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Micro-scale Combustion Calorimeter (MCC)
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MCC Test Method Fully Documented

ASTM D 7309-18: “Standard Test Method for Determining
Flammability Characteristics of Plastics and Other Solid
Materials Using Micro-scale Combustion Calorimetry

BSS7450 Determination of Heat Release of Plastics and
Other Solid Materials Using Micro-scale Combustion
Calorimetry

= Operations/Maintenance manual drafted and ready for publication
o Provides detail and helps to standardize MCC calibration process

Checklist also prepared for in-lab use
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Good Agreement Among Multlple MCC Unlts

MCC testing run concurrently in two separate units
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Good Agreement Among Multiple MCC Units
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MCC Applications: How They Can Help The Aerospace Industry

Supplier Delegation of heat release testing

— Low cost/low maintenance MCC method supports in-process testing at supplier
facility (costreduction)

— Certificate of Conformance (CoC) receipt provides Boeing upstream look ahead at
raw materials (risk reduction)

High throughput engineering tests

—Rapid screening of candidate raw materials
o MCC sample sizes are small and don’t normally need conditioning

QA Root Cause

— MCC testing parameters (THR, HRC, FGC, IGC, Char) provide insight to material
heat release properties

Support of modeling studies
— MCC test parameters also support modeling studies of flammability properties
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Example: Supplier Delegated Heat Release Testing

" QA heat release testing for prepreg adds cost and is not ideal

» Test coupons contain core in addition to prepreg — core adds variation to results

» Heatrelease testing occurs after Boeing receipt of raw material putting risk on
Boeing

» Target: Reducing costs associated with QA heat release data
while managing risk

* Proposal: Supplier delegation of heat release testing using MCC
method as preferred option to heat release.
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Phasing in Supplier-Delegated Heat Release Testing

* Phase |: Generaterequirements from multi-batch MCC testing
for all raw materials qualified to prepreg classifications

* Reduce costs associated with OSU sample fabrication
+ BMS8-222, BMS8-226, BMS8-274, BMS8-260, BMS8-151, BMS8-143

Phase | complete except for 3 low volume prepreg materials

* Phase Il: Delegate heat release testing to supplier
« Supplier procurement: MCC unit with Boeing data reduction software
« Supplier trained by Boeing on MCC operations/data reduction

« Delegation granted only after successful side by side testing and review
by Boeing (QA and BR&T)

« Supplier furnishes Boeing with CoC with each batch
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QA Heat Release Data Transfer & Storage

Phase lll: Database development for receipt of supplier MCC data

Prototype Database Ready

» Contains all key MCC parameter results (THR, HRC, FGC, IGC, Char)
» Adequate storage capability

 Limited access to supplier MCC data (QA)

* Allows for data transfer:
o PC/Diskto database
o Database to PC/disk

 Allows for data analysis
o MCC analysis
o Additive analysis

 Allow for storage of Boeing engineering data (Greater access needed)
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QA Heat Release Testing: Future State
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MCC Database Flow

« Targeting MCC data flows from suppliers to Boeing database

Data can be retrieved from the database, saved to local laptop or server

Analysis Modules

_r .
- Load data from disk | Analysis results
to perform analysis can be saved to

[
S | database
E— | |
Supplier B | |
| | (—
Supplier C Analysis results | | Retrieve data from
can be saved to | database to perform

files _———— = = analysis

Data can be loaded from disk file and saved in database

Digital flow of MCC data provides Boeing with upstream heat release information
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Database User Interface Overview

User interface with the main window and additive analysis window

Specify sample

4| MccDatabase
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\ 1 |File Name 10218 bxt - 1 (Total Heat Release THR (kl/g) 96516 =
—_——— 2 |Date 04 May 20128 2  |HRR at Peak (W/g) 67.5900
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the database mgave fo File(s ° :;‘*lT""' ==es oy e : 8 Iemnerafure at E:Ekp(.t'} 4T5'UB1U il
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. 9 3.9980 80,3830 803800 20 101.7230 20.0640 50410
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Display MCC Analysis Results

« Analysis results are displayed

Logo
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MCC Tool Sample ID = Campus ID = 2. Everett

