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Overview

% Data Acquisition in Aerospace Applications

%@ COTS/Open Standards
@ Ethernet
@ Storage
% Case Studies
%@ T-38
%@ (C-130
@ Tucano
@ E-3D Sentry

@\Wrap up
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Data Acquisition in Aerospace Applications

% OLM often includes structures and shares similar
data acquisition requirements and goals with other
methodologies including:

@ CBM ¥ HUMS
@ L/ESS @ ODR
% IVHM % PHM
Flight Test OLM ODR FDAU HUMS
Number of Thousands Thousands |Hundreds Tens Tens
Parameters

Data Rates 50K to >2M sps |1 — 100 sps |>10Ksps 1 -100sps |{10sps — 10Ksps
Data Storage |Onboard and Onboard Onboard Onboard |Onboard, sometimes
telemetered preprocessed

Data only part of the puzzle
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A long time ago in a Kitty Hawk ...

/Hey, Orville —

This wing is making some
funny noises! How long is
it supposed to last?
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If only we had

put an OLM
system onboard!
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COTS and Open Standards

@ Commercial Off The Shelf

w'Commercially available products that can be
purchased and integrated with little or no
customization’

%@ Open Standards

% Standards that are widely used, consensus
based, published and maintained by
recognized industry standards organizations.
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Why COTS/ Open Standards?

COTS
% Reduced Cost

@ More Future
Proof

@ Flexibility
% COTS software
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Open Standards

e Freed from proprietary
hardware and software

e Broad user base

« Suppliers maintain a
continuous development
plan, using state of the art
programming techniques
and languages
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Ethernet

wEthernet Is a proven technology allowing
scalable, reliable, and flexible network solutions

#Has a immense userbase

@ Airborne networks are unique

@ Small, known
%w|EEE-1588 PTP
% Dedicated airborne switches and recorders

@ Support for hybrid networks
% Fast
% Protocols
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Storage ()

% Datarates are typically low (5
Hz) except for vibration which
can be 2000 Hz + R i~ I —

10000 4--ereeaa IR

10000000 -

1000000 -

@ Up to 6 years ago OLM syste
used tape recorders —up to 4
of data

1000 --=-smensesmeass@ugssemsencnsense e Diugeeme Dohagzsaseenseneescen]
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Hours of Recorded Data

L0 e~ SO |

% Current technologies - | | | |
CompactFlash and SATA 10 100 1000 10000 100000

Samples Per Second
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Storage (Il)

@ PCAP — Open and efficen
Ethernet file format

PCAP files are widely
supported and viewable
with free and proprietary
software (e.g. Wireshark)

%@ Simple, easy to process
file formats require no
conversion

0001 _2008081310270

cap - Ethereal

Flle Edt Wiew Go Capture  Analyze  Shatistics  Help

BEpee B @8 @e»2F 2/ [EE QAQQF ¥

iter: |

- | Expression... | Clear | Apply

Mo, - Info

WT Create An F=ET

Protocal

Destination

Fath: “Network
: Ox108h

Too. 1.7 7
192.168.1.57 192,168,

_1ol x|

.

fhen  An Ae AT Fooao

2 0.004448 1.210 SME NT Create Andx Response, FID
3 0.004407 192.168.1.57 192,.168.1. 210 SME MT Trans Response, <unknown:>
4 0.004526 192.168.1.210 192.168.1.57 TCP 4981 > nethios-ssn [ACK] Seq=202 Ack=183 Wir
5 0.004711 192.168.1.210 192.168.1.57 SMB MNT Trans Reguest, NT MNOTIFY, FID: Ox1811
6 0.004862 192.168.1.210 192.168.1.57 SMB write rReguest, FID: 0x108b, 0 bytes at offse
7 0.004955 192.168.1.57 192.1638.1.210 TCP nethios-ssn > 4281 [ACK] Seq=183 Ack=342 wir
8 0.005080 192.168.1.57 152.168.1.210 SMB write Response, O bytes
9 0.005004 152.168.1.57 192.168.1.210 SMBE MNT Trans Response, MNT MNOTIFY
10 0.005117 192.168.1.210 192.168.1.57 TCP 4981 > nethios-ssn [ACKk] Seq=342 Ack=300 wir
11 0.0053379 192.168.1.210 192.168.1.37 SMB MT Trans Request, NT MOTIFY, FID: Ox1811
12 0.0053499 192.168.1.57 192.168.1.210 SME NT Trans Response, MNT NOTIFY
15 0.0053572 192.168.1.210 192.168.1.57 SME MT Trans Request, NT MOTIFY, FID: Ox1811
14 0.043235  102_168.1.210 107 16A8.1.57 SMF Trans? Remuest. GUFRY PATH THFS. ousrw File T|
< | B
H Frame 1 (256 bytes on wire, 256 bytes captured)
M Ethernet II, sSr<: Giga-Byt_cd:4d:c3 (00:0d:61:cd:4d:c3), Dst: Dellcomp_la:30:Th (00:06:5b:1la:30:fb)
H Internet Protocol, Src: 162.168.1.210 (192.168.1.2100, Dst: 192.168.1.57 (1%2.168.1.57)
M Transmission Control Protocol, Src Port: 4981 (4981), Dbst Port: netbios-ssn (139), Seq: O, Ack: O, Len: 2C
H MetBIOS session service
M sMB (Server Message Block Protocol)

