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Damage Tolerance — Facts and Fiction

=QOverview

*Elements of Damage Tolerance
=Structural Maintenance Considerations
=Continuing Airworthiness Challenges

sSummary
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Royal Institute of Technology - Stockholm
Department of Aeronautics 1958 - 1965

= Aeronautical Research Laboratory 1962 -1967
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SAAB 37-Viggen - First Flight 1965

Copyright © 2006 Boeing. All rights reserved. Filename.ppt | 4

12/13/2006



Boeing Commercial Air
1967 - 20

12/13/2006



Boeing B-2707 Supersonic Transport
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Boeing Family of Commercial Aircraft
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Inger and Ulf

50 year Celebration Cruise
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Damage Tolerance — Facts and Fiction

=Overview

*Elements of Damage Tolerance
=Structural Maintenance Considerations
=Continuing Airworthiness Challenges

sSummary
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Design Principles

Damage
tolerance

Fail-safe -

Application :
capabliity Safe ite e
Static strength
- >
| | | | -

1900 1925 1950 1978 2000
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Boeing BW-12

Copyright © 2006 Boeing. All rights reserved.
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Boeing BW-12 Replica
Boeing 50" Anniversary 1966

Copyright © 2006 Boeing. All rights reserved. Filename.ppt I 12
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Boeing Model 40

“...let no new improvement in flying and
flying equipment pass us by”
W.E. Boeing - 1929

Copyright © 2006 Boeing. All rights reserved. Filename.ppt | 13
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777 Static Test l B, B

=Wing Tip Deflection:
- 18 feet & 2.509
- 24 feet & 3.75¢
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Design Principles

Damage
tolerance

Fail-safe

Application : e
capability Safe life -
Biatic stre
atic strength -
| | | | -

1900 1925 1850 1975 2000
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Boeing Clipper 314
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Boeing 377 - Stratocruiser
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De Havilland Comet
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Design Principles

Damage
tolerance

Fail-safe

Application " -
capability Safe Iife -
Static strength
2 >
| 1 | | -

1900 1925 1950 1976 2000
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Fail-Safe Jet Transports

A

\?‘!ln
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Boeing 707
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Wing Fail Safety

E\

I LT 7TV @ T 1
A

Front Rear spar

spar .
Spanwise joints provide
capability to sustain failure

| of any one-skin panel
| | I |
I M M/ DN '
[ 2\ 121\ |

Copyright © 2006 Boeing. All rights reserved.
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Fail-Safe Test Verification

1sin. Skin cut
Tl e

o’
e Stringer cut

Detail B-B

Pressurized test section

» Example of blade skin cuts made at

.. . Tear strap cut
critical locations

Copyright © 2006 Boeing. All rights reserved. Filename. ppt | 24
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Fuselage Crack Arrest Test

Copyright © 2006 Boeing. All rights reserved.
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Hull Losses and/or Fatal Accidents

Per Million Departures

Worldwide commercial jet fleet — 1959 through 2005

60 1400
CS - 1200
— All other
Hull loss and/or causes 4 1000
40 /fatal accidents 4
Hull loss, — — Maintenance = 14%
accidents Structures = 4% « Structures 4 so0  Fatalities
per million 30 | » Systems
departures* * Propulsion 4 &oo
20
- 400
10
< 200
| [ Y [ [ S S [ (S S [ [ [ (S —— - II_I__-I__I_l._JI_I'__I._IIII11—|!

] i

S98) 62 64 66 B8 TO T2 T4 TE TE BD B2 B4 BE BE Q0 92 94 98 98 00 02 Q405

Year

* Exludes sabotage and military action

Copyright © 2006 Boeing. All rights reserved. Filename.ppt | 26
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Structural Safety System

Airworthiness
authorities

Regulatory
actions

Fleet
surveillance

Structural
safety

Design Maintenance

Fabric.ation «— Inspection
Design Repair
Fabrication Reporting

Airplane Airline
manufacturer operators

Copyright © 2006 Boeing. All rights reserved.
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Design Principles

Damage
tolerance

Fail-safe

Application " -
capability Safe Iife -
Static strength
2 >
| 1 | | -

1900 1925 1950 1976 2000
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FAA Regulation Comparisons

Analysis FAR 25.571 (before 1978) | FAR 25.571 (after 1978)

. ® Single element or e Multiple active cracks
Residual obvious failure
strength
i O N I "
Crack e No analysis required e Extensive analysis
growth required
Inspection | ® Based on service e Related to structural
program history damage characteristics
e FAA air carrier aryc_l past servi-:;e higtory
approval e |nitial FAA engineering
and air carrier approval
i

1 Supplemental damage tolerance inspection. Performed per AC91-56.

Copyright © 2006 Boeing. All rights reserved. Filename.ppt | 29

12/13/2006



Boeing 757 and 767

L AR A SRR ERERRREREN
NTETHA
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Basic Concepts

FAR 25.571
b) Damage-tolerance (fail-safe) evaluation, .
Safety E:I'I'}uEi avalugaticn must inE:Iuda a Latenninatiun Economics
of the probable locations and modes of
Damage tolerance damage due to fatigue, corrosion, or Durability
* Residual Strength accidental damage. The determination must ¢ Fatigue
* Crack growth be made by analysis supported by test s Corrosion

evidence and (if available) service
experience. Damage at multiple sites due to
prior fatigue exposure must also be included
where the design is such that this type of
damage is expected to occur. The evaluation
must include repeated loads and static
analyses support by full-scale test evidence.
Sufficient full-scale testing must be
accomplished to ensure that widespread
multiple-site damage will not occur within
the design lifetime of the airplane.|The
extent of damage for residual strength
evaluation at any time within the operational
life must be consistent with the initial
detectability and subsequent growth under
repeated loads. The residual strength
evaluation must show that the remaining
structure is able to withstand loads
(considered as static ultimate loads)
corresponding to the following conditions:

s Damage detection * Maintenance

Copyright © 2006 Boeing. All rights reserved. Filename.ppt | 31

12/13/2006



Damage Tolerance Constituents




Damage Tolerance — Facts and Fiction

=Qverview

*Elements of Damage Tolerance
=Structural Maintenance Considerations
=Continuing Airworthiness Challenges

sSummary
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Elements of Damage Tolerance

=\/[Slon
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Elements of Damage Tolerance

* Research Community Focus

Copyright © 2006 Boeing. All rights reserved.
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Elements of Damage Tolerance

= |_ecture Focus
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Interaction of Damage Tolerance Elements

A safe damage tolerance performance for
economic life of alrplane _
E FOFERS I

« Obvious | o
CG
« Malfunction g el g g Pl
“evident 8 ?E i
e Safe D i~
Critical
departure ? | lap gs 21 [ before
S CG| |ca detectable
AD AD
Initial period of safe-life performance
L | L ] .
/ N Requires
Best Good mﬂ safe-life
design design cost design

12/13/2006



Damage Tolerant Structure

Structural
strength

Damage detection Ultimate load
g Ultimate Kand restoration / capability required
\ after damage

detection

Regulatory fail-safe requirement

/7 /7 7 /S /S S S S /S /7 7 S 7S 77
NDI > > Visual
Damage

[ Operatingleads T e

> Max. Allowable damage

)

)Visuaﬂ Damage
detection

Service time —

)\

Copyright © 2006 Boeing. All rights reserved. Filename.ppt | 38
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Classification of Structures

Category 3 : Inspections match Structural Characteristics

Structural category

Technique of
ensuring safety

Safety
analysis
requirements

Structural
classification
examples

[ : Win iler men
Other 1 Design for loss of « Continued ing spoiler segme t
Secondar component or safe . (safe separation or
structure y . safe flight )
structure separation safe loss of function)
2 Adequate residual
Damage strength with extensive « Residual _
Damage | obvious or damage obvious during strength Wing fuel leaks
Structurally | tolerant | malfunction | walkaround or indicated
significant design | evident by malfunction
items or - Resdual
principal 3 _ esidta All primary structure
structural Damage Inspection program strength not included in
elements detection by | matched to structural * Crack categories
(primary planned characteristics growth.
structure) inspection * Inspection 2 or 4
program
Safe-life 4 Conservative fatigue . Fati Landing gear structure
. . atigue (conservative fatigue
design Safe life life

life)

Copyright © 2006 Boeing. All rights reserved.
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Structural Technology Standards

Durability Methods and Allowables

| L~

| -
“Methods
verification
teﬁtingﬂ_’ —

-

500

B Damage Corrosion
prevention

tolerance
400 - standards

standards

_ Allowable
Design standards

300 standards

Cumulative
development -
effort,
labor-years 200 -

100 Supplemental
Inspection :
FAR 25.571 Aging fleet
B reui1sinn FROgRames . initiatives 37
oLt 17 | IR A IR el AT B I N i A
1970 75 80 85 90 95 2000

Year
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Technology Standards Development

Too simple
» Loss of credibility Path
» Loss of accuracy

Development

Technology Too complex
* Increase potential for error

* Excess resources and flow
time required

Copyright © 2006 Boeing. All rights reserved.
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Fatigue Check Procedure

Structural Capability Analysis

Capabliity analysis

Regulrement analysls >

H

B | HE

Alrcrafl use

Copyright © 2006 Boeing. All rights reserved.
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Fatigue Damage Model

Io? f, Afa
Alternating
stress f

f.,= constant 105 max
Alternating \ \ SER
————————— °

stress 1 ; l. \\\ J

5 ::::~, fmo
110 > "2. |
Cyclic life log n Mean stress f,

]
[ / r )1
DFR= fatigue rating (f,., at N=10° and R = 0 with 95% reliability and 95% confidence)
= focal mean stress

P = slope
¢ = load sequence factor

Copyright © 2006 Boeing. All rights reserved. Filename. ppt | 43
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Required Fatigue Rating Solution

Typical Damage Curve — Aluminum

N\ 1.0ND
Stress .
ratio Maximum
Equivalent stress
life goal

Fatigue
rating

FT 1T 1A

Copyright © 2006 Boeing. All rights reserved.
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Relative Operating Stress Levels
Wing & Fuselage Capability Examples
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Durability Design Guide Example
Spar Chord Discontinuity

Back—Up Fitting

Spar Chord
See ATA 57-11 *Non
Structural Shim Control”

Front Spar Nacelle Support

Nacelle Support

Inactive Acceptable
e Crack occurs at cutout in spar chord gue to r!igh ® Design support fittings to avoid notching spar chord.
stress concentration from small transition radius. e Back-up fitting may be required to efficiently react

eccentric load.

