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Overview of Flammability Test for the International Space Station Program;
Inherent Problems and Potential Improvements

Aki HOSOGALIY, Yuji NAKAMURA 2

Abstract

This paper summarizes the potential problems for currently-applied safety verification test at JAXA and NASA;
NASA-STD-6001B. There are two issues to be become serious problems; one is based on the fact that the test is not capable
to evaluate the material flammability under various gravity environment, and the other is based on the fact that the igniter
used in the test is not capable to heat up the test specimen with high thermal inertia. NASA-STD-6001/TEST1/TEST4 is
based on the upward flame propagation testing so that "worst-case” must be identical to “most flammable under normal
gravity”. However, it turned out that this definition is not always right; it has been reported that the flammability limit
becomes lower under microgravity environment because the sufficient heat is not washed away via buoyancy-induced flow.
Therefore, gravity effect must be counted to the test in order to apply not only ISS but also universal space environment.
Moreover, the chemical igniter used in NASA-STD-6001B can generate certain limiting heat so that it could be insufficient to
ignite the test specimen. In FLARE project led by JAXA would propose other safety verification concept which is improved
these potential problem and to be applicable to the wide range of future space mission.
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Table 1 Detail of TEST 1 and TEST 4 ¥

Purpose Test Criteria Sample Size

The purpose of this test is to To  determine if a material will | 300 x 64mm x
determine if a material, when | self-extinguish using this test method, the burn | required
exposed to a standard ignition source, | lengths for at least three standard-sized | thickness

UPWARD will self-extinguish and not transfer | samples must be less than 150mm. In addition, | (Thin films;300
FLAME burning debris, which can ignite | the ignited samples must not propagate a flame | x 76mm x
PROPAGATION | adjacent materials. by the transfer of burning debris. Failure of any | required
(TEST 1) one sample constitutes failure of the material. | thickness)
These tests must be conducted on samples at
worst-case thickness and in the worst-case
environment.

The purpose of this test is to To determine if a wire insulation system, at | 20AWG x
determine if a wire insulation | an internal wire temperature of 125°C or the | 1200mm
system, when exposed to an external | maximum operating temperature of the wire,

ELECTRICAL ignition source, will self-extinguish | will self-extinguish, the burn lengths for at
WIRE and not transfer burning debris, | least three standard-sized single samples
INSULATION which can ignite adjacent materials. | (20-gauge wire) must be less than 150mm. For
FLAMMABILITY | Information on the flammability of | samples that marginally meet this criterion,
(TEST 4) wire insulation systems from an | the configuration (for example, wire bundles) or
electrical overload ignition source | the use of another wire gauge can cause a
also can be obtained using a variation | variation in the test results and must be

of this test. addressed.

Test
Sample

Chemical
ignition
source’!

K-10 paper*

Fig. 1 TEST 1 Sample holder?
*1 Standard ignition source for TEST1 and TEST4.
*2 It is specified in US federal specification UU-P-258. This
enable us to check a fire transfer by burnt products
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Al plate (t=0.5mm)

Chemical ignition source

Fig. 5 Continuous photographic of chemical ignition source flame at two-second intervals to extinction from ignition
(side view)
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Table 2 Test conditions®

0O; Conc. Pressure

(vol.%) (kPa) Temp. (°C)
For airlock 20 to 23
: 30.0 70.3 (Room
matcrale temperature)
For IS.S external 20.9 1014
materials

Table 3 Raw materials of chemical ignition source
(400 g mixture) 4

Materials Mass
Hexamethylenetetramine 280.8+/-0.2g
s o
Gum arabic (acacia) 14.0+/-0.2g
Deionized water 200ml

Table 4 Specifications of chemical ignition source?

standard value

Energy (J) Minimum 3,000
Temperature (°C) 1100 +/- 90
Maximum visible

flame height (mm) 65+ 6.5
Burning duration (sec) 25 +/- 5

At 20.9 vol.% oxygen and 101.3 kPa ambient pressure
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Fig. 6 Chemical ignition source?

Table 5 Rating criteria?

A: Burn length < 150mm with no small drip
burning and no ignition of K-10 paper. Standard
test 1s 5 samples.

B: Burn length > 150mm, no small drip burn and
no ignition of K-10 paper

X: Moderate or large drip burning or small,
moderate or large drip burning with K-10
ignition. Burn length is not a factor.
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Fig. 7 Effect of sample thickness on Oxygen Index!?
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Table 6 Types of Standard Ignition Souce 511,12

Standard value
Standard Number | Standard Ignition Souce Energy Temperature Maximum Burning
(cal) ©C) visible flame duration
height (mm) (sec)
NHB-8060.1 Unknown™! Unknown™?
NHB-8060.1A Silicone Igniter N/A excess 815.6 N/A 30 +20,-10
NHB-8060.1B Cleanweld Type "B"*2 N/A 1093.3 +/- 93.3 N/A 25 +/- 5
After NHB-8060.1C | Chemical igniter 750 +/- 50*3 1100 +/- 90*3 64 +/- 6.4"3 25 +/- 53

*1 We did not confirm it, because we could not get NHB-8060.1.

*2 It is a trade name.
*3 This value is based on MHB-8060.1C.
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Fig. 8 Oxygen concentration dependence on OI and
ULOI™
OI is minimum concentration of oxygen which is
determined in ISO 4589-2. ULOI (Upward Limiting
Oxygen Index) is minimum concentration of oxygen
which is determined in ISO/ TS16697.
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Fig. 9 Effect of atmospheric oxygen concentration on
averaged heat flux!®
H is the distance of the chemical igniter to a
heat flux meter. 6mm is the installation position
of the chemical igniter in NASA-STD-6001/TEST1
and TEST4. 25mm is the installation position of a
thermocouple in the performance test.
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Fig. 10 Continuous photographic of chemical igniter flame under various oxygen environments (Front view)
(a) 20.9v0l.%, (b) 24.1vol.%, (c) 30vol.%
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Fig. 11 Air velocity magnitude contours at aft-forward mid-section of the U.S. Airlock Module2®
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