Lbl-

L

a-
[File: "S:iMetworks_SsriLtiities [P 168 D 168 M: O

Global Header | Pkt Hdr | Pkt

Pkt Hdr | Pkt

24B 16B
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ACRA CONTROL Hardware

%@ COTS philosophy
%@ CompactFlash

% Open Standards

wEthernet
wPCAP

% Acquire the best data g
possible \
wSimple
% Robust
@ NoO supercomputers
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Case Studies

%wT-38

% C-130

@ Tucano

w E-3D Sentry

ACRA CONTROL Presentation for ICAF ‘\A

OOOOOOO



T-38

% First and most produced supersonic trainer

@ Flying for 50 years, talk of extending beyond
2017 to 2020
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Phase 1

% 15t testing phase: Recorded flight data for 6
months

% Measured parameters
@ Air Speed
@ Altitude

w\Vertical & Lateral Acceleration
# Time Reference

%@ Onboard storage
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Phase 2

@ 2"d phase added strain gauge
and serial data modules

w ' BIT

% MatLab for analysis

wExpandable system
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C-130

I
%In use around the world
% Different roles
% Different environments
%@ |mpact on fatigue by aircraft use not just flying time
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Data Acquisition

FProgran
X Snc
e EUTT,
WADVENCOOA HAVENC.OD WADYEMCO0A WADYENC.OO
AN BCO0E
WALND BCO02
Solid State Recorder HADD BC.O03
Kyt Modules
Spae
Spae
Pler qeniTh ecoder Spae Spare
Temp(PTI WEin C=hin Fu=d =g= Right Wing Lt wdrg Left Wil mg T=il
Iierge and 1953 2 Charnes 24 Charek Ergire2 Engne T Charne=
B Channes 54 Chanreks
208 Strain gauges 28 Other Aircraft parameters
T
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DAS

Airspeed Cabin Differential Engine Torque
Pressure Number 1
Pressure Altitude Fine Fuselage Condition Lever

Position

Radio altitude (Low Total Fuel Weight Pitch Trim
Range) Deflection
Aileron (Left Hand) Mach Number Roll Attitude
Rudder Position Climb/Descent Rate Roll Rate

Fuel Flow Rate (4
Parameters)

Pressure Altitude Coarse

Normal Acceleration
at Centre

Engine Torque Number 2

Radio Altitude (High Range)

Lateral Acceleration

Flap Position (Left Hand)

Elevator Position

Angle of Attack

Pitch Attitude

Aileron (Right Hand)

Ground Speed

Pitch Rate

Flap Position (Right Hand)
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Parameters Measured by the C-130J
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USCG HC-130H

@ US Coast Guard

% Search and Rescue

% Patrol

@ Environmental data for future comparison
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Installation

% Digital and Analog signals

% Integrated CompactFlash recording
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Tucano

% Originally fitted with
only a ‘g’ counter

@ AIMS

% More detailed data
from actual flights

% Over 1,200
Instrumented flights

% Create spectra for
rig tests
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Parameters Acquired by the Trainer

Aircraft DAS

Strains

Aircraft Parameters

Discrete Signals

12 on the wings Airspeed Undercarriage Position

6 on the tail-plane Altitude Air-brake

3 on the fin Elevator Aileron, Rudder Weight on Wheels
Angles

4 on the fuselage

Tail, Port and Normal G,
acceleration

Radio Transmit

9 on landing gear

Flap position

Compass Flag

Compass heading

Pilot Event Switch

Engine Torque

Start/Run/Stop Switch

Fuel

Engine Speed

Trend Switch

% Battery back clock

%In built storage
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2"d Phase

%@ Ground rig
% Simulate stresses

%@ About 200 ‘sorties’ per week
% Still running today

% Results emulating real flight phenomena -
successful

%@ Same hardware still flying
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E-3D Sentry L/ESS

The Boeing E-3D Sentry is an Airborne Warning and Control
System (AWACS) aircraft

% Recorded airframe stress and other parameters on every
flight

% The US collect data from other aircraft around the world

% Trend data indicates potential fatigue or maintenance
problems well before they become critical
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ACRA CONTROL & E-3D Sentry

% ACRA CONTROL replaced the E-
3D system

%@ Benefits included
%@ Weight — 15Kg lighter
%@ Power — 50% lower
% Space - < one guarter
% Maintainability — standard product

% Supportability — spares, new modules N
available KOS

mounted on the
same equipment tray
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OLM — In the Future

@ Bi-directional IP centric mobile wireless
% Aircraft Condition Monitoring systems
@wRTP )

% Smart sensors, Nanotechnology, MEMS,

Artificial Intelligence and Distributed

Computing could eventually lead to self
repairing and ageless structures

%@ Become part of integrated electronics for
future aircraft?

@ Likely, but that may take some time
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In Conclusion

% Aging Aircraft may be placed into new
roles/environments that requires a new fatigue
profile

% Data Acquisition is only part of the puzzle

% Open standards/COTS have many advantages
over proprietary systems

% Adaptable and expandable systems can evolve
with the airframe and technology changes

% Interesting developments in the future, but may be
a long time coming
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THANK YOU
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