® Gives right of way to the most critical part.
Filename.ppt | 46
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Analytical Detail Fatigue Ratings

DFR = DFR sase X ABCDEU DFRgase
A DOUBLE SHEAR AND STABILIZED SINGLE SHEAR JOINTS
Hole-filling factor (A) [FEMALE PART]
Standard rivet | 1.10
.. B f; = gross tension stress >
Fluid-tight rivet | 1.14 at critical fastener
row in member being
analyzed.
. DFR LOCATION
Relative | ™~ ™\
StreSS . IR Illl:illlllll
. N t t
A B \ \‘ i USE? = 2FCA -; LESS THAN .2
Alloy factor (B) “_ = " I —
p— e Reference S SINL S —Favers
: Q s N L goureo (o /1,2 O [—
7075 10.8 b — BOLTED(t,_ /f, <0) | |
E & \ min  max |—‘
N I
> g 5 : N = ! :
E 4 l_ '\\ » . U
Cycles (N) 2 1 3 —
O } nd N
- : ~ s 3 "h ;
2 1 - b ?-‘r
RN RN PR OSBRI o pppiqneqb g ety L1l I.iﬂ. \k| ™~
2 a3 A 5 & 78510 1.5 2 3 4, 5 6 7. 8.9 10 15 20
Load transfer parameter
Copyright © 2006 Boeing. All rights reserved. Filename.ppt | 47
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Fatigue Check Procedure

Requirement Analysis

Capabliity analysis

Regulrement analysls >

H

B | HE

Alrcrafl use

Copyright © 2006 Boeing. All rights reserved.
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Design Service Objectives

Fleet use
Relative ||II|‘|“|II|I|I ranoe I
number of a = = g'
: Short Medium Lon
flights g Crack free

(< 1% cracking)

Economic repair
_ — — (<5% cracking)

¥ .

1.5
.7 Fatigue-check missions

Design service goals

Copyright © 2006 Boeing. All rights reserved. Filename. ppt | 49
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Fatigue Check Examples

SUS IDTAS

Copyright © 2006 Boeing. All rights reserved.

FATIGUE CHECK FORM
W e wam : ] o s wenwosmn |~ Fatigue check summary
e Hautical Miles 170 533 1075 | "RAAE MO
STEFP S]“r
MIN DSGN C 0B 75000 40000 25000
1 (FLIGHTS)
STEF
2 FRE 1.5 1.5 1.5 . .
Fatigue Reliability Factor FI ht p f I d g d t
. o P R 0] rofiie damage aata
il
GAG Gl SRS tkr the unl
ser | STRESSES 7.64 7.64 7.64
3 | cRITICAL | res. smeess als als als
CONDS. | L fhin
- f
nax FLIEHT FROFILE - GAG
= S 101RS | ey 1ot 2 | SIRESS tension LT FATICUE CHECK - CAC DAMACE RATIO
CAG , T3 w0m ferToaion T - 10 et s o3
4 DAMAGE RATIO of S ——————_— LEmiTH = 170 Wi ALTITUOR = 21640 FT
|n1]pfl len]l.Lnlg.l'! lhrk]p—Llnrn]Lkr]rnt | |:|.]r.n lmg]:mln—p] i:u]Fl:uIr_ru]rmInpn] idu w{g}&rw = ﬁ' d-dt al:md_:rd mlal}:a— Jun 56
ster | EQUIVALENT GAG CYCLES SIRCISES = *T62-121 LN HO10 04/14/00' 73/-000 CENTER SECTION SFATG3%
(MIN DSGH SRYC 0BJ)#(FRF) 3996 . TEHPLATE HAHE - 737-B00all
5 GAG DAMAGE RATIO “
— o aluninun FATICUE STRESSES (KST) WY
REQUIRED DFR |2 e I e “RRY | oo 160000
6 * 65 DFR = 16.00 SIRESS STHESS FLIGHT CYCLES FLIGHTS
(Fatigue Margin = 0} CONCEFLTY COMBINED
sTer TENSION ® E 01 STRESSES 2.9 7.64 GAG AN
7 DFR SHEAR L] 16|E 5.5 R B .56 -015 | madR cYCLE
LUG O u CONDITIONS thr als
5.0+
T F £ ] See First
OEE3 15.:%4.5— HAJOR ee Firs 009
CYCLES o
8 AlTowable Max Stress E 4] Sheet
STEP =
FATIGUE s -1 118 3.5 | FLICHT CONDITION HEAN “"'“:'“'m i ‘_m' sl e it o
9 MARGIN Frox ! Flight 1 of 3) STRESS | S L |CYOLES | o fite [ CYOLES | HAM [ cust ] T0TAL
3.0 fdv final desc. 4.40 .58 2.7 - 0004
Fpo Flap extensi .38 -Lboo
@nrn SOURCE n6-zaas6 [ monte HARELVER QST Fpo Flap extension .01 .o 4
BPECTRUH 1 fal flaps down approach 6.01) -B7 0018 0016
FLICHT CONDITION FACTORS | ALT. sTRESS IYH IVH
SPECTRIH THESS TRESS D.H.F. r11 rall saneuver 5.96] =04 R
@ AHY SERVICE EXPERIENCE?  SERVICE REPORT light 1 of 3> plamg BT *E1y I m::m d VEL rll roll mansuver 5.98 02 L0000 Ilm]
o UHIT ¢ s yam yaw maneuver g,ul A1 . 0000 ]
o — To0] | yaw ymu maneuver .01 .05 000G L0000
PF1 comtrot check seersy e oo | g in ys A TR ~0015 ~0015
eto stea - it b K 1 . nsp m, geor inp. + su. . . . - .
@cnnnnsmN CONTROL FIHISH  PLATING [ skyor ‘:. teaight 10 et Ez -.ﬁ 13 Arl AriPL Landimg 570 195 s "o013 ]
seaLanT [ Farst| g 3.98 -.03 1.00| | drl drift londing 570 1.48 .5 0018 0001
brk udbrrall 3.98 - 30 1.00 als autoland spoiler 5.51| 2.13 2.0 L0233 L0233
prt  proflight taxi ndpretx 3.9 3,99 .18 1.00 | | msp n. gear inp. + su/sb 5.74) .50 2.0 o0z o0z
eru  engine run-up steady 3.60 1.00| | buf L.r.o buffet 4.71 .04 8.0 0000 ]
thr taheoff roll ndthofrl 3.8 39 .z 1.00| | buf Lor.o buffet 4.69 -.02 8.0 000G 0000
rot rotati steady 5.51 1.00| | 1rt l.r.o reverss theast 476 108 A2 .00 00
1t a/p 1ift off steady 4.60 1.00| | 14t 1.r.o ddle thrust 4.21 1.06 3.2 0033 L0033
Fd1  Flaps doun departure #lpoxn 5.15 3.70 22 1.00 pet postflight taxi 3.99) .3 5.8 0017 0017
g eegine out mdmigout 4.40 16 1.00
fre  flap retraction Fteady 5.15 1.00
fre  flap retraction Fteady .73 1.00
dcv  dmit. climb gust (v} 3,80 3.00 |ge 3,89 W05 B.54 1.00 SURTOTAL DARACE D444 L0016 D460
fev [Pinal clink gust (v) | 29.0 | 10.5 |gc 2.82 06 7.99 | 1.0
cru  cruise Tlpstn 4.00 3.36 22 1.00 ONCE/TL 01536 . 0546
crv  cruise gust (vert) 75.4 | 21.0 |gc 4.03 W06 .40 1.00 GAG DAMAGE RATID = 50 pemne = Ddnr TOTAL
Epo  descent spoilare upspoile 1| -1.74 1.00 v L
idv  imit. desc. gest (v) | 48,8 | 10.5 |ee 5.01 o7 914 1.00 -
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Fatigue Design Regquirement Contours

» Required fatigue rating to
15 i

i meet short, medium, and long
flight design service goals

Copyright © 2006 Boeing. All rights reserved. Filename. ppt | 51
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Structural Durability Validation
Sources for Detall Fatigue Ratings

Most
Preferred




Test Versus Service

= Pros and Cons
» Full-scale fatigue testing provides useful information in early
- service life to cotrect details that may exhibit early cracking
s Service-demonstrated fatigue performance rapidly exceeds
value of single fatigue test

4

design 2
lifetimes

12/13/2006



Service Bulletin Modifications - Labor-Hours

Relative

2.0

1.5

maintenance 1.0

labour-hours
per airplane

Copyright © 2006 Boeing. All rights reserved.

