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Projective Objectives

Ut=s + Tovalidate the current minimal
LTI detectable crack size (aypr) In fastener

Enfianced Gperdtional

ExcelloRPRIEp holes representative of a box wing
Ameliorationdel etat - -
de prépardfion structure using Rotating Bolt Hole

operationnelle'grace a

[ excellence du soutien Eddy Current (RBHEC)*

e To verify a PoD model so that the PoD
of defects in similar structures can be

l %?‘ interpolated

*Also known as ABHEC

%




Project Opjective (Cont*d)

e As much as possible the intent of this project

ESTIIVIA IS to have a generic PoD study.
e » Conventional PoD studies are limited to the
smstoriroMHBiar exact structure inspected

de préparation

opeionnelegricea - ThIS project will use a combination of actual
test data and models

« By use of the models the real PoD results
¥ can be applied to similar structure (generic)

' % e This approach will be more cost effective
- ﬁ‘\‘ than conducting many specific PoD studies




RIrESSH

IESTFIIVIZY

Enfianced Gperdtional
ReadinesSdiirotgh
Excellent sSupport

Ameliorationae l'etat
de préparation
operationnelle'grace a
['excellence du soutien

Viethodoloegy

o The PoD study will consist ofi three different
sources of defects (cracks):
— Real cracks from P3 spar caps and wing planks

— Manufactured cracks (in an assembly
representative of box wing structure)

— EDM notches

— (Possible manufactured cracks from another
manufacturing methodology)

e These structures will be sent to various
Canadian Forces (CF) NDT facilities and
possibly CF contractors for testing



Methodolegy — Real Cracks

» The focus of this project Is to use real cracks
from a box wing structure
Enfianced Gperdtional

s s e Real cracks to come from P3 structures:

A reae SLAP* leftovers, and planks/webs/spar caps
oxcellncs dMter removed from USN P3s. The quantity and

size of these defects Is unknown and will not
be known until destructive testing IS
I performed on each fastener hole
|

A
| %\‘ (Fractography)

* Service Life Assessment Program — a joint CAF/USN/RNAF project where a
P3 outer wing was fatigued to failure and torn down for inspection. Both NDT
and DT were performed to understand the wing failure mechanism




Methodolegy — Real Cracks

_ ~» Although the size and quantity will be
e feunknown, an estimation of the amount
el and size will be given by an expert
Cemann NDT technician using RBHEC,
BHEC, LPI, and video microscope

[ excellence du soutien
o This number will influence the amount
' of manufactured cracks required
|




L Wing Plank-to-Wing Plank Splice Area
|
1

= Splice Area

Note-Fasteners will be removed
for inspection purposes

THHR] l|t||!|I|g|g;||||||||:|-.|_A.--;.

. BoltHole Candidate #1, Pic1

Bolt Hole Cand
Pic 2 Close-Up
Wing Plank to

Wing Plank

Real cracks from
real structure
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Viethodolegy — Manufactured

Cracks

e As a back up and to ensure statistical
soundness of the study, cracks will be
manufactured (grown), measured, and be
Included In the study

. Thi
Im

as
Po

IS component of the project Is very
portant as a minimal amount of cracks of
necific range In sizes Is needed for the

D Study to be valid

* The manufactured cracks will represent a
skin splice, spar-to-web, and skin-to-spar
joints



Viethodolegy — Manufactured

Cracks
ntss = Thenumber ofi manufactured crack
ESTATVIZY specimens Is dependent on the number of
e real cracks that can be found in existing
e structure (more real cracks = less
e, manufactured cracks)
ercelence disaen e - Qbviously cracks that are smaller than the
threshold of detection will not be found In
! real structure and therefore a minimum
number of manufactured cracks will still be
| ‘%’ -
' %\‘ required




Spar Cap Rear Horizontal Leg Thickness-0.120

L
N

Wing Plank

Wing Plank Splice Thicknesses

Wing plank
thickness
- 0.080"

e Spar Cap Vertical
| | - Leg Thickness-0.300"

I\

Spar Cap Vertical Leg

0.100"
Lower Wing Plank

0.100" Upper Wing Plank
I/

Lr_l

Cracks will be
grown in specimens
representative of a
box wing structure



\/ariables and Levels

Variable Levels
i Location, L L1 1st Layer
VRTFESSHE L2 2nd Layer
ESTFRIVIZA Skin Thickness, T T1 0.080"
Enfianced Gperdtional T2 0.090"
Readiness Throtigh T3 0.125"
Excellent Support T4 0.312"
Amelioratio de T €tat Hole Diameter, D D1 3/16"
de prépardtion ' D2 1/4"
operationnelle'grace a
l'excellence di soutien Crack Type, C C1 EDM notch

