower Turnaround Time Resutin Fewer Vehicles Required
for Continuous Coverage. On-Station Time is Increased with Shorter Ranges.

Lol
04 06 08 10
On-Station Time

Operational Cycle Time

Total Mumber Required
L g |

—
—
—
(1
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Original Design Objective

Balance Military Utility (MU) and Risk within Unit Flyaway Price (UFP)

MU UFP 1 Loss / XXX Missions Availability Risks
Reliability = YYY Ao =0.90 Schedule
Technical
UAY Systom * Costs
T o | e | | S
|__System-... | o] System analysis Jol [ misk~ | [»{ UFP<$10M2 “ mm
P o [~ [_Sysem-N_] Relax NRE™" No
{ Pemezrxnce YY
Trade Studies Results :
| system Option # N '
| system Option ¢ 1: :
System Option # | !
R T T e P
$10M UFP. RISK, LCC, and NRE Cost is Also Considered for the
System Selection
¥ LIV
— XX
— Ry i i I
= . 0 : 0
— Risk NRE Cost Content Air Vehicle
Tota

Miltary Utiity - 100% Meets all the Specified Goals. Risk - 0 is No Risk

w0 | siom |
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Typical ISR UAV Cost Breakdown

UFP Breakdown
Description Cost Basis % URP
General Equipment
Airframe
Structures Estimate 22.74
Landing Gear Bid 1.65
Control Surf Actuation Bid 0.68
Propulsion Bid 16.31
Fuel System Estimate 0.75
Electrical Sys Estimate 1.66
Environ Ctl Sys Bid 1.02
Hydraulics Estimate 1.81
Payload
SAR/GMTI Bid 23.29
Self Defense Quotation 3.22
Data Recording Quotation 0.78
Payload Mgt Quotation 0.56
Communications Bid 14.46
ESM Quotation 2.89
Avionics
Avionics Estimate 3.49
Mission Specific Equipment
EO/IR Bid 461

NPS041003



The HALE vehicle - (High Altitude Long Endurance)

NPS041003

In Oct ‘94 Teledyne-Ryan was one of five remaining
competing companies for the Tier I+, a contract to be
awarded for a vehicle that could fly very high and remain on
station for very long periods of time.

Its mission was to fly at 65,000 feet (mostly out of harms
way), and remain aloft for 40 hours, carrying three high
quality sensors, an EO, an IR camera as well as a Synthetic

Aperture Radar (SAR) imaging sensor.

During the first phase of this competition each company team
conducted their preliminary design and made a proposal to
the DoD’s Advanced Research Projects Agency, acting as
agent for the Defense Airborne Reconnaissance Office.

27



Three Design Approaches Explored

High Wing Loading Low Wing Loading Low Wing Loading
Turbofan Turbofan Turbocharged Recip.
Span 116 Ft Span 150 Ft Span 200 Ft
Single of Twin Turbo Fan
Powered Flying Wing

Single or Twin Turbo Fan
Powered Conventional Design Three Surface Twin Piston

Engine / Propeller Design
NPS041003 28



Configuration Development

NPS041003
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Runway Considerations

Reference 1: Reference 2-
UFC 3-260-01 Airfield and Heliport Planning and Design,  \aTO Approved Criteria and Standards
AFJMAN 32-1076, and FAA Circular AC 15015345144F for Airfields. 1999 BI-MNCD 85-5
T
A
R
U Current GH X
100 m
N ‘ 328 ft |
W
A W
y A
—— ’ Shown:
Large Platform | own:
I , ' ‘ , } ' NATO Runway; Std field
150 150 m s Large Platform 8000’ x 150’
4‘ 4921t [T L | GH/U-2 MOB 12,000’ x 300’
Runway 75’ Taxiway; Std 75’
137’ Span GH / s

NPS041003 30



Tier 11+ Competition
Aka the 1995 Paris Fashion Show

Lockheed Advanced Development Co. Orbital Sciences Corp., Dulles, VA

NPS041003

All Shown at the Same Scale
And Like in Paris, All Designed to the Same Requirements !
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The Global Hawk

In 1995 the San Diego based team of Teledyne Ryan was awarded the
contract and the Tier Il Plus - (Global Hawk) was born.

Teledyne Ryan Aeronautical

Then...................and Now

NPS041003
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System Overview

re INMARSAT C2

g,

o " e (Backup)
&Ku SATCOM % UHF SATCOM

7 ,$

\\ C2& Sensor A

=y

transmlssmn OptIO

- 1.5, 8, 20, 30, 48.7, 13
or274 egabi

Tactical Users |
(Sensors Only)

ent


Presenter
Presentation Notes
Create effect of ATC link going back to unseen ATC facility off screen (at indicated point).  Use another color (e.g., blue, as shown, and make sure the link appears to go behind the GH wing, vs over it).
Delete the entire existing imaging effect
Create two new imaging effects:
One to the west over land, as illustrated
One to the east as indicated, imaging a different ship icon (use a small, Iranian fast-attack/cruise missile shooter), with the ship heading in an east-west direction
Show enemy boat “inside clouds” (create effect of SAR peering through)



