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Teledyne Technologies - Four Technology-Based Segments

> Teledyne Technologies — 4 Operating Business Units with over $1
Billion (USD) in revenues and some 6,600 staff based around the world

Electronics & Systems Aerospace Engines Energy
Communications Engineering & Components Systems
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* Defense Electronics * Missile Defense * OEM Piston Engines * Fuel Cell Stacks and

* Industrial Instruments Programs * Cruise Missile Engines Test Stands

+ Commercial Avionics + Space Programs * Aftermarket Parts * Advanced Government

* RF & Microwave » Government & Services Power Systems
Electronics Information N L * On-site Hydrogen

* Test & Instrumentation Technology , TCM Generation
Electronics Equipment

+ Medical Electronics y
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Teledyne Control’s Expertise in Aircraft Data Management

» Since 1964 —Leading provider of avionics and ground-related
equipment to Civil and Military operators:

= Flight Data acquisition & data management systems
= Data recording & transfer systems
= Aircraft Information Solutions

___ /= Flight safety and crew training solutions

/ = Flight data services
= Airborne Communications
> Established world leader and authority in the operational processes,
technology and interpretation of aircraft flight data replay
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Teledyne Controls Mission

....right information, in the right place, at the right time....
....make decisions and take action....

....improved safety, efficiency and customer service/mission effectiveness....
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Why On-board Flight Data Acquisition?

> Initially regulated to aid in incident investigation

= Applies mainly to larger aircraft on commercial flights
* Flight Data Acquisition Unit
— Acquires and process “Mandatory” flight data
> .+ Flight Data Recorder
- — Crash-survivable “Black Box”

> Regulations continue to increase the quantity and quality
~ of recorded flight data

= More and better data helps enable meaningful
conclusions

» Flight & Maintenance Operations, and Management,
recognize the benefits of regularly turning flight data into
information

= Safety and cost savings benefits
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Flight Data Acquisition & Management Systems

DFDAU / DFDMU FDIMU / FDIU DMU MFDAU

" Digital Flight Data. ,~ Flight Data | Data Mini - Flight Data
Acquisition / Interface Management Acquisition Unit
~+1Management Unit Management Unit Unit * Embraer

-B737 +B757. _+A319) - B747 - Gulfstream

+B767 +DC-10 « A320 « MD-11 - Bombardier

« MD-80 < MD-11 « A321 - B757 » CASA

*« MD-90 ¢ L-1011 » A330 « B767 * SAAB

* F-100 - Navy P3 * A340 * Cessna

« A310 - A300 » Dassault

* Air Force One * De Havilland

« British Nimrod * Raytheon
*Bell
*Sikorsky
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Teledyne’s Flight Data Customers

> Flight Data Acquisition
= DFDAU (Boeing) - 172 customers, over 2200 A/C installations
= FDIMU (Airbus) - 85 customers, over 550 A/C installations

= MFDAU (Business/Regional Aircraft) — >30 customers, over 1500
installations

~ » Data Transfer
~ -« Wireless GroundLink® system: 25 customers, installed on over 350

> /DataReplay & Analysis
" =L AirFASE® software: 76 customers
= Vision software: 23 customers
» Flight Data Analysis Services
= Currently analyzing data for >220 aircraft
= Large air transport with flight data acquisition and recording
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Aircraft Flight Data Acquisition Unit PH
Bell

GA Data Acquisition Installations s m—

BBJ 2233000-815-1

BV234 / CH-47 2237000-xx (HUMS option)

Bombardier
Learjet 31,31A,35,36,55,60
Learjet 31A

> Fixed Wing .'&Helicopter o P

Challenger 601/604

> Flight Data Recorder

- = Regulatory compliance —m—
N Wik EsMR . A Zron 71
"

2243500-36 (FAA)

~N

244000-11-A (OLD: 2230887)

o / . | JY A = |
N- Maintenance benefits

Legacy (ERJ 135/145) 2243500-16A

Eurocopter
Super Puma 237000-xx (HUMS option)

