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Change Log

This Change Log lists all approved changes implemented in this document since the last
published version. For the original release of the document the Change Log is empty.

Revisions are to be based on relevant experience and changes to the application environments of
the participating OEMs. All changes to the document are to be decided upon by a joint USCAR
committee as appointed by the participating OEMs and ratified by their respective organizations.

Paragraph Description of Change Date
Affected
5.2.3.7.2 Item 1d C:‘I&‘Iuc O:UPU IUPUF:;IIS IUqU;ICIIIUI It tU bU CUT lo;otullt Vv;th O:U'JU IU\{U;IUIIIUIIt ;II :/28/2002
Table 3.2.7A YSCAR Committee
3.2.21 Stable production processes of a minimum of 1 year at a minimum of 500K/yr run
rate, has been established. $ Stram
In no case shall the inflator structural margin fall below 1.35 as calculated per N Quade
Section 5.2.4.2 Structural Burst Test . U Knowlden
2.0 Updated to require the latest version of referenced documents
3.1.1 over the deployment temperature range ef—40C-to-+85C
Appendix D Reporting charts and notes revised to be consistent with Table 3.2:8.2.3.B
3.24 The inflator shall produce no ‘bag luminescence’ visible in standard video (standard

frame rate), using an uncoated bag per program direction, ok Appendix A Table
IV G-1, other than item c.

Table 3.2.7.B 1+12.5% at P75y, of peak OF US€ + 12.5% 0f T754 of peak
5.1.2 Temperature tolerance from+3 Cto+2C
524.7.3 Temperature chamber, capable of maintaining -40°G-to #856+90°C.

Apply temperature cycle of 11 hours total twice' during each axis of vibration testing
Condition inflator for a minimum of 27Q'+)5 minutes at 80-°G 90°C.
Perform visual and audio inspection of the Inflator during and after the conditioning

procedure. All visual and audio discrepancies shall be documented and reported
to the Responsible Vehicle Engineering Organization.

5.24.74 1. Condition Inflator for a minimum of 288 hours with temperatures of -
40°C,28°C, and 90°C and with 95% maximum minimum RH
according to Figure 5.2.4.8.4.A, Humidity/Thermal Cycle.

5.24.7.6 For dual stage-inflators with initiators located at opposite ends of the inflator,
perform‘drop enee twice with each initiator in down position. The third orientation
drop shall be dropped twice in the direction perpendicular to the axis of the both
initiators (center pin to center pin) for a total of 6 drops for all orientations.

5249 Pmin = (Pnominal - Ptolerance) at -30°C -40°C

Appendix A Condition @ 12 inflators

Section IVD

Appendix A (if previous 2 reverse-fire second stage only deployments ignite the primary stage
Section IV H

Requirement: The inflators shall meet the functional requirements of the body of
this specification. The inflators shall not fail structurally. Otherwise, data is for
informational purposes only.

5.24.7 Addition of High Heat/Humidity Aging Test. Also see test matrices in appendix B for
resulting inflator quantities
Appendix D 100 ft3 Effluent Reporting Table. Added Apportionment column to table. June 10, 2004
USCAR Committee
S Stram
M Quade
L Knowlden

USCAR INFLATOR TECHNICAL REQUIREMENTS and VALIDATION
(FRONTAL, & SIDE SYSTEMS)
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1. INTRODUCTION:
1.1 Scope:

This specification establishes the performance, and validation requirements for th

e inflator

assembly used in airbag modules. Pretensioners are covered only in respect to their effluents
as included in Section 3.2.3, Effluents and their autoignition performance as included in Section
3.2.5, Autoignition, High Temperature Oven Performance/Autoignition of Heat Aged Inflators

1.2 Preface Definitions:

Inflator: For the purposes of this specification, an inflator is a device that delivers
quantity or volyme of gas with a defined mass flow, at a required reliability andire
cushion or chamber in order to directly provide occupant restraints as defined by
customer engineering group(s). Specific design elements are not limited-except b
performance apd reliability requirements contained herein.

Pretensioner: For the purposes of this specification a pretensionher is a device the
defined quantify or volume of gas with a defined mass flow at a-required reliability]
repeatability to|the mechanical buckle and/or retractor device in order to remove |
the seat belt system, thereby providing increased occupant restraints as defined K
customer engimeering group(s). Specific design elements are not limited except b
performance apd reliability requirements contained;herein.

Degradation (following environmental conditioniing): The term "degraded" refers tc
ballistic performance that falls outside of the.reference window established by a v
group per Secfion 3.2.7, Inflator Performance and Variability Limits (i.e. DV/PV b3
after conditioning per Section 5.2.3.7, Closed Tank Test of this document. In addi
of the inflator tp meet any other requirement as stated in this document after envif
conditioning shall also be defined as degradation.

Tailorable: Th
inflators) indep

e ability to tune'slope, onset, output (peak pressure), and output ra
endently to{meet the various program requirements.

termdvariability" refers to performance variation within a group of
the reference window established by a virgin control group (i.e. DV

Variability: The
falls outside of

a defined
peatability to a
he intended

y the

t delivers a
and

elt length in

y the intended
y the

a change in
rgin control
seline group)
tion, a failure
onmental

lio (dual stage

nflators that
/PV baseline

group) per Se

H NN 7 1-fl -4 Doyef ol \ /[ P A R | - H Y £ Ll pu |
UUIT o.£. 7, TTHatur T CTTUNTIaroe ariu vdariauviiity LiThnts UT s UULUTI

ent.

Shall Requirements: The inflator is required to meet all shall requirements. The use of "shall" in
this document denotes a binding provision that must be met unless a deviation is granted by the
Responsible Vehicle Engineering Organizations. Deviations to “shall” requirements will only be
considered and, if approved, granted by the Responsible Vehicle Engineering Organizations
after evaluating appropriate available technologies and balancing all Module and restraint
system performance considerations.
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Should Requirements: Should requirements are to provide preferred requirements where
absolute compliance is not applicable to the subject technology(s) or possible within current
technology limitations. "Should" denotes a preference or desired conformance which, if not met,
must be documented and disclosed to the Responsible Vehicle Engineering Organizations. The
final determination of the subject performance requirement shall be made by the Responsible
Vehicle Engineering Organizations.

Responsible Vehicle Engineering Organization: Refers to the group(s) that are sponsoring the
qualification. In the case where specific shall and/or should requirements must be altered to
accommodate specific technologies, the supplier shall obtain acceptance of the altered test
plan, from representatives of each OFM where the inflator is intended to be used

QFS: QFS refe
procedure for 3

For additional
1.3 Changes't

This document

rs to ‘Qualified for Sourcing’ and is synonymous with ‘Bookshelvin
ttaining QFS status for an inflator is detailed in Appendix A

lefinitions see the Glossary (Appendix E).
p this Document:

is to be considered a living document. Revisions are to be based ¢

experience and changes to the application environmentszof the participating OEM

to the docume
participating O

2. APPLICABI

nt are to be decided upon by a joint USEAR committee as appointg
EMs and ratified by their respective organizations.

[E DOCUMENTS:

SAE J 1794 Restraint System Effluent Test'Procedure (Dec. 2, 1996)

ISO Guide 25
J2238 Airbag |
J211-2 Instrum

| ab Certification
hflator Ballistic Tank Test Procedure
entation for Impact)Tests

Y. The

bn relevant
s. All changes
d by the

USCAR Initiatq
MIL STD 810
QS9000

r Specification

In the case of pew_releases of the listed reference documents the latest version s
applicable except-where direct conflicts with this document take place. In the casq
conflict this doCument-shatt-supercedeand-theprevious-versionof-thereferencec
shall be applicable

pall be
b of a direct
document(s)
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3. REQUIREMENTS:
3.1 General Requirements:
3.1.1 General:

The inflator supplied under this specification shall meet all of the functional requirements
outlined in this specification for a fifteen-year vehicle life. The inflator shall meet these
requirements both before and after the environmental conditioning specified and over the
deployment temperature range. This specification represents a minimum set of requirements.
Any technolog ' i ility i ot addressed
in this specification shall be required to complete additional testing. Test requirenients of such
systems shall be proposed by the inflator supplier and agreed to by the Responsible Vehicle
Engineering Organization(s). All testing will be based on supporting a fifteentyear|vehicle life.

3.1.2 Quality:

All structural apd performance related features shall be manufactured and/or progessed in
accordance with automotive industry accepted quality requirements (PPAP per AIAG or
QS9000 proceps) for purchased materials and shall be donewith the concurrence of the
intended vehicle manufacturer’'s Supplier Quality Assurance group(s).

3.1.3 Productipn Requirements:

As a general apsumption, inflators qualified todthis specification will meet this specification on an
ongoing produgtion basis unless specifically-excepted by a Responsible Vehicle BEngineering
Organization.

3.1.4 Reliability:

The inflator shall demonstrate,.through successful completion of the PV test matrices, a
reliability of 95V6 at 90% confidence, without any failures during deployment, degradation as
defined in this gpecification or failure to meet any shall requirements of this specification. Failure
during deploy%\ent is.defined as failing to meet any of the shall requirements of thiis

specification, dr falling outside of the performance intervals defined by the baseline
deployments foraa,given configuration per Section 3.2.7, Inflator Performance and Variability
Limits.

3.1.5 Heavy Metal Compounds Reporting and Recycleability Requirements:

The inflator supplier shall provide timely information verifying product compliance with current
OEM requirements in regards to the use of Heavy Metals or Heavy Metal Compounds in the
manufacture of the inflator. The inflator manufacturer shall provide at the request of the
Responsible Vehicle Engineering Organization, a breakdown of the materials in the inflator for
recycling purposes.
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3.1.6 Informational Requirements:

The inflator supplier shall provide the information as required by all sub-sections of 3.1.6 prior
to, or as a subsection of the DV and PV reports. The use of the ‘QFS Checklist’ is highly
recommended for organization and completeness of the information. The inflator DV shall not
be considered complete without the prior or joint submission of the informational requirements
as described in this section and all sub-sections of 3.1.6.

3.1.6.1 Inflator Pre-source Qualification (QFS) or Bookshelving:

The inflator su
Qualification (C
DV report.

re-source
ction of the

DFS). The information shall be supplied in advance of, or as a sub

3.1.6.2 Inflato

In addition to t
consideration,
be provided af
be taken from
reached imme

Soak Back Heat:

information supplied in the QFS, and for the specific inflator outy

e
F temperature trace of the external surface of the'inflator after depl
er hot deployment per Section 5.2.3.6, Open Air‘Test. The measur,

he highest temperature area of the inflator,csshowing the peak temg

fiately and throughout the full cool down cycle of the inflator. The d

provided as part of the DV and PV report. Placement of-the temperature measurir

shall be based
Responsible V

3.1.6.3 Inflato

In addition to t

on temperature mapping for the waorst'case location and approved

bhicle Engineering Organization.

Performance Envelope and(Characteristics:

e information supplied inthe QFS, and for the specific inflator out

consideration, the Inflator Supplier_shall supply actual inflator vented tank test cur
specifically requested), closed tank'test curves, mass flow and calculated gas tenjperature
curves, moles pf gas for the output tested. The Inflator Supplier shall demonstratg
criteria, and repeatability. The'Inflator Supplier shall make available on an ongoin
information angl data to demonstrate lot-to-lot variability due to manufacturing is
controlled and meets.therequirements of this specification.

The ResponsiljleVehicle Engineering Organizations shall be the final arbiter of in

utin
pyment shall
ements shall
erature

ata shall be
g probe(s)
by the

ut(s) in
ves (if

Tailorability
j basis,
inimized,

rlator

tailorability.

3.1.6.4 Shipping Classification:

The inflator Supplier shall provide shipping ‘Competent Authority’ per Appendix A Inflator Pre-
source Qualification (QFS) section Ill.H or other equivalent documentation for target
jurisdictions and programs. In addition, the test data utilized to comply with all applicable
government shipping regulations, including autoignition regulations, in countries where the
inflator(s) are manufactured and transported, shall be provided to the Responsible Vehicle
Engineering Organizations , or submitted as a subsection of the DV report. (i.e. DOT, CTC,

TUV, BAM, etc

)



https://saenorm.com/api/?name=8c9cf54a13c990c5ea50724b19ce8c79

SAE/USCAR-24 Issued June 2004

USCAR INFLATOR TECHNICAL REQUIREMENTS AND VALIDATION

3.1.6.5 Module Performance:

Examples of the inflator performance in a baseline module shall be demonstrated and
compared with the original configuration’s inflator. This comparison shall be done in a dynamic
test configuration (i.e. drop tower, pendulum, or other equivalent device) in an existing and well
characterized module that meets the criteria of Appendix A Inflator Pre-source Qualification
(QFS) section IV G, Table 1, Module Configuration. Modifications to the baseline module are
acceptable and encouraged to enhance the new inflator’s performance, so long as they are
thoroughly documented. Alternate configurations with documented differences can also be used
to show typical design modifications from the established baseline modules to enhance
performance.

3.1.6.6 Electrigal Isolation of Pyrotechnic Mixtures:

materials in the inflator shall have direct contact with the‘external metallic

initiator charge cup and header assembly.

No pyrotechnig
surfaces of the
3.2 Functional Requirements:
scribes the functional and performance requirements of the inflatof. For the

conditioning and testing required in order ¢o validate these performance
refer to Section 5, Test Requirements,

This section d¢
environmental
characteristics
3.2.1 General|Inflator Requirements:
Prior to PV tes

successfully ca
source Qualifig

ing, as part of a DV, or priorto a DV, inflator(s) shall demonstrate
mplete a ‘Proof of Concept-test series as outlined in Appendix A |
ation (QFS).

he ability to
nflator Pre-

For dual level lnflators utilizing either two separate pressure chambers or a single

chamber inflat
shall meet all &

combination, re¢ferenced-in this specification.

For inflators to
initiators (PPA

r with an internal’segmenting partition, the inflator(s) and all inflatg
pplicable performance requirements and validation conditions sing

P per AIAG process or equwalent) at the time of pre- quallflcatlon R

pressure
r segments
ly and in

be censidered ‘Pre-Qualified’ (QFS) the inflators should use only gpproved

or an inflator

A s\ Wi

to be consider

pu |
cUuuv y, I.IIU IIIIIdLUIb Dlldll UuoStT all IIIII.IdlUI I.Ildl Ildb do a IIIIIIIIIIUIII,

et all ignitor

DV requirements per USCAR Common Initiator Specification of current issue. Inflators shall use

only approved

initiators (PPAP per AIAG process or equivalent) at the time PV.

3.2.2 Inflator Structural Integrity:

Inflator(s) shall maintain structural integrity when deployed in and after the conditioning
environments described in Section 5, Test requirements. At no time during any portion of DV
and PV testing shall an inflator eject any component or fragments. Burst foil (not including burst
diaphragm fragments from hybrid inflators) shall be allowed based on their lack of potential
hazard, as agreed to by the Responsible Vehicle Engineering Organization.
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3.2.2.1 Inflator Burst Safety Factor:

Over the temperature range of +85C to —40C, the inflator burst safety factor, when performed
and calculated per Section 5.2.4.2, Structural Burst Test, shall be greater than 1.5.

As an alternative, where:

1.
been estab

lished and,

2. A statistically significant sample size can be tested and,

3. Production

margin components and pracess can be verified then

Stable production processes of a minimum of 1 year at a minimum of 500K/yr run rate, has

The statistical

utilized on a c3
Vehicle Enging
as calculated ¢

The burst of th
fragment or ejg
Responsible V
configuration.

the burst test ©

Inflators with
required Inflatg

External crimps,

shall be loaded
fusion area. A
verified by mar
of the primary
allowed.

The inflator's s
pressure vessg

model per Appendix C Statistical Inflator Structural Margin Calculations, can be

se by case basis to validate structural margins as approved by the
ering Organizations. In no case shall the inflator structuralmargin
er Section 5.2.4.2, Structural Burst Test.

b inflator shall exhibit a ductile separation mode.ihsofar that the inf
ct any part of the structural components. The Inflator Supplier an
bhicle Engineering Organizations shall jointly.determine the burst t4
The Responsible Vehicle Engineering Organizations shall be the fi
onfiguration.

ultiple structural, dynamically independent, pressurized chambers
r Burst Safety Factor for all pressurized chambers independently
curls, swages, press fits such as end closure and initiator retaini
during testing and shall.net'fail during burst testing. Welds shall n
| crimp, curl, swage, press fit and weld design and process parame
gin studies and/or EEA. FEA analysis shall be confirmed by testing
ailure from the parent material into external welds, crimps, curls or|

tructure shall’comply with all applicable government regulations, in
| burst.regulations, in countries where the inflator(s) are manufacty

transported, as
the Responsib

for gaining shippine

wellkas the countries where the vehicle is manufactured and sold

Responsible
all below 1.35

ator shall not
d the

bst

nal arbiter of

shall meet the
nd together.

g features

bt fail in the
pters shall be
j. Propagation
swages is

cluding

red and

bs directed by
responsible

e Vehlcle Englneerlng Organlzatlon The |anator suppllers shaII be

Te Responsible

Vehicle Engineering Organization. A typlcal minimum list of countrles includes North America

(USA Canada),

and Europe (BAM).