System Elements

NPS041003

Pre-launch electrical

checks, air vehicle status | i i *f ‘i

and mission uploads
VEHICLE TEST
CONTROLLER
(VTC)

On-board Image e ) .
Processing Mission planning, command and

control, communications
monitoring and image
dissemination

LAUNCH
and RECOVERY
ELEMENT (LRE)

Launch and recovery,

+%» mission planning
4" and backup control
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Northrop Grumman-RQ-4A
(Tier 11+ Air Vehicle)

Carbon wing, tail

RR Allison AE3007H
i UHF Satcom
and engine nacelle antenna turbofan engine
Aluminum 0\ \ 47 Redundant electro-
airframe \ N V mechanical actuators

Common Data

Q Link (CDL)

Air vehicle avionics

48" Ku-band __
Satcom antenna >

Satcom B
Radome . ?t‘_; 5 psia and conditioned
air for payload/
avionics compartments
Synthetic

Aperture Radar

Wing and fuselage
EO/IR fuel tanks used for
Sensor Wing span - 116 feet cooling

Takeoff Wt - 25,600 Ibs
Payload - 2,000 Ibs
Endurance - 31.5 hrs

NPS041003



ACTD Modularity - Original Design

NPS041003

1SS EO/IR AR q'
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Design Performance
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4

Persistence and payload -
large drivers in assessing true
mission performance / system

capability.

Speed - supports warfighter’s

time to area of interest.

Payload
(Ibs)

40001 |

...... E——

20

Endurance
(hours)


Presenter
Presentation Notes
Increase U-2 payload to 4Klbs

Decrease GH payload to 2Klbs


L
|
L
T
- a- -
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Drag Polar

=0.60

Drag Polar at Mach

=0.877x10"6

0.60, RN/mac

Mach

819111800 Wi Buim

Drag Coefficient
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CG Travel vs Body Angle with Fuel Burn

Gross Weight (pounds)

@ Zero Degress , For Weight & Balance

Longitudinal CG Travel

Various FUEL DENSITY

ES \
——
—
T 1
s e
Ed . ——— =
i { ———
i -y
—
el
‘v//l/
—
e
e =
e
<« ~d
D e
383.00 383.50 384.00 384.50 385.00 385.50 386.00 386.50 3

Center- Of Gravity, Ycg, Fus. Sta., (inches)

——6.5 Ibs gal

—=—6.4 Ibs/gal ‘

NPSO#E563
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Design Implementation
&

Design Specifics

41



Redundancy Implementation

IMMC “A”

Outboard Spoilers

Inboard Ailerons

CCDL

- Cross Channel Data Link

Inboard Spoilers

Outboard Ailerons

- ——

-
1
e
pr—_

Outboard Ruddervators

Dual FADECs*
Dual Air Data Systems

Dual Dissimilar Navigation Systems

FADEC - Full Authority Digital Engine Control

NPS041003

e
-
_ i
-

Dual IMMCs*
Dual Flight Critical Buses
Dual Power Buses

IMMC- Integrated Mission Management Computer

42



Navigation & Guidance Schematic

28 VDC

Start Bus_A
—_— T ey

28 VDC
Start Bus_B
—

NPS041003

LN-100_SAR BVDC | scar RTCM-104
Default Backup BUS A+B DGPS OMNISTAR
Navigator -
F 3 T
<+ 28 VDC
Flight Critical Bus_A Avioniics 1555 28 VDC
— g * BUS. Avs
KN-4072_A _A+
Default IMMC_A
Primary
Navigator
< 28 VDC
Start Bus_A
Avionics 1553
Data IFF Common | | VHF/UHF ALE-50 TDS
Merge Airborne ATC Comm Decoy Rx/Proc
System Modem Launch Sys| | Subsystem
Assy
Avionics 1553 - | —
KN-4072_B <
Secondary IMMC_B
Primary > _, -
Navigator
. 4 Vehicle Test l«— 28 VDC
LN-100_EO/IR Computer Start Bus B
Secondary (VTC)
28 VDC Backup
Flight Critical |___Navigator
Bus_B

H367-0385

43



Fuel / ECS Functional Block Diagram

NPS041003

ECS !/ Fuel Configuration for UAV-1to 5 25kVA on ACTD\
v v
HX8 HX1 et
¢ :PFWd Crnpt ; 1: :rr‘*\ft Crmpt 1: :
: : F

| |Air Cooled 11| Air Cooled L ! ~a i

| | Avionics |1 |Avionics 25KkVA || Hx7 | !

