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Forward
▪ Dear Reader, this presentation was intended for the conference 

audience and may to you appear somewhat unclear.

▪ The journey begins with those that had a major impact on my career. 
Then I try to cover some work that may have impacted the USA and final 
some work that I hope had impact for you.

▪ If your pic is not there, its likely because I don’t have one for general 
sharing….

▪ By necessity the data presented are limited/brief but each slide directs 
you to references where you can find more information. 

▪ I hope you find it interesting.

▪ Finally, the great man, Jack Lincoln, was a friend of mine. He is sadly 
missed, and I am very honoured to receive this award.
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Wow! I am so honored to be here!

▪ Jack was a friend and mentor (circa 1990)

Dr. John (Jack) W. Lincoln, Ph.D., P.E. 1928 - 2002

Jack’s door-stop! 1969 Failure
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Compared Fictional Fatigue Engineer with 
Dr. Lincoln – Skip Grandt ASIP 2000

Hollywood Real Life Hero

Dr. Honey
“No 

Highway in 
the Sky”
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About Me
– Loris (Lorrie) Molent AM*

• Aero Structures Consultant & Trainer
• Aeronautical Engineer
• Principal Research Scientist
• Head, Aircraft Structural Integrity (Retired)

Aerospace Division Defence Science & 
Technology Group (DSTG) - Australia

• Experinced Aircraft Accident 
Investigation  – Airframe (Retired)  
Failure Analyst NOT Designer•      
• *Order of Australia

F111G Pulau Aur
Malaysia 1999

Caribou PNG
2009
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Gallagher
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8

Royal Australian Air Force

Owner, Maintainer, Regulator and Operator 
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But, what did I (we) do for you (USA)?

1991, and Bill Schweinberg 
said….
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C141 Wing Weep Hole Cracking Repairs (circa 1993)

▪ So, you need to recover heavy lift capability Bill? [2,3]

• 120 aircraft repaired
• Usually 3 patches per repair
• 2300 bonded patches
• After 10 years – No problems 

(see Butkus [4])
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B52 Wing Corrosion Repairs (circa 1994) [5]

Not to Scale
Repair design and validation testing 
(Specimens with B52 wing Spec)

Courtesy R. Jones
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NAVAIR (1990-91)

▪ On attachment at AIR4.3.1 Aircraft Structures

▪ Assignment: Structural Airworthiness of:

– F/A-18 A/B Hornet Centre Fuselage and Tail

– X-31 

Salubrious “Office” JP1 Crystal City

And ….

Approx 1200 
cracks
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F-16 N

Circa 1991 cracks were detected at the main 
bulkhead attachment frames. The fleet was 
grounded, and I was sent to Miramar to “see what’s 
going on….” Who did I meet??

The F-16s sold to Iran were initially ordered in the late 
1970s, but the order was canceled in 1979… the US Navy 
were “pleased” to….

Wasn’t he surprised!!
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SuperSonic P3C Orion (circa 1991) [6]

At the 1992 P3C 
International Users 
Conference… Lockheed 
laughed at this suggestion 
and called me !#$%!&*

Transonic Compressibility
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Super Orion Con’t
Lockheed White 
Paper on 1.5 
factor [7]

Recertification test at DST

Shock wave 
Clearly visible
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Interesting times in 91…
• Hornet cleared to carry 15Klb modified 

cannon-barrel bomb…
• Boys & girls came home
• Service Life Bulletin (SLB) No. 3 released 

under my signature…

Don P: “Lorrie, Admiral wants to see you”
Lorrie: “That can’t be good”
Don P: “Yes”

Admiral Dyer: “The RAAF want to sue us because 
of the limited life of the aircraft (sic SLB)”
Me: “Sad to hear that Sir”
Admiral: “You will get sadder, as we will sue you!”
Me: “yes, Thank you, Sir. ”

