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Historical Overview 

• RAAF AE2100D3 FLEET consists of 58 Engines  

 (48 installed, 10 spare / above fit) 

 

• AE2100D3 has “on condition” maintenance 
philosophy. 

 

• On condition philosophy managed by RAAF as a 
“fly to failure” approach. 

 

• Fly to failure approach employed over 10 year 
period preceding January 2010. 



Result… 

• In flight events increasing year by year 

 

• Inherent engine removal rate greater than repair 
turn around time 

 

• Unmanageably low serviceable engine asset levels 

 

• Budget overruns 

 

• C130J Power Plant operational confidence all time 
low in late 2009 



Inherent Failure  
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Inherent Off Wing Drivers 

2005 - 2009 

Removal Reason # of Failures Percentage  

Low MGT Margin 14 20.59% 

Vibration 12 17.65% 

High P/S Oil Pressure 8 11.76% 

1st Stage Vane / Blade Distress 7 10.29% 

PGB Metal on Mag Plugs 5 7.35% 

Compressor Flooding - Oil Drain Down 5 7.35% 

Integral Plumbing Oil Leak 4 5.88% 

#2 Bearing Rivet Failure 4 5.88% 

2nd Stage Track Distress 3 4.41% 

Smelly Bleed 2 2.94% 

4th Stage Cover Plates missing 2 2.94% 

Over Torque 1 1.47% 

Torquemeter contact with Sensors 1 1.47% 

Church - 2011 



Inherent Off Wing Drivers 

2005 - 2009 

Removal Reason # of Failures Percentage  

Low MGT Margin 14 20.59% 

Vibration 12 17.65% 

High P/S Oil Pressure 8 11.76% 

1st Stage Vane / Blade Distress 7 10.29% 

• Top four drivers are performance or health related. 

 

• Equates to 60.3% of inherent removals 2005 - 2009. 

 

• 60% of all RAAF AE2100D3 engines were subjected 
to a shop visit during the period 2008 – 2010. 



Cost of Inherent Removals 

 $ / EFH   (2005 – 2009) 
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2010 Onwards 

• Fundamental change required in the fleet 
management of AE2100D3  

 

• Goals 
• Maximize / optimize time on wing  

• Reduce in flight events 

• Contain / reduce sustainment costs 

• Increase serviceable spare asset levels 

• Plan engine removals prior to failure or in flight event 

• Restore C130J power plant operational confidence 



Engine Health Management 

• Maximizing time on wing is key to effecting all other 
goals. 

 

• Identifying and correcting step change degradation of 
engine health was key to increasing time on wing. – 
Done through the use of EHMS (60.3% of all inherent 
removals). 

 

• The development of an Engine Condition Management 
Program to help the operator plan the maintenance of 
their fleet, detecting problems before critical failures 
occur. 



EHMS Process Map 

Church - 2011 



EHMS  

Performance Signatures 



Optimum Performance 

Church - 2011 



Optimum Performance 
MGT Margin Parallel Movement 



EHMS Performance 

Signatures 

10th STAGE BLEED LEAKS 



CDP Step Change <30% Delta 

Church - 2011 



10
th

 Stage Air – Normal Operation 



10
th

 Stage Air – Partially open ABVs  
Small pressure drop in 14th stage control air plumbing 

- CDP loss <30% Delta 

No impact on MGT Margin  



Example. 27 Jan - 20 Feb, 2011 
CDP Step Change <30% Delta - Partially open ABVs  



No MGT Margin Shift – Parallel movement 



CDP Step Change >60% Delta  

Church - 2011 



10
th

 Stage Air – Fully open ABVs  
Large pressure drop in 14th stage control air plumbing 

- CDP loss >60% Delta 

Significant MGT Margin loss 



Example. 13 - 20 Feb 2011  
CDP Step Change 70% Delta - Fully open ABVs 



Fuel Flow - 6% Delta increase 



80˚C MGT Margin loss + Nacelle O/Heat ACAWS 

(Mission Abort) 



14
th

 Stage ABV control air plumbing  
Compressed Air Leak Test 

Compressed air 

supply regulated to 

60PSI 

Compressor wash air 

line connected to 

drain mast 



14
th

 Stage ABV control air plumbing  
Leak check using compressed air 

60PSI compressed air 

applied to compressor 

wash line (via nacelle 

drain mast) 

Leak checks carried out on 

ABVs, CABCV, and associated 

rigid and flexible plumbing 



Summary - 10
th

 Stage Bleed Leaks 

•  Faults confirmed via compressed air through 

   14th stage ABV control air plumbing –  

   compressor wash air line connection 

 

•  2 CDP leaks effecting performance  

   (>60% delta) corrected in last 12 months 



EHMS Performance Signatures 

14th STAGE BLEED LEAKS 



 Step Change MGT Margin Loss >15˚C 

Church - 2011 



14
th

 Stage Bleed Leak   
Partially open Augmentor Valve 

- MGT Margin loss >15˚C 



Example. 26 Dec 2010 - 16 Jan 2011  
25˚C MGT Margin Loss – Partially open Augmentor Valve 



Fuel Flow - 5% Delta increase 



25˚C MGT Margin loss – Augmentor Valve Replaced 



Summary - 14
th

 Stage Bleed Leaks 

• Partially open valve causing >15˚C MGT 
Margin loss.  

