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CONFIRMED MINUTES
OCTOBER 21, 2015
PITTSBURGH, PENNSYLVANIA, USA
[bookmark: _GoBack]These minutes are not final until confirmed by the Task Group in writing or by vote at a subsequent meeting. Information herein does not constitute a communication or recommendation from the Task Group and shall not be considered as such by any agency.
WEDNESDAY, OCTOBER 21, 2015
OPENING COMMENTS - open
Call to Order / Quorum Check
The Non Metallic Materials Manufacturing (NMMM) and Non Metallic Materials Testing (NMMT) Task Groups (TG) was called to order at 8:00 a.m., 21-Oct-2015
It was verified that only SUBSCRIBER MEMBERS were in attendance during the closed portion of the meeting.
A quorum was established with the following representatives in attendance:
Subscriber Members/Participants Present (* Indicates Voting Member)
	
	NAME
	
	COMPANY NAME
	

	
	
	
	
	

	*
	Monica 
	Alcala
	Honeywell Aerospace
	Secretary

	*
	Douglas
	Armstrong
	GE Aviation
	

	*
	Randy
	Armstrong
	Raytheon Company
	

	
	Marcus
	Berry
	[bookmark: OLE_LINK1]309th Maintenance Wing - Hill AFB
	

	*
	Pam
	Blevins
	General Dynamics 
	

	*
	Tawny
	Blumenshine
	Cessna Aircraft Company
	

	
	Jack
	Browning
	General Dynamics
	

	*
	Tara
	Campbell
	Rolls-Royce 
	Vice Chairperson

	*
	James
	Cobb
	Honeywell Aerospace
	

	
	Christopher
	Cowap
	Triumph Group Inc.
	

	*
	Adam
	Dalesandro
	The Boeing Company
	

	*
	Kevin
	Dowling
	Spirit AeroSystems 
	

	*
	Patrick
	Dunleavy
	SAFRAN Group
	

	
	Yves
	Esquerre
	Airbus 
	

	*
	Javier
	Garcia-Baeza
	Airbus 
	

	
	Laurent
	Geerts
	Sonaca
	

	*
	Steve
	Grunshaw
	BAE Systems
	

	*
	Evelyn
	Jacobson
	Pratt & Whitney
	

	*
	John
	Key
	Bell Helicopter 
	

	*
	Ronald
	Kramer
	Gulfstream Aerospace 
	

	*
	Lance
	Loeks
	The Boeing Company
	

	*
	Andreas
	Mastorakis
	GE Aviation
	

	*
	Angelina
	Mendoza
	UTC Aerospace (Goodrich)
	

	*
	Keith
	Panuska
	Lockheed Martin Corporation
	Chairperson

	*
	Richard
	Perrett
	GKN Aerospace
	

	
	Jeremy
	Phillips
	Cessna Aircraft Company
	

	
	Minh
	Quan
	Triumph Group Inc.
	

	*
	Elliott
	Schulte
	Bell Helicopter
	

	
	Kodaz
	Shimono
	Mitsubishi Heavy Industries 
	

	
	Jefferson
	Silva
	Embraer
	

	*
	Mario
	Simard
	Bombardier Inc.
	

	
	Xiaohang "Mike"
	Song
	Sikorsky Aircraft 
	

	*
	Sally
	Spindor
	Triumph Group Inc.
	


Other Members/Participants Present (* Indicates Voting Member)
	
	NAME
	
	COMPANY NAME
	

	
	
	
	
	

	*
	Natalia
	Becerra Pozo
	Exova
	

	*
	Jay
	Berndt
	Toray Composites (America), Inc.
	

	
	Gordon
	Cameron
	LMI Aerospace Everett - Merrill Creek
	

	
	Hugh 
	Casper
	MTS Systems Corporation
	

	
	Dale
	Collins
	Hexcel Kent
	

	
	Todd
	Crawford
	GKN Aerospace - St. Louis
	

	
	Kenneth
	Forest
	Nor-Ral
	

	*
	Luis
	Guelbenzu De San Eustaquio
	Applus Laboratories
	

	*
	Mike
	Guthmiller
	Applied Aerospace Structures Corp.
	

	
	Debra
	Hagar
	NORDAM Interiors and Structures
	

	
	Lisa
	Hill
	Stelia Aerospace North America
	

	
	Anita
	Joseph
	Toray Composites America Inc
	

	
	Cory
	Klohe
	Cytec Aerospace Materials
	

	
	Scott
	Kronabetter
	Micro-Tronics Inc.
	

	
	Steven
	Kyriakides
	Toray Composites (America), Inc.
	

	
	Tommie
	Lakes
	GKN Aerospace NA
	

	*
	Sue
	Lauer
	GKN Aerospace
	

	
	Brian 
	Lovejoy
	Carpenter Technology Corporation
	

	*
	Bryan
	Loveless
	Orbital ATK
	

	
	Yusuke
	Noguchi
	Toray Industries, Inc.
	

	
	Edward
	O'Dougherty
	DuPont
	

	
	Michael
	Poliski
	Plascore Inc.
	

	*
	Rick
	Price
	Park Electrochemical Corp.
	

	*
	Karen
	Quinn
	Orbital ATK
	

	
	Roy
	Redmond
	Hexcel
	

	
	Vicente
	Reyes
	Albany Engineered Composites
	

	
	Justin
	Riebesel
	Element Materials Technology
	

	
	Jeffrey

	Rossi

	Westmoreland Mechanical Testing & Research, Inc.
	

	
	James

	Rossi

	Westmoreland Mechanical Testing & Research, Inc.
	

	*
	Steve
	Schrameyer
	Cytec Engineered Materials
	

	
	Dave
	Scott
	Reinhold
	

	
	Kevin
	Snyder
	Composites Horizons LLC
	

	*
	Hovhannes
	Soukiassian
	Element Los Angeles
	

	
	Howard
	Spader
	Instron
	

	
	Rhonda
	Sutter
	Composiflex, Inc.
	

	*
	Nancy E
	Vancil
	Toray Carbon Fibers America, Inc.
	

	
	Jeff
	Viney
	Cincinnati Testing Laboratories
	

	
	Jim
	Warden
	LGAI Technological Center S.A.
	

	
	Jim
	Weishampel
	DuPont
	

	
	Keith
	Young
	Reinhold Industries Inc
	


PRI Staff Present 
	John
	Tibma



Reviewed Safety Information Reviewed 
Reviewed Code of Ethics (Ref: Attendees’ Guide) and Meeting Conduct
Presented the Antitrust Video (only @ the first open and first closed meeting of the week for each Task Group)
Reviewed Membership Status
Approval of Previous Meeting Minutes– 
Andreas Mastorakis is listed as working for Honeywell, but he actually works for GE Aviation. Keith Panuska’s last name is misspelled.
Motion made to approve the minutes from June 2015 with the previously mentioned corrections. Motion Passed.
Reviewed Agenda
Staff Report   – OPEN


Recent Activities
Auditor Status
Audit Statistical Summary
Auditors Conference Report Out
Future Meeting Information
ACTION ITEM: PRI to correct NMMM Top NCR data in Staff Report before posting to eAuditNet. (Due Date: 31-Oct-2016)
ASTM E1012 Annex A2 Grip Alignment Compensation Limits  – OPEN


NMMT RAIL Item 71 Report Out
Natalia Becerra from Exova gave a presentation of the work done to date for this topic.  The issue is that the ASTM E1012 allows correction factors for issues with the alignment bar and does not mention a maximum error/correction factor due to the bar being non-linear or bent.  The Task Group would want a limit on the Alignment Bar and how much bending it contributes to the error of the alignment.  Other issues are operator experience and consistency when positioning the alignment bar and machining quality of the bar.  The alignment bar, when should it be replaced, would also need to be addressed.

The Sub-Team then tested a good alignment bar and one with a known defect.  Therefore, the data for the good bar was not corrected, and the data for the bad bar was corrected with Annex 1 and Annex 2 correction factor.

So the proposal is to set a 5% limit for the variation of Percentage Bending (%PB) after applying corrections.

Faulty Strain Gage installation is a very minor contribution to the overall error of the alignment bar.  Operator alignment is a much greater affect, and the Strain Gage Alignment would be much less than this, and no matter where the error is located, it is being proposed that it contribute a maximum of 5% from the alignment bar.

Next Steps as suggested by Lance Loeks. Determine the max bending allowed tolerance for contribution of the alignment bar. Train our auditors on how to use correction factors.
What is the procedure or process that the alignment bar is no longer valid for proper use?  We need a path forward on how to determine this issue (12 identifiable issues when the operator loads the alignment coupon).  Load Train alignment contribution to bending within the test specimen is needed to be minimize and documented.

ACTION ITEM: All Subscribing Voting Members to go back to their companies and review the proposal by the Sub-Team for acceptability for their test data and allowable alignment bar error allowed. (Due Date: 16-Jan-2016)
AC7122-I “Fabrication Codes” to Provide Visibility to Specimen Manufacturing – OPEN


NMMT RAIL Item 72 Report Out
Motion made by John Key and seconded by Keith Panuska to incorporate the Fabrication Codes as presented within the power point presentation above. Motion Passed. 23 Voting Members voted Yea, 0 Voting Members voted Nea, and 1 Voting Member voted to Waive.
ACTION ITEM: Implement AC7122-I fabrication codes per presentation 4.0 (Due Date: 31-Dec-2015)
NMMT Interlaboratory Proficiency Testing Final Report – OPEN


Discussion of 2015 Interlaboratory Proficiency Test (IPT) Results and Statistical Analysis
Open Discussion – OPEN

 	
Topic 1
AC 7124/5 Ballot Comment Resolution presented by John Tibma and documented within eAuditNet.
ACTION ITEM: PRI to incorporate AC7124/5 revisions as discussed in comment resolution. (Due Date: 31-Oct-2015)
Topic 2
Jay Bernd from Toray Composites is concerned that AC 7118 are being flowed into AC 7122 and AC 7124 audits. How should this be communicated and should it be incorporated into AC 7124 and AC 7122?  (For example twisting and zip ties for specimen prepreg handling)
The requirements should be listed within the Checklist and should not be assumed from AC 7118.
ACTION ITEM: Subteam, Elliott Schulte (lead), John Key, Tara Campbell, Jay Bernd, Nancy Vancil, Steve Schrameyer, Luis Guelbenzu, to review material storage and handling requirements from AC7118 and determine which need to be added to AC7124, AC7122-I,P,R.  Report out at February 2016 meeting. (Due Date: 28-Feb-2016)
Topic 3

When a Process Control Document states a requirement that is a value that has a tolerance and from an engineering definition, should it be calibrated?  Yes it should be calibrated for this situation, and if it is used for product acceptance.  (Opinion given by GE Aviation, Pratt and Whitney, and Boeing)

Topic 4

	Task Group Dinner

Time: 7:00 pm on October 21, 2015 at the Church Brew Works, 3525 Liberty Ave, Pittsburgh, PA 15201. http://www.churchbrew.com

Meeting Close Out – OPEN
New Voting Member Review and Acceptance
· Ron Kramer – General Dynamics/Gulfstream  Subscriber VM 
· Randy Armstrong – Raytheon Space & Airborne Systems Subscriber VM (Pending Subscription Verification)
· Mario Simard – Bombardier  Alternate Subscriber Voting Member
· Jay Berndt – Toray Composites (America), Inc. Alternate Supplier VM NMMT
Review Action Items
Agenda Topics for the February  2016 meeting in Madrid
· Final IPT Report Out
· Per Rail
Final Comments
Motion to Close
ADJOURNMENT – 21-Oct-2015 – Meeting was adjourned at 4:00 p.m.
Minutes Prepared by: Monica Alcala monica.alcala@honeywell.com




	
***** For PRI Staff use only: ******

Are procedural/form changes required based on changes/actions approved during this meeting? (select one)

YES*  ☐   NO  ☒

*If yes, the following information is required:

	Documents requiring revision:
	Who is responsible:
	Due date:
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Staff Report
NMMM/NMMT (AC7124/AC7122) Staff Report
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John Tibma
Staff Engineer
COMP/NMMT/NMMM

21 October 2015






NMMM/NMMT (AC7124/AC7122) Staff Report

Recent Activities
NMMM Subscriber Members
e Airbus Group
— AIRBUS - R
e BAE Systems — Military Air Solutions - |
e The Boeing Company —R
* GE Aviation—R
* SAFRAN Group —|

e UTAS
— Goodrich—R
— Pratt & Whitney
— Sikorsky

R = accreditation required by prime — letter sent to suppliers;
| = Intends to Mandate





NMMM/NMMT (AC7124/AC7122) Staff Report

Recent Activities
NMMT Mandating

Subscriber Members

e Airbus Group
— AIRBUS -R
e The Boeing Company —R
* GE Aviation—R
e Honeywell-R
* Latecoere—R
* Textron Inc.

