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Technical Objectives:

* Reduce the costs of HUMS civil certification through:
- Developing innovative approaches to certification,
- Implementing open interface standards, and
- Enhancing the HUMS Distributed Diagnostic Database.
- Developing analytical tools to analyze HUMS data.

Technical Barriers / Challenges:

 No HUMS has been certified by the FAA for a credit application

« Data Size, Storage, and Representation.

« Different tools, different databases.

* Application Tools require access to common data or known format.
* Industry requirements.
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« [llustrate all aspects of Certification Approach within FAA
Advisory Circular Guidelines.
— Hardware Installation
— Credit Validation
— Continued Airworthiness

April 20t", 2004

 Certification in Steps.

* End-to-End process:
— Aircraft Sensors to Aircraft Multi-function Displays and PCMCIA card.
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Certification Category Initial Maint Credit
Operational Usage Accurate Record of Usage
Rotor Track and Balance Data Collection During
Revenue Flight
Flight Manual Exceedances Ground Advisory
Engine Shaft Monitoring Ground Advisory
Engine Shaft Balancing On-board Balance Data
Gearbox Diagnostics Data Advisory Only No
Parametric Data Collection Baseline Data No
Data Trending Mark Parametric Data for No
Trending
Regime Recognition Baseline Data Collection No
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r End-to-End: Aircraft Sensors to MFD & PCMCIA card - : - — '

FHA — SER-920766
Cert. Plan — SER-920272

April 20%, 2004

BE. 6T

@
D Data Transfer Unit

Tracker

PCMCIA
Card

Airborne
_____________ -
|

it

“\ Ground
station |
|

Independent Verification Means
DO178B Software level. SAC

COMPARE Ground COTS
HUMS Hardware
Result Data I inal HUMS Ground Application DO178B

1 Software Level.



2z Sikorsky FAA Meeting

HUMS Data Flow
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Issue:

« RDF files
* Number of parameters
* Private data packets
* Size of data files
* Size of parameters
* Variety of Data formats.
« Different Database Schema’s
* Different Ground Stations

Example: 14.1 MB File

S-92A 0003 12/19/2003 13:34 15:48 Usage 0.88 hrs
RTB AMD Exceedances |Events Regimes Datamap No of DataSets No of Parm Total Samples
3 24 7 132 367 2483 4,807 151 725,857
9,615 14 134,610
24,036 14 336,504
48,074 8 384,592
4,808 10 48,080
9,615 10 96,150

100,955 207 20,897,685
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Data Processing and Analysis

Data Reading and Conversion

o+ Untitled - HUMS2

File Edit Record Wiew FlightData ©Output  Graphing Trending Reports Help

=101x]

HUKS Diagnostic Data

= ] 5928

{7 Dooz
i-{ 7 0004
-] CH&3E
5-76C
-] 5-7EA
G Other

Ready

1934-12-05 00:00:00.0
1934-12-22 00:00:00.0
1934-12-27 00:00:00.0
1335-01-03 00:00:00.0
2002-02-26 08:35:13.0
2002-02-26 03:53:54.0
2002-02-26 03:53:54.0

2002 0226 147 e
2002-02-27 08:33:

2002-02-2810:27
2002-02-2813:23:
2002-03-01 06:42:
2002-03-03 06:53:
2002-031307:14:
2002-03-22 07:31:
2002-03-22 07:31:
2002-04-1910:44:
2002-04-2410:29:
2002-04-2415:30;
2002-04-2614:48:

7

*SACRDF — Automated

IDEM Drata Packet

Language:
RITé& Wersion: 0i.o0
Originator Part Ma: | 5000051-03-0101
MFG Code: 189305
Compars: Fondrich Corporation
Statement: £ Copyright  1998-2007 Simmondz Precision Products, Inc
GUID:
—Bit Flag
[ Little Endian Originator Purpoze
[~ Double Byte ¢ On-Board Spstem | ©* Fre-Dperation
CRC % Ground System DDBl.atIDn_
& |EEE-32 " Corfig Mar :: ﬁonf_'\gulrfglt'on
" Vendor Specific " Other System = Vond s
Mone " Test System . T:;]t Sl
[ Continuous
Ok,
CRC % alue: I5b2&f1 35
Cancel

78286 5-924.0003.200301 20T094317 E30Z.RDF - -
F8286.5-924.0003. 200301 20T 214231 /602 RDF
¥8286.5-924.0003. 200301 21 TOE1 329 5102 RDF
78286 5-924.0003. 200301 21 TOES709, /502 RDF
¥8286.5-324.0003. 200301 21 T0S4141 BI0Z.RDF
78286.5-324,0003, 200301 257 101505,2402. R0 F
782865924, 0003200301 26T 092856 4102 RDF
¥8286.5-324.0003.200301 29T 092844 3407 RDF
78286.5-924.0003.200301 297133603 B0 RDF  —
F8286.5-924.0003. 200301 297142924 2502 RDF
¥8286.5-924.0003. 200302027 093309,960°. RDF
78286 5-924, 0003 2003021 7T 214132 9302 RDF
¥8286.5-324.0003.20030219T132915,840°. RDF
78286.5-324,0003, 200302207 1346053302 R0 F
78286 5-924,0003.20030223T120323 2807 RDF
¥8286.5-924.0003.200302237144754 8307 RDF
78286 5-924.0003.20030223T150653 E50Z. RDF
F8286.5-924.0003.20030223T153621 4702 RDF
¥8286.5-924.0003.20030223T16001 4,3407. RDF
78286 5-924,0003.20030223T154455 3307 RDF
¥8286.5-324.0003. 20030227 T012853,3802.RDF ;I

*MDAT — Goodrich Software
*HUMS?2 — Data Packet Viewer / DIS Converter
All have database interfaces.
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Aircraft Summary Page

i—Sikorsky Home UTC Contacts Search g Summary: Overall Fleet View.