C2 Lab Crack
C3 Fatigue Crack

Crack Origin, O O1 Mid-bore

O2 Corner
Inpsection Technique, | |11 DND

12

|3 Interpret Saved Signals
Inpsector N Inspector 1

Inspector 2




Manufactured Cracks \ariables
and Levels

Ut e+ D1, 12,72, 01
EnRanced Operational 4 Dl, LZ, 2, 02

ReadinesSdiirotgh
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AméliorationrdeTétat e D11 L21 --41 Ol
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[ excellence dusoutien - Dl, L2, --4, 02




NRC / QETE Participation

National Research Council of Canada (NRC) to

Ess manufacture specimens with holes
ESissy e Quality Engineering Test Establishment (QETE)
Enfanced Opérationat i [ '
e to perform wire EDM slotting (one side each
Excellent Support h 0) | e)
Ameliorationae 1 etat . . .
WL Bl 0 INRC i fatigue the specimen to obtain >30 cracks
[excellence di soitien In the 0.005” to 0.050” range (other sizes outside

this range are important to have as well!)

 NRC to prepare holes to final size, provide
¥ nominal additional fatiguing to the coupons (=500
s additional fatigue cycles to sharpen crack and
b \‘ help eliminate crack smearing), document /
measure the created cracks under load




NRC / QETE Participation

=« NRC toIDlabel and excise the holes
IESIIIALS creating 1.5” x 3” reference coupons

Enfilanced Gperdtional

rednes et o QETE will undertake destructive

e pripardilh fractographic documentation of selected
peoralifto: SRS
%

ill| '5% \ _:‘;5{




<. Specimen Conceptual Drawing

10”
A% A . A s TR ——
ATESS e
ES TN 8 for o
1 Gl B3 b V5 aripping .
Enfianced Gperational L 9 !
Readinessdhirotgh >
Excellent Support s 1.5"
Ameliorationrdeletat B
de prépardtion 1 9019010101010
opérationnelle grace a mmmmmmennnoy ,
| excellence du soutien A e
30" | [eieieioie o '
ejejeieieioe; Provide ID on end
of each standard
8" for
gripping
! Material: Al 7075-T6
\ 4
dimensions in inches ‘




“Thick Specimen” With Corner
Cracks - Conceptual Drawing

Hole X-Section Detalils for Corner Crack

rrdbnced (MMonc Machine 12 undersized pilot holes and create thin lips

Readines$Sirotigh using end mill / flat bottom drill
Excellent Support

Amélioration'de I'état

operationnelle g‘n’icg a ' ) .

L excellence du'soutien EDM slots using 0.004” diameter wire (@ QETE).
Generate fatigue cracks of “appropriate size”.

N

Drill / ream holes to final size. Measure crack sizes (of
all the cracks created we need at least 30 cracks in the
0.005” to 0.050” range).
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“Thick Specimen” With Mid-Bore
Crack - Conceptual Drawing

Hole X-Section Detalls for Mid-Bore Crack

Machine 12 undersized pilot holes and create thin lips
using end mill / flat bottom drill

B -
EDM slots using 0.004” diameter wire (@ QETE).
Generate fatigue cracks of “appropriate size”.

B

Drill / ream holes to final size. Measure crack sizes (of
all the cracks created we need at least 30 cracks in the
0.005” to 0.050” range).



Hole Numbers

o Assume a 50% success rate of creating the
ESTIVIA appropriate cracks In the range of 0.005” to
Eﬂfmnged Upemﬁpﬂu{ O . 050
ity L — need 4 specimens for each thickness and crack type (4 x
Amelioratiomr@eTetat 18 =72 holes)
gl — for 2 thicknesses x 2 crack types x 72 holes = 288 holes
L'excellence dil sotien (ref stds), plus min 3 x 160 = 480 defect free holes

