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= Around the room

= Committee

= Impact slide

= Roadmap

= EZ-SB-17-001 Rev B

= ERSI Interactions

= Discussion & Feedback




E$R§EUO e Important Stuffs

= Nametags/Poster photos
= Also I apologize if I missed you or messed up your name

= Coffee/Candy/Cookies/Drinks
= WSU Guest wifi available

= Attendee appreciation gifts

A huge thanks to our sponsors for this year:
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ERSI purpose:
ERSE Where does ERSI adlé v£lue"
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= EZ-SB-17-001
= Analysis and testing

VOLUME 4

.
= 2016: FCG analysis of Cx holes
.
= 2020: Interference fit fasteners s
2
.
= 2021: SIF Comparison s
—
= 2021: Overload challenge -~
facilitate communication to all stakeholders in the
. ity that ¢ i in ti
- 2022: Interference fit fasteners round 2 S
oze of ERS) THE ENGINEERED RESIDUAL STRESS IMPLEMENTATION (ERSD
° ° ° . stress (ERS) WORKING GROUP
= Residual stress characterization e R I
- asUI J 3) Define the nj
. . . g“‘fje"f'es for 3083 Gold szxt‘hl;zi\iagi ;?Zgi.;fm Cordova, CA
= 2017: 2x2 material modeling data R o, =
chair foreach, as
Ol Ven N e o . e comi ABSTRACT
u 2 O 1 7 L] 2 XZ CX C oup ons " The Engineered Residual Stress Implementation (ERST) working group was formed in 2016
anal with a mission to “develop a holistic paradigm for the implementation of engineered residual
. em  eme . ‘ : - :
= 2017: Contour method inter-laboratory reproducibility uncertaint ] et S s el e e
- Y p Y | individuals and organizations to collaborate constructively, transition tach;mlog_v and data to
. . . b the public sphere, and consult on policy/best practices conceming the incorporation of
= 2019: 2x2 process simulation analysis ] e et g e e i
. . | The primary focus of ERSI 5o far has been the transition of a classic engineered residual
= 2021:Texture and anisotropy sub-team e e s o s
the full potential improvement has not been included in certified airworthiness limits. With
h b extensive support from ERSL, the USAF recently issued a Structures Bulletin which allows
= 2021: Bulk RS measurements in Cx geometrically large holes e e ey e oot £ i
. om o . cost savings.
= 2022: Contour method reproducibility experiment A (CMRE-A) e e o e e e e
: " d et : )
apocon/cvatugtion i quatiy somates, 5 rsibual sives rocess suaviaon, and 6y sk
assessment and uncertainty quantification.
= NDI / NDE / Data management / Quality assurance e e et oo
. . : : e
the-art. An overview of the activities of the ERSI working group will be presented, including
= xxX: Cx hole blind study [POC: Dallen Andrew, Hill Engineering] e e e i
interference fit fasteners, stress spectrum effects, and stress intensity factor comparisons.
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= ~60 seconds

= Name

= Company

= What do you do

= Why are you here
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= Round robin activities
= Opportunity for collaboration (w/in ERSI and outside)
= USAF/DoD/Industry RS related interest, use, needs
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= Thoughts on committees, leads, and needs
= Welcome [back] Dr. Carlson
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= Thoughts on committees, leads, and needs
= How is the committee structure working for you?

= 8vs3vsl
= Time served, replacements

= Regulatory considerations, Outreach

= Committee: Integrator

» Committee: Fatigue Crack Growth Analysis Methods
= Committee: Validation Testing

» Committee: Residual Stress Process Simulation

» Committee: Residual Stress Measurement

= Committee: Data Management & Quality Assurance

s Committee: Nondestructive Inspection

= Committee: Risk Analysis & Uncertainty Quantification
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Committees

ERSI Executive

Potential Expansion of the ERSI Structure

Technical
Advisors — Analysis & Test
Kevin Wa\kéf, Robert PI\BI’CZyk

Courtesy of D. Andrew and ERS/

Residual stress

Committee characterization
] Dallen Andrew Scott Carlson
/ \
! \
/ Y NDI/NDE/Data
/ Y ~ management/QA
[’ \\ Eric Lindgren, TBD
v Y
Qual & Cert ‘ Outreach

Regulatory Considerations

=\ Federal Aviation

s} Administration
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= What would 1 impact slide for ERSI look like?
= Who’s our audience?
= Technical? Engineering manager? 3 star general?

act

VLT T T AR A

= What would the [your name here]s of the world want to
take to “management” to justify a RS-related [IR&D] test
program?

