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Polymer Based Additive Manufactured Qualitication Guidelines

VWICHITA STATE UNIVERSITY

Project Overview
Research Objectives

Enhance the framework for the qualification of PBAM (FDM) materials
including guidelines and recommendations for their characterization,
testing, design, and utilization using the NCAMP process.

Transition of the test data and guidelines generated into shared
databases.

Project Deliverables
Research Outcomes

* Qualification material property test data, overview of results, and

lessons learned published in an FAA technical report.
NCAMP material property data, statistical reports, and material and
process specifications published on NCAMP website.

* Test data submittal to CMH17 AM Volume.

FAA Team Members

Cindy Ashforth
Dr. Ahmet Oztekin
Kevin Stonaker

Industry Partners

Stratasys
MarkForged
Hexcel




PBAM Uualitication buidelines - History

e Ultem 9085 — PEI (polyetherimide) , FOOOMC+, FDM,
Stratasys.
* America Makes project — had very high CoV in the data.

* Partnered with FAA and RP+M (Print site) to implement NCAMP
approach — CoV dropped to 3-5% in most material properties.

* Not all print machines were manufactured equally, worked with
Stratasys to rectify.

* Fully NCAMP qualified and published.

* Testing completed 5 years after qualification completion shows
that material and process have not drifted.




PBAM Uualitication buidelines - History

* Onyx FR-A/Carbon Fiber FR-A — Nylon with Longitudinal CF,
Onyx 7, FFF, MarkForged.

e Partnered with FAA and MarkForged (Print site) to implement
NCAMP approach on an AM long fiber material.
* Fiber printing was not applicable in all orientations or layers.
* Software limitations
* Machine limitations

 Material is not suitable for wet conditions.

* Intra and Inter layer instability.
* NCAMP Qualified and Published.




PBAM Uualitication buidelines - History

* HexPEKK 100 — PEKK and CF Powder Blend, EOS P800, LPBF,
Hexcel.

* Partnered with FAA and Hexcel (Print site) to implement
NCAMP approach on a LPBF polymer material.

* Process and material are very stable — it is used in flight on
many aircraft.

* Fatigue data is available, though not part of NCAMP dataset.

* No other print sites, no other material manufacturers, no
equivalency opportunities — Due to Vertical Integration.

* Fully NCAMP Qualified and Published.




VWICHITA STATE UNIVERSITY

Project P-ANSX0: Antero 800 & 840 ualitication NlAng

Project Overview Project Deliverables
Research Objectives Research Outcomes

* Qualification material property test data, overview of results, and
lessons learned published in an FAA technical report.
* NCAMP material property data, statistical reports, and material and

* Enhance the framework for the qualification of PBAM (FDM) materials
including guidelines and recommendations for their characterization,
testing, design, and utilization using the NCAMP process. o i i

* Transition of the test data and guidelines generated into shared prgcess specifications p_ubllshed_on NCAMP website.
databases such as Composite Materials Handbook-17 (CMH-17). *  Using Stratasys F300 print machine. !

(L
Project Timeline — Outline of Deliverables o
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Antera 800 & 840

* Manufactured by Stratasys
* Replacement and/or complimentary material for Ultem 9085

* Antero 840 is a filled polymer — PEKK blend with Carbon nano-
tubes (3%)

* Antero 800 is a non-filled polymer - PEKK
* Additively Manufactured using FFF, filament print process

* Increased material strength and modulus properties compared
to Ultem 9085 7

* Designed to print on the F900, the newest single head AM
print machine from Stratasys




Antero 600 o a4l

VWICHITA STATE UNIVERSITY

Participants

 Antero 840 * Antero 800

- FAA * FAA

« NIAR * NIAR

» Northrop Grumman * Boeing

° Raytheon o Alr FOTCG (UDRI)

. iqi « SDM (Stratasys Direct
gg:/los”?"; Direct Manu#acturing)

. ratasys Direc
Manu%acturing) * Stratasys

- Stratasys - NAVAIR

- NAVAIR * BAE

EDA




Antero 800 & 840 Decisons

VWICHITA STATE UNIVERSITY

* RTA: 70F+/-10F

 RTW: 70F+/-10F

* CTA: -65F will be used for Antero 800, -95F will be used for Antero 840
e ETA: 250F will be used for both programs.

e ETW: 180F will be used for both programs.

» Raster Direction: +/-45 will be used for both programs.

e Conditioning per ASTM D5229; 180F, 85%RH, 0.02% saturation

* Slicer and machine operation software version will be set at a minimum. If your version changes you must meet material
specification limits to show adequacy of change. If slicer software has a version change it will be tested in the CMB
Comparison Tool, if this shows a certain % change in the infill, then a manual review with the Stratasys team takes place, if a
possible material performance change is found, then mechanical testing occurs with reporting. Operational software will be
reviewed annually with same CMB Comparison Tool. This will be audited as Eart of the NCAMP audit procedures. Any changes
that are deemed significant will follow the NCAMP ACN process. Hardware changes will follow the same process.

* Coupons will be tested two weeks after printing unless conditioning or other post processing work needs to take place.
* All notches and holes will be machined.

* Fatigue Testing will replace OHC and FHC.




Antera 800 & 840

* Test Matrix Build and coupon build orientations

PER ENVIRONMENT CONDITION AND TEST METHOD

AM Material Lot ( Lot 2 ) ( Lot 3/Lot 4 ) ( Lot 3/Lot 4 )

Specimen
Manufacturing
p Machine Machine Machine Machine Machine Machine Machine Machine
rocess 1 2 3/Run 1 3/Run 2 4flot 3 4fLot 4 5/Lot 3 /Lot 4
Northrop Raytheon NIAR NIAR SDM SDM NAVAIR Blue Origin
Number of
Specimens

Required per
Test Method & 4 spec. 4 spec. 4 spec. 4 spec. 4 spec. 4 spec. 4 spec. 4 spec.

