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OUTLINE ADELTA
Dent mapping problem TechOps

o SRM flowchart

o Dent dimensions

o Location

OEM coordination

A319 Hail event use case —_—_C N

Efficiencies gained/ Benefits
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Dent Mapping Problem
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Coarse Inefficient

Time-Consuming

Subjective
Inconsistent

Dents cost the airline industry $ 2.8b /
year *

* Labor expense and Lost revenue due to Line Maintenance,
Heavy Checks & Hail events.

Source: Air Transport Action Group 2014 study; A4A 2016 Carrier
Delay Costs study,; 8tree analysis
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Dent Details Required

‘ DAMAGE FOUND OR SUSPECTED. ‘

1

COVERED BY:
NEGLIGIBLE DAMAGE?
SEE 51-73-11.

RECORD DAMAGE
SEE 51-11-15

DAMAGE MAPPING, SEE 51-11-13
IN RELATION TO VISUAL DATA
(JUNCTIONS, DOORS, WINDOWS,...}

DAMAGE LOCATION RELATED TO THE
ATA CHAPTER® OF THE COMPONENT
(SRM IDENT., SEE 5X™-XX-00).

1

IDENTIFICATION OF THE COMPONENT
THROUGH THE SRM SPECIFIC IDENT.
SEE SX-2X-XK>
(CHAPTER-SECTION-SUBJECT)".
|

1 '

COMPOSITE DAMAGE EVALUATION. METAL/GLARE DAMAGE EVALUATION |

1 '

IDENTIFICATION OF THE IDENTIFICATION OF THE :
DAMAGE TYPE AND CATEGORY DAMAGE TYPE AND CATEGORY s s da = il
SEE §1-11-00. LECCOEOOREY 0600080888 = ﬂ& S

SEE s:-ﬂ—m ﬁpil rA
/ T NO U

<_ADL AVAILABLE?//

DECISION TO USE
ALLOWABLE DAMAGE
LIMIT (ADL)?

YES

(I}
00000000

YES . -
SPECIFIC REPAIR OR e

- GENERIC REPAIR EMBODY REPAIR

- ~__ APPLICABLE? -~
< DAMAGE BEYOND >
ADL?
NO
NO
SEND DAMAGE REPORT |
RECORD DAMAGE TO AIRBUS RECORD REPAIR
SEE 51-11-15. SEE 51-11-13. SEE 51-11-15.
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(1) The following dent evaluation criteria are applicable for all AIRBUS aircraft external
aluminum alloy structures including GLARE except for the;

* Wing primary structure, FR23  FR24
]
o 2 STGRERH
v slats, g —_sToRsRH
353 STGRA4RH
5 STGR3RH
v spoilers, _ sToRern
STGR1RH
STGRILH
+ A320 wing leading edge skins between track 5 and 6 and between track 7 STGRAH
and 8 inter rib, —STGRALH.
STGR5LH
STGRELH
+ static ports, pitot probes, total air temperature probes and angle of attack
sensors and areas within 150 mm (5.91 in.) around these sensors,
FASTENER ROW
+ nacelle inlet cowl-lip skins.
15 mm
15 mm - (0.59 im)
(0.59in)
A-A
TYPICAL
(OMNLY VALID IN RIVETED AREA)
ZOME 1, SEE TASK 53-11-11-205-001
] EXCLUDED AREA
ADELTA
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ADELTA

Dent Details Required - Parameters TechOps

(1) Maximum depth D does not exceed 0.1 mm (0.004 in.): D < 0.1 mm (0.004 in.). The
following requirements shall be fulfilled:

e skin thickness is below or equal to 4 mm (0.16 in.),

e the contour of the dent is smooth,

ratio A/D is equal to or greater than 25 (minimum size of dent),

the skin is free of cracks, confirmed by detailed visual inspection,

No debonding of bonded stringers,

no abrasion of unclad skin,

FASTENER CENTER LINE\ B+|—‘<”/FASTENER CENTER LINE
|
| | * *

I_Iv
e i

D

15 mm
(0.59 in)
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Delta TechOps | September 19, 2018 | 7 TechOps Ctree




What the hail happened? *TechOps

1. Delta A319 was in line for take off in OMA when it encountered an
extreme hail event.

2. Initial inspection revealed severe damage to fuselage, with over 1000
dents noted.

3. Secondary structure, along with replaceable structure, sustained severe
damage.

4. Aircraft required significant effort even for a ferry flight to a nearby mtc
base for work.

5. Aircraft out of service for 60 days due to hail event. Data collection and
reiterations, remeasurement were the majority of this time.
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Delta’s case study (Before dentCHEC -‘%gg%ops

I ] 7 .~wj i ) a
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Manual measurements & recording