— Cessna—R

e UTAS
— Goodrich—R

R = accreditation required by prime — letter sent to suppliers





NMMM/NMMT (AC7124/AC7122) Staff Report

NMMM Recent Activities

e John Tibma Staff Engineer, currently

supporting 100% of NMMM audit review in a
Delegated mode.

e Steve Hayzlett has completed auditor training

e New Commodity Service Representative
— Carol Martin






NMMM/NMMT (AC7124/AC7122) Staff Report

NMMT Recent Activities

* John Tibma Staff Engineer, currently

supporting 90% of NMMT audit review in a
Delegated mode.

e Betty Kocsis Consultant Reviewer, currently
supporting 10% of NMMT audit review in a
non-Delegated mode.

e Betty Kocsis completed audit review training





NMMM/NMMT (AC7124/AC7122) Staff Report

NMMM Auditor Status

e Harry Coffee e Paul Poropatic
— Auditor — Lead Auditor
— Americas Sector — Americas Sector
— AC7122-R — AC7122-R
e Steve Hayzlett e Jeff Reese
— Auditor — Auditor
— Americas Sector — Americas Sector

— AC7122-R — AC7122-R






NMMM/NMMT (AC7124/AC7122) Staff Report

NMMT Auditor Status

e Harry Coffee e Betty Kocsis
— Lead Auditor — Auditor
— Americas Sector — Americas Sector
— AC7122-P, I, R — AC7122-1

e Stephen Hayzlett e Paul Poropatic
— Auditor — Lead Auditor
— Americas Sector — Americas Sector
— AC7122-PI,R — AC7122-P I, R

e David Kennedy
— Lead Auditor

— Americas Sector
— AC7122-P, I, R






NMMM/NMMT (AC7124/AC7122) Staff Report

NMMM Audit Projections

e 2015 Audit Projections

— 16 (8 — Americas, 5 — Europe, 3 - Asia)

e 27 Total
— 12 Americas, 11 Europe, 4 Asia

* 169% of plan

Data as of 23 September 2015






NMMM/NMMT (AC7124/AC7122) Staff Report

Nadcap Management Council Statistics — On Time Certs

Commodity Sector
| | Current Goal
NMMM n - ALL n Status
2015 Sep
On Time Reaccreds >= 98% On Y On Time Reaccreds < 98% and >= On Time Reaccreds < 88% On
Time (3 Mo Rolling Avg) 88% On Time (3 Mo Rolling Avg) Time (3 Mo Rolling Avg)

On-Time Certifications
YTD % On-Time
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NMMM/NMMT (AC7124/AC7122) Staff Report

Nadcap Management Council Statistics — Merit

Commodity Sector

YA ﬂdbﬂb | NMMM - R, [+ ] curen ol

2015 Sep

Suppliers Attaining Merit ==80% of Y Suppliers Attaining Merit <80% and Suppliers Attaining Merit <70% of
those Eligible for the Month ==70% of those Eligible for the those Eligible for the Month
Maonth

Supplier Merit Status
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53% + 390
529 4
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50% +
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499,
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10
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NMMM/NMMT (AC7124/AC7122) Staff Report

Nadcap Management Council Statistics — Cycle Time

Commodity Audit Type

= ;‘ | NMMM [~ ] | INIT + REACCRED [+ ]
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®
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NMMM/NMMT (AC7124/AC7122) Staff Report

NMMT Audit Projections

e 2015 Audit Projections

— 31 (11 — Americas, 12 — Europe, 8 — Asia)

e 33 Total
— 11 Americas, 14 Europe, 8 Asia

* 106% of plan

Data as of 23 September, 2015






NMMM/NMMT (AC7124/AC7122) Staff Report

Nadcap Management Council Statistics — On Time Certs

Commodity Sector

" Current Goal
a | NMMT B B e
2015 Sep
On Time Reaccreds >= 98% On Y On Time Reaccreds < 98% and >= On Time Reaccreds < 88% On
Time (3 Mo Rolling Avg) 88% On Time (3 Mo Rolling Avg) Time (3 Mo Rolling Avg)

On-Time Certifications
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NMMM/NMMT (AC7124/AC7122) Staff Report

Nadcap Management Council Statistics — Merit

Commodity Sector
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NMMM/NMMT (AC7124/AC7122) Staff Report

Nadcap Management Council Statistics — Cycle Time

Commodity Audit Type

[ NMMT - INIT + REACCRED .
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NMMM/NMMT (AC7124/AC7122) Staff Report

NMMM Top Paragraphs Overall

 The following chart shows the top paragraphs
that are referenced in an NCR.






NMMM/NMMT (AC7124/AC7122) Staff Report

Top NCRs Comparison AC7124 (all checklists)2013-2014

5
W 2014 W 2013 4
AC7/124 Top
Questions
4

3

AC7124 | ACT7124 ACT124/1AC7124/1ACT124/1ACT124/1ACT124/1ACT124/1ACT124/1ACT124/3ACT124/1ACT124/1 ACT124 ACT124/1AC7124/2ACT124/2ACT124/3
Checklist/Paragraph Number

Number of Occurrences

3a1.2.9
4a.2.11
4a.2.6
4b.2.6
5211
4a.4.3
4a.2.9
4b.2.9
4b.3.6
3a.2.3
7.2.14
4a.2.2






NMMM/NMMT (AC7124/AC7122) Staff Report

2012/2014 Top Questions

AC7124 Rev A 3.3.1 For re-accreditation audits, was corrective action from
previous audits implemented and sustained? 2 occurrences

AC7124 Rev A4.7.1 Are documented procedures established to control the

software (including firmware) used in the automated design, inspection, test or
manufacture of products? 2 occurrences

AC7124/1 3a.1.2.9 Is material stored in accordance with supplier work

instruction / procedure? 2 occurrences

AC7124/1 4a.2.11 Is the accuracy/precision of the equipment used
suitable for the intended purpose? 2 occurrences





NMMM/NMMT (AC7124/AC7122) Staff Report

2012/2014 Top Questions (cont.)

AC7124/1 4a.2.6 Are preparatory operations in compliance with procedures?
(i.e. raw material preheating, drying, grinding, milling, ..., etc) 2/2 occurrences

AC7124/1 4b.2.6 Are preparatory operations in compliance with procedures?
(i.e. raw material preheating, drying, grinding, milling, ..., etc) 2 occurrences

AC7124/1 5.2.11 For shelf life sensitive materials, is the oldest lot used to define
the shelf life of the blend? 2 occurrences






NMMM/NMMT (AC7124/AC7122) Staff Report

2012/2014 Top Questions (cont.)

AC7124/1 5.2.2 Isthe operator working to the latest approved revision of the

work instruction? 2 occurrences

AC7124/1 5.2.5 Is blending performed in accordance with the work
instructions? 2 occurrences

AC7124/3 4a.4.3 Are process control parameters monitored and controlled
within the tolerances specified in the PCD/ Work Instruction? 2 occurrences






NMMM/NMMT (AC7124/AC7122) Staff Report

2012/2014 Top Questions (cont.)

AC7124/1 4a/b.2.9 Is calibrated equipment used to monitor controlled process
parameters specified in the PCD / work instructions? 2 occurrences

AC7124 4.7.2 Is there a documented procedure requiring process changes to be
coordinated with the customer? 2 occurrences

AC7124/1 4b.3.6 Are operators following mixing procedures? 2 occurrences






NMMM/NMMT (AC7124/AC7122) Staff Report

2012/2014 Top Questions (cont.)

AC7124/2 3a.2.3 Have in-house receiving inspection tests been
performed per the specifications? 2 occurrences

AC7124/2 7.2.14 Is equipment used to monitor PCD/Work Instructions
controlled process parameters calibrated? 2 occurrences

AC7124/3 4a.2.2 |s equipment used to monitor PCD/Work Instructions
controlled process parameters calibrated? 2 occurrences






NMMM/NMMT (AC7124/AC7122) Staff Report

AC7122 Audit Data

 The following slides outline NCR data.
— Top Overall AC7122-1 Paragraphs






NMMM/NMMT (AC7124/AC7122) Staff Report

Top NCRs AC7122-|

m 2014
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NMMM/NMMT (AC7124/AC7122) Staff Report

2014 Top Questions

26.7.2.1 Isthe alignment check procedure compliant with ASTM E 1012,
Appendix A or customer requirements? 7 occurrences

29.3.5 Are verification/calibration logs (or outside certification documents)
maintained for all chemical/thermal/analytical equipment? 4 occurrences

3.2 Are written procedures or computer programs, under revision control and
(as applicable) software quality assurance control, issued and followed for all
applicable tests? 4 occurrences

26.7.2.13 Are there records indicating that the alignment specimen
dimensions were inspected and are in accordance with the drawing in Appes
A or ASTM E1012 or as specified by the customer? 3 occurrences





NMMM/NMMT (AC7124/AC7122) Staff Report

2014 Top Questions (cont.)

29.3.2 Is all analytical testing equipment which is used at least once per week
verified monthly? 3 occurrences

26.14.13 Is there a temperature profile of the press platen or autoclave and is it
checked annually? 2 occurrences

26.4.3 Are chemicals and adhesives used for strain gauging properly identified
and stored? 2 occurrences

26.5.3 Are deflectometer class C (ASTM E83), class 1 (ISO 9513) or better used,
unless otherwise specified by the test specification? 2 occurrences

26.7.2.9 Is test temperature reported? 2 occurrences





NMMM/NMMT (AC7124/AC7122) Staff Report

2014 Top Questions (cont.)

3.1 Do controlled, written procedures/instructions exist for the
following:

a. Issue of documents

b. Subcontracting

c. Procurement activities

d. Calibration of test facilities and equipment

e. Records of job orders and follow-up of samples

f. Detailed testing methods

g. Transmission of results

h. Records of results

i. Record retention

j. Validation and security of electronic data storage, transfer, analysis,

and presentation systems and software

k. Disposition of samples (e.g., retain, return to customer)?

