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MEASUREMENT OF FUEL EVAPORATIVE
EMISSIONS FROM GASOLINE POWERED
PASSENGER CARS AND LIGHT TRUCKS BY
THE TRAP METHOD—SAE J170 JUN83

SAE R ¢ mm nd d Practic

Report of the Automotive Emissions and Air Polluuon Commuttee, approved May 1970, last revised by the A ive Emissi C

¢  Scope—The highly preferred SAE Recommended Practice for measur-

ing evaporative emissions from fuel systems of passenger cars ard light
trucks is the enclosure technique detailed in SAE J171. The seusitivity
and accuracy of the enclosure technique is superior to that of the trap
method. This recommended practice is retained for historical reference
and for use with older vehicles imported into the United States of America.
In addition, this trap method is referenced in SAE J171a for making
running loss measurements which cannot practically be made in an enclo-
sure. Emissions are measured during a sequence of laboratory tests that
simulate typical vehicle usage in a metropolitan area during summer
months:

(1) A 1 h soak representing one diurnal cycle in which temperature

¢ of fuel in the vehicle’s tank is raised from 60 to 84°F (15.6 to 28.9

°C).

(2) A 7.5 mile (12.1 km) run on a chassis dynamometer.

(3) A 1 h hot soak immediately following the 7.5 mile (12.1 km)
run.

The method for measuring weight of fuel vapors emitted during the
test employs activated carbon traps connected to the fuel system at loca-
tions where vapors are expected to escape. Vapors from these openings
are adsorbed by the traps, and the gain in weight of the traps represents
the fuel evaporative emissions.

The test sequence and method for measuring emissions are applicable
to vehicles either with or without systems or devices to control fuel evapo-
rative emissions. Although they have been used successfully with a wide
range of vehicles equipped with a variety of control devices, they should
not be applied indiscriminately to new or unique vehicles or fuel systems.
For example, based on experience that temperature excursions of the
fuel tank in parked vehicles follow those of ambient air, the test sequence
prescribes heating of the fuel tank to simulate a diurnal soak. Any control
system designed to alter the relation between fuel and ambient tempera-
tures will not be properly evaluated in the test sequences prescribed.

The recommended practice includes the following sections:

. Definitions

. Test Fuel

. Test Facilities and Equipment

. Measurement Method

. Preparation of Test Vehicle and Fuel System
. Test Sequence

. Information and Data to be Recorded

. Presentation of Data

I. Definitions—The following definitions apply to the terms used:

1.1 Loaded Vehicle Weight—The manufacturer’s estimated weight
of a vehicle in operating condition. For the purpose of emission testing,
it is the curb weight of a light duty vehicle plus 300 Ib (136 kg).

1.2 Evaporative Emissions—Fuel vapors emitted into the atmo-
sphere from the vehicle.

1.3 Fuel System—The combination of fuel tank, fuel lines, pump,
filter, and vapor return lines, carburetor or injection components, and
all fuel system vents and evaporative emission control systems or devices.

1.4 System or Device—Any vehicle modifications that control or re-
duce the amount of fuel vapors emitted from the vehicle.

1.5 Controlled Vehicle—A vehicle equipped with systems or devices
to reduce the amount of evaporative emissions.

1.6 Hot Soak Losses—Fuel vapors emitted during a specified period
beginning immediately after the engine is turned off.

1.7 Diurnal Breathing Losses—Fuel vapors emitted as a result of
a specified increase in fuel tank temperature in a specified time.

1.8 Running Losses—Fuel vapors emitted during operation of the
vehicle under the specified test schedule.

1.9 Tank Fuel Volume—40% of nominal tank capacity, rounded
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¢ to the nearest whole U. S. gallon (multiple of 3.80).

The ¢ symbol is for the convenience of the user in locating areas where

June 1983.

2. Test Fuel—Although any fuel can be used for the test sequence de-
scribed, the effectiveness of evaporative emission control systems is usually
evaluated with a test fuel representative of that commercially available,
or expected to be commercially available, during the summer months.
If the purpose of the test is to determine the effects of changes in fuel
volatility on evaporative emissions, use of noncommercial fuels may be
necessary.

2.1 Test Fuel Identification—To properly identify the fuel used—
it should be inspected for these properties:

Property ASTM Test Method

Distillation
iBP
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A determination of nonreflux batch distillation temperatures may help
in understanding the mechanism of carburetor hot soak losses and deter-
mination of true vapor pressure may help in understanding the mechanism
of fuel tank losses. However, neither of these tests has been standardized
by ASTM.

