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.CTE' T.échhology Overview

» Technology Goal

= The CTE project will develop and demonstrate critical composites technologies
with a focus on weight-saving, performance-enhancing bonded joint
technology for Space Launch System (SLS)-scale composite hardware to
support future NASA exploration missions.

» Technical Capabilities

= |mprove the analytical capabilities required to predict failure modes in
composite structures.

= Support SLS payload adapter by maturing composite bonded joint technology
and analytical tools to enable risk reduction.

» Exploration & Science Impact

= Lighter weight structures; improved material predictive capabilities; improved
bonded joint failure load and mode predictions to help reduce knockdown
factors and improve predictability and reliability.

= |ncrease confidence of all bonded joint composite structures.
= Applicable to SLS joints and structures; Lunar Lander structures and joints.
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‘Mission In_fu"s'-ion & Ré‘rt‘ne’rships'

» Contributing partners and/or stakeholders
= HEOMD - SLS
= OCE/NESC is helping capture CTE data for future project usage

= Composite Bonded Joint Design, Analysis and Test data is being captured through the NESC Polymer
Matrix Composite Community of Practice.

» Infusion/transition plan
= HEOMD —SLS

= Longitudinal bonded joints baselined by SLS Payload Adapter to reduce weight and manufacturing
time.

= SLS Block Upgrades

* Circumferential bonded joints provide lighter weight structures for greater performance and
increased payload capability.

= Lunar Lander structures and joints.
= Composite Bonded Joint Design and Analysis through the NESC PMC Community of Practice.
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CTE Teichndlogy'Goals_ & Project Objective's'

Technology Goals

Develop and validate high-fidelity analysis tools and standards for predicting failure and
Goal #1 : . .

residual strength of composite bonded joints.

Develop and demonstrate an analytical tailoring approach that enables the reduction of
Goal #2 . . C

the baseline 2.0 safety factor for composite discontinuities.

Project Objectives

Jomt_ : |dentify low mass bonded joints for light-weight composite launch structures.
Configuration

Model Establish modeling capabilities that enable failure predictions with low
Predictions engineering uncertainty.
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CTE Performance

Key Performance Parameters

Composite Technologies for Exploration (CTE)

Performance Parameter State of the Art (SOA) Threshold Value Project Goal Estimated Current Value
Failure Prediction @ +25% of mean +15% of mean | +5 of mean. See #1 in Notes
Risk Reduction Factor @ 2.0 1.8 1.4 SOA
Part Count ® 100% 75% 50% 294 (4)
Weight © 100% 85% 75% 15% (4)
Notes:

1. Current failure prediction: L-Joint, sub-element predictions: Pre-Testing :+9% and Post-Test + 5%.
L-Joint, large-panel predictions: Pre-Test £11.0%, Post-Test (measured imperfections and loading imperfections): £2%

2. With a 2.0 FS in the CTE L-joint design, the team demonstrated a FS of 2.9 and 2.4 (undamaged and damaged, respectively) in the
large scale panel tests. The next step would have been to redesign the joint for a FS of 1.8 and 1.4 and do additional testing which team
did not do due to FY19 budget cut.

3. State of art is a metal bolted joint in primary load path for 8.4 M diameter scale structure. Weight associated with metal/bolted joints
(e.g., 3 Ib/ft metal bolted joint) was used to estimate weight per linear foot bond line savings. Savings calculated by analysis.

4. Estimated current values were derived using the CTE point design longitudinal bonded joint with a highly loaded structure.

GCD FY19 Annual Review 5



Technical Elements

Entry Current?
Composite L- Joints— Analysis 3 5 5 6 )
Composite L- Joints— NDE 4 5 5 5 5
Composite L- Joints— Design 4 5 5 6 5
Composite C- Joints - Analysis 2 3 3 8 4
Composite C- Joints - NDE 2 3 2 8 8
1Date of last TA was 8/20/2019
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MRL

Technical Elements

Entry Current?
Composite _Longltudlnal Joints— 4 5 5 6 5
Manufacturing
Composite _Clrcumferentlal Joints - 5 4 3 8 8
Manufacturing

1Date of last TA was 8/20/2019
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CTE.Technical A@prbaéh

» Project plans to accomplish objectives

= Develop and validate high-fidelity analysis tools/modeling and analysis standards for the
prediction of failure and residual strength of composite bonded joints.

= Design, fabricate, and test a light-weight bonded joint concept for SLS Payload Adapter.

= Deliverables include:
= The design, analysis, fabrication, and test of one or more representative-scale bonded joints.
= Material equivalency reports.

= Validated analytical methodologies for the prediction of composite bonded joint behavior and
behavior at/near discontinuities.

= Post-test report to include a proposed strategy and infusion path forward.
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Large-Scale Post-Test
Analysis and Correlation

Longitudinal BondedJoint

Structural Analysis and De5|gn
Joint Sizing Process

Scale-Up, Large Sub-element Tests and Joint Manufacturing and
Panel Tests Post-Test Analysis Process Development



Technical Status,
SLS Payload Adapter Longltudlnal Bonded Joint

'Prellmlnary Design-and Analysis Accomplishments

Longitudinal Bonded Joint

CTE team presented preliminary
longitudinal bonded joint sizing to PLA
team on August 26t

Recommended building block approach
future testing of PLA joint with analysis
correlation

PLA team asked CTE team to perform
additional analysis of segmented joint
design

CTE team has completed analysis of
segmented longitudinal bonded joint
design and is updating presentation that
will be presented to PLA in a few weeks
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CTE bonded joint sizing process used for PLA for longitudinal bonded
joint sizing
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Part Loc LC ol | o2 o3 112 | 113 | 123 | *FC165
06 @0deg |10.8|109| 219 | 86.2 | 11.4 | 109 10.0
Outer|09 @ 180deg| 26.3 [ 23.9| 78.2 [119.6 | 17.0 | 159 15.0
Facesheet 06 @ 270 deg| 81.5]|27.5| 83.0 | 1384 | 32.5 | 76.1 31.0
Ply9 06 @0deg | 10.6 [ 11.0| 31.2 | 334 | 15.8 | 16.8 13.9
Inner|09 @ 180 deg| 25.8| 22.3 | 71.8 | 60.0 | 21.5 | 23.4 19.2 4
06 @270 deg| 15.4|91.0| 76.4 | 80.8 | 29.8 | 19.3 27.6
06 @0deg | 16.5[33.5| 10.6 | 214 | 14.7 3.3 8.7
Outer|09 @ 180deg| 37.6| 9.4 | 299 | 351 | 215 | 5.5 13.0
Facesheet 06 @ 270deg|151.8{ 91.5| 39.3 | 455 | 42.8 | 14.8 30.8
Ply8 06 @0deg | 15.6 [33.1| 15.7 9.1 19.3 4.9 11.9
Inner(09 @ 180 deg| 37.5[ 9.0 | 35.0 | 16.1 | 26.5 | 10.7 16.6
06 @ 270 deg| 22.0 [319.3| 50.5 | 23.1 | 32.3 8.6 28.1
mmmmms) 2 Doubler Plies
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Technical Status,
SLS Payload Adapter Longltudlnal Bonded Joint

 Manufacturing Process Development

Surface preparation automation processes

» Researched and developed surface preparation
(atmospheric pressure plasma treatment) automation
processes for use on the longitudinal joints

» Recommended approach:

» Distance between jet and substrate: 0.5 inches
» Raster (scan) speed: 1 - 6 inches per second

Draft bonding process specification developed

= Some values remain TBD pending future test results

= [nitial process window development coupons have been
fabricated and sent to test at NIAR for testing

GCD FY19 Annual Review

Multi-zone heat blankets evaluation for out-of-oven
processing

= |dentified key processing limitations in original heater
blanket configurations

= Performed cure trials with upgraded multi-zone blankets at
various configurations: single-zone heat blankets at full-
scale with honeycomb core, multi-zone heat blankets at
sub-scale with honeycomb core, and multi-zone heat
blankets at sub-scale with foam core.