Center Barrel + Work ContentCenter Barrel + Work Content

DORSAL DECK
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Y497.000

WING DRAG
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Aloha Airlines Boeing 737 29 April 1988

Ulf & Inger 
Goransen 1987

See [8-10]

Tom Swift in Oz

Data provided to 
FAA & Boeing
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TSA on Hornet CB at DST

F-35 (circa 2015)

• Aussies embedded in JPO
• DST/RAAF push for 3rd lift time of testing
• RAAF put $50M to secure 3rd Lifetime

DST Thermoelastic Stress Analyses (TSA) applied to 
CTOL FSDT to locate hotspots [11]
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F-35 (circa 2012) Ben Main “Our Man” at the JPO

Adm Vanlet, May 2012, SASC: 
“Embedded right here in my office… an 
Aust Air Force Officer who is the 
deepest expert on service life 
issues….very comforting, as there is a 
long history between the US and Aust 
on the F/A-18 program….
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Back in Oz….
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FSFTs [12-15]

CT4 Trainer

FT46 Hornet

18 Hornet Centre 
Fuselages 

PC9
Hawk 
MK127

And ….
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F111 Wing Tests
RAAF Sole Operator Program
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Quantitative Fractography (QF)

cracked

build quality survey

fractographic inspection of test wing
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• High confidence due to CPLT 

marker bands

• Appeared in-service more severe 

than test

• Data  Exponential

• Data used to life fleet wings; along 

with condition assessment

Test Results from QF

EPS

See [14-15]
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24

F-111 WING MODIFICATIONS

Stiffener RunOut

Blueprint

SRO 3 optimal

rework

Fuel Flow Vent 

Hole 

Blueprint

FFVH optimal 

rework

Boron/Epoxy Strengthening Doublers [14,16] 
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The journey continues

▪ With cracks…. 
 
The critical importance of the short cracks or low delta K regimes
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In the beginning: Fatigue Coupon S-N Results [17]

 

Specimen thickness: 6.25mm
7050-T7451 Aluminum alloy
 - Nominal test section is 28mm wide by 6.25mm thick
 - Analytical Kt of 1.055
 - Four or Five Coupons per Stress level
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Fatigue Coupon Crack Growth QF Results
Each point is 1 block of crack 
growth from Quantitative 
Fractography (QF)

Lead Cracks Only
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Fatigue Coupon Crack Growth Results - Exponential

Sub-Surface Nucleated

NDI
Threshold

Near-Surface Nucleated

See [1, 18-30] 

Short Cracks 
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A few In-Service and FSFT results
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See [20]
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Ye ol’ 1963 Paris Re-Visited [18]
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RHS Forward Face RHS Aft Face 

Fuel hole 

57.15 mm (2.25 inch) 

 

Duct flange 

Straight taper 

4.318 mm 
(0.170 inch) 

6.35 mm 
(0.250 inch) 

Teardown: At 17326 SFH crack depth was 9.04mm deep (FT55)

 
FWD  

INBD Crack 1 
Crack 2 

An Example: F/A-18 FSDT “Web-taper”

Complex geometry
High Stresses
Multiple origins
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My Prediction: F/A-18 FSDT “Web-taper” Crack

Typical NOT 
Surrogate, 
See [21-23] 

17326



33

Molent – Jack Lincoln Award 2025

Cubic Rule [29-31]
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FT55 cubic data fit

APOL cubic data fit
y = 9.505E-12x

3

y = 8.080E-12x
3

(Frost and Dugdale model (circa 1958 [29]) – Constant Amplitude

Predict lives for same spectrum, material and Kt, at different stresses.