= Convey issue/scope
= Impact (recurring intervals?); example; SPO budgets;
= Key accomplishments

Levels of ERS Benefit

Non-Cx

RSg0i95u RSso05u  RSsg

Crack Size

Life
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« Asthe USAF inventory continues to age and fleets are operated well beyond their original design

goals, sustainment costs continue to escalate.
+ The DoD annual depot maintenance costs are expected to exceed $30B in FY2024

+ Engineered residual stresses provide a significant opportunity to extend the life of existing DoD

platiorms.

+ However, it’s been shown repeatedly that the ability to properly analyze, apply, and measure

engineered residual stresses requires advanced knowledge to ensure appropriate application.
« Accomplished through an extensive test and analysis program on each individual case with
significant cost.

+ With the increased number of assets grounded for maintenance, the ability to develop engineered

residual stress techniques to extend airframes and lengthen intervals between inspections is

essential technology. ORIGIN & FOCUS
+ The Engineered Residual Stress Implementation (ERSI)

ERSI Participants Total: 152

US Govt Organizations: 4
USAF ASIP Managers: 10

working group is a grassroots organization that emerged from
within the USAF ASIP community
Initially formed to identify and address observed technical
gaps, define the requirements and guidelines for
implementation, and collaboratively develop and accomplish
new round robin activities that advance the state-of-the-art
concerning the incorporation of residual stresses.

+ ERSI consists of three primary focus areas that represent the
technical disciplines of aircraft structural integrity that work

Countries Involved: 5

National Laboratory: 2
Universities: 6
OEMs: 3
Industry Partners: 34

together: 1) analysis and test, 2) residual stress
characterization, and 3) nondestructive inspection/evaluation,
quality assurance, data management.

Structures Bulletin &

KEY ACCOMPLISHMENTS

+ With extensive support from ERSI, the USAF recently issued a
Structures Bulletin which allows aircraft structural integrity
managers to utilize cold expansion benefits for initial and
recurring inspection intervals, a significant achievement for
both platiorm availability and fleet-wide cost savings.
In addition, ERSI holds an annual workshop and issues a
recurring newsletter — the ERSI Screamer - to facilitate
communication across the structural integrity community

IMPACT

+ ERSI represents/captures the stakeholders that are pursuing improved platform availability at less

investment per insertion.

+ For many USAF aircraft, fastener holes are primary driver for structural inspections, accounting for

~70-90% of fatigue critical locations
« Cold expansion has been utilized during production and retrofit on approximately 25% to
40% of these critical fastener holes.

+ Moving toward a “full credit” approach, where credit for the residual stress from Cx is included to

estimate the expected benefit, could have a tremendous impact on reducing maintenance costs for
USAF fleets

www.residualstress.org j

b7
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= ‘Lincoln Wheel’ version

= Need? Usage? Purpose?
= “Needs of the customer” is not on Lincoln wheel (Kevin)

FEA Process Models
ERS Database

Residual Stress

Roadmap Considerations
Characterization

,fil ” Courtesy of D. Andrewa-mi ERSI Roa dmap Concept I 1
» ‘Lincoln Wheel' version n'tlal Flaw . e \'\Cate
A SUmptions Holistic .- Baseline and Rep
o . Validation Red's
] . Implementation Testin
Roadmap Considerations (cont.) - of RS : Benchmark Data
BC
3 [T = - - L U S )
Roadmap” means different things to different b0\ Analysis
people s 7 Methods
. . O
One interpretation > S S
* A very thorough list of relevant categories \\00 b'
* However, does not provide the current status or AQ}\ 4
2Rk 5 ; E : 5 How to get there? (vision of) N
prioritization considerations for implementation Current S /& "
State H LR - Future \Q NI 5 5
Federal Aviation 9 State \Q% FDQ\ \Q © (2 Cg
Administration D\Q bQ d}b o/> ‘% E 98 o
\ difference between the future state and current state / Q¢ ¢ S gb’ > 5 § =
S 2 s 2=
v & £ |E %S
A 2250
& [2° ®
Federal Aviation @ ]. 0

Administration
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. icati FCG BENEFIT FOR CX HOLES:
Applications to IFF, ForceTec, ForceMate, ERSI LEVEL 6 REQUIREMENTS (TESTING

Tap er-Lok y Other STRESS IMPLEMENTATION

* Coupon testing under representative spectrum loading
Breplicates of baseline and CX condition