= Process optimization with :
upgraded heater blanket
resulted in a significant
reduction in lead and lag
temperatures during cure
resulting in a much more
uniform cure profile

250°F Cures - Blanket Temperatures
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Bonded joint process window development

Developed a process window development design of
experiments to evaluate process parameters relevant to
adhesively bonded joints

Ultimate purpose:

To establish critical processing parameters that may
have a distinct detrimental effect on the quality of the

GCD FY19 Annual Review

Initial fabrication and testing completed through CTE:
Parent laminate panel fabrication and trimming processes Low
Bonding / coupon assembly processes

Testing in-work at NIAR (100 coupon tests)

joint

To establish a process window box that the joint
must be fabricated within to ensure an acceptable

bond

Technical Status,
SLS Payload Adapter Longltudlnal Bonded Joint

 Manufacturing Process Development

To establish adequate process controls for bonded joints, processing
parameters and critical process controls must be well understood

Process Parameters

Adhesive
Age
(months)

Adhesive
Out-time

(days)

Laminate
Age
(months)

Relative
Humidity
(%)

Prep to
Bond Time
(days)

Cure
Temp. (F)

Plasma
Treatment
(via APPT)

Tolerances

-0/+1

-0/+3

-0/+1

-5/+5

-0/+3

-10/+10

NA

<6

<3

<1

<10

0

200

no

Mid

Levels

null

null

oull

oull

oull

250

oull

High

12

30

12

70

1¢

300

yes

Draft bonding process specification developed

adhesively bonded joints

Design of experiments for critical process parameters of
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Technical Status

Design, Analysis, Fabrication, and Testing of Large-Scale Longitudinal Bonded Jointed Concept

CTE team demonstrated scaled-up composite bonded longitudinal joint manufacturing and structural performance
(pristine and damaged) by successfully manufacturing and testing two 62” long x 30” wide panels
with 62" long x 4.2” wide joints under compressive load conditions.
» Tests showed that composite bonded longitudinal joints are predictable and reliable under buckling load
conditions.
= Tests showed that composite bonded longitudinal joints, both pristine and impact-damaged, satisfy design

load requirements with 2.9 and 2.4 factors of safety, respectively, and have met fracture critical joint
performance requirements.

B Failure Test

w . | Failure Analysis Bl
Panel Buckling Test Set-up - -
. Buckling Test Buckling Analysis
GCD FY19 Annual Review




Clrcumferentlal Joint Manufacturing
Accomllshments

CTE Circumferential Joint Concept  pj.preform  C-Channel

Pi Preform Accomplishments ) 3D-Woven C-Channel Accomplishments

« Bally Ribbon Mills (BRM) weaving BRM delivered 12" dry preforms to Cornerstone

complete Research Group (CRG)

« Pi-preforms, infused with 5320-1 resin CRG Resin Transfer Molded C-Channels
! ! Pi-Preform Trial

complete and (6) 50” sections delivered (90°orientation) * NASA evaluations found voids and weave
to GSFC. variations that were un-acceptable

« CRG and BRM varied processing to result in
acceptable quality parts. This took 2
iterations of the 12" scaled parts

BRM delivered (3) 36” dry preforms at the final
weave to CRG for scale up evaluations.

CRG delivered (3) 36” parts for NASA testing

e Cure process development
demonstrating cure of pi-preform
complete

» Parts cut to evaluate properties
» Next step to build joint with Pi-Preforms

CRG Cured 36" C-Channels
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Clrcumferentlal Joint Manufacturing

Accomplishments

« Test article and test fixture designed and analyzed
« Fabrication of 5 C-Joint sub-element test articles completed

 Test plan completed

C-Joint sub- —0m
element test article
design

est fixture design

Base plate
fabrication

Tension loading: |
complete

Pi-preform ready
i for bonding

Sandwich
section fabrication
complete

GCD FY19 A







Technical Status

3D Weave NPE

» Defect panel was developed in conjunction with BRM, designed e
to contain characteristic flaws unique to the 3D weaving AR ey v
manufacturing process, most of which are not seen in other - = 4 3D Woven

:  rem . Defect Panel
production methods T " Approx. 24 x 24"

» Panel inspected by NASA Glenn, NASA Marshall, and 3 external
vendors: North Coast, NDTS, and R-Con

» All common composites NDE techniques attempted:
ultrasound (immersion through transmission and pulse echo,
contact phased array pulse echo), infrared thermography,
digital radiography, resonance, and mechanical impedance

» More work needs to be done to develop techniques for
adequately inspecting 3D weave composites. Despite having
knowledge of flaw locations, using state-of-the-art
equipment, and having technical experts attempt the
techniques, only two setups detected the majority of the
flaws (immersion ultrasound and infrared thermography) and
both of those have significant limitations on full-scale parts.
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. Project Milestone

‘ GCD (Key) Milestone

v Controlled Milestone

TRL Progression

L- Joint Fab C- Joint Fab

L- Joint Analysis C- Joint Analysis

Final Report
(09/2019)

eeeeeeeeeeeeeeessmeeeee e e s e e A Ao s A s £ At e A e A ettt ne st ) AR

5

Coupon Fab, Test,
Analysis Complete
(9/2017)

4

Report Resulis !

of High Fidelity |
Analytical Toals

(09/2019) !

|

Design, Analysis, Fab &
Test of Large-Scale

) ) Bonded L-Joint (3/2019)
Design, Analysis,

Fab & Test of
Bonded L-Joint
Concept (8/2018) |

Ve Qo

Identify

Report — App. & §)
Implementation of New
Mnfg Processes and Tech

Assess

Assess Application

Methods Methods Methods
— (3/2017) (5/2017) (9/2017)
: Assess Application
Identify Assess
Methods Methods Methods
(3/2017) (5/2017) (9/2017)

MAE RN RN ELE NN NN NS N SR N R Gl G
Report — App. &

r -
l _
Implementation of New I Report — App. &
|
|
|

Implementation of New:
Mnfg Processes and Tech Mnfg Igrocesses and Tech;
Design & Analysis of :