 = slope

( ) refa
dt

da
=

 = 3

From previous 
QF data.
Best fit = Cubic
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Cubic Prediction – F-4 coupon test data

0.1
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Flights

USAF Damage Tolerance Design Handbook. 1998. Wright Patterson AFB, USA 

Used in RAAF Hornet and P3C etc structural repair manuals

See [30]
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Paris-Type Curve (all)
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Low  Kt - 390MPa, etched Low  Kt - 420MPa, etched Low  Kt - 450MPa, etched High Kt - 155MPa, etched

High Kt - 200MPa, etched High Kt - 225MPa, etched High Kt - 250MPa, etched Mid Kt - 194.0MPa, etched

Mid Kt - 215.6MPa, etched Mid Kt - 291.1MPa, etched Mid Kt - 323.4MPa, etched Paris f it, low  Kt

Paris f it, high Kt Paris f it, mid Kt

Low Kt: da/dt = 1.59x10-6(Kmax)
2.02,

Mid Kt: da/dt = 2.98x10-6(Kmax)
2.21,

High Kt: da/dt = 4.09x10-6(Kmax)
2.22,

R2 = 0.959

R2 = 0.940

R2 = 0.937

Hornet spectrum, AA7050 at 3 Kt values

Effective Block Approach [35-37]
(Gallagher’s mini-block [32-34])

Treat a Block of 
Variable Amplitude 
data like Contant 
Amplitude 

da/dblock = C (Kref)
2 

da/dblock = a(ref)3

Kt increasing
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The Hartman-Schijve Variant [34-38]
da/dN = D* (Δ)α 

Where A is a constant related to fracture toughness

This equation has the advantage that it allows D to be determined directly from the 
slope of ONE da/dN versus ΔK curve (α~ 2)

Note: different ΔKthr for short & long cracks 
Not ASTM 647 fatigue test standard value of K at da/dN of 1010 m/cycle

Fits BOTH short & long crack growth rate data. Short cracks are important!!
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Variability in CG rate? E.g. Hillberry et al. data [37]

Crack growth data from Virkler et al. [39] AA2024-T3 and computed variability with various ΔKthr./ 

Half-crack length plotted.

Also collapses Stress Ratio (R) data….
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Cracks and Fissures [39-41]
• Loading changes the plane on which 

growth occurs.

• This changes the profile of crack surface.

• It produces ridges on one side which 

match depressions on the other.

• Alternative crack formation mechanism

Tension

Cycle

Load

5microns
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Corrosion #$%@^&

F35B on deck showing signs of corrosion causing 
discolouration – Source: US Finds Solution to 
Corrosion Problem on F-35 Jets, Aeronaut Media 13 
Jul 25

Cold Expanded & Bonded Bush Mod or Repair [42]

• We can “handle” pitting corrosion, see [43]
• Prevention better that repair

• Elephant: Corrosion in fracture critical parts
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Conclusions
▪ With you, I have been on a fabulous ASI journey

▪ We did some good things and learnt much

▪ Many achievements made possible because of a sovereign Air 
Force with sovereign ASI expertise

▪ You trusted me. I am so grateful and proud. I think Jack would 
be too!

▪  Much more to learn – I wish you all a successful journey

▪ ASI is much more than fatigue! Fatigue is all about cracks and 
we have some useful tools

▪ Master the rules before you bend them!
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Thanks Bryan
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Final acknowledgment – Long Suffering Family
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Questions

No Highway in the Sky
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Now Available
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Back-up Slides
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FT46 – Simultaneous manoeuvre and buffet
ifostp

=  pneumatic (51)
=  hydraulic (8)
=  electromagnetic (4)

Actuator Types

AussieIFOSTP03.mpg
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51

Eighteen F/A-18 Centre Barrel Tests [13]
20973a-01

Material: 7050-T7451 Aluminium Alloy
Weight: ~ 500 kg (bare structure)
Fracture Critical

• Fleet life extension 
of > 10%

• $400M in real 
savings

• Delay purchase of 
JSF by 10 years

Molent CB12BreakHighSpeed.wmv
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Caveats (departure from exponential) [1,18]