0.5

Corrosion and Fatigue

7571767

After 10 years of service
for each model

100

200

300 400 500 600 700 800 900 1,000

Production line position
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Design Service Objectives

/67 Jet Transports

= Database from 586 active 767s

60
40—
Projected flights 1.3-hr \.
in 20 years, flights "G\
thousands
20 —
0 | | | |
0 2 4 6 8

Average flight length, hr

Copyright © 2006 Boeing. All rights reserved. Filename.ppt | 55
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Service-Demonstrated Fatigue Lives

Service - demonstrated :
characteristic life 1999 commercial fleet data
Service - p Number of | Highest |Demonstrated
demonstrated |0.95 Model airplanes flights life
@ reliable lif delivered | 103 flights | 103 flights
Number of @ @ @
airplanes 707 735 36 39
720 153 45 35
NA/P
727 1,822 77 103
737 3,440 92 109
Fleet 747 1,214 33 33
utilization 757 880 27 o5
: curve
| 767 753 33 28
Assumed @ Number ot 239 4 2
life to first of flights | 737NG 351 TBD TBD
crack N
airplanes

Copyright © 2006 Boeing. All rights reserved. Filename.ppt | 56

12/13/2006



Boeing Fleet Support Actions

Wing/Fuselage Teardowns

Durability standards W >

_ 707 727 737 747 727 777
Wing/fuselage teardowns ¥ v A\ A 4 vy
Damage tolerance methods ¥ '
707 727/737/747 7571767
Supplemental inspection programs ¥ v v
707 727 747 757 767 T747/737/727 777 737NG
v v v Fatiguetests VV ¥V V¥ vV Vv
Fleet survey program W~ Regional
briefings
Worldwide conferences v '
i Aging fleet initiatives ¥ g
Service entry dates ging 777 757.300
707 727 737 747 767 757 ‘737NG 767-400
| V| VI VYV | | | VvV |
1955 60 65 70 75 80 85 90 95 2000
Year
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/37 Teardown Site

Copyright © 2006 Boeing. All rights reserved.
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Boeing Fleet Support Actions

Full Scale Fatigue Tests

Durability standards W g

707 727 737 747 727 777
Wing/fuselage teardowns W v A\ A4 \ 2 4
Damage tolerance methods v
_ _ 707 727/737/747 7571767
Supplemental inspection programs v Vv v
707 727 747 757 767 747/737/727 777 737NG
v v v Fatiguetests v vV v V¥ vV Vv
Fleet survey program W * Regional
briefings
Worldwide conferences ¢ v '
: Aging fleet initiatives W >
Service entry dates ging 777 757.300
707 727 737 747 767 757 ‘737NG 767-400
| \ AN ¥V I VV | | | VV| | VvV VW,
1955 60 65 70 75 80 85 90 95 2000
Year

Copyright © 2006 Boeing. All rights reserved.
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Boeing Full-Scale Fatigue Tests
Fleet Leader Test Margins

Boeing fatigue testing

Fleet leader—high-time
airplane (flights)

V Design service objective

Copyright ©2006 Boeing. Al rghtsreserve. Pressure cycles, in thousands Fiename.ppt | 60
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747 FATIGUE TESTS

Service Airplane and Redesigned Section 41
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Major Airframe Fatigue Tests

350
300 [~
250

Percentage

of design 200 [~

service

objective,

20 years 150
100
50

Copyright © 2006 Boeing. All rights reserved.

e 757 and 767 minimum
design service objective
= 50K flight cycles

e 747 minimum design
service objective
= 20K flight cycles

o 777 minimum design
service objective
= 40K flight cycles

» 28 design
changes
» 30 design
changes.

Extended 777 R
fuselage test et
*

» 23 design
changes

747

4

/— e+ ey e ...-
* 121 design
changes
| | | | | | | | | |
2 4 6 8 10 12 14 16 18 20 22 24 26 28 29

Testing, months
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Boeing Fleet Support Action

Damage Tolerance Methods

Durability standards W g

707 727 737 747 727 777
Wing/fuselage teardowns W v A\ A4 \ 2 4
Damage tolerance methods ¥ '
707 727/737/747 7571767
Supplemental inspection programs ¥ v v
707 727 747 757 767 747/737/727 777 737NG
v v v Fatiguetests VV ¥V V¥ vV Vv
Fleet survey program W Regional
briefings
Worldwide conferences ¢ v
: Aging fleet initiatives W g
Service entry dates ging 177 757300
707 727 737 747 767 757 ¢7B7NG 767-400
| V| VI VV | | VW | A A 4\ AN
1955 60 65 70 75 80 85 90 95 2000
Year
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Elements of Damage Tolerance

*Residual Strength
*Technology Standards

= Test Verification
= essons Learned

Copyright © 2006 Boeing. All rights reserved.
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Residual Strength

Residual Strength Parameters

Material
A
Fracture Toughness
A
Static behavior
Kapp Transition behavior
Thickness - Regulatory
Requirement
Geometry
. LEFM behavior
Geometry Correction
Factor
A
Y B _
Maximum
allowable
. / damage
L >

Copyright © 2006 Boeing. All rights reserved. Filename.ppt | 65
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Residual Strength Verification Data

Panel widths: 8”- 90" Crack Lengths: .02" - 24"

0 \

| LEFM analysis—* Ly =boundary
', \ between LEFM and

1.0 : "'.ﬂ.l"'. '\ transition behavior

— Transition —%
analysis

Normalized
strength

Panel widths:
0.5 - 200to 2,300 mm

| Crack lengths:  °*
0.5 to 600 mm

Transition to < LEFM

B net section region ¢
— yielding
| | I
0.001 0.01 0.1 1 10 100
Copyright © 2006 Boeing. All rights reserved. Normallzed CraCk Iength’ L/LY Filename. Pptl 66
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Cracking Patterns

Stress Intensity Factors - Y Redistribution Factors - C

® Recommended crack configurations
® Based on experience and engineering judgement

Cracking Pattern Cracking Pattern
Splice Stringer — Wing Lower Surface Splice Stringer — Wing Lower Surface

Critical Condition

Damage Y And C Factor
™ Splice Skin Adjacent
Condition Stringer Stringer
Ly Ly Ly
Lead | Typell | Typell | Typem |
oz eal ype ype ype - L3 ! Lo
g % Y5104 Ystm Ys1.n Ysom
[+
2 SG| c=10 | Coay Cxmz | C=10
E L iti iti
5 1 2z Initial Condition
2 g Y5108 Y511 Y11 Y50.01
- w
i L
Ls [ 5| c=10 | Car | Cmz | C=10 R Critical -
&':aia_—% W—t
w S £ | severed | Y5118 ¥51.17 Yso.m -\. \:
< & Type Il Type Il
2 S5 c=10 | c=10 Cis Independent Cracks Lp
g Crack Cracks L3
& z Length
E § g Ye1.20 ¥s1.19 Yso.01 Severed
= = Gu| — Stringer
See Sec. 3 - Detail C gE €=10 | C=10 | Cy 29
N Stringer L4
§ § Y1, Ys1.28 Ys0.01
[ & — Skin L;
w 5 c=10 | c=10 Cis 2
Z
3 2E ghts To Or "
< . 3 g Y-N.A|Y-N.A.| Ysom Flights To Critical
Le Lo g8
we C-N.A.|C-N.A.| G
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Load Redistribution Factors - C

Two Bay Crack, All Stringers Intact,

» C factors account for change in o e Srangin Oy
reference stress due to cracks crea Singors—— 8 3
In adjacent parts = §

Cs = Cs» Or
1.9
0.4
1 Wa
1.7 =
L Fs =
0o 15 /
i
15 — /"‘
B T ] 10
et 2
1.2
i} 7 8 9 10
B
Ir'muence of IF{emote Streml
1.0 :
T =
Stringer FTy > 56 \
or | 07
a5 Stringer FTv = &6 \\
a5 N S W
!
Rs=
40
20 24 a0 25 40
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Fuselage Pressure Test Fixture
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Typical Pressure Test Panel

B 300 cm >
I Y I Y B A
| | : ! : |
| | I I I I
! -?TeSt 2 ' |Test3| !
| ] | |
I I I I I I
' | [Test 41 | I
| | ———— | |
I I I I I | 300 cm
I 1 1 1 | |
| | | | 50 cm |
| |Test1| | | (w;rame_i) |
I | | I |
| | | | | |
I I | | [f28cm
i i i +—1 (stringers) |
I I I I L1 1 Y
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Verification Test - Safe Decompression
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Fuselage Test Panel - Riveted Tear Straps
Dynamic Crack Extension (20 in. to 100 in.)

Copyright © 2006 Boeing. All rights reserved.
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Local Damage Versus MSD or MED

I I::> I ® hiaximum alliowable damage shown
ELEL= i — » Damage connection up o this size is tolerated
>'Hﬂﬁﬂiﬁmdanagebmldﬂihreym

I j’ I I‘ I » All MSD or MED within this area is local and
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Lap Joint Residual Strength Comparison




Elements of Damage Tolerance

*Residual Strength

=*Crack Growth
*Technology Standards

= Test Verification

= essons Learned

Copyright © 2006 Boeing. All rights reserved.
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Crack Growth Technology Standards

400000 Detection Period
Material ' \
Geom etry Material crack growih rating (M)
Alloy Environment
Type 1 {Type 2| Type 3
Aluminum 26 29 25
2024-T3 clad 10 000
M 1]
Aluminum ™1 Flights
25 28 24
0 -
ol ) GG N WS ) B ('
G "
a0 ‘ >
Lo ; i
20} @ / Flight Stress Profile 1,000
y f max \q ’ \
.0 11 L
0.2 10 L. 5.0
[1]
s
= Time
& S
UFa- — 100 \
5 10 20 50
I min Slress raling (S)
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Local Multiple-Site Criteria

|: Same Hole & Piece lI: Same Hole / Different Piece

Type | —\

Same hole,
'Type Il crack Type Il crack
(2 places) (4 places)
Type Il
Same hole, I

(becomes part
of lead crack
0.01 |~ after growing
— through

thickness)

same piece
different

e 2

Length of piece
secondary Type | crack ‘ ‘ Lead crack
cracks
Type Il L—> *—
Independent
0.1

| | || | | | ||
0.1 1

Total length of lead crack when detectable, L
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Damage Detection Period

Flights to Critical Crack Size

A A
Critical g o Critical
Crack Crack
length length
Surveillanceg e Surveillance
Detailed./ \.Detailed
NDI NDI
@ @
L Lo
Crack growth interval, Damage detection period
flight cycles flights to critical
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Material Crack Growth Rating Concept

Growth A Material A
rate Material B
dL
dN

dN

P
> >
Bivard T e
M

Stress intensity, K

M—Measures relative material resistance to crack growth

Copyright © 2006 Boeing. All rights reserved.
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Geometry Factor Concept

Stress Intensity Factor for Unit Stress - (L1 to L2)

Crack
length,

Effective K = fG

~ L _

where K =f q/n—nI‘Y

Copyright © 2006 Boeing. All rights reserved.