2 occurrences






NMMM/NMMT (AC7124/AC7122) Staff Report

2014 Top Questions (cont.)

29.3.1 Is all analytical testing equipment which is used less frequently
than weekly verified prior to use? 2 occurrences

3.4 Do test procedures include specimen preparation, and are they
sufficiently detailed so that the test can be consistently repeated in
that laboratory? 2 occurrences






NMMM/NMMT (AC7124/AC7122) Staff Report

2015 Auditors Conference

 Nadcap Subscriber Accreditation Audits

e Standard Opening & Closing Presentations
Review

e Job Audit Order of Precedence and non-
Nadcap Jobs

* NCR Writing
e Audit Failure Process
e AMS2750/1 Status Update






NMMM/NMMT (AC7124/AC7122) Staff Report

2015 Auditors Conference

e Audit Best Practices
e Voided NCR Review
e Auditing Strain Gage Application

e AC7122-P Maximum Job Audit Number
e Calibration Traceability & NIST

e Testing Labs & Housekeeping

e Grip Alignment Update






NMMM/NMMT (AC7124/AC7122) Staff Report

Future Meeting Information

e Madrid, Spain — 22-26 February, 2016
— NH Eurobuilding

e Llondon, UK —20-24 June, 2016
e Pittsburgh, PA, USA — October, 2016
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Grip Alignment


Grip Alignment
Nadcap NMMT RAIL Item 71 — Guidance for
Alignment Verification

Note: ITAR/Export Controlled material is prohibited from
presentations.
It's the responsibility of the presenter to ensure compliance.






!on!en!

e Subteam NMMT RAIL Item 71 Scope
e Scope and proposal presented in Montreal

e Process clarification — How do the industry apply
correction factors

e Determination of excessive bending or damage for
the alignment sample

* Next steps






Team

 Natalia Becerra, Exova (Lead)
e John Tibma, PRI
e Pedro Astola, Titania

 Howard Spader, Instron
 Gary Dahlberg and Hugh Casper, MTS
* Lance Loeks, Boeing

e James Cobb, Honeywell
e Stefan Thiel, bk-werkstofftechnik





Scope
e Review the current status on the use of ASTM
E1012-14, Annex 1 and 2 Correction Factors

 Define approach to stablish best practice
criteria on the use of Correction Factors and

limits
 Generate proposal for guidance






“ac groun

Current Nadcap requirements:

AC7122-1 Rev B, Appendix A- Alignment: The alignment shall
be performed in accordance with ASTM E1012, Appendix A
or customer requirements.

— Best practice — ASTM 3039 (3%-5%)
ASTM E1012 allow for Correction Factors

AC7122-1 Rev B, Appendix A- Alignment — No
provision of Correction Factors

There is no consensus in the industry or specific
guidance on the application of Correction factors





ASTM E1012 Comparison

Alignment specimen types
Characteristic AC7122-1 annex A ASTM E1012-14
Cylindrical 3 gages per cross section Yes Yes
Cylindrical 4 gages per cross section Yes Yes
Flat (bone shaped and rectangular) 4 gages per cross section Yes Yes

Flat (bone shaped and rectangular) 3 gages per cross section Yes Yes

Thick rectangular 4 gages per cross section No Yes

Strain gauges identification
Characteristic AC7122-1 annex A ASTM E1012-14
Cylindrical 3 gages per cross section Same gauges identification
Cylindrical 4 gages per cross section Same gauges identification

Flat (bone shaped and rectangular) 4 gages per cross section Same gauges identification

Flat (bone shaped and rectangular) 3 gages per cross section Same gauges identification

Thick rectangular 4 gages per cross section N/A N/A

Characteristic AC7122-l annex A ASTM E1012-14
E1012 referenced. equivalent traceability.
Not mentioned Not required
6 141





ASTM E1012 Comparison

Characteristic AC7122-1 annex A ASTM E1012-14

LRGN (R T A BT RS I [ i Four steps: 02 - 1802 -  Three steps: 02 - 18092 - 3602
3602 - inverted — inverted optional

Step sequence for Cylindrical specimens Three steps: 02 - 1802 - 3602
— inverted optional

Load applicati Pl d load, th int
minimum
Calculations

Characteristic AC7122-1 annex A ASTM E1012-14
Exactly the same
Exactly the same
Exactly the same
Not equivalents

Alignment specimen corrections

Characteristic AC7122-1 annex A ASTM E1012-14

Imperfect alignment transducer correction Not stated Optional, based on annex Al

Calculation of testing machine and alignment transducer
contributions

Two steps: 02 - inverted

Not stated Optional, based on annex A2






use of correction factors

a. VAMAS Report n2 42

Scope: Tension, Compression and Tension-Compression
Correction at 0 load (Type annex A1): Not stated
Test machine component evaluation (Type annex A2): Stated in paragraph 6

b. 1S0 23788: 2012 — Metallic Materials- Verification of alignment of fatigue
testing Machines

Scope: Fatigue and static testing machines
Corrections:

Correction at 0 load (Type annex A1): Embedded in %PB calculations
Test machine component evaluation (Type annex A2): Similar calculatig
ASTM E1012 for cylindrical specimens (annex E)
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a. Operator experience and consistency when positioning
alignment specimen.

b. Transducer machining

Quality of machining of alignment transducers is critical. (ASTM E1012 para. 7.3)

Dynamic testing: alignment transducers conforming to test specimens shown in
Test Methods E606 are apropiarte. (ASTM E1012 para. 7.4)
Static testing: alignment transducers conforming to test specimens shown in Test
Methods E8 are appropriate (ASTM E1012 para. 7.4)
Tolerances can be met by careful machining.
...B—-] i_ " — 1i-—a—:t_r
—-J-———--—————w—-—-——-—-%c——H—-
Pl[jl.esggri’.f_‘] Wide Shfgt;:p;'.]\cz\fisé: " [0.25(63 in] Wide
mm [in.] mm [in.] mm [in.]
G—Gauge length (Mote 1 and Mote 2) 2000 £ 0.2 500 = 0.1 25001
[8.00 + 0.01] [2.000 + 0.005] [1.000 + 0.003]
W—Width (Mote 3 and Note 4) 40.0 = 2.0 125+ 02 60 =+01
) [1.500 + 0.125, -0.250] [0.500 = 0.010] [0.250 + 0.005)
o1 . i (ot © 2511 e o b l0250]
L—Overall length, min (Note 2, Note 7, and Note 8) 450 [18] 200 [8] 100 [4]
A—Length of reduced section, min 225 [9] 57 [2.25)] 32 [1.25)
B—Length of grip section, min (Note 9) 75 [3] 50 [2] 30 [1.25]
C—Width of grip section, approximate (Note 4 and Note 9) 50 [2] 20 [0.750] 10 [0.375]

ASTM E813-A FIG.1






c) Transducer instrumentation

* Placement of the strain gauges to the transducer is critical

e Manual process, has to be performed very carefully.

e Recommended maximum deviations (VAMAS Report 42, and I1SO 23788):
— Position: =0.10 mm

— Orientation: =22 of the longitudinal axis of the transducer

10° Correct Faulty aligned Faulty positioneg






(Cont.1)

d) Transducer wear

 Wear of the transducer due to use for repeated alignment verifications

FLAT
SPECIMEN

CYLINDRICAL
SPECIMEN

| .; ;inl i \5‘\- :‘ v 3 i‘ i :' uttb%iﬁf" ﬂbﬁ | , 1 “ '.?l”,' TR





collated by the subgroup

Example 1 (Correct alighment specimen):

Alignment specimen: Flat rectangular, stainless steel
Channels: 12, 3 zones 4 strain gages per zone
W parameter (mm): 25,4 d parameter (mm): 5

Example 2 (faulty alighment specimen):

Alignment specimen: Flat bone, stainless steel
Channels: 8, 2 zones 4 strain gages per zone
W parameter (mm): 25 d parameter (mm): 5

12





collated by the subgroup (Titania)
ANNEX A1 AND A2 CALCULATION EXAMPLES

a. DIRECT %PB CALCULATION

Zone A B C A B C
02 %PB 3,3%% 1,6% 3,2% 4,7% N/A 4,1%
1802 %PB 3% 1,6% 3,4% 4,1% N/A 8,7%

b. %PB APPLYING ANNEX A1 CORRECTIONS

Zone A B C A B C
02 %PB 1,6% 4,0% 2,2% 0,8% N/A
1802 %PB 1,4% 3,8% 2,1% 1,5% N/A

13





collated by the subgroup (Titania)
ANNEX A1 AND A2 CALCULATION EXAMPLES

c. %PB APPLYING ANNEX A2 TEST MACHINE CONTRIBUTION
Zone A B C A B C
02 %PB 0,1% 0,1% 0,1% 0,2% N/A 2,4%
1802 %PB 0,1% 0,1% 0,1% 0,2% N/A 2,4%

d. %PB APPLYING ANNEX A1 CORRECTION AND AFTER ANNEX A2 TEST MACHINE
CONTRIBUTION

Zone A B C A B
02 %PB 0,1% 0,1% 0,1% 1,2% N/A
1802 %PB 0,1% 0,1% 0,1% 1,1% N/A

14





Objective : Establish a limit for the application of correction factors
for Alignment verification

Proposal: Set a 5% limit for the variation of Percentage Bending
(%PB) after applying corrections.
Example 1:

 Direct %PB calculation for a given area: 6,3% (class 8)
e  %PB after applying corrections (annexes 1, 2 or both): 3,2% (class 5)
* 6,3%-3,2% = 3,1% lower than 5% limit = corrections VALID

Example 2:

 Direct %PB calculation for a given area: 8,7% (class 10)

e  %PB after applying corrections (annexes 1, 2 or both): 2,4% (class 5)
e 8,7%-2,4% = 6,3% higher than 5% limit = corrections NOT VALID

15
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Feed back proposal
— Alignment verification suppliers
— Primes

Process clarification — How do the industry apply
correction factors. Input from alignment providers.

Determination of excessive bending or damage for
the alignment sample

Next steps
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AC7122-1 - Increase Specimen Fabrication Visibility

The Team

Natalia Becerra — Exova
Evelyn Jacobson — Pratt & Whitney

Javier Garcia-Baeza — Airbus

Luis Guelbenzu — Applus Laboratories

Pedro Astola Gonzalez — Titania

Monica Alcala — Honeywell Aerospace

Svitlana Rosen — GMA-Werkstoffprufung GMBH
Bernd Zahab — GMA-Werkstoffprifung GMBH
Frank Heinrich — IMA-Dresden






AC7122-1 - Increase Specimen Fabrication Visibility

Action Item from February 2015 Nadcap Meeting

e Investigate the implementation of “Fabrication Codes” for
AC7122-I to give visibility to Independent Laboratories
who perform specimen fabrication.






AC7122-1 - Increase Specimen Fabrication Visibility

The Final Results

During the Montreal Nadcap meeting, the two proposals
were discussed thoroughly, and a compromised proposal
was brought forward to the Task Group. This modified
approach was then discussed and agreed to in principal
during the meeting pending a revision to what was in the
original presentation.