J Manufacturing of i
Combined Loads Test

Bonded C-Joint i
Panels (12/2018) Concept

S URURURPRI. SRR SO A &

Manufagcturing of Report Resilts

Bonded C-Joint I of Bonded:C-

Components Joint Analysi$ &

Design & Analysis Manufacturing

of Bonded C-Joint ! (09/2019)
Concept (10/2018) I i

2
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| Technical Risk Summary

Risk ID | Affinity Description/Status Trend
L-Joint Scale-Up
Bonded joint manufacturing processes developed at the laboratory
9 M/T scale may present challenges at full scale. Improving during the
remainder of FY19 with demonstration and evaluation of additional
out-of-autoclave processes.
CLOSED
C-Joint Manufacturing Scale-Up
1 5 3 7 11 M/T Circumferential joint manufacturing developed at the laboratory @
CONSEQUENCES scale may present challenges at full scale.
Jﬁasmg Imorouing | 22EE08ED C-Joint Assembly Scale-up
T Increasing (Worsening) E :l:i:te 12 M/T Circumferential joint assembly developed at the laboratory scale @
Med (=) Unchanged A- Accept may present challenges at full-scale.
] New Since Last Period R - Research

GCD FY19 Annual Review
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» Summary of Education and Public Outreach

 12/4/2018 - Moon to Mars Day on the Hill (Washington,
DC)

o 1/7-11/2019 — 2019 AIAA SciTech (San Diego,Ca)
e 4/18/2019 - NASA Day in Montgomery (Alabama)

o 5/20-23/2019 - Society for the Advancement of Material
Process Engineering (SAMPE) (Charlotte, NC)

« 9/24-26/2019 — Composites and Advanced Materials Expo s
(CAMX) (Anahelm, CA) Mallory Johnston & Tracie Prater at

NASA Day in Montgomery, Alabama

2019 CAMX Special Session

A special session chaired by Sandi Miller on composite bonded joints is
occurring at CAMX. Seven papers are being presented by the CTE team
members and contract partners.
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Annual Summary

Due to reduction of FY19 procurement funds from SLS, the project updated FY19 milestones and tasks.
FY20 augmentation work was approved to perform additional circumferential joint work.

The CTE analysis team continued to support the SLS PLA team on composite bonded longitudinal joints in
FY19. The team presented results of the analysis study to the SLS PLA team on 8/26/2019. Follow-up
requests have been completed and a final meeting is being scheduled.

Completed the milestone “Complete Design, Analysis, Fabrication & Testing of Large-Scale Longitudinal
Bonded Joint Concept”.

The CTE project will complete the CTE API Milestone " Complete Manufacturing and Test of
Circumferential Bonded Joint Concept” on September 24, 2019.

Provided CTE Overview at the Joint Defense Manufacturing Technology Panel. (8/6/2019 at Oak Ridge
National Lab, Knoxville, TN)

Presented to NESC Materials working group. (8/20/2019)

CTE TAPR is scheduled at MSFC for November 6, 2019.

GCD FY19 Annual Review 20
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Project As'sessmeﬂ.'t Summary '

) Performance
Project Comments

Cost is yellow due to the decrease of SLS procurement funding for FY19. Cost will trend toward green once decision is made

on scope for the remainder of FY19.

Schedule is yellow due to concerns with the first cured 12-in, 3D-woven C-Channel. The CTE team worked with Cornerstone

Research Group (CRG) and Bally Ribbon Mills (BRM) on changes to the 3D weave dimensions for the second and third 12-in C-

channel preforms and continue to evaluate the Resin Transfer Molding (RTM) process parameters. BRM has delivered the second

Mld Year and third 12-in C-Channel preforms to CRG for RTM (infusion and curing). The cured C-Channels are being evaluated by NASA.
Lessons learned from the 12-in C-Channels drive the design of the larger, scaled-up parts.

Technical continues to be green.

Programmatic is yellow while options and plans are assessed and a decision is made on scope for the remainder of FY19.

SLS Payload Adapter project is currently assessing tasks that the CTE analysis team could support that would positively affect a

FY20 structural test article. The CTE project is developing a Change Request (CR) for FY20 augmentation for additional

circumferential joint work.

Cost — Green

Schedule — Green

- The CTE Project submitted a Change Request (CR) that was approved to move schedule completion date from 8/5/2019 to
9/24/2019. The reason for the change request is additional time was needed to manufacture the circumferential bonded joint test
coupons and complete the test.

Technical — Green

- GSFC fabricated the first C-channel material test coupons. Three test coupons were shipped to NIAR (7/22/2019) and
successfully tested.

- Two circumferential bonded joint sub-elements have been manufactured and will be tested on 9/19/2019.

Programmatic — Green

- The CTE analysis team continues to support the SLS PLA team on composite bonded longitudinal joints. The team presented
results of the analysis study to the SLS PLA team on 8/26/2019. Follow-up requests are have been completed and a final
presentation is being scheduled.

Annual
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EPO Summary Chart
» Conferences attended |

Conference Name Papers/Posters/Panel Discussions

AlAA SciTech 4 Papers
SAMPE 1 Paper
NASA & NCAME workshop on “Composites Materials and Discussions

Manufacturing Technologies for Space Applications

CAMX 7 papers & Composites special session
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Criticality

Med

Current LxC
3x4

Affinity Group
Technical

Planned Closure

09/01/2020

Open Date
October 2018

Risk Statement
Circumferential joint manufacturing developed at the laboratory scale may present challenges at full scale resulting in a
non-conforming composite end ring.

Approach: See Below

Context
This risk addresses component manufacturing.

1. Component Manufacturing (C-channel) — Mitigate
a. BRM is weaving 60” straight parts, CTE point design with 6 segments requires a 164” curved part.
i. BRM has experience weaving curved parts resulting in low fabrication risks; however, curved parts incur
increased setup costs.
ii.  Acurved weave may result in different mechanical properties. This risk is low as the radius of curvature is
gentle and only small fiber angle variation is anticipated.
b. Larger risk to manufacturing is meeting tolerances on C-Channel bolted interfaces (EUS/USA).

Status

e 09/17/2019 — Updated trend to decreasing. Updated planned closure date from 09/01/2019 to 09/01/2020. Process
modifications were made to the 4t and 5t 12” C-channels. The lessons learned from the 4th and 5t 12” C-channels were
applied to the scaled-up 36” C-channels. Three 36” C-channels were infused and cured at CRG. Some surface pitting was
observed; however, there is low porosity through the thickness of the part indicating there is good resin infusion in the
complicated preform. GSFC had success with curing of the pi preforms that will be used for representative C-joint assembly
testing. See Risk #12 for comments on assembly.

. . Dollars to Trigger/
Mitigation Steps implement Start date _ [Schedule UID|Completion Date| Resulting L/C
Component- Work with resin transfer molding team to assess scale up issues (12" section) $0 1/1/2018 4/1/2019 3x4
Component- Work with resin transfer molding team to assess scale up issues (36" section) 8/01/2019 2x4
Component — Understand surface pitting with C-channel manufacturing. 2x4
Component — Understand effects of curved weave for C-channel manufacturing. 1x4




Criticality

Current LxC
4x4

Affinity Group
Technical

Planned Closure
09/01/2020

Open Date
October 2018

Risk Statement
Circumferential joint assembly processes developed at the laboratory scale may present
challenges at full scale resulting in a non-conforming composite end ring.