! : F I F Cyclo | :
Q || mewy Air I 3 Convert | ! 2
=] : Caooled 1 i : o
= | | |Awionics : : ¥ I : =
=X it Aol Ll

& LiguigGaalets| | Liquid Cooled | | 1 -

| | 12 Avionics L1 Fans ] 1ha3 Avionics : I

A IMMCs, T i ! .

| Fan CAMA ] 03 | o |
: oy | - : -r-
g b T SR e R . S el ot PSP, e i) L i Sttt R Lo i P A S e Pt G [t G (P SR Yo e A =z ,r'l

Y ¥ Yy . Y
Y Y ¥
: : Y
A T
w2
WingfFuel BP1
Balance
+ Root Tank LR

TAECSVECS_Block_Changes\Recirc_schem_LANVS for 25kW 8 vad
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Maintainability / Accessibility
Access Door Location / Identification

F207-1 N10S-3
F207-2 N10S-4
FS205-231 FS480-523
F208-1 N10S-1 ——
F208-2 mos.;
FS231-254 FS440-480
F2092

—— 457-1683
FS254-277 Fuel Fill Port
F210-1
F210-2 r.tﬁ

3 ‘-’J’ S
F232-1

FS464-483

(A L
m Side) F211-1— L Engine Start F631-1 — — Ground Power
FS295-313-331 R Fluid Inspection F832-1 :;%;-11 -
Fi75.3 F1761
83-4 F1768-2
vl 9 FS499-523

NPS041003

T106-5
T106-6

T106-3
T106-4

T106-1
T106-2

F125-3
F125-4
FS593-597

F105-1
FS566-586
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Sensor Block Diagram

) 1553

LITTON
LN-100G

1553

BUS

LITTON
LN-100G

SENSOR
ELECTRONICS |+

UNIT

c2

1553 BUS

Y

GPS A\

COMMON
AIRBORNE
MODEM
ASSEMBLY

|

*| RECEIVER

EQ/IR

H367-0181A

NPS041003

] |
INTEGRATED SAR
SENSOR ANTENNA
PROCESSOR
| T !
SAR XMITTER
AND REC

1SS
ELEMENTS

D ISS 4 ONLY
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Integrated Sensor Suite

Recelver!

Exciter/Controller Integrated
FULEE S 5en5ﬁPmr.essur

Sensor
Electronics Unit

EQ/IR
Recefver Unit

NPS041003
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Global Hawk Airborne Integrated
Communication Subsystem

L3 Communications UHF SATCOM
Integrated Communications System Command & Control System

Ku-Band SATCOM System |
LA L

i ‘ ’ RXTX HPA  LNA Antenna _
ABIT 2 Cell < ' :
AMA HVPS W e \ -
A wa'anm‘
— :

ol =< & 3
RX/TX HPA LNA  Antenna ] RFA Ante’r:nna

UHF LOS Command Common Data Link
& Control System Line of Sight System

NPS041003
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MCE Communications Schematic

Ku-Band
Satellite

Part of Airborne Integrated

Mission Control Element Communication Subsystem
Communication Subsystem (Airborne)
(Ground)
Low Tactical Ku-Band - ---------- :
»| Rate [ Field SATCOM |— ?ﬂon&mo%wbome !
Mux Terminal Terminal | Qaem. Aesemb’y :
uhe s s
Satellie | > B LQ Integrated
. | Demand  Mission
| Assignea || Processer > Nanagement
: Iﬂul iple - Lomputer
! CCess Vi r :
Q \ :
Ground - UHF : : Antenna
BUS 1 communications D’ﬂ'ﬁ:& > SATCOM ; E:;:lf::g% - : (Peripheral)
Processor Terminal — Mul iple Processor :
Vocoder ' | Access |™ v | ATC Radio
. L_Modem || | Vocoder |-io °-](Peripheral)
Line-of-Sight T[T '
. Low Interoperable (LOS) L0S
Audio Rate Data Link ——=—__ | xBand
Mux Terminal Terminal [
H367-0295
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AIr Vehicle-to-Ground Stations Interfaces

NPS041003

L d Flows Left
egend: -« >
g Flows Right
GPS Dat
< = GPS
» DGPS Corrections
LRE ~Voice _Air Traffic
" Voice "~ Control
Weather Data Global
- Weather
Y Service
Air Tasking Order/Updates, Collection Requirements/ .
Updates, Secure Voice . Tasking
Dissemination Plan, Secure Voice Authorities
MCE _Secure Voice . Tactical

" Selected Imagery Frames, Real Time NITF Imagery, Secure ~ Users
Voice, Quick Look Reports, Retask Requests, Replan Requests

| Retasking Requests, Replanning Requests, Secure Voice Tactical

» Exploitation
Real Time NITF Imagery & SDE, Dissemination Plan, Selected Systems:
Imagery, Mission Data Secure Voice

H367-0191
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An MCE at Suffolk, VA
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All-Encompassing System Development &
Verification Environment i1s a Must

Global Hawk is not a UAV. Global Hawk is a SYSTEM. In order to develop
and test this system, a Systems Center provides the following capabillities to
ensure total system verification before each flight event.