 

• Fault confirmed via compressed air through 
14th stage ducting. 

 

• 30 Augmentor Valves removed in last 12 
months for this failure mode. 

 



  14
th

 Stage Augmentor Valve Check  

  Leak check using compressed air 

60PSI compressed air 

applied to 14th stage 

ducting (via blank 

attachment fittings) Loosen clamp of rear of Start Control 

Valve, and feel for excessive air 



14
th

 Stage Ducting  
Compressed Air Test Kit 



EHMS Performance Signatures 

FUEL DELIVERY 



Step Change MGT Margin Loss >15˚C  

Church - 2011 



Example. 20 Dec 2010 - 20 Mar 2011  
15˚C MGT Margin Loss – Coked Fuel Nozzles 



Fuel Flow – No noticeable increase 



Coked Nozzles 



Typical Flow Test Results (pre-clean) 

Item Spray Quality C/Valve Patternation Pass/Fail

230psig 100 psig 270 psig 12.9 - 15.1 144.2 - 166.0 >5psig 40%@270psig Nozzle

1 Streaks 95 82 20.9 99.2 3 Streaks Fail

2 Streaks 85 111 17.7 141.1 6 Streaks Fail

3 Voids/Streaks 80 111 19.8 146.7 5 Voids/Streaks Fail

4 Drouling 101 123 17.1 144.3 6 OK Fail

5 Streaks 90 115 18.2 144.1 6 Streaks Fail

6 Streaks 102 122 16.9 144.8 6 Streaks Fail

7 Voids/Streaks 84 110 17.2 142.8 6 Streaks Fail

8 OK 101 121 17.1 144.7 6 OK Fail

9 Streaks 92 114 17.6 143.4 7 Streaks Fail

10 OK 102 121 17.4 143.8 6 Streaks Fail

11 Streaks 102 119 17.4 142.3 7 Streaks Fail

12 OK 102 124 16.5 143.1 7 Fail

13 Streaks 88 109 17.1 142.3 7 Streaks Fail

14 Streaks 84 115 21.7 143.6 6 Streaks Fail

15 OK 101 124 14.9 146.9 6 OK Pass

16 Streaks 101 125 18.9 145.8 5 OK Fail

Spray Angle (100 to 130 deg) Flow Test 

Standard Aero - 2010 



Summary - Fuel Delivery 

• Coked fuel nozzles causing >15˚C MGT Margin loss 
are all Piloted Orifice variant. (No occurrences so far 
related to PuAB) 

 

• Coked nozzles - confirmed via borescope inspection. 

 

• 20 Fuel Nozzle sets (x 16) removed in last 12 months 
for this failure mode. 

 

• All removed fuel nozzle sets had accrued ~1000 hours 
since last Bay Service (2400 hour BS interval) 



EHMS Performance Signatures 

VIBRATIONS 



Acceptable Vibration 

Church - 2011 



Acceptable Vibration  
Parallel Movement – Prop Speed Frequency 

G/Box 

Comp 

Turb 



EHMS Performance Signatures 

ACTUAL VIBRATION 



Propeller out of balance 

Church - 2011 



Example. 1 Apr – 16 May 2011 
Actual Vibration – Prop out of Balance 

2 of 3 sensors >0.7 IPS 

PBS Solution 16 May 11 

~0.4 IPS reduction 



Prop out of Balance  
– Software Solution Applied 

QinetiQ - 2009 



Prop Balance Software 

QinetiQ - 2009 



EHMS Performance Signatures 

INDICATION ERROR 



Vibration indication error 

Church - 2011 



Summary - Vibrations 

• Pro-active Prop Balances occurring when two of three 
sensors record >0.7 IPS at prop speed freq. 

 

• Significantly slowed (if not eradicated) occurrence of 
Forward Nacelle cracking and Exhaust Nozzle 
cracking. 

 

• 26 propellers dynamically balanced using a software 
solution in last 12 months. 

 

 

 



Engine Health Management 

• Understand the health of your fleet 

 

• Understand engine system operation 

 

• Understand the environment your engines are operating in 

 

• Perform corrective maintenance on step change engines 

 

• Plan engine removals prior to performance failure event 

 



Results – 2010 to present 

• Reduction of in flight events by ~80% 

 

• 11 fold increase of spare engine availability 

 

• Only 24% of the RAAF AE2100D3 engines have been subject to a shop 
visit. With 86% of these engine removal planned removals 

 

• Operational confidence restored 

 

• AE2100D3 logistics support budget on target for the past 2 fiscal 
years. 

 

• Development of and Engine Condition Management program.  



C130J AE2100 Propulsion System Maintenance Support
Key Performance Indicator KPI-3

QECA - Total Available Asset Level (TAAL) Trend
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MGT Margin Spread 

 Installed Fleet   (2009 vs. 2012) 

MGT Margin Spread - Installed Fleet
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Fly to Failure vs. Planned 

 Engine Removals (2005 – present) 

Fly to Failure vs. Planned Engine Removals

(Performance / Oil Px / Vibration / Deterioration) 
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Inherent Failure  

 MTBR   (2005 – 2009) 
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Inherent Failure  

 MTBR   (2010 – present) 
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Cost of Inherent Removals  

 $ / EFH   (2005 – 2009) 

Cost of Inherent Removals 
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Cost of Inherent Removals  

 $ / EFH   (2010 – present) 

Cost of Inherent Removals 
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