Flights, N

| G is effective stress intensity
for unit stress
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Simple Chart for Geometry Integral G

-r 1T ALUMINUM
ﬂw R, BETWEEN .2 AND 1.0
" . .

4, T 4,
B=d 4 =8
. 8 1. 12
¢ oA g i
Lt A _ Y I
l L .f: z' e
— [ A P — = 1= — ] 4
T
. 1
+
1 11 ' En 1. 11 ] il
o2 5 1 l.l 5 0. 2 L] 1 l.l. . 10
“Iee B ‘TT-w
- -
-1 12
3 k}
1
6 e 6 i
2 y £ 2 : 0
— = S —
]
T
1 Al P 1als 1 AN an
2 1 l..! 5 10. 2 1 l. 2 § 10,
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Crack Growth Concepts

Crack Growth Rate Equation

444

TEST

COUPON M & p = Material crack growth rate parameters

 Measures relative material resistance to crack
‘ growth

A

» Reflects effect of environment

»
»

%:ﬂ.lo_4 Z'Kmax P
dN M

1041
where

-

1-rR)f? 00<R<1.0
J1-0.1'R -1.0<R<0.0
1.1 R<-1.0
0 R>1.0

Crack growth rate (in/cycle)

log Z K,

"

Stress intensity

Copyright © 2006 Boeing. All rights reserved.
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Stress Rating — Equivalent Stress Concept

Crack Growth Spectrum Effects Measure

Flight
stress
profile

Stress

min

Distance

Ground- | Maximum stress - f
Air- Minimum stress - f__
Ground- | Damage ratio

S is a normalized measure
of these three values

Copyright © 2006 Boeing. All rights reserved.

12/13/2006



Test Spectra Characteristics

5x5 Spectra: 5 Flight Types & 5 Levels per segment

occurrence level

Spectrum | Spectrum Average Fliaht
Spectrum type loaded load cycles t ges
segments levels per flight yp
10 x  Half cycles selected at
5,000 random (peak follows
valley 8'per 10 per 100 5,000
* Sequence of segment flight segment -
severity selected at
random
9x5 s Half cycles selected at
random (peak follows 8 per 5 per
valley) . 50 5
[T flight segment
e Distribution of flight types g J
selected at random
1x1 * | oad magnitudes selected 8 per 1 per
-ner-fli 25 1
at once-per-flight flight segment

D More than 10 repeated load sequences per design service objective.

Copyright © 2006 Boeing. All rights reserved.
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Wing Lower Surface Spectrum

(5x5 Spectra - Flight Mix)

Flight A (Applied One Times per 5,000 Flights)

1}
Relative
stress
0|
1 1 1 1 1 1
0 200 400 600 800 1,000 1,200 1,400
Control point number
Flight C (Applied 215 Times per 5,000 Flights)
1l
Relative
stress
0|
1 1 1 1 1 1

0 40 80 120 160
Control point number

200

240 280

Flight B (Applied 13 Times per 5,000 Flights)

Relative
stress

0

100 200 300 400 500 600 700

Control point number

Flight E (Applied 1,067 Times per 5,000 Flights)

Relative
stress

20 40 60 80 100 120
Control point number

Flight E (Applied 3,704 Times per 5,000 Flights)

Relative
stress

Copyright © 2006 Boeing. All rights reserved.

25

50

Control point number

75
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Normalized
crack
length

BOLEING

Effect of Spectrum Complexity

1.0
e Material: 2324-T39

09 o Wing lower surface spectra
0.8 ® Transport A

0.7 —
0.6
0.5
0.4
0.3
0.2
0.1}

Spectrum
1x1

10 x 5,000

0 | | 1 |
0 0.2 0.4 0.6 0.8

Normalized crack growth life

1.0

QmL1962.31




Multiple-site Damage - Link-up Criteria

Effects on Detection Period

)
Reduction in available
Length of damage detection period
!ead E:rack, Typical structure;
In no patching
Patching in
uniformally loaded
1 structure with
similar details
Detection | _ _ _ ™~ A_
threshold

Damage detection period

Copyright © 2006 Boeing. All rights reserved.
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MSD Link-up Comparison

747-400 Fuselage Lap Splice Test — Stringer 44L eft

Butt joint Upper rivet row
S-44L
500
Test data —p
Cumulative

crack length, o5

mm

b= Analysis —p»
(link-up)

40,000 45,000 50,000
Pressure test cycles

Copyright © 2006 Boeing. All rights reserved.
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o

Forward
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Elements of Damage Tolerance

*Residual Strength
*Crack Growth

*Damage Detection
*Technology Standards

= Test Verification
= essons Learned

Copyright © 2006 Boeing. All rights reserved.

12/13/2006



Damage Detection Parameters
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Opportunities for Damage Detection

STRUCTURE IS DAMAGE TOLERANT WHEN DAMAGE, IF IT
SHOULD OCCUR, WILL BE DISCOVERED AND REPAIRED BEFORE
RESIDUAL STRENGTH FALLS BELOW SPECIFIED LEVELS.

EASY ACCESS:

FREQUENT

INSPECTIONS
DETECTABILITY EQUAL OPPORTUNITIES
LEVEL FOR DAMAGE DETECTION

DIFFICULT ACCESS:
INFREQUENT
INSPECTICNS

A
DETECTION PERIOD—FLIGHTS
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Damage Detection Considerations

probability of Probability of Probability of
pecting an . N detail \
aircraft with Inspecting detai crack detection
damage considered
Probability of
detecting damage
Copyright © 2006 Boeing. All rights reserved. Filename. pptl 93
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Distributions of Cracks Found In Service

Cumulative frequency, %

Copyright © 2006 Boeing. All rights reserved.

General Area

Inspection Al
100 .
150 | ® Typical o | ® Typical
Visual .
= }. —
Q
| - -
B @
. =
sof- 13 £ s
3
K
=
E
3
O
0
0.1 1 10 100 0.1 1 10

Relative crack length

® Typical crack size found

Directed Inspection

All

NDI

Relative crack length

100
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Relative Probability of Detection

Visual Inspection Methods

0.99
0.9¢— / /

0.5¢—

Probability 0.10-
of 0.0~ General visual

detection

< Surveillance
0.010 | /

N\
(P2)
3 0.005 I~ < Detailed

0.001 |~
0.0004~

0.1d | | | [ 11 |
00501 02 0.5 1 2 5 10 20 50

Relative inspectable crack length

Copyright © 2006 Boeing. All rights reserved. Filename. ppt | 95
12/13/2006



Detection and Non-detection

Events

Crack
length (L)

Copyright © 2006 Boeing. All rights reserved.

>

Successful detections

e Unsuccessful inspections
accounted for in analysis

m Unsuccessful inspections
not accounted for in
analysis

Detection
at future
date

Airplane
retired

prior to crack
detection

_—

Flights

Flights to crack detection
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Visual and NDI Damage Detection Periods

4
3 b
©
Relative i|i =
damage 2 ! |
Size |
1
1 SR
0 | '
0 1 2 3 N
_V|sual | Relative
inspection _ _ detection
- g NDI inspection »| period

|
Filename. ppt | 97
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Probability of Detection Parameters

Visual Inspections

.

//
/ /.

Ge‘neral Vi
// Surveillance
/ /- Detailed

isual

[/ |

Probability of Detection

[/ Audited by the
FAA in 1980

Copyright © 2006 Boeing. All rights reserved.

,Craclcl"Length

= Need to relate:
= Inspection method
= Probability of detection
= Crack length

>
Flights

Safe damage detection period
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Probability of Crack Detection, P,

= Cumulative probability of damage detection during the safe damage detection
period N is given by

S

P, =1- H(1 -Pp)

1=A

Where 1 = applicable inspection levels (A, B, C, D, or S)
= A-check: Visual inspection conducted from ground level

= B-check: Close visual inspection of aircraft exterior

= C-check: Close visual inspection of aircraft exterior and easily accessible interior
areas

= D-check: Detailed inspection of entire aircraft

= S (special): Directed visual or NDI inspection of specific components

Copyright © 2006 Boeing. All rights reserved.
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Measurement of Detection Probability, DTR

15

10

Damage
tolerance
rating (DTR)

Copyright © 2006 Boeing. All rights reserved.

5

Nondetections

______ I
1 Nondetections

Po=1-"om

I
| | >

0.5 0.96875 0.999 0.9999695
Probability of detection (Pp)
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Damage Tolerance Rating (DTR) Form

Detection Probability versus Inspection Intervals & Methods

DTR CHECK FORM [« Example [ tops-smms |

TITLE: Wing Lower Surface Skin Panel (Dry Bay) OPERATOR(S) NO.OF CAND.A/C
Locatron; Stringer &
20 STRUCTURE AKD INSPECTION DETAIL®
LEAD CRACK:
10
STRINGER BROKEN
5 SURY STRINGER
M2
DTR
1 HFEC
SKIN
.5 N [ |
e DET UF }-— LSKIN—,J
e O
'!'[!3.“5 1.2 b5 01 2 5 10 20 50 100

N (THOUSANDS OF FLIGHTR)

The total DTR resulting from a

NOTES:
surveillance inspection at 3000
flights is more than the required
DTR for this structure.
CTRUCTURE TNSPECTION PROGRAM DETAILS MDAMACEN
DIREC,CHECK #SAMP|FREQUENCY | ¥ = fa
DETALL e (k)] —> |LeveL |"ETHOD| “p 7 ECFLIGHTS | 100E/R, N:;gg%-s DTR
skin 1 c | SURY | 100 3000 3000 4200] 6.8
1 DET 4200)
1 HFEC 4200)
FUEL LEAK DTR
ENGR. 01/30/01] REVISED
GhiEck TOTAL DTR 6.8
ggig' REQULRED DTR 4
ELTESNE o, };
110 [pace
Copyright © 2006 Boeing. All rights reserved. Filename.ppt | 101

12/13/2006



Damage Tolerance — Facts and Fiction

=Qverview
*Elements of Damage Tolerance
sStructural Maintenance Considerations

=Continuing Airworthiness Challenges

sSummary
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Structural Maintenance Considerations

= [Inspection thresholds
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Fleet Damage Sources

Inspection Program Phases

@ Damage tolerance inspection thresholds set by classic fatigue approach are typically
50% to 75% of design service objective.