> » » Preliminary Repair Instructions < < <

ADELTA

TechOps

PRI 567088-14
Rewvision O -
Page i00l 12

Fuselage Skin - Panel 4C - FRI2Z/FR24 & LH RH u pper STGR
PROXIMITY TO FRAME (in) | PROXIMITY TO STRINGER (in) D e [ ] e L i)
T Note: CIRCLE ONE OF "FWD" OR | Note: CIRCLE ONE OF "ABOVE" OR | L s LR CAfD
DENT "AFTFOREACH DENT = | "BELOW" FOR EACH DENT W . for B AO%A - I reigigm {Negligih
Sl B : e i e {ADL) : te) le)
, WD JAFT Below . ok?
Dos B4, 9120 | in | LoD FR |20 |[1-&44" in |@ulfew | STGR . |eecs” |o9cs 0552 ¢ 22| ok 0. 297
Dos o .yog | in | bt FR | 1&  Jtg"] in [N |STGR | 3L |o.wo2” |0 P3¢ |0- 651" [-3e¢“ | o K | 23y
Dos . Ygga | in | Fup FR | 2o |Lag3?| in |Beffow| sTGR 2¢ |o-ces” |57 os63h || ce3 || . dv8 | oA
_D:h-"}.i*f" in | AfT FR | (& Jliog”] in [Dbow | STGR |4 L |owee3” |02967 |p.gye® L2e4" | o O gfs"
Des f&.39:7 | in| £up FR | 20  |0.234" in |Bellov | sTor |3 |o-ccv® [0.9¢¢ ©|0-570" o-fec| ok |o.osr ¥
Des B4.43¢ 4 | in | Fuwn FR |20 |2.06" in |[Mbywe |STGR | 42 |owo 37 |0323% |p.gas® 2.6¢2% bk @ 2"
.923% | in | &en FR | Qe  |1L93#"| in [Dbowe | STGR St |e-weo2* |2y |0-579 " 2513 on |-~
Dt [9.98¢ | in | Bup FR |21 o.330"| in |Beflow| STGR | IR 0. 207 [0-928" |o-g6¢" |1-/99 " | (- 3¢ | O
Doz |0.59% | In | Fun FR |21 ot ?| in [ Mbiwe | STGR ER _|o-esto 923¢ |0-923" |o. %3 | [. 130T | Ok
Dios §9.378%| in | Apt FR | 2¢  lpy3d?]| in | Mbove | STGR Spe |eees? [0230% |0 cge” L' ok o G
i 1§ dg77 in] DET | FR |20 |2.e2*| in |Mhow [STGR |S @ |oo0d” |[0o793% |0- 693 |2.2¢1 " |2. 9537 | OF
Dus J1.4¢y "] in| FwD | FR |1 2om”| in |phowe |STGR | B |owoog” | 12947 ] 1. 5037 | 2.0 o2 |1 08+ | oOF
Dws f4,093" | in| pET FR 120  |enSg¥| in [Abew | STGR cR  |oce3’ |0.390" (.05 " Liss*| ok |o.222"
wr 2342 “| in | fwb FR | 21 .40 in |Dofou. | STGR | SR |o:00c”0-So4* |o. 524" 1,017 | 4557 of
Dios B9. 435" in | AET FR | 26 [o-032 | in |Beifow | sTGR SR |e-022" |0.3ur |p.524 " -8 o jo-232*
Dis |2 §“| in | AE~ FR |26 12.338" in |Bhow [sTGR [ 58 |o-oes™|o.6#1% [0 G2¢" 2. 665 |2, 725~ oL
Diw 123284 in |FwD | FR | 2¢ 10-226] in |@Qeffow | sTGR | HE [0.707 “| 1.3/0% |1 2ot® lpaer ©|0.d4E " 0k
D1t §2. g4 in | Fwp FR | 21 2963 in [Bbovt | STGR SR jo.cel o Fort |- ése J-00F" ok |O.4s¢”
Diiz |o.dq4 Y in| Lwwp | FR | 29 0:53¢"| in [Nbow | STGR [ SR |eeed 2. 428" | ys3 * [1.239" L 479“| ok
] in | Ao FR | 2¢ o 6137 in | hbewe | STGR @l 02057 (o301 Y |o.qag o d |1 Y " o ft
in | AE FR | <2¢ o 4s® | in [Bellow | sSTGR 3L |o-eo 30 0-638" | 0. 32" o sic |O-381 "
in | pE FR |20  |ow2y”] in [bbow | sTGR YR__|o.ces™lo.53 " |o.32¢ |0 tis¥ |0 F57| o k
in | Ae FR | Qp 2.343"] in [dbawt | STGR Gg. | p.ooa |0-723° |p.Teev 283359 ok [ @-599°

