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. Setup Outline

e MPS Chamber and Multiple Fuel Fire

 Autopsy of fires
* Unsuppressed, Verdagent and Halon
* Boxes involved and photos

* 9% Volume gases and Temperature
e Time —Temp Integrals and Peak Temp
* Temperature and Oxygen data
* Unsuppressed, Verdagent and Halon
* Summary
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18 boxes .
ludi d d the igniti b For 180 min tests
Including and around the ignition box 4 Moved1 row back
Ignition Box

15 lithium-ion cells, 500 mL ethanol Balloon, 2.5 Ibs of shredded paper ,,//'

15 lithium ion cells -
2.5 |bs of shredded paper e

15 lithium ion cells , 2.5 Ibs of shredded Pl
paper, 1 Ziplock bag with % gallon of gl

Ethanol /.

2.5 |bs of shredded paper and e
1 Ziplock bag with % gallon of Ethanol
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Each box of 15
lithium ion cells
contains:
5 @ 100% SOC
" Row 1 5@ 60% SOC
TF_BOX_INT (above ethanol) 5@ 30% SOC
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Box 14
¥ gallon Ethanol bag
Box of 15 batteries

(heaters and TCs on
batteries for 180 min tests)

'5* " Box5
.~~~ Y% liter Ethanol bag

12 " w/ 7 ft Nichrome wire
Box of 15 batteries

-
¥, gallon Ethanol in
12” x 12” bag

TF_BOX_INT (above ethanol)

Setup
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Unsuppressed MFF
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o Test#?2 Usdprese
~23 equivalent full boxes

Autopsy
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Verdagent Suppressed MFF Halon Suppressed MFF
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Verdagent Suppressed tests 1 thru 5 Halon Test 2:

~ 16 equivalent full boxes
15-18 equivalent full boxes
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Unsuppressed MFF Verdagent Suppressed MFF Halon Suppressed MFF

Autopsy



Battery Autopsy

Unsuppressed
Damage
None Slight Mostly |Exploded| missing
observed| burnt burnt empty
15 17 88 25 5
VERDAGENT
Damage
None Slight Mostly [Exploded| missing
observed| burnt burnt empty
30 20 73 26 1
Halon
Damage
None Slight Mostly |Exploded| missing
observed| burnt burnt empty
22 23 73 27 5

Autopsy




All of these tests use a ceiling thermo couple (TC) data to
time align the data for direct comparison

2000 Ceiling TCs 10 Ceiling TCs

1500 800
600

1000
400

500 200

0 _ — 0
33 53 73 93 33.5 34 34.5 35

—TTOP12 TTOP13 TTOP14 TTOP15 —TTOP16 ——T11_TTOP_BOX TTOP13 TTOP14 TTOP15 —TTOP16 ——T11_TTOP_BOX

TTOP 13 reached 200 @ 34.2 min
TTOP Box reached 200 3 seconds later

Time aligned:
New Zero time
Data 9



L soEING % V Oxygen and Ceiling TC Temperature

Data Layout

Uns ressed MFF # 4
HRD at 1 min uPp

HRD Discharge Time
. 2000
Test for 35 min (Unsuppressed or not) at 1 min |
.......................................................... ¢
TTI, Peak Temp 1600 N :
3-31 min ™ Peak Temp & Time-Temp
MPS requirement o 1200 Integral (TTI) Calculation
& Period 3 to 31 min
2
Peak Temp 800 e i .
1057, F r [Ty s ey =rim]
LINE ~ 400 F:
400 .
TTI
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(L soEING Evolution of the MFF

First MFF Fire

(Suppressed) Verdagent MFF and BL Comparision
Look similar to a bulk load 2000 25
Ethanol was not part of the fire
Suppressed 1600 o 20
(Verdagent) \
Multiple Fuel Fire ( ) 1200 Nl - 5950 15
Bulk Load (BL) ~§~~---
800 A ____________________ 10
Max Temp
400 261 F 5
8 and 14 0 0
Ethanol 0 5 10 15 20 25 30

