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1. SCOPE

This SAE Recommended Practice describes a method to be used for the static deployment of airbag module assembilies.
The results obtained from the deployment tests will be used to verify compliance with design requirements and/or
specifications, and for other engineering purposes such as module performance comparisons, and/or CAE input or
validation. The purpose for this procedure is to describe recommended test methods to ensure, to the extent possible,
reliable and reproducible test results for driver airbag modules, passenger airbag modules, or other airbag modules (e.g.,
side airbags, roof rail airbags, knee bolster airbags, etc.). Performance limits or acceptance criteria are not established
as they are typically defined based on specific vehicle design requirements and/or manufacturer specifications. It is
intended to be a general procedure for repetitive testing and suggests only general guidelines for the safe conduct of tests
and reliable data correlation.

2. REFERENCES
2.1 Applicable Documents

The following publications form a part of this specification to the extent specified herein. Unless otherwise indicated, the
latest issue of SAE publications shall apply.

2.1.1 SAE Publications

Available from SAE International, 400 Commonwealth Drive, Warrendale, PA 15096-0001, Tel: 877-606-7323 (inside
USA and Canada) or 724-776-4970 (outside USA), www.Sae.orqg.

SAE J211-1 Instrumentation for Impact Test - Part 1 - Electronic Instrumentation

SAE J211-2 Instrumentation for Impact Test - Part 2 - Photographic Instrumentation

SAE J1538 Glossary of Automotive Inflatable Restraint Systems

3. DEFINITIONS

Refer to SAE J1538 for terms used in this document.

4. GENERAL TEST REQUIREMENTS

Deployment test methods used for acceptance and performance evaluation of airbag module assemblies shall provide
accurate, repeatable, and reproducible results, with considerations made to minimize the effects of test-to-test and/or lab-
to-lab variability in test equipment, module fixturing, and ambient conditions of the lab and/or specimen storage areas
(temperature, humidity, and atmospheric pressure). Toward this end, and with the added incentives of cost and time
effeciencies, these tests are generally performed outside the actual vehicle when possible - using only those portions of
the actual vehicle that directly influence the applicable performance of the module or the outcome of the test.

4.1 Test Facility

Airbag module assemblies (containing an inflator) are typically Department of Transportation (DOT) classified. Therefore,

the facility for conducting tests on pyrotechnic devices must comply with all local and state building codes, including all
necessary certifications/permits for receipt, storage, and shipping of these materials.
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A suitable floor plan and work area design is important for proper execution of tests. Features shall include a physical
safety barrier between test personnel and the device under test. Environmental control is important for both the pre-test
conditioning and the deployment. Differences in temperature humidity, and/or atmospheric pressure have been shown to
have an effect on certain test results. Ambient laboratory temperature of 22 °C + 2 °C shall apply unless otherwise noted
for a specific test. The relative humidity (% R.H.) and atmospheric pressure (kPa) for each test shall be clearly stated in
the test data and/or test report. An exhaust fan is recommended to vent smoke and particulate from the test bay prior to
re-entry by test personnel.

4.2 Safety Requirements

In consideration of safety for test personnel working with experimental devices, appropriate facilities and training must be
provided. Examples of the necessary safety equipment include remote airbag triggering systems, shielding for personnel;
test warning system (i.e., siren and/or light); and personal safety equipment (PSE) such as eye protection, gloves, hearing
protection, respirators, and grounding straps, if required. Proper written safety procedures should be followed in
accordance with standard ordinance and pyrotechnic industry practice. All applicable OSHA safety standards must be
followed.