The Systems Center provides:

« An environment which exactly represents the vehicle baseline(s) and permits

version management

« Test planning and procedural development for the air vehicle segment, the ground
segment and any number of individual payload subsystems

« Hardware and software integration at the subsystem, segment and systems levels

« System software development, test and integration

« Mission planning and validation

« Flight control and monitoring

« Payload control and monitoring

NPS041003
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Typical Mission Example

e Mission Planning Inputs (loaded in IMMCs at preflight)

® \Waypoint Nav Data for complete Mission Plan
 Sensor commands for collection data

* All Contingency actions and routes

« All limits for guidance modes and flight control logic

o CCO (pilot) Inputs in flight (from LRE or MCE) as allowed

by guidance modes and control laws and logic. Pilots can;

 Control vehicle heading (off mission plan) for ATC or sensor needs
» Set altitude levels, climb/descent rates for ATC or mission needs (within limits)

 Control onboard radios, IFF, re-task sensor collection type / locations
 Revise temporary routing for ATC or mission needs

» Guidance Modes and Mode Transition Logic enforced
throughout flight
 Flight Control Laws and Logic enforced throughout flight

NPS041003
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Pre-flight Checkout

Air start air IN
Air Conditioner

UAV Ground Control
Panel

[}

* Remove before Flight

Ground Save pin/flag generator Set, Diesel Engine

NPS041003 >



Mission Start Waypoints

RN
: |
. Last Taxi WPt. This is only location vehicle _
. will accept takeoff cmd from LRE or MCE.  LITOff A/ steers to Takeoff Wt
- Vehicle must be aligned with CL, hiked, and and picks up the Navigation
may auto abort if not within V1/D1 limits or CL plan, gear is retracted, Ralt
stdby and enters Climb

_ . mode for flight.
Taxi WPt (Turn WPt). Vehicle steers along path

to WPts, turns short to Last Taxi WPt. Stops.

T~

Aircraft is prepared for flight by the ground O ~ Surveyed WPts
crew at the Mission Start WPt. Taxi Differential GPS used to brovide
command issued from LRE (local) or MCE |(orecision horizomgfsteeriﬁg)
(can be very distant via satellite).
Tow from l [ R
ramp/hangar Ll
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Normal Taxi / Takeoff / Departure

Mission Start WPt Last taxi WPt

« INS alignment « UAV stops .Sags r(itu m (\ijt (_1sr;ttin;]fli%ht WP1)
* Engine started » Auto Nose gear HIKE h annee sraignt ansac In-flight WPts
g e Ralt ON * Cruise alt cmd’d via mission plan 9

 Mission plan loaded

» TO abort criteria loaded
* Nav lights ON

* Ralt to STANDBY

* |IFF modes / BIT set
* DGPS freq / ID set Auto takeoff abort, C4

» Recorder pwr ON » Based on V1, D1 prior to liftoff

» WPts after first, set to
facilitate contingencies,
landings at various locations
at EAFB eg lakebeds

* |IFF code SET
* CCO commands takeoff

Landing Gear UP
* Liftoff, +2000’ agl

Takeoff lift off point
Turn WPt « Normal TO, 65% fuel = 2300°-3500’
» Strobe lights ON « Hike failure, 65% fuel = 2800’ - 4000’
* Recorder ON

!

l—— 1000° —»lq 200’ plg———— 5000’, MGTOW specification runway distance

\ 4

« Nominal ... Variable Underline = Action points

* (50” min per turn for 90* turns at 4kts)
. iple taxi points optional as req’d, only one mandator
NPSOXLEHRle taxi points op a'd, only y



Superimposed on Approximate Theoretical Envelope

Speed Schedule

(Standard Day, No Winds)

Preprogrammed Speed Schedule and

5 Minute Time Increments for a

Engmg \Tested to 70 Idt ‘ Maxmum Welght Cllmb \
Phase Il Engine Operablllty L|m|t66 T \ . Thrust Limited BASIC
—_— .
, 4 Mach | MACH
Fixed Trotte Above 60 kit _ N Lim
60,000 s e T for STRUCTURAL
Control
55,000 |-
Engme Certmcatlon lelt 51 kft 7_ GUST
S Fuel Tank Pressuantion Starts. 46 5 kﬂ - ENGINE
B 45,000 |- i SPOILER
i 40,000 |- i ECS
S D
% — ,é& & SCHEDULE
o Spoiler Required Below 30 kft
\ ~ oy : >
NN N T \\}10 ’
2000 B 'Es Pressurization Requ:r\ed\ : _.f =
: Above 27 kft <7 - Structural Limit
20,000 |- Vye = 175 keas
! ' Gust Limited (FAR 23)
10,000 | 50 fps SL to 20 kft
y Dropping to 25 fps at 50 kit
5,000 |- 4
| | | | | | - | 1 | | | 1 | | |

NPS041003

20 40 60 80 100 120 140

240 260 280 300 320 340 360 380 400

60



Atmospheres

Aircraft Temperature Envelope

T T T T T T T T T T T T T T T 1
\ TS Standard Atmosphere (1976)
100 N, Mil- Std-210C 10% Cold Day
\ ——— NI Std-210C 10% Hot Day
X "Global Hawlk" Hot IDay
N |\ NMil-Std-2 10A Tropical Day