@ Damage tolerance analysis determines detectable fatigue damage, inspection
intervals, and critical damage condition.
A Supplemental fatigue inspections

Corrosion prevention and control programs
Scheduled maintenance check intervals

Fleet actions for widespread fatigue damage ﬁ-}
Mandatory SB modification programs ‘

Repair assessments/inspections

[Detectable
Environmental deterioration fatigue
and accidental damage dEmage

- 1 Service use

Start of detectable Minimum design
fatigue damage service objective

Copyright © 2006 Boeing. All rights reserved. Filename.ppt | 104
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Fleet Cracking Order

A
Fleet utilization
Typical
\ ,)/ airplane
\ Minimum life
\ airplane
life
Number of |
. |
airplanes ' _— Airplanes most
likely to include
initial fatigue
cracking
>
1/4 3/8 1 Logarithmic scale
Flight cycles
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Variation of Minimum Life With Fleet Size

Typical
/ airplane

1000 | ® Minimum life in 250 airplanes is

life
approximately 1/4 typical airplane
250 > >
| Minimum
Number of : \/ a}irplane
airplanes | \  life Area represents
100 |- Design Service{\ \ fatigue life
Objective (DSO) | distribution if

all airplanes
cracked

10 | +

1/4 1.0 Logarithmic
Relative fatigue life scale
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Structural Maintenance Considerations

= [nspection Options

" Fleet Sampling Options

Copyright © 2006 Boeing. All rights reserved.



Probability of Damage Detection
P1 — Probability of Inspecting Airplane with Damage

Probability of
inspecting an
aircraft with
damage

Probability of
inspecting detail
considered

Probability of
crack detection

Copyright © 2006 Boeing. All rights reserved.

=

Probability of
detecting damage
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Probability of Inspecting Damaged Aircraft - P,

Rotational Sampling : Sequential Inspections of all Airplanes

1.0 =@ Rotational
| sampling
I:’1
Sampling procedure
0"
Percentage of candidate fleet 100
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Structural Maintenance Considerations

= [nspection thresholds
* Fleet Sampling Options

" [Inspection Intervals

Copyright © 2006 Boeing. All rights reserved.



Structurally Significant ltems

767 Outer Wing Box

MOTE: Only selected items
for zones 531/631 and 532/632
are shown for clarity

i i
1o

T
3

V20821,
[ °
(E N TEY : =S BT

ko

Copyright © 2006 Boeing. All rights reserved.

SSt ITEM NO., THLE
SF20: O Fron) spar—typical details
57261 02 | Fromy spa—vacelie {itfing Instaliation
SF201 03 || Rear spar—ypicaldetails
53260 88 | Rear sger(om S0 iu #b
SE20:1 5 Fiaar spar—inowane iromminn fiping insiafation
[ srze o6 Riear spar—MUGE setbeard soppar Fifing insiallation
57261 6F | Fearspar—fiapseppod fieg instalatoo fibs §7 apd246)
57201 08 || Monsheartied tibs fescept details of § DS}—tupical delais.
7291 B8 Ribs: biox., T and Z—internal fiffngs and acjacent wek
57281 10 | Skeartied ibs iMos. 4. 7. B, 10, 17, 24)(ereept detailsof | 11j—tgpical detaits
SP-EE W | Dhufbeard wing lower sutfsce—pypical shingen
ST20 6% | Outhoard wing iowar surtace—sits stwan fie and suppot hilings
SR 18 | Crabaardwing lower sadaoe—draimn instaliation
ST-200 15 | Dutboard wing fwer sudsce—spanwise sphes
ST-26 16 Siper havds, tofower wing skin sfachmant
S2200 §F Aroess bole—iower wing sailace,
SReml 16 MLGE outboand suppart fiting b lowes serface attachment
ST-20E B Wacsils filiog aachmant 13 loWer wing sartase
ST2ml 20 Dy by Typicall skinfstgogas consieuchion
STEGI 21 By by hangier insfallation
- sp2@ 22 | Diybey flame amestes instaliation
SEGL 23 | Typicet skinishingee and cb sheas tis attachment opper susface
SE2E1 24 | Wpperwiog skin spanwise Sphces and 5por chovd atschment
57201 25 | MEGE oufbosns suppon bring and wunnion jampper shin sttaciment
SPPEl 26 | Wppes satfsce Ll filler cap
5Fee 27 | Bacelle stoutTo upper shin attschment,
SEIED 28 Kacelle seppont side foad backam fithing
SRPGN B Rear spar piich lad fdling
55204 50 | Outbosud side load fitfing
ST &Y Inboard side: lpad litfing
SE0 52 Eacalle side brace ssppad fitfing
STEED AR Froalspay pitch lead tiffiog
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Crack Growth Analysis Example

Spar Chord Detalls

Wing Center Section

1.0
e L gad in skin . . .
—— Lead in chord Inspection directions
Retative
crack
lengih 03 — @
1
Do - @ E]‘
0.0 0.2 D4 0.6 08 1.0
Relative lile
1.0 =
Relalive ( I
inspectable —

crack length g5 L

. T — —— —

0Q
0.0 0.2 04 06 08 1.0

Relalive detection period (N,,)
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Structural Maintenance Considerations

= [nspection thresholds
* Fleet Sampling Options
= Inspection Intervals

= Damage Detection Considerations

Copyright © 2006 Boeing. All rights reserved.



Inspectable Crack Length

Actual Crack Growth Curve

I‘critical
Inspection access: top
Total
crack
length
Inspectable Crack Growth Curves
A
Inspection access:
Inspectable Top
crack Bottom
length /
|
' >
Nc NA NB
Flights

Copyright © 2006 Boeing. All rights reserved.
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Cumulative Detection Probability

Inspection Interval Selection

= Cracking pattern/inspection direction combinations
Inspection direclions Ingpection directions

<l

EF

R

Cumuative detsation pratisbAily
R
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Cumulative Detection Probability

0.5899 L'
089 B e e e el —
0.85
0.9
Cumulative
deteclion
probability 05

4 Lead Crack in Skin

IR

0.2

006 bl LIUNL g5
0.001 0.01

10

0.2

[h:
LS

DTR

Lead Crack in Web

0.06
0.001

S LI

Lead Crack in Chord

! 19,0000 1 111 0.1
0.01 o 1
Retative inspection inlerval

Copyright © 2006 Boeing. All rights reserved.
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Structural Maintenance Considerations

= [nspection thresholds

* Fleet Sampling Options

= Inspection Intervals

= Damage Detection Considerations

= Multiple Inspections

Copyright © 2006 Boeing. All rights reserved.



Multiple Aircraft Cracking in the Fleet

L A Critical crack length
ol P Ry ——
Cracking order
{chronologically) —
Crack
length (L) Damage detection N, = Detection period

threshold

N Thlrd
Second

‘ I.No | Flights

First crack
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Cumulative detection probability

= Multiple fleet cracking contributions to damage protection

._fisterack - Number of flights available for detection of:

L =

* First crack in the fleet = N_

L | Second crack

* Second crack in the fleet = N, - AN

N
Third crack

* Third crack in the fleet =N_ - (2AN)

Filename. ppt | 119
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Cumulative Detection Probability

* Fleet inspection detection contributions limited to 50% of total

1
Relative
crack
length

0 0.5 1.0
Relative detection period (Ng)

20 Visual Inspections
| Requi 0.99
o N : -
Cumulative 095 £ 0.5 , '
detection _ 0.1 DTR Detection  e1f
pl‘Obabillty - TE— D2 FETTRESTTT plﬂbgblht}’ 0.01 t
(P,) 05 | fieat inspection 1 (Ps)
= corions 0001} .
ue L Twice i[ngh dirplane [ [ [ : L [N |
: 0.0001
01 D051 2 510
Single airplane contribtinns
0.006 IR THTT R N B S T B MR T I Inspectable crack length
0.001 0.01 01 1

Inspection interval (N/Ng)
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Damage Tolerance — Facts and Fiction

=QOverview

*Elements of Damage Tolerance
=Structural Maintenance Considerations
=Continuing Airworthiness Challenges

sSummary

Copyright © 2006 Boeing. All rights reserved.
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Boeing Fleet Support Actions

Fleet Survey Program

Durability standards W g

707 727 737 747 727 777
Wing/fuselage teardowns W v A\ A4 \ 2 4
Damage tolerance methods 'V
_ _ 107 72717371747 7571767
Supplemental inspection programs v v v
707 727 747 757 767 747/737/727 777 737NG
v v v Fatiguetests VV ¥V V¥ vV Vv
Fleet survey program V¥ > Regional
briefings
Worldwide conferences ¢ v
: Aging fleet initiatives W >
Service entry dates ging 477 757300
707 727 737 747 767 757 ‘737NG 767-400
L VW | VI VV | | VW | A A 4\ AN
1955 60 65 70 75 80 85 90 95 2000

Year
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Boeing Fleet Survey Program

Initiated 1987

2
4
2
]
> I
// /A n T 1
117 J /
\ 777 . 1177
117777 77 N\U177/7 N\ T77/

Number of operators by region
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Boeing Fleet Surveys

200 Airplanes; 103 Operators; 49 Countries

» September 1999
» 200 airplanes surveyed
» 103 operators visited in 49 countries