Environment

Build Platform . . . ) ¥
Location of [ | [ | 11 | 1.1 |
Coupons

[ 32 SPECIMENS TOTAL ]

IN\A
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VWICHITA STATE UNIVERSITY

Test Matrix - Feedstock | ey

FAR 25.853 (D) Appendix F, Part IV 2
FAR 25.853 (A), Appendix F, Part I, (a), 1, (i): 60 sec 2
FAR 25.853 (A), Appendix F, Part I, (a), 1, (i): 60 sec 2
FAR25.853 (D), Appendix F, PART V 2
FAR 25.853 (D) Appendix F, Part IV 2
ASTM D1238 2

INDUSTRIAL MODERNIZATION
OF MATERIALS & MANUFACTURING ol




VWICHITA STATE UNIVERSITY

Test Matrix - Filament (Material Spec) NlAny

Filament Production

Property Number of Replicates
Diameter Continuously
Ovality Continuously

Filament Canisters

Property Number of Replicates

Moisture First, middle (roughly), and end of batch
Melt Flow First, middle (roughly), and end of batch
Pull Force First, middle (roughly), and end of batch

IN\A

INDUSTRIAL MODERNIZATION
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VWICHITA STATE UNIVERSITY

Test Matrix - Printed Material Physical Properties | ey

ASTM D3171-15/or applicable mechanical test method.

ASTM D792-13
CP6101 and CP6102
ASTM E228/E831

Dry and Wet — ASTM D7028

ASTM E1530

ASTM E1269

FAR 25.853 (D) Appendix F, Part IV

FAR 25.853 (A), Appendix F, Part |, (a), 1, (i): 60 sec

FAR 25.853 (A), Appendix F, Part |, (a), 1, (i): 60 sec

FAR 25.853 (D), Appendix F, PART V

FAR 25.853 (D) Appendix F, Part IV




VWICHITA STATE UNIVERSITY

. = Test Temperature/Moisture Condition
Test Temperature/Moisture Condition P

CTD RTD ETW1
CTA RTA ETA1 RTW ETW1 ASTM D5766 Open Hole Tension X (1) Strength 5x2x4 Sx2x4 5x2x4
Strength and Sx2xa S5x2x4 1x2x4 Sx2xa ASTM D5766 Open Haole Tension ¥ (1) Strength Sx2x4 Sx2x4 Sx2x4
Modulus Rex (5) EEL! ASTM D5766 Open Hole Tension Z (1) Strength Sx2xd Sx2x4 5x2x4
Strength and 5x2x4 1x2x4 ASTM D5766 Open Hole Tension Z (45) (1) Strength 5x2x4 5x2x4 5x2x4
Modulus 5x2x4 (5) 5x2x4 ASTM D6742 Filled Hole Tension X (2) Strength 5x2x4 5x2x4 5x2x4
St hand 5y2x4 152x4 ASTM D6742 Filled Hole Tension Y (2) Strength Sx2xd Sx2xd Sx2xd
AUl LEL Cx2x4 Xex XX Cx2x4 ASTM D6742 Filled Hole Tension Z(2) Strength Sx2xd Sx2xd Sx2xd
Modulus (5) ASTM D6742 Filled Hole Tension Z (45) (2) Strength 5x2xd 5x2xd 5x2xd
Strength and Sx2x4 Ix2x4 Fatigue Testing: D638 Type 1, X,E466 load 5 stress .
Modulus X2x4 (5) x2x4 contro levels 12 -
Strength and Sx2xd 1x2x4 Fatigue Testing: D638 Type 1 Y, E466 load 5 Stress ; o
Bt 5x2x4 1x2x4 5x2x4 . ' 15 15
Modulus (5) contro levels
Streneth and Sx2xd 1x2x4 Fatigue Testing: D638 Type 1, Z, E466 load 5 Stress .
d glt S5x2x4 1x2x4 5x2x4 contro levels 12 -
IS0 {5} Fatigue Testing: D638 Type 1, 745, E466 load 5 stress 05
Strength and 5x2x4 1x2x4 e ) ' . 15
et 5x2x4 1x2x4 5x2x4 contro levels
Modulus {5} ASTM D5961 Single Sh Bearing X (4 strength & Sx2xd Sx2xd
Strength and 5x2x4 1x2x4 Tl AR R Deformation KX KX
5x2x4 1x2x4 5x2x4
Modulus (5) ) ) strength &
ASTM D5961 Single ShearBearingy (4) Def i Sx2xd 5x2x4
Strength and Solnason
Sx2x4 Sx2x4 Sx2x4 Strength &
Modulus ASTM D5961 Single ShearBearingZ (4) BT Sxu2x4 5x2x4
Strength and
St h &
Modulus X2x4 Sl Sx2x4 ASTM D5961 Single Shear Bearing Z (45) (4) D;’?;fr;ation Sx2x4 Sx2x4
Strength and
gt S5x2x4 5x2x4 S5x2x4
Modulus
Strength and
gt S5x2x4 5x2x4 S5x2x4
Modulus
Strength and Sx2x4 1x2x4
S5x2x4 S5x2x4
Modulus (5)

INDUSTRIAL MODERNIZATION
OF MATERIALS & MANUFACTURING )




VWICHITA STATE UNIVERSITY

Test Matrix - Printed Material Fluid Sensitivity g ot

90 days min. @ 70°F+10°F 70°F TFS11RT
90 days min. @ 70°F£10°F 180°F TFS11ET
ASTM D638 90 days min. @ 70°F+10°F 70°F TFS12RT
90 days min. @ 70°F£10°F 180°F TFS12ET
Type 1 Coupons 90 days min. @ 70°F+10°F 70°F TFS13RT
90 days min. @ 70°F£10°F 180°F TFS13ET
90 days min. @ 70°F+10°F 70°F TFS14RT
90 days min. @ 70°F+10°F 180°F TFS14ET
90 days min. @ 70°F£10°F 70°F TFS15RT
90 days min. @ 70°F+10°F 180°F TFS15ET
90 days min. @ 70°F+10°F 70°F TFS16RT
90 days min. @ 70°F£10°F 180°F TFS16ET
90 days min. @ 70°F+10°F 70°F TFS17RT
90 days min. @ 70°F£10°F 180°F TFS17ET
90 days min. @ 70°F£10°F 70°F TFS18RT
90 days min. @ 70°F+10°F 180°F TFS18ET
90 days min. @ 70°F+10°F 70°F TFS19RT
90 days min. @ 70°F+10°F 180°F TFS19ET
90 minutes min. @ 70°F+10°F 70°F TFS21RT
90 minutes min. @ 70°F+10°F 180°F TFS21ET
90 minutes min. @ 70°F+10°F 70°F TFS22RT
90 minutes min. @ 70°F+10°F 180°F TFS22ET
48+4 hours @70°F+10°F 70°F TFS23RT
48+4 hours @70°F+10°F 180°F TFS23ET
90 days min. at 70°F+10°F 70°F TES31RT
90 days min. at 70°F£10°F 180°F TFS31ET
Dry per section 6.1 70°F TFS32RT
Dry per section 6.1 180°F TFS32ET

Per section 6.1 70°F TFS33RT

IMa Per section 6.1 180°F TFS33ET




Gurrent progress: Antero 800

VWICHITA STATE UNIVERSITY

Air Force/UDRI
o All mechanical testing has been completed, and data is available.