\u \'\

60 S, \i\
N
- N
. -
L N N
L N,
20 <
™ \ >
AN L\
N S
Temperature \\ N AN
20 N \\ N
- M
~ N < S
egrees 7 NS
7 - S
P,
60 =< AN <
n N h
g 5
~
N ™,
e N
e N >
M ’.f
-100 \:'\ —
—
™
SL 20,000 40,000 60,000

NPS041003

Altitude ~ Feet
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Lightning Protection Zones

1A and 1B 200,000 Amps

2A and 2B 100,000 Amps

3 <100,000 Amps

FS 365.84

Top View

Aircraft Must Still Protect Itself and All Internal Equipment

NPS041003 62
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—————————————————————————————————————————————

4.00

VN Diagram
Sea Level

3.00 -

1.00 -

000

-1.00

S GW = Light Wt
501ps, Light wt. =

SR 501ps, Heavy Wt. _ o dod 1
. = -
CL gtan =14 R i GW = Hvy Wt.

Fr— H_Hh-‘hl“a. Il L I

- — — : ,

3 e - 120 140 160

. _"=.__“_
CL=-0.46

-2.00

VEAS
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O

NPS041003

January 22, 1999 Turbulence Intensity
FL531 to FL605, 18:00Z

Turbulence Intensities (EP Fiux Daoosmon} O(Z)-0f{z+A2)

429 -1z P 7T s 1] s §

A el Valid on

January 22, 1999 at 16:00Z
8 ilated
Code =E01_SREAN
Mission Area
Bl
Turbulence
Eivent = oz} o(z¢A2)
44
= ; tpE
gl o |
" e 3% ~115 77 i 3 0.0
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Exceedences Experienced

On-Station Operating Stress Is Benign
Nz Exceedance for Worst-Case Turbulence Flight
. Typical Nz Exceedance for Unmanned and Manned Aircraft
10
10
Gust 19

10° \-__

Exceedance e N

V / 4 \\

10* ./ \.

if 8%

(1000 Hrs) il N\
10° / ‘ \G ___ Unmanned
f X
y 4 ]
e ) \ Manned __
I”' “‘:
y 4 \\
10" .-‘/ N
s Ny
4 &
~
10° '
-1.5 -1 -0.5 0 0.5 1 , 1.5 2 2.5 3 3.5
NPS041003 Nz~g’s

N



Mission Monitoring, an MCE

U e o

o
e | o

NPS041003

= - -

Mission planning, command and
control, communications
monitoring and image
dissemination

CONTROL
ELEMENT (MCE)
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An Example of a Flight Control HCI

. 1:Lght Monitor {GH 96-0001

MSNEC ..

i

PO

o]
Al

FU| 15998 LB

H367-0243

NPS041003

22400 LB
30.15
+015

Bl
000 1000
| \

AlY
El =
X WP P1

63934 MSL
378 NH
0309 HHMH
1916222
030/ 10

Flight Monitor HCI

This Human Computer Interface
screen is readily recognized by
most pilots and is used to interpret

| vehicle flight mode and condition,

and provides the ability to control
(send commands to) the vehicle
by the remote operator.

Hyper-linked “Buttons” allow
access to other HCI’s for
additional commands or access to
vehicle systems status. Mouse
clicks bring up these screens for
continuous or periodic monitoring
as desired.

Bottom section shows current
autonomous systems status.
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Another Screen, the Flight Monitor HCI

Alt Fate Spoiler

(FL/min)

H367-0244C

N PS()‘-!- 1UVUO

Flight Control HCI

This Human Computer Interface screen
Is also readily recognized, using typical
“tape” displays for vehicle data.

It is also used to command basic vehicle
functions via hyper-linked buttons for
vehicle control.

This screen, the Flight Control and
Vehicle Status (next page) HCI’s are the
primary Global Hawk screens used by
the pilots for air vehicle monitoring and
control.

Additional HCI’s are used for Nav,
sensor operation and communications
functions.

68



The Air Vehicle Status HCI

This HCI, the Air Vehicle Status screen (available from the Flight Control HCI, via the
AVS button) is the pilots way of maintaining his continuous view of the vehicle health.
Data is continuous down-linked to the ground stations with the status of each system.
These GFéén| Yellow, RE@lland BIESRIRGE-cd buttons reflect the status of each system.
Additional HCI’s are available under each of these buttons for complete pictures of that
specific systems status at any time for evaluation by the pilot.

For example, the ECS status can be monitored when flight temperatures are extreme to
predict vehicles’ potential for going Yellow, Red or Flashing Red and take preemptive

actions as appropriate to continue the mission.
NPS041003
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Typical Emergency Logic Tree,

Flashing Red

NPS041003

Rdr Alt
Operate

I

Airspeed
Cmd

'

Spoiler
Cmd

!

Heading
Cmd

!

Gear Down
Cmd

l

Emergency
Landing
Lakebed

!