60
50 (0)
50—
42 (0)
40 - [ 1989-1998
[ 1987-1988

Number of () Number of planes
airplanes 30 for 1999

20

10

707/720 127 737/200 747 737/300 757 767
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Fleet Survey Findings

Copyright © 2006 Boeing. All rights reserved.
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Fleet Survey Findings
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Boeing Fleet Support Actions

Aging Fleet Initiatives

Durability standards W g

707 727 737 747 727 777
Wing/fuselage teardowns W v A\ A4 \ 2 4
Damage tolerance methods 'V
_ _ 707 727/737/747 7571767
Supplemental inspection programs v v v
707 727 747 757 767 747/737/727 777 737NG
v v v Fatiguetests VV ¥V V¥ vV Vv
Fleet survey program W * Regional
briefings
Worldwide conferences ¢ v '
- Aging fleet initiatives ¥ ”
Service entry dates ging 777 757.300
707 727 737 747 767 757 ¢7S7NG 767-400
| A A VYV 1 VYV | | | VWV | VYWV,
1955 60 65 70 75 80 85 90 95 2000
Year
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Aloha Airlines 737

1988 Explosive Decompression
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Government and Industry Task Groups

Task groups

— BAC 1-11/USAIr
— Airbus/Gontinental
— Foklcer/USAIr

— L-1011/Delta
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Continued Airworthiness —

Industry Initiatives

Structures Task Groups

v 1990 v 1993 vy 1994 ¢ v OEM Audit 2001 v 1999
. Review
. Develop Review A
Review . : supplemental Ssess
) corrosion basic id d Assess
service . structural widesprea -
. control maintenance . . fati repairs
bulletin inspection atigue
program program
program
Publish
model-specific
documents
v v v v
g Recommend
Recommen isi Recommend
service bulletin Recommend sLep:/rl)lstla?rT:r;[&l supplemental
. implementation : . uppiem
for compliance structural inspection inspections
program
\ 4 \4
) , Federal aviation
. Alr\{vorthlness regulation
directives
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ontinued Airworthiness-

Industry Initiatives

Structures Task Groups

Implementation: 1990
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widespread SSESS
fatigue repairs
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.
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.
-
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.
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|
o

|

Publish
model-specific
documents
\4

v
g Recommend
Recommen isi Recommend
: . Recommend revisions to
service bulletin imolementation supplemental supplemental
for compliance P structural inspection inspections
program

v

Airworthiness

Federal aviation
directives

regulation
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Continuing Airworthiness Challenges

*Mandatory Service Bulletin Modifications

Copyright © 2006 Boeing. All rights reserved.
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Typical 727 High-Time Modifications

Reinforce Wing Rib Replace Reinforce Fin Reinforce Horizontal
Skin Rivets Stabilizer

Strengthen Replace Doorstop Replace Flap
Window Frame Track Bolts
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Mandatory Service Bulletin Modifications

727 Horizontal Stabilizer Front Spar - Stress Corrosion Problems

Up

i

Forward

Action: Replace the existing 7079 fitting
with 7075-173 fitting at 60,000
flight cycles or 20 years, whichever
occurs first.

12/13/2006




Typical 737 High-Time Modifications

Stronger
window Replace cargo Frame-to-skin fastener
frames doorstops — strengthened

o

Skin reinforced Elevator
[ rear spar
at door sil Replace flap — Gear beam bolt b ac%m s
track bolts replacement
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Typical 747 High-Time Modifications

Replace
Body Frames

Replace
Skin Rivets

Copyright © 2006 Boeing. All rights reserved.

Reinforce
Wing Rib

Reinforce Wing
Lower Splice

Install Rivets
Through Tearstraps

Replace

Flap Track
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Continued Airworthiness

Industry Initiatives

Structures Task Groups

Implementation: y 1990 l 1993 vy 1994 y v OEM Audit 2001 vy 1999
Review Review
Review . supplemental Assess
) basic id d Assess
service . structural widesprea -
. maintenance . : fati repairs
bulletin inspection atigue
program
program
Publish
model-specific
documents
v v v v
g Recommend
Recommen isi Recommend
: _ Recommend revisions to
service bulletin imolementation supplemental < supplemental
for compliance P structural inspection inspections
program
\ 4 \4
) , Federal aviation
. Alr\{vorthlness regulation
directives
Copyright © 2006 Boeing. All rights reserved.
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Contributing Causes of Corrosion

Manufacturer ‘ Operator ‘
| I I
Basic Finish Accidental Maintenance
Design Deterioration Contamination Problem Areas
* Poor drainage | ¢ Chipping ¢ Lavatory spillage * Neglect
* Crevices ® Scratches ¢ Galley spillage * Improper repairs
e Stress * Breaks around ¢ Chemical spills * Poor corrosion control
¢ Dissimilar metals fasteners * Mercury programs or lack of
¢ Finish system * Abrasion * Fire residues implementation
* Materials selection * Deposits ¢ Poor training
* Age
Manufacturing Environmental Operational
Processing Conditions Environment
Within Airplanes
* Materials finishing T ¢ Seacoast
processes e Condensation ¢ Tropical
* Bonding process * Animals * Humidity
* Training ® Fish * Industrial
* Assembly * Microbial growth
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Corrosion Program Areas

Airplane
Wi Fuselage Empennage Landing gear
'ng Hseag P g and strut
® Exterior surface e Exterior surface e Exterior surface e Nose landing gear
e | eading-edge cavity e Flightcrew e |eading-edge cavity ® Main landing gear
e Main box COmparment e Main box e Powerplants and
e Upper/lower lobe struts

e Trailing-edge cavity e Trailing-edge cavity

® Bilge e Horizontal stabilizer

e Under fairings center section

e Center section

Copyright © 2006 Boeing. All rights reserved.
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AAWG Status

= On June 29, 2001, the AAWG submitted a Proposed Operational Rule
to ARAC on the Control and Prevention of Widespread Fatigue
Damage (WFD) in the Commercial Transport Fleet.

= Once finalized the rule will require the use of maintenance
programs that address the potential occurrence of WFD as the
airplanes age.

= QOperation of the airplane will be prohibited beyond the stated Limits
of Validity (LOV) of the Maintenance Program unless an approved
amendment is incorporated to address any WFD concerns.

= The issuance of the rule will represents closure of all issues resulting
from the April 1988 Aloha Accident.

= The AAWG is now focusing on supplemental type certificates (STC)
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The 727 Corrosion Prevention Program

Fuselage Upper Lobe Fin and Horizontal
Interior 10yr/8yr* Stabilizer Interiors
10yr/8yr*

External Doors Outboard Main Bilge 6yr/3yr*
and Landing Gear Wingbox Interior
Bay 6yr/1.5yr* 10yr/10yr*

Copyright © 2006 Boeing. Al rights reserved. * Initial Implementation/Repeat Interval in Years. Flename.ppt | 141
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/27 Corrosion Control Program
Fuselage Structure Example

a
N _ e )

— ~_/

(Including landing gear bays) Under fairings and
All external surfaces 6/1.5* air-conditioning doors 6/6*

W

Upper lobe and floors 10/8* Section 48 10/5*

\
W

>4 —— %»i

above bilge 6/6*

Bilge 6/3*

*Threshold interval (years)

Filename .ppt | 142
12/13/2006



Corrosion Control Improvements

= 727 Airplane
Delvery dato Apr Jud Bar Jan Apr Oct Apr May Sep 1984
1967 B8 Fi 74 76 [i:] 80 82 Last 727
Line numiber 4?0 at&n @ 1.[II:I‘.I I.ZIm 1,400 1,600 1,800 1,832
—-_— . . ] | I -l |
72 — Aciditionsl noaling syskem
baivined Lavatony, galisy, aned Prime
exposed achasive
80 — primey in boy
zmm-hmuuﬂ:mmm _ ;
iegral maching A I
48 |— i
i
Number Application of i
of key 36 — comsion- i
improvements m"""'""' mprovert FPL :
: sich before ;
24 |— bonding l
Faying surfacs seal Faying surface seal nonbonded stnuchse o I
i and shabiey sl in bliige wing upper and lower spar chords I
12 - rear web to chord o webs I
Replace oold adhesive bonding of E
D | u 1 ] bﬂ!!h’i |ﬂ'1 ] a 2 'Lt
1968 7072 T4 | 78 80 82 1984
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Stringer Drainage and Sealing
- Lower Lobe

Standing

water \

Skin

Earlier Design

Copyright © 2006 Boeing. All rights reserved.

0.31-in minimum diameter
staggered drain holes

Fay seal
Sealant ramp must
not block drain path
Improved Standard
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Service Bulletin Modifications - Labor-Hours

Relative

2.0

1.5

maintenance 1.0

labour-hours
per airplane

Copyright © 2006 Boeing. All rights reserved.