With this in mind and the notes taken from the meeting
minutes, the modified Proposal B was created for review
and discussion.

It was agreed that keeping a similar tabular format as
found in the test code slash sheets would keep a
harmonious approach throughout the AC7122.






AC7122-1 - Increase Specimen Fabrication Visibility

The Proposal to Finalize and Vote On

Modified Proposal B

Test Specimen Manufacturing Process Code Table

Process Code Process Code Process Identification Appl|cablfa Checklist
Requested Section(s)
26.11.1/26.11.2/26.11.3/
[] 1.1.1 Panel Fabrication 26.11.3.1/26.11.3.2/

26.11.4/26.11.5
26.11.2/26.12/26.14/
26.16

|:| 1.3.1 Specimen Machining 26.13/26.15

[] 1.2.1 Specimen Fabrication






AC7122-1 - Increase Specimen Fabrication Visibility

Any Questions?

H
QUESTIONS
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AC7122 2015 Inter-laboratory Proficiency Testing

Introduction

Fifth Nadcap Inter-laboratory Proficiency Testing (IPT)
34 participating labs from around the world

B S N T TP

Tensile Strength / Modulus ASTM D3039 Toray

Compression Strength ASTM D695 (mod) Toray 29
Lap Shear ASTM D1002 Cytec 24
Tg by DMA ASTM D7028 Toray/NIAR 15

Toray Composites Material USA (Seattle, WA)
— Unitape carbon/epoxy prepreg

Cytec Engineered Materials Inc (Havre de Grace, MD)
— FM300 with carbon/epoxy adherends






AC7122 2015 Inter-laboratory Proficiency Testing

Test Lab Participation

e 34 Total
— 23 Independent Test Labs
— 9 Raw Material Supplier Captive Labs
— 2 Part Manufacturer Captive Labs
* Objective
— Evaluate the testing equivalency of all laboratories
for the test methods selected

— Results will be used to determine lab testing
equivalency and root cause and corrective actions
for all labs whose testing fell outside preset limit






AC7122 2015 Inter-laboratory Proficiency Testing

General Remarks

Tensile Strength / Modulus

— None

Compression Strength

— Some labs unfamiliar with “modified” ASTM D695

Lap Shear
— Uncertainty surrounding fixture, absence of tabs
Tg by DMA

— Calibration support beams, calibrant sources






AC7122 2015 Inter-laboratory Proficiency Testing

Summary of Statistical Comparison of Means - INITIAL

Z-value
Lab Tensile Tensile Compression | Lap Shear DMA DMA
ID Strength Modulus Strength Strength Storage tanA
[ A 1 E - :
2 E E E E 0.48 0.75
3 E E E E 0.23 0.55
4 E E E 2L -0.50 -0.63
5 E E E - 0.05 0.05
6 - - - E - -
7 E 2H E 2L 0.05 0.28
8 E E | fFey | - -028 | -0.25
9 E 1L E E 0.01 0.27
10 E E - -
11 E | Fy | E E 159 | o0.67
12 - - E E - -
13 E 2H E E 0.31 0.63
14 E N -
15 E E 2H E -1.45 -0.41
17 E E E -0.35 -0.73
18 3L E - - -
19 E E E - -
20 E E - - -
21 -/- -/- /- -/- /-
22 E E - - -
23 2L E 1L -0.17 -0.88
24 E 1L E
25 E E - - -
26 E 2L E - -
27 - - E - -
28 E 1L 1L - -
29 E E E - -
30 E E - - -
31 E 2L 1L - -
32 E E E - -
33 E E E - -
34 E E - - -
35 E E 1L 0.46 0.99

Z=(X-u)/o

E = Labs are statistically equivalent (one way ANOVA, p=0.05)

H = Lab results are statistically higher than the equivalent labs

L = Lab results are statistically lower than the equivalent labs
1,20r3=LlabisOto 1,1to 2, or2to 3 sigma from population mean, respectively
F = Lab results are statiscially different and failed specification requirements

* = Lab results are statistical outliers to lab population






AC7122 2015 Inter-laboratory Proficiency Testing

Summary of Statistical Comparison of Means — After RCCA

Z-value
Lab Tensile Tensile Compression | Lap Shear DMA DMA
ID Strength Modulus Strength Strength Storage tanA
1 E E 1L E - -
2 E E E E 0.40 0.76
3 E E E E 0.09 0.50
4 E E E 2L -0.82 -1.06
5 E E E - -0.13 -0.16
6 - - - E - -
7 E 2H E 2L -0.13 0.14
8 E E | FEY | - 054 | -0.56
9 E 1L E E -0.18 0.13
10 E E - - -0.37 -0.11
11 E E E E 1.77 0.66
12 - - E E - -
13 E E E 0.19 0.61
14 E E E -
15 E 2H E -1.99 -0.77
17 E E E -0.63 -1.19
18 3L E - - -
19 E E E - -
20 E E - - -
21 - - - - -
22 E E - - -
23 2L E 1L -0.40 -1.39
24 E 1L E - -
25 E E - - -
26 E 2L - -
27 - - - -
28 E 1L 1L - -
29 E E E - -
30 E E - - -
31 E 2L 1L - -
32 E E - -
33 E E - -
34 E E - - -
35 E E 1L 0.42 1.20

Z=(X-u)/o

E = Labs are statistically equivalent (one way ANOVA, p=0.05)

H = Lab results are statistically higher than the equivalent labs

L = Lab results are statistically lower than the equivalent labs
1,20r3=LlabisOto 1,1to 2, or2to 3 sigma from population mean, respectively
F = Lab results are statiscially different and failed specification requirements

* = Lab results are statistical outliers to lab population






AC7122 2015 Inter-laboratory Proficiency Testing

Root Cause Corrective Action

NCR ~“RCCA~
ID

1 Tensile Strength Gripping pressure too high

8 Compression Strength  *Test fixture worn, buckling failure mode possible
10 DMA -Tg Insufficient drying, machine calibration issue

11 Tensile Modulus Unreliable extensometer (contamination)

14  Compression Strength Failed to use anti-buckling fixture

16 DMA -Tg *Insufficient drying

28 Tensile Modulus Unreliable extensometer (“quick attach”)
34 Tensile Modulus *Pending

35 Tensile Strength Pending

*Indicates retests not completed






AC7122 2015 Inter-laboratory Proficiency Testing

Tensile Strength Testing - Discussion

« ASTM D3039 or an EN equivalent method with tabbed unitape specimens
* Normalized using nominal thickness = .0422 in oxoiotof 75 avanorm
* Qutlier Labs excluded from ANOVA analysis
— Grubbs’ test a=0.05
« Outlier: Lab 1 (test statistic 3.85, P-value 0.02) £ 500
— Boxplot 1.5*Inter-Quartile Range
e Outlier: Lab 1, 18, & 23 o : iz
« All labs met minimum individual (330 ksi) C1

Lab 1 did not meet minimum average (365 ksi)

Tensile Strength - normalized to .0422 inch
Lab- 2 3 4 5 7 8 9 10 | 11 | 13 | 14 | 15| 16 | 17 | 18 | 19 | 20 | 22 | 23 | 24 | 25 | 26 | 28 | 29 [ 30 | 31 | 32 | 33 | 34
352 [ 418 | 417 | 388 | 404 | 392 [ 394 | 408 | 409 | 396 | 391 | 418 | 422 | 384 | 393 | 378 | 386 | 412 | 405 | 393 | 391 | 417 | 393 | 396 | 407 | 394 | 411 | 411 | 391 | 401
375 | 406 | 409 | 417 | 398 | 409 | 424 | 407 | 402 | 406 | 408 | 406 | 406 | 392 | 400 | 392 | 420 | 377 | 407 | 345 | 389 | 391 | 425 | 386 | 404 | 403 | 409 | 406 | 395 | 386
369 | 385 | 402 | 416 | 374 | 394 | 404 | 404 | 400 | 385 | 391 | 394 | 399 | 359 | 401 | 367 | 404 | 390 | 402 | 374 | 414 | 406 | 416 | 413 | 379 | 396 | 382 | 398 | 393 | 393
359 | 388 | 415 | 365 | 400 | 403 | 400 | 385 | 382 | 393 | 382 | 387 | 417 | 419 | 412 | 362 | 408 | 378 | 420 | 368 | 409 | 399 | 380 | 397 | 385 | 402 | 400 | 394 | 402 | 391
352 | 405 | 410 | 404 | 410 | 402 | 408 | 419 | 369 | 401 | 392 | 383 | 413 | 375 | 395 | 359 | 388 | 370 | 411 | 390 | 406 | 397 | 409 | 388 | 404 | 399 | 387 | 403 | 384 | 394

Avg| 361 | 401 | 410 | 398 | 397 | 400 | 406 | 404 | 393 | 396 | 393 | 398 | 411 | 386
t Dev| 10.2 | 13.8|5.86|21.8|13.7|6.94|11.2]|12.2| 16.6|8.04|9.48| 14.4|9.27 | 22.2






AC7122 2015 Inter-laboratory Proficiency Testing

Tensile Strength @ Room Temperature
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Lab ID

*Statistics calculated after removing Lab 1, 18, 23 results





AC7122 2015 Inter-laboratory Proficiency Testing
Tensile Strength Testing - ANOVA

One-way ANOVA: TS_norm versus Lab ID .
Normalized
Source DF S5 MS F ‘s
Lab ID 26 5433 205% 1.36 (0.137
Error 108 1e540 153
Total 134 21572
5 = 12.38 R-8g = 24.73% R-S8gfadj) = 6.60%
Individual 95% CIs For Mean Based on Pooled StDev *L b
ILevel N M=an StDev - Fm——————— - - a S 1 18 23
2 5 400.53 13.82 (—————— W I} 1 ]
3 5 410.49 5.88& (—————— W ) -
R e were not equivalent
5 5 357.35 13.74 (—————— Wo————— ) —_—
7 5 399%.852 6.94
8 5 405.80 11.23
] 5 404.45 12.23
10 5 3%2.6e1 16.57
11 5 3%6.07 8.04
13 5 3%2.58 5.48
14 5 39%7.51 14.38
15 5 411.4¢ 5.27
16 5 385.81 22.22
17 5 400.32 7.34
15 5 401.15 14.15
20 5 385.26 1&.78
22 5 408.50 7.03
24 5 401.€2 11.02
25 5 402.11 5.54
26 5 404.80 18.06
28 5 39%6.17 10.45
25 5 3%6.04 13.02
30 5 3%8.80 3.66
31 5 3%7.70 12.957
32 5 402.51 6.62
33 5 3%2.80 6.51
34 5 35%2.857 5.28
FPooled StDev = 12.328






AC7122 2015 Inter-laboratory Proficiency Testing

Tensile Strength Testing - Conclusions

« All labs met the minimum individual strength requirement (330 ksi)

 Lab 1 did not meet the minimum average strength requirement (365
ksi)
— Required to perform Root Cause Corrective Action
« Labs 1,18, & 23 did not show equivalency based on the ANOVA
analysis
— Lower test results than other labs
— Recommended these labs investigate for any possible root cause

*  Minimum Average = 365 ksi mm

— 2015 IPT: 1 of 31 labs failed 2015 [PT 396
— 2013 IPT: 5 of 22 labs failed Less Outlier 397 15
Equivalent Labs 399 13