2237000-9/11

Gulfstream
2243500-01 (OLD: 2231230-14)

2243500-01 (OLD: 2231230-14)

Hindustan Aeronautics
Advanced Light Helicopter |2241500-9
Raytheon
243500-36 (FAA)
231230-5-A (-18 RAF)

Sikorsky

S-61 2237000-2 (HUMS option)
2231230-10-A-1

S-76 237000-2 (HUMS option)

241500-4 (HUMS option)




Data Transfer Systems - Data Recording/Transmitting

OQAR/PQAR - WQAR GateLink / AWLU ADL / PDL

ADL pictured

Wireless 802.11 Aircraft Data Loader
GroundLink® Wireless LAN Unit (Airborne/Portable)

Quick Access
Recorder
’ (Optical/PCMCIA)
*B737° [eB74T. __+B737 | « A300 «B737 <+ B737NG
*B757 + B767 ’ - B747 « A310 «B747 < B757
* MD-11 - MD-80 « A320 * MD-11 * MD-11  +« MD-90

* MD-90 -+ A300 « A330 * MD-90 * C-130
-A310 - A320/321 . A340

* A330 » A330/340 - Navy P3
* F28-70 + F28-100
» Air Force C17
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Teledyne’s End-to-End FDM Solutions ...

Data Transmission (or Retrieval,
Data Recording & Storage (or Retrieval)

o

tl Fetrievdl of gy NG mbda fram (AR

Y & COmpress cia s transmibxaion Mom WOUAR sia Internet

Data Acquisition

Quick ACCess Rmam Wareless GroundLink » Grourdst
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Optical disk of PC card
Dra Acop&daon Ure Lecrypt K decompe )
Masaal rotrioval of praysicad g
\ moda every 1 Ly & days (averaps) -~
|/ P i AIR FASE
TR (TRt aCix "-.. /,,r'/
& track aftectiven o S —
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Data Analysis

Operator’s Flight Safety Program —

- » Ua processing
Foordiacs & for maton- s ‘ : ‘“ » Fhgtt analysis
* Fhgm satoty deciion miking FTighe Dat Monting Teant 2 » Fhight visualization & anemition
cHion nvking

Mamtanince —— P - Safaty san
« Engnesrng —_— = AlalySts
« Figiht operations « Working groigre
- ATCI akponts « Qumlity assurance
Manulacturee
+ Flgt vaining - AQD Information Reporting
o Sttt reporns
« Trend analysi
» Risk assessmen




Flight Data Evolution in General Aviation

» Round Dial “Analog/Electrical” Cockpits

= Minimal amount of available flight data to acquire &
record

= Minimal mandatory requirements for crash survivable
. flight data recording

> Glass “Digital/Electronic” Cockpits
/= Growing amount of available flight data to acquire &
record

* Digital avionics, buses, engine controls, etc.
= Relatively low cost avionics are rapidly emerging
> Interest growing at Operators, OEM’s, FAA and Insurers
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Flight Data Processing Considerations for GA

» Once available flight data is defined
= How often will it be sampled
= Amount of on-board processing, if any, before recording
» How will it be recorded?
> How will it be retrieved for analysis?
> How often will it be retrieved for analysis?

> Who will do the analysis?
= Traditionally, airlines manage their FDM programs
= GA OEM’s are becoming proactive (Embraer, Eclipse, Cirrus)
* Advantage is more statistical confidence when trending
 Data can be made accessible to relevant parties

= Depending on the desired information, operators will need to commit
more, or less, resources
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Flight Data Retrieval Factors

> Quantity --More is better
= More types of data, more analysis capability
= Higher sampling rates, better analysis

» Accuracy - No garbage in, no garbage out
= Acquisition, recording, processing, analyzing

- » Data retrieval timeliness - sooner the better

= ‘Manual - human in the loop

/., Data milking with laptops
-+ Pulling & replacing flash cards (EMax)
» Data gets lost, corrupted, and walks away
* 60-70% data retrieval efficiency
= Automated data retrieval — remove the human
 Near 100% data transfer
 Automated report generation, distribution & access
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Automate the manual process — focus on improvement