Approach: See Below

Context
This risk addresses C-joint assembly.
1. C-joint Assembly — Watch
a. Staggered panel-to-panel and ring segment-to-ring segment joints (CTE point design) scale-
up would require hot bonder cure and development of assembly tooling at full-scale:
i Oven cure is being used for sub-scale testing rather than heater blankets to reduce
(a) confounding variables in test data and (b) schedule risk. Potential risks include
(1) oven cure may not represent the potential variation in hot bonder cure
temperatures through the part at full-scale and (2) heater blanket design and
availability at full-scale.
b. Aligned panel-to-panel and ring segment-to-ring segment joints scale-up would enable
assembly in oven to eliminate need for hot bonder cures and reduce complexity of tooling

Sandwich end potted

-

~" Pi-Preform

-
e

(IM7/5320-1)
3D Layered Weave

C-Channel
(IM7/RTME)

flangs

3D Orthogonal Weave

at fU”'Scale: Bonded Si6061 a ’
i Increases risk to panel acreage due to additional oven heat cycle. Minor part s i \:‘\
deformations and material degradation are possible and would need to be e 55 N\
addressed via analysis or test.
ii. Increases risk of out of tolerance faying surfaces (to EUS and/or USA) and to Mo
overall assembly tolerances. Al HC Care N
Status h
. 09/17/2019 — Updated planned closure date from 09/01/2019 to 09/01/2020. Two representative
C-joint sub-element test articles will be tested at MSFC. The test articles include a sandwich panel,
prepreg pi preform, and a 3D woven flat panel/ baseplate to represent the web of a C-channel. The
test articles will be loaded in bending, tension, and compression. Preliminary analysis indicates that
both the test article and test fixture should survive the loading of two times the design limit load. P e
EY 301 C-Rep {Repressnting the Web is C-{hamnel)
rMI.-_:I:'J:"_ 100 Lirye ried Whiirww J'Illm.lrl:!.hl h.l:_::..:rl:fu e
anf . Dollars to Trigger/
Mitigation Steps implement Start date __ |Schedule UID|Completion Date| Resulting L/C
Assembly- Test a representative sub-element C-joint assembly with the pi preform, representative C-channel
baseplate (3D-woven flat panel), and a sandwich panel. 09/18/2019 axa
Assembly- Test a representative element C-joint assembly with the pi preform, representative C-channel baseplate
(3D-woven flat panel), and a sandwich panel. 3x4




[ ]2018[ |2019

Manufacturing Tech
Development

2: Manufacturing
Concepts Identified.

New manufacturing concepts and
potential solutions identified.

MRL Exit Assessment Matrix — Composite Longitudinal joint manufacturing

Producibility

Design Maturity

Applications defined. Broad performance goals
identified that may drive manufacturing options.

Materials Maturity

Malenial properties and
characteristics predicte( N / A

T R gy Manufacturing fechnalogy concepts
Concept Demonstrated.

Top level performance requirements defined.

Maierial properties vaidaled and

Modeling and Simulation

Initial models developed, if
apphicable.

Entry/Exit: 4/5

AD2 entry/exit:
LELNEL 6/

Materials and/or process
approaches identified.

Identification of proposed

4: Manufacturing
Process in Lab

Environment. requirements identified.

completed. Resulis considered in
sejection of prefemed design concepls

manufacturing capabilities identified for
preferred syslems concepis.

environment

Relevant malerials/processes p— = assessed for basic manufacturability " o }
identified through evaluated for manufacturabiiity using Tlade-oﬁ_!. in design options assessed baset_! using experiments. manufacturing concepts or _Cntlc_al manufacturing processes
experimentisimodels experimentsimodels on expefiments. Product Kfecycle and fechnical producibility needs based on  dentified through experimentation.

P P requirements evaluated. high-level process flow models.
Producion modeling/simulation

Initial producibility and System characteristics and measures to appmacha_[nr process or
Manufacluring Science & Advanced | manufaciurability assessment of support required capabiliies ilentified. Form, | Projected materials have been product are ientified applicable. | . . processes demonstrated
Manufacturing Technology preferred sysiems concepis fit, and function consiraints identified and produced in a laboratory

and assessed in the laboratory.

Required manufacturing
technology development efforts at

sufficient maturity for
manufacturing prototypes.

5: Prototype
components in
Production Relevant
Environment.

Producibility and manufacturability|
assessments of key technologies
and components initiated.
Ongoing design trades consider
manufacturing processes
Manufacturing processes
assessed for capability to test and
verify in production.

Lower level performance requirements
sufficient to proceed to preliminary design.
All enabling/critical technologies and
components identified and product
lifecycle considered. Evaluation of design
key characteristics initiated. Product data
required for prototype component
manufacturing is available.

Materials have been
manufactured or produced in a
prototype environment.
Maturation efforts in place to
address new material production
risks for technology
demonstration.

Initial models/smulation
(product or process)
developed at the component
level and used to determine
constraints.

Maturity has been assessed
on similar processes in
production. Process capability
requirements have been
identified for pilot line, low and
full rate production.

6: System or Required manufacturing
Subsystem ina techndlogy development

1 (T [T oY Re G VTR solutions demonstrated in a
Environment production relevant environment.

Producibility assessments and
producibility trade studies
(performance vs. producibility) of
key technologies/components
completed. Preliminary designs
assessed against manufacturing
processes..

'System requirements and features are well
lenough defined to support preliminary
design review. Product data essential for
subsystem/system prototyping available,
and all enabling/critical components have
been prototyped. Preliminary design key
characteristics have been identified and
addressed in the manufacturing process.

Material maturity verified
through technology
demonstration articles.
Preliminary material
specifications in place and
material properties have been
adequately characterized.

Initial models/simulation
(product or process)
developed at the component
level and used to determine
constraints.

Manufacturing processes
demonsirated in a production
relevant environment. Process|
capability data is available
(actual or modeled) from
prototype build and process
capability req’ts are refined
based on thisdata.

Demonstrated by manufacturing
four CTE Ljoints on SLS payioad
adapter (PLA) manufacturing
demonstration article (MDA}

Rationale

[ ]2018[ ]2019

AD2 Level 5

Demonstrated by manufacturing
four CTE Lqoints on SLS payload
adapter (PLA) manufacturing
demonstration article (MDA).
Additional trades sfudies done:
surface prep, cure techniques
(heater blan kets)

Demonstrated by manufacturing four CTE
Ljoints on SLS payload adapter (PLA)
manufacturing demonstration article (MDA}

Material maturity verified
through NCAMP database.
Additional testing on fillim
adhesive + Large scale panel
test and material testing.

N/A — production modeling
not looked at on this project.

Demonstrated by
manufacturing four CTE L-
joints on SLS payload adapter
(PLA) manufacturing
demonsfration article (MDA).
Hawve not done in a production
ready environment (TRLBG)
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TRL

Current TRL Exit Assessment Matrix — Composite Longitudinal joints - Analysis

Entry/Exit: 3/5

2: Technology concept
and/or application
formulated.