« Equivalency
— 2015 IPT: 3 of 31 labs failed (normalized)
— 2013 IPT: 6 of 22 labs failed (normalized)
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AC7122 2015 Inter-laboratory Proficiency Testing

Tensile Strength Testing — Discussion (RCCA)

« ASTM D3039 or an EN equivalent method with tabbed unitape specimens
* Normalized using nominal thickness = .0422 in

* Lab 1 root cause corrective action produced ‘equivalent’ results
— Grip pressure too high

e Lab 35 data added to analysis, RCCA pending

Tensile Strength - normalized to .0422 inch

Lab| 1R 2 3 4 5 7 8 9 10 | 11 13 14 | 15 16 17 18 19 | 20 | 22 | 23 | 24 | 25 | 26 | 28 | 29 | 30 | 31 | 32 | 33 | 34 35
390 | 418 | 417 | 388 | 404 | 392 | 394 | 408 | 409 | 396 | 391 | 418 | 422 | 384 | 393 | 378 | 386 | 412 | 405 | 393 | 391 | 417 | 393 | 396 | 407 | 394 | 411 | 411 | 391 | 401 | 424
395 | 406 | 409 | 417 | 398 | 409 | 424 | 407 | 402 | 406 | 408 | 406 | 406 | 392 | 400 | 392 | 420 | 377 | 407 | 345 | 389 | 391 | 425 | 386 | 404 | 403 | 409 | 406 | 395 | 386 | 381
395|385 | 402 | 416 | 374 | 394 | 404 | 404 | 400 | 385 | 391 | 394 | 399 | 359 | 401 [ 367 | 404 | 390 | 402 | 374 | 414 | 406 | 416 | 413 | 379 | 396 | 382 | 398 | 393 | 393 | 405
424 | 388 | 415 | 365 | 400 | 403 | 400 | 385 | 382 | 393 | 382 | 387 | 417 | 419 | 412 | 362 | 408 | 378 | 420 | 368 [ 409 | 399 | 380 | 397 | 385 | 402 | 400 | 394 | 402 | 391 | 411
390 | 405 | 410 | 404 | 410 | 402 | 408 | 419 | 369 | 401 | 392 | 383 | 413 | 375 | 395 | 359 | 388 | 370 | 411 | 390 | 406 | 397 | 409 | 388 | 404 [ 399 | 387 | 403 | 384 | 394 -
Avg| 399 | 401 | 410 | 398 | 397 | 400 | 406 | 404 | 393 | 396 | 393 | 398 | 411 | 386 | 400 | 372 | 401 | 385 | 409 | 374 | 402 | 402 | 405 | 396 | 396 | 399 | 398 | 403 | 393 | 393 | 405

St Dev| 14.3| 13.8 | 5.86 | 21.8 | 13.7 | 6.94 | 11.2 | 12.2 | 16.6 | 8.04 | 9.48 | 14.4 | 9.27 | 22.2 | 7.345 | 13.4 | 14.1 | 16.8 [ 7.03 | 19.1 | 11 | 9.94|18.1|10.5| 13 [(3.66| 13 |6.62|6.51|5.28|17.82

Initial Results After RCCA

Outliers Lab 1 None
(Grubbs, a=.05)

Fail Minimum None None
Individual 330 ksi

Fail Minimum Lab 1 None
Average 365 ksi

Not Equivalent Lab 1 Lab 18
(ANOVA, p=.05) Lab 18 Lab 23
Lab 23
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Boxplot of TS_norm (RCCA)
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Tensile Strength Testing — ANOVA (RCCA)

Normalized

One-way ANOVA: TS_norm_1 versus Lab ID_1

Source DF
Lab ID 1 28
Error 113
Total 141

1
2

35
3646
5022
4668

M3
202
168

8 = 12.%7 R-5gq = 22.85%

Level N Mean
1 5 398.74
2 5 400.53
3 5 410.49
4 5 397.73
5 5 397.35

|7 5 399.92
8 5 405.80
9 5 404.45

10 5 392.61

11 5 396.28

13 5 392.58

14 5 397.51

15 5 411.46

16 5 385.81

17 5 400.32

13 5 401.15

20 5 385.26

22 5 408.30

24 5 401.82

25 5 402.11

26 5 404.80

28 3 292.98

23 5 296.04

30 5 298.80

31 5 397.70

32 5 402.51

33 5 3%2.80

34 5 3%2.37

35 4 405.19

StDewv

14.
13.
.86
21.
13.
.54
11.
1z.
16.
17.
.48
14.
.27
22.
.34
14.
16.
.03
11.
.94
18.
.25
13.
.66
1z.
.62
.51
.28
17.

28
82

81
74

23
23
37
60
38
22

15
78

0z

oe

0z

37

82

F P
1.20 J0.251

R-Sqg(adj) = 3.78%

Individual 35% CIs For Mean Based on
Pooled StDev

*Labs 18, 23 were
not equivalent
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Tensile Strength Testing — Conclusions (RCCA)

Requirement Initial After Requirement Initial Results After RCCA
Results RCCA (not normalized)

Outliers 1/31 0/31 Outliers 0/22 0/22
(Grubbs, a=.05) (Grubbs, a=.05)
Fail Minimum 0/31 0/31 Fail Minimum 1/22 1/22
Individual 330 ksi Individual 330 ksi
Fail Minimum 1/31 0/31 Fail Minimum 5/22 1/22 (not
Average 365 ksi Average 365 ksi accred.)
Not Equivalent 3/31 2/31 Not Equivalent 10/22 6/22
(ANOVA, p=.05) (ANOVA, p=.05)

15
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Tensile Modulus Testing - Discussion

« ASTM D3039 or an EN equivalent method with tabbed unitape specimens
e Chord modulus determined from 1000 to 6000 pe via strain gage or extensometer

* Normalized using nominal thickness = .0422 in 14
o Outlier Labs excluded from ANOVA analysis
— Grubbs' test, a=0.05 |
- Outlier: Lab 14 (test statistic 3.69, P-value 0.03)
— Boxplot 1.5*Inter-Quartile Range
« Outlier: Lab 14
« Labs 11,17, 24, 26, 28, & 34 did not meet minimum individual (22.0 Msi)

Labs 11, 28, and 34 did not meet minimum average (22.2 Msi)

Tensile Modulus - normalized

Lab| 1 2 3 4 5 7 8 9 10 | 11 | 13 15 | 16 | 17 | 18 | 19 | 20 | 22 | 23 | 24 | 25 | 26 | 28 | 29 [ 30 | 31 | 32 | 33 | 34
22.7123.2123.1]22.9(23.3[22.8(23.2(22.7[23.1{20.9|24.0|23.2|23.2|22.8|24.0|122.4]|23.2|22.7|23.5|23.2|23.0|22.7|21.6]20.6(22.9(22.9|23.8|23.6|22.8|21.6
22.3[23.3[23.2(23.3]23.2|24.5|23.5|/22.6|23.0/22.0|24.1]|25.0123.3]|22.6|21.5|22.8|23.6|22.9|23.5|23.2(22.2|22.8|23.6|24.7|23.0|22.9|22.4|23.4|22.6|22.7
23.2(23.5(23.1(23.2|23.4|24.3|23.0(22.7|22.4|21.7]| 23.5|27.4]|23.01 22.9]22.5|22.3|23.2|22.3|23.5|22.8(23.7|22.3|23.7(21.2]| 23.1| 22.7]| 22.9]| 23.7]| 22.9] 21.7
23.0]23.3] 23.2( 22.9|23.2] 23.3| 22.8( 22.4] 22.1| 22.6| 23.6| 23.1| 23.3| 23.5| 22.6] 22.1| 23.8| 22.8| 23.5]| 23.0| 21.9( 22.6| 23.5| 22.2| 23.0| 23.1] 22.6| 23.7| 23.1] 21.0
22.9(23.1|23.1| 23.4| 22.9| 24.1| 24.6| 22.1| 22.4| 23.1| 23.4| 25.2| 23.0| 22.5| 24.5( 22.6| 23.4| 23.2| 23.5| 22.7| 22.6| 22.4| 23.5| 21.6| 22.8| 23.0| 22.1| 23.6| 23.3| 21.9
Avg| 22.8| 23.3| 23.1| 23.1| 23.2| 23.8| 23.4| 22.5| 22.6| 22.1| 23.7| 24.8| 23.2| 22.9| 23.0| 22.5| 23.4| 22.8| 23.5| 23.0| 22.7| 22.6| 23.2| 22.1| 23.0( 22.9( 22.8| 23.6| 22.9| 21.8
Dev| 04 0.1) 01| 02|02|07|07|03|05|08|03|18|02|04|12]03]03]|03|00|02]07]02]09|16(01|02|0.7]|0.1|0.3]| 0.6

16 aacal
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Tensile Modulus @ Room Temperature

28
. ETT T ET
Less Outlier 22.9
26 - Equivalent Labs 23.0 0.5
E 25 T <§>
- 125 =24.3 1 , |
(@) | | 1
CI 24 & l
E +1s =236 ______ I ) I I N B N o P @ ______________________________ Q_ ________
|_

A_\/lgs=&22.923‘§_€b_@§§ _ _g. __:;ﬁ_%@_a__.é__g_ 5} Ho-n __§_-

LSL Avg = 22.2 é . '
- 3 GREEI === '&
25 =215 . g
21 T T

20

T T T T T | | | | | | T | | | | T | | | T T
1 2 3 4 5|7|8|9/10011 13 14|15 16 17 18 19 20 |22|23 24 25 26 28|29 30 31 |32| 33|34
Lab ID

*Statistics calculated after removing Lab 14 results
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Tensile Modulus Testing - ANOVA

One-way ANOVA: TM_norm versus Lab ID_1 )
Normalized

Source DF 55 MS F P
Lab ID 1 20 7.234 0.362 1.5% |0.074
Error 84 1%9.087 0.227
Total 104 26.321
8 = 0.4767 R-8q = 27.48% R-8gladj) = 10.22%

Individual 9%5% CI=s For Mean Based on *L abs 7 9 11

Pooled 3StDewv ] ] )
Level W M=an Sthevy -————————— +-——————— +————————— +————————— +
1 5 22.831 0.352 (———————- Wmm ) 13 14 22 28
2 5 23.266 0.135 (——————- W ) ] ] ] 1
3 5 23.136 0.072 (———————- R )
4 5 23.141 0.237 (———————— e ) 32 34
5 5 23.207 0.203 (——————- R ) ] Were
a8 5 23.408 0.703 (——————- e ) .
10 5 22.598 0.461  (----mnn- R ) not equivalent
15 5 23.164 0.155 (—————— R ) _—
16 5 22.856 0.370 (—————— W )
17 5 23.011 1.211 (-————— R )
18 5 22.460 0.279 (——————— oo )
19 5 23.432 0.263 (———————- R )
20 5 22.780 0.322 (———————- R )
23 5 22.9%2 0.219 (———————- R )
ke 5 22.673 0.681 (——————- R )
25 5 22.577 0.235 (———————- R )
26 5 23.181 0.510 (———————— R )
29 5 22.962 0.105 (——————— o )
20 5 22.916 0.158 (——————- W )
31 5 22.762 0.666 (——————- W )
33 5 22.936 0.261 (———————- W )