Engine
Shutdown
Cmd

Manual Landing

H3687-0327

Yes

Critical
System
Failure

Transponder

Code 7700

Execute

Emergency

Landing C3

CcCcoO
Override
CMD

(30 Minute Max)

Directed
Waypoint

Continue
C3 Route
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Examples of Autonomous Operations
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; 2 s o 2 N
5, Initiation of ‘Military Utmty Demonstratlons
/___ f_E.xtended Range Demonstrétlon "-‘nJune 19,1999 fﬂ,{. 95

S Alaska Cope Thunder Ranges — i = '*J:__

L o4 October 19, 1999 . ?!f’r Lqﬁked Seas 00 Exercu

x May 8, 2000

r'worthlness and Sensor Flight Test
8 e First Flight, February 28, 1998
21 Flights, 150 Flight Hours

r
e
o ""r

'L", & System Upgrades
y P9 De’ﬁloyment to Eglin AFB_

Marltlme Modes Development gl .
% October 2000 - April 2001 ¥ Ap“' oy e 0s ey,
- Equatorial Flight G n e AIC

March 19, 2001

I.-
4,

Deployment to Edinburgh RAAFB
Apfil 22,2001

._:Aus""tralian Demonstrations
April 26 - June 6, 2001

UAV 2001 - Paris, France NﬂﬂﬂfH?P GRUMMAN
June 13, 2001




Post-flight Checks

NPS041003

73



US. AR FORCE




summary

NPS041003

1. UAVs will demonstrate lower operating costs and

will satisfy or exceed user requirements

2. World Wide Operations (WWO) will require

significant levels of reliability and redundancy
3. Reusable UAVs are part of a network centric system

4. Ground segment importance will diminish with

Increased autonomy on the UAV
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BACKUP
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Typical Dual VMS Aircraft Loss Rate Comparisons

(Based on Analysis for 100% of Engine Failures Result in UAV Lo0ss)

0 ua etails
PLOCY M Dual VMS Detail
O sy,
C 4% .
B-777** 1E-9 c 350/2 “— Dual Flight Computers
e 7 | INSIGPS__
- 1E-7 A \  Landing System
X Electrical
Quad VlI\J/Ig\”{ = e ] \ /
7N 15% 17 \ Fuel/Transfer
F-16* 5E-5 | ./ 10%H / . .
C ) N —Single Engine
UAV : WL
Dual VMS* 2B-4 | € 0 %,[[ +—Airdata

Dual Actuators
* Includes Propulsion System Failures
** Failures Due to Redundant VMS Only
* Probability of Loss of Control
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Typical Quad VMS Aircraft Loss Rate Comparisons

(Based on Analysis for 100% of Engine Failures Result in UAV Lo0ss)

PLOC % Quad VMS Details
O 100% -
/, H 7
Hpm— e C /,90%‘— Single Engine
- - ¢ jgjf Landing System
) Fuel/Transfer
F-22** 1E-7 u e franch
UAV r s ual Actuators
8E-6 [ |
QuadVIMS? ° ing Quad|FIt Computers
o /
F-16* 5E-5 \\n o p )
UAV C 10%1 7
Dual VMS* 2E-4 e . vy

Note - Systems with Very small Contributions were Deleted

* Includes Propulsion System Failures
** Failures Due to Redundant VMS Only
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Design Requirements
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Temporary Hangars

Reference: BigTop Manufacturing Co
3255 N US 19, Perry FL 32347

Iltem = 150" x 80 x 36 x 10

Item = 166’ x 80" x 36’ x 10’

Alternate supplier is Rubb Building Systems

256’ Hangar at Boston
Logan airport by Rubb

NPS041003 80



Mission Effectiveness

= Interchangeability

= Compatibility

NPS041003

Availability

Affordability Capability
=UFP = Design Goals
=COTS =Design for Growth

Reliability

Maintainability

Survivability

= Fault detection
=Fault tolerance

= Redundancy

= Accessibility
= Testability

= Repairability

===Reconfiguration

= Susceptibility
== \/Ulnerability

Flexibility / Adaptability

= Retrofitability
= Plug-n-Play
= Modularity
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Utility Model

Utility Elements

# of UAV’s Required for
Continuous Surveillance

Targeting Accuracy —

Area Coverage per Day
MILITARY UTILITY

Targeting Timeliness _
* Best system selection

Image Quality/

— # Targets per Day
» Cost effective balance
Survivability
Flexibility (User friendly

Others

NPS041003
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Design Implementation
&

Design Specifics
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Engine and Control System

FAN
VANES MIXER

P — —~
R ) ) /‘7 .
CORE ' F ; )—\
\ £ | FORCED

FANCASE |\

CONTRAIEGMENT \
"< w#;:EESRSOR
BLEED AIR
VALVE

ﬁ_.{,
ir: FUEL
1 MANIFOLD
\
\ Sneccon | ENGINE | [CAIRCRAFT ARDATA | | AR DATA AIRCRAFT | [ ENGINE

INDICATING| |~ POWER IMMC IMMC POWER | [INDICATING

\ Yielg icrunmo | SYSTEM SUPPLY GEMPLER) | SaMELTRE SUPPLY SYSTEM

A [

. FAN
3 s N BYPASS
"""";'. i ) ACCEE‘»SDRY VERES
BRIVE ARINC 429

H367-0188 GEARBOX

ARINC 429 ARINC 429

ARINC 429

START A OR BATTERIES
28 VDC
28 VDC

START B OR BATTERIES

<
<

~ CROSS-CHANNEL DATALINK
Fapec  |” | FaDEC
< HARD-WIRED DISCRETES >
A | | A
| [
3-PHASE AC {/ \} 3-PHASE AC
Als Al B
SENSORS SENSORS
A PMA ACTUATORS B
ENGINE