-10 -
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3.2.3 Effluents:

3.2.3.1 General Effluents:

The inflator Supplier shall characterize and report the presence of all chemical constituents,
both listed and unlisted gasses and particulates according to the following sections. Follow table
3.2.3.1A, Flow Chart of Effluent Evaluation. All gasses and particulate levels (generated by the
inflator, labels, paints, glues, inks, cushions, housings, deflectors, and other Module
components) shall be reviewed with the vehicle manufacturer’s engineering and health effect
support organization(s). Joint agreement of the supplier and vehicle manufacturer’'s engineering

and health eff
materials not s
be identified in
effluents (see
modification b
configuration,

Those effluent
by the inflator,
components nq
hazardous leve

Vehicle Manuf;
available. Vehi
achieve overal
inflators should

ecified or exempted herein. Synergistic effects of the mixture ofle

so far as possible, and may be cause to alter the published limits g
able 3.2.3.2.3B, Listed Compounds). Allowable levels may®bg sub
sed on the specific vehicle requirements (vehicle interior volume, &
tc).

labels, paints, glues, inks, cushions, housings;. deflectors, and othg
bt specifically listed in this document. Unlisted)compounds exclude
ls of atmospheric gasses.

hcturers may add to the effluent gas.and particulate list as informat
cle Manufacturers may alter the specified component level allocatiq
vehicle safety system effluent and particulate limits. However, pro
be consistent with the information for QFS status.

The Responsil]
application for

The limits in al
knowledge eva

The reporting d

Reporting Tables and -Analysis Methods’.

le Vehicle Engineering ©rganizations, shall be the final arbiter for
all effluent requiremeénts.

of the tables and the figure in this section are subject to change a
Ives and pretensioner effluent contributions are quantified.

f effluents’shall use the tables provided in Appendix D ‘Gas and P

gasses or
fluents shall
f any Listed
ject to

ag

5 defined as ‘Unlisted’, are all other effluents, gasses and particulates, generated

r Module
normal, non-

on becomes
bNs in order to
gram specific

bach

5 effluent

articulate
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TABLE 3.2.3.1 A FLOW CHART OF EFFLUENT EVALUATION

Effluent
Analysis
Process
Start

!

Closed Ballistic
Tank Test per

o€ClION 5.£.5.2

Drop Evaluation of
Undetected
Effldents per

Section 3.2.3.2

Continue Evaluation
of Detected
Effluents per

Section 3232

v

100 ft* Chamber
Module Effluent
Hvaluation per Section
5235

Yes

Specification met
With all Effluents

Determine need fo|
Human Exposure
per Section 3.2.3.4

*see note
Will"additional ‘in car’
TNteractions provide No v Yes

needed information?
Human Exposure

Test Procedure per
Section 3.2.3.4
*see note

In vehicle testing at the
Option of the Responsible

Vehicle Engineering
Organization per Section
fon pe Comolete

*Note: General acceptance and specific criteria for passing Human exposure testing should be verified for each OEM. Human
Testing, as an alternate method of certification is not accepted in equal measure by all participants in this specification.

No
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3.2.3.2 Gasses:

All gas concentrations defined in this section as ‘Listed’ and those defined as ‘Unl

isted’, but

determined to be present, shall be measured in a tank size per Section 5.2.1, Test Equipment,

and per the procedure in Section 5.2.3.7, Closed Tank Test.

This evaluation sha

Il be repeated

at QFS, DV and PV levels as part of the effluent evaluation. The results of the gas analysis of

the ballistic tank shall be reported in the effluent subsection of the DV and PV rep
format given in Appendix D Gas and Particulate Reporting Tables (or equivalent).
the ballistic tank evaluation are for reference only. Those gasses found in the, mo

orts, using the
The results of
re

concentrated balllstlc tank sample (| e.in concentratlons that could exceed 25% of the

apportloned vehi

Responsible VEhicle Engineering Organization. The Responsible Vehicle Engineg
Organizations ghall have the option to adjust the individual module effluent requirg
acceptable ovgrall performance can:bé demonstrated in a representative vehicle.

knqwn to be

done in

Section V-G

tput, etc.)

be conducted

| conducted in
ion of the

ring
ements if
Where

individual inflaor technologies afe)hot capable of meeting the effluent limits stated in Section

3.2.3, Effluents
support peoplg
improved.

(and all subsections) the Responsible Vehicle Engineering and he
or Organization(s) shall develop alternative limits until such technc

Upon deploym
System (all fro

ent, the “in vehicle’ gaseous and particulate effluent levels from the
ntal,festraint devices including Driver, Passenger and Knee Bolstef

alth effects
blogies can be

full Frontal
airbags, as

well as Belt Pr

n H al H n \ | Ll 4 o+l £ .11 ¢ laaalal 1t Y H
ensioneraevicesS;StiCT Snan notrexXceeatne Ui i vVermCre s established for

listed effluents per table 3.2.3.2.3.B Effluent Gas Limits (20 min Time Weighted Average),
unlisted effluents (where determined to be present), and particulates. As a separate
deployment, all side impact protection systems, shall not exceed the full ‘in vehicle’ limits
established for listed effluents per table 3.2.3.2.3.B Effluent Gas Limits (20 min Time Weighted

Average), unlisted effluents (where determined to be present), and particulates.

Note: The effluent data shall be evaluated by use of the average(s) of each group of tests. Each

data point shall also be reported and no single measurement shall exceed 150% of the

respective apportioned limits.

The Responsible Vehicle Engineering and health effects support people or Organ
be the final arbiter for each vehicle application, of the specific apportionment requ

ization(s) shall
irements.

-13 -



https://saenorm.com/api/?name=8c9cf54a13c990c5ea50724b19ce8c79

SAE/USCAR-24 Issued June 2004
USCAR INFLATOR TECHNICAL REQUIREMENTS AND VALIDATION

3.2.3.2.1 Apportionment, Listed Compounds:

Upon deployment in a 100 ft® chamber, the Driver Inflator, Passenger Inflator, Side Inflator(s),
Knee Bolsters and belt pretensioner devices, should not exceed apportioned fractions, listed in
table 3.2.3.2.3.A, Recommended Effluent Apportionment of compounds listed in table
3.2.3.2.3.B Effluent Gas Limits (20 min Time Weighted Average). For the purposes of pairing
different inflators into full vehicle systems, the individual inflator limits should not exceed the
recommended apportionment as listed in table 3.2.3.2.3.A Recommended Effluent
Apportionment of this section.

3.2.3.2.2 Appgrtionment, Unlisted Compounds:

In addition, up¢n deployment in a 100 ft* chamber, the Driver Inflator, Passenger |nflator, Side
Inflator(s), Knefe Bolsters and belt pretensioner devices, should not exceed apportioned limits
for Unlisted compounds. Unlisted compounds, and the determination-of acceptable limits, are
defined in Secfion 3.2.3.1, General Effluents. For the purposes of pairing different inflators into
full vehicle sysfems, the individual inflator limits should not exceed the recommenfded
apportionment|as listed in table 3.2.3.2.3.A Recommended Effluent Apportionment of this
section.

3.2.3.2.3 Gas[Sampling and Analysis:

The gaseous gnd particulate effluent levels shall b determined in a 2.83 m? (100|ft*) closed
tank (or 2.5 m?tank mathematically corrected to 2.83 m®) per SAE J-1794 Restraint Systems
Effluent Test Procedure with corrections for/pressure, temperature and absorption as

applicable, with the following additions;

1. Airborne particulate effluent shall. be sampled at the rate of 5.0 liters per minute or greater
(as appropriate for the analytical method(s) used) with a tolerance of = 10% Liters per
minute for 20 minutes. Airbarne particulate shall be reported as mg/m?, total airborne
particulate.

2. Gaseous effluents shall be sampled at the rate of 10 + 0.25 Liters per minute,|or a rate
deemed to|be analytically appropriate to the method being used. Gas samples shall be
taken at 1,15, 10545, and 20 minutes minimum. It is acceptable to sample gasgs directly into
analysis cdlll‘en a continuous basis, or at the above intervals or to use Tedlar bags. If Tedlar
bags are used, the analysis shall be started in a timely fashion (less than five minutes from
the time of the deployment). It is acceptable to use a single continuous (20 min) sample for
analytical techniques where appropriate (i.e. absorbing/adsorbing of organics etc.).

3. Gas concentrations shall be reported in PPM as 20 minute time weighted averages. A 20
minute time-weighted average concentration for each gas shall be calculated using an
appropriate mathematical formulation, i.e. the following equation if 1, 5, 10, 15 and 20
minute samples are used:

TWA, = (1C1 +4C5+5C1g + 5Cy5 + 5C20)/20
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4. A maximum of the lesser of 5% or 141.5 liters total of gas volume of the test chamber shall
be removed from the chamber for sample purposes. Return lines for continuous sampling
loops and particulate filters shall be used if sampling flow rates would otherwise exceed 5%
of the chamber volume or 141.5 liters total gas.

Recommended Apportionment is as follows:

Table 3.2.3.2.3.A Recommended Effluent Apportionment

Frontal
Driver Airbag Passenger Airbag Pretensioners (2) Knee Bolster Inflatable Belt
1/3 2/3
9/16 9/16 1/8 N
/4 1/2 1/8 1/8 av
14 1/2 1/8 1/16 /16
Side (per bag basis)
Head Thorax Thorax Curtain
1/4 4, O
1/8 1/8
Vo, 1/4

Note: Due to the nature of most crashes Frontal and Side*testraint systems will ot fire together
without substantial ‘opening’ occurring to the occupant compartment. This opening, or

ventilating of the occupant compartment allows the, side and frontal apportionment to exceed
100%.

Note: In cases|where the sum of the frontal or'side restraint systems apportionmgnts will exceed
1 (one) the apportioned fractions shall be parmalized to equal <1.
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Table 3.2.3.2.3.B Effluent Gas Limits (20 min Time Weighted Average)

Listed Compounds

Vehicle Level Limit

Effluent Gas (ppm, maximum)
Ammonia (NH3z) 35.0 ppm
Benzene (CgHg) 22.5 ppm

Carbon Monoxide (CO) 461 ppm
Carbon Dioxide (CO5) 30,000 ppm
Chlorine (Cly) 1.0 ppm
FUIIIICI;UIU:IyUIU \i \= iu\; 26 PP
Hydrogen Chloride (HCI) 5.0 ppm
Hydrogen Cyanide (HCN) 4.7 ppm
Hydrogen Sulfide (HyS) 15.0 ppm
Nitric Oxide (NO) 75.0 ppm
Nitrogen Dioxide (NO5) 5.0 ppm
Phosgene (COCl,) 0.3 ppm
Sulfur Dioxide (SO5) 50 ppm

3.2.3.3 Inflato

For each inflatpr technology, the Inflator Supplier should demonstrate that airborn

from the 100" ¢

evidence of internal filter failure over the\Inflator temperature range specified in S

Acetylene 25,000 ppm (LEL)

Ethylene 27,000 ppm (LEL)

Methane 50,000 ppm (LEL)

Hydrogen 40,000 ppm (LEL)
Particulate:

le particulate

hamber meet the following réquirements. In addition the inflator shall show no

Closed Tank Tpst.

3.2.3.3.1 Airbg

The particulate
1794 Restraint

rne Particulate Measurement and Analysis (measured in the 100"

bction 5.2.3.7,

chamber):

effluent leyels shall be determined in a 2.83 m* (100 ft%) closed tamk per SAE J-

Systems-Effluent Test Procedure with the following additions:

1. Airborne particulate shall be sampled at the rate of 5.0 liters per minute or gre

ater with a

tolerance of €10% Liters per minute for 20 minutes. Airborne particulate shall be reported

as mg/m?,

otal airborne particulate.

2. Total Vehicle particulate shall not exceed those limits specified in table 3.2.3.3.1.A Effluent
Particulate Limits. Each inflator should not exceed the apportioned limits set forth in table

3.2.3.23.A

Recommended Effluent Apportionment.

3. Particulate fraction of less than 10 micron shall be determined and reported per SAE J-1794
Restraint Systems Effluent Test Procedure, section 6.2.
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Table 3.2.3.3.1.A Effluent Particulate Limits Airborne (100" chamber)

Vehicle Level

Limit
Total Particulate 125.0 mg/m3
Water Soluble Particulates™ 75.0 mg/ m3
Water Insoluble Particulates 50.0 mg/m3
Sodium Azide (NaN3) 1.43 mg/m3
Particulate**
Sub 10 micron particulate Fraction to be reported only

* Calculated based gr

Procedure.
** as a component o

3.2.3.3.2 Tank

The particulate
ballistic tank w

information shall be supplied from this sample(s).

£lo 4 £ Ldala L hdola £ 4 Aot H ol
eTratoorSortorermsSorooreracnonsasaerermmeaTm g

f the water soluble fraction for Azide systems only

effluent levels shall be determined by washing the contaminated s
th deionized water (per Section 5.2.3.7, Closed Tank Test). The fo

1. Large parti
Procedure
individually
Total partig
and reportg
The total b

room temp

pH shall fa
Full specia
of 90% of t
The specia
inflators de
analysis, a
(calculated
mass).

The pH of the tank wash solution, diluted to 1000 ml, shall be determined and

Cle weight (see Section 5.2.3.7.4 Sampling, Tank Contents (Tankwg
, Water Soluble and Water Insoluble fractions of the particulate sha
determined and reported.
ulate (excluding large particulate) ffom a ballistic tank wash shall b
d.
hllistic tank wash particulate of'each deployment should not exceeq
brature,

| in the range of 4-10.5.
ion including metals;*soluble salts and mass balance, accounting f
ne measured sample weight, shall be determined and reported.

tion (derived from the tank wash sample(s)) of the tankwash, deriv
signated per-Appendix B DV/PV Matrix, shall include a full metals §
nd anion'analysis. A mass balance of the speciation analysis shall
fractional weights of each species found verses the total particulat

Tonle
T

ontents (Tankwash)

Wash Particulate Measurement and Analysis (Measured in-the ballistic tank):

urfaces of the
lowing

ish)

|l be

e determined
1.0gat

reported. The

Dr a minimum

pd from

can, cation

be provided
e sample

Note: Gas and Particulate effluents shall be reported using the formatted tables found in

Appendix D.

3.2.3.4 Human Exposure Test Criteria:

See Appendix

1.

H for criteria and procedure.

*Note: General acceptance and specific criteria for passing Human exposure testing should

be verified for each OEM. Human Testing, as an alternate method of certification is not
accepted in equal measure by all participants in this specification.
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3.2.4 Inflator Flaming:

For the purposes of this test: Deflectors, diffusers, shrouds, housings, etc. , used as a standard
component for applications of the inflator to suppress external flaming, redirect gasses, minimize
bag damage and/or modify system performance, may be utilized. Components that block clear
photographic documentation of the inflator’'s performance (i.e. closed bags) shall not be allowed.
The configuration of the device under test shall be clearly documented as part of the test report.

The tests shall be conducted per Section 5.2.3.6, Open Air Test, using the setup per Appendix
G Shadowgraph Procedure, Inflator Flaming Testing (or approved equivalent), and at
temperatures Qf +23C and +85C as given in Section 5 2 4 9 _Flaming Test The tests shall be
filmed at a minjmum of 1000 fps.

Inflators Deployed at +23C:

shall not h4
shall not h4d

ve flames of any length or duration other than item c,
ve burning particles other than item c,

apow

o

Inflators deploy

~Poo0TD

shall not h4
There shal

ve flames/sparks exceeding 5 ms duration at op-around the initiator.

not be any gas leakage residue at or around.the initiator excepting minimal

witness mdrks caused by item c.

Burning of
The inflatol
rate), using
item c.

should not
shall not h4d
shall not h3
shall not h4d
shall not h3
There shal

have flames of any length’ or duration ,

gasses and propellants shall not occur outside of the inflator.
shall produce no ‘bag luminescence’ visible in standard video (stahdard frame
an uncoated bag per program direction, or Appendix A Table IV G-1, other than

ed at +85C:

ve flames exceeding50 mm in length,
ve flames exceeding 20 ms in duration,
ve burning particles other than item e,
ve flames/sparks exceeding 5 ms duration at or around the initiatof.

not be any{gas leakage residue at or around the initiator excepting minimal

witness ma

rks caused by item e.