NAVAIR
o ETW coupons are now in conditioning.
o Ambient coupons are ready to be tested, waiting to be scheduled

NIAR

o Coupon conformity has been completed for the ETW coupons (R1 and R2) and are placed in the
conditioning chamber

o R1and R2 CTA coupons are due to be out of machining on 5/4 and done with QC on 5/20
o R1and R2, RTA and ETA are still being printed. Issues with printer were resolved by Stratasys.
Boeing

o Coupons akre due out of QC on 5/5. Once that is done, conformity of the coupons show follow the
same week.

SDM

o Coupons from batch C that are CTA, RTA and ETA are still in database

o Coupons from batch D and ETW of batch C will complete QC on 5/20.

BAE

o Changed machines due to printer breakdown and production schedule. More updates to follow




Gurrent Progress: Antero d4(

VWICHITA STATE UNIVERSITY

NIAR

o All coupons are ready for testing except ETW. Some of them have been tested and some are in
queue to be tested

NGC

o Coupons are in testing for ambient, and in conditioning for ETW. Some test methods have been
tested, and some are on queue to be tested

RAYTHEON
o Almost all testing is completed for all ambient environments except ETW.

BLUE ORIGIN
o Ambient coupons are in queue for testing. ETW coupons are in the chamber for conditioning.

NAVAIR
o All coupons from all environments are complete with testing and are in data reduction.

SDM

o All coupons are due out of quality control on 5/9. The coupons will go through the conformity
process right after.




X-Ray CT Scan, Antero 800

VWICHITA STATE UNIVERSITY

NTPAM8400Q1-STR-800CN-NAV-C-
M5-XY-T-11-ETW-1

oluns [jun®y
izl

AR

LI

L

iG]

Analysis Statistics Analysis Statistics

XCT Parameters

i 3
Voltace: 120 KV Defect Volume : 297.34097 mm> Defect Volume : 0 mm
voltage: Material Volume : 7715.16113 mm3 Material Volume :

Current: 225 mA 7897.14404 mm?3

SCLW: Zhour 59m|ns Defect Volume Ratio : 3.71096% .
Resolution: 25.582 microns Defect Volume Ratio : 0%




X-Ray CT Scan, Antero 840

VWICHITA STATE UNIVERSITY

NTP8400AMQ1-STR-840CN-NIA-B-
M3R1-XY-T-11-RTA-1

R ]

g > [

XCT Parameters

Analysis Statistics Analysis Statistics
_g_\clolta e-: 2132 k\,/A Defect Volume : 344.79114 mm3 Defect Volume : 0 mm3
I Material Volume : 7878.14258 mm?3 Material Volume : 8208.99219 mm?

Scan time: 2h59mins
Resolution: 25.591 microns Defect Volume Ratio : 4.19304 % Defect Volume Ratio : 0%




Antero 800, Specific Density testing, ASTM D732

VWICHITA STATE UNIVERSITY

D792-20 Specific Gravity
(Relative Density)

Sample w1 W2 Water Water Density Specific Specimen Specimen
Name [g] [g] Temp. [°C] at Temp. [g/cc] Gravity Density [g/cc] Density [lbm/in3]
NTPAM8000Q1-STR-800NA-AIR-A-M2-ZX-DEN-RTA-1 2.6983 0.5437 22.5000 0.99766 1.2523 1.2494 0.0451
NTPAM8000Q1-STR-800NA-AIR-A-M2-Z45-DEN-RTA-1 2.6085 0.5012 22.5000 0.99766 1.2378 1.2349 0.0446
NTPAM8000Q1-STR-800NA-AIR-A-M2-XY-DEN-RTA-1 2.5588 0.5031 22.4000 0.99769 1.2447 1.2419 0.0449
NTPAMS8000Q1-STR-800NA-AIR-A-M2-XZ-DEN-RTA-1 2.6519 0.5318 22.4000 0.99769 1.2508 1.2479 0.0451
AVERAGE (composite) 1.2464 1.2435 0.0449
STANDARD DEVIATION 0.0066 0.0066 0.0002
COEFF. OF VARIATION 0.5303 0.5306 0.5306
Minimum 1.2378 1.2349 0.0446
Maximum 1.2523 1.2494 0.0451
Number of Specimens 4 4 4

IN\A
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Antero 840, Specific Density testing, ASTM D757

D792-20 Specific Gravity (Relative

Density)
Sample w1 w2 Water Water Density Specific Specimen Specimen
Name [g] [g] Temp. [°C] at Temp. [g/cc] Gravity Density [g/cc] Density [Ibm/in3]
NTPAM8400Q1-STR-840CN-NIA-B-M3R2-Z45-DEN-RTA-1 2.6062 0.5370 23.1000 0.99752 1.2595 1.2564 0.0454

NTPAM8400Q1-STR-840CN-NIA-B-M3R2-XZ-DEN-RTA-1

2.6352 0.5576 23.0000 0.99755 1.2684 1.2653 0.0457
NTPAM8400Q1-STR-840CN-NIA-B-M3R2-XY-DEN-RTA-1
2.6048 0.5530 22.8000 0.99759 1.2695 1.2665 0.0458
NTPAM8400Q1-STR-840CN-NIA-B-M3R2-ZX-DEN-RTA-1
2.6066 0.5399 22.8000 0.99759 1.2612 1.2582 0.0455
NTPAM8400Q1-STR-840CN-NIA-B-M3R1-XZ-DEN-15-RTA-1
2.6501 0.5522 22.7000 0.99762 1.2632 1.2602 0.0455
NTPAM8400Q1-STR-840CN-NIA-B-M3R1-XY-DEN-15-RTA-1
2.6130 0.5305 22.7000 0.99762 1.2547 1.2518 0.0452
NTPAM8400Q1-STR-840CN-NIA-B-M3R1-Z45-DEN-15-RTA-1
2.6093 0.5296 22.6000 0.99764 1.2547 1.2517 0.0452
NTPAM8400Q1-STR-840CN-NIA-B-M3R1-ZX-DEN-15-RTA-1
2.6177 0.5381 22.5000 0.99766 1.2588 1.2558 0.0454
AVERAGE (composite) 1.2613 1.2582 0.0455
STANDARD DEVIATION 0.0056 0.0055 0.0002
COEFF. OF VARIATION 0.4428 0.4407 0.4407
Minimum 1.2547 1.2517 0.0452
Maximum 1.2695 1.2665 0.0458
Number of Specimens 8 8 8
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ASTM D7024, Dry DMA Testing, Antero all0