MCC Database Test ID = Analyst BEMSID =

sve M MRS W el ]
P Test Date < d < | %S OE "
Configuration Logo Analysis Results
Data MCC Tool 11096.txt
Test Connection Total Numbé 7.0 Beta Computed total heat release =42.1316 kd/g 11096.txt
WHARVIES Heat Release Rate vs. Temperature Heating Rate vs. Temperature
_ Data Heade|| ', o - . : : : . . 2 . . . r : .
Select Algorithm | _1s00f
Lookup Database 1 |File Ham Moment Area M... - é" o5 |
2 |Date Select Requirement = . - w 1.
Load File(s) HE Main Peak 4 11.2206
& " & 1000} Temp = 441.7. =
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[ | MCC Analysis ‘ ata 1096 - o "5-%'“\*":-51 N A S
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Additive Analysis 1 Visualize Data Temperature (C) Temperature (C)
Batch Analysis 2 _Check Baseline Total Heat Release = 42.1316 kllg IGC= 110.1381 JIgK  Temperature at Peak = M.
i Additive Principle HRC atPeak= | 11977869  |JigK HRC=| 8472404 |JigK  Temperature at5% - 407.534
Run Report 5 Average Heating Rate = 1.0102 cls  FGC= 957.3785  |JigK  Temperature at 95% = 457.262
L Cropping Title Info Time (s) | Temperature (C)|N2 Flow (cc/min)| 02 Flow (cc/min)| Total Flow (cc/min]
Close 8 | 1 [FieName 11096t o 1 0 83.5260 80.2870 200610 1009710 «
9 Gllgatabacey L& [pzi L — 2 0.4990 23.4390 20,2880 20,0810 100.8700
"MCC Database | | 3 [Operator  AB 3 3 0.5980 83.4640 802930 20.0600 100,973
— 2 || e =D S 4 4 1.4980 83.4540 80.2850 20,0570 100.998¢
Write Comment 5 |SampleD 11086 5 1.9980 33.4290 30.2730 20.0590 101.047C
| § |FEnrzifa- 287 6 2.4390 83.4000 80,2740 20.0560 101.113C
| 7 |Sample Cup .. 170.54 7 29990 23.3990 20,2690 20,0580 101.191C =
8 [EndTotalMa.. 0 i a] = ! n
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Retrieve Data From Database for Additive Analysis

. Multiple datasets can be retrieved from database, and perform adaptive analysis

I MccDatabase EE

. Logo Q
uery ;
M UItlple datasets MCC Tool Sample ID = Campus ID = 2. Everett -
retrleved from MCC Database Test ID = Analyst BEMSID =
database . Year Month Day Year Month Day
Operations
Date = From To
Configuration
Test Connection Total Number of Data = 5 Previous ] 1848 txt v Mext ] l Remove from List
_ Data Header Analysis Results
Title Info Measurement Result
Lookup Database 1 |File Mame 1848 txt -
2 |Date 2014-12-08 00:00:00.0 i
Load File(s) 3 |Operator W 3
i 4 (TestiD A2-Fig31 =
Perform additive | ssmtio 08 | |55 e
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Save to File(s) A T |
MCC Analysis Data
| Time (s) |Temperature (C)| N2 Flow (cc/min)| 02 Flow (cc/min)| Total Flow (co/min)| Oxygen (%) | HRR (W/g) |H
‘ Additive Analysis 1 0 T72.4090 T8.58380 15.5010 103.2140 15.7450 0.0550 =
2 0.5000 78.4160 785210 19,8990 103.20280 19,7420 0.1580 |
Batch Analysis 3 1 78.4950 78.5820 19.9030 103.2080 19.7300 0.3830
4 1.5000 78.5030 78.5830 19.9050 103.2290 19,7230 0.5300
Run Report 5 2 78.5340 78.5820 19.9010 103.2770 19.7140 0.7000
6 2.5000 78.5980 78.5820 198.8050 103.3400 19.7010 0.9410
I ear 7 3 T8.5480 T8.5820 15.5030 103.4250 156870 1.2250
Close ] 3.5000 78.5400 T8.5800 19.5010 103.5190 159.6740 1.45850
g 4 78.7520 785240 19,8390 103.6010 19,8630 1.6720
10 45000 78.2040 785770 19.9060 103.6740 19,6520 1.8020
1 5 78.8030 78.5800 19,8980 103.7370 19,6440 20450 _
4| n |
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Display Additive Analysis Results

. Results of additive analysis are displayed
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Additive Heat Release Properties of Thin Composites

» Raw material heat release can be tested separately in the MCC
» Heatrelease is additive and can be summed based on mass fractionin panel
» Raw material heat release is data based to support new material evaluations for
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Heat Release Testing Technology Roadmap

Key Enablers FUTURE STATE

] ] Supplier Delegated Flam testing
Electronic transfer of data from Supplier to OEM-owned MCC database Digitized QA Heat Release Data

MCC baseline correction algorithm (FAA) (KPI-based QA diagnostics)

Pre-coordination with key raw material suppliers

. . 2020
License agreement for Boeing software

Searchable MCC database for Boeing/Supplier data 2019 "MCC technology implemented at supplier

Boeing-developed MCC data reduction software

Additive principle of heat release 2018 Boeing software license agreement

2017 MCC Optl_on fO_I’ heatreleasetesting s Completed project milestones
added to interior prepregspecs BN In-progress
I Future project milestones

2016 MCC database developmentbegun

_ Key Impacts/Benefits
2015 MCC requirements developed 1. Flow of supplier MCC data/KPIs to Boeing QA

2. Benchtop flam analysis of composite constructions

2014 Boeing-developed MCC data 3. KPI-based process control for interior components
reduction software

_ Boeing-developed MCC operation
2012-2013 and maintenance procedures

CURRENT STATE
Heat release testing (often redundant)
performed primarily by Boeing
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