Burning of gasses-and propellants shall not occur outside of the inflator.

The inflatof shall produce no ‘bag luminescence’ visible in standard video (sta
rate), using-af ixATabte
item b, ¢, and e.

Q@

dard frame
-1, other than

,,,,,, -

Inflators, during the time immediately post deployment (10 seconds to 2 minutes minimum), with
an external ignition source applied, at temperatures of +23C and +85C as given in Section
5.2.3.6, Open Air Test:

a. shall not have flames of any length or duration (other than those detailed in the preceding
paragraphs),
b. shall not have burning particles.

The Responsible Vehicle Engineering Organizations shall be the final arbiter of acceptable
configurations and results of all flaming requirements.
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3.2.5 Autoignition, High Temperature Oven Performance/Autoignition of Heat Aged Inflators:

3.2.5.1 High Temperature Oven (HTO) and Auto Ignition Performance:

Inflator deployment temperatures, gas venting for Hybrid inflators, shall exceed +115°C, and/or
pyrotechnic components of all inflators shall autoignite at greater than +130 C when the un-
aged inflator is exposed to the high temperature oven environment given in Section 5.2.4.3 High
Temperature Oven (HTO) Test.

The inflator(s)

chall maintain strictural intearitvy _shall nat fraament or have anv g
As-RaiHai-SHdettaHRte ghiy—shAaH-RotHagReR—oRave-ahy

cparation of

components w
and Section 5.

3.2.5.2 Accele

The inflator(s)

hen autoignition is induced by external heating per Section 5.2.4 4
P 4.5 Slow heat/Autoignition Test.

rated Heat Aging and Auto Ignition Performance:

shall maintain structural integrity, shall not fragment,or have any s

components w
5.2.4.6 Accele
Temperature C
Accelerated Ag

After exposure
in Section 5.2.1
shall, (at the cc

*Note: Genera
participants in
alternate meth

a) shall notle
b) shall Maint

hen autoignition is induced by external heating after heat aging per
ated Aging according to Sections 5.2.4.6.1 Accelerated Aging with
ven (HTO) test, 5.2.4.6.2 Accelerated Agingwith Bonfire Test, ang
ing with Slow Heating Test protocols.

to Accelerated Aging of 1000 hours:at 90 C* or 408 hours at 107 (
.6 Accelerated Heat Aging Test,-those inflators to be tested in a cl
mpletion of the environmentaléxposure conditioning):

acceptance of 1000 houtrs at 90 C should be verified for each OEN
his specification do not accept One thousand (1000) hours at 90 G
bd of testing in equalimeasure.

bk per Section 5.2.3.1, Leak Test,
pin a bridgewire resistance as specified in the USCAR Initiator Spe

current issdie, or as @pproved by the Responsible Vehicle Engineering Organi

In addition thog

be inflators deployed in a tank, or open air:

Bonfire Test,

bparation of
Section
High
5.2.4.6.3

L as specified
psed tank

. All
,as an

cification of
zation.

Test,

shall deployasintended per Section 5.2-3.7, Closed Tank Testor Section 5.2.3.6, Open Air

should meet the tank wash requirements as indicated in the Appendix B, DV/PV Validation

Test Matrix, and Section 3.2.3.3.2 Inflator Particulate (Tank wash derived), and

where ballistic curves are obtained.

shall meet all requirements of Section 3.2.7, Inflator Performance and Variability Limits
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3.2.6 Sequential Test Series:
After the completion of the Sequential conditioning series the inflator(s);

a) shall not leak per Section 5.2.3.1, Leak Test,
b) shall Maintain a bridgewire resistance as specified in the USCAR Initiator Specification of
current issue, or as approved by the Responsible Vehicle Engineering Organization.

In addition those inflators deployed in a tank, or open air :

c) shall deplo 3.6, Open Air
Test,

d) should mee¢t the tank wash requirements as indicated in the Appendix B, DV/PV Validation

e) shall meet pll requirements of Section 3.2.7, Inflator Performance and=Variability Limits
f) Shall not show any loss in the measured strength or ballistic integrity of the prppellant as
demonstrated by ballistic performance and/or accepted break or crush strength
measurement methods of live tear down inflators. (Limited dusting that does not
appreciably affect ballistic performance is excepted)
3.2.6.1 Inflatof Thermal Shock Resistance:

a) Expose inflators to 200 cycles of -40 C to +90°C thermal shock profile as spedified in
Section 5.4.4.8.1, Inflator Thermal Shock Resistance Test.

3.2.6.2 Inflatof Dynamic Shock Resistance:

Expose inflatofs to the dynamic shoek profile specified in Section 5.2.4.8.2, Dynamic Shock
Test.

3.2.6.3 Inflator Drop Resistance:
Expose Inflatofs to the drop environments specified in Section 5.2.4.8.6, Drop Test.

3.2.6.4 Inflator Vibration/Temperature Resistance:

a) Expose inflators to the vibration and temperature profiles specified in Section 5.2.4.8.3,
Vibration - Temperature Cycle Test.

3.2.6.5 Inflator Salt Spray Resistance:
Expose inflators to the salt spray profile specified in Section 5.2.4.8.5, Salt Spray Test.
3.2.6.6 Inflator Humidity Resistance:

a) Expose inflators to the humidity profile specified in Section 5.2.4.8.4, Humidity Resistance Test.
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3.2.7 Inflator Performance and Variability Limits:

When Inflators are conditioned per Section 5.2.3.7, Closed Tank Test of this document, placed
in a closed tank filled with ambient air at room temperature and pressure, and activated using a
minimum of the "All-Fire" current of the initiator in use, the Inflator requirements of this section
shall be met.

1. Closed tank inflator curves per the following shall be provided to the Responsible Vehicle
Engineering Organizations by the Inflator Supplier for all validation tests:

a) ual stage
Scdtter plots for each group with overlays of the mean curve, +3g-curves and
performance windows.

b) Envirorimentally conditioned inflators deployed at each temperature;

Comparison plot for each group with overlays of the mean-curve and performance
wingdows.

c) Data taples showing performance against the specified-windows establishged in Table

3.2.7.A} Inflator Variability Limits, and Table 3.2.7.B, Ballistic Variability Limits .

2. The tolerarjces shown in Table 3.2.7.A, Inflator Variability Limits, and Table 3.
Variability lLimits shall be met at room temperature;-hot temperature, and cold|temperature
by the basetline inflators full and staged output(s) (= 3o of the mean of the baseline
deployment groups at each temperature, shall fall within each defined window excepting

TTFG) whgn deployed as specified in Seetion 5.2.3.7, Closed Tank Test. (Refer to

?.7.B, Ballistic

ch individual

Appendix H
curve.

The tolerar
Variability L
by each ing

for examples.) TTFG shallbe evaluated based on attributes of ea

ces shown in Table-3:2.7.A, Inflator Variability Limits, and Table 3.
imits shall be met.at room temperature, hot temperature, and cold
ividual inflator curve (for full and first stage deployments for dual s

after inflato
fall within g

r exposureAosenvironments (the individual ballistic curves of each

P.7.B, Ballistic
temperature
age inflators)
nflator shall
nts when

ach defined window) as specified in the Section 5, Test Requireme
deployed aks specified in Section 5.2.3.7, Closed Tank Test. (Refer to Append

examples.)

x F for

A program specific closed tank mean curve shall be determined by the Responsible Vehicle
Engineering Organizations from an appropriate ‘baseline inflator tank deployment’ series
such as the baseline tests of the PV or other as determined by the Responsible vehicle
Engineering Organization. For dual stage inflators full output and/or first stage output should
be chosen for evaluation based on program specific needs by the Responsible vehicle
Engineering Organization. Ongoing production Lot Acceptance Tests shall be measured
against the tolerances determined from Table 3.2.7.A, Inflator Variability Limits, and Table
3.2.7.B, Ballistic Variability Limits for the vehicle specific baseline mean curve. Each
individual Lot Acceptance Test’s inflator curve_shall fall within each defined window. Where
individual inflator curves do not fall with in each established window a minimum of fifteen
additional (15) samples may, at the discretion of the manufacturer, be deployed at the
temperature of the specific individual inflator in question.
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Not including the original sample that necessitated the additional testing, evaluate as
follows. Report each occurrence to the following to the appropriate Responsible Vehicle
Engineering Organizations:

a) With a minimum of fifteen (15) inflators a mean curve and variability limits specific to the
(15) fifteen inflators in question shall be calculated.

b) The mean of the lot in question shall not deviate from the original program acceptance
mean by greater than + 33% of the original acceptance gate width (or height) in the
appropriate axis (time or pressure) of each gates.

c) Using the mean curve and a + 3¢ as calculated from the fifteen (15) (or greater number
of inflat ; TOm; +3oshatt ithi fabit indows as
determined from Table 3.2.7.A, Inflator Variability Limits, and Table 3.2,7.8, Ballistic
Variability Limits using those specific (15) fifteen (or greater number ©f) inflators.

5. Based on grogram specific vehicle performance requirements theResponsibl¢ Vehicle
Engineering Organizations may alter the program specific closed®ank test tolgrances to
narrower of broader windows to meet their program needs.

Table 3.2.7.A, Inflator Variability Limits

Inﬂ?ft:rrc\{liplzzll;.?nia;:?t:;ers +3 Standard Deviation and TTFG Attribute Limits
Slope using the best fit ljne along the curve as calculated
from a minimum of 9 eqyally spaced points from 10%-50% | Nominal *+ 12:5%
pressure
) . Passenger <5ms <I'ms
T'T;t:?bE;SLS:: d(ZIIF ;3) TTFG Driver. Ambient  <4ms Cold <pms
y Side <2ms <4ms

Time at P=10% of peak T10% of peak t(10%of peak) (30%*t(10%0f peak)) 1-€ . Tyt (0.3, Tho)
Time at P=25% of peak Tase of peak t2s9%of peak) £ (20%*t(25%of peak)) 1-€ . Tost 02, Tas)
*Pressure at P=50% of pgak P50% of peak Nominal +15% - 12.5%
*Alternative T at P=50% pf peak T50% of peak t(50%of peak) + (12'5%*t(50%0f peak)) ie .Tsoi (0125* T50)
*Pressure at P=75% of pgak P75% of peak Nominal *12.5%
*Alternative T at P= 75% of peak T75% of peak t75%of peak) £ (12'5%*t(75%of peak)) 1-€ . T7st (0.125, T7s)
Time to 90% of peak pressure To0% of peak Nominal £ 12.5%
Peak pressure Pmax Nominal +10%

*Evaluation of either P=50% and 75% or T at P=50% and 75% is allowed at the supplier’s discretion (based on curve slope at
P=50% and 75%)

The Responsible Vehicle Engineering Organizations shall have the option to waive the + tolerance variability requirements if
acceptable Module performance can be demonstrated across the full range of ballistic variability. The Responsible Vehicle
Engineering Organizations shall be the final arbiter of acceptable inflator variability.
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Table 3.2.7.B, Ballistic Variability Limits

Pmax + 10 %
Pmax +30 .
To0% of peak + 12.5% —Tr a Mean Baseline
P Trace for each
r }L Prax -30 temperature
e Pmax = 10 %
S +12.5% at P75 of peak OF US€ +12.5% of T7509 of peak
S -
u £ +15% and -12.5% at Ps0% of peak OF US€ *+ 12.5% of Tsgs, o ge
r L
e * (20%)*t25% of peak
H + (30%)*t10% of peak
TTFG Time (msec)
3.2.8 Propellant Stability:

The Inflator S

pyrotechnic co
sensitivity overn
containing proj
informational r
Requirements,

pplier shall supply test data'showing that all propellants, gasses an
compounds contained within the inflator(s)-will remain within the specified perforn
requirements ger Section 3.2.7, Inflator-Performance and Variability Limits for a m
inflator’s targef life of fifteen years, The inflator supplier shall provide basic ESD, |
Shock data in {he unaged and aged conditions of all propellants, gasses (if applic
mpounds contained within the inflator(s). These shall not substanti

pellants, this shall be demonstrated by the successful completion o
bquirements of Appendix A, Pre-Source Qualification (QFS) or Boo,

the fifteen-year life of the inflator. With the exception of Ammoniu

Section 111G a DV, and PV to this specification. Ammonium Nitrate

propellants sha

d pyrotechnic
ance

inimum of a
Friction and
able) and

blly increase in
m Nitrate

f the
kshelving
containing
trength and

I'be required to undergo added stability evaluation for propellant s

burn rate stabi

e b L 4l D alacl \ L S 1 | — - - L -
Iy d5 dylictcu U Uy U1 IRESPUTISIDIE VETNUIC ETyITieeTinyg UrygarisZa

3.2.9 Hermeticity:

ion.

For pyrotechnic inflators, hermeticity (leak) limits shall be defined by successful completion of
an ‘induced moisture margin study’. An ‘Induced Moisture Margin Study’ is defined as the
purposeful introduction and equilibration of moisture into sealed inflators to determine the
resulting degradation in inflator performance. The acceptable limit of maximum potential
degradation in performance by induced moisture shall be less than or equal to 10% of the
nominal baseline performance over the fifteen year life of the vehicle. The acceptable ‘leak’ limit
is calculated based on the following assumptions:
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all water is
cycles (1p

Nogahrwd~

and a circu

daily respiration of 33C, 80% RH air (Reference MIL STD 810),
differential pressure based on a diurnal temperature range of 38 C. (Reference MIL STD 810),

retained (i.e. no water is expired on each cycle),
er day for 15 years),

instantaneous min to max temperature change,
6 hour duration at each condition,

lar duct of the shortest possible length.

The calculated leak rate shall allow less water intrusion into the inflator than is demonstrated by

the Induced M

isture Margin S’rudy to dpgradp the inflator performance hy less th

n or equal to

10%.

The leak rate |
1X10™* °/yim

For stored gas
less than 10%

mit shall be set at a maximum of the calculated requirement; or
ec-, @assuming 100% Helium (or equivalent), which ever is{ess.

account, both an induced moisture margin studies for any pyrotechnics not inside

pressurized re
be set at the rg
performance o
3.2.9.1 Leak [j

All inflator(s) s

jion, and the gas loss of the pressure vessel(s). The overall herme
sulting calculated value limiting the potential degradation of the infl
ver the 15 year vehicle life to less than ‘er equal to 10%.

etection:

pall contain Helium or an equivalent substance which shall be dete

is present in th
Alternate procs
are demonstra

3.2.9.2 Pressl

All stored gas

greater than th
Section 5.2.4.1
Section 5.2.3.1

bdures are acceptable (i;e/ bombing, etc.) where process reliability
ed to the Responsible Vehicle Engineering Organization.

rized Inflators:

bressure bearing components shall remain intact and shall not leak

at determined in Section 3.2.9, Hermeticity after exposure to press

inflators, hermeticity limits shall be defined by the éombined fifteen
of the baseline nominal performance in a closed-tank test when tak

e pressure vessel and pyrotechnic chamber per Section 5.2.3.1, L4

0, Prelssure Cycle Durability Test (pressurized inflation devices) an
,Leak Test. Temporary modifications to the inflator for test purpos

year loss of
ing into

the

ficity limit shall
ator

ctable if a leak
bak Test.
and sensitivity

at a rate

Lire cycling per
d tested per
es (i.e.

transducer por
compromise th

4 AN § Ry N | 4 ££ 4 Ll £ ol ol ot W £ Ll
o, TLL.J, UIdl UU TIUL aliTtUl UIT TUtiuaiticTiar MiTylity U tic procosurc

e outcome of the test, are exempt from this requirement.

3.2.10 Dual Stage Inflator(s) - Additional Requirements:

3.2.10.1 Dual

Stage Inflator Tunability:

vessel, or

Following deployment of the primary stage of dual level inflators, the inflator's secondary stage
shall have the capability of being delay deployed over a range of 0-150 milliseconds.

The inflator’s primary to secondary output ratio should be tunable from 50/50 maximum to 80/20
minimum of the total available ballistic output.
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3.2.10.2 Sympathetic Ignition of Secondary Stage:

The inflator’'s secondary stage of a dual stage inflator shall not, at any temperature from -40C to
+85C, sympathetically ignite or otherwise inadvertently deploy from 0-150 ms, or during the
restraint cycle of the primary stage, whichever is greater.

