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Foreword—This Document has also changed to comply with the new SAE Technical Standards Board format.

1. Scope—This SAE Recommended Practice establishes uniform laboratory techniques for the continuous and
bag-sample measurement of various constituents in the exhaust gas of the gasoline engines installed in
passenger cars and light-duty trucks. The report concentrates on the measurement of the following
components in exhaust gas: hydrocarbons (HC), carbon monoxide (CO), carbon dioxide (CO,), oxygen (O,),
and nitrogen oxides (NO,). NO, is the sum of nitric oxide (NO) and nitrogen dioxide (NO,). A complete
procedure for testing vehicles may be found in SAE J1094.

This document includes the following sections:

Scope

References

Emissions Sampling Systems
Emissions Analyzers

Data Analysis

Associated Test Equipment
Test Procedures

Nookon=

1.1  Purpose—The purpose of this document is to describe means for the analysis of exhaust emissions. This
procedure has been developed after thorough review and consideration of test techniques in use in
laboratories of federal and state governments, and the automobile and petroleum industries.

2. References

2.1 Applicable Publications—The following publications form a part of this specification to the extent specified
herein. The latest issue of SAE publications shall apply.

2.1.1 SAE PusBLIcATIONS—Available from SAE, 400 Commonwealth Drive, Warrendale, PA 15096-0001.

SAE J1094—Constant Volume Sampler System for Exhaust Emissions Measurement
SAE J1263—Road Load Measurement and Dynamometer Simulation Using Coastdown Techniques
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3. Definitions

3.1 Bag Sample—Ambient air or vehicle exhaust collected during various segments of the driving test cycle for
analysis.

3.2 Calibrating Gas—A precisely analyzed gas of known concentration, used to determine the response curve of
an analytical instrument.

3.3 Chemiluminescent Analyzer—An analytical method for determining the NO, concentration in exhaust gas.

3.4 Chassis Dynamometer—A laboratory-power absorption unit, capable of simulating the inertia and road-load
power developed by a vehicle.

3.5 Cooler—A device capable of sufficient refrigeration to maintain condenser temperatures in the analytical train
at2°C +1°C (35°F +2°F).

3.6 Curb Weight—The weight of the vehicle in operational status, with all standard and commonly installed
optional equipment, and the gas tank filled to nominal capacity.

3.7 Detector—That component in an analytical instrument which responds to a particular exhaust gas constituent.

3.8 Driver's Aid—An instrument intended to guide the vehicle driver in operating the vehicle in accordance with
the specified acceleration, idle, deceleration, and cruise operating modes of a specific driving procedure.

3.9 Exhaust Emissions—Any substance (but normally limited to pollutants) emitted to the atmosphere from any
opening downstream from the exhaust point of the combustion chamber of an engine.

3.10 Flame lonization Detection Analyzer (FID)—An analytical instrument used for determining the carbon
concentration of hydrocarbons in a gas sample.

3.11 Hang-up—The absorption-desorption of sample (mainly higher molecular weight hydrocarbons) from the
surface of the sample system that can cause a delay in instrument response and lower concentration at the
analyzer, followed by higher readings in subsequent tests.

3.12 Inertia Masses—A series of rotating masses on a chassis dynamometer, used to simulate the test mass of a
vehicle.

3.13 Loaded Vehicle Mass—The manufacturer's estimated mass of a vehicle in operating condition. For the
purpose of emission testing, it is the curb mass of a light-duty vehicle plus 136 kg (300 Ib).

3.14 Lox-Service Cleaning—Process where sampling system plumbing is cleaned thoroughly prior to flowing
liquid oxygen (LOX). Hydrocarbon contamination is removed by rinsing with a solvent that will not generate
emission constituents.

3.15 Mode—A particular event (for example, acceleration, deceleration, cruise, or idle) of a test cycle.

3.16 Nondispersive Infrared (NDIR) Analyzer—An analytical instrument currently used to determine CO and CO,
in exhaust gas.