A United Technologies Company
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Aircraft Summary Overview
S-924 0003 - Last File |

|Last Processing Date:”Sa‘EZJ‘EDDS 12:24:24 P |

Sikorsky Aircraft

|Pj1.3 Frocessed: ||?8286.S—S?A.OOCI3_~.2C'CI3OB22H23¢3¢.5602.RD.-'-' |

222003 12:34:35 P
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) 2. s%Forwad Flight o 0.5 Ve - 0.094 ke
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Operation Time:

-

RATE A 200w s - 26

2 R Brk Mir=70% - &

Exzceedances: 3. Grd Texi=GGits - 2 ) ..
This page shows the statistics for
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S-92A 10003 - Overall processed.

: *No of RDF processed
1. Undetemiined - 228,887 hrs .
_ 2. O77Forwand Flightto 1.0 Vre, - 107.377 hrs *No of flight hours

REEJIHESZ 3. O02:Gmund Rur - §7.597 bz

*Date range for data
D END 3733 *Top 3 Regimes
2,

RTEAcy Abort - 2398 T Event
Events: 3. MDABORT- 1622 op 3 Events
*Top 3 Exceedances

-5

W58 CHA=4S0R=65 - 2401
E 10N P=200sid - 508
Exceedances|| s eroweszopsia - 479

ha
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Aircraft Exceedances

%‘1 Si kI]I'S kv Home uTcC Contacts Search "?

A United Technologies Company

Aircraft Exceedance Overview

Ex ances: Ex an
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Intranet Site that has the

| Address @] hitp:/jace3t 146/sacrtbdemo. htm x| & SikOI’Sky Aircraft RTB
|Links @] Expense Report Solutions @] Sikarsky Aircraft Inkernst ] Sikorsky Aircraft Intranst @] Skorsky Remote Access Adj ustment Module
converted to COM.
 Sikorsky from & Viswel Bas n
DHTML layout.
S-92A RTB Demo
| Vertical | Roll |Dverhead Lateral| Track (rm) Page created in support
| ips |degrees| ips |degrees| ips |degrees | Yel | Elu | Red | Bl of Goodrich’s RITA
Ground 04z 134 |04z [e3 foz7— [i73 o Jor o o HUMS effort.
|Huver loz e foza  |las logz 212 foa o5 oz oz
|80 kts oz s |loz1 e fo.44 (i |z lo 0.7
120 kts 035  |[58 lo.zz |26 fosz2  |19s foz o o jlos
Mdokisoz7 53 [ooa 5 | o3z [zo0 ba oz o [os
|Vh lo.25 |73 fo.06 |25 fo.zs 199 fo.a o3 koa jlos

[Controls | ¥ PCE. | W IETabs | W OBTabs | W Weights | Submit |

Results [ree [Bu |Red [BK | [VIps |V Deg [RIps |RDeg | Olps |OT
PCE. 0 4 5 2 Gnd 052 140 01 30 005 101

BTab -28 31  -38 38 Hover 014 97 01 12 018 188
OBTab -8 20 43 19 |20ms 008 153 003 77 002 52
Weights 6.06  0.57 120kts 003 90 002 18 004 116

140kts 006 41 008 161 013 327

VR 007 353 012 181 024 355

&1 Done I_I_ E Local intranet
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* Twenty-one (21) flights for main rotor vibration tuning development. The
HUMS RTB algorithm has been configured using this data.

April 20t", 2004

* Engine driveshaft 1/rev balance ground run testing was done to obtain a
complete set of adjustment coefficients for both engines.

 Evaluated Goodrich S-92 HUMS RTB algorithm, (Coefficient weightings, main
rotor 2/rev and 3/rev thresholds).

« HUMS Ground stations were updated to Goodrich Block 11 software release.
Individual ground station functions were evaluated against intended requirements.

* S-92A A/C 0003 and A/C 0004 flight tests were performed to support check out
of HUMS Block 1.4 MPU software release.

« HUMS flight data from A/C 0003 and A/C 0004 was reviewed on the Ground
station to test exceedance detection, regime detection, usage, etc.

» Generated 133 Trend Templates and 113 Exceedance templates on HUMS
ground station to support data analysis against HUMS flight data.
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Current Status

Certification Plan Presented to FAA.

— SER-920272 HUMS Certification Plan.

— SER-920766 Functional Hazard Analysis.

— SER-920829 HUMS Qualification Test Plan.
e Analyzing S-92a AC 0003 & 0004 HUMS Flight Data.
« Diagnostic Database populated with S-92 HUMS data.
* Diagnostic Tools.

 Intranet Site Created.
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Development of Component Usage Spectra

thht Hlstory

Usage Reglmes

Usage

Regime Mu mber (Maneuver)
Assumed spectrum defines occurence rates

Qccurence Rate

Component Spectra

Damper
Attachment

?1;,"" . i ]
Lugs N

amper End
e

_—

\

» Use Component Spectra to assess life
and maintenance impact
* Prediction of component loads and
derived parameters
* [ssues
 Consideration of data gaps
 Usage substitution
* Procedures for Forecasting
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HUMS based Fatigue Assessment
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Usage Spectra and Loads

Fatigue Evaluation
. I I Fatigue Strength

Regime Mu mber (Maneuver)
Assumed spectrum defines occurence rates TeSt 2
Load o
(J

Improved Safety from HUMS based Fatigue
and Damage Tolerance Assessment

Damage Tolerance

QOccurence Rate

Crack length
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