The secondary stage of a dual stage inflator shall be allowed to ignite or deploy as a result of

residual heat or some other repeatable and reliable method, from 150 ms to a maximum of 30
seconds based on an ambient test*. Repeatable and reliable automatic or sympathetic ignition
of the second stage shall be demonstrated over the full operational temperature and output

range of the i

nﬂfmmﬁﬁﬂmm&m&mmw@ﬂsﬁ_
temperature -40C, +23C and +85C. The mean deployment time plus 3 sigma sha

30 seconds at

Any automatic
representative
provide no pots
occupant testin
to by the Resp

Following depl
stage beyond
the protection

emergency pe
Engineering O

*Note: Genera
allowable dela
accept sympat

4. VALIDATIQ
Any change to

manufacturing
the DV or PV t

pmbient temperature.
or sympathetic ignition of the second stage shall be well characteri

ential for increased injury to an occupant. This shalkbe characterizg
g using the worst case full output and primary/seeondary output s(
pnsible Vehicle Engineering Organizations.

pyment of the primary stage, a delayed ignition (or deactivation) of
80 seconds in an ambient test (in a manner that will not cause hazg
bf the system to the occupant(s), or cause audible alarm to occupa
sonnel) shall be permissible only.as“agreed to by the Responsible
'ganizations.

acceptance of any sympathetic ignition, and/or 150 ms to 30 seco
should be verified for, each OEM. All participants in this specificat
hetic ignition and/or_ 160 ms to 30 seconds of allowable delay in eq

N:
a DV'd or-RV’d inflator’s structure, part configuration, propellant lo

method;.of any other change that could alter the outcome of any t
bst (Series) contained herein shall require re-validation. Re-validati

t each
| be less than

zed in a

module by a minimum of (3) three worst case static ocCupant posifjon tests to

ed by static
lit as agreed

the secondary
rd, decrease
nts or

\Vehicle

nds of
on do not
lal measure.

ad,

accomplished through a subset of the containing
whose outcome-isinguestionduete =—part-configuration,
propellant load, manufacturing method, etc. Any delta DV or PV must be agreed to in advance
by all affected parties at the Responsible Vehicle Engineering Organizations.

Laboratory and test facilities must be accredited by Association for Laboratory Accreditation
(A2LA), the Standards Council of Canada (SCC), ISO or other locally accepted laboratory
accreditation program.
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4.1 Design Ve

rification/Production Validation Report Format:

DV and PV Test reports shall include as a minimum the following formatted items:

1.

Summary: The summary shall include a clear and complete description of the device in test,

cut away drawings of the device in test, indented bill of materials (including part numbers,
rev. levels, etc.), a summary description of tests, ballistic summary charts (scatter plots,

mean and variability plots, tabular performance charts as required in Section 3.2.7 Inflator
Performance and Variability Limits) and analysis of test results.

Deviations:
design iss
prosecutio
completed
Organizatid
PV report.

Test Plan:
configuratig

e resolutions and any other relevant supporting information genera

of the DV or PV shall be included or summarized in a subsection
test report. All agreements or approvals by the Responsible/\/ehicl
ns that alter the requirements of this document shall be doeument

The Test Plan shall include the configuration document detailing th
bn tested, future product changes not included.in‘the current test cqg

applicable,

and equipnpent).

Appendix
they have
separate v¢

Appendice
detailed teg
supporting

4.2 Deviationg

Deviations fron
intended Vehid

Informational Requirements: The informational:fequirements of Section 3.1.6
Requirements shall be included in the DV and\PV reports. The informational r

test schedule (projected or actual dates) and test plan (including tq

Presource Qualification (QFS)shall also be included in the DV an
ot been previously submitted.. Informational requirements may be
blume

5. Appendices should.include detailed build records, conditioning
t results, equipmeént description and certification (if required) and 3
data. Appendices'may be bound as a separate volume.

From Test{Procedure:

quirements,
ted during the
of the

e Engineering
ed in the DV or

e exact
nfiguration if
bst location

Informational
bquirements of
d PV report if
bound as a

ecords,
ny other

h specified test requirements and procedures, shall be approved in

In the case tha

le Manufacturers Englneerlng Personnel prlor to beglnnlng the te

writing by the
procedure.

1e-device, the

intended Vehicle Manufacturer’s Englneerlng Personnel, shall be notified as soon as practical
verbally and in writing as to the circumstances of the deviation. The intended Vehicle
Manufacturer’'s Engineering Personnel will determine if further testing is required to maintain the
intent of the test requirements. All deviations shall be included in the Test Report Summary.
The respective detailed documentation shall be included under an addendum titled, ‘Deviations”
in the DV and PV reports.

- 26 -



https://saenorm.com/api/?name=8c9cf54a13c990c5ea50724b19ce8c79

SAE/USCAR-24

USCAR INFLATOR TECHNICAL REQUIREMENTS AND VALIDATION

Issued June 2004

4.3 Design Verification Process:

4.3.1 DV Program Sequence:

Following is the recommended Design Verification (DV) process:

1) Supplier completes Appendix A Presource Qualification (QFS) and makes it available to all
intended customer(s) for review see section 3.2.1 General Inflator Requirements.

)

2
3)

Supplier completes DFMEA and makes it available to all intended customer(s) for review.
Supplier completes configuration document, test plan, and makes them available to all
intended customer(s) for Fngineering review

4)

5) DV build p

opportunityf

NOTE: Proces
and may result

4.3.2 DV Test

The DV test pl
document.

Delta DVs are
results could b
DV shall clearl

The use of sur
Organization, i
with a detailed

For Section 5.7
given in Appen

The intendéd vehicle manufacturer’s engineering group(s) review the DFMEA
plan. Any gnd all proposed changes to the plan shall be submitted for review f{
intended ciistomer(s) Responsible Engineering Organizations for agreement
implementation.

ceeds. The Responsible Vehicle Engineering Organization shall
to attend the DV build and subsequent testing.

eding with a DV without customer review and approval is at the sup|
in refusal to accept the test report and/or additional testing.

Plan:

hn shall be structured in accordance with Appendix B, DV/PV Test
pllowed per the opening paragraph, Section 4 Validation. All tests i
b altered by the considered changes to the inflator shall be repeatsg
/ reference the previously completed DV.

fogate data, where agreed to in advance by the Responsible Vehic
5 allowed. Copies of the original data shall be included in the DV rg

descriptien<of the source and applicability of the data.

.4.8nflator Sequential/Environmental Test exposures shall follow
dix-B, DV/PV Test Matrix, without exception.

and DV test
o all of the
rior to

be given the

pliers own risk

Matrix, of this

n which the
d. The delta

e Engineering
port along

the sequence
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4.4 Production Validation Process:

4.4.1 PV Program Sequence:

The production validation (PV) process shall proceed according to the following sequence:

1) Supplier prepares package for all Supplier Quality Assurance and/or responsible
engineering groups of intended customer(s) showing compliance with design and

manufacturing requirements as required by PPAP.

2) Supplier completes PFMEA and provides completed document to all Supplier Quality
Assurance ' ' i i izati intended
customer(g) for review and approval as required by PPAP.

3) Supplier cdgmpletes configuration document, test plan, and time scheduleand |provides
completed documents to all Supplier Quality Assurance and/or or Responsiblg Vehicle
Engineering Organization(s) of the intended customer(s) for review and agreement. PV test
plan shall he structured from three lots of inflators (a, b, and c) in.accordance with Appendix
B, DV/PV Test Matrix of this document.

4) Supplier Quality Assurance and/or Responsible Vehicle Engineering Organizgtion(s) of
intended cyistomer(s) approves documentation including. PFMEA and PV test plan. Once
the PV test plan has been agreed to, any and all propased changes to the plan shall be
submitted fo Supplier Quality Assurance for agreement prior to implementation.

5) PV build proceeds. The PV build shall be built at production capacity planing ¢ycle time. The
Responsible Vehicle Engineering Organization shall be given the opportunity o attend the
PV build and all subsequent testing.

4.5 Validation|Tests & Environments:

4.5.1 General[Requirements:

4.5.1.1 Ballistic Test Device:

All ballistic degloyments shall'be performed in tank sizes per Section 5.2.1, Test Equipment.

4.5.1.2 Allowaple Time.Period for Ballistic Test:

Test inflators shall be deployed within 3 minutes of removal from the conditioning |chamber.

(Other methods-where—attemperature’ dcp:uylllclltb are-demonstrated-areacceptable as

approved by the Responsible Vehicle Engineering Organizations.) On occasions an inflator can
not be deployed within the required 3 minutes. The at temperature inflator shall be returned to
the conditioning chamber within 5 minutes and reconditioned for a minimum of 1 hour or 125%
of the time required for the inflator core temperature to reach equilibrium at the required
deployment temperature.

4.5.1.3 Pass/Fail Criteria:
The inflators shall meet the requirements of Section 3.2.7, Inflator Performance and Variability

Limits or as amended by the Responsible Vehicle Engineering Organization based on vehicle
specific criteria.
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5. TEST REQUIREMENTS:
5.1 General Requirements:
5.1.1 Dual Stage Inflator Delay:

Unless otherwise specified elsewhere in this document, for dual level inflators, tests shall be
conducted by deploying both the primary and secondary stages simultaneously.

5.1.2 Test Tolerances:

Unless otherwise specified in this document, test condition tolerances shall be as|follows:

Time + 1% (except where minimums are stated)
Terphperature +2C

Ambient Temperature 23C

Relptive Humidity +10% of R.H.

Forge + 4 Newtons

Vadquums + 10 mm of Hg

Heipht +0.05m

Acdeleration + 4% except were minimums are stated
Frepuency +4%or £ 2 HZ, whichever is greater
Current (Amps) +0.01 A

Voltage (Volts) +5%

Registance (Ohms) +1.0%

Tarlk Volume + 5.0%

Firing Pulse Duration £0.5 ms

All test conditians shall be within the.above stated tolerances at the time of test. These
tolerances shall not be used independently.

5.2 General Tests:
5.2.1 Test Eqlipment:

Test Equipmentshall be utilize as specified, by the indicated test procedures, stapdards and
specifications.

All Inflators shall be prepared for testing and attached to a sealed tank with chemically inert
internal surfaces according to Table 5.2.1.A, Closed Tank Sizes. The attachment shall allow
the Inflator to discharge all gases (all gases_shall be collected in the tank after deployment) into
the tank when activated. The closed tank test procedure of Section 5.2.3.7, Closed Tank Test
of this document shall be referenced for tank testing of Inflators.
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Table 5.2.1.A Closed Tank Sizes
Inflator Type Tank Size
Passenger 60 liter
Driver 60 liter
Side 28.3 liter (1 t3)
Pretensioner 1 liter

5.2.1.1 Calibration of Equipment:

Calibration of all equipment shall be done at an appropriate time interval as determined by the
usage or recommendation of the equipment manufacturer. Records of the calibration shall be

maintained and made available at the request of the Responsible Vehicle Engines

Organization(s).

5.2.2 Test Sar
For test samplg
5.2.3 General
5.2.3.1 Leak T
For pyrotechni
check procedu
shall be demor
magnitude mo
For pressurize
with the inflato
detecting leakg
maximum allov

5.2.3.2 Weigh

All inflators shd

nples:

 size requirements, reference Appendix B DV/PV TestMatrix.
Procedures:

est Procedure:

C inflators: For the purposes of this test series the supplier shall prg
re(s) compatible with the inflator te¢hnology(s). The leak checking
strated capable of detecting leaks from ‘gross’ through one (1) ord
e sensitive than the leak rate established in Section 3.2.9, Hermeti
l inflation devices: The supplier shall provide leak check procedurg
" technology(s). The leak checking procedure shall be demonstrate
from ‘gross’ through*one (1) order of magnitude more sensitive ths
vable leak rate pef-Section 3.2.9.1 Leak Rate.

Inspection/Procedure:

Il becweighed and reported in Grams, with a calibrated balance to

two decimal pl

pring

vide leak
brocedure
er of
City.

(s) compatible

d capable of
hn the

8 minimum of

number for cor

hces’(i.e. xxx.xx g). The weights shall be recorded along with the inflator serial
npaﬂsanﬂ.mamﬂanﬂﬂng,gm;enﬂmnm&nlaHmhenﬂmum&Ma&nd post-test

weights. All weights shall be reported in chart form in the supplemental data section of the
inflator QFS, DV and PV reports.

5.2.3.3 Visual

Inspection Procedure:

All inflators shall be carefully examined taking note of all external physical features such as

nozzle holes present, seal integrity, weld or crimp appearance and integrity as well as any other
physical characteristics that can be noted by external physical examination. Post environmental
examination shall include any changes to the physical appearance of the inflator as well as the
presence or absence of normal features. All visual observations shall be reported in chart form
in the supplemental data section of the inflator QFS, DV and PV reports.
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5.2.3.4 Electrical Check Procedure:

All inflators shall be evaluated for proper electrical isolation and continuity requirements per
appropriate safety procedures. All electrical measurements shall be recorded along with the
inflator serial number for comparison to manufacturing, pre-environmental and post-
environmental measurements. All electrical measurements shall be reported in chart form in the
supplemental data section of the inflator QFS, DV and PV reports.

5.2.3.5 100 ft3

Inflators shall

Tank Effluent Test Procedure:

e tested in standard modules (qpp appendix A Pre-source Qualific

ation Section

IV G Table 1 fq
Section 3.2.3.2
Pre-source Qu
reported in the
equivalent.

5.2.3.6 Open

Inflators that rq
procedure.

Purpose: To
Required Equi
1. Equipment

The following €
procedures:

Constant Currg
Actuation equi
Approved Datg
Temperature ¢

r module definition) per SAE Procedure J 1794 with flow rates a$.d
.3 Gas Sampling and Analysis. Quantities for testing are defined‘in
alification and Appendix B DV/PV Test Matrix. The results of the te
tables supplied in Appendix D Gas and Particulate Reparting Tabl

A\ir Test Procedure:

quire open air deployment shall use the following (or equivalent) e

Hefine procedure for testing Inflator assemblies on an open air stand.

bment & Material:

quipment shall be calibrated as required per the associated calibra

ent/Voltage Supply

bment and.Ohmmeter

Acquisition and camera Systems

hambeér, capable of maintaining -40°C, 23°C, and 85°C

efined in
Appendix A
st shall be
bS, Oor

uipment and

o

tion

2. Procedure

1.
2.
3

Condition inflators as required per section 5.2.3.7.1, Conditioning of Inflators.
Verify ready condition of all cameras, lighting, transducers, etc. for the deployment.
Remove inflator from conditioning chambers and make all necessary preparations for

deployment.

Deploy the Inflator at the conditioning temperature of -40°C, 23°C, or 85°C using a

minimum of the allfire current rating of the initiator in use within the proper time interval per
Section 4.5.1.2 Allowable Time Period for Ballistic Test.

The results including any residue, flame observed, and a visual post deployment inspection

of the inflators shall be reported in a clear concise manner in the DV and PV reports.
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5.2.3.7 Closed Tank Test Procedure:

Inflators that require Closed Tank deployment shall use the following (or equivalent) equipment
and procedures.

Purpose: To define procedure for testing Inflator assemblies in a closed tank.

Required Equipment & Material:

1. Equipment

The following €
procedures:

Constant Currg
Actuation equi
100-200 psi Pr
Sealed Test T4

a. 28.3 liter (1
b. 60 liter for

Approved Datg
Temperature ¢

Note: Refer to
2. Materials

Mild, Non Abrag
Deionized or D

quipment shall be calibrated as required per the associated calibre

ent/Voltage Supply

bment and Ohmmeter

pssure Transducer (or as required)
nk

ft’) for Side Air Bag Inflators
Driver or Passenger Air Bag Inflators

Acquisition System
hamber, capable of maintaining -40°C, 23°C, and 85°C

SAE J2238 and SAE J211 for-expanded equipment requirements.

sive Detergent
istilled Water

5.2.3.7.1 Condglitioning pf\Inflators:

1. Condition |

hflator.at -40°C, 23°C, or 85°C for minimum of 4 hours or 125% of {

demonstra

ed-time for the inflator core temperature to reach equilibrium with t

tion

he
he

conditioning Temperature. { The time 1o equilibrium temperature shall be demonstrated with
the worst case positioning and maximum number of inflators in the chamber.)

Upon removal of the Inflator from the conditioning chamber, the Inflator shall be deployed

within the time constraints of section 4.5.1.2, Allowable Time Period for Ballistic Test.

-32-



https://saenorm.com/api/?name=8c9cf54a13c990c5ea50724b19ce8c79

SAE/USCAR-24 Issued June 2004
USCAR INFLATOR TECHNICAL REQUIREMENTS AND VALIDATION

5.2.3.7.2 Test Procedure:

1. Where tank content samples are required per Appendix B DV/PV Matrix, clean the test tank
per tank cleaning procedure Section 5.2.3.7.3, Tank Cleaning Procedure, of this document.
Tank shall be at ambient temperature and pressure prior to deployment.