3.17 Probe—A device inserted into some portion of an engine or vehicle system in order to obtain a representative
gas or liquid sample.

3.18 Reference Cell—That portion of the NDIR instrument which contains the reference gas for comparison with
the sample.
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3.19 Response Curve (Calibration Curve)—A line drawn through at least six points established by calibration
gases, which determines the analytical instrument's sensitivity to unknown concentrations.

3.20 Sample Bag—A container made of nonabsorbent material, used to collect ambient and exhaust samples.
3.21 Sample Cell—That portion of the analytical instrument through which the sample gas being analyzed passes.

3.22 Sampling, Bag—A technique for collecting a sample of exhaust gas during a period of a test cycle and storing
it for future analysis.

3.23 Sampling, Continuous—A technique in which a portion of the exhaust is continuously withdrawn for
immediate analysis.

3.24 Span Gas—A single calibrating gas blend routinely used to adjust the calibration of an analyzer just prior to its
use.

3.25 Test Cycle—A sequence of engine or vehicle operating modes, usually designed to simulate road usage of the
vehicle.

3.26 Zero Gas (Zero Air)—A pure gas, such as nitrogen or air, used to determine the zero point of an analyzer's
response curve.

4. Emissions Sampling Systems

4.1 Continuous (Undiluted Exhaust Gas)—Figure 1 shows a typical sampling system for the continuous
measurement of exhaust-gas products emitted from the tailpipe of a vehicle. Such a system generally consists
of sample probes, sample lines, coolers, particulate filters, positive displacement pumps, flow regulators and
flow meters, and desiccators.

411 SAMPLE PROBE—The sample probe is the inlet to the sample system. It is recommended that this probe be
constructed of stainless steel tubing, typically 6 mm (0.25 in) OD; it is usually part of a fixture which adapts to
the end of the tailpipe of the vehicle. To minimize induction of ambient air, the end of the probe is extended
into the tailpipe 30 to 45 cm (12 to 18 in) (if possible). The most desirable probe location is parallel to the
exhaust flow, facing upstream. The sample probe fixture may slip over the outside of the tailpipe and be
used with either a flexible adaptor (silicone rubber) or thermosetting-fiberglass-backed adhesive tape. This
arrangement provides a seal which does not allow dilution of the exhaust gas with ambient air. Design of the
probe fixture should also allow for unrestricted exit of the remaining exhaust gas (that which is not inducted
into the probe) to either an exhausting system or another test apparatus such as a constant volume sampler
(see SAE J1094). A valve should be located at or near the tailpipe fixture to allow purging of the sample
probe and the rest of the analysis system with prepurified dry nitrogen gas or clean, dry air. The test probe
for engine dynamometer testing should be located to approximate the sampling location in an actual exhaust
system of the vehicle.

In work with single-cylinder engines, or with the exhaust of a single cylinder of a multicylinder engine
operating over a transient duty cycle, the proper probe location is difficult to define because of a varying

degree of stratification of the concentrations of the various exhaust products which exist along the length of
the exhaust pipe.
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FIGURE 1—A CONTINUOUS UNDILUTED EXHAUST GAS ANALYSIS SYSTEM

4.1.2 SAMPLE LINE—The sample line carries the exhaust gas inducted into the sample probe to the condensers
which are usually located close to the analysis system. This line is typically 6 mm (0.25 in) OD and should
be made of stainless steel or Teflon (or equivalent). Teflon tubing with a flexible outside protective covering is
recommended because it practically eliminates the hang-up from this part of the sampling system. If the ID
is 6 mm (0.25 in), it can easily be joined to 6 mm (0.25 in) OD stainless steel tubing. The length of this
sample line should be kept to a minimum, since its length is directly related to the delay time of the entire
system; in many cases, it will be found to be responsible for the major portion of the delay time. Excessive
delay times usually result when the line from the sample probe to the cooler is too long, or the sample flow
rate is too low. Room restrictions may prohibit the use of short sample lines; therefore, other means, such as
increasing the sample flow rate or simply determining the extent of the delay and accounting for it when
processing the data, may have to be used. All tubes connecting the various components of the sampling
system should be either stainless steel or Teflon, and should also be as short as possible.
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4.1.3 CooOLER—The cooler condenses and removes the water contained in the exhaust gas sample. This is
required because many analyzers have a strong response to water vapor, and also to prevent condensation
of water in the analyzers.