= Rev B status

* Validation testing ré i :
. . . s less than or equal to stress tested
= Targetlng Leve]. 3 benef].t = /D < 2.0 must match edge margin i
= Diameter within ' " for holes < 32 atch design geometry
n Cha]_]_eng-es - Thickness must be within pei or MMPDS allowables ?
= Same alloy series presentative applied expansion

Toble 3.2.4.8(b,). Design Mechanicol and Physicol Properties of 2024 Alu
Sheet and Plale

Specificanon ANS 4007* AMS ae8
Fomm et et Plate
. . |
Temper T T361
008 B0 | a08s | 625
08 | om0 0129- 0248 o0d2 | oM8 | @8

- . . . . . . ekt P —
Befimng/preseribng requirements-for Ri-hretd FCG BENEFIT FOR CX HOLES:
« Verifying Cx was done & was in-spec ERSH LEVEL 2 REQUIREMENTS (ANALYSIS)

STRESS IMPLEMENTATION

= Validated RS field ™
= “Validated” means obtained from a direct 075 o oa
deter: ] 070 —
Benefit Levels: model/tool i s )
direct determina .
Variations in the amount of benefit needed for the range of aircraft structure applications, . ?eam? d?nSé%Itlsspat‘e ast o °
their associated complexity, and the cost to substantiate each, has prompted the need to Vihen Analvi lated to test - ° E &
establish different benefit levels as follows: lalysls correated 1o test s
= “Correlated” includes evaluating a
o o . . . goodness of fit for curve shape to test da g8 2
Level I: Initial inspection interval benefit, using the method described in References not just total life S a
1 and 2 and further defined below, with no recurring inspection interval * Load interaction (retardation > 4
benefit not permitted for use in el 2 analysis
) = Prediction must predict the test
S . . . . . . average
Levelll. Level | initial inspection interval benefit and limited recurring inspection » Inspecti®his required at predicted life - ! | T T O
interval benefit through explicit incorporation of the non-verified residual divided by 3 ®o o  xw  wwo  wwo  sof LevelZ[+RS,divide by 3]
i i Life (Flight Hours) | Tewel 3 [+RS, full benefit)
stress field in the crack growth analysis. « Auditable verification of proper Cx

required



ERSE  EZ-5B-11-001 Rev B (DRAFT)

= Requirements to Establish the Beneficial Effects of
Cold Expanded Holes and Similar Life Improvement r Level 1 est Recuremente.
Methods in Development of Damage Tolerance Initial | ... s coumemens s e o mose ouen i secion 12
and Recurring Inspection Intervals 3.2 LevelllTest Data Acceptance Criteia

The Level lll acceptance criteria are identical to those given in Section 1.3,

3 Level lll Benefit

= Benefit Levels:

3.5 Level Il Analysis Requirements and Benefit Determination:

m Va.I'latIOIIS ln the amount Of beneflt needed for the range Of Fo_r this penetit level, the analyses described in Section 2.4 must be Ds_er_formed_. The
aircraft structure applications, their associated complexity, £ fhe-predicied e rom Anslyss 1 in Seclion 2.4 For Level i e maximum beneii fo
and the cost to substantiate each, has prompted the need to coupon (651 116 and r6qures hat all analvSs predidions be 1o tan oF equal 1 he

: T - . f th Id ded hole d tol tests ( ludi t tests) i
establish different benefit levels as follows: average of the cold expanded hole damage lolerance lests (excluding runout tests) in
= Level I: Initial inSpeCtion interval beneﬁ.t, U.Slng the method In_addition, the following quality assurance (QA) requirements must be met in order to
described in References 1 and 2 and further defined below, with dlizealevel llbenell
5 ] ] ] 1 » Q tified d ditabl ificati thai cold i i lished i
no recurring inspection interval benefit. *required (2.0, - Cold expanded puler ad gata al e Of cold expansion, NDE
= Level II. Level I initial inspection interval benefit and limited dafaalaime postcold expansion. eic)
I-ecurring- inspection lntegva]. beneflt throug-h explicit . ;I;]heleve_lof cold exgansion(e.g.—_aggliet?_orresidu_alexgansion_zdeterm_ined frpm
e previous step must correlate directly with the residual stress field that is applied
incorporation of the residual stress field in the crack growth to the DTA and the test coupons from Section 3.1
a.na.].YSIS * Quantified and auditable verification that the proper hole(s) location was cold
.. . . . . . expansion is required (e.q. — spatial position tracking of cold expansion puller at
» Level III. Initial and recurring lnspectlon interval benefits are time of cold expansion. location of NDE tooling at a fime post-cold expansion,
derived from analysis correlated to the shortest benefit Pholgiaphic suasnes 8]

observed in test. Requires on-aircraft verification of residual T e rcoarzan enalee g Aoy MUSt approve (e QA a3
stress and explicit incorporation of the residual stress field in
the crack growth analysis.