————————— e L S &

22.50 23.00 23.50 24.00

Pooled StDev = 0.477
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Tensile Modulus Testing - Conclusions

19

Labs 11, 17, 24, 26, 28, & 34 did not meet minimum individual (22.0 Msi)

Labs 11, 28, and 34 did not meet minimum average (22.2 Msi)

— Required to perform Root Cause Corrective Action
Labs 7,9, 11, 13, 14, 22, 28, 32, & 34 did not show equivalency based on
the ANOVA analysis

— Labs 11, 28, & 34 producing lower test results than other labs

— Recommended these labs investigate for any possible root cause

Minimum Average = 22.2 Msi
— 2015 IPT: 3 of 30 labs failed (6 of 30 failed minimum individual)
— 2013 IPT: 4 of 22 labs failed (8 of 22 failed minimum individual)

cquivalency et L v [socs v

— 2015 IPT: 9 of 30 labs failed (normalized) 2015 IPT 23.0

— 2013 IPT: 9 of 22 labs failed (normalized) 'EZZ-"W‘;‘IJ;:SFLabS ;gg 8;






Tensile Modulus Testing — Discussion (RCCA)
 Lab 11 RCCA produced ‘equivalent’ results

AC7122 2015 Inter-laboratory Proficiency Testing

« Extensometer failure (contamination)

Outliers
(Grubbs, a=.05)

Lab 14

Lab 14

 Lab 28 RCCA produced ‘equivalent’ results
. E t t f | . k tt h Fail Minimum Lab 11, Lab17 Lab 17, Lab 24
xtensometer failure (quick attac Individual 22.0 Msi  Lab 24, Lab26  Lab 26, Lab 34
slipping) Lab 28, Lab 34
e L 4 R A ndin Fail Minimum Lab 11, Lab 28 Lab 34
ab 3 CC pe d g Average 22.2 Msi Lab 34
« Lab 35 RCCA pending Not Equivalent lab7,lab9  lab7,lab9
(ANOVA, p=.05) Lab11,lab13 Lab13,lab 14
[ ]
Lab 14 strongly recommend RCCA b Ll | e, el 22
Lab 28, Lab 32 Lab 34
Lab 34
Tensile Modulus - normalized to .0422 inch
Labl 1 2 3 4 5 7 8 9 10 11R 13 14 15 16 17 18 19 20 22 23 24 25 26 | 28R | 29 30 31 32 33 - 35
22.7123.2123.1(22.9|23.3|22.8(23.2|22.7(23.1|22.1]|24.0(23.2]123.2(22.8(24.0|22.4(23.2|22.7(23.5|23.2|23.0(22.7]121.6|22.2|22.9|22.9(23.8|23.6|22.8|21.6]|22.9
22.3(23.3|123.2(23.3|23.2|245(23.5|226(23.0|23.3|24.1(25.0]23.3(22.6(21.5|228(23.6|229(23.5|23.2|22.2(22.8]123.6(22.4|23.0|22.9(22.4|23.4|22.6|22.7]|22.5
23.2(23.5|23.1(23.2|23.4]24.3(23.0|22.7(22.4|225|23.5(27.4]123.0(22.9(225|223(23.2|223(23.5|22.8|23.7(22.3]123.7|23.6|23.1|22.7(22.9|23.7|229|21.7]|22.8
23.0(23.3|123.2(229|23.2|23.3(22.8|22.4(22.1)123.0|23.6|23.1]23.3(23.5|22.6|22.1|23.8|228(23.5]|23.0|21.9]|22.6]|23.5 23.0123.1]22.6(23.7|23.1|21.0| 22.6
22.9(123.1(23.1(23.41229(24.1|124.6(22.1)122.4(22.4|23.4(25.2123.0]|225(245|22.623.4|23.2|23.5|22.7|22.6|22.4(23.5 22.8123.0]22.1|23.6|23.3|21.9 -
Avg| 22.8|23.3|23.1(23.1)|23.2|23.8|23.4(225(22.6|22.7)|23.7]|24.8|23.2(229(23.0(225|23.4|228|23.5]|23.0(22.7(22.6(23.2(22.7(23.0(22.9|22.8|23.6|22.9]|21.8]22.7
StDev| 0.4 | 0.1 0.1 0.2 0.2 0.7 0.7 0.3 0.5 0.5 0.3 1.8 0.2 0.4 1.2 0.3 0.3 0.3 0.0 0210702090701 (02]07]01]|]03]06]0.2

20
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Boxplot of TM_norm (RCCA)

28 1
ET ] ET
27 - Less Outlier 23.0
Equivalent Labs 23.0 0.5
26
25

TM_norm

®

bofal gory e

24 - % "
23|20 § 8 "epa
it

22 I

21 1

7
O
Q]
7 |
S
6
=~
(o
9

=i
>
<37 _
&
6 _
>

| | | | | | | | |
SESANA AN N TNIN IS e
Lab ID

*Statistics calculated after removing Lab 14 results
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Tensile Modulus Testing — ANOVA (RCCA)

One-way ANOVA: TM_norm_1 versus Lab ID_2

Normalized
Source DF 33 M3 F B
Iab ID 2 23 B8.491 0.369 1.65 |0.050
Error 53 20.855 0.224
Total 116 29.346
S = 0.4736 R-Sg = 28.93% R-Sgladj) = 11.36%

Individual 9%5% CIs For Mean Based on
Pooled StDev

Level N Mean Sthev ————————-— +-———————- +————————- - + *Labs 7 9 13
1 5 23.271 0.180 [ E— W ) , , .
2 5 23.266 0.135 R W )

| 3 5 23.136 0.072 S wo————oo ) 14 22 32 34
4 5 23.141 0.237 [ wom ) , , ,

5 5 23.207 0.203 [E— PO )
8 5 23.408 0.703 C— W ) t

10 5 22.538 0.461 (——————- e ) Were nO

11 5 22.656 0.481 (——————- P ) —

15 5 23.164 0.155 [ o ) | t

16 5 22.856 0.370 (——————- O ) eCILHVa en

17 5 23.011 1.211 (——————— P — )

18 5 22.480 0.27% (-—-———- e )

159 5 23.432 0.263 [ oo )

20 5 22.780 0.322 (———————— O )

23 5 22.9%2 0.219 (———————- P )

24 5 22.673 0.681 (——————— O — )

25 5 22.577 0.235 (———————- Fm e )

26 5 23.181 0.310 [ W )

28 3 22.747 0.745 (—————————— R )

25 5 22.362 0.105 (——————- P )

30 5 22.916 0.158 (——————- S )

31 5 22.762 0.666 (——————- O )

33 5 22.936 0.261 (———————- P )

35 4 22.708 0.180 (———————— - )

22.50 23.00 23.50
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Tensile Modulus Testing — Conclusions (RCCA)

Requirement Initial After Requirement Initial After
Results RCCA Results [ RCCA

Outliers 1/33 1/33 Outliers 0/22 0/22
(Grubbs, a=.05) (Grubbs, a=.05)
Fail Minimum 6/33 4/33 Fail Minimum 4/22 0/22
Individual 22.0 Msi Individual 22.0 Msi
Fail Minimum 3/33 1/33 Fail Minimum 4/22 0/22
Average 22.2 Msi Average 22.2 Msi
Not Equivalent 9/33 7/33 Not Equivalent 9/22 6/22
(ANOVA, p=.05) (ANOVA, p=.05)

23
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Compression Strength Testing — Discussion

* Modified ASTM D695 or an EN equivalent method with tabbed unitape specimens
* Normalized using nominal thickness = .0422 in o G E ET
o Outlier Labs excluded from ANOVA analysis

— Grubbs’ test a=0.05, Boxplot 1.5*Inter-Quartile Range

e Qutlier: Lab 14 gzm
« Labs 8 & 14 did not meet minimum average (180 ksi)
« All labs met the maximum average (240 ksi)
- 14

Compression Strength - normalized

Lab] 1 2 3 4 5 7 8 9 11 | 12 | 13 15|16 | 17 | 18 | 19 | 20 | 22 | 23 | 24 | 25| 26 | 28 | 29 | 30 | 31 | 32 | 33
217 [ 238 | 238 | 203 | 228 | 233 | 167 | 205 | 221 | 218 | 241 | 128 | 235 | 206 | 219 | 223 | 226 | 208 | 197 | 225 | 209 | 237 | 183 | 189 | 198 | 206 | 188 | 193 | 218
180 | 231 | 248 | 221 | 220 | 233 | 171 | 222 | 220 | 209 | 225 | 156 | 234 [ 226 | 222 | 200 [ 208 | 203 | 205 | 210 | 215 | 232 | 200 | 207 | 196 | 203 | 208 | 200 | 222
201 | 201 | 213 | 231 | 236 | 222 | 154 | 199 | 211 | 240 | 215 | 125 | 236 [ 224 | 215 | 202 [ 202 | 202 | 209 | 218 | 189 | 227 | 168 | 188 | 222 | 208 | 168 | 206 | 227
182 [ 209 | 223 | 229 204 | 219 | 179 | 206 | 240 | 223 | 247 | 154 | 249 | 202 | 229 | 245 | 215 | 199 | 206 | 226 | 196 | 222 | 172 | 197 | 220 | 229 | 174 | 216 | 208
202 | 237 | 205 | 193 | 198 | 237 | 187 | 215| 228 | 243 | 205 | 151 | 243 | 233 | 187 | 214 | 217 | 216 | 228 | 216 | 163 | 221 | 178 | 206 | 225 | 210 | 200 | 213 [ 245

Avg| 196 | 223 | 225| 215| 217 | 229 | 172 | 210 | 224 | 227 | 227 | 143 | 239 | 218 | 214 | 217 | 214 | 205 | 209 | 219 | 194 | 228 | 180 | 197 | 212 | 211 | 188 | 206 | 224
tDev| 15| 17 | 18 | 17 | 16 8 12 9 11 | 15| 18 | 15 7

24
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Compression Strength @ Room Temperature

é USL Avg = 240

LSL Avg = 180

ECHE T ETer

Less Outlier

Equivalent Labs

9

*Statistics calculated after removing Lab 14 results

T T
11 12 13

1 | | | | | | |
16 17 18 19 20 22 23
Lab ID

—|_
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Compression Strength Testing - ANOVA

Source DF
Lab ID 3 20
Error g4
Total 104

Level N Me
2 5 223.
3 5 225.
4 5 215.
5 5 217.
7 5 228.
3 5 20S.

11 5 223.

12 5 226.

13 5 226.

16 5 218.

17 5 214.

18 5 216.

13 5 213.

20 5 205.

k2 5 209.

23 5 215.

25 5 227.

23 5 212.

30 5 211.

32 5 205.

33 5 224.