Cellular Data Acquisition Unit can acquire and record ALL available flight data from
defined sources

Upon aircraft shutdown: ability to encrypt, compress and transmit the data file over
cell phone module(s) to a ground station for analysis and archiving

= Ground station decompresses, decrypts, transcribes and processes the flight data
into information — 10-15 minute process

Routine reports can be automatically sent to appropriate personnel, example
~= Fuel burn reports to management
= Exceedance events to operations
—a_ Data sent to aircraft/engine manufacturer
= No limitation on who gets what information
Reports/information could also be hosted on a website for accessibility as needed for:

= Immediate post flight debriefing: flight operation animation, exceedance/incident
reviews

= Viewing performance data for individual/multiple flights
= Query capability
= Data “owner” could decide who views what
Silent Mentor monitors flight activity for operations improvements
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Teledyne’s Automated Air Transport Solution

Aircraft Communication Ground Station

- structu
ll Data Acquisition infra < | ‘ m\

1‘11-
E Data Recording 3 Data Transmission Data Retrieval

thh

Wireless
GroundLink®

Flight Data Base Station

lnhmot
Wireless g"\'i"' 5 Data Processing
DFDAU GroundLink® rovider and Analysis
wlular . "
Other Data W FDN.VFOQ.A jci
Acquisition ' Station with :ﬁ—g
System AirFASE® -
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Aircraft Wireless LAN Unit (AWLU — GateLink)

» Terminal and Cabin Wireless LAN Units (TWLU & CWLU)
» Cellular
» Ethernet

> ARINC 429 receivers and transmitters i U6

~ % Aircraft Data Recording ~ (>

> Supports latest [EEE 802.11 standards
> Upgradeable to meet future Cellular and 802.11 standards
> 'ARINC 429 data available via TCP/IP over Ethernet to wired or wireless
devices
» Useful 429 to Ethernet bridge for EFB and other applications

» Teledyne Patent 6181990 covers data acquisition and transmission
over “Cellular” communication links
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Teledyne’s Patented “Silent Mentor” GA Solution

Aircraft Communication Ground Station

- structu
ll Data Acquisition infra < | ‘ m\

']‘ﬂ-

lmaording 3 Data Transmission Data Retrieval
11’—- G s Wireless
Jiam. ‘O M i GroundLink®
= L 4.;0_\. 3 H’QMM Flight Data.’ ' Base Station
: lnhmot

Wireless g"\'i"' 5 Data Processing
GroundLink® rovider and Analysis

DFDAU wlular

S .

Other Data W FDN!IFOQA

Acquisition : Station with :ﬁ*x

System AirFASE®
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Technology Improves FDM Analysis

» Flight Tracking — Low Cost for Analog Aircraft
= Handheld GPS and Off the Shelf mapping software
= Appaero type device adds some aircraft movement
> Digital Avionics - add Engine Condition Monitoring (ECM)
= Avidyne EMax - Relatively low data sampling rate
PS Increased data ach|S|t|on parameters and sampling rates

A . Teledyne Continental data acquisition system for Cirrus
_'- Alakai Recorder for Cirrus |
= Eclipse and Embraer Phenom integrated data acquisition
» Additional sensors, switches, digital data
= Control Surface Movement (Ailerons, Flaps, Rudders)
= Control Forces (Yoke, Rudder, Elevator, etc.)