4.3 Equipment List

The equipment will typically consist of the following basic components:

a. Mounting Fixture - The physical structure to which the module is mounted for the deployment test, and those portions
of the actual vehicle that directly influence the applicable performance of the module or the outcome of the test

b. Pressure Transducer - Measures the pressures inside the bag and/or inflator

c. Data Acquisition System - Records and displays test data, such as the internal bag and/or inflator pressure versus
time results, and temperature versus time of the module components during conditioning, when applicable

d. Temperature Conditioning Chamber - Conditions module to desired deployment temperature (additional equipment,
such as heating lamps, may be required for some tests)

e. High-Speed Video Equipment

f.  Lighting System - Intensity matched to video specifications and desired capture rate

g. Deployment Source - Provides the proper stimulus to actuate the inflator

h. Temperature Probe - Measure conditioning chamber and test component temperature during pretest conditioning

i. Strobe Light - To denote time zero on high-speed video for use during analysis

j-  Labeling equipment

5. EQUIPMENT SPECIFICATION

The equipment used in the module deployment test facility shall meet the following specifications:

5.1 Mounting Fixture

The module test mounting fixture shall allow for the secure attachment of the test airbag module assemblies and all
related vehicle components, to the extent necessary for the purpose of the test, needed for the module to deploy naturally

(as it would when installed in the intended vehicle). When possible, the actual module attachment hardware used in the
vehicle should be used to avoid possible unintended consequences.
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The airbag module shall be oriented so that the airbag (cushion) may deploy freely with no unnatural obstructions
presented by the fixture or surroundings. The test fixture shall hold the airbag module in an orientation and manner
consistent with the intended design of the airbag module assembly and/or the objective of the test.

The specimens being tested (airbag module and related vehicle components) must be identified for traceability purposes.
This identification should be visible by the high speed video equipment.

5.1.1 The test fixture shall provide a level of support to the airbag module at least as rigid as the automobile structure to
which it will be installed.

5.1.2  Any physical obstructions to bag deployment that are normally present in the vehicle for which the test module is
intended should be simulated in the test fixture (e.g., windshield surface, instrument panel surface, etc.).

5.2 Pressure Transducer

A pressure transducer may be utilized to measure pressure inside the airbag. Recommended pressure transducer
specifications are provided in Appendix A. All transducers, instrumentation, and data filters (analog and digital) shall be
selected per SAE J211.

5.2.1 The pressure transducer and “extension tube,” when used, should be mounted in a location clear from the
unfolding bag, with the pressure inlet located in an area of reduced gas flow within the module to minimize the
“Venturi” effect on the measured pressure. Caution must be observed during interpretation of all module
pressure data due to the dynamic variation of pressure during cover opening and bag fill. Guidelines for installing
pressure taps in the various airbag module configurations is provided in Appendix B.

5.2.2 Where practicable, pressure transducers used for comparison testing should be standardized. Results from
different transducer types or models may vary significantly - especially when measuring short duration pressure
pulses such as those produced during airbag deployment door break-out. The break-out pressure reading will
also be affected by pick-up tube diameter, length, and material variations. Longer and/or more flexible tubes will
have a damping effect on the data similar to filtering.

5.2.3 The dynamic range of the pressure transducer must be compatible with the temperature and pressure expected
from the test. A means of calibrating the pressure transducers prior to testing shall be provided. Pressure
transducer calibrations shall be conducted regularly and calibration results recorded. Refer to the transducer
manufacturer's recommended procedure for calibrations. See Appendix A for recommended performance
specifications.

5.3 High-Speed Film and/or Video Camera

The high-speed filming or video taping system should consist of a camera and a recording/monitoring system which can
be synchronized for camera start-up during the module deployment test. The filming or taping capability should be at
least 1000 pictures per second (pps). A means of verifying film speed should be incorporated into the filming/video
operation. Some customer standards may require higher speed capability (i.e., for bag unfolding or cover integrity
3000 pps is recommended). The lighting should be of proper intensity to create a quality film/video image. Multiple
cameras may be required to view various module details (i.e., top view, side view, plan view, cover/door/hinge detail,
etc.).