10@ Note: These instructions are considered preliminary only. Specific authorization via an ER/A must be provided prior to

determine the status of the ER/A distribution,

Line Maintenance / Delta North

The PRI can not be slored and maintained with the log sheels or non routine cards, Therefora, all req
routine cards. The PRI will not be part of the permanent record. and the copy may be discarded upon

Delta TechOps
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10

final sign-off of the repair and release of the aircrail for service, Contact Enginesring io

uired signoffs for individual steps completed per the PRI must be made directly in the logbook ar on the non
receipt of the ER/A and completion of the final signoff.
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Delta’s case study (Before dentCHECK)‘-E’IEéE“hOpS

1. Delta’s typical experience with dent mapping and reporting before dentCHECK

— A dent would be reported “out of limits”. Typically, a very minimum amount of
information would be submitted (such as depth and a width). Submittal information
varies by individual AMT and experience level.

— Liaison Engineering would then typically have to request additional information, with
pictures (adjacent structure), and a rubbing of the area to help identify adjacent
fasteners and from which we can get

measurements. Dimensional information is
manually written on the rubbing.

— Inaccurate measurements would require an
additional iteration to get the required
information. More back and forth.

— Large areas of primary structure add
complexity and time to the data gathering
stage for engineering review.

ADELTA
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ADELTA

Current tools clunky, inefficient TechOps

Current Tools

ADELTA
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Delta’s search for a better methodolongIfég‘hops

— Several scanner technologies were initially evaluated, both
optical and laser scanner systems.

— 8tree’s dentCHECK™ was selected from overall impact to the mtc
operation and reduction in total touch time.

— AMT's could quickly use the system, providing information
quickly, simply, and consistently.

— Anything outside of published SRM limitations could be submitted
quickly and efficient to Liaison engineering for additional
evaluation.

— Customized reports can be generated from the AMT scan data by
Liaison engineering.

— The ‘back and forth’ information gathering can be eliminated with
this system.

— Service letter publication from Boeing — joint effort between
Delta/8tree to gain acceptance from Boeing

« Other airlines enlisted for support

ADELTA
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OEM efforts — Guidance and approvals

ADELTA

TechOps

/ ‘ I GRID SIZE 0.5 INCH [MINIMUM)
LENGTH OF MAIOR AXIS OF DENT a/ x GRID AXIS ALIGNMENT AND ROTATION 15 ACCEFTABLE
L
/ W ="WIDTH OF MINOR AXIS OF DENT
ﬂﬂﬂflﬂﬂ‘ // }\ \
gy o /"§
we  SERVICE LETTER | [ < o
Customer & //’ \\ PROFILE
Support
\'—"’¢ ™ ¥ = DEPTH OF DENT (MAXIMUNM]
707-SL-51-033 757-SL-51-026 DC-9-SL-51-114
717-SL-51-113 767-SL-51-041 DC-10-SL-51-113 A B C D E F & H I J K
727-SL-51-045 777-SL-51-022 MD-10-SL-51-112 DENT 1
737-SL-51-053 787-SL-51-006 MD-11-SL-51-113
747-SL-51-056  DC-8-SL-51-112  MD-80-SL-51-114
MD-90-SL-51-114
ATA: 5100-00
25 Tune 2018
Tool | Equipment Bulletin No: 320-A3497 TEB Issue No: 2
SUBJECT: 3D SCANNER SYSTEMS — REQUIREMENTS FOR RECORDING FECHWRNDSD vommeATon
PHYSICAL ATTRIBUTES OF DENTS AND BLENDS R
MODEL: 707, 717, 727, 737, 747, 757, 767, 777, 787, DC-8, DC-9, wsomne
DC-10, MD-10, MD-11, MD-80, and MD-90 Series DESCRIPTION: En‘:smt?gufmi:ﬁ?n:\?m damage on metaliic parts and
APPLICABILITY: All Alrplanes NOTE: V Supplier Cage Code: TEZT2

REASON FOR CHANGE:
dentCHECK s now validated to assess dent on cabin fioor composite panels