> Airborne event detection and reporting (ACARS/Datalink)
» Manual/Wireless flight data retrieval 4\ TELEDYNE CONTROLS
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Flight Data Analysis Considerations

» Who will manage the data
= Automate as much as possible
= Access related information as needed
* Pilot - Post Flight Debriefing tools
» Management - Operational activity
'+ /Mechanics - Maintenance related events
4 "« Engine manufacturers — Performance measurements
/ /w2 OEM’s — Overall trend analysis
> Information distribution methods
= Hardcopy - time consuming and expensive
* Emailing - directed and efficient

. VtVeb access — Users get what they need, when they want
|

» Optimally managed by aircraft OEM on all aircraft in-

service
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Flight Data Replay & Analysis - AirFASE®

» AirFASE® (Aircraft Flight Analysis & Safety Explorer)

» Combines the best of three analysis tools from Teledyne,
Airbus and SPIRENT

» Measurement, analysis and reporting software tool
- for in-flight operational performance of commercial
-_aircraft | |
/= Processes Data
= Archives Data
= Views flight data and events
* Provides graphical views of flight path(s)
= Statistical Analysis (trends, plot & list reporting)
- Animation I“‘ TELEDYNE CONTROLS
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AirFASE® Key Functions...

» Data Processing
» Transcription of raw flight data into engineering values

Comparison between recorded flight data and flight profile
specifications

'Detection of abnormal events and deviations
. Flight path: geographical flare & geometric path calculation

D'ata base I oa d i n g & sto ra g e o 0V02 - A320 Overall Exceedances by Event Grou

Data de-identification
Long-term trending
Secure data access & storage
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...AirFASE® Key Functions...

> Flight Analysis
= Flight data and events views ( numerical / graphical format)
= Flight path

= /Statistical analysis: events by phase of flights, single deviation
events, combined events, risks detection events, etc

- . Event categorization based

 on their level of severity
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3-D Flight Path Generation

#» Vision 2000 Path: the.pth (5)
File Edit View Path Advanced Tools Window Help

08:46:35.0 |SF: 63511 [Play Speed 100%
08:46:35.0 [SF: 63511 [Play Sp
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Space Imaging Satellite Imagery Archive
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3-D Glideslope View

Vision 2000 - PMagic
File Edit View Path Advanced Tools Window Help
M| ®<& > [& ® & < T

I 3D Animation View.

LU LT

LOG GEAR

SN NS N

L T 7R

RUDCER

b

NAY B0 DMEZ | 14.60
5.6 NM

<l®>[ oAl <

For Help, press F1 19:52:24.0 Play Speed 100% SF: 111-1 fps 62.00
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Runway Generator
Terrain Generator

Immediate Post-Flight Debriefing Tool Menu

Message Groups Editor
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Vision - Enhanced Flight Data Visualization...

MONITOR 1 MONITOR 2

MONITOR 1
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2-D Correct ILS - VOR-DME in Profile
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Aircraft - Ground Simulation Interaction Module

> “Intelligent” Surfaces can change color

EEX
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Teledyne’s FDM Service Provides

» Airborne hardware

» Connectivity (air time & Internet connection)
= Priced per Flight Hour Data processing & reporting

>Report distribution

> Trend Analysis ,

>Rotables spares & repair

>Update'radios, when necessary to maintain
connectivity
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Air Canada Web-Based FDM Model

“Air Canada/Teledyne Team effort to provide best in class service to
ensure Flight Safety and promote excellence in Aviation.”
> The first time ANY national airline has outsourced its data monitoring function

> Teledyne staffing to support data reading, analysis and daily, weekly, monthly flight
operations report output logistics'

> Remote data reading and transmission strategies
> Model program for 120 AirbUS BIFCTARt.. ..o sooSosssisiwens < 5estsiins
> Ability for users to web-access data ', - -=;-° =3

e B

e
L S

..--‘. B

g AﬂdVa_nc:‘,ed. and tailored report outputs, _—
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Flight Data Monitoring Efficiency

Over-the-air Cellular Infrastructure . ,
’ Internet Service Provider

: pre=3

’ - ' ~Internet
l = Firewall - -
= SU
S ';‘7""7 ‘

: Wireless G q High Speed
Flight Data Automatlc.Data 'ée essét |;9un Internet Service
Ground Station Transfer to AirFASE® g >tation Provider
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FDM Tools are Ready for
General Aviation

Questions?