H367-0182
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Electrical Power Schematic

BATT 1_CUR K22|01 VSB A Volts FCBAVolts FLTCRT_CUR1 R —r
Battery 1 %—{ & Start Bus A Flt Critical Bus A If P 2
! .8 CR2401 : Unit
BATT3_CUR R I :
x\ : r y r :
Mastersw | Battery 30— Elect Grp A|[IMMC A Fit Group A & C >—|I ggn
i - VSB B Volts FCB B Volt
r o —§ o \ e ots_FLTCRT CURRN ) s woara \JOOA
Battery 2|-O-] | +— StartBus B |4 Fit critical Bus B -
K2202 CR2402 3
BATT 2_CUR om
r A T
%= [ElectGrpB|[MMCB| [FitGroupB &D 8
g
o : 2
K24l Gen Ctrl gt Vkoazz!  Kodza Ke413
Unit |_‘_ 2 KVA 3Phase| | ! I_ Trans Rect [}
I Inverter | | | Unit a
: K2416 ge!
— ECS 2
K2421 FANS 2
AC Gn I 8
Pwr I (3]
K2424 <
H367-0291

NPS041003
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lydraulic Block Diagram

EMERGENCY PNEUMATIC POWER

NPS041003

HYDRAULIC POWER
(Engine Driven Pump)

Extend

Retract & Extend

Free Fall ‘_»I—»

P> MLG Brakes [

BOTTLE #1 BOTTLE #2
Left Inbrd MLG Doors  Jeggl——
! Open : ° Or;an & Close "
rocerteeeend — i <t Motor-Generator
: ight Inbrd MLG Doors
Vosees i ’ Open & Close < '
E e > Left MLG — — Left MLG
: Extend Extend
L. PR - Retract
S - Rig*‘nte':‘:'aa g—— L > Right MLG
: Retract
P Left MLG
: Unlock Uplock Release [ NLG
s ——E < Steering
"""" > Uplock Release )
Unlock
NG < NLG

Hike & De-hike
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Vehicle Fuel System Schematic

engine bleed air

i e Sl i e e ] i e S 1
' compartment by pass 1 I:I Jet Pumps

Yy I : _
- T :'l' -» Fwd Eqpt : temp & fan on-off Fuel

:_:_E: Compartment v Engine 21 X-ducers - = Pneumatic

>
Aft Egpt
: L > Comparct‘r?‘lent temp & fan on-off . — Control

[ recirculation
EQ/IR

I
I
I
=
I
I
v

le— | Aft Fuse Tank

Sensors

L]
T
1
1
h J

Fwd Fuse Tank

Fuel Valves

gravity

Pneumatic Valves

Wing Tanks

[

[

>

: gravity
' Root Tank [* fuel level
fral———

1

—p

|

Sump Tank o
Boost Pumps on’o >

1‘ 1‘ 1‘ on/off J,

IMMC

H367-0290
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Fuel System Pictorial

MAIN FUSELAGE

262.4 Gal
1784 Lbs

727.6 Gal
4948 Lbs

523.7 Gal
3561 Lbs

AFT FUSELAGE

To ECS & ENGINE
>

R/H WING 168.2 Gal

1144 Lbs

a
< =
ROOT TANK

SUMP TANK
64.4 Gal
438 Lbs

H367-0351

523.7 Gal

NPS041003
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Single Event Upsets >= 40 K

Cold at surface = cold at altitude .
Warm at surface = warm at altitude

temperate at altituc

.‘i’« Edwards AFB

Equator & + 5 deg

Hot at surface =
Cold at altitude

e SN

P &

Edinburgh RAAFB

A\ 4



A Real-world Turbulence Event

NPS041003

Date: January 22, 1999

Time: 17:227

Location: 36.126° N Latitude, 118.007° W Longitude
Altitude: 55,000 ft

Event Description: Over a period of 30 seconds the aircraft
experienced a Mach Number increase from 0.60 to 0.65 before the
control system compensated for the speed change. Altitude rate,
during the event, varied between +3,000 fpm and -1,000 fpm.
Maximum load factor attained was 1.25 g’s.