ADELTA
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ADELTA

How it works SN
= Point & click (1-button operation) \/CH ECK

= |nstant results

ADELTA
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ADELTA

How it works — Reporting dents  TechOps

o

1. Engineering team PCs loaded B - - —
— [ W — 1

with Dent Reporting Tool [ - |

e

§ - . - .
dentﬁéHECK Aiine / MRO Logo here % -
. i 4 dent HECK Airline / MRO Logo here
(DRT) software to receive . y
i i d t : : Senga et Npat ITITLE o DENT barme I C:\Users\Public\Btree\8Check\Projects\Test_Howard\Scans\201708037162935,304Z\Results\20171023T173
- \User q 0 _Howar X
Incomin g ent-ma p S o 5 :.::‘:::I Dot e o Opurtor g fmploywld 138502 1 437.2092-2\Screenshot_20170803T162935.3042_20171023T173437.2092-2jpg
. . 0 (4 ( rrier Carmer Name .N raftSerial 99999 'h'hlvllloﬁ ABCD789 |
2 . U S I n g D RT e D et a I I e d re p O rts E | [:“:m"" 208 [ontee Mgl Jombastion Dbte__ 20017 ! 3D Dent Map of Inspected Area 2D Photo of Inspected Area (simultaneously captured)
§ omments
- . o ¥
I n < 5 m I n E Denlliump'fﬂwr.r;:n;m [Masimum Hoight /o mm_|Probe Tip Sie 300 mm
3 ’Sml Diameter 29.5 mm I!ll Diameter 316 mm ‘Wﬂ/l)'pﬂ\ Ratio 170
— Vertical/horizontal cross- | s —

Stringer / Frame Distances

sections (i | e e | s | o e s | - |

[ v | ms | oomm | 1149 mm 974 mm
2 | smcom | oomm | 947 mm 766 mm

— Flexible grid sizes | —

~ Coordinate symbols (1

~ Distances to neighboring i 1. 1
dents “

-----------------------------

— Distance to adjacent (1 N"I
frames/stringers EE !

— 3D and 2D photos for f
surrounding context : fﬂ

— Dent severity profile UY== —=—r

information * S

ADELTA
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Delta’s case study (After dentCHECK) "ﬁ%&ops

1.

At Heavy check, the aircraft had repetitive inspections from the event
(approximately 6 years from incident).

. The dentCHECK™ system was utilized to improve the process of measuring

each dent.

. Total scan time of fuselage primary structure was approximately 10 days (as

opposed to the original 60 days using the standard method), resulting in
approximately 1800 dents being scanned, measured, and evaluated.

. Additional dent locations found that were not included in the initial

inspections.

. These measurements were used by the OEM for continued evaluation of the

area.

. To measure one dent with the tool it took less than 1 minute. Without the

tool, just using caliper and depth gauge, it took approximately 4 minutes per
dent.

Reduced Mapping time by 75%

Reduced reporting time by 90%

ADELTA
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ADELTA

Delta’s case study (After dentCHECK) TechOps
> 9 9 ©

@I || Bl e || || I
:::::::::__:':::::::.D]sfl::::::::::::::::::::::IE::::::: AAAAAAAAAAA
147 - 152 153
I sg I el 1l
Il . 1] I . Il
e
N il i i
[).7010 I I TR
[ ] I 1l I
| o M _______. o ___ 1 o o0 i ____|
““““““““ 1 | | |
I 1] I 1}
® D4 Il 1] I Il
Il Il 1 1l
:‘:‘:‘:‘:‘::::_—nZ::::::::“:::==::::":::::::::":::::::::
®p: @ps I 14 I I 1
I @D11 I I 1l
® D3 * I 1
FoeEos oo g oo oo e s RS s s S s a S e s s s ss==sgE==s=s=s===5
i e e i I
o8, @Dz | I l
F=e=======Zd========Zd'==================Z:-=====cc=b========1g
5 . I 209 @®Di6 I 1
I 1] I 1}
I we @ I I
Feceeeeeedeceee=Dl e s d=s=s==s===S===s==s===L========+4
Il 1] I Il
I I 134 1
e Il I [ I
:::::::::J::::::::JI==:==:==£|=::::::‘:QI‘:‘:‘:‘:‘:‘:‘:‘: ___________
il il [ 135 1l
o 7 I @nis | [~ BT
L
I I ]
\ - - - __u________u________ ] L L |
FS==gpg =-Q=-====== =SS ==sSgqESSSSSsSSos=ss=ss=5
® | @Dz 12 gD I @D22 I
sy ° I @ D2 1 e g ® e
136 D21
NS N 3 e 2 T
————————— === ====S @D =SS S PSS S S S S S SESSS=SS5S
i || [ I
M e
oy !l I 1 [
I LT 1 I

Fuselage Skin Panel D53480011204, View Looking Down,
@ NEW DENTS

. OLD DENTS PER RDAS 70552107/177/2012
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Additional benefits *TechOps

. More concise info; Less subjectivity

. Visual with measurements

. Digital; Wireless transfer to Engineering
. Enables integration with other systems

D WDN R

Delta Future:

1. Tracking system

2. Engineering/OEM coordination
3. 3D Visual representation

4. Less risk to operation -

future delays (Line Mtc)
— Augmented reality

ADELTA
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ADELTA

Summary TechOps

Massive time savings

Easy to operate

Archiving

Enables Digital integration

Worked with OEMs for coordination/approvals

ADELTA
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