VWICHITA STATE UNIVERSITY

DMA Results Summary
NCAMP Antero 800 DMA Dry
Sample ID Onset Storage Modulus Peak of ?angent Delta
P T, [*C] T, [°F] T, [°C] T, [°F]
STR-800NA-AIR-A-M2-XY-DMA-DRY 150.30 30254 154 65 31037
STR-800NA-AIR-A-M2-XZ-DMA-DRY 149.38 30088 154 20 309 .56
STR-800NA-AIR-A-M2-ZX-DMA-DRY 150.57 303.03 155.25 31145
STR-800NA-AIR-A-M2-Z45-DMA-DRY 149.98 301.96 15472 31050 STR-800NA-AIR-A-M2-XY-DMA-DRY
10 20
Average 150.06 30210 154 71 31047
Standard Deviation 0.51 0.92 043 077
Jnsetc 15030 °C Atx 15465 °C
- T ]
1034 15
i 102 10 %
|
104 I‘ los
100 - . - - - = . 00
0 50 100 150 200

Temperature T (*C)
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ASTM D7024, Wet DMA Testing, Antero d00

NIAny

VWICHITA STATE UNIVERSITY

DMA Results Summary
NCAMP Antero 840 DMA Wet

Sample ID OPset Storage Moduluf F;eak of Tangent De Itao
T, [°C] T, [°F] T, [°C] T, [°F]
B840CN-NGC-A-M1-XY-DMA-WET 143.87 200.97 156.72 31410
B840CN-NGC-A-M1-XZ-DMA-WET 141.82 28728 156.86 31435
B840CN-NGC-A-M1-ZX-DMA-WET 142.40 28832 156.88 314.38
B840CN-NGC-A-M1-Z45-DMA-WET 143.98 291.16 156.82 31428
Average 143.02 28943 156 .82 31428

Standard Deviation 1.08 194 0.07 013

IN\A
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Sample: B40CN-NGC-A-M1-XY-DMA-WET
Size: 35.00000 x 12.69000 x 2.62000 mm
Procedure name: Oscillation Temperature Ramp

DMABS0

B40CN-NGC-A-M1-XY-DMA-WET

File: 840CN-NGC-A-M1-XY-DMA-WET
Operator: Ping

Run Date: 9/4/2024 12:27:43 PM
Instrument: DMA 850-0399

104 08
Atx 15672°C
A
Onset x 143.67 °C
— -
N — los
103
g
= "
1y =2
2
] &
3 Loa
g g
g g
& =
\.
102 \
\\xu
) Loz
/ A
/ —
10! — . T — ; 00
0 50 100 150 200

Temperature T (°C)

ey |\ \S g 51 22



ASTM D7024, Dry DMA Testing, Antero a4l

VWICHITA STATE UNIVERSITY

DMA Results Summary
Stratasys Antero 840 DMA Dry
Onset Storage Modulus Peak of Tangent Delta
Sample 1D T, °C) S T, [°Cl S
NTPAMB400Q1-STR-840CN-BLU-D-M6-XY-DMA-D 163.20 307.76 150.09 31836
NTPAM8400Q1-STR-840CN-BLU-D-M6-XZ-DMA-D 152.16 305.89 158.28 316.90
NTPAME400Q1-STR-840CN-BLU-D-MB-ZX-DMA-D 152.54 306.57 160.57 321023 Sample: NTPAMS400Q1-STR-S40CN-BLU-D-M6-XY-DMAD i File: NTPAMS400Q1-STR-840CN-BLU-D-ME-XY-DMA-D
NTPAM3400Q1-STR-840CN-BLU-D-M6-Z45-DMA-D 152.68 306.82 161.48 32266 B e enp DMASED e Bt 22025 65029 AM
NTPAME400Q1-STR-840CN-NAY-C-M5-XY-DMA-D 15417 309 51 160.29 32052 instrument. DMA 850-0059
NTPAMB8400Q1-STR-840CN-NAY-C-M5-XZ-DMA-D 153.30 307.94 159.16 318.49 NTPAMBA00C1-STR-840CN-BLU-D-MG-XY-DMA-D
NTPAMB400Q1-STR-840CN-NAV-C-M5-ZX-DMA-D 153.26 307.87 160.49 320.88 10¢ 12
NTPAMS8400Q1-STR-840CN-NAV-C-M5-Z45-DMA-D 153.37 308.07 161.86 32335 ]
NTPAMB400Q1-STR-840CN-NIA-B-M3R1-XY-DMA-D 151.72 305.10 156.39 31710
NTPAMB400Q1-STR-840CN-NIA-B-M3R1-XZ-DMA-D 151.73 305.11 158.44 317.19 At 158,08 °C
NTPAMB400Q1-STR-840CN-NIA-B-M3R1-ZX-DMA-D 152.29 306.12 161.22 32220
NTPAMS8400Q1-STR-840CN-NIA-B-M3R1-Z45-DMA-D 152.07 30573 161.79 323.22 Onset x 153.2 A
NTPAM3400Q1-STR-840CN-NIA-B-M3R2-XY-DMA-D 152.98 30736 159.66 319.39 - _ L |
NTPAMB400Q1-STR-840CN-NIA-B-M3R2-XZ-DMA-D 163.08 307 54 159.43 318.97 -
NTPAMB400Q1-STR-840CN-NIA-B-M3R2-ZX-DMA-D 152.85 307.13 160.13 32023 \
NTPAMS8400Q1-STR-840CN-NIA-B-M3R2-Z45-DMA-D 153.40 308.12 162.47 324.45 vl Mo \ .
NTPAM3400Q1-STR-840CN-RAY-A-M2-XY-DMA-D 153.49 308.28 158.91 318.04 '
NTPAM8400Q1-STR-840CN-RAY-A-M2-XZ-DMA-D 153.67 30861 159.09 31836 i
NTPAMB400Q1-STR-840CN-RAY-A-M2-ZX-DMA-D 153.34 308.01 159.45 319.01 g ;
NTPAMB400Q1-STR-840CN-RAY-A-M2-Z45-DMA-D 153.17 307.71 160.52 32094 :
Average 152.92 30726 160.04 320.06 g
Standard Deviation 0.66 1.19 125 225 f
102 | \ L o4
. ‘.I" .
".‘ .
101 : - - 0.0
0 50 100 150
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ASTM D7074, Wet DMA Testing, Antero 840