There are a number of acceptable cooler configurations. Two types which have proved effective are the ice-
bath cooler and the refrigerated-water bath. Both of these utilize a cooling coil of 6 mm (0.25 in) OD
[uncoiled length is approximately 3 m (10 ft)] which empties into a trap with a volume not to exceed 60 to 80
cm? (4to5 in3) for each leg of the analysis system. Figure 1. A drain and toggle valve are provided to
remove the water collected in each trap. The cooling coils are usually clustered in a common, insulated
chest which can be filled with ice and water, or a water glycol solution, which can be kept near 2 °C (36 °F)
with an electrically-powered refrigeration system. Keeping the coolant slightly above 0 °C (32 °F) eliminates
water freezing in the trap. A mixer in the coolant helps to maintain a constant temperature. (Corrections for
water removed may be needed. See Section 6.)

4.1.4 SAMPLE FILTER—Borosilicate glass fiber filters of approximately 7 cm in diameter with an appropriate holding
fixture of low internal volume should be used (one in each leg of the sample system, Figure 1), to remove any
particulate matter which may be present. These filters also tend to stop water droplets which may have
passed the cooler. Contaminated filters can result in excessive hangup and should be changed frequently
(as often as each test, and if experience indicates the need, even during a test).

4.1.5 SAMPLE Pumps—A pump that supplies a constant flow rate (typically 20 L/min with pump inlet and outlet at
atmospheric pressure) can be used in each leg of the analysis system to pull the sample from the probe and
then push the sample through the analyzer. Arrangements with a single-sample pump are also possible. To
minimize hangup, pumps with stainless steel metal bellows or Teflon coated diaphragms should be used.
Carbon vane or piston pumps which may introduce a hydrocarbon lubricant into the sample gas are to be
avoided. The pump and motor should be mounted to eliminate the transmission of mechanical vibrations to
the connecting sample lines and analyzers. An effective means of accomplishing this is to use short, flexible
Teflon tubing (stainless steel braided for safety), to carry the sample gas to and from the pump, and to isolate
the pump and motor with shock mounts. Small mechanical vibration of the analyzers may affect their output.

41.6 FLow CONTROL AND MEASUREMENT—The pump for each analyzer should be allowed to pull as much sample
as it can through the sample system to reduce the lag time required to move the sample from the tailpipe to
the analyzer. An optional means of increasing the sample flow rate is to use a sample flow bypass.
Immediately following each pump, a bypass line allows sample gas to be dumped to a waste system with the
remaining 5 L/min proceeding through the analyzer. The bypass flow is regulated by an adjustable needle
valve (stainless steel), and monitored with a rotameter-type flowmeter with at least 10 L/min capacity using a
stainless steel or inert material float. [High sample rates for raw (undiluted) exhaust analysis should not be
used simultaneously with dilute CVS-type analysis, as the raw sample flow will cause an error in the mass
emissions obtained from the CVS calculations.]

4.1.7 Extreme care must be taken to assure that all sample system connections are leak free.
4.2 Emissions Sampling Systems--Bag Analysis—These tests yield average emission values for various
periods of a complete test by a single measurement of each bag sample. The analysis can determine whether

a vehicle will pass surveillance or compliance tests. SAE J1094 describes this technique. Figures 2 and 3
show a six-bag sample gathering system and an analytical system, respectively.
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