0.5

Corrosion and Fatigue

7571767

After 10 years of service
for each model

100

200

300 400 500 600 700 800 900 1,000

Production line position
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Effects of Corrosion Control Improvements on the 747

10-year service comparison

700

] Line numbers 1 to 200

600 B | ine numbers 400 to 540

500 -

400 |

Reported
corrosion
events

300 -

200

100

747 wing skins 747 wing spar chords

* Finish improvements *Material change
*Finish improvements
*Fay surface sealant
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Test Versus Service

= -100/-200/-300/-400/SP/SR

As of October 1996

80

Filly _

_ [[] Total nen-retired airplanes

gol B Airplanes reporting corresion

S0 — |
Number !
of A0+
airplanes

m- -

20t -

0 -h_l

197071 72 73 74 75 76 77 78 79 80 81 B2 83 84 85 86 87 88 89 90 91

Delivery Years
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Continuing Airworthiness Challenges

*Mandatory Service Bulletin Modifications
=Corrosion Prevention and Control Programs

*Maintenance Programs

Copyright © 2006 Boeing. All rights reserved.
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Continued Airworthiness Industry

Initiatives

Structures Task Groups

v 1990 v 1994 ¢ v OEM Audit 2001 v 1999
Review
. Develop A

Review corrosion supplemental ASSEss ASSEss
service structural widespread :

. control . . . repairs
bulletin orogram inspection fatigue

program
Publish
model-specific
documents
v v v v
g Recommend
Recommen isi Recommend
C _ Recommend revisions to
service bulletin imolementation supplemental supplemental
for compliance P structural inspection inspections
program
\4 \4
_ . Federal aviation

Copyright © 2006 Boeing. All rights reserved.
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Continued Airworthiness Industry

Initiatives

Structures Task Groups

v 1990 v 1993 vy 1994 ¢ v OEM Audit 2001 v 1999
. Review
. Develop Review A
Review . . supplemental Ssess
) corrosion basic id d Assess
service , structural widesprea -
. control maintenance . . fati repairs
bulletin inspection atigue
program program
program
Publish
model-specific
documents
v v v v
g Recommend
Recommen isi Recommend
: _ Recommend revisions to
service bulletin imolementation supplemental supplemental
for compliance P structural inspection inspections
program
\ 4 \4
) , Federal aviation
R Airworthiness regulation
directives
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Maintenance Planning Process

T

MANUFACTURER

AIRLINES

Policies & Procedures Handbook  pen a3 Alfine/Manufaciurer

Maint P m Maintenance Program
u&é'né'ﬁ'ﬁ Dngju?lli;nt Propasal Dnmmznu Fi'A
e ——
BOEING | i :'.- " ..I r
Maintenance Manual Task Card & Indexes MRS
L %

' I, Joopce | Maintenance Flanning FAA Maintenance
it ) Data Document (MPD) Review Board Repont
| ' (MRER)

Airworthiness
Limitations
Vendor Manuals
( Airline AIRLINE
[l Maintenance JOB
4 | Program CARDS

Service Bulletins

Airline Maintenance Program
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Continuing Airworthiness Challenges

*Mandatory Service Bulletin Modifications
=Corrosion Prevention and Control Programs
*Maintenance Programs

*Supplemental Inspection Programs

Copyright © 2006 Boeing. All rights reserved.
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Continued Airworthiness

Industry Initiatives

Structures Task Groups

Copyright © 2006 Boeing. All rights reserved.

Implementation: y 1990 v 1993 vy l v OEM Audit 2001 vy 1999
Review Develc_)p Revu_aw ASSEss
) corrosion basic wid Assess
service - espread :
bullet control maintenance fatigue repairs
ufietin program program
Publish
model-specific
documents
v v v v
g Recommend
Recommen isi Recommend
C _ Recommend revisions to
service bulletin imolementation supplemental supplemental
for compliance P structural inspection inspections
program
\ 4 \4
) . Federal aviation
directives
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Boeing Fleet Support Actions

Durability standards W g

707 727 737 747 727 777
Wing/fuselage teardowns W v A\ A4 \ 2 4
Damage tolerance methods 'V
_ _ 707 72717371747 7571767
Supplemental inspection programs v v v
707 727 747 757 767 747/737/727 777 737NG
v v v Fatiguetests VV ¥V V¥ vV Vv
Fleet survey program W * Regional
briefings
Worldwide conferences ¢ v '
: Aging fleet initiatives V¥ >
Service entry dates ging 477 757300
707 727 737 747 767 757 ‘737NG 767-400
| \ A ¥V I VV | | | VV| | VVV,
1955 60 65 70 75 80 85 90 95 2000
Year
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Continuing Airworthiness Challenges

=Mandatory Service Bulletin Modifications
=Corrosion Prevention and Control Programs

=Supplemental Inspection Program Reviews

Copyright © 2006 Boeing. All rights reserved.
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Supplemental Inspections - Airplane Selection

Candidate Fleet v.s Inspection Threshold

= 1999 Status

3
Service objective >
Airplane Original | 1999
75% service objective . candidate | candidate
> Model Series airplanes | fleet
Cendidate 707/720 Al 100* 58
Number airplanes
u 100/200 389 207
of 727
airplanes | 50% service Fleet status at 100C e %8
objective time of SSIP 737 100/200 124 90
development | 747 | 100/100F/2008 | 117 91

Flight cycles * Specific 707 inspection thresholds used
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Supplemental Inspection Threshold

= Fleet Utilization Distribution

N, selected to minimize risk of having cracks in airplanes below N_,

A
| »Inspected fleet
slilm P. = Probability of detections
Number of | — in inspected fleet

airplanes

=,
Flights
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Continuing Airworthiness Challenges

*Mandatory Service Bulletin Modifications
=Corrosion Prevention and Control Programs
*Maintenance Programs

=Supplemental Inspection Programs

*"\Widespread Fatigue Damage

Copyright © 2006 Boeing. All rights reserved.
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Continued Airworthiness —

Industry Initiatives

Structures Task Groups

L ]

Implementation: 1990 l OEM Audit 2001 1999

Publish
model-specific
documents
v v v v
g Recommend
Recommen isi Recommend
: _ Recommend revisions to
service bulletin imolementation supplemental supplemental
for compliance P structural inspection inspections
program
\ 4 \4
) . Federal aviation
directives
Copyright © 2006 Boeing. All rights reserved.
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Widespread Damage

* Widespread Similar Details
*Similar Stresses

*Structural interaction with reduced allowable damage

Multiple Site Damage (MSD)

| S |
m i m " mw L] 1] 1] [} [} n
Mmanpninon o o n B i mcm
I [ | S |

. |1— L skin Note: The RED areas
Maximum allowable » represent MSD damage

skin damage

Multiple Element Damage (MED)

Maximum allowable damage Note: The areas colored BLUE represent

WFD allowable damage and the RED
areas represent actual damage

Copyright © 2006 Boeing. All rights reserved.
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Structure Susceptible to WF

Typical Examples

(a) Lap joint (b} Butt joint
= Quter
s Skin
B upper
y  rivet
Stringer \
Inner skin
lower rivet
row

(a) Without (b) With outer
outer doubler doubler

Circumferential
splice plate

Fuselage
skin
panel

Typical fuselage
skin panel

Typical

Tear strap ——ig cracking

Longitudinal Skin Joints, Frames,

Circumferential Joints and Stringers

Fuselage Frames (MED)

and Tear Straps (MSD, MED) (MSD, MED)
B 'I;?rnpgicsapl’l?clét:r Stiffener :}:Jiﬁelage
,.«”T—-::?" ~—— Quter ring splice panel

Legend:
F fastener
R radius

Boundary attachment

Typical cracks Skin

Aft Pressure Dome Outer Ring and
Dome Web Splices (MSD, MED)

Copyright © 2006 Boeing. All rights reserved.

Other Pressure Bulkheads Attachment
to Skin—Web Attachments to Stiffener
and Pressure Decks (MSD, MED)

Stringer-to-Frame Attachments
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Structure Susceptible to WFD Cont’d

Window surround structure

Window Surround Structure
(MSD, MED)

Skin Skin doubler

Skin at Runout of Large Doubler (MSD)—
Fuselage, Wing, or Empennage

Copyright © 2006 Boeing. All rights reserved.

Upper wing surface

Typical fuselage
attachments

Attach bolts
View A View B

Overwing Fuselage Attachments

Latches and Hinges of Nonplug
Doors (MSD, MED)

Front spar
5’.- Typical skin and stringer splice
it
!
-~
-
-
7
s Fitting
~T
;: | Splice plate
;. Stringer
“Chomsejdms

Chordwise Splices (MSD, MED)

Rib-to-Skin Attachments
(MSD, MED)
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WEFD Graphical Representation

+}» Reduction from average
behavior to provide

1 equivalent protection to a -
' two lifetime fatigue test A =
® (O
' ! 2. g
; | el
| /' ! S |3 |5
T ' MSDI/MED, | 0|32
5 : RESIDUAL 1 1ER
=Z| REQUIRED ! STRENGTH ! 2 |3 o
Wl RESIDUAL Pr=-rrrrnsmssmsssssmenspassmennyenssos s nns e o e g IF |0
X! STRENGTH i—— MONITORING PERID[?_’: ) < b
- — NORMAL INSPECTION PROGRAMS g ! 2
]
- - SPECIAL INSPECTIONS ! )
g NOTE: No Scale Implied. [« oF mso/MED ———| : I
o For Definition Use only SUSCEPTIBLE AREAS : : 5
0 'l I I I R -
E i, 'wrp, | 'wrp | 'wrFp | 'wFD i i T
MSD/MED CRACK , , L : |
GROWTH ! i ! !
TR A
1 I ! !
————— — - o kbl \ oot
T T T A et
* Threshold and repeat interval
of special inspections and ISP SmpP WFD
Point of WFD are determined (Average Behavior)
so that there is a high
confidence that WFD will not FLIGHT CYCLES
occur in the fleet. All fatigue -
damage found will be
repaired.
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Limit of Validity
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ISP and SMP Graphic Representation

Half of equivalent of a two

/ lifetime fatigue test

Equivalent of two lifetime
fatigue test

O -NORMAL INSPECTION PROGRAMS N
§ SPECIAL INSPECTIONS
Q 4«——— OF MSD/IMED ——»
,’f SUSCEPTIBLE AREAS
m
-4
3 MSD/MED CRACK
GROWTH
* \ ______...-—4 Acrit WED
F 3 T A
ISP SMP WEFD

(Average Behavior)

FLIGHT CYCLES

NOTE: No Scale Implied.
For Definition Use only
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Preliminary LOVs

Model | Preliminary LOV* | Airplanes | Projected above
above LOV | LOVin 2011

707 40,000 f/c 0 0

127 100,000 f/c 0 0

737 100,000 f/c 0 10

747 Classic | 30,000 f/c 40 59
115,000 hours 5 47
35,000 f/e,iended 9 28
135,000 hours, enged 0 S

747-400 35,000 f/c 0 0
165,000 hours 0 0

* Subject to FAA approval
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Continuing Airworthiness Challenges

=Mandatory Service Bulletin Modifications
=Corrosion Prevention and Control Programs
=Supplemental Inspection Program Reviews
*\Widespread Fatigue Damage

=Structural Repair Assessments

Copyright © 2006 Boeing. All rights reserved.
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Continued Airworthiness —

Industry Initiatives

Structures Task Groups

Copyright © 2006 Boeing. All rights reserved.