DMA Results Summary
NCAMP Antero 840 DMA Wet

Sample ID 0:159t Storage Mod uIUf Foeak of Tangent Delt:tu
T, [*C] T, [F] T, [°C] T, [°F]
B840CN-NGC-A-M1-XY-DMA-WET 143.87 290.97 156.72 314.10
B840CN-NGC-A-M1-XZ-DMA-WET 141.82 28728 15686 314 35
B840CN-NGC-A-M1-ZX-DMA-WET 142 .40 28832 156.88 314 38
B840CN-NGC-A-M1-Z45-DMA-WET 14398 29116 156.82 31428
Average 143.02 28943 156.82 31428

Standard Deviation 1.08 1.94 0.07 0.13

IN\A

INDUSTRIAL MODERNIZATION
OF MATERIALS & MANUFACTURING

Sample: 840CN-NGC-A-M1-XY-DMA-WET
Size: 35.00000 x 12.69000 x 2.62000 mm

Procedure name: Oscillation Temperature Ramp

DMAB50

B40CN-NGC-A-M1-XY-DMA-WET

File: B40CN-NGC-A-M1-XY-DMA-WET
Operator: Ping

Run Dafe: 9/4/2024 12:27:43 PM
Instrument: DMA 850-0399

104 08
Atx 156.72°C
\
k \
) L o6
103
3 I o
L Z
g &
S Fo4 E
s &
® =]
\
102 \.
\\“
Fo.2
10! — T 0.0
0 100 150 200

Temperature T (°C)
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VWICHITA STATE UNIVERSITY

ASTM E83I TMA testing, Antero d00

TMA Results , e B BB 840
Sample: STR-800NA-AIR-A-M2-XY-CTE-11 Instrument/Date: TMA450,9/9/2024 9:49:58 AM
Method. _Tempemture Ramp @ 5C/min Initial L_engm: 10.05081 mm
NCAMP Antero 800 TMA g?:?(‘%am%.mnNcAMP‘ﬁmemBDO%STR—SDDNA-A\R-A—Mz-XY—CTE-H.tri Frolect: NCAMP Antero 800 THA
Coefficient of Thermal Expansion STR-800NA-AIR-A-M2-XY-CTE-11
Sample ID 5 ——
afum/(m-°C) ] a [ pin/in-°F) ] 10000
STR-800NA-AIR-A-M2-XY-CTE-11 52.80 2933 e P
STR-800NA-AIR-A-M2-XZ-CTE-13 51.03 2835 e
STR-800NA-AIR-A-M2-ZX-CTE-14 50.82 2823 s
STR-B800NA-AIR-A-M2-Z45-CTE-15 50.68 28.16
Average 51.33 28.52 80001
St Dev 099 0.55
; 5000
i 4000
2000
04== ; ‘ ,
-50 1] 50 100 150

Temperature T (°C)

IN\A
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ASTM E83I TMA testing, Antero

5 le: NTPAME400Q1-STR-B40CN-NIA-B-M3R1-XY-TMA Insty t/Date: TMA450,1/31/2025 12:26:43 PM
TMA Res u Its M:r]wpod: Temperature Ramp @ SC/min Iziti;\le::glhéﬂeD.ﬂS‘tﬁ mm =
Operator: Ping Project: Stratasys Antero 540 TMA
Stratasys Antero 840 TMA File: X\Data\TMA\Siratasys\202%\Antero B40\NTPAME400Q1-STR-B40CN-NIA-B-M3R1-XY-TMA tri
Cocfficient of Thermal Expansion NTPAMB400Q1-STR-840CN-NIA-B-M3R1-XY-TMA
Sample ID i —
o [ um/i(m-°C) ] a [ win/(in-°F) ] 8000
NTPAMSB400Q1-STR-840CN-NIA-B-M3R1-XY-TMA 49.61 27.56 Y
NTPAMS400Q1-STR-840CN-NIA-B-M3R1-XZ-TMA 4969 27.61 /
NTPAMS400Q1-STR-840CN-NIA-B-M3R1-ZX-TMA 58.00 32.22 ,/'I
NTPAMS400Q1-STR-840CN-NIA-B-M3R1-Z45-TMA 53.27 29.59 i
6000

Test Parameters:
Instrument: TA Instruments Discovery TMA 450

Test Fixture: Expansion Probe

Test Method: ASTM E831

Controlled Force: 0.05 N

2
g
]

Alpha: 49.61 pmim°C

i = 4000

Ramp Rate: 5°C/min 3

3 P
Temperature Range: 0°C to 150°C 2 _r,;}ff/’
B k;::z
a
2000 ~
] . . . . . . . . - . .
] 50 100 150

Temperature T (°C)
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VWICHITA STATE UNIVERSITY

ASTM D223 Wet Coupans saturation, Antera d00 y LI

Date/Time Time Period Time”1/2 Weight (g) %WG (Total) | A(%WGT)/A(T) Criteria Normalized Criteria |
days days hours*/2 NTPAMS8000Q1-STR-800NA-AIR-A-M2-ZX-OHT-XX-ETW-1 NTPAM8000Q1-STI NTPAM8000Q1-STR-800 <0.02 7 days met
9/26/2024 8:09 0.000 0.000 31.3206 0.00000
9/26/2024 9:14 0.045 0.045 1.038 31.3461 0.08142 1.81208 0.08142  12.69083 N/A
9/27/2024 11:10 1.126  1.081 5.198 31.3805 0.19125 0.10161 0.10983 0.71128 NO
10/4/2024 10:53 8.114 6.988 13.955 31.4026 0.26181 0.01010 0.07056 0.07068 NO
10/11/2024 9:57 15.075 6.961 19.021 31.4046 0.26819 0.00092 0.00639 0.00642 NO
10/21/2024 11:13 25128 10.053 24.558 31.4031 0.26340 -0.00048 -0.00479 -0.00333 YES
10/28/2024 11:17 32131 7.003 27.769 31.4064 0.27394 0.00150 0.01054 0.01053  YES
11/4/2024 12:06 39.165 7.034 30.659 31.4083 0.28001 0.00086 0.00607 0.00604 YES
11/11/2024 11:29 46.139  6.974 33.277 31.4049 0.26915 -0.00156 -0.01086 -0.01090 YES
11/15/2024 13:31 50.224  4.084 34.718 31.4055 0.27107 0.00047  0.00192 0.00328 YES
REMOVED 11.15.2024 SP
NCAMP/Stratasys Antero 800 - (OHT)
0.3
0.3
S 0.2
-
Z
w
5
o 0.2
o
w
[~
D>
E 0.1
o
=
0.1 NTPAM8000Q1-STR-800NA-AIR-A-M2-ZX-OHT-XX-ETW-1
0.0
0 5 10 15 20 25 30 35 40