2. Remove inflator from conditioning chambers and make all necessary preparations for
deployment.

3. Deploy the Inflator at the conditioning temperature of -40°C, 23°C, or 85°C using a
minimum of the allfire current rating of the initiator in use within the proper time interval per
Section 4.5.1.2 Allowable Time Period for Ballistic Test.

4. After the completionof data-acquisition—and-allowing-time-for suspendedparticulate to settle
(up to one minute or as required), vent the gases from the tank via the bleedalve into the
exhaust syptem.

5. Remove the Inflator from the tank and visibly inspect the inflator for any leakage or residue.
Note any fipdings for inclusion in the DV and PV reports.

6. Sample tarlk contents as indicated in Appendix B DV/PV Matrix per Section 5/2.3.7 .4,
Sampling Tlank Contents (Tankwash) Procedure of this document.

Data Processing and Reporting :
1. Standard data to include:

a) All pregsures to be reported in kPa

b) Time td first pressure

c) Pressufe vs. Time curve (Data filtered with SAE Class 60 filter).

d) Slope {sing the best fit line along thé-curve as calculated from a minimum|of 9 equally
spaced|points from 10%-50% préssure

e) Time al 10% peak output

f) Time a{ 25% peak output

g) Pressufe at 50% peak output

h) Pressufre at 75% peak eutput

i) Time td 90% peak.output

j) Peak pressure

k) Time tq peak pressure

[) Firing qurrentivs. time trace.

m) Tank wgsh,particulate as indicated in Appendix B DV/PV Matrix.

2. Supplemental data (temperatures, chemical analysis, etc.) shall be provided as required in
Appendix B DV/PV Matrix.

3. All curves shall be formatted to include test description (title), test temperature, test number,
tank size, company name, and any other information required to identify the specific test.
For sample data formatting refer to Appendix F Ballistic Samples. For all mean curves
include the number of data sets used.

4. Report any anomalies, residue, etc. for inclusion in the DV or PV report.
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5.2.3.7.3 Tank Cleaning Procedure (pre test and post test with no sampling):

Purpose: To define the general procedure for washing test tanks and purging them prior to
sampling tank contents.

Test Samples:

Distilled or deionized water

Mild, nonabrasive detergent (e.g., Ivory soap) where applicable
Clean brush
Spray gun

Pre-test Tank ¢leaning Procedure:

1. Use spray gun (or equivalent) to spray and wash the residue off the tank wallg, lid, and
fixtures with deionized or distilled water.

2. Using a nopabrasive detergent (if any oily substances are present) and a clean brush, scrub
the entire imterior surface of the tank. Make sure all openings, bulkheads, and|seals of the
tank are cl¢an and free of deposits.

3. Drain the tank completely through the appropriate tank.opening.

4. Thoroughly flush the tank, openings, fittings and fixtures a final time with deionized or
distilled water. Drain the tank and allow for the tank-to dry completely. A clean, dry, lint-free
cloth or clepn dry lab air can be used to dry the tank.

5.2.3.7.4 Sampling Tank Contents (Tankwash) Procedure:

Purpose: To define a general procedure-for sampling tank contents after an Air Bag Inflator
deployment.

Required Equipment:
1000 ml deioniged or distilleds water

1 liter chemically inert bettle or flask
30-40 psi spray gun (or.equivalent)

Test Proceduref to.weigh Particulate from Tank Test:

1. Use spray gun (or equivalent) to spray and wash the residue off the tank walls, lid, and
fixtures using approximately 500 ml of deionized or distilled water.

2. Capture all liquid and residue in an appropriate clean container.

3. Repeat step 1 with an additional approximately 500 ml of deionized or distilled water to
equal less than 1000 ml of total liquid. Take special care to assure all openings, bulkheads,
and seals of the tank are thoroughly rinsed and clean.

4. Add the second 500 ml of liquid and residue into the sample from item 1 (i.e. 1 liter
chemically inert bottle or flask). Submit the entire 1000 ml to the chemistry lab as required
per Appendix B, DV/PV Matrix for analysis per Section 5.2.3.7.5, Tankwash Solution and
Particulate Analysis, and/or Section 5.2.3.7.6, Tankwash Solution and Particulate Speciation
of this document.
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5.2.3.7.5 Tankwash Solution and Particulate Analysis:

Purpose: To describe general requirements for the analysis of the tankwash solution and
particulate from the inflator closed tank tests.

Test Requirements:

Analysis of the

tankwash solution and particulate shall include:

pH of tankwash solution in the original 1000 ml volume
Total weight_of particulate

Soluble an
Speciation
Quialificatig

PO~

Determination

1. Measurem
a) Volumg
beaker
b) The ac
c) The pH
buffere

Particulate

Using t
Weigh,
only.

Filter th
Dry the
insolub
Evapor
drying ¢
method

i Insoluble fractions
of Soluble and Insoluble fractions where indicated in appendixcAP
n Section Il F.

of the pH, Particulate Weight, and Soluble /insoluble Fractions
pnt of the pH of the tankwash solution:

trically dilute the sample to 1000 ml. Transferyan aliquot of the san
measure and report the pH of the tankwash solution.

turacy of this analysis should be + 0.1 pH unit.

meter calibration shall be verified before and after the measureme
j standard within two (2) pH units.of the measured value.

Analysis (Large, Soluble, Inseluble and Total weight of particulate);

ne sample from part 1,.filter the sample through a 10 mesh (or less
report origin and include the large particulate weight for informatio

e insoluble material from the sample using a clean pre-weighed filt
filter paper,weigh and subtract the filter paper weight providing thg
e fractiopn:

hte the-entire filtered (or an aliquot of a minimum 200 ml) sample tq
pven_dlza temperature that will not decompose the sample. Total di
iS-acceptable where controlled experiments have demonstrated th

re-source

ple to a clean

nt using a

i.e. larger).
hal purposes

er paper.
b weight of the

drynessin a
s5solved solids
eir accuracy.

Weigh

weight.

nd Teport the futtsotubte particutate weight:

Report the sum of the soluble and insoluble particulate fractions as the Total particulate
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5.2.3.7.6 Tankwash Solution and Particulate Speciation:

Purpose: To describe the general requirements for the full species analysis of the tankwash
solution and particulate from the inflator closed tank tests. Specific situations may require
additional procedures.

Test Requirements:

Analysis of the tankwash solution and particulate obtained per Section 5.2.3.7.4, Sampling Tank
Contents (Tankwash) Procedure shall include:

As required in Bection 3.1.6.1, Inflator Pre-source Qualification (QFS) or Bookshelving, and
Appendix B, DY/PV Matrix, elemental and /or molecular composition (salts) of the| soluble and
insoluble fractipns of particulate shall be determined and reported per the tables gupplied in
Appendix D, Gps an Particulate Reporting Tables. In addition to providing-a full analysis of all
major components, the concentration and calculated mass of the follewing elements in the
particulate shall be determined: aluminum, cadmium, chromium, copper, iron, lead, nickel,
mercury, arseric, and zinc. A single set of analysis for each inflator family with a gpecific
chemistry is adceptable for DV and PV.

A. Insoluble Fraction analysis

a. Dissolvg the insoluble particulate fraction froim a tank wash in an appropriate carrier to
preparg for analysis (i.e. aqua regia. Note:"Use approx. 2 ml per 1 mg of sample
weight.

b. Perform elemental analysis for metals including a minimum of aluminum, ¢admium,
chromidim, copper, iron, lead, nickel, mercury, arsenic, and zinc. Allowable methods are:

Atomic absorption spectroscopy

Ind:l:ctively coupled plasma - atomic emission spectroscopy
Indlictively coupled\plasma - mass spectroscopy
Eqdivalent analytical technique

c. Reportthe mass-concentration for each element.

B. Soluble Fraction analysis

a) Perform elemental analysis for metals including a minimum of aluminum, cadmium,
chromium, copper, iron, lead, nickel, mercury, arsenic, and zinc. Allowable methods are:

Atomic absorption spectroscopy

Inductively coupled plasma - atomic emission spectroscopy
Inductively coupled plasma - mass spectroscopy

lon Chromatography

Equivalent analytical technique
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b) Perform ionic analysis for anionic and cationic (where applicable) soluble species.
Allowable methods are:

= |on Chromatography
= HPLC
= Equivalent analytical technique

c) Report the concentration and calculated mass for each element.

Calibration Check ar Routine Calibration:

1. The general calibration of instrumentation and the analysis specific calibration shall be
consistent fith common analytical practices for each type of analysis.

2. A minimum of one calibration check shall be performed for each group of analysis. The
calibration pheck shall include all reported elements. The concentrations of each element in
the standand shall bracket the range of the measured concentration for that element in the
sample.

3. For all analyses where applicable (AA, ICP, HPLC, etc), a (matrix) blank shall|be carried
through thg entire analytical procedure along with ‘the actual samples to account for
background concentrations, matrix affects and_potential losses during sample|handling.
Results from the background sample analyses-shall be reported along with that for the
actual samples.

5.2.3.8 Live Di|ssection Procedure:
Purpose: To provide a general procedure for evaluation of Inflator internal comppnents.
Procedure:
Fixture the inflator and yent any stored gas per appropriate safety protocol.

Open body chamber(s).of inflator per appropriate safety protocol, in a way that ddes not disturb
the internal companents of the inflator.

Remove and dectment-any-degradation,deformationor-otherchanges o-the-internal
components, propellants and assemblles using both a written descrlptlon and photographs
Retain components for review of the Responsible Vehicle Engineering Organization for a
minimum of 1 (one) year after submission of the DV or PV report. Where hazardous
components are clearly documented to be within normal requirements ands such
documentation is immediately available, those components can be discarded with the
Responsible Engineering Groups approval.
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5.2.4 Specific Tests:

5.2.4.1 Inflator Base Line Test:

Purpose: To evaluate Inflator base line performance and variability.

Test Fixtures and Equipment:

Closed tank Fixture
Temperature chamber, capable of maintaining -40°C to 85°C

Test ProcedurJa:

1. Inspect Inflators visually for dimensional integrity.

2. Randomly gelect the inflators for live dissection. See Section 5.2:3:8, Live Dis
Procedureg, for requirements after live dissection. For PV testing, randomly §
inflator from each lot.

3. Perform clgsed tank test per Section 5.2.3.7, Closed Tank Test of this documg

inflator’s in
stage inflat
measurem
the ability t
for baseling

Evaluation ana

The Inflator as
erformance an

5.2.4.2 Structy

Purpose: To

ernal pressure (using pressure transducer) for all baseline deployn
brs measure internal pressure on only, full output deployments. Wh
bnt of internal pressures could affect:the baseline performance (DV

section
elect one

ent. Measure
hents. For dual
ere the

and PV), or

b use production processes (PV),.a separate series of inflators shall be utilized

b deployments and internal pressure measurements.
Results:

sembly shall meet thefunctional requirements specified in Section
0 Variability Limits.

ral Burst Test

bvaluaterlnflator burst strength and to determine the burst mode of

(Structural co
Test Fixtures

Hydrostatic (or

]ponents only)
quipITeTTt;

3.2.7, Inflator

Inflator

fluid) pressure equipment.
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Test Procedure:

1.

strength of the inflator’s body.

only production intent body for all structural burst units.)

Eorduall

The inflators shall be tested at 23°C as specified in Section 5.2.3.7, Closed Tank Test of this

Seal inflator gas ports in a manner that allows burst but does not change the structural

vel Inflators,

document.
2.

(Note: Use
3.

conduct str

simultaneo
4. Document
5. Calculate n
6. Calculate th

the interna

Line Test at

Note: Dynamic
agreement of t
specific test mg

Evaluation anag

Method 1
The mean burg

the maximum ¢xpected operating pressure by a factor greater than 1.5 at all three
iBurst - 35
Safety Factor = st > 1.5
MEOP

Where:

uctural burst of each pressure vessel separately and both chambe
sly by pressurizing both chambers in parallel.

Burst Mode with a description and photographs.

nean burst pressure and standard deviation for usefin the following

e Maximum Expected Operating Pressure (MEOP) and standard
pressure measurements of the Baseline Inflators Section 5.2.4.1,
-40C, +23C, and +85C for use in the follawing formula.

burst testing may be used when no-reasonable alternative can be

pthod and pass/fail criteria shalllbe obtained.

Results:

t pressure, minus_3 standard deviations, of the structural container

S

formula.

jeviation from
nflator Base

found. Prior

he Responsible Vehicle Engineering Organization, and by prior agreement to the

shall exceed
e temperatures.

MEOP
XBurst

Burst

Maximum Expected Operating Pressure
Average of Hydroburst pressure

Sample standard deviation of Hydroburst pressure
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The following calculations are necessary to determine the MEOP

MEOP_,,c = ¥—4oc +3
MEOP+23C = ¥+23c + 35

S_s0c

+23C

MEOP, g5 = Kssc +35

+85C

Where:
X 30c Average internal pressure at -40°C
S_s0c Sample standard deviation of internal pressures at -40°C
X.23¢ Average internal pressure at +23°C
S,oac Sample standard deviation of internal pressures at+23°C
X, g5¢ Average internal pressure at +85°C
S, a5 Sample standard deviation of internal pressures at +85°C

Choose the largest of the above MEOPs for calculation of the:Safety Factor.

Note: MEORP shall be measured using pressure transdueers.
MEORP shall be determined using unfiltered data (use of class 1000 filters 5o as not to
remove short duration peaks is acceptable):
For Inflators with multiple pressurized chambers, all safety factors shall bg calculated
(i.e. iniffator chamber, gas bottle, diffuser or multiple pyrotechnic combustipn chambers,
etc.). All shall meet the factor of safety requirements as specified.
For dual level inflators structurat failure in a common component or wall is|allowed only if
such a failure is the standard operating mode of the component and does not eject
components or fragments {exempting burst foils).

Method 2
Refer to Appendix C Statistical Inflator Structural Margin Calculations, for statistical evaluation
method for PV|s where §table production processes are established, a statistically significant
sample size c%w be tésted, and production margin components and process can be verified.

Statistical modgls ean’be utilized on a case by case basis to validate structural margins per
Appendix C Statistical Inflator Structural Margin Calculations, as approved by the |Responsible
Vehicle Engineering Organizations.

The Inflator shall exhibit a ductile separation mode when it bursts.
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5.2.4.3 High Temperature Oven (HTO) Test:
Purpose: Verify that the Inflator will not deploy at or below 115 C or autoignight below 130 C.
Test Fixtures and Equipment:

Temperature chamber or equipment, capable of maintaining 107 C. The same equipment or
other as required to raise the inflator temperature at up to <14 C per minute until the inflator
deploys.

Test Procedurg-

1. Inspect all [nflators for gas leaks (pressure vessel type Inflator).

2. Condition 3 of the base line Inflators for minimum of 4 hours at 107 € (HTO test). Inflators
shall not dgploy.

3. The tempefature of the Inflators shall then be increased at@ rate not to exceed 14C/min
until all gag and pyrotechnic materials are spent.

Evaluation and Results:

1. Inflators shill retain all stored gas (pressure vessel type inflators) and shall nqt deploy
during the HTO +107C heat soak environment:

2. For stored pas inflators the temperature at\which the gas in the inflator vents,
individual inflator be > +130C, or the mean gas venting temperature minus 3
> +115C. No structural failure, exceptinternal components that do not result if
of any inflator fragments, shall oceur. No time/pressure data is required. Addit
quantities ¢f inflators can be used to minimize the sigma as required.

The auto ignition temperature for all pyrotechnic mixtures (such as propellants

shall for each
igma shall be
n the ejection
onal

, boosters,

combustibl
nearest thg
except inte
occur. No

minimize th

b gasses etc.).shall be > +130C as measured from the surface of i
thermal path:to the specific pyrotechnic mixture in question. No st
'nal components that do not result in the ejection of any inflator fra
lime/pressure data is required. Additional quantities of inflators can
e sigma as required.

ne inflator
Fuctural failure,
yments, shall
be used to

5.2.4.4 Bonfire Test:

Purpose: Verify that the Inflator will deploy and not fragment when subjected to a bonfire per
DOT requirements.

Test Fixtures and Equipment:

Bonfire test eq

uipment

Video recording equipment
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Test Procedure:
1. Conduct Bonfire test per DOT on the subject Inflators.
Evaluation and Results:

1. Inflators shall deploy without structural failure.

2. The Inflators shall not fragment or expel any component or part thereof. The Inflator’s
traceability identifier shall be legible (excepting components that melt or are consumed).