Implementation: y 1990 v 1993 vy 1994 ¢ v OEM Audit 20
Develop Review Review
Review ) . supplemental Assess
. corrosion basic id d
service . structural widesprea
. control maintenance . . fati
bulletin inspection atigue
program program
program
Publish
model-specific
documents
v v v v
g Recommend
Recommen isi Recommend
: _ Recommend revisions to
service bulletin imolementation supplemental supplemental
for compliance P structural inspection inspections
program
\ 4 \4
) , Federal aviation
R Airworthiness regulation
directives

Filename.ppt | 168

12/13/2006



Typical Fuselage External Skin Repair

Original damage
(cutout in skin)

/-Skin
! 1
bler i
I P NI Doue\:- _
) Stringer
+ + + 4+ + + + + + + + +H-
| [+ ++ +(++ + H)+ + + + -
[£]+ + + + [+ + + +[+ + + +[+ i
Y i+ + + 40 + + )+ + + + A4
+ + + + + + + + 4+ + 4+ 4 . _
+oF 4+ o+ 4 A4 Filler
++"“|"""i‘*‘+—+—"+——i"++++J Crack A
A
location —"1 ok
in
. A 8
e
Potential hidden crack Section A-A

occurring subsequent
to repair
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Repair Assessment Task Group

Repair — BAC 1-11/USAIr |
Assessment — Airbus/Continental |
Task Group - fokenUSAr
— L-1011/Delta i
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Fuselage Repair Size Distributions

Repair size
distribution,
%

Copyright © 2006 Boeing. All rights reserved.

100

80

60

40

20

100% = 356 repairs

All repairs

Repairs requiring supplemental
inspections (categories B and C)

Repairs requiring no special
action (category A)

50

100 150 200

Repair length, cm
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Repair Assessment Stages

Stage 1

Arealcomponent
screening data
collection

I

l

Mo need for Repair may need
supplemental supplemental
inspection inspection

Stage 2
Repair
categorization
|
| I |
Category A Category B Category C

Continue normal Supplemental
maintenance inspections

| ]
|

Stage 3

Inspection replacements
requirements

|
| | 1

Inspection requirements Apply model-specific Guidelines cannot be
defined in structural guidelines to determine applied, send details to
repair manual inspection requirements Boeing for assessment

Time-limited
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Stage 1 - Assessment Area

= Only fuselage pressure boundary repairs need to be

assessed
Forward Aft
bulkhead bulkhead

Pressurized fuselage :i

Yl ainas

bulkhead web repai
~] /

Copyright © 2006 Boeing. All rights reserved.
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Stage 2 - Repair Categorization

= All repairs fit into a category

CATEGORY | Permanent repair without
A supplemental inspection

CATEGORY | | Permanent repair with
B supplemental inspection

CATEGORY | | Temporary, or
C time-limited, repair

f Not structurally :Replace before

satisfactory qurther flight

Copyright © 2006 Boeing. All rights reserved. Filename. ppt | 174
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Category C Repair Examples

= External repairs with
= Blind rivets

= Damage continuing from
previous repair

*Two rows of fasteners
around damage cutout

= Fastener spacing not

within 3 to 8 fastener External Blind Rivet Repair
diameters
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Structurally Not Satisfactory Repair

Examples

= Single row of fasteners
= Cracking or corrosion

= Missing fasteners

Single-row Repair

= Use standard maintenance practices
= RAP does not add new requirements

Copyright © 2006 Boeing. All rights reserved.
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Stage 3 - Supplemental Inspections

Category Category | Category| |Not structurally

A B C satisfactory
repairs repairs repairs repairs
Continue Determine Determine Replace
current inspection replacement || before
inspections | | requirements | | requirements || further

flight

g o RS
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Repair Assessment Thresholds

Manufacturer Recommendations

Manufacturer Model Threshold™flights)
Airbus A-300-B2 32,000
British Aerospace BAC 1-11 60,000
Boeing 707 15,000

727 45,000
737 60,000
747 15,000
McDonnell DC-8 30,000
Douglas DC-9/MD-80 60,000
DC-10 30,000
Fokker F-28 60,000
Lockheed L-1011 27,000

[> Assessment of existing repairs recommended at next major (D-check
equivalent) check or threshold, whichever is later.
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Inspection Threshold Requirements

=Figure 2-7 chart, 737 version shown

Repair IﬂEpECtiDI’I nspection Repl nt/

category threshold ppectot 2| reworkfimit [

Category B 60,000 mthe figuresin | Not applicable
(airframe flights)

Category C Inspect and replace in accordance with applicable

SRM, repair drawing, SB, etc., instructions.
3,000

with solid fastener repair

° mﬂgﬁ“ﬂ in accordance with SRM
1 i within 10,000 flights from
I(Iflhsgtllgflsat?gt:)r I'EPE"' repair installation. [3}
m the figures in 24,000 flights after
8,000 3.1 repair installation
(flights after repair
installation)

Copyright © 2006 Boeing. All rights reserved.
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Assumed Baseline Inspection Intervals
/27 Repair Assessments

External 3,000
Leading-edge cavity 3,000
Wing Trailing-edge cavity 3,000
Wing box Outboard 15,000
(internal) | center section 20,000
Upper lobe external 6,000
Lower lobe external 3,000
Fuselage Upper lobe internal 20,000
Lower lobe internal/bilge 15,000/9,000
Section 48 internal 6,000
External 3,000
Empennage Intern Vertical stabilizer 20,000
al Horizontal stabilizer 20,000
Strut 15,000
Copyright © 2006 Boeing. Al rights reserved. Filename.ppt | 180
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Repair Inspection Options —

Inspection Intervals/Methods

35
= Choose an inspection
option from the chart 30
MFEC (internal) __ 25
28,500 f/c =
S 20
LFEC (external) S
14,500 f/c = 19
>
S —9
Detailed Visual j=
(internal) 5
12,000 fic ] @
6 8 10 12 14 18 20 22 24

Repair doubler size
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Repair Inspection Options —

Inspection Intervals/Methods

= Fatigue Skin Repairs

Specizal reguirements for door cutouls

Zane 1
— Uo0D0DDoooog

Option 1: Internal HFEC per curve 1 of skin at all fastener locations on critical row of repair.

Option 2: For lap splice repairs, external LFEC per cur 2 (if within NDT procedure limits) at all fastener locations on the
critical row of repair.

Option 3: Internal visual surveillance per curve 3 of skin at all fastener locations on the critical row of repair

Option 4: Internal detailed visual per curve 4 of skin at all fastener locations on critical row of repair.
D Adjust intervals as required for other zones by appropriate zone factor.
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Damage Tolerance — Facts and Fiction

=QOverview
*Elements of Damage Tolerance

sStructural Maintenance Considerations

=Continuing Airworthiness Challenges

sSummary
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Boeing Fleet Support Actions

Durability standards W g

707 727 737 747 727 777
Wing/fuselage teardowns W v A\ A4 \ 2 4
Damage tolerance methods ¥ >
707 727/737/747 7571767
Supplemental inspection programs ¥ v v
707 727 747 757 767 T747/737/727 777 737NG
v v v Fatiguetests VV ¥V V¥ vV Vv
Fleet survey program W Regional
briefings
Worldwide conferences ¢ v '
: Aging fleet initiatives W g
Service entry dates ging 477 757300
707 727 737 747 767 757 ¢7S7NG 767-400
L VW | ¥V I VV | | | VV| | VVV,
1955 60 65 70 75 80 85 90 95 2000

Year
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Boeing Structural Design Standards
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Boeing Fleet Support Actions

3,500 |-

Delivered airplanes exceeding 20 years of service
3,000 |

Active airplanes exceeding 20 years of service
2500 L ~ " Active airplanes exceeding design objective in houfs

Delivered airplanes exceeding design objective in flights

Number of 2,000 |
commercia
| jet

transports 1 500 |

1,000 [
500 _
Service entry dates . 777 757-300
707 727 737 747 57 .~ ) #737NG 767-400
A\ AN Y I VV | : \ A |
1955 60 65 70 75 80 85 90 95 2000
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Safety Challenge

50
Alrplanes in service
a5 22400 "
LY . *
,ﬁ? .
40 14,300 o
|| Boeing 11,000 — e
35 ot
1999 2018 - L’ g
30 Hull loss . -
accidents »* Ourgoal .-
® per year, f"——'-"\
20 -
15
10 ! r Millions of departures
5 Hull loss accident rate per million departures
0 1965 1975 1985 " 1995 2005 2015
Year
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Cessna 180 - Single Load Path / Safe Life

60,000 Miles of Bush Flying - Alaska;Canada;Greenland

Copyright © 2006 Boeing. All rights reserved.

CESSNA - N6014B - SKYWAGON

1988 -
1989 -
1990 -
1991 -
1992 -
1983 -
1994 -
1995 -

JUNEAU, ALASKA .
KING SALMON, ALASKA
POINT BARROW, ALASKA
NORTHWEST PASSAGE
NEWFOUNDLAND, CANADA
ILLULISAT, GREENLAND
PROVIDENIYA, RUSSIA
NORTH MAGNETIC POLE

- 3,300 MILES
- 5,600 MILES
- 6,200 MILES

- 5,900 MILES

- 6,900 MILES
- 7,600 MILES
- 5,800 MILES

- 4,500 MILES

PILOT - ULF GORANSON - RENTON, W/ SHINGTON
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Realities of Retirement
E-mail: INGERULF@AOL.COM
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