Pooled StDev =

1
2

an
16
49
43
25
el
61
84
62
>4
26
43
T0
65
40
18
o7
56
1z
48
63
23

1

33
2464
4540
0005

3.1¢6

M3
273
173

3 = 13.16 R-S5g = 27.31%

One-way ANOVA: CS_norm versus LabID_3 Normalized

F =)
1.58 |0.078

R-Sg(adj) = 10.01%

Individual %5% CIs For Mean EBased on
Pooled StDev

*Labs 1, 8, 14, 15,
24. 26, 28, 31 were
not equivalent
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Compression Strength Testing - Conclusions

Labs 8 & 14 did not meet minimum average (180 ksi)

— Required to perform Root Cause Corrective Action
Labs 1, 8, 14, 15, 24, 26, 28, 31 did not show equivalency based on the
ANOVA analysis

— Only Lab 15 produced higher test results than other labs

— Recommended these labs investigate for any possible root cause

Minimum Average = 180 ksi mm

— 2015 IPT: 2 of 29 labs failed 2015 IPT 210
— 2007 IPT: 1 of 24 labs failed Less Outlier 212 19
. Equivalency Equivalent Labs 218 14

— 2015 IPT: 8 of 29 labs failed
— 2007 IPT: 7 of 22 labs failed

27
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Compression Strength Testing — Discussion (RCCA)

« Lab 8 RCCA

Lab 24, Lab 26
Lab 28, Lab 31

« Test fixture worn, buckling failure mode Outliers Lab 14 None
pOSSib'E (Grubbs, a=.05)
. . , Fail Maximum None None
 Lab 14 RCCA produced ‘equivalent’ results Average 240 ksi
* Failed to use anti-buckling fixture Fail Minimum Lab 8 Lab 8
Average 180 ksi Lab 14
Not Equivalent Lab 1, Lab 8 Lab 1, Lab 8
(ANOVA, p=.05) Lab 14, Lab 15 Lab 15

Lab24, Lab 26
Lab 28, Lab 31

Compression Strength - normalized to .0422 inch

Labl 1 2 3 4 5 7 - 9 11 12 13 [ 14R | 15 16 17 18 19 20 22 23 | 24| 25| 26 | 28 | 29 | 30 | 31 | 32 | 33 35
217 [ 238 | 238 | 203 | 228 | 233 | 167 | 205 | 221 | 218 | 241 | 204 | 235 | 206 | 219 | 223 | 226 | 208 | 197 | 225 [ 209 | 237 | 183 | 189 | 198 | 206 | 188 | 193 | 218 | 210

180 | 231 | 248 | 221 | 220 | 233 | 171 | 222 | 220 | 209 | 225 | 181 | 234 | 226 | 222 | 200 | 208 | 203 | 205 | 210 | 215 | 232 | 200 | 207 | 196 | 203 | 208 | 200 | 222 | 193

201 [ 201 | 213 | 231 | 236 | 222 | 154 | 199 | 211 | 240 | 215 | 221 | 236 | 224 | 215 | 202 | 202 | 202 | 209 | 218 | 189 | 227 | 168 | 188 | 222 | 208 | 168 | 206 | 227 | 212

182 | 209 | 223 | 229 | 204 | 219 | 179 | 206 | 240 | 223 | 247 | 186 | 249 | 202 | 229 | 245 | 215 | 199 | 206 | 226 | 196 | 222 | 172 | 197 | 220 | 229 | 174 | 216 | 208 | 228

202 | 237 | 205 | 193 | 198 | 237 | 187 | 215 | 228 | 243 | 205 | 218 | 243 | 233 | 187 | 214 | 217 | 216 | 228 | 216 | 163 | 221 | 178 | 206 | 225 | 210 | 200 | 213 | 245 | 218

Avg| 196 | 223 | 225 | 215 | 217 | 229 | 172 | 210 | 224 | 227 | 227 | 202 | 239 | 218 | 214 | 217 | 214 | 205 | 209 | 219 | 194 | 228 | 180 | 197 | 212 | 211 | 188 | 206 | 224 | 212
StDev| 15 | 17 18 17 16 8 12 9 11 15 18 18 7 13 16 18 9 7 12 7 20 7 12 9 14 | 10 | 17 9 13 13

(qaCcal)
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Boxplot of CS_norm (RCCA)
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Compression Strength Testing — ANOVA (RCCA)

One-way ANOVA: CS_norm_1 versus Lab ID_4

Source DF
Lak ID 4 21
Error 88
Total 1095

1
2

a5 us - = Normalized
3602 267 1.535| 0.082
31923 173
ooz

§ = 13.14 R-Sq = 26.96% R-Sgladj) = 9.53%

Level N Mean
| 2 5 223.16

3 S5 225.49

4 5 215.43

5 5 217.25

7 5 228.61

9 5 209.61
11 5 223.84
12 S 226.62
13 5 226.54
16 5 218.26
17 S 214.43
18 5 216.70
19 5 213.69
20 S 205.40
22 5 209.18
23 5 219.07
25 S 227.96
25 5 212.12
30 5 211.48
32 S 205.63
33 5 224.23
35 5 212.34

- *Labs 1, 8, 15, 24,
26, 28, 31 were not
— R } equivalent






AC7122 2015 Inter-laboratory Proficiency Testing

Compression Strength Testing — Conclusions (RCCA)

Requirement Initial After Requirement Initial After
Results RCCA Results [ RCCA

Outliers 1/29 0/29 Outliers 0/24
(Grubbs, a=.05) (Grubbs, a=.05)

Fail Minimum 2/29 1/29 Fail Minimum 1/24
Average 180 ksi Average Load

Fail Maximum 0/29 0/29 Fail Maximum 0/24
Average 240 ksi Average Load

Not Equivalent 8/29 7/29 Not Equivalent 7/24

(ANOVA, p=.05)

31

(ANOVA, p=.05)
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Lap Shear Testing — Discussion
« ASTM D1002 or an EN equivalent method with

nominal overlap of 0.5 inch i
o Outlier Labs excluded from ANOVA analysis
— Grubbs’ test a=0.05, Boxplot 1.5*Inter-Quartile | |
Range g| 3900
« Outliers: NONE ? o]
e Minimum requirement 3000 psi
— 2011 IPT: Aluminum adherends = 5000 psi

Lap Shear

Labl 1 2 3 4 6 7 9 11 12 13 14 15 17 19 23 24 26 27 28 29 31 32 33
4123|3540( 3780| 3580( 4065| 3677| 3850| 4142| 4060| 4171| 4016| 3929| 3595| 4496| 3826 3970| 4104 | 3668| 3849 4046| 3890| 3945| 3786
4318| 4030( 4045| 3542|4134 3708| 3990| 4276| 4097| 3207| 4217| 4199| 3951| 4061 | 3533| 4250| 3850( 3981| 3613| 3900| 3912| 3452| 3916
4171|3980 3668| 3721( 4424| 3310( 4090| 4311| 4054| 3895( 4155| 3780| 3870| 3626( 3732| 3880| 3990| 3859| 3898| 4065| 3574| 3756| 4235
3957(4250| 4228| 3597| 4019| 3718| 3830| 4125| 4483| 3888| 4101|4138 4029| 3771| 3574| 4450|4077\ 4102| 3709| 4478| 3527| 4003| 4032
3925(4050| 3729( 3706| 4033| 3412| 4170| 4225| 4081| 4048| 3996| 3755| 3896| 3481|4219|4320( 4108| 3649| 3632| 4596| 3991|4163 | 4047

Avg| 4099|3970(3890(3629(4135|3565|3986|4216|4155|3842(4097 (3960|3868 |3887|3777|4174|4026|3852|3740(4217(3779|3864 (4003
StDev| 161 | 261 | 237 | 80 | 168 | 190 | 148 | 81 | 184 | 374 | 93 | 203 | 164 | 402 | 274 | 240 | 109 | 196 | 128 | 302 | 212 | 272 | 167

32
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Lap Shear Strength @ Room Temperature

4600
+2s = 4475

4400
42004 ____];1_5__:14_2_1_9____ i |

4000 T
Avg=3945T &

n
— 3800+

S R l0]) e R ==
3600

-2s = 3415 -"

3400 n
T EXTA CT EET
3200- Less Outlier (none) 3945
Equivalent Labs 4013 241
3000 -
| | | | | | | | | | | | | | | | | | |
1 2 3 |41 6 |71 9 11 12 13 14 15 17 19 P3| 24 26 27 8| 29 B1l| 32 33

Lab ID
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Lap Shear Strength Testing - ANOVA

One-way ANOVA: LS _1versus LabID_5_1

Source DF 35 MS F P

Lab ID 5 1 17 1467533 86325 1.69 |0.065 | *Labs4,7,23,28,31
Error 72 3684270 51170 were not equivalent
Total 89 5151802

8 = 226.2 R-8g = 28.4%% R-Sg(adj) = 11.60%

Individual 9%5% CIs For Mean Based on
FPooled StDevw

Level N Mean StDev
1 S 4098.8 161.5
2 5 3970.0 261.4
3 5 3889.7 237.5
3 S5 4135.0 167.5
9 5 3986.0 147.9

11 5 4215.9 81.4

12 5 4155.0 184.2

13 5 3841.7 374.0

14 5 4097.2 93.1

15 5 3960.1 202.6

17 5 3868.2 164.4

ks 5 3887.0 402.4

24 5 4174.0 240.5

26 5 4025.9 109.3

27 5 3851.7 196.2

29 5 4217.0 301.6

32 5 3863.8 272.2

33 5 4003.1 167.0

34 Pooled StDhev = 2Z6.2
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Lap Shear Strength Testing - Conclusions

* No labs required to perform Root Cause Corrective Action

— No labs were less than 2¢ below the mean
Labs 4, 7, 23, 28, & 31 did not show equivalency based on the ANOVA
analysis

— Lower test results than other labs

— Recommended these labs investigate for any possible root cause

Minimum Average = 3000 psi

~ 2015IPT: 0 of 24 labs failed Lap Shear Strength | Avg (psi) | St Dev (psi)_

— 2011 IPT: O of 22 labs failed (5000 pSl) 2015 IPT 3945 265

Equivalency Equivalent Labs
— 2015 IPT: 5 of 24 labs failed
— 2011 IPT: 6 of 22 labs failed

4013 241

35






Tg by DMA

2013 IPT Observation Boxplotof T avasc  Tg_storage

AC7122 2015 Inter-laboratory Proficiency Testing

16
— Results vary little within the test lab (typically < 2 deg 11

C), but results vary greatly between different test
labs. This suggests that a parameter such as
temperature calibration may be an issue.