Inconsequimwmmm&ﬁhalbﬁaﬂnmm_hamm lack of

potential hazard, as agreed to by the Responsible Vehicle Engineering Organjzation.

5.2.4.5 Slow Heat/Autoignition Test:

Purpose: Ver|fy that the Inflator will deploy and not fragment when stbjected to a surface

heating rate of|<14 C/min.

Test Fixtures gnd Equipment:

Slow Heat equjpment capable of <14 C/min controlled.slew heating of the inflator|surface

Protective enclosure

Video recording equipment.

Test Procedure :

1. Starting at R3 C conduct controlled/slow heating, at <14 C/min of the inflator surface, until
deployment of each of the six Inflators.

2. Heating shall continue until allsenergetic materials in the inflator(s) deploy.

Evaluation and Results:

1. Inflators shill deploy without structural failure.

2. The Inflatofs shall’'not fragment or expel any component or part thereof. The Inflator's
traceability|identifier shall be legible. Inconsequential fragments shall be allowed i.e. burst

foil, based on their lack of potential hazard, as agreed to by the Responsible Vehicle
Engineering Organization.
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5.2.4.6 Accelerated Heat Aging Test:
Purpose: Evaluate Inflator resistance to temperature aging in a dry condition.
Test Fixtures and Equipment:

Temperature chamber, capable of maintaining 90°C and/or 107°C.

Test Procedure:

Condition In

1. 3
maximum aof 20% RH.

2. Inspect Inflator for gas leaks (pressure vessel type Inflator).
3. Verify Inflafor terminal-to-terminal resistance after each conditioning.
4. Perform clgsed tank test of required (see Appendix B, DV/PVTest Matrix) heat aged

inflators per 5.2.3.7, Closed Tank Test of this document.:Reserve required (sq

DV/PV Tes
Temperatu
Section 5.2

*Note: Genera
participants in
alternate meth

Evaluation anag

The Inflator sh

Matrix) inflators for the completion of Section 5.2.4.6.1 Accelerate
re Oven (HTO) Test, Section 5.2.4.6.2, Accelerated Aging/Bonfire ]
.4.6.3 Accelerated Aging/Slow Heat Test.

acceptance of 1000 hours at 90-C should be verified for each OEN
his specification do not accept'One thousand (1000) hours at 90 G
bd of testing in equal measure:

Results:

bll meet the functional requirements specified in Section 3.2.7 Infla

Performance and Variability Limits

5.2.4.6.1 Accs

Purpose: Ver
after heat agin

lerated Aging with High Temperature Oven (HTO) Test:

fy thatthe Inflator will not deploy at or below 115 C or autoignight |
ok

e Appendix B,
d Aging/High
[est and

. All
, as an

or

below 130 C

Test Fixtures and Equipment:

Temperature chamber or equipment, capable of maintaining 107 C and then raising the inflator
temperature at up to 14 C per minute until the inflator deploys.

Test Procedure :

Follow test procedure as outlined in Section 5.2.4.3 High Temperature Oven (HTO) Test
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Evaluation and Results:

Results shall be as outlined in Section 5.2.4.3 High Temperature Oven (HTO) Test

5.2.4.6.2 Accelerated Aging with Bonfire Test:

Purpose: Verify that the Inflator will deploy and will not fragment when subjected to a bonfire

per DOT after heat aging.

Test Fixtures and Equipment:

Bonfire test equipment
Video Recording equipment.

Test Procedur¢ :

Follow test procedure as outlined in Section 5.2.4.4 Bonfire Test
Evaluation and Results:

Results shall be as outlined in Section 5.2.4.4 Bonfire Test

5.2.4.6.3 Accglerated Aging with Slow Heating Test:

Purpose: Verlfy that the Inflator will deploy and will not fragment when subjected to a heating

rate of less than 14 C/min after heat aging:

Test Fixtures gnd Equipment:

Slow Heat equjpment capable of Tess than 14 C/min controlled slow heating of the inflator surface

Protective enclosure
Video Recording equipment:

Test Procedure:

Follow test progedure as outlined in Section 5.2.4.5 Slow Heat/Autoignition

Evaluation and Results:

Results shall be as outlined in Section 5.2.4.5 Slow Heat/Autoignition
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5.2.4.7 Inflator High Humidity/Heat Age Test:
Purpose: Evaluate Inflator resistance to temperature aging in an environment of high humidity.
Test Fixtures and Equipment:

Loosed tank fixture
Temperature/Humidity chamber capable of maintaining 95% RH at 70C.

Test Procedure:

1. Condition Ipflators at 70°C with a minimum of 95% RH for minimum of 408_helrs.
2. Inspect Inflator for gas leaks (pressure vessel type Inflator).
3. Verify Inflator terminal-to-terminal resistance after conditioning.

4. Perform clgsed tank test of required (see Appendix B, DV/PM. Test Matrix) heat/humidity
aged inflatgrs per Section 5.2.3.7, Closed Tank Test of this document.

Evaluation and Results:

The Inflator shall meet the functional requirements-specified in Section 3.2.7 Inflafor
Performance and Variability Limits

5.2.4.8 Inflator Sequential/Environmental Test:
Purpose: To ¢valuate Inflator performance in a series of different environmental [conditions.
5.2.4.8.1 Inflator Thermal Shock Resistance Test:

Purpose: To ¢valuate performance effect on Inflator components due to rapid temperature
changes.

Test Fixtures gnd Equipment:

Closed tank fixture
Temperature chamber, capable of maintaining -40°C to 90°C

Test Procedure:

1. Beginning and Ending at 23 C Apply 200 temperature cycles, see figure below. One
temperature cycle consists of the sequence illustrated in the figure.
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Temperature Cycle
Inflator core temperature shall reach the specified conditioning temp
Duration of a cycle may vary with inflator size (see note e)

90 9

Dwell = see item e

Temperature
Degrees C

Dwell = see item e

Hours

a-  Place Inflator into -40 °C chamber within 120 seconds.

b-  Condition Inflator at -40 <C.

c-  Place Inflator into 90 °C chamber within 120 seconds.

d-  Condition Inflator at 90 <C.

e-  Hours of dwell shall be four (4) or 125% of the time the
core temperature of all inflators require to equilibratenin the test chamber,
using the actual mounting method and quantity of inflators under test.

Note: Temperature overshoot of up to 10C with a,werst case instrumented control inflator is
acceptable.

Evaluation and Results:

Perform visuallinspection of the Inflator. All discrepancies shall be documented and reported to
the responsible Vehicle Engineering Organizations.

Inspect Inflaton for gas leaks (pressure(vessel type Inflator).
Optional: Verify Inflator terminal-tosterminal resistance.
5.2.4.8.2 Dynamic Shock Test:

Purpose: To ¢valuate the effects of mechanical shocks such as pot holes, steering wheel
adjustment (29 g), and high impacts (60 g) on Inflator performance.

Test Fixtures gnd_Equipment:

Rigid fixture to mount Inflator
Shaker

Test procedure:
1. Complete Section 5.2.4.8.1, Inflator Thermal Shock Resistance Test.

2. Complete dynamic shock test per the schedule in the following table.
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LOW g Test
Inflators from Group D1

HIGH g Test
Inflators from Group D2

Acceleration: Minimum of 25 g

Nominal Shock Duration: 6 ms

Nominal Shock Shape: Half Sine

Number of Shocks Per Axis: 3 (18 total )

3 axis (X, Y, Z) in both positive and negative directions

Test Method:

Acceleration: Minimum of 60 g

Nominal Shock Duration: 11 ms

Nominal Shock Shape: Half Sine

Number of Shocks Per Axis: (18 total)

3 axis (X, Y, Z) both positive and negative directions

Test Method:

2. Change axis

1. Apply 25 g, 3 times 1. Apply 60 g, 3 times
and repeat step 1 2. Change axis and repeat step 1
3. Continue step 1 and step 2 until all 6 axes are tested 3. Continue step 1 and step 2 until all 6 axes are tested

Evaluation anag

Perform visual
the responsiblé

Inspect Inflator
Optional: Verif
5.2.4.8.3 Vibrg
Purpose: To

Test Fixtures g
Temperature ¢

Rigid fixture to
Shaker

Test procedurg:

1. Complete $

Results:

 Vehicle Engineering Organizations.
for gas leaks (pressure vessel type Inflator).
Inflator terminal-to-terminal resistance.

tion - Temperature Cycle Test:

nd Equipment:

hamber, capable of maintaining -40°C to +90°C.
mount Inflator

bection'5.2.4.8.2, Dynamic Shock Test.

2. Condition |

pvaluate the effect of vibration and‘temperature on Inflator performj

inspection of the Inflator. All discrepancies shall be documented and reported to

ANCe.

hflator at 23°C per Section 5.2.3.7.1, Conditioning of Inflators. of th

s document.

3. Apply the random vibration profile for a minimum of 22 hours along each axis. The inflator
X-axis is an axis parallel to the centerline of the initiator’s pins or leadwire. Y and Z-axes
are mutually perpendicular to this axis. The vibration profile is shown in the following table.
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Table 5.2.4.7.3.A

Frequency range: 5 - 1000 Hz

Driver Inflators

Passenger / Side Inflators

PSD Level at:

5 Hz 20m° /s’ =0.21 g°/Hz 8.7m°/s’=0.09 g°/Hz
30 Hz 20m°/s’=0.21 g/Hz 8.7m°/s>=0.09 g°/Hz
200 Hz 0.5m°/s’= 0.0052 g°/Hz 1.1m" /s’ =0.011 g°/Hz
1 kHz 0.1 m°/s>=0.001 g°/Hz 0.22 m° /s’ =0.0023 g°/Hz

Maximum acceleration:

33m/s°=3.365 g RMS

30 m/s’=3.053 g RMS

4. Apply temperature cycle of 11 hours total twice during each axis of vibration testing. One
temperature cycle consists of the following steps:

e Drop te

perature to -40°C at the rate of 2°C 7/ minute
e Conditipn inflator for a minimum of 270 + 5 minutes at -40°C
o Raise temperature to 90°C at the rate of 2°C / minute
e Conditipn inflator for a minimum of 270 + 5 minutes at 90°C.

e Bring irfflators to 23°C at the rate of 2°C / minute

5. Optional: Vferify Inflator terminal-to-terminal resistance.

6. Condition Ipflator at 23°C per Section 5.2.3.7.1, Conditioning of Inflators, of thjs document.

Change viljration direction to Y-axis (Inflator’s axis)repeat steps 3 and 4.

7. Condition Ipflator at 23°C per Section 5.2.3.7.1;,€onditioning of Inflators, of thjs document.

Change vihration direction to Z-axis (Inflator's.axis), repeat step 3 and 4.

Note: For|symmetrical Inflators, the vibration-temperature cycle can be performed on two
axels. However, the vibration duration_shall be increased to 33 hours pgr axis.

The tempefature profile is shown'in the following figure.

Figure 5.2.4.7.3.B

90 «

1 Cycle is minimum of 11 hours

Temperature Cycle

Temperature

Degrees ¢

=40 <

/

26.5 299

355.5

628 660

Cycle Time Minutes
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Evaluation and Results:

Perform visual and audio inspection of the Inflator during and after the conditioning procedure.
All visual and audio discrepancies shall be documented and reported to the Responsible
Vehicle Engineering Organization.

Inspect Inflator for gas leaks (pressure vessel type Inflators).

Optional: Verify Inflator terminal-to-terminal resistance.

5.2.4.8.4 Hu

idity Resistance Test:

Purpose: To
Test Fixtures g

Temperature ¢

Test Proceduré:

1. Complete §

2. Condition |
and with 94

bvaluate the effect of humidity on Inflator performance

nd Equipment:

hambers, capable of maintaining -40°C and 90°C, and up to 95% H

bection 5.2.4.8.3, Vibration Temperature Cycle Test

hflator for a minimum of 288 hours with temperatures of -40°C, 23°

% minimum RH according to Figure 5.2.4.8.4.A, Humidity/Therma

Inflator shall complete 24 cycles of conditioning, as shown in Figure 5.2.4.8.4.

Humidity/T
temperatur,
above free]

The transit
the temper

nermal Cycle, the relative fiumidity shall be at least 95% except du

e transitions when the minimum RH level shall be 80% where the t

ring.

C, and 90°C
Cycle.

A,
ing the
bmperature is

on shall be at.a'minimum 5°C/minute, and maintain a minimum of §0% RH where

pture is abovefreezing.
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Evaluation and Results:

Figure 5.2.4.8.4.A Humidity/Thermal Cycle

+90

4 hours dwell plus

transition time @

95% RH minimum 4 hours dwell plus
transition time @
95% RH minimum

—p< > <

+23 —

Ak dwallol
14

transition time Transitions at minimum
5°C min and 80 % RH
-Ho pu—

Perform visuallinspection of the Inflator. All visual damage*shall be documented gnd reviewed

with the Respdnsible Vehicle Engineering Organization:
5.2.4.8.5 Salt Bpray Test:
Purpose: To evaluate the corrosion resistance of the Inflator

Test Fixtures gnd Equipment:

Chamber capaple of maintaining 23.€ while providing 5% salt solution spray to al| surfaces of

the inflator.

Test Procedure:

1.

2.

Complete $ections5:2.4.8.4, Humidity Resistance Test

Optional: Vferify Inflator terminal-to-terminal resistance.

Condition Inflators at 23°C, per Section 5.2.3.7.1, Conditioning of Inflators of this document.

Condition Inflators for minimum of 24 hours in a salt spray at 5% solution and +23C per
ASTM B117.

Rinse all residual salt solution with clean water and air dry inflators prior to continuing test
sequence or storing inflators. Cleaning to enhance ballistic performance is not acceptable.
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Evaluation and Results:

Perform visual inspection of the Inflator. The Inflator serial number shall be identifiable
(enhancing by scraping, chemical washing, etc. is acceptable). All discrepancies shall be
documented and reported to the Responsible Vehicle Engineering Organization.

Note: Corrosion of the components is acceptable, unless the corrosion impacts the Inflator
ability to meet functional requirements stated in Section 3.2.7, Inflator Performance and
Variability Limits

5.2.4.8.6 Droj

Test:

Purpose: To
Test Fixtures 4

Fixtures to dro

Test Proceduré:

1. Complete §
2. Condition |
3. Perform all

on to a steg
unit six tim

bvaluate the effects of drop impacts on the Inflator performance.
nd Equipment:

b Inflators from 1.2 meters.

bection 5.2.4.8.5, Salt Spray Test
nflator at 23°C per Section 5.2.3.7.1,-Conditioning of Inflators, of th
drops at 23°C, from 1.2 meters_(lowest point of the Inflator at a 1.2

| plate. Dimension of the plate shall be greater than the Inflator siZ
bs, twice with the initiator-up, twice with the initiator down and twics

s document.

meter height)
e. Drop each
on the axis

perpendicular to the axis of the previous two orientations. For dual stage inflators with

initiators lo
down posit
the axis of
orientations

cated at opposite ends of the inflator, perform drop twice with each
on. The third orientation shall be dropped twice in the direction per
the both initiators/(center pin to center pin) for a total of 6 drops for

D .

initiator in
pendicular to
all
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DROP ORIENTATION

Vertical Drop Inflator Housing Horizontal Drop

.

| Wil

l‘ Direction of Drop \

Initiator

/ Initiator

Evaluation and Results

Drop distance is from 1.2 m * 0.05 m above a rigid steel plate..Dimension of the plate shalllbe
greater than the Inflator size. One drop shall be in the direction.ef the initiator (initiator shall hit
fhe ground first).

Inspect for visyal damage of the Inflator, electrical connector and lead wire. All visual damage
shall be documented and reviewed with the Responsible Vehicle Engineering Ordanization.

Inspect Inflator] for gas leaks (pressurecvessel type Inflator).
5.2.4.8.7 Temperature Conditioning'and Deployment:

1.

Complete $ection 5.2.4.8.6;"Drop Test.
Required: Yerify Inflator terminal-to-terminal resistance.

Inspect Inflatorfor' gas leaks (pressure vessel type Inflator).

Randomly select 3 inflators (2 from low g group and 1 from high g group) for live dissection.
Refer to Appendix B for requirements after live dissection.

Perform closed tank test per Section 5.2.3.7 Closed Tank Test of this document on the
remaining inflators.