3: Analytical and
experimental critical
function and/or
characteristic proof-of-
concept.

4: Component and/or
breadboard validation in

laboratory environment.

5: Component and/or
breadboard validation in

relevant environment.

6: System/sub-system
model or prototype

demonstrated in a relevant

environment

Rationale

[ ]2018[ 2019
AD2 Level 5

AD2 entry: 6
Functional System System Modeling and Simulation Capabili . S Lifecycle
yster ysten 9 pabll Yy Environmental Validation Y
Elements Definition Integration Tools Validation Design
Basic functional elements of - - - | System archilecture defined | Operational requirement of Preliminary performance - - N
technology have been An appaﬁr:gglelne::gl_dﬁmgl M| in tems of basic functions 1o | funclional elements verified prediciions have been made for C“"cal! f“:f::"?' e""';";'ﬂ'“a:“:nfg'm NA
identified. P " | be performed. through modeling or simulation. basic funclional elements. )
Operation of functional m;f env'lon'rﬂnem A conceplual design of the | Models existio extent that Prelminary system perfoomance | Experimential resulis demonsirate
elements venfied through defined for basic funclional integrated system has been | compuler analysis and simulations | measurements have been feasibility of operations for basic N/A
bench-scale tests. defined. are possible. identified and estimated. functions to be performed
components.
N - System performance metrics Preliminary functional testing| Modeling shows subsystem . Laboratory scale tests indicate .

Subsysbml 1es_|s in a simulaled and test requirements have of integrated system interfaces will function at system Sys_tem perform_ance W components and subsystem interfaces Operatlo_nal needs_for
tab en ment show been defined for relevant completed at laborato level to satisfy functional verified under simulated use will function in operational all material properties
element interfaces will function. P v y conditions. P have been identified.

operational environment.

bench-scale.

requirements.

environments

Functional element and
interfaces sufficiently
understood at engineering-
scale to provide system

Prototypical system testing
for the ranges of critical
operational environments

Engineering scale-up
challenges understood
and resolved for

Modeling shows subsystem
interfaces will function at
system level in operational

System and subsystem
functional parameters are
demonsirated on a bench

System testing in approximate
operational environment
completed.

Operational
capability of all
materials has been

design tradeoffs validates design. functional system. environment. scale. demonstrated.
Functional elements and Fullscale engineering Full technology system Performance predictions Functionality of a high-fidelity En gin eetrlntg-sfcalertestls_t ful Ful-s_.:aletei design
interfaces provide optimized | design specificalions integration demonstrated | verified by engineering-scale engineering design unit emon sfr: € func !?_n all y overiu sped c: on:
system design. complete and documented. | at an engineering scale. | testing and documented. demonstrated. range ot cesign critica complete an
environments documented.
Based on analysis design of L-
Based on sub-element coupon joints in operational environments
test results fadling above design| Sub-element Ljoint tested and prediction of joint fallure load
Emit with 2.0 FS and analysis | and analyzed under some and modes for sub-element test
Based on testing of sub- performance in predicting simulated loading conditions. | coupons.. | Based on CTE
element festing gnd analysis failure load and modes. Demonstrated scaled up Demonstrated scaled up composite project testing to
Based on sub-element for operating relevant loads | Based on testing of sub- Demons‘ttrated sealed up ::ommte Ibon dted Bonded Iong_;ltudlnal Joint obtain material
coupon test results faiing and temperatures. Models | element L-Joint testing fx_:mposlte bo“d?d bngitudinal | long fa"t.: o d structural manufachufing and s!mctural properties.
above design limit with 20 | have been set up forwhole | and analysis failure load ph':t mz“'a‘r::,""g and i A b pe’f""r::_“f;‘“““a'“'s Z"_"‘_"‘:d ¥ | We have the
FS and analysis systern and included and mode prediction. stucliral periommance. P - AAmalyst can predict buckiing and in complete approach.
. L - - Analysis showed we can showed we can predict failure lnad/mode of large-scale
performance in predicting | relevant material data, Applied methodology for | b et buckling and joint buckling and joint fiby bonded joint. Applied method Not fully
failure load and modes. inchuding data for large scale| analysis to the PLA. predict buckiing and join uckiing and KHnk i Joint. Applied methodology | goemented.
. fmilure lad/mode of large-scale| loadimode of large-scale for analysis to the PLA and verified
panel and exercised the P i bonded joint. Applied ineeri
medel for a full system. bonded joint. Applied onded joint. App! ) engineering scale
methodology for analysis to the| methodolegy for analysis to | Not yet TRL 6: Maybe there are

PLA and verified engineering
scale

fhe PLA and verified
enginesaring scale

other environments that we didn't
consider. We didn'tinclude the
vibrationfacouslic environment.




[ ]2018[ 2019

TRL

2: Technology
concept and/or
application
formulated.

Functional
Elements

Curmrent TRL Exit Assessment Matrix — Composite Longitudinal joints - NDE

System
Definition

An apparent engineering

System
Integration

Syslem architecture defined

Modeling and
Simulation Tools

Operational requirement of

Capability
Validation

Preliminary performance

Environmental
Validation

Ciritical functional experiments

Entry/Exit: 4/5
i AD2 entry: 5

3: Analytical and
experimental critical
function and/or
characteristic proof-
of-concept.

4: Component and/or
breadboard validation
in laboratory
environment.

5: Component
and/or breadboard
validation in
relevant
environment.

Basic functional elements of - N N N functional elements verified predictions have been = °
N _ design approach has been in terms of basic functions N N for operational environment N/A
technology have been identified. | -~ P o be performed. through modeling or made for basic functional | ;.. 1y oy,
simulafion. elements.
Operation of funclional elements | Do miion of relevant A conceplual design of the | Models exis fo extent that | | Toannary sysiem Modeling or experimental
ified th operational environment - - performance results show feasibility of basic
verified through bench-scale _ ~ integrated system has been | compuler analysis and . N N/A
tosts defined for basic functional defined simulations are possibk measurements have been | functions in expected
) components. ) : identified and estimated. | environments.
N - Sysilem perfoomance metrics | Preiminary functional Modeling shows subsystem Laboratory scale fests indicate
Subsysiem tes_ls in a smulated and test requirements have tesling of integrated sysiem | interfaces will funclion at Syst_em pe|:formance componenis and subsysiem O fonal needs for all material erties
laboratory environment show metrics verified under peratio prop
clement in s will function been defined for relevant completed at laboratory system level 1o salisfy simulated use conditions. inlerfaces will function in have been ideniified.
" | operational environment. bench-scale. functional requirements. " | operational environments
Functional element and Prototypical system Engineerin leu Modeling shows System and
interfaces sufficiently testing for the ranges of g g P subsystem interfaces subsystem functional | System testing in ) o .
) ) L f challenges understood | . ) . ) Operational capability of all materials|
understood at engineering- | critical operational will function at system | parameters are approximate operational
. N " and resolved for . . . has been demonstrated.
scale to provide system environments validates functional system level in operational demonstrated ona | environment completed.
design tradeoffs. design. sy . environment. bench scale.