Exposure Time (Hours)/2
IM3 et S\ Sy s 28
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ASTM DazZ8 Wet Coupons saturation, Antero d4(0

Date/Time Time Period Time*1/2 Weight (g) %WG (Total) A(YZWGT)/A(T) Criteria Normalized Criteria
days days hours™/2 NTPAMS8400Q1-STR-840CN-RAY-A-M2-XY-C-1X-RTW-4 NTPAM8400Q1-STI NTPAM8400Q1-STR-840 <0.02 7 days met
11/15/2024 15:49 0.000 0.000 5.1570 0.00000
11/18/2024 11:10 2.806 2.806 8.207 5.1753 0.35486 0.12644 0.35486 0.88510 N/A
11/19/2024 14:13 3.933 1.127 9.716 5.1759 0.36649 0.01032 0.01163 0.07227 NO
11/20/2024 13:22 4898 0.965 10.842 5.1760 0.36843 0.00201 0.00194 0.01407 NO
11/21/2024 14:10 5931 1.033 11.931 5.1766 0.38007 0.01126 0.01163 0.07880 NO
11/22/2024 11:08 6.805 0.874 12.780 5.1767 0.38201 0.00222 0.00194 0.01554 NO
11/29/2024 13:03 13.885  7.079 18.255 5.1766 0.38007 -0.00027 -0.00194 -0.00192  YES
12/6/2024 14:43 20.954 7.070 22.426 5.1765 0.37813 -0.00027 -0.00194 -0.00192  YES
12/13/2024 9:52 27.752 6.798 25.808 5.1758 0.36455 -0.00200 -0.01357 -0.01398  YES

Stratasys Antero 840 - Prism Comp.
0.5

0.3

0.3

0.2

0.2

MOISTURE CONTENT (%)

0.1
NTPAMS8400Q1-STR-840CN-RAY-A-M2-XY-C-1X-RTW-4

0.1

0.0
0 5 10 15 20 25 30

Exposure Time (Hours)/2
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VWICHITA STATE UNIVERSITY

Heat Release Testing, Antero alll NIy

Rate of Heat Release vs. Time

= Specimen Peak RHR Peak Time THR at 2 minutes Thermopile
= gz:gmg (kW/m?) (mm:ss) (KW*min/m?) Baseline (mV)
— 1 56.07 04:25 0.04 28.95
T 2 50.62 04:47 041 2961
§ 3 49 52 03:52 0.84 2927
% 4 4825 03:01 0.16 2953
¥
% Average 5112 04:01 0.36 2934
EE Negative heat release values suppressed : Yes
8
x Specimen 1 Notes
NTPAM8000Q1-STR-800NA-AIR-A-M2-XZ-HRP-RTA-2
Sample started melting and then caught on fire
S B @ w1 1 0 1w 1 m 2o 0 2 0
Time (seconds) Specimen 2 Notes

NTPAM8000Q1-STR-800NA-AIR-A-M2-XY-HRP-RTA-2
Sample started to melt and caught on fire

[ —

W b o E DN
11

—~ »

1

Specimen 3 Notes
NTPAM8000Q1-STR-800NA-AIR-A-M2-ZX-HRP-RTA-2
Sample started to melt and then caught on fire

T S e e

Specimen 4 Notes

NTPAM8000Q1-STR-800NA-AIR-A-M2-Z45-HRP-RTA-2
Sample started to melt and then caught on fire

—+

i et 88

DHEFE
i

T

-
cAEmp scaas
EIMBEL 7 Tan
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Antero 800 Mechanical Testing Data, LDR| Nikny

VWICHITA STATE UNIVERSITY

o e T IR - I = T aehe

ASTM D638 , DOGBONE TENSION ap === e e '“f’s'

n3l. 8 | 29 1582 )
=~ 2 [ 1026. 055 52 12 v &=
D ] ‘
o ~N = —_— e ——
< o
9 = 2
3
< WA gRE00 0 i XY-T-H-&i b1
o [ Lo j ‘ Gt o ;
. . o o s J L& l' W‘l/nb
n i
0 o
0 5 i wn
() 8 — N < SRy i XY T34t
L Q o)) ‘ . =
<)) (<)) - — z
s S 3 3 | o m——
— o [
! ~ - (o)) ) =
@ i - in 3 ~ “ ‘ =
R -~ - S - . s Hfo ‘ -
o] a S
wn -
- x?.‘_r—ja-un-!l-

[BATCH NAME: NTPAMBIO0G! STR-HOUNA AR AM2XY-THX RTWX
CONOITION (RTA, RTO, RTW, RIF| - RTW

XY XZ ZX Z45 XY XZ ZX Z45 XY XZ ZX Z45 XY XZ ZX Z45

e =
B SPECHEN KA. oF

1

CTA RTA ETA ETW

)
78
[

Strength (Ksi)
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Antero 800 Mechanical Testing Data,

VWICHITA STATE UNIVERSITY

)
Y
ASTM D695, PRISM CUBE COMPRESSION
% o <
- g < ~
3 B 2 2
S 3 S 3
e @ N o
e 3 8 S T B -
(o)} [e)] o (o]
~ ~ o0 N
XY XZ ZX 7245 XY XZ ZX 7245 XY XZ ZX 7245 XY XZ ZX 745
CTA RTA ETA ETW
Strength (Ksi)




VWICHITA STATE UNIVERSITY

Antero 800 Mechanical Testing Data, LDRI Nihng

o e ) 0.89
ASTM D790, FLEX ; | s
Y¥-F- 1 -CTA o
PR——— f . ’7-‘«7,-’5!.{4;9 — |
X¥-F-13-cvm-2
e R R e e
XY ~F-(4-cTA -3
1 . |2 Jven (7074772 |
‘ e
j XY-F-15-cTa-4 - *,.jj“ro/
e C Y v vy Q7 5T é
i [ —
(sl T el i [ T%% — FZ7Z
s [ e Y G v i ; ] / 43,54
XY XZ ZX z45 XY XZ ZX z45 XY XZ ZX 745 XY XZ ZX 745 j 2 I p—— ; | | / (%3090
R ! J | \L 43513
CTA RTA ETA ETW " " N T |
o, ploncc | P
e %o Rk Pl < e A—_*;
o — el e e e T
ke TSR DR o i | —
v, S Rl -
= [
Strengt (KS|) SN VPS—— ||
L
- = Tvin | hzan