Perform tank wash requirements as indicated in the Appendix B, DV/PV Validation Test
Matrix, and Section 3.2.3.3 Inflator Particulate (Tank wash derived)
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Evaluation and Results:

The Inflator shall meet the functional requirements specified in Section 3.2.7, Inflator Performance

and Variability

Limits

5.2.4.9 Flaming Test:

Purpose: To evaluate Inflator flaming characteristics

Test Fixtures and Equipment:

Temperature ¢
Camera with a
Note: Film can
Real time vide

Test Proceduré:

1. Condition §

3.2.4 Inflat

Remove In
Shadowgrg
with a mini
inflator usin
Inflators pe
area(s) of t
draft free a

rea against a dark background.

hamber, capable of maintaining 85°C.

minimum speed of 1000 frames per second.
be color, black and white or high speed video for deployment flan
p for post deployment flaming analysis with external flame\source.

Inflators with deflectors, diffusers, shrouds, heusings, etc as allow
br Flaming at 85 C and 23 C per Section 5.2.:3:7.1, Conditioning of

flator from the chamber and actuate, using the setup per Appendix
ph Procedure, Inflator Flaming Testing (or approved equivalent ), i
mum RH of 50% per Section 5.2.3:6 Open Air Test, of this docume
g the Minimum “All-Fire” currenbat the conditioning temperature. [
r Section 4.5.1.2 Allowable Time Period for Ballistic Test. Photogra
he inflator with a minimum: 1000 frame/second camera during depl

Provide ex

the Inflator|(at gas exhaust-port) within 15 seconds after deployment and mair
for 5 seconds. Re-apply-the flame for 5 seconds every 30 seconds until a totz
minutes has elapsed- ‘Photograph nozzle area of inflator with real time video
following deployment'when external flame source is applied.

Measure and-record flame length and duration (if any) and highlight any burni

ernal ignition soutce (flame) using charcoal grill lighter or equivaler

ing analysis.

ed by Section
nflators.

G

n the open air
nt. Actuate the
eploy the

ph nozzle
byment in a

nt all around
tain the flame
lof 1.5
camera

g particles

using film amatysis:

Evaluation and Results:

The Inflator Shall meet the requirements specified in Section 3.2.4, Inflator Flaming.

Supplier shall provide a VHS videotape (1000 frame/sec for deployment and standard speed for
post-deployment flames) showing the actual during-deployment and post-deployment flaming

tests.
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5.2.4.10 Pressure Cycle Durability Test (pressurized inflation devices):

Purpose:

Test Fixtures and Equipment:

Evaluate integrity of pressurized inflation devices under a pressure cycles.

The fixture(s) shall be able to provide required pressure using only dry air or water. ( However,
water may not be used for carbon steel inflator due to corrosion concerns unless corrosion

inhibitor is used in the water. Supplier shall provide the name and amount of corrosion inhibitor
used in this test.)

Test Procedurs

1.

Determine
temperatur,
Kwong, NI
Pmin-

Condition 3
document.

Perform 45
fluctuation
seconds. T

evaluated dnder this pressure cycle test.

Note: For
applicable.

Inspect Infl
mechanica
Engineerin

Clean the |

172

maximum and minimum stored pressure inside the inflator atextre
BT Mixture Property Database, or any equivalent methed) to detern

Pmax = (Pnominal + Ptolerance) at 850C
I:)min = (Pnominal - I:)tolerance) at -40°C
Il Inflators at 23°C per Section 5.2.3.7.1,Conditioning of Inflators,

00 pressure cycles on all Inflators:*One pressure cycle consists of
between the pressure extremes-(Pmax -t0 - Ppmin -10 - Prax ) in 7 secd
'he Inflator burst disk(s), Inflator body, and all welds under high prg

Hual level Inflators, €dnduct pressure cycle test for each unit separs

ator body, all\welds, and burst disk(s) if possible for any cracks, fra
| failures( Al findings shall be recorded and provided to the Respo
y Organization.

ne

bs. Use equations and gas property methods (such as Varr-der Waal's, Redlich-

nine Pnax and

f this

pressure
nds + 2
ssure shall be

ately where

ctures, or
nsible Vehicle

nflator thoroughly.

Fill the inflator with the nominal gas charge including the normal pressure proofed test.

Determine the Helium leak for the Inflator. The Inflator shall remain in a gas-spectrometer
for a minimum of 10 minutes in order to determine the equilibrium gas leak rate. Time
duration in a gas-spectrometer is supplier specific and shall be approved by the Responsible
Vehicle Engineering Organization.
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Evaluation and Results:

The Inflator shall not have a leak rate, greater than the maximum allowable rate specified in
Section 3.2.9.2, Pressurized Inflators.

Inflator body, all welds, and burst disk(s) shall remain intact with no mechanical failures.

Record actual leak rate for each Inflator.
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APPENDIX A

. INTRODUCTION:

Qualified for Sourcing (QFS)

PRE-SOURCE QUALIFICATION (QFS) OR BOOKSHELVING REQUIREMENTS

The QFS process provides a consistent method for evaluating the maturity of new airbag inflators
prior to sourcing. The QFS process is intended to assess the inflator technology’s ability to meet the
requirements of the full specification with a limited amount of testing. Inflators will receive QFS
approval only if judged capable of meeting all performance criteria of the full specification.

Production Co

nsiderations

For those inflafors in production prior to QFS approval, all related design and<prog
documents sha
Organization.

The QFS Proc

Il be made available as requested by the Responsible Vehicle Eng

ESS

uction control
ineering

1. (Optional) Informational Review (including underlined items"in the Review Oufline below) with

the Respor]
(Mandatory
Requireme
For a chec
Successful
Successful
successfull
Close all A

2.

3.
4.
5.

Note:

Note:

GUIDELIN

The tes
supply

Human
determ
Requiré

sible Vehicle Engineering Organization.

) Compile the informational requirements @er Section 3.1.6, Inform
hts and submit the information to the Responsible Vehicle Enginee
list of the information required for QFS refer to the end of this app
Completion of Section IV Performance Requirements or
Completion of Section IV items G, H, and | of the Performance Re
y completing a DV or PV to the requirements of this full specificatig
ction Item Requests from'the Responsible Vehicle Engineering Org

ts as outlined here represent the minimum required. Suppliers are
ndditional data where possible.

Exposure testing may be required in addition to the above listed tg
nation wjllkbe made by the criteria outlined in Appendix H: Human
bments-and Procedure.

ES:

ational
ring Organization.
endix.

quirements, and
n.

anization.
encouraged to

sting. A
EXposure

Complete the testing according to the following:

a) Use production design intent parts (production tooling not required) from one lot with maximum
(worst case, or most difficult to achieve) ballistic output and slope.
You will not be approved for sourcing above the tested output!

b) Perform validation tests according to test procedures from the body of this specification

c) For dual stage inflators a ratio in the range of 30/70 to 40/60 shall be used for any testing where
the ratio is not specifically called out.
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lll. INFORMATIONAL REVIEW REQUIREMENTS:

Review Outline:

A

mc

o

E

MF

mneG

Inflator Cutaway Model (if available)

General Inflator Information

Labeled Cutaway Drawing (top and side views)

Vital statistics i.e. Size, Weight, dimensions, etc.

Standard output chart(s) or curves

Envelop Drawing with intended mounting flanges

General Information and Description of all features

Standard Dsg

ployment Sequence

Auto Ignition

Sequence

Dual Stage

deployments including: normal full power, second stage only,

second st

hoe delay series, reverse order firing (second stage with first stage

delay) an

2nd stage disposal (firing of the second stage after the first stage

is comple

e),

Chemistry Irj

formation

Form

Lilation and gquantity of all pyrotechnic materials

Standard Toxicity of all pyrotechnic materials (MSDS sheets \where

1Y)

pplicable)

Stored gas composition and specified limits

100 f

° Chamber Evaluation

Tank

Spec|

Any

\Wash: Total, Soluble and Insoluble fractions

ation with mass balance of Tank\Wash Particulate (to include

metal scan and salt components)

Component materials expected to be consumed by the inflator

déployment (coatings, polymers, etc)

Note: A detpermination will be~made by the Responsible Vehicle Engineering

Organizatio

Performanci
Base

on the requirement for Human Testing.

b Data
line TanK Tests including the following analysis and information:

Struc

1.-gas conversion percentage

Section 3.2.5 Autoigr

Section 3¢2,10 Dual {
And Section IV H of ]

Section 3.2.3 Effluen
Section 3.2.3.2 Gass
Section 5.2.3.5 100
Procedure

Section 3.2.3.3 Infl
Wash Derived)
Section 3.2.3.3 Infl
Wash Derived)

ition...

tage Inflators...
his appendix

]
ps

ft® Tank Effluent Test
ator Particulate (Tank

Ator Particulate (Tank

Section 5.2.3.7.4 Sgmpling Tank Contents

...Procedure

Section 3.2.4 Human|

Section 3.1.6.3 Inflat
Envelope and Chara

Exposure Test Criteria

r Performance
teristics

Z.gas composition
3. total moles of gas
tural Evaluation/Safety Factor Calculations

Cond

itioned deployment results (see QFS or DV test matrix)
Note: All conditioned inflator data is not required for a Formal
Review.

Safety test data of all pyrotechnic materials. Minimum tests to include

Section 3.2.2.1 Inflator Burst Safety Factor

Section 3.2.8 Propellant Stability

Provide mechanical

ESD, Friction, Impact and Cap Sensitivity of non-aged and aged
samples.
stability data for all
Ammonium Nitrate Including:

1. DSC traces

propellants containing

Section 3.2.8 Propellant Stability

Section 3.2.8 Propellant Stability
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2. Dimensional, pellet strength and ballistic evaluation after
extended dwell/ramp thermal cycling per 3.2.6.1 Inflator Thermal
Shock Resistance using the following profile: 2 hours dwell at
100C, 4 hours dwell at -40C, 4 hour transition time
(approximately 35 C/hour ramp rate), 40 cycles minimum)

3. Literature to support stabilization method

Mass Flow of Primary Stage (for dual level) and Full output (computation

should be done by MTA (MADYMO Tank Analysis) and include Avg.
Temperature of gas assumption, Time to 95% of mass flow and be
presented in a format consistent with Appendix F Ballistic Examples)

Vented Tank, Tunability, and max/min ratio Tests per Sections IV-H and
VI-1

Note: Pres
sigma/+10%
Note: Includi

bnt all closed tank data as chart, scatter plot and mean/+3
plots
e TTFG on all charted data

IH Specifications
List all comgonent materials and material specifications Section 3.1.5 Heavy
Indentured Rarts List
Differences | between the Test Configuration and intended Production
Configuration
Shipping Clgssification Competent Authority or equivalent Section 3.1.6.4 Shipq
1 DFMEA
Top Ten RPNs
All 10 Seventy
List of all M3rgin Test Series completed, in process and/or identified
nmJ Manufacturing Processes
Proposed Process Flow Chart with Quality Checks identified
Proposed Tiaceability System
IV PERFORMANCE REQUIREMENTS:;

IV A. Per Section 5

Deploy 8 @ -40°C (4
Deploy 8 @ +23°C (
Deploy 8 @ +85°C (
Dissect 3 inflators a
Note: Measure infl
measure intg
baseline perf
measuremer|

.2.4.1, Inflator Baseline Test

Bnkwash and internal pressures required on all 8)
ankwash and internalpressures required on all 8)
ankwash and interpal\pressures required on all 8)
d evaluate all aspects of the assembly (i.e. propellant or filter crush, position tolerance, etc.

htor’s internal pressure (using pressure transducer) for all baseline deployments. For dual st
rnal pressure on only full output deployments. Where the measurement of internal pressure
lormance, ,a separate series of inflators can be utilized for baseline deployments and internal
ts.

Section 3.2.8 Propellant Stability

Section 3.2.8 Propellant Stability

Section 3.1.6.3 Inflator Performance
Envelope and Characteristics
Sestien-3-2-+0-Bual-Stage Inflators...

Metals....

ing Classification

hge inflators
5 could affect the
pressure

Dual Stage Added Requirerment:

See Guidelines Il, Item c for ratio requirements

Deploy above inflato
Deploy 3 Offset @ +
Deploy 3 Primary on

rs at 0 offset.
23°C (Driver @ 10 ms offset, Passenger @ 20 ms offset)
ly deployments @ 23°C

Requirement: The inflators shall meet the functional requirements of Section 3.2.7, Inflator Performance and Variability Limits.

IV B. Per Section 5.2.4.8.1, Inflator Thermal Shock Resistance Test

Condition 7 through

Thermal Shock environment.

Deploy 3 @ -40°C (tankwash required on all 3) per Section 5.2.3.7, Closed Tank Test.
Deploy 3 @ +85°C (tankwash required on all 3) per Section 5.2.3.7, Closed Tank Test.
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Dual Stage Requirement:

None

Deploy above inflators @ 0 ms offset

Requirement: The inflators shall meet the functional requirements of Section 3.2.6.1 Inflator Thermal Shock Resistance including

Secti

on 3.2.7, Inflator Performance and Variability Limits.

IV C. Per Section 5.2.4.6, Accelerated Heat Aging Test

Condition 6 through

Deploy 3 in USDOT

Heat Age environment

bonfire.

Deploy 3 @ 23°C per Section 5.2.3.7, Closed Tank Test.

Dual Stage Require

nent:

None
Deploy above inflatg

Requirement: Inflat
Perfq

IV D. Per Section §

Condition 12 inflator]
Drop per Section 5.2
Test, Vibration/Tem
Humidity Resistancq

Deploy 2 low g and
Deploy 2 low g and
Deploy 2 low g and

Dual Stage Added R

rs @ 0 ms offset

brs shall meet the requirements of Section 3.2.5, Autoignition, High Temperature Oven
rmance/Autoignition of Heat Aged Inflators including Section 3.2.7, Inflator-Rerformance an

.2.4.8, Inflator Sequential/Environmental Test

5 sequentially through the following environments:
.4.8.6 Drop Test, Dynamic Shock (6 or 9 (as noted above) low'g; 3 high g) per Section 5.2.4
erature per Section 5.2.4.8.3, Vibration — Temperature Cycle-Test, and Humidity per Sectio
Test.

high g @ -40°C (tankwash required on all 3) per Section 5.2.3.7, Closed Tank Test.
high g @ +23°C (tankwash required on all 3) pgP’Section 5.2.3.7, Closed Tank Test.
high g @ +85°C (tankwash required on all 3).per Section 5.2.3.7, Closed Tank Test.

equirement:

Condition an additio
See Guidelines II, It
Deploy above inflatg
Deploy 3 inflators cg
Deploy 3 inflators cd

Requirement: The |
Inflat

IV E. Per Section 5

Burst 9 inflators and

hal 6 inflators (for total of 18)

m c for ratio requirements

Irs at O offset.

nditioned through sequential\with low g @ +23°C (Driver 10 ms offset, Passenger 20 ms off
nditioned through sequéntial with low g @ +23°C Primary Output stage only.

hflators shall meetthe functional requirements of Section 3.2.6, Sequential Test Series incly
br Performance-and*Variability Limits.

.2.4.2, Structural Burst Test

calculatethe Burst Safety Factor using MEOP data from Baseline Ballistic Tank Tests.

Dual Stage Added R

il Variability Limits.

.8.2 Dynamic Shock
h5.2.4.8.4,

:et)

ding Section 3.2.7,

equirement:

See Guidelines Il, Item c for ratio requirements
Burst 9 inflators for each structural chamber and calculate structural safety margin on each Structural Unit separately. Use MEOP
from worst case firing of Primary stage first, Secondary stage first, 0 offset firing at hot, cold or ambient.

Requirement: The in
IV F. Per Section 5

Condition 3 through

flators shall meet the requirements of Section 3.2.2.1, Inflator Burst Safety Factor.

.2.4.10, Pressure Cycle Durability Test (pressurized inflators only)

Pressure Cycle Durability and then inspect.
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Dual Stage Requirement:

No additional requirement
Requirement: The inflators shall meet the requirements of Section 3.2.9, Hermiticity.
IV G. Per Section 5.2.3.5, 100ft* Tank® Effluent Tests

Deploy 3 inflators (in representative vented bag modules: see Table IV G 1, Standard Module Configurations) in a 100ft’ tank and
measure airborne particulate and gaseous effluents per SAE Recommended Practice J1794.