6: System/sub-
system model or
prototype
demonstrated in a
relevant
environment

Engineering-scale tests

Rationale

[ ]2018[ 2019
AD2 Level 5

. Full-scale engineering | Full technology system| Performance predictions| Functionality of a trat
_Functlonal elen_lents and design specifications integration verified by engineering- | high-fidelity demt_)n . Full-scale design specifications
interfaces provide : ) ) . functionality over full
ontimized system desian complete and demonstrated at an scale testing and engineering design range of desian critical complete and documented.
Pt Y - | documented. engineering scale. documented. unit demonstrated. 9 9
environments
NDE methods used fo NDE methods used for
me! S U r - .
NDE methods used for CTE L-joints are mature | NDE methods used grLEh';z’Lt:;'e mallre | NDE methods used for CTE Ljoints
NDE methods used for CTE CTE Lioints are mature NDE methods used for | and have been for CTE Lyjoints are d are mature and have been
Ljoints are mature and have CTE Ljoints are mature | demonstrated on mature and have emon _ on demonstrated on numerous flight
and have been ; numerous flight ) = Y
been demor]strated on demonstrated on and have been numerous illght_pmg_;lams. been demonstrated rams. Techniques programs. Modeling and historical
;'_"m:r.““s fight %mgt'_aﬁ':;"' 4 | numerous flight programs. de'“""ﬁ'a:‘?dh‘t’" 3":;2:]"9 :doz'::'l’:;:'ns on numerous flight gg dentified an dq data support conclusions that
echniques are wentified and | |, ohection systems and ~ [MUMerous fight programs. PP programs. Inspection identified techniques will perform,

perfonm well in current
configurations. Final system
parameters would need to be
refined for specific designs.

gpecifications are mature
and in use on existing

flight projects.

Inspection systems are in
active use on large-scale
flight and test articles.

that identified techniques
will perfomn, but additional
testing would be required
to veriffy performance in
other configurations.

systems are in active
use on large-scale
flight and test
artidles.

perform well in curment
configurations. Final
system parameters
would need to be refined
for specific designs.

but additional testing would be
required to verify performance in a

range of configurations.
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Manufacturing Tech
Development

MRL Exit Assessment Matrix — Composite C joint manufacturing

Producibility

Design Maturity

Materials Maturity

Modeling and Simulation

Entry/Exit: 2/3
V'ELU AD2 entry: 8

U V

2: Manufacturing
Concepts Identified.

New manufacturing concepls

3: Manufacturing Proof
of Concept
Demonstrated.

and potential solutions Applications defined. Broad performance goals | Material properties and Iniial models developed, if Materials and/or process
idenified. identified that may drive manufacturing options. | characleristics predicted. applicable. approaches identified.
Manufacturing technolo Top level performance requirements defined. MMImvﬂaM and Identification of proposed

con - 9 4 mmgyh Redevant malerials/processes evalualed for | Trade-offs in design options assessed based on [3ssessed for basic manufacturablity | manufacturing concepts or Critical manufacturing processes
ex _I odels 9 manufacturability using experiments/models| experiments. Product lifecycle and technical using experiments. producibility needs based on identified through experimentation.

requirements evaluated.

high-level process flow models.

4: Manufacturing
Process in Lab
Environment.

Manufacturing Science &
Advanced Manufacturing
Technology requirements
identified.

Initial producibility and manufacturability
assessment of preferred systems concepts
completed. Results considered in selection
of preferred design concepts

System characteristics and measures to support
required capabilities identified. Form, fit, and
function constraints identified and
manufacturing capabilities identified for
preferred systems concepts.

Projected materials have been
produced in a laboratory
environment.

Production modeling/simulation

approaches for process or
product are identified applicable.

Critical processes demonstrated
and assessed in the laboratory.

5: Prototype
components in
Production Relevant
Environment.

Required manufacturing
technology development efforts
at sufficient maturity for
manufacturing prototypes.

Producibility and manufacturability
assessments of key technologies and
components initialed. Ongoing design
frades consider manufacturing processes
Manufacluring processes assessed for

capability to test and verify in production.

Lower level performance requirements sufficient
1o proceed 1o prelminary design. All
enabling/cafical technologies and componenis
idenfified and product Bfecycle considered.
Evaluation of design key characteristics
nitiated. Product daia required for prototype
component manufacturing is avalable.

Materials have been manufactured
or preduced in a prototype
envirenment. Maturation efforts in
place to address new material
production risks for technology
demonstration.

Initial models/simulation (product|
or process) developed at the
component level and used to
determine constraints.

Maturity has been assessed on
similar processes in production.
Process capability requirements
have been identified for pilot ine,
low and full rate production.

6: System or
Subsystem ina
Production Relevant
Environment

'System requirements and features are well
lenough defined to support preliminary

Material maturity verified

Manufacturing processes

Rationale

[ J2018[ J2019
AD2 Level 8

; ; Producibility assessments and b . . . ; , demonstrated in a production
Required manufacturing producibilily trade siudies (performance design review. Product daia_ essen!lal for through tec!mology Initial models/simulation relevant environment. P s
technology development 2o subsystem/system prototyping available, demonstrafion arficles. (product or process) - "

" - vs._ producibiity) of key - o . capabiity data is avalable
solutions demonstrated in a _ and all enabling/eritical components have Preliminary material developed at the component

) technologies/components completed. - . R f . (actual or modeled) from
production relevant Prefiminary designs ass d against been prototyped. Preliminary design key specifications in place and level and used to determine prototype bulld and process
environment. manufacturing processes.. chamcterisiics have been identified and material properties have been | constraints. capability req'ts are refined

addressed in the manufacturing process. adequately characterized. based on this data.
CCM is the basis for
Have not fabricated CTE ICTE Cjomts are still at a low level of design| Materials have been produced maturation start point for CTE.
prototypes yet, but 3d weave Concept identified but not yetmaturity, pending coupon-evel tests and and used on other NASA and Comerstone is modeling The CTE Coint has not been
Composite Cre;w Module demonstrated; some components have (validation of analyses. System ESA projects; yet to be applied | springback — one example of | fabricated yet; development

(CCM)is a relevant
environment for CTE. We
have manufacired
prototypes: echannel and
pi preform. (test coupon:
straight piece for profotype)

been fabricated, but the CTE
application for Cjoint is not yet
complete. We've manuiactured the
individual components and assembly -
a representative straight
Circumferential joint prototype ( the 3d
weave flat panel and pi prefonm )

charactensflics and measures are idenfified
as well as the mig capabilities needed for
those prefermed sys. (the void content, deing
the cross seclions, the process and making
sure during cure the parts consolidate as
required and bond as needed). We've done
in a lab environment.

to CTE.

All components of C joint have
been assembled. We have
identified risks and are
addressing then witi
application to CTE design (ex:
pii preform resin distribution and
applying intensifiers)

process modeling. BRM uses
a simulation for the weave.
It's been identiied and we've
used them and iterated and
used them at the component
level to determine constrain (s
fiber % and fiber volume)

work for assembly has not
been inifiated; crifical
processes have not been
identified.