Mission Summary: Excluding the turbulence event the aircraft
experienced altitude rate variations from +2,000 fpm to -2,000 fpm
and load factor varied from +0.6 g to 1.3 g during the cruise climb.
Mach Number varied between 0.57 and 0.63.
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urbulence Event Data

60000 Altitida
MULYuUc
Altitude £ 55000 i — ——— [ —
50000
60000 60500 61000 61500 62000
4000
A|t|tude % 2000 /[ A A e Rale
Rate T 0 . YA /\\/V N ol V/\UMW pal
-2000
60000 60500 61000 61500 62000
0.65 a Maeh
Jl‘f‘ " A
M a Ch N 0. 0.60 2o Y \W MV‘V AANA V',”" I P AT
0.55
60000 60500 61000 61500 62000
10 T
6 Yelo ity Erro
Airspeed 8 % — ot L A B AT, oo
Error % — :
-10 u
60000 60500 61000 61500 62000
15 Load Factar
Load i — ol
Factor o 10 . il I»W"A 7 A - Avﬂvv mevvnvuww. w"r,,’“
0.5
60000 60500 61000 61500 62000

TIME Sec



Turbulence Event Conclusions

® There is correlation between turbulence experienced and
the NRL Mountain Wave Forecast Model

e Mountain wave turbulence does not fit standard definitions for
Light, Moderate and Severe turbulence levels

— Standard turbulence level definitions are based on high frequency
turbulence

— MIL-F-8785C Dryden turbulence is high frequency (~short period)
in nature and does not represent high altitude mountain wave
turbulence experienced to date

— High altitude mountain wave turbulence is considered low
frequency (~phugoid) in nature and is characterized by variations in
altitude, altitude rate, pitch attitude and Mach Number

87
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Turbulence Event Conclusions

e Flight control system is tolerant to significant high
altitude atmospheric disturbances

— Airspeed is King. Aircraft controls to calibrated airspeed
schedule. Altitude is NOT controlled during cruise climb. Aircraft
does not respond directly to Mach variations or altitude
variations.

— Flight control laws were improved to respond faster
to airspeed variations resulting in smaller Mach Number transients

and larger altitude & altitude rate variations
No evidence of roll or yaw control issues to date
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Abort Takeoff Logic Tree, Auto or Pilot Commanded

NPS041003

Takeoff
Command

Abort Enabled

H367-0329

System

Failure*

Yes
Yes N Vehicle | Vehicle Stop
Abort Takeoff
Brakes On
F Y b
Engine Idle
Yes
Command
Shutdown
Yes
Tow Off
Runway

Transition
to Climb Mode

Departure

* Red Subsystem Status and Includes
Lost Comm for Six Seconds
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Typical Fault Logic, Lost Carrier

NPS041003

Lost RF
Carrier

Vehicle
Stop

H367-0325

Inflight

Transponder
Code 7600

A4

Takeoff
Abort
Contingency 4B

CCO
Directed
Waypoint

Continue
Mission

Continue
Mission

Comm Link
Restored W/I
TBD Time
Delay?

MSN Planned
C1 Route
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Typical RTB Logic, Autonomous or Commanded

Loss of Tone

System
Fault
_ Detected
Flight Test Only
. Flight Termination
; System ; No
FTS

A 4 :
TB i
FTS Time
Delay Expired

y

Execute RTB

Execute RTB To IAF \

Continue

Mission To FAFR
___ Landing
H367-0326 I —
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Airspace Coordination Requirements

e Controlled Airspace: Class A, B, C,D,Eand F
(International)

« Uncontrolled Airspace: Class G

« Special Use Airspace: Prohibited, Restricted,
Warning, Alert and Military Operations Areas

>FL600 CLASS E

FL 600

18,000 MSL CLASS A

CLASSE
14 500 AGL

CLASS C

N ontowered
Airport

NPS041003
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Civil Navigation Requirements

[1997 | 1998 | 1999 | 2000 | 2001 | 2002 | 2003 | 2004 | >
FL 390 FL 390 fL 390
: FL 310 FL 310 FL 290
(FENP 1 Northern  Central Central Southern
Pacific  Pacific East Pacific Pacific
23 Apr98 3 Dec 98 24 Feb 00 TBD
RNP5/ 1
BRNAV
Europe
RHSM< 23 Apr 98

RNP-4 f §

Pacific North

03 Atlantic 'y
TBD s
@N P-1 Eur-t;pe
05-15
'FL 370 ' FL 390 fL 390 fL 410 A FL410
RVSM FL 330 FL 310 FL 290 FL 290 {iFL 290
North North Pacific North CONUS
Atlantic Atlantic 24 Feb 00 Atlantic & 04-05
27 Mar 97 8 Oct 987 - Europe &
- < h 24 Jan 02 < »
Prec. Landing | i LAAS
CONUS CONUS
00 03

NPS041003
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Civil Surveillance Requirements

? 1997 1998 1999 2000 2001 2002 2003 2004
) Civilian Military
Version 6.04 f f
TCAS Il z=> Version 7 Version 7
Europe & North America Europe(ACAS 1) el Europe
31 Dec 95 1 Jan 00 1 Jan 05
ADS-A f
Tokyo FIR i North Atlantic/
1597 Y{?zcggnic
ADSB T
North America
N7 New A/C All AIC
MODE-S As Required
f°’ﬂ§is L Europe Europe
01 03
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