ASTM D7028 or an EN equivalent method
— SOW required calibration per NIAR (Indium/Tin)

210+

vgSC

Tg_a

10

— Drying at 160+ 10F (70=5C) until < .02% weight i
change Boxplotof Tg avebC  Tg tan(delt

a)

Outlier Labs excluded from ANOVA analysis
— Tg(storage)
e Grubbs’ test, a=.05: none
* Boxplot 1.5*Inter-Quartile Range: Lab 10, 11, & 16
— Tg(tanA)
* Grubbs’test, a=.05: none
* Boxplot: none

vgDC

225

Tg_a
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Tg by DMA

DMA: Tg_storage

tabl 2 [ 3] a5 6] 7[8[ofJwfau[w2]13]1a]15s[16]17][18]19[20][2n]2]o2
209.0[207.6[201.1[205.7[-  |205.8]204.0[206.0]191.7|216.9 207.9]-  [195.1]219.8[203.0- |- |- |- |- [2045
209.0206.7(202.6(205.4]-  |205.9[203.5[205.3]192.2|215.2 2075]-  [195.9[219.0[20a0- |- |- |- |- 2039
208.0[206.6(202.2[206.1[-  [205.6]203.1[205.1]191.5[216.5 207.2|- [19s.5[2186[202.0- |- |- |- |- o044
Avg[208.7]207.0[202.0[205.8] - [205.7[203.5[205.5]191.8]216.2] - |207.5] - [195.5[219.2[203.0] - [ - [ - [ - | - o042

stDev| 0.6 | 06| 08| 04| - |02 04 ]05]03]09] - [03] - Joalo6 20| - | - | - | -] - o3

DMA: Tg_tanA

tabl 2 [ 3] a5 6] 7[8[ofJw]u[w2]13]1a]15[16][17][18]19[20][2n]2]o2
220.0(230.6(222.3[225.7] - [226.9]224.4]227.1|215.1[228.9] - [228.3] - [223.5[23a.9[2220] - | - | - | - | - [2215
220.0(226.1(222.4[225.2] - |226.4[224.0|226.1|214.2[227.3] - [2281] - [224.0[2342[2230] - | - | - | - | - |2210
228.0(226.6(222.7(225.7] - |226.3[224.1[226.3[214.8]228.8] - [2281] - [222.8[23a2[221.0] - | - | - | - | - [2214
Avg|228.7|227.8[222.4]225.5] - [226.5[224.1[226.5]214.7]228.3] - 2282 - [223.4[23a5[2220] - [ - [ - [ - | - [o213

stDev| 06 | 25 |02 ] 03] - |03 0205 05 09| - [o2| - [o6]oal1o]| - | - | - -1 -To3

Calibrant! N | Y [ Y [ v [ - [ Y[ Y[ Y[YN-pd - [ Y] -TY]VY NP/ -] -] -]-]-1N

Drying (avg wt%)| 0.18 | 0.58 | 058 [ 037 | - |unk|o0.41]033 001 unk| - |o62| - [os2]unk|os2] - | - [ - | - | - Junk
Drying (hrs)| 336 | 744 | 672 | 264 | - | UNK| UNK] 216 JUNK[UNK] - [312] - [360 Junk[308| - | - [ - [ - [ - Junk

tabl 2 [ 3 [ a5 [ 6 7] 8o O 1212131415 NG 171819 2 ]21]2]2
Tg_storage (Z-value)| 0.48 | 0.23 [-0.50] 0.05 | - [0.05[-0.28[0.01]|-2.00[ 1.59| - [0.31 145]202[-035] - | - [ - [ - [ - Jo017
Tg_tanA (Z-value)| 0.75 | 0.55 |-0.63] 0.05 | - [028]-025]0.27|-2.33]067] - |063] - |-041]203]-073] - | - [ - | - | - |-oss
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DMA Tg_storage (deg C)

2015 IPT Avg (C) | StDev(C)

Weight Loss Unknown
220 +2s =219.0 g

Al 205.4 6.8
Less Outliers 205.9 5.5 Polycarbonate
215 Historical 209.6 -
rls 22122 2013 IPT 201.9 B s s ———————————

210 qCalibrant Unknown

= hvg = 205,458 aa
| s FE T - e e g
o 155
= <= @] Pc/pes
&
200 1as=1986
195 - i
.01% weight loss
-2s =191.8 =
190 -

2 3 4 5 7 8 9 1 a1 13 15 [ 17 23
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DMA Tg_tan(delta) (deg C)

Weight Loss Unk

235 +2s5 =234.3
230 K1 =220 8 .
PC
Calibrant Uk [©] @ @
D
O Avg = 225.3
DI o5 T T T T T TS - --- t@ """""""""""""""""""
o
° &
= @ PC/PES
RN 2015 1| a(0) | sioev () | =
All 225.3 4.5
Historical 230.7
-2s =216.2 3013 |PT 221.9 9.7
215 B.01% weight loss
| | | | | | | | | | | |
2 3 4 5 7 8 9 10 11 13 15 E 17 23

Lab ID
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Tg by DMA - Conclusions

e DMA - Tg (storage)
— Labs 10 & 16 were > = 20 from the population mean
* Both labs report they followed SOW Appendix
— Required to perform Root Cause Corrective Action
« DMA-Tg (tanA)
— Labs 10 & 16 were > = 20 from the population mean
» Both labs report they followed SOW Appendix
— Required to perform Root Cause Corrective Action
* Greater than =2¢ from population mean
— 2015 IPT: 2 of 15 labs
— 2013 IPT: 2 of 17 labs
2015 IPT 205.4 2015 IPT 225.3
2013 IPT 201.9 9.5 2013 IPT 221.9 9.7
Historical 209.6 - 230.7

Historical
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AC7122 2015 Inter-laboratory Proficiency Testing

Tg by DMA (RCCA)

e Lab 10 RCCA produced acceptable results
— Insufficient drying, machine calibration issue

e Lab 16 RCCA
— Insufficient drying, retests pending

* Require specimen drying information
— Weight Loss & Time: Lab 7, 11, 23
— Time: Lab 8, 10

e Calibration
— 4/15 labs did not use Indium / Tin calibrants
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Tg by DMA (RCCA)

DMA: Tg_storage
tabl 2 [ 3] 4[5 [ 7] 8] 9 J1or[11]13]15 |G 17 | 23] 35
209.0[207.6[201.1[205.7[205.8[ 204.0] 206.0] 204.6] 216.9] 207.9] 195.1] 219.8] 203.0 [204.5] 208.9
209.0[206.7202.6]205.4(205.9] 203.5| 205.3( 204.4] 215.2| 207.5[ 195.9] 219.0] 204.0 |203.9] 207.8
208.0{206.6202.2|206.1[205.6]203.1| 205.1]204.3( 216.5[ 207.2[ 195.5] 218.6| 202.0 [204.4] 209.5
Avg|208.7]207.0[202.0]205.8[205.7]203.5] 205.5[204.4] 216.2] 207.5[195.5] 219.2] 203.0 [204.2] 208.7
StDev| 06 | 0.6 | 0.8 [ 04 | 02 | 04|05 01 ]09][03][04]06] 1.0 03] 08

DMA: Tg_tanA
tabl 2 [ 3 [ 4 [ 5 [ 7] 8 9 [10rR]11]13] 15 |NEGM 17 | 23 | 35
229.0(230.6(222.3[225.7]226.9]224.4]227.1]225.7|228.9] 228.3] 223.5] 234.9 222.0 [221.5] 230.4
229.0]226.1]222.4[225.2[226.4]224.0(226.1[226.0]227.3]228.1[224.0]234.2 223.0 [221.0] 229.8
228.0226.6(222.7(225.7]226.3[224.1]226.3[225.3| 228.8[228.1[222.8] 234.2] 221.0 [221.4[ 230.3
Avg|228.7]227.8]222.4]225.5226.5]224.1]226.5[225.7]228.3]228.2[223.4]234.5] 222.0 |221.3] 230.2
stDev| 06 | 2.5 [02 [ 03 |03 [02] 05|03 09 0206 04] 10 03] 03

Calibrant| N Y Y Y Y Y
Drying (avg wt%)| 0.18 | 0.58 | 0.58 | 0.37 | UNK | 0.41
Drying (hrs)| 336 | 744 | 672 | 264 | UNK | UNK

Lab| 2 3 4 5 7 8
Tg_storage (Z-value)| 0.40 | 0.09 |-0.82|-0.13|-0.13(-0.54
Tg_tanA (Z-value)| 0.76 | 0.50 |-1.06|-0.16| 0.14 |-0.56
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Boxplot of Tg_SC_2 (RCCA)

220- 5
2015 IPT All (RCCA) 206.9 5.7
215 | 2015 IPT All 206.1 6.8 @
2013 IPT 201.9 9.5
Historical 209.6
o 210
|
]
3 = &
m il !
P 205 - | = =
= f i
@ 0.67% weight loss
200 -
195 - e

2 3 4 5 /8 9 10 11 13 15 16 17 23 35
Lab ID_7
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Boxplot of Tg_ DC_2 (RCCA)

236
234 - 2015 IPT All (RCCA) 226.4 3.4 @
2015 IPT All 225.3 4.5
232 2013 IPT 221.9 9.7
_ Historical 230.7 -

230 Sz
NI
O
Dl 228 @I fa E (=21
O
— o D

226 — @

E ?
il =2

224 0.67% weight loss @

7551 = H -

220 -






AC7122 2015 Inter-laboratory Proficiency Testing

Future Work

2015 IPT

e Obtain RCCA from Lab 35

e Complete RCCA (retest) from Lab 8, Lab 16, Lab 34

 DMA data to NIAR for further analysis/correlation

2017 IPT

* General: provide photo of specimen / test setup in SOW

e General: explicitly require all test data to be reported (“outliers”)
 Tensile Modulus: establish upper specification limit

e DMA: include weight loss / time entry fields in Test Report Spreadsheet
* DMA: provide calibration standards (Indium / Tin)
 DMA: provide Macor calibration beam handling precautions
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Any Questions?

H
QUESTIONS
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AC7122 2015 Inter-laboratory Proficiency Testing

2007 2009 2011 2013 2015
Prepreg| Toray C/EP Unitape | PW C/EP c/o Goodrich ACG PW C/EP Toray C/EP Unitape | Toray C/Ep Unitape
Fabricator - Panels Toray Wichita State University | Manchester University Toray Toray
Fabricator - Specimens Toray Wichita State University | Manchester University Test Labs Toray
Fabricator - Adhesive --- - Cytec FM300 Al/Al - Cytec FM300 C/C
Other --- --- Cytec DSC-Tg --- Toray DMA-Tg
No. Labs 24 20 29 27 32
| - Ind Test Lab 12 10 12 18 21
R - Raw Matl Suppl Captive Lab 9 5 10 7 9
P - Part Mfr Captive Lab 3 5 7 2 2
Exova IPT (Participants/Exclusive) unk unk unk unk 14/7
Test Test Method
Tensile Strength ASTM D 3039-08 X X X X X
Tensile Modulus ASTM D 3039-08 X X X X X
Short Beam Shear ASTM D 2344 --- - X - -
Intralaminar Shear @ 250F ASTM D 3518-94 --- - - X -
Flexural Strength ASTM D 790-07 A --- X --- --- -
Compression Strength ASTM D 695 Modified X - --- --- X
Lap Shear ASTM D1002 ---
Tg by TMA ASTM E 1545-05 Procedure A X
Tg by DMA ASTM D 7028-07 ---
Tg by DSC ASTM D 3418 Procedure A ---

Resin Content (RC)

ASTM 3529M-10

Fiber Areal Weight (FAW)

ASTM 3529M-10
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Topic #1 Open Discussion

AC7124/5 Ballot Comment Resolution






Topic #2 Open Discussion

Jay Berndt - Toray

e Requirements from AC7118 are being flowed into AC7122
& AC7124

— For example twisting and zip ties for specimen prepreg handling
* How should this be communicated?

* Should these requirements be incorporated into AC7124 &
AC71227?

e Do NMMM/NMMT Suppliers need to study AC7118?

e When is a calibration required?
— Whenever a value is not ‘for reference only’

— Product acceptance
3





Topic #3 Open Discussion

Task Group Dinner

e Time: 7:00 pm EDST
e Day: 21 October 2015

e Place: The Church Brew Works, 3525 Liberty Ave., Pittsburgh, PA
15201

e http://www.churchbrew.com/




http://www.churchbrew.com/
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