— Therefore should have approx 768 holes for the PoD study

 NRC has had success with this methodology in the
¥ past

l _ — F5 Golden Triangle test coupons
.;_| %‘
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Fatigue Considerations

e Fatigue parameters
o constant amplitude
e R (Pmin/Pmax) = 0.1
e max stress In the 10 to 15 ksi range
» 10 Hz sinusoidal waveform

e load levels should be adjusted so that cracks
form between 50,000 and 150,000 fatigue
cycles

e assume 5 machine hours per coupon (5 hours x
10 Hz x 3600 cycles per hour = 180,000
cycles) + 5 hours labour
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Fatigue Considerations

o Fatigue Process Steps

o Initial setup of fixtures

o Install specimen, apply fatigue cycles and
monitor cracks

o reinstall specimen with final machined holes

— apply 500 additional fatigue cycles to
sharpen crack and help reduce crack
smearing effect at hole edge

e conduct measurement / documentation of
reference cracks under load



Viethoedolegy — EDIVI Notches

= As part of the study EDM notches in similar

ESTRIVIZY structures will also be studied

Enfianced Gperdtional

readneslionoh o (Crack signal response and probability of

Excellent sSupport

B detection between real cracks and EDM
oxcellence AEicn notches will be compared

e This information is very useful to both the
NDT engineers and the structural engineers
o as calibration blocks for inspection are
. %?‘ typically made with EDM notches




OverallfProject \Varables and
L_evels

s D1 L2, 112, O1
Ej;?hugged Qg;mﬁpﬂmf . Dl, LZ, T2, 02
Amelioratiomr@eTetat e D11 L21 T41 Ol

e D1, EDM Notches T2,02
1 D1, EDM Notches, T1, O2

Excellent sSupport
ercatence aeeneen.® DL, L2, T4, O2
l %?‘ e D1, Fatigue Cracks (various T & O)




Viethoedolegy - SILAP

o AsS part of this project, results from the
e P3 SLAP project will be studied

st e There IS sufficient data from the SLAP

Amélioration™de 'état

operationael e o project to conduct a small PoD study

< This data should be available in Oct
2005




Eractography.

o Cracks parameters from the P3'spar caps and
ESTIRIZ wing planks will be determined at QETE
Enfilanced Gperdtional -
Readinessghirotigh usSing fraCtography

Excellent sSupport

amtoatioCe et o Some of the manufactured cracks will also

de préparation

e lonce A be ‘fractoed’ to validate lab measurements
of the cracks
!  EDM notches do not require fractography
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ATESS Timelines

Crack harvesting currently undenway from
SLAP: leftovers and USN P3
planks/webs/spar caps -> many small cracks
found to date

ATESS will catalogue cracks as discussed
previously and provide results to NRC to
Include in the DOE — Nov 2005

EDM notches — Jan 2005
Prepare for inspections — Feb 2006
Conduct Inspections - Mar 2006
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NRC Phases and Triimelines

Phase 1. Specimen manufacture validation —
Oct 2005

D

D

D

nase 2: Specimen manufacture — Mar 2006
nase 3: Inspection - Mar 2006

nase 4: Eddy Current Model Design and

Validation — Jan 2006

D

D

D

D

nase 5. Selected Teardown — Mar 2006
nase 6. Data Analysis — Sep 2006
nase 7: Final Project Report — Nov 2006

nase 8: Generic PoD Handbook — Nov

2006
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Costs

 Total project cost $360 000 (CAD)

— 40% NRC labour costs covered by NRC
and DRDC

— Costs include, material, equipment,
software, design of experiments, crack
manufacture, EDM manufacture, travel,
fractograghy, reporting and handbook, and
1 reserve NDT Sgt salary

« \With more money, | can do more...



Other PeD work

« NDE Reliability Estimation from technique

ESTATVIZY Development

iy — A project funded by Defence Research and
Excelleftt Sapport Development Canada (DRDC)

Ameliorationrde 'etat ) : .

SVt iy 1 — Purpose is to include a small PoD study with

l'excellence di soutien each teChnique development

— The study Is to be based upon a few defects
measured by a few techs resulting in a PoD

Y curve (not statistically sound)
' % — aypr as determined from the PoD will then be
b %\‘ multiplied by a safety factor (statistically
S sound?)
— PoD modelling?




Conclusion

» At the completion of the PoD study the

ESTTNVA minimal detectable crack size (ayp7) In
i Vs g fastener holes using RBHEC will be
Excellefit Support d etermine d
ﬂmé!mm{mﬂ df%’ [Etat i i )
peanonelegicea  ® INtErpolation to other similar structures can
e be done by applying eddy current models to
the PoD results
g o This effort will be coordinated by ATESS
4 and involve other CF NDT facilities, NRC,
_| @?‘ QETE and possible CF contractors
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Questions/Feedback/
Comments
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