2.2 Fuel Sampling—A sample of test fuel for laboratory inspection
should be taken from the fuel source at the start of the test. A 1 pt
(0.50) container, precooled to 40°F (4°C) or less, should be used. It
should be bottom filled to overflow and then poured out to 80% capacity.
The container should be tightly sealed immediately after filling and stored

- at 40°F (4°C) or less until fuel inspection tests are made. Alternate sam-
pling procedures may be substituted, but care must be exercised with
any sampling procedure to prevent the loss of volatile constituents from
the fuel during either sampling or storage.

3. Test Facilities and Equipment—Provisions must be made for control-
ling the environment of the vehicle, absorbing power, fueling and cooling
the vehicle, and heating the fuel tank.

3.1 Environment—Appropriate controls should be provided to
maintain temperature between 68-86°F (20-30°C) for the precondition-
ing soak and evaporative emission tests (76-86°F (24.4-30°C) for the
hot soak phase).

3.2 Power Absorption—A chassis dynamometer with power absorp-
tion and inertia loading capabilities is required. The dynamometer's power
and inertia capacities must be adjustable to absorb road load power at
50 mph (80.5 km/h) and simulate proper vehicle inertia during accelera-
tion.

3.3 Vehicle Cooling—A fixed-speed fan is needed to maintain engine
cooling and provide proper fuel tank heating when the vehicle is running
on the chassis dynamometer. The fan capacity must be between 5000-
5600 ft3/min (142-159 m%/min), and it must have a discharge area between
450-500 in? (2903-3226 cm?).

3.4 Tank-Fuel Heating—An electric heating pad is needed to heat
tank fuel during the diurnal soak. This pad should cover 50% or more
of the area wetted by the test fuel. A 2000 W heating pad with a variable
voltage transformer to regulate heat output should be adequate in most
vehicles. Alternate heating methods may be used on vehicles of unusual
configuration or if necessary to comply with local laboratory practices.
All methods should avoid hot spots in the tank wetted surface which
could cause local overheating of the fuel. Heat must not be applied to
the vapor in the tank above the liquid fuel. With proper heating of the
tank vapor, temperature will not exceed liquid temperature by more than

technical revisions have been made to the previous issue of the report.
If the symbol is next to the report title, it indicates a complete revision
of the report.

1 6°F (3.3°C) at completion of the diurnal soak. Thermocouples and a ¢
multi-channel, potentiometric-type recorder with 1°F (0.5°C) accuracy ¢
_ and with variable chart speed should be used for mﬁiloring temperatures.
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3.5 Fueling—Facilities and safeguards must be provided for draining
and refilling vehicle fuel tanks. The work area must be well ventilated.
Drain and filling connectors and containers must be grounded to the
vehicle tank. If tanks have a suitable drain fitting, they may be drained
by gravity. If not, they may be pumped dry through the fill pipes. Many
tanks are difficult to drain either way, and care should be taken to insure
that the tanks are adequately drained. Facilities must be provided to refill
vehicle tanks to the specified tank fuel volume with fuel at a temperature
such that, at completion of the fill, the fuel temperature in the tank is

¢ 54 + 4°F (12.2 + 2.2°C). Test fuel in storage may require special tempera-
ture control to comply with this temperature limit. Fuel cannot be reused
for emission tests.

4. Measurement Method—The prescribed measurement method pro-
vides for connecting activated carbon traps to expected sources of vapor
emissions from the vehicle fuel system. Emissions are determined by mea-
suring the increase in weight of the traps and the sum of the increases
for all traps represents the total evaporative emissions from all emission
sources trapped. Some modifications to the vehicle may be needed for
proper trap connections.

4.1 Canister—The canister shown in Fig. 1 has been used successfully
and is strongly recommended. It is a cylindrical container of 300 = 25

¢ mL capacity and has a length-to-diameter ratio of 1.4 = 0.1. An inlet
tube, ¥ in (7.9 mm) ID and 1 in (25.4 mm) long, is sealed into the
top of the canister at its center. A similar outlet tube is sealed into the
wall % in (6.4 mm) from the bottom of the canister. Wads of loosely
packed glass wool, retained by wire screens of 7 mm mesh, are placed
in the inlet and outlet tubes to prevent loss of carbon. If properly sealed,
the canister should withstand air pressure of 2 psi (14 kPa) without evi-
dence of leakage when immersed in water for 30 s.

4.2 Carbon—The activated carbon should meet these specifications:

Surface area, min: 1000 m?/g (N2, BET method).!

Adsorption capacity, min (carbon tetrachloride): 60% wt.

Volatile material including absorbed water vapor: None.

Screen size analysis:

1.7-2.4 mm: 90% min

1.4-3.0 mm: 100%

Immediately before adding to the trap, the carbon should be oven

¢ dried for 3 h at 300°F (150°C).