& e —
Godad Isbork Vlafag

INDUSTRIAL MODERNIZATION
OF MATERIALS & MANUFACTURING

e N\ S 51 32




Antero 800 Mechanical Testing Data, UDKI y L

VWICHITA STATE UNIVERSITY

ASTM D7078, RAIL SHEAR

’ 7
!/v'.
Uk
Wh . Y
‘ = 2 Bt ‘ haod bk 14
- ol € 3 Wokaas et
e ""ﬁ" 4 2 SRS

(S E

L pse1s.
= 5 "Mq
|
' WEL 774 0 I 1) : o 306 | 250
7555 IS8 7 ;
Seryztl s 4 L
546203 | 14& i 1
Fonania, ==
XY XZ ZX 745 XY XZ ZX 745 XY XZ ZX 745 XY XZ ZX Z45 z b7 Ry
| " 22 </'§("’~‘ b
CTA RTA ETA ETW ‘ : oHh 3 .
} -i»" E;;‘ ‘&,’Q} * Ve Loy Comammy COpY
| % St
. !, - n ‘ T - otk 0l
Strength (KSl) e . e
i o | § e H el % SS* e
2y M "AVJ p rzy“hT
Xygse 1 YRS -15
l fon-4
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Antero 840 Mechanical Testing Data, DB3d RTA

VWICHITA STATE UNIVERSITY

ASTM D638 , DOGBONE TENSION RTA

XY Xz ZX Z45 XY Xz ZX Z45 XY Xz ZX Z45 XY Xz ZX Z45

NAVAIR-RTA RAY- RTA NIAR R1- RTA NIAR R2- RTA

Strength (Ksi)




Antero 840 Mechanical Testing Data, DB3d ETW

VWICHITA STATE UNIVERSITY

D638 Dogbone Tension ETW
12

10 9.547 9.786 9.495 9.736

8.263 . 5 005 g 15 8.351
75 7.633 7.595
8 7.2347.247 2146 7:528 7.293 7.484
6.899 6 765

6.244

Strength (Ksi)

NAV-ETW NGC-ETW NIAR R1-ETW NIAR R2-ETW RAY-ETW

XY BXZ WmZX mZ45




Antero 840 Mechanical Testing Data, DBdd LTA

VWICHITA STATE UNIVERSITY

ASTM D638, Dogbone Tension, CTA

20
18.03

18

16

14 13.732

12 11.192

10
7.978 8.171

NAV-CTA NIAR R1-CTA

XY WMXZ mzZX mZ45




Antero 840 Mechanical Test Data, DB38 RTW

ASTM D638 , DOGBONE TENSION RTW

XY Xz ZX Z45 XY Xz ZX Z45

RTW-NGC RTW-RAY

Strength (Ksi)




VWICHITA STATE UNIVERSITY

ASTM D638, Dogbone Tension, ETA

8.037
7.356 7.41 7.433

6.34 6.484 6.48

6.263 ¢ 103 6.294
5.938 5.862 5812 5.865 5.867 5.953 '

NAV-ETA NIAR R1-ETA NIAR R2-ETA RAY

XY WMXZ mzZX mZ45




VWICHITA STATE UNIVERSITY

Antero 840 Mechanical Testing Data, DBda ETW NIk ng

ASTM D695, PRISM COMPRESSION ETW

~ [e)]
z : . 2 R E 5 B 2 3
o 3 = S 2 S ! g = ) g o o
L © & ™~ - ! o S - - 5 — - - 3
©Q S o A — © < © o ~
< n o ~ o ~ @ o
o)) - N — &
o)} (<)} (o)) (]
_ z
11-ETW-1
ToRNAD
$so0
€e1. 204-0
CEYS
12-ETy/ DVHo1+q
=2 N 0300 Y04
w3
S6s6i-08|
= Y.31E-
el 214979«
LoiYy9
» Lo
XY XZ ZX 745 XY XZ ZX 745 XY XZ ZX 745 XY XZ ZX 745 XY X2 ZX 745 0.0%
15-ETW-4
NGC-ETW RAY - ETW NAV - ETW NIAR R1 - ETW NIAR R2 - ETW

MACHINING INTEGRITY PERSONNE |

MENSIONING INTEGRITY PERSON|

Strength (Ksi)
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Antero 840 Mechanical Testing Data, DB3a RTA

VWICHITA STATE UNIVERSITY

ASTM D695, Prism Compression Cube, RTA
15.2

15 14.939

14.8 14.681

14.6

14.383
14.4 14.328 14343 14.31 14.331

14.202 14.197
14.2 14.124 14.149

14 13.948
13.8
13.6

13.4
NAV-RTA NIAR R1-RTA NIAR R2-RTA

XY WMXZ mzZX mZ45




Antero 840 Mechanical Testing Data, DB3a RTW

ASTM D695, PRISM COMPRESSION RTW

XY Xz ZX Z45 XY Xz ZX Z45

NGC-RTW RAY-RTW

Strength (Ksi)




Antero 840 Mechanical Testing Data, DB3a CTA

24.5

24

235

23

22.5

22

21.5

21

20.5

20

VWICHITA STATE UNIVERSITY

ASTM D695, Prism Compression Cube, ETA

13.8 23.869

23.371 23.52 23.435

23.156 23.208

22.67
22352  22.42

21.823
21.534

NAV-CTA NIAR R1-CTA NIAR R2-CTA

XY WMXZ mzZX mZ45




Antero 840 Mechanical Testing Data, NGC-RAY

ASTM D790, FLEX

IMa Strength (KSI)




Antero 840 Mechanical Testing Data, Rail shear ETW

VWICHITA STATE UNIVERSITY

ASTM D7078 RAIL SHEAR ETW

n
~
© ©
Q 0 o
o &
3 A
~ <
g S n
) <
un wn
wn [o0] N ~
3 - 5
i "
i
< <
XY XZ ZX Z45 XY Xz ZX Z45 XY XZ ZX z45 XY XZ ZX Z45
NGC-ETW RAY-ETW NIAR R1-ETW NIAR R2-ETW

