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3. SAFETY PRECAUTIONS AND PROCEDURES

WARNING: Testing of a battery venting system can result in an explosion. Extreme caution must be exercised to avoid
personal injury. Absolutely no testing should be permitted where the prescribed safety precautions and
procedures are not followed or exceeded.

3.1 All test apparatus, except the charging source, must be fully contained in an externally vented explosion test
chamber, for example, Figure 1.

3.2 The battery-charging source must be located outside the explosion test chamber convenient to the control of the
testing personnel. The charging circuit must have two emergency disconnect switches located (1) readily accessible

to the testing_personnel and (2) at a remate position at least 3 m from the explosion test chamber. These

disconnect swjtches are intended for emergency use only, since their use may damage somertypes of chargers.

3.3 A suitable tes{ area should be designated, for example, 3 m? or more. Signs restrictingunautforized persons from
this area shoyld be posted and observed while any electrical circuit in the explosion\test chgmber is or could be
energized.

3.4 During testing| entry to the area in which the explosion test chamber is located”should be cleafly marked to restrict
all persons not fully familiar with all safety requirements and not wearing-\full protection from the hazard to be
encountered.

—~t>>( External Forced
Air Vent

Transparent
Plexiglas

Lexan or equivalent doors
Lexan preferred S

Stainless steel
covered with
soundproofing

Vents ea.
side

3.5 Smoking, open flames, unprotected lights, or other spark sources must not be permitted in the area during testing.
3.6  Full face protection devices must be worn by all persons within the restricted area.

3.7 The battery spark source circuit must have an emergency disconnect switch readily available to the testing
personnel.
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3.8

The exhaust fan of the explosion test chamber, if so equipped, should be operated during the entire spark test

procedure. A damper in the exhaust fan stack may be used during the test to avoid removing the gas to the extent
that the spark does not ignite the hydrogen. On completion of any test sequence, all charging and sparking circuits
used for the testing must be interrupted for at least 5 min (with the exhaust fan operating if available) before anyone
is permitted access to the chamber. This time interval allows any hydrogen to be purged from the chamber and to
preclude the possibility of a delayed explosion occurring due to a sustained "hidden" flame.

WARNING:

HYDROGEN GAS CAN BURN WITHOUT VISIBLE FLAME.

4. EQUIPMENT REQUIRED FOR SPARK TEST
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plosion-proof fan of
ctly to the exterior of

8.0 V
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4.1 Spark testing canducted using a battery: Spark testing is always conducted with the vent (s) inst

final design veification testing.

4.1.1 An explosiopn chamber, for example, Figure 1, recommended to be equipped with an ex
adequate size to produce approximately one chamber volume change per minute, vented dire
the building.

4.1.2 A battery-chprging source capable of current control, with an output current)of40 — 100 A at 1

4.1.3 A fully-charged 12-V battery equipped with a functional flame retardant venting system to
source for 1P V spark source systems

4.1.4 Battery on which the test is to be performed.

4.1.5 Wiring and flxture equivalent to those shown in Figures 2A0r 2B.
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FIGURE 2A - SCHEMATIC FOR TEST ON BATTERY
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Probe
Knife switch
FIGURE 2B - SCHEMATIC FOR TEST ON BATTERY
4.2 Spark testing| conducted using a fixture; Spark testing can be cofiducted on a test fixtute for research and
development, |Jand initial design verification activities. Fixture testing is not to be used for fin@l design verification
testing.

4.2.1 An explosion chamber, for example, Figure 1, recommended to be equipped with an explosipn-proof exhaust fan
of adequate|size to produce approximately one chambervolume change per minute, vented directly to the exterior
of the building.

4.2.2 A charging dource capable of current control, withian output current of 40 - 100 A at 18 V

4.2.3 A fully charged 12-V battery equipped with-a functional flame retardant venting system to [serve as an ignition
source for 1P V spark source systems.

4.2.4 A second fully charged battery to sérve as a gas mixture source. This battery must be vented [only through the test
fixture or furjctional flame retardant venting system.

4.2.5 Atest fixturd, similar to that'shown in Figure 3.
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4.2.6

Wing nut (4 req'd.)_—\w

:Hold down frame

1 Mil. P.E. film

Gang vent cap. could
be single vents

Rubber gasket

< Water level

IMM (1/8"-1/4")

Gas inlet from generating
Battery - must be below water level

Heavy Wall Plexiglas
Test fixture

FIGURE 35 TEST FIXTURE

Tubing and fittings equivalent to those showh.in Figure 4.

5. EQUIPMENT ARRANGEMENT AND SPARK TEST PREPARATION

51

51.1

51.2

513

514

Spark testing

final design verification testing.

Arrange testlapparatus @s.shown in Figure 2A or alternate 2B.

Before spar
opening, for

examplé, with a soap solution.

Prior to the

art Of the test, e Spark source patiery must e Tully criarged.

conducted using a battery; Spark testing is always conducted with the vent (s) installed on a battery for

testing, the test battery system should be checked for gas leakage at any plac¢ other than the vent

Prior to the start of the test, the battery to which the test vent is affixed must be fully charged and gassing

vigorously.
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FIGURE 4 - SCHEMATIC:FOR TEXT FIXTURE
5.1.5 Prior to the gtart of the test, the test vent must be preconditioned as in 6.1.

5.2 Spark testing| conducted using a fixture; Spark” testing can be conducted on a test fixtufe for research and
development, [and initial design verification cactivities. Fixture testing is not to be used for final design verification
testing.

5.2.1 Arrange the|test apparatus as shewn in Figure 4. Note that the gas inlet to the test fixture miist be well below the
water level gs shown in Figure 3 toprevent ignited gases from entering the gas-generating baftery.

5.2.2 Fill the test fjxture with water'to a level 3 — 6 mm (1/8 — 1/4 in) below the underside of the top.|The water should be
at a level thiat will avoid<{splashing water up into the vent if there is a wave action at high dharge current levels
Place the hdld-down+frame over a 25 um (1-mil) thickness of polyethylene film cut as shown i} Figure 3. Place the
frame, with film ig place, over the four studs so that the film covers the open area betweep the fixture and the
frame. Tighten the“frame down finger tight with wing nuts to insure a gas-tight seal around thg gasket. Fit the vent
system to bg tested into the fixture.

5.2.3 Before spark testing, the whole system should be checked for gas leakage at any place other than the vent
opening, for example, with a soap solution.

5.2.4  Prior to the start of the test, the spark source battery must be fully charged.
5.2.5 Prior to the start of the test, the gas-generating battery must be fully charged and gassing vigorously.

5.2.6  Prior to the start of the test, the test vent must be preconditioned as in 6.1.
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