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How does PHM fit?

Optimal benefits offered by PHM are
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realized when integrated into the <
system development process ConcePT 4

PHM capability / design requires a
continuous improvement process

Direct linkages to functional silos
within organisations required,
including:
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Key issues for PHM design

e Accurate FMECA for systems integrators as the basis for diagnostics

— Standardised taxonomy of functional / failure concepts
— FMECA needs to be updated as design matures and operational data becomes available
— If the FMECA does not identify the failure modes — diagnostics can’t cover it

e Diagnostics trade studies based on user defined parameters

(cost / weight / coverage)
— PHM capability trade-offs and system requirements to be considered during the PHM design
process at all stages of the design process — concept to detailed

e Diagnostic design validation based on system model

— Based on the FMECA / reliability data
— Demonstrate PHM system capability to the customer
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Challenges for PHM design

PHM silo has responsibility for the design, assessment and validation
of diagnostic capability at the system level, but have the following
constraints within the current standard industry practice:

— process gaps (data required provided late in design cycle)
— confidence gaps (quality / integrity / currency of source data [FMECA])
— legacy data (data remediation / reusability issues)

— technology gaps (PHM focused tools not previously available*)

* MADe was developed specifically to meet the requirements of PHM for the JSF program



/) PHM
<4 Technology

Current FMECA data sources

= data quality / consistency

(taxonomy of functional / failure
concepts — even the published
standards are not consistent)

= data integrity

~

(potential for human error in
dependency mapping process,

data integration issues from suppliers)

= data usability

(system model is required that can be
used multiple silos for their specific
requirements)
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Current PHM design process

= process gaps

(no direct integration with related
functional silos)

= confidence gaps

(quality / integrity / currency of data)

~

(data remediation / reusability issues)

= |egacy data

= technology gaps

( ‘integrated’ PHM tools that utilize a
common system model are not
available)
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Complexity of process & data sources

Current process is not ideal and often results in the PHM design process not
meeting stated goals (efficacy / cost)

. N>
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Optimal PHM design process

Using a unified system model that captures all relevant information and interfaces to
all silos within the organisation offers improved design process for PHM
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System Design and Definition
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PHM Design and Validation

QOUTPUTS

AMBIGLITY A
GENERATE DIAGN
TEATABILITY

Diagnastics

IEEE Aerospace - Big Sky 2010 13



MADe - PHM system design

/), PHM
<4 Technology

%' MADe - RR 250 lub system relia made - Sensors =1 x|

File FEdit Search Diagram View Reports Windows Help

jGeld@lo /@t [R=ge]| 03 8- | CDOEP Mok |BR%H

i Project Explorer 3 ~ = O||'%, Lubrication system for RR250-20C Engine 22 =0
Gear Housing - =l4

Gearbox Lubrication arrangement
Gearbox Sump
Gearbx Scavengs flaws
 Line Volume
4 Line Volume B1
4 Line Volume B2-6
4 Line Volume B7-8
4 Manifold
4 Ol Cosler
Gil Cooler Blower
T oil Filter
Qil Filter Bypass Check Valve
4 Oil Gear Pressure Pump
4 Oi Nozzle B1
4 O Nozzle B7
4 Oil Nozzle B8
4 Oil Nozzles
4 Oil Nozzles B5-6
il Pressure Requlating Valve
4 O Tank
4 Pressure Reducer B1
4 Pump Connecting Volume
un Functions
El- g8 Store
Hydraulic (Cause)
@ Volumetric flow
Hydraulic (Effect)
i @ Fressure
El- g8 Transmit
Liquid (Cause)

01 e

Flex Skt Frassue fuma

SexvengePumo

R

4

Crackvsvesr.  Umeldume ST

Seming 53

H R
o F —
- Merisid Chage | PeVakme )
Vohume - S Gl Nezzla 57
0 P S T Fisducer 51 -
Chazesve 0 Pressure 1
Reguimng e e
I—I Scmvengadovs  GeoomSums
0 Nazzies
Line Ve B2
Coier Sfzmes S &
Ger oy vaive Besox
0 Taric
04 Coder
Travoime 51 Bemng 81

Firlsine
il Codler Biover

Secric Mawr

0 Nozzie 81

1of"

@ Contamination

@ Flowrate
@ Temperature
@ Liquid (Effect)
@ Contamination
@ Flowrate
@ Temperature
= V, Failure Diagram
- W Causes
W High hydrauiic load
W High mechanical load
W Mechanical shock
W Random ar transient hy
- 4@ Mechanisms
i @ Brittle fracture
E-@ Faults
-@ Fractured
@ symptoms
Fl-i Scavenge Fump
[ Screen B3-6

ﬁ? Ambiguity Groups (53 Diagnostic Sets fﬁ =Sensar Sets - Lubrication system for RR250-20C Engine 23

i+ B[% T -0

| Location | Type I = of Sensors | Coverage I Possible Coverage | Cost | Weight (kg) | Description | Coverage Focuses &
5 Baseline Lubrication system for RR250-20C Engine Dynamic 12 100% 100% §0.00 0.00
= @ Erergy 12 €0.00 0.00
B Pressure {Lube oi} 2 50,00 0.00
Sensor Pump Connecting Volume Pressure (Lube oil) $0.00 0.00
@ Sensor Line Volume B1 Pressure { Lube o) $0.00 0,00
B volumetric flow (Hydraulic) 9 50,00 0.00
Sensor il Pressure Regulating Valve Volumetric flow {Hydraulic) 50,00 0.00
® Sensor Oil Nozzles Volumetric flow {Lube oil) 50,00 0.00
@ Sensor Qil Nozzle B7 Valumetric flow {Lube oil} $0.00 0.00
@ Sensor Qil Gear Pressure Pump Volumetric flow {Lube oil) $0.00 0,00
(@) sensor il Filter Volumetric fow {Hydraulic) 50,00 0.00
@ Sensor Gearbx Scavenge flows Volumetric flow {Lube oil) 0,00 0.00
® Sensor Gearbox Lubrication arrangement Volumetric flow {Lube oil) 50,00 0.00

@ Sensor Check valve B7-8 Valumetric flow {Lube oil} $0.00 0.00 i
@ Sensor Check Valve Volumetric flow {Lube oil) $0.00 0,00
B Torque (Mechanical - rotational) 1 50,00 0.00
@ sensor Flex Shaft Coupling Torque {(Mechanical - rotational) 50,00 0.00

Lubrication system for

Dynamic s l&%

li00% 000 ___Jooo |

Bseat] |9 C @

» | [ Inbox - Mirasaft Outieok | £ 5ig Sky 2010 - Chalienge... |[ &) MiADe - RR 250 lub sy...

IEEE Aeros

pace - Big Sky 2010

117 PM



/b, PHM
<4 Technology

MADe — sensor set design
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Questions / Comments?
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