IN\E Strength (Ksi)




Antero 840 Mechanical Testing Data, Rail shear RTW

ASTM D7078 RAIL SHEAR, RTW

IMa Strength (KSI)




NIAny

VWICHITA STATE UNIVERSITY

ASTM D7078 Rail shear RTA

10
9 8.727

8.318 8.24 8.226
7747 7.971 7.903 7.965 7.911

¢ 7.375 7.433

6.161

NAV-RTA NIAR R1-RTA NIAR R2-RTA RAY-RTA

XY WMXZ mzZX mZ45
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All coupons at XZ print direction yielded a bad failure mode,

thus the data were not reported. This was consistently
observed across aII batches

[T o =z [2Z7.%%%




VWICHITA STATE UNIVERSITY

Antero 840 Mechanical Testing Data, RAYTHEON NIk ng

AVG HOLE INITIAL LOAD OPEN HOLE TEST

SPECIMEN NAME THICKNESS AVG WIDTH ABEA DIAMETER  Orfser  MAXLOAD  TENSILE  TEMPERATUR  FAILURE
Gnl [in] [in%] fin] (b] [Ib] STRENGTH E MODE
[ksi] [°F]

NTPAMS8400Q1-STR-840CN-RAY-A-M2-XY-OHT-11-ETW-

1 0.131 1.503 0.197 0.251 0.0 1184.855 6.026 180F M(A,L)GM
NTPAM8400Q1-STR-840CN-RAY-A-M2-XY-OHT-12-ETW-

2 0.131 1.503 0.197 0.251 0.0 1142.301 5.797 180F M(A,L)GM
NTPAM8400Q1-STR-840CN-RAY-A-M2-XY-OHT-14-ETW-

3 0.131 1.501 0.197 0.252 0.0 1130.405 5.739 180F M(A,L)GM
NTPAM8400Q1-STR-840CN-RAY-A-M2-XY-OHT-15-ETW-

4 0.131 1.502 0.197 0.251 0.0 1134.645 5.766 180F M(A,L)GM

AVERAGE 5.832

STANDARD
DEVIATION  0.131

COEFFICIENT

OF VARIATION
[%]  2.253

IMa , e . Strength (Ksi)

ey | /) [\ g
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VWICHITA STATE UNIVERSITY

Antero 840 Mechanical Testing Data, RAYTHEON NIk ng

INITIAL
2% Ak
AVG HOLE INITIAL ULTIMATE  OFFSET BEARING TEST  PREVAILI
SPECIMEN NAME THICKNE V\ﬁ\[’ﬁH AREA  DIAMETE (E\E’IERG’erHLPELF{OQBLE LOAD UELE)'\Z'\QT BEARING BEARING BEAGR'N STIFFNES TEMPERA NG  FAILURE
sS ) [in?] R ) OFFSET STRENGTH STRENGT S TURE TORQUE MODE
[in] i [in] Il fIFGII rey el [ksi] ho STREN sl PR in-lbs]
ks &M
[ksi]
NTPAM8400Q1-STR-840CN-RAY-A-
M2-XY-SSB-11-ETW-1 0203 1501 0304 0251 5503 1.0 0.0 1342.251 26.439  20.359 0208  180F 12 B1l
NTPAM8400Q1-STR-840CN-RAY-A-
M2-XY-SSB-12-ETW-2 0203 1501 0305 0.251 5504 1.0 0.0 1312.537 25750  20.873 0.186  180F 14 B1l
NTPAM8400Q1-STR-840CN-RAY-A-
M2-XY-SSB-14-ETW-3 0203 1,500 0305 0.251 5505 1.0 0.0 1355312 26.553  22.404 0217  180F 10 B1l
NTPAM8400Q1-STR-840CN-RAY-A-
M2-XY-SSB-15-ETW-4 0203 1,501 0305 0.253 5504 1.0 0.0 1303.654 25.325  20.738 0208  180F 11 B1l

AVERAGE 26.017 21.094 #DIV/0! 0.205
STANDARD

DEVIATION 0.582 0.900 #DIV/0! 0.013
COEFFICIENT OF

VARIATION [%] 2.237 4.269 #DIV/0! 6.481

Strength (Ksi)
IMA »
e, Y eeeTTSTSTSESETELEEEEEEESESESESESESESDSDSS ¥ Siice: ol




VWICHITA STATE UNIVERSITY

Antero 840 Mechanical Testing Data, 538 Nihng

ASTM D5961, Single Shear Bearing, ETW

27

26.017
26

24.968
24.818

25 24.73

24.581 24.341 24.539 24.418

24.664

24.143

23.9 23.852
24 23.50923'783 23.757 )3378 23.607
23.192 :
53 22.89
22.443

22

21

20
RAY-ETW NAV-ETW NGC-ETW NIAR R1-ETW NIAR R2-ETW

XY WMXZ mzZX mZ45




VWICHITA STATE UNIVERSITY

Antero 840 Mechanical Testing Data, RAYTHEON NIk ng

FILLED-
INITIAL HOLE TEST
AVG MAX PREVAILIN
AVG WIDTH  AREA HOLE DIAMETER  LOAD TENSILE TEMPERATUR  FAILURE
SPECIMEN NAME TH'C[:ETESS [in] [in?] [in] OFFSET L([?Q]D STRENGTG[-I;S_TSS;JE E MODE
[Ib] H [°F]
[ksi]
NTPAMS8400Q1-STR-840CN-RAY-A-M2-XY-FHT-11-
ETW-1 0.132 1.500 0.198 0.251 0.0  1204.425 6.091 13 180F M(A,L)GM
NTPAM8400Q1-STR-840CN-RAY-A-M2-XY-FHT-12-
ETW-2 0.131 1.502 0.197 0.251 00 1175168 5.951 17 180F M(A,L)GM
NTPAMS8400Q1-STR-840CN-RAY-A-M2-XY-FHT-14-
ETW-3 0.133 1.501 0.199 0.254 00  1167.177 5.864 20 180F M(A,L)GM
NTPAMS8400Q1-STR-840CN-RAY-A-M2-XY-FHT-15-
ETW-4 0.132 1.503 0.198 0.251 0.0  1165.200 5.891 23 180F M(A,L)GM
AVERAGE  5.949
STANDARD
DEVIATION  0.101
COEFFICIENT
OF VARIATION
[%]  1.706

Strength (Ksi)
IMA R | T =
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Thank you

Questions?
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