Were not involved
TTOP V MFF -—TTOP V BL 02V MFF -=-02VBL
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(L oOEING Evolution of the MFF

Second MFF 2000 25

Compared to First ~ 400 degree difference TTI
(Suppressed)

1600 '\ 6128 20

Bags of ethanol 1200 \ 15
Instead of DA A RN Ty
T oo o e e ®SWNY T\
IATA Boxes and 800 10
plastic jugs
400 Max Temp 265 297F 5

Box 8 was involved
Box 14 was not

0 5 10 15 20 25 30 35

—Temp #1 —TempH#3 ==-02#1 =-=-02#3
12



Unsuppressed MFF, Test #2 and Test #4
2 Unsuppressed

Multiple Fuel Fires 2000 25
TTI
Bags of ethanol 1600 N\ 8064 20
\ 8492
. \
Box 8 was involved 1200 15
Box 14 was not
800 (PPl tt 2 DY 1 PN PPy 10
Max Temp
400 1057 1272 F 5
0 0
0 5 10 15 20 25 30 35

——Temp #2 e=———TempH#H4 ==-02H#2 ==-02Ave
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Verdagent MFF, Test , #3, #5, #6, #7 and

Comparison of 5 5900 o 25
VERDAGANT 6195
Multiple Fuel Fires ;.4 6750 20
G | Trend = oo
eneral Iren 3 1200 5900 15 c
They are 2 \SSesyr-Adl® o = -~ = o _ - =
all similar o g ¥ X S
2 800 NSO TeSSIllloetTE 10 >
- il T -==" X
400 325 >
- *Mﬁ ,__g;___»“ w, —
0 Minutes 0
0 5 10 15 20 25 30 35
e Temp #3 e Temp #5 e Temp #6 e Temp #7 Temp 8

- e «02 #3 o e =02 #5 - «=02#6 =ee02#7 02 #8
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MFF Halon, #1,#2, #3 and

Comparison of 5
Halon
Multiple Fuel Fires
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% V Oxygen and TTOP Box Temperature plots

Halon VERDAGENT
2000 MFF Halon, #1,#2, #3 and #4 . Verdagent MFF, Test, #3, #5, #6, #7 and
TTI Peak T 2000 25
6520 291
1600 6250 346 20 1600 -+
- 6380 321 _
v {2200, L
51200 ff— i e T 12a w1200 g
R R S| | § :
o ) Seae :-s:u..-..}:’i}:;;'.ogon N B 6
E 800 10 2 800 >
- K X
400 5
400
0 0 0 Minut 0
0 5 10 15Min0 25 30 35 0 5 0w 15 %0 2 30 35
] —f) 3 e ffl ee e e Q2 L e e e O2 H2 e e e e 02 H3 -+ - 02 #4 ——Temp#3  ———Temp#5 ———Tempiit  =——Tempi Temp 8
- e 02 #3 - e 02 #5 - «02#6 - e e02#7 02 #8

Generally they look very similar
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MPS dictates a new agent needs to average
better than the max + SD For Halon Testing

MFF
Halon VERD
run TTI Peak T run TTI Peak T
1 6520 291 1 6125 265
2 6250 346 2 6250 336
3 6380 321 3 5800 325
4 6740 510 4 5900 263
5 5 5850 336
Ave 6473 367 Ave 5985 305
SD 182 85 SD 173 34
[_criteria [ 6922 | 595 |
Max 6740 510 TTI and Peak Temp
* .
* All 5 need to be done Current Criteria - 6922 535
VERDAGENT Ave £5ggg 305

VERDAGENT easily passes this criteria
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Conclusions
* Halon tests appear to follow the same pattern as VERDAGENT tests with

regard to:

* number of boxes burned

* number of batteries burned
* fire spread

* Verdagent performed a little better than Halon with regard to :
* Time Temp integral

e Peak T

* Verdagent will pass the MFF Criteria based on Halon Baseline Testing
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