CTE has fab’d the components
of the C Joint and working
towards assembly and test of
the sub assembly
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Curmrent TRL Exit Assessment Matrix — Composite Circumferential joints - Analysis

A T B TR [T 1 i Basic functional elements

and/or application
formulated.

3: Analytical and
experimental critical
function and/or
characteristic proof-of-
concept.

4: Component and/or
breadboard validation
in laboratory
environment.

5: Component and/or
breadboard validation
in relevant
environment.

6: System/sub-system
model or prototype
demonstrated in a
relevant environment

Rationale

[ ]2018[ 2019
AD2 Level 7

Entry/Exit: 2/3

Functional System System Modeling and Simulation Capability Environmental Validation AD2 entry: 8
Elements Definition Integration Tools Validation Design
An anoarent enaincering | SYStEM architecture | Operational requirement | Praiminary Critical functional
app g 9 | defined in terms of basic| of functional elements perform experiments for
oftechnology have been | design approach has functions to be verified throuah modelin predictions have been operational environment N/A
identified. been identified_ arfonnad opaim ot 9 | made for basic e own
P . i functional elements. .
L Preliminary system )

Operation of functional Eegrnzalz:ggacl)ferr?\lﬁr\z;l:aent A conceptual design of | Models exist to extent that| performance 52&?:;?2::' f(raeassl:lljtilsit of
elements verified through P the integrated system | computer analysis and measurements have y N/A

bench-scale tests.

defined for basic
functional components.

has been defined.

simulations are possible.

been identified and
estimated.

operations for basic
functions to be performed

Subsystem tests in a
simulated laboratory
environment show element

System performance
metrics and test
requirements have been
defined for relevant

Preliminary functional
testing of integrated
system completed at

Modeling shows
subsystem interfaces will
function at system level to
satisfy functional

System performance
metrics verified under
simulated use

Laboratory scale tests
indicate components and
subsystem interfaces will
function in operational

Operational needs for
all material properties
have been identified.

interfaces will function. operational environment. LIRS EEE S requirements. conditions. environments
Functional element and Prototypical system - . - System and
interfaces sufficiently testing for the ranges of Engineering scale-up Modeling st_mws - | subsystem functional | System testing in Operational capability
. N R f challenges understood | subsystem interfaces will - ; .

understood at engineering-| critical operational and ived for function at svstem level in parameters are approximate operational | of all materials has
scale to provide system environments validates - n al syste demonstrated on a environment completed. | been demonstrated.

- - functional system. operational environment
design tradeoffs. design. bench scale.

- Full-scale engineering Full technology system | Performance predictions | Functionality of a high-| Engineering-scale tests -
;l;;l::ftlag:l erlgvrz:jeems and design specifications integration verified by engineering- | fidelity engineering demonstrate functionality zu“_?lﬁ::’a::n?g:m plete
optimized 2 tem desian complete and demonstrated at an scale testing and design unit over full range of design agﬁc documented

91| documented. engineering scale. documented. demonstrated. critical environments .
Based on analysis and .

CHoints have been designed | design of Cjoints for °°“°e!’“;f' dls'g" and
and analyzed, but not tested. | operational loads. we've analysuseda;r coints. W Prefiminary analysis has C-joints have been
On the 3D weave, predicting | done modes of the C joint. [Performed for Coints. We . ry analysi Modeling and analysis >

. b have a integrated Computer models exist and | been performed to g designed and analyzed,
stiffness has been We've come up with tual des d an ulati bei soint results show feasibility of C- but not tested
demonstrated (the functional | perfomance miatrix conceplual cesign an smulaflons are being CHoin joints. ul not lested. |

Jement) . We've predicted (strength or stiff). We have analysis of Cjoints.. We're | performed on CHoints. performance. K at 3 —test s Material properties are
tested d n'ﬁe: tunl; stl 4 L ts and developing analysis models | << Same << Keep at 3 —we have not eep TlestresuliS 8¢ |\ hown and we know how
ested and vel our some test requirements an and test predictions for our werilied’ not in yet. we need them to behave.

at that basic level based on
coupon kesting.

design test coupon. Test
malrix has been defined for
validating analysis tools.

planned sub element test
articles to be tested.




[ ]2018[ |2019

Functional
Elements

vA e LT RERT [T | Basic functional elements

and/or application
formulated.

3: Analytical and
experimental critical
function and/or
characteristic proof-of-
concept.

4: Component and/or
breadboard validation
in laboratory
environment.

5: Component and/or
breadboard validation
in relevant
environment.

6: System/sub-system
model or prototype
demonstrated in a
relevant environment

Rationale

[ 2018 ]2019
AD2 Level 8

of technology have been
identified.

Curmrent TRL Exit Assessment Matrix — Composite Circumferential joints - NDE

System
Definition

An apparent engineering
design approach has
been identified.

System
Integration

System architecture
defined in terms of basic
functions to be
performed.

Entry/Exit: 2/2

Operation of functional
elements verified through
bench-scale tests.

Definition of relevant

A conceptual design of

Modeling and Simulation Capabili q AT z
g p . ty Environmental Validation D ETEE
Tools Validation UESIC
Operational requirement Preliminary Critical functional
- performance .
of functional elements - experiments for
. . predictions have been ) . N/A
verified through modeling . operational environment
. - made for basic
or simulation. ; are known.
functional elements.
N/A -
Preliminary system Modeling or experimental
Models exist to extent that| performance g perim
" results show feasibility of
computer analysis and measurements have N/A

operational environment
defined for basic
functional components.

the integrated system
has been defined.

simulations are possible.

been identified and
estimated.

basic functions in
expected environments.

Subsystem tests ina
simulated laboratory
environment show element

System performance
metrics and test
requirements have been
defined for relevant

Preliminary functional
testing of integrated
systermn completed at

Modeling shows
subsystem interfaces will
function at system level to
satisfy functional

System performance
metrics verified under
simulated use

Laboratory scale tests
indicate components and
subsystem interfaces will
function in operational

Operational needs for
all material properties
have been identified.

interfaces will function. N ] laboratory bench-scale. . conditions. :
operational environment. requirements. environments
Functional element and Prototypical system . . . System and
interfaces sufficiently testing for the ranges of Engineering scale-up Modeling sI!u ws - | subsystem functional | System testing in Operational capability of
. . " i challenges understood | subsystem interfaces will . . .
understood at engineering-| critical operational : .| parameters are approximate operational | all materials has been
. . . and resolved for function at system level in .
scale to provide system environments validates functional system rational environment demonstrated on a environment completed. | demonstrated.
design tradeoffs. design. ystem. ope " | bench scale.
Functional elements and FuII_—scaIe er_lglne_enng !:ull tecl_mdogy system Per_fon'nance p_redlc_tlons Fum_:tlonall_ty of _a high- Englneerlng—scale_tests_ Full-scale design
. . design specifications integration verified by engineering- fidelity engineering demonstrate functionality X ]
interfaces provide d . > N specifications complete
timized system desian complete and demonstrated at an scale testing and design unit over full range of design and documented
op ¥YS 9N | documented. engineering scale. documented. demonstrated. critical environments )
Potential NDE Potential NDE Potential NDE
. methodologies have not | methodologies have not methodologies have .
Potential N[.)E been demonstrated on been demonstrated on not been Potential N[.)E Potential NDE
methodologies have not S . methodologies have not .
any CTE C-joint any CTE CHoint demonstrated on any methodologies have not
been demonstrated on any o been demonstrated on any,
o components or components or CTE CHoint o been demonstrated on
CTE Coint components N . . N CTE C-joint components S
- assemblies. Working with | assemblies. Keep at components or " any CTE C-joint
or assemblies. Shown UT A . N/A N or assemblies. Keep at
BRM and credible mfg TRL 2: Differences assemblies. We have . components or
and thermography can ] TRL 2 since work so far N
. defects and have a panel | between flat panels and baseline data on a flat assemblies.
work in a couple cases, but| has only been on flat
siill needs more to start on. We know actual structures are too panel from 4 or 5 anels Keep at TRL 4
development better what we are difficult to define for final techniques that we can p -
op ) looking for. inspection. use to move fwd.
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TRL