• Sub-surface (in vacuum)
• Residual stresses
• Quasi static tearing
• Periodic Overloads
• Change in geometry
• Slow starting crack (e.g. multiple local nucleation sites)
• Growth towards neutral axis (load shedding)
• Discontinuity not initially crack-like
• Change in Usage
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Top NAVAIR Priority post Gulf1
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Boeing 747-400 FSFT Bonded Repairs 1990 [49]
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EBA Example (varying m)

EBA prediction of the OEM’s F111 (A4) full-scale 
fatigue test data (FZS-12-327, 1972)

m =2 best (i.e. exponential)
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H&S VA example; AA7010-T73651 flanged plate with lightening hole 
tested to ASTRIX spectrum 

PREDICTION

Data courtesy Prof 
Irvine Cranfield. 
Analyses by Prof R. 
Jones, Monash.
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Periodic underloads produce a family of fissures 

[44,45]
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Damage Growth in Composites [48]

▪ Challenging the no growth design/sustainment basis

▪ General behaviour: Short period rapid growth followed by plateau

Development of delamination cracks in the interface between bonded metallic sheets and a composite 
laminate under cyclic loading (Δσ = 198 MPa, R= 0.1) as a function of fatigue cycles, where the lengths of 
four delamination cracks in a specimen are shown
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Molent et al. ASIP Presentations

1. K. Walker and L. Molent, ‘Development of an automated procedure for correlation of two sets of range mean pair fatigue sensor data’, In Proc: 
ASIP Conference 1991.

2. L. Molent, ‘A Review of a Strain and Flight Parameter Data Based Aircraft Fatigue Usage Monitoring System’, In Proc: ASIP Conference 1996, 

3. L. Molent, ‘Proposed Specifications for a Unified Strain and Flight Parameter Data Based Aircraft Fatigue Usage Monitoring System’, In Proc: ASIP 
Conference 1998.

4. S. Barter, K. Sharp, L. Molent and G. Clark, ‘Repair and Life Assessment of Critical Fatigue Damaged Aluminium Alloy Structure Using a Peening 
Rework Method’, In Proc: ASIP Conference 2000.

5. L. Molent, S. Barter, D. Conser and P. White, ‘Overview of the F/A-18 Aft Fuselage Combined Manoeuvre and Dynamic Buffet Fatigue Test’, In 
Proc: ASIP Conference 2002.

6. S. Barter, L. Molent and M. McDonald, ‘Fleet Fatigue Life Interpretation from Full-Scale and Coupon Fatigue Tests’, In Proc: ASIP Conference 2005,

7. S. Barter, L. Molent and L. Robertson, ‘Using Service Growth from Teardown to Aid Aircraft Lifing’, In Proc: ASIP Conference 2009,

8. L. Molent, S. Barter and W. Foster, ‘Verification of an Individual Aircraft Fatigue Monitoring System’, In Proc: ASIP Conference 2011

9. L. Molent, ‘The Influence of Pitting Corrosion on Structural Integrity’, In Proc: ASIP Conference 2013,

10. B. Main, S. Barter, W. Foster, M. Gordon, L. Molent and L. Weibler, ‘Hornet Outer Wing Static Testing (HOWSAT) Program for RAAF Classic Hornet 
Service Life Management’, In Proc: ASIP Conference 2015,

11. L. Molent, C. Forrester, N. Rajic and A. Groszek, ‘Durability and Damage Tolerance of Composite Structure: Preliminary Investigations’, In Proc: 
ASIP Conference 2017, 

12. K. Walker, R. Evans, X. Yu, L. Molent, B. Main, J. Hodges and M. Hill, ‘Analytical modelling of fatigue crack behavior under representative 
spectrum loading in the F/A-18 A/B Y508 wing root shear tie’, In Proc: ASIP 2018.

13. B. Main, L. Molent, R. Singh and S. Barter, ‘Lessons from 35 years of the RAAF F/A-18A/B ASIP’, In Proc: ASIP 2022.
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“Chuck. Sorry to have hassled you for over 30 years….”
(your mate Lorrie)
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