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The Maintainer’'s Dilemma

High

Too Much
Maintenance
High Cost
Cost
Too Little
Maintenance
Low Poor Reliability

Light Heavy
Maintenance Workscope

What is the Optimum Workscope?




The Great Idea!

Reliability-Based
Tools to Improve Fleet
Performance

=P  Fleet Optimization
Lowest Cost/Hour
—> COSt Drivers
——— Inherent Reliability
Assess Upgrades
— o System Reliabill
e ——p  Re|1aDIlity Problems




Why Focus on Gas Turbine Reliability?

Very complex systems. Example: T56
has:

— Over 3000 different parts
— A fuel control with 740 parts
— 108 identified failure modes

Shop visits are very expensive and
occur only every 4 to 5 years

Engine reliability impacts aircraft
availability and deployed labor needs

Intuition & experience cannot account
for all variables

Easily adapted to other complex
mechanical systems




Predicting Engine Reliablility
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Predict Reliability = Shop Optimization = Workscope Optimization Fleet Simulator




Shop Optimization

Current Engines in Shop Optimized Engines

Deployed
to USAF

! 4>~ T56 Shos

Time on Wing up 5% to 15% with little cost

Predict Reliability Shop Optimization Workscope Optimization Fleet Simulator




o _ Select SRAN(s) STANDARD S
Shop Optimization ||[Sii__Ttosten AERO ==
4433 (Dyess AFB, TX) T56 ETOW Shop Optimizer
| CEMS Data Date: 01-Aug-06 | Import CEMS Data
Select Engines | Clear | RGE Comp Turb T-Rtr
Turb Type
ESH SRAN |E-TSO|EngID [I? SH Ts0 | SN Ts0| SH TS0 | TsO
ADOE113453 | 4433 [ 9582 | E1 |Y[00AG033 430| [ADO 0[3320] [ADoOTS 7251 | 3175| T56-A15
Example ADOE113731| 4433 | 7537 | E2 |Y|0040@23337|4073) LAG0C701830 1256| | 508146 | 3689 | 373 | TS6-A15
ADOE113844| 4433 | 8703 | E3 |YLe0AG033501)2788] | ADOCTO1705|2706 | ADOTS092SS 10536 1 | TS6-A-1S
. ADOE114270| 4433 | 6474 | E4_47|00aG03280eT 576 | | ADOC 576 | |ADOTS06831 |12472| 2626 | T56-A-15
4 Engines, v L)
. / -~ —
each with _—T]_—
~a
three 1A
mOdUIeS odules | Clear |
T-Rt
o’ SRAN RGE Comp Turb d Turb Type
EaCh module/ RGB Comp Turb SH TS0 S TS0 S TS0 | TSO
has own
Time Since
Overaul
| Add Hondnventory0TimeMod(s) | | RGBIS) | 0 | | Compis) [ 0 | | 7Bis) | 0 [45is)] 0 |
| Min ETOW Goal: | 1000 | Default‘q..r'alues| | Use T-Rtr TS0 if Turb T50 exceeds: [ 5000 |
[ status: Idle | (Version 2.1) Optimize

Predict Reliability Shop Optimization
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RESULTS STANDARD Average Percentage Gain N 12.07%
SRAN _ Location . Total Original ETOW Hours 4957\
4433 (DyessAFB, 1Y) T56 ETOW Shop Optimizer Total Optimal ETOW Hours 5637
ETOW Hours Gained 630 N
[ CEMS Data Date: 01-Aug-06 | | Average Hours Gained per Engine 170 \
RGB Com Turb T-Rt
P ! Turb Type| ETOW L.LP LL.P
ESH SRAN |E-TS0|EnglD |17 SH T30 SH T30 | SH TS0 | TS50 Lim | Mis
ADOET14270 | 4433 | 6474 E4 [¥] 00AGD32596 | 576 ADDC313008| 576 ADOTS06881 | 12472 2626| To6-A-15 | 1406
ADDE113844 | 4433 | 8703 Ed || 0DAGO33S01 | 2785 ADOCTOMT05|2786] |ADOTS09255 (10536 1 | ToG-A-15 | 1372
ADOE113731| 4433 | 7537 E2 [¥] 00AGD2333T (4973 ADOCTOME30 | 1256] | ADOTS08146| 86380 | 373 | THE6-A-15 | 1147
ADOE113453 | 4433 | 9582 E1 [¥] 00AGD33098 | 489 ADDCS13880 | 3320 ADOTS13461| 7251 | 3175 To6-A-15 | 1032
RGB Com Turb T-Rt
SRAN g f Turb Type | ETOW H_r: I!_.':_:
RGB Comp Turb SN T30 SN T30 SN T30 | TS0
4431 4433 2059 00AGN33053 | 485 ADOC313008| 576 ADOTS09255 )| 10536] 1 To8-A-15 | 2012
4433 2433 4433 00AG032856 | 576 ADOCT01830(1256] |ADOTS08146| 8689 | 373 | ToG-A-15 | 1772 in
4433 4433 4433 004G033501 | 2786 ADOCTMTOS5|2786] | ADOTS06881 | 12472] 2626 | TS6-A-15 | 1044 <«
4431 4433 4431 00AGD23337 | 4473 ADOCS13880 | 3320 ADOTS13461) 7251 | 3175] T56-A-15 | &40

| Add Nonnventory 0 Time Mod(s) | | RGEH(s)

[ o] |

Comp(s) | 0 | | 7B{s) | 0 [45(s)|

0

| Min ETOW Goal:

[ 1000 |

Use T-Rir TS0 if Turb T50 exceeds:

6000

Shop Optimization
Results

Time on Wing
Increases 680
hrs or 12%

Four Engines
Optimized
Aligns modules
based on
reliability - not
time remaining
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Workscope Optimizer
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Solution to
the Maintainer’s
Dilemma

Fix What's Broke

Cost Per Flight Hour (CPFH)

Average Time on Wing (ATOW)

Predict Reliability = Shop Optimization Workscope Optimization Fleet Simulator




Cost Model

Residual value of life remaining on : J

replaced parts

Depreciate replaced modules over >.>

expected time on wing

“Sunshine” costs e

f

&

Cost for Every Workscope

Costs associated with risk (ie FOD)

Predict Reliability = Shop Optimization Workscope Optimization Fleet Simulator




TF39 Workscoping Tool

USAF employs to workscope TF39

engines
Centralized team performs
workscopes

Currently building similar tool for
USAF T56 fleet

Computationally intensive

Impact Technologies developing
schemes to ease computational
burden

Predict Reliability  Shop Optimization

13 Workscope Options

213 or 8192 Possible Workscopes

Workscope Optimization Fleet Simulator




TF39 Workscope Optimizer
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Cost Data

Workscope Optimization
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Fleet Simulation

Current Work Future
Fleet — Oor . sc_ope Fleet
State ptimizer State
Fly Engine
Forward

« Able to use Workscope Optimizer to fly an entire engine fleet forward
e Assess impact of environment, upgrades and maintenance policy

Predict Reliability = Shop Optimization  Workscope Optimization Fleet Simulator




Fleet Simulator

Microsoft Access - [Main : Form] o =]
-5 Fle Edt View Insert Format Records Tools Window Help Type a q fi Dow o8 X
W-1HdR S8V | & =Nl ) ;jjv-@.'i

ﬂﬂonA-RD Fleet Fly-Forward Simulator ‘é'll

Simulation Input Parameters: Simulation OQutput:
I - d d Customer: Canadian Forces J Line | .D.ate ‘ i i Message i ﬁl
[ J < O n Ce pt Va I ate Engine Type: To6AE j ia :] 71172004 Stasl:ti::iéios;:n:uL::aE01n runs for Canadian Forces T56-
Simulation Start Date: 71/2004 | 2 7/1/2004  — Projected ETOW for 716498 = 2577 81153949058
: Simulation End Date: [ emo005 . || 3 | 7/1/2004 — Projected CPFH for 716498 = 0
L P rOtOtype b u | It e DS E 7 H 4 | 7/3/2004 200101, MODOO1, ConfigCount = 1
g L || 5 | 7/3/2004 200102, MOD002, ConfigCount = 1
. . Module Alignment Strategy: 1 =l [C] 6 | 732004 200103, MODO03, ConfigCount = 2
Simulation Run Limit: — 2 || 7 | 7/3/2004 200105, MODO0S, ConfigCount = 1
e Developing version 2.0 B amior Tt Moo oo
9 7/3/2004  Engine SN = 716494, Model = 2037 pre-RTC. Configt

10 7/3/2004  Module MODO01 unavailable for engine 716494

° F I n aI Ve rS I O n S p rl n g O 7 | 1; 7/5/2004 Enrgjhl:lad gl?lsip?:nglLs‘lll.ﬂfi'\lu"IZ;SQFEU;US? pre-RTC. Configt

= — | | 13 7/5/2004  Module MODO02 unavailable for engine 716494
EAE PR LRI AR Clean Out Old Data | . -- build postponed until 7/7/2004
: — | | 15 | 7/7/2004 - Projected ETOW for 716457 = 7446 14839268515
Open Configuration Form Run simuiation | 16 | 7/7/2004 — Projected CPFH for 716457 = 0
= " | | 17 7/7/2004 Engine SN = 716494, Model = 2037 pre-RTC, Configt
Review Results: Open Form | [T 18 772004 Module MODO003 unavailable for engine 716494
Select Form to Open: | 19 - build postponed until 7/11/2004
[Chart - Engine Removals =l [l 20 | 782004 - Projected ETOW for 716450 = 4627.63758294092
|| 21 | 7/8/2004 - Projected CPFH for 716450 = 0
Export Data Table: | | 22 | 7/8/2004 200101, MODOO1, ConfigCount = 1
Export Data toExcel | | | 23 | 7/8/2004 200102, MODO02, ConfigCount = 1
SEERIEIE T ST || 24 | 7/8/2004 200103, MOD003, ConfigCount = 2
ISimuIatiun_Output d <| I FioiAnnA_ INNANE r-Jml‘Inn.: Crnfiaaonnt — A LILI
Form View v
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Fleet Simulator

Cost per Flying Hour
$600
00 Project Fleet Costs
$400
$300
$200 s -
| r I Engine Removal Projections (Average of Simulations)
$100 —— 6
.
I
$O ) T+ T T T T T T T T 5
~ ~ ~ ~ ~ ~ ~ ~ ~ ~
< S8 8 8 8 8 8 8 8 <
N N N N N N N N N N
= B & <5 [re} S = ) > S
= 4
— — Upper Bound —— Most Likely - -

Project Engine Removals

Jan-07 Feb-07 Mar-07 Apr-07 May-07 Jun-07 Jul-07 Aug-07 Sep-07 Oct-07 Nov-07 Dec-07
B Scheduled B Unscheduled
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Conclusion

i~
*‘if Fleet Simulator
Workscope Optimization
Cost Models

Predict Reliability
v — Proven tools to enhance
Build Reliability Models |  reliability at the engine,
shop and fleet levels
Collect/Analyze Failure Data




Questions?
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