2: Technology concept
and/or application
formulated.

3: Analytical and
experimental critical
function andior
characteristic proof-of-
concept.

4: Component and/or

breadboard validation in
laboratory environment.

5: Component and/or
breadboard validation

in relevant
environment.

6: System/sub-
system model or

prototype
demonstrated in a

relevant environment

[ ]2018[ J2019
AD2 Level 5

Current TRL Exit Assessment Matrix— Composite Longitudinal joints - Design

System
Definition

System
Integration

Modeling and Simulation
Tools

Capability
Validation

Environmental Validation

Entry/Exit: 4/5
AD2 entry: 6

- - System archileclure - - .
Basic functional elements - - . 2 -.| Operational reqs nt of Prel y perfo predictions - N -
oftechnology have been | /AN abparent engmesing dosign :‘:ﬂ?ﬂ;‘fggs ofbasic) 4 fctional elements verified have been made for basic functional| CTTCEL functiona) experiments for NiA
identified. app! S| melns through modeling or simuation. | elements. o fonm -
Operation of functional Defnition of relevant operational | A conceptual design of | Models exist to extent that Prel y P ce Modeling or expermental results show
elements verified through | environment defined for basic the mtegrated system computer analysis and measurements have been dentified | feasbility of basic functions n expected NiA
bench-scale tests. functional components. has been defined. simulations are possible. and estimated. environments.

Subsystem tests ina
simulated laboratory
environment show
element interfaces will
funciion.

System performance metrics
and test requirements have
been defined for relevant
operational environment.

Preliminary functional
testing of integrated
system completed at
laboratory bench-
scale.

Modeling shows subsystem
interfaces will function at
system level to satisfy
functional requirements.

System performance metrics
verified under simulated use
conditions.

Laboratory scale tests indicate
components and subsystem
interfaces will function in operational
environments

Operational needs for
all material properties
have been identified.

Functional element
and interfaces

Engineering scale-

sufficientl Prototypical system testing up challenaes Modeling shows System and subsystem System testing in approximate Operational
Y for the ranges of critical P g subsystem interfaces will | functional parameters are ysten g In app capability of all
understood at . . understood and v N operational environment .
. ) operational environments function at system level in | demonstrated on a bench materials has been
engineering-scale to - . resolved for . . completed.
. validates design. . operational environment. | scale. demonstrated.
provide system functional system.
design tradeoffs.
Functional elements I I . . Full technology Performance predictions . . o | Engineering-scale tests Full-scale design
and interfaces Ful ] engineering system integration | verified by engineering- Fun_ctlongl 1 Of? high .f'de“ty demonstrate functionality over specifications
. A design specifications . engineering design unit N o
provide optimized demonstrated at an | scale testing and full range of design critical complete and
- complete and documented. h N demonstrated. N
system design. engineering scale. | documented. environments documented.
Design and analysis of L- Based on analysis design of L-jomnts
- - - joints demonsirated by in operalional environments and
haDesed“g“"d b lysis of L-joints) ‘testing of sub-slement Sub-element Ljoint dasigned, | pradiciion of joint fallure load and
i Syls has L Design and analysis | coupons which faded above | analyzed, and tested under modes for sub-element test
req_i 1 by defining raquired of L-joints design limit load with 20 FS. | simulated lkoading condilions. coupons. Demonsiraied scaled up
_ _ demonsirated by Demonsirated scaled up Demonsiraied scalled up connposile bondead lomgitudinal joint :
Based on sub-element | fesls o delermine capability of] ing of sub-el 1| composite bended o jie: bonded longjiudinal | manuEschring and siruclursl BasedmC'l'Epn]ecl
coupon lest results joints. Tesls successhlly " AR composile - . 1esting to obtain
. s med and icints coupons which faled | lengitudinal joini jeint ranukachrming and perfomance. Analysis showed we : .
failing above design perfor jomnts falled i - . " P material properties. Ve
e - _ - above design limit manuiacthring and stuciural | stoctursl performance. Analysis | can pradict buckling and joint faiflure
Emit with20FSand | above design Bt load with load wilh 2.0 FS Pnalvsi <h bucking | leadtmode of | sl bonced have the compleie
analysis performance | 20 FS. Models have been set et parfommance. Analysis wed we can precicl g | o - approach. Not fullly
in oredicing fdure up for whole sysiem and Applied methodadogy | showed we can predict and joinl faillure load/mode of | jeinl. Applied methedology for docunented
load and medes. mchadod relovant malerial | Pranslysisiothe | buckling and joint feilre | lange-scale bonded jain anslysis o the PLA and verified :
data, inchuding dats for kangs PLA. loadimeode of lage-scale Applied methodology fior engineering scale
scdé penel and exercised the bomded joinl. Applied analysis to the PLA and verified | Not yet TRL 6: Maybe there are
el o @ . methodolegy for analysis to | engineering scale oiher environment thal we didn™
@ full sysiem. the PLA and verified consider. We didn’t include ihe
enginearing scalle vibrafion/ac ousiic enw.
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Provide & brief caption:for each description

Caption: Test coupon

_ _ _ Caption: Replacing tape on the
Manufacturing Demonstration Article (MDA) automated fiber placement

curing a longitudinal composite joint. machine

. N o _ Caption: Bally Ribbon Mills
Caption: Layup of a longitudinal Caption: Non Destructive machine for 3D weave
composite joint panel Evaluation of Large Scale

Composite Bonded panel.
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Additional Pictures

— Hir - SLS Payload Adapter (PLA) Manufacturing Demonstration Article (MDA)
Panel to panel joints to be - (Sept 2018)
= bon ) Primary objective: Further develop and demonstrate manufacturing processes at full-scale

Article will not be structurally tested at full-scale
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CTE Longitudinal Bonded Joint Panel Manufacturing Process

Composite Doubler Bag
Cure

Sandwich Panel
Assembly Following
Gap Filler Injection

¥

Sandwich
Panel
Assembly
ndergoing
Gap Filler
Injection

Composite Dbler
Following Lay Up and
Installation

Longitudinal Bonded
Joint Assemblies

Following Doubler Cure
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