12
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= ASIP Manager Update (semi-annual, ASIP and AA&S)

= Awareness of ‘problem areas’/requirements from the SPOs

VOLUME 5 e T
ISSUE 1 ‘iE ; ? ?\‘ N
7 2

Annual briefing to Chuck

= Part of an ASIP review?

Plan/Location/Desire for next year

Coordinate ERSI efforts to present at ASIP o e

This Issue: aerospace community that have an interest in the
ORI ol i plementation of residual stresses.

Committee Updates:

Purpose of ERSI
u re a-C = Analysis & Test G&) 1) Develop a roadmap for the implementation of engineered residual

- RS Characlerization. ......P.A stress (ERS) for calculation of initial and recuming inspection
intervals for fatigue and fracture critical aerospace components.

* NDI NDE, QA & 2) Identify and address gaps in state-of-the-art.

Data Management..... 8 3) Define the most effective way to document requirements and

S Cre am e r Residual Stress Summit. guidelines for fleet-wide implementation.
Announcements...................P.7

Organization
The ERSI working group is broken up into 3 major committees with a
chair for each, as shown below.

COMMITTEE NAME CHAIR(S)

EXECUTIVE COMMITEE
Dr. Dallen Andrew (Hill Engineering)

Robert Pilarczyk (Hill Engineering)
ANALYSIS & TEST Dr. Kevin Walker (QinetiQ)

Dr. Eric Burba (USAF AFRL)

RESIDUAL STRESS CHARACTERIZATION Dr. Adrian Dewald (Hill Engineering)

< NDI, NDE, DATA MANAGEMENT, &
Screamer Editor: QUALITY ASSURANCE

Dr. Eric Lindgren (USAF AFRL)

13
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= Need to get regulatory people in the room
= We’re gathering the state-of-the-art but not disseminating it

= Having no load interaction in the SB is an issue

= Interest in DTA ground rules with RS?
= Need to have ‘best practices’ that lays out “How ERSI is saying to do it”

= Need a step-by-step use case of meeting the requirement of the SB
= An ERSI report, ASM handbook, and/or ASTM STP

= Other
= Investigating role of the sequence of precracking and Cx
= For split mandrel process, is there NDI impacts to be considered for updates to the NDI SB?

14
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= What areas/topics do you want to see ERSI
focus on in the near future? ERSI — Future Scope Considerations

+ Military vs. Civil Aviation (?)

= Risk analysis break-out meeting on Thursday _
* Product types - airframe structures /
(Mark Ryan, LM) propulsion systems / rotorcrafts / ... (?)
- Interest, timing * Engineered vs. manufacturing-induced (?)
* For engineered RS - type of technology (?)
— Cx of holes / shot peening / LPB/LSP /...
* Primary use (?)
— More accurate life prediction / credits
— Safety enhancements

— Part of manufacturing QA
— Other..?

15




809 MXSS Science & Engineering Laboratory

OGDEN AIR LOGISTICS COMPLEX

4 809 MXSS )
Science and Engineering
Laboratory
Technical Lead Director NDI PM
Trevor Shoemaker K Eric Billings Y, Ward Fong
SISTER ALC LABS
Chemistry Materials ng‘,IAPI\:I[;? Verification
Flight Flight Flight Flight
» Solution chemistry » Optical, scanning electron, « 3D scanners forreverse  + Full metrology lab.
characterization. NDI, and mass spec. engineering efforts. » Touch and non-touch
» Gas Chromatography (GC) materials characterization. < 20+ Industrial 3D printers. CMMs with +/- 0.0002”
for organic characterization. « Monotonic & cyclic loading « Significant polymer and accuracy.
* ICP-OES for metal ion materials testing. growing metal printing
quantification. + Auto. crack monitoring. capabilities.

* In-house machine shop.

Applied Research Mission:

To evaluate the suitability of sustainment-focused materials processing and lifing
techniques for legacy and emerging structural materials.

e
DISTRIBUTION STATEMENT A. Approved for public release: distribution unlimited

(Case Number 2025-02-10_WAA-041)
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