5.4 Data Acquisition System

A data acquisition system (per SAE J211) shall be provided to measure and record pressure output versus time for the
bag pressure and inflator, if applicable. Filter requirements, data sampling rate of test system, transducer frequency
response, and amplifier frequency response should be such that there is minimal effect on data accuracy. Overall
accuracy of the data acquisition system should be within 3%. The data acquisition system must have clearly defined
capabilities such as sample rate, resolution and digital filtering as supported by SAE J211. Data recorded should include
at least 20ms of data prior to T=0, and sufficient duration after T=0 to capture the duration of interest for the test.
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5.5 Temperature Conditioning Chambers

Temperature conditioning chambers should be provided to temperature condition modules prior to testing. For the safety
of personnel, protective chambers should be considered. Chamber capabilities typically extend from -55 to 120 °C, but as
a minimum, should extend from -40 to 90 °C. The temperature conditioning chamber should be capable of providing a
uniformity of the temperature extremes with control level variations not to exceed +3 °C throughout the chamber. On
passenger side systems, sun load temperature differential may be required. This can be accomplished by using heat
lamps or other heating means (see 6.1.1).

6. TEST PROCEDURE
Ambient test lab conditions (e.g., temperature, percent relative humidity, and barometric pressure) should be recorded.
6.1 Temperature Conditioning

Test samples may be temperature conditioned prior to testing. The typical lower and upper temperature ranges for
conditioning modules are -30 °C = 3 °C and +80 °C + 3 °C. Ambient test temperature is 22 °C + 3 °C. The modules shall
be conditioned for a sufficient period of time to ensure that the entire module assembly (including internal temperature) is
at the required temperature. Typical conditioning times are 3 to 4 h, but if the module is mounted to a significant thermal
mass (such as a vehicle) the time may need to be extended. Modules (installed into the test fixture) are placed in the
conditioning chamber in a manner that allows free air movement around assemblies, and no direct contact with chamber
walls. To determine the required soak time needed to properly condition a specific module design, an inert sample can
be instrumented with thermocouples to monitor internal component temperatures.

6.1.1 When testing passenger modules, actual in-vehicle temperature measurements may be used for deployment pre-
conditioning in place of the +80 °C soak. This practice (referred to as Sun Load Conditioning) is most commonly
used when testing top-mount passenger modules to represent a worst-case condition for the airbag cover/skin
material without unnecessarily over conditioning the module/inflator. To achieve this kind of conditioning, the
entire assembly (module, deployment door, and instrument panel) is conditioned to some temperature (as
measured during in-vehicle temperature measurement - typically 65 °C + 3 °C). Just prior to deployment, the
instrument panel and deployment door surface temperatures are raised and stabilized at the temperature
corresponding with maximum vehicle interior component surface temperatures (as measured during in-vehicle
temperature measurement - typically 105 °C = 3 °C for top-mount passenger modules) using heat lamps or some
other directional heat source. Target temperatures for Sun Load Conditioning are generally obtained while
exposing the vehicle to desert sunlight conditions, using thermocouples mounted throughout the instrument panel
and airbag module.

6.2 Installation to Mounting Fixture

The air bag module should be securely mounted to the test mounting fixture so that no unnatural movement of the module
occurs during testing. See Appendix C for typical test setup for driver and passenger airbag modules. Other airbag
modules for deployment tests should be mounted to approximate their in vehicle position.

6.3 Time to Deployment

Typically, the test sample should be deployed in the mounting fixture within 3 min of removing the sample from the
temperature conditioning chamber, if conditioned separately from the mounting fixture. If the 3-min period is exceeded,
samples should be reconditioned at least 10 min for every minute beyond the 3-min period. However, the acceptable
deployment time limit and reconditioning schedule are a function of the module design, which can affect the warm-up or
cool-down rate. Thus, consideration should be made to measure the internal and external thermal change rate of a
particular module design to determine the proper time limit for deployment after removal from the conditioning chamber.
External temperatures may be of particular concern when a function of the test is to determine module cover/door
performance or when the conditioning requirements involve sun loading. In such cases a 3-min wait between removal
from the chamber and deployment may be inappropriate, as changes in surface/skin temperature occur much more
rapidly than the module or inflator core temperatures.
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