4.3 Trap Preparation—To prepare the trap for a test, the inlet tube
is capped, and the canister is filled with 150 * 10 g activated carbon
that has just been oven dried. It is then closed immediately and allowed
to cool while vented through a drying tube on the outlet. The drying
tube consists of a transparent cylinder % in (19.05 mm) ID and 6 in
(152.4 mm) long, filled with 8 mesh indicating dessicant, held in place
by loose wads of glass wool. The dessicant should be replaced when its
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FIG. I—RECOMMENDED TRAP DESIGN

color change shows it three-quarters spent. After the carbon has cooled
to room temperature, the drying tube is removed and the outlet tube is
sealed. The trap is weighed to the nearest 50 mg on a balance capable
of weighing to *10 mg, and this *‘tare weight” is recorded on the canister
body. Tare weight must always be determined with the trap at room
temperature because activated carbon adsorbs nitrogen as a function of
temperature, and the weight of the trap can change slightly as it cools.

4.4 Connecting Tubing—Tubing for connecting the traps to the
fuel system vents should be of stainless steel or aluminum, Teflon (or
qquivalem) %6 in (7.9 mm) ID. Joints between the collecting tubes, connec-
tions to traps, and connections to fittings on the fuel system of the vehicle
should be made with heavy wall, fuel resistant, % in (7.9 mm) ID flexible

¢ ! Brunauer, Emmett and Teller. Joumal of the Amencan Chemical Socety, Vol. 60,
1938, p. 309.

rubber vacuum hose. Other tubing may be used for joints, but extreme
care must be exercised to prevent the joints from loosening due to exces-
sive heat, or kinking due to twisting or flexing of the collection tubing,
particularly in the engine compartment and in areas not readily visible
during the test sequence. Care should be taken to avoid inhibiting the
proper functioning of the engine, engine cooling systems, and emission
control systems when locating collection traps. The connections should
be butt jointed, with minimum rubber hose exposed to fuel vapor. Airtight
flexible tubing, % in (7.9 mm) ID, should be attached to the outlet end
of the drying tube to equalize collection system pressure. (See Fig. 2.)

4.5 Location of Trap Connections—Typical trap connections are
shown in Fig. 2 for a fuel system vented to the atmosphere solely through
the air cleaner. Vehicles with certain types of fuel evaporative control
systems may have only this one vent, but vehicles with other systems
may have additional openings, for example, fuel system pressure or vac-
uum relief valves or vapor-storage device vents, where fuel vapors may
escape to the atmosphere either by design or component malfunction.
If the control system has other openings, traps must also be connected
to them. For any system, however, a trap must be installed at least on
the engine intake air cleaner assembly.

If the trap method is to be used on a vehicle without any evaporative
emission control system, the location of all openings designed to vent
fuel vapors to the atmosphere must be determined by inspection of the
fuel system, and traps must be connected to all of the openings. The
traps must remain connected during all phases of the test when it is
expected that vapors can be emitted. Special adaptors or devices may
be needed to connect to external carburetor bowl vents.

Certain vehicles may be equipped with a more complex air cleaner
assembly than that shown in Fig. 2. Those with inlet air temperature
controls, for example, require effective plugging of both the hot and
cold air inlet ducts during the soak portions of the test.

Air cleaners with a full or partial circumferential cold air inlet must
be sealed by inserting a material impervious to fuel vapors.

With all air cleaner types, the fitting for collecting vapors must be
positioned in the same horizontal plane as the lowest point of the air
inlet. If the air cleaner has a separate inlet duct(s), the fitting must be
positioned on the underside and close to the inlet opening in the duct
as shown in Fig. 2.

Fuel tank venting systems, including the fuel tank cap, must be suitably
modified to insure that all vapors are routed to traps. Usually existing
tank vents can be plugged, and vapors collected through a modified tank
cap with a % in (7.9 mm) ID fitting for attaching the vapor collection
tubing.

Traps should be installed as closely as possible to the vapor source.
They must be placed lower than the vapor source to induce flow of vapors
by gravity, but not disturb the function of the fuel system components.
Traps must not be exposed to heat from the engine. The lines and any
manifold systems used to connect multiple vents to a single trap should
be checked to make sure there are no sharp bends in the connection
lines. All lines must have a continuous fall between the fuel system and
the trap. The pressure equalization tube must be routed from the trap
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~
LOSS MEASUREMENT TRAP
FIG. 2—TYPICAIL TRAP INSTALLATION

outlet tube to a location as close as possible to the vapor connection
vapor source.

In all cases, the modifications and connections to the fuel system, con-
necting tubes, traps, and other equipment must not disturb the normal
functioning of the fuel system components.

4.6 Number of Traps Needed—On vehicles without evaporative em-
ission control systems, muluply traps may be necessary in series to insure
that the vapor adsorption capacity of the trap(s) is not exceeded during

the test. Documents
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