Dual Stage Added Requirement:

See Guidelines Il, Item c for ratio requirements
Deploy above inflators-Q0-ms offset
Deploy 6 additional ipflators:
1. Deploy 3 ipflators, primary stage only
2. Deploy 3 ipflators @ 100 ms offset

Requirement: The afrborne particulate and gaseous effluent levels shall meet the requirements of Séection 3.2.3,|Effluents

®Note:  These tes}s to be performed by a laboratory approved by the Responsible Vehicle Engineering Organization or Certified

per Section 4, VALIDATION.
Table IV G -1, Standard Module Configurations
Type Bag Size Vent Size Inflator Output

Passenger 120-14011 1 X42mm 550-650 KPa (60 | tank)

Driver 55-65 | 2.X25mm 180-220 KPa (60 | tank)

Curtain 25-30 | none 200-25p KPa (1 ft’ tank)

Side Impact 18-22 | 1 X 20 mm 180-20p KPa (1 ft° tank)

IV H. Tailorability gnd Hot/Cold Spread Ballistic Tank Tests
Deploy an additional 12 inflators according to the following-table:

Table' IV H-1, Tunability Matrix

Temp. Min-Ballistic Nom. Ballistic Max. Ballisjic
Output & Slope Output & Slope Output & Slq pe4
(Closed Tank) (Closed Tank) (Closed Tank)
-#0°C 3 0 (8)
+£3°C 3 3 (8)
+85°C 3 0 (8)
“Note:  These are{the Bdseline Ballistic Tank tests.

Dual Stage Added R

equirtement(s):

Deploy Table IV H-1, Tunability Matrix with O offset

Deploy 5 inflators of maximum output, with a ratio between 70/30 to 60/40 @ +23°C with 0, 5, 10, 20, and 30 ms offset. (Provide

curves on a single graph)
Deploy an additional 2 inflators of maximum ballistic output and slope @ +23°C, secondary Stage only.
Deploy an additional 2 inflators of maximum ballistic output and slope @ +23 °C in reverse order (i.e. second stage first) with 10 ms

offset. (if previous 2 second stage only deployments ignite the primary stage in <10 ms this test need not be run)

Deploy an additional 12 inflators, @ +23°C, one each at 0, 10 and 30 ms offset, according to the following table:

Configurations that match those included in Table IV H-1, Tunability Matrix, are not required to be retested.

-60 -



https://saenorm.com/api/?name=8c9cf54a13c990c5ea50724b19ce8c79

SAE/USCAR-24
USCAR INFLATOR TECHNICAL REQUIREMENTS AND VALIDATION

Issued June 2004

Table IV H-2 Dual Stage Output Definitions for Tunability Matrix

Inflator Configuration

Combination of Stored Gas (where applicable) and propellant to provide:

Primary Stage

Secondary Stage

3@ Min/Max Ratio

Minimum Output

Maximum Output

3@ Max/Min Ratio

Maximum Output

Minimum Output

3@ Max/Max Ratio

Maximum OQutput

Maximum Output

3@ Min/Min Ratio

Minimum Output

Minimum Output

Requirement: The inflators shall meet the functional requirements of the body of this specification. The inflators shall not fail
structurally.

Note: Clearly state ratio, output of each stage and total output of each configuration on the ballistic plots

IV 1. Equivalence Hata and Vented Tank Tests

Note: Equivalence O
Organization. The R|
available.

Supply gas conversi
millisecond mass flo|

Deploy an additiona

ata and Vented Tank Tests are optional unless requested by the Responsible Vehicle\Engir
bsponsible Engineering Organization will specify the tank size to be used based on-the com,

bn percentage, gas composition, total moles of gas, gas temperature (at inflator nozzle), an
v data of the following tests.

6 according to the following table:

eering
barative data

I millisecond by

Table IV I-1
Terperature Min. Ballistic Nom. Ballistic Max. Ballistic
Output & Slope Output.&’'Slope Output & Slopd
(Vented Tank) (Vented Tank) (Vented Tank
+23°C 3 0 3

Requirement: The i
inforr

Dual Stage Require

hflators shall meet the functional requirements of the body of this specification. Otherwise,
hational purposes only.

hent: No additional inflators required. Deploy the 6 inflators detailed above at 0 ms offset.

IV J. per Section 3

Deploy 2 inflators at

Table IV I-2

Fank Size Vent Size
100l 2 X 2 inch NPT
60 | 2 X 1 1/2 inch NPT
1ft° 2 X 1inch NPT

2.4 Inflator'Flaming

23-C'and 2 inflators at 85 C per Section 5.2.4.9 Flaming Test and Appendix G Shadowbox |

lata is for

Procedure.

Evaluate and record

and provide video documentation of the results. Note the use of any, deflectors, diffusers,

hrouds, housings,

etc. , used as a standard component for applications of the inflator to redirect gasses, minimize bag damage and/or modify system

performance.

Dual Stage Added Requirement(s):

None

Requirement: The inflators shall meet the functional requirements of the body of this specification.
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Appendix 1: Pre-source Single Stage Inflator Matrix and Post Deployment Plan

Test Sequence Spec. Qty | Qty [ Qty [ Qty [ Qty [ Qty [ Qty | Qty [ Qty | Qty

Section A B C D E F G H | J
Document Part #, Serial # 27 9 7 12 9 3 3 12 6 6 ?Oéta:nﬂators
Leak Test 3.29 27 9 7 12 9 3 3 12 6 6 (6 optional*)
Weight Inspection 27 9 7 12 9 3 3 12 6 6
Visual Inspection 27 9 7 12 9 3 3 12 6 6
Electrical Checks 27 9 7 12 9 3 3 12 6 6
Accelerated Aging (Qty B) 5.2.4.6 9
Accelerated Aging with High Temp... 5.2.4.3 3
Accelerated Aging with Bonfire 5244 3
Inflator Thermal Shock Reg¢fstance (Qty 52481 7
C
In)flator Sequential/Envirgnments (Qty 52438 12
D
Dl/namic Shock Test 5.2.4.8.2 12
Vibration - Temperature Cycle Test 52483 12
Humidity Resistance Test 52484 12
Drop Test 5.2.4.8.6 12
Structural Burst (Qty E) 5242 9
Pressure Cycle (Qty F) 5.2.4.10 3
Leak Test 5.2.31 3 7 12 3
Weight Inspection 3 7 12
Visual Inspection 3 7 12
Electrical Checks 3 7 12
Flaming 5249
Flaming +23 3
Flaming +85 3
Live Dissection 5.2.3.8 3 1 3
Closed Tank Tests 5237
-40 C 8 3 3
+23C 8 3 3
+85C 8 3 3
100 ft’ Tank Tests 5.2:3.5 3
Tunability Matrix Appendix 12

A
Section
IV-H
Vented Tank (Optional)* Appendix 6*
A
Section
V=T

Sampling Tank Content (Tank Wash) 5.2.3.7.4
-40 C 3
+23C 3
+85C 3
Tank Effluents sampling and Chemical 5.2.3.7.5 9
analysis
Tank Wash Chemical Speciation 5.2.3.7.6
+23C 2
Post Deployment Internal Inspection
+85C 3
Visual Inspection 27 9 6 9 9 3 3 12 6 6

Post Test Documentation
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Appendix 1: Pre-source Dual Stage Inflator Matrix and Post Deployment Plan

Test Sequence Spec. Qty Qty | Qty Qty Qty | Qty | Qty | Qty | Qty | Qty [ 133 total

Section A B C D E F G H | J inflators
Document Part #, Serial # 33 9 7 18 9 3 9 33 6 6 (6 optn’l)**
Leak Test 3.29 33 9 7 18 9 3 9 33 6 6
Weight Inspection 33 9 7 18 9 3 9 33 6 6
Visual Inspection 33 9 7 18 9 3 9 33 6 6
Electrical Checks 33 9 7 18 9 3 9 33 6 6
Accelerated Aging (Qty B) 5.2.4.6 9
Accelerated Aging with High Temp... 5243 3
Accelerated Aging with Bonfire 5244 3
Inflator Thermal Shock Res|stance (Qty C) 5.2.4.8.1 7
Inflator Sequential/Envirohments (Qty D) 5248 18
Dynamic Shock Test 5.2.4.8.2 18
Vibration - Temperature Cyg¢le Test 52483 18
Humidity Resistance Test 52484 18
Drop Test 5.2.4.8.6 18
Structural Burst (Qty E) 5242 9
Pressure Cycle (Qty F) 5.2.4.10 3
Leak Test 5.2.3.1 3 7 18 3
Weight Inspection 3 7 18
Visual Inspection 3 7 18
Electrical Checks 3 7 18
Flaming (Qty J) 5249
Flaming +23 3
Flaming +85 3
Live Dissection 5.2.3.8 3 1 3
Closed Tank Tests 5237
Full Output -40 C 8 3 3
Full Qutput +23 C 8 3 3
Full Output +85C 8 3 3
Primary Only Output +23 3 3
Staged Deployment +23 Q 3 3
Second Stage Deploy Only 2
Reverse Firing Order Tests Appendix A 2

Section

IVH

100 ft’ Tank Tests (Qty G) 5.2.3.5 9
Tunability Matrix (Qty H) Appendix A 27

Section

IV-H
Vented Tank (Qty I) (Optional)** Appendix A 6**
Section IV-
|

Sampling Tank Content (Tank Wash) 523.7.4
Full Output -40 C 3
Full Output +23 C 3
Full Output +85C 3
Tank Effluents sampling and Chemical 5.2.3.7.5 9
analysis
Tank Wash Chemical Speciation 5.2.3.7.6
Full Output +23 C 2
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Post Deployment Internal Inspection

Full Qutput +85C

Primary Output +85C

Visual Inspection
Post Test Documentation

32 9 6 15 9 3 9

33 6 6

*This number assumes 0 offset, Max/Max and Min/Min match tunability matrix
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Appendix 2: QFS Checklist

Inflator Name

Status

Output(s)

Date

Review Status

Open Issues Status

Information Section

General

Inflator Cutaway and hardware

Inflator Cutaway Drawings (plan and side view)

Size, Wt, moles, gas mass and Output Chart

Envelope Drawing with mounting flange

General Description

Standard Deploym

t Seaquence
-

Autoignition Sequer]

ce

Chemistry

Formulation with gap yield and percentages

Toxicity

Stored Gas Compo

ition

100 ft3 Chamber e

pluation

Tank Particulate sol

uble/insoluble %

Tank wash Speciati

DN

Part Coatings Etc.

Generant Hazard T

psting (Before Aging)

Generant Hazard T

bsting (After Aging)

Specifications

Indented Parts List

with Drawing Rev. #)

Component and M3

terials List (with Spec #'s)

Differences of QFS

fo Production

Shipping Classificaf]

on (or Schedule)

DFMEA

Top ten

All 10 PNs

Margin Test Listing

Fe: DEMEA (or Schedule)

Manufacturing

Process Flow Chard]

Redundant Ch

bcks of all actions

Poke yoke (err

r proofing)

Production Status (

chedule)

Traceability System

Description

Initial Bar Codd

application

Station to Stati

bn part tracking

Lot control at €

bch station

Lot Control in g

lant

Performance Data and

b’ Test Matrix

To be submitted as scatter plots with +/- 3 sigma, +/

LISCAR windows

10%, mean plots or,

Baseline

Conditioned Deployi

ments

Thermal Shock

Heat Age

Bonfire

Sequential

Structural Margin

Pressure Cycle

Tunability

Vented Tank (if required)

Human Testing (if Required)

Mass Flow

Gas Temperature

Dual Stage Specific

Full Power

l
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Primary Only

Secondary Only

Second Stage Disposal

Delay Series (0,5,10,20,30, primary only)

Max/Min Ratio Demonstration
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APPENDIX B
DV/PV TEST MATRIX

DV Matrix and Post Deployment Plan - Dual Stage (see following table)
The test matrix shall be a minimum set of tests and maximum quantity sample size for the
Design Validation (DV) of dual stage inflators. It shall be the supplier’s responsibility to evaluate
this plan and allow for additional testing based on the inflator design’s unique characteristics.
This table shall not replace the supplier’s responsibility, based on the DFMEA and PFMEA to
define and complete appropriate margin testing to establish a final robust design. Any
deviations from this test matrix shall be reviewed and approved by the Responsible Vehicle

Engineering G

Note: Where R
sections IV-H s

foup.

re-source (QFS) testing has not been completed, testing fromApp)

endix A

hall be provided with the DV report. Testing from Appendix’A, section IV-l shall

be provided wi
Organization.

PV Matrix and
The test matrix
Production Val
evaluate this p
characteristics
and PFMEA to
design. Any de¢
Vehicle Engine

Note: Where R
sections IV-H s

h the DV report where specifically requested by the Responsible B

Post Deployment Plan - Dual Stage (see following table)

shall be a minimum set of tests and maximum quantity sample siz
dation (PV) of dual stage inflators. It shallb-be the supplier’s respor
an and allow for additional testing based.on the inflator design’s un
This table shall not replace the supplier's responsibility, based on
define and complete appropriate margin testing to establish a final
viations from this test matrix shall be reviewed and approved by th
ering Group. Subscript refers to Lot a, b, and ¢ equally divided am

re-source (QFS) testing-has not been completed, testing from App

ngineering

e for the
sibility to

ique

the DFMEA
robust

e Responsible
bng tests.

endix A

hall be provided with.the DV report. Testing from Appendix A, section IV-l shall

be provided wi
Organization.

DV Matrix and
The test matrix
Design Validat
evaluate this p

h the PV report where specifically requested by the Responsible E

Post Deployment Plan - Single Stage (see following table)
shall be:a’minimum set of tests and maximum quantity sample siz
on (BY) of single stage inflators. It shall be the supplier’s responsil
an.and allow for additional testing based on the inflator design’s un

ngineering

e for the
Dility to
ique

Thic tahla chal

racnancibilibvy _hacad

the DFMEA

characteristics!

lLnat ranlaecao th
ToPT

acpnnbine'a
o taotC—Stiat—T1ot aCCCc—oupP

on
PHCT O ToOOpPUTToTomty; oaoC T ot

and PFMEA to define and complete appropriate margin testing to establish a final robust
design. Any deviations from this test matrix shall be reviewed and approved by the Responsible
Vehicle Engineering Group.

Note: Where Pre-source (QFS) testing has not been completed, testing from Appendix A
sections IV-H shall be provided with the DV report. Testing from Appendix A, section IV-l shall
be provided with the DV report where specifically requested by the Responsible Engineering

Organization.
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PV Matrix and Post Deployment Plan - Single Stage (see following table)

The test matrix shall be a minimum set of tests and maximum quantity sample size for the
Production Validation (PV) of single stage inflators. It shall be the supplier’s responsibility to
evaluate this plan and allow for additional testing based on the inflator design’s unique
characteristics. This table shall not replace the supplier’s responsibility, based on the DFMEA
and PFMEA to define and complete appropriate margin testing to establish a final robust
design. Any deviations from this test matrix shall be reviewed and approved by the Responsible
Vehicle Engineering Group. Subscript refers to Lot a, b, and ¢ equally divided among tests.

Note: Where Pre-source (QFS) testing has not been completed, testing from Appendix A
sections IV-H shall be Inm\/irlm*l with the DV/ report Tpcfing from Apppndiy A_section V-l shall
be provided with the PV report where specifically requested by the Responsible Engineering
Organization.
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DV Matrix and Post Deployment Plan - Dual Stage

Test Sequence Section Qty Qty Qty Qty | Qty | Qty | Qty Qty Notes
A B C D1 D2 E F G
Document Part #, Serial # 75 15 30,45 36 33 15 8 12 269 inflators total
Leak Test 5.2.3.1 75 15 30,45 36 33 15 8 12
Weight Inspection 5.23.2 75 15 30,45 36 33 15 8 12
Visual Inspection 5.2.3.3 75 15 30,45 36 33 15 8 12
Electrical Checks 5234 75 15 30,45 36 33 15 8 12
High Humidity/Heat Age Test 5.2.4.7 30 30 units of quantity C
Accelerated Aging 5.2.4.6 45 45 units of quantity C
High Temperature Oven Test 5243 3 3
524.6.1
Autoignition/Bonfire 5.2.4-4 6 &
5.24.6.2
Slow Heat/Autoignition 5245 6 6
5.2.4.6.3
Sequential Environments 5.2.4.8 36 33
Thermal Shock 5.2.4.8.1 36 33
Dynamic Shock Low G 5.2.4.8.2 36
Dynamic Shock High G 5.2.4.8.2 33
Vibration - Temperature Cycle 5.2.4.8.3 36 33
Humidity Resistance 5.24.84 36 33
Salt Spray 5.2.4.8.5 36 33
1.2 Meter Drop 5.2.4.8.6 36 33
Structural Burst 5.2.4.2 15
Pressure Cycle 5.2.4.10 8
Flaming 5249
Flaming +23 6
Flaming +85 6
Leak Test 5.2.3.1 30,30 36 33 8
Weight Inspection 30,30 36 33
Visual Inspection 30,30 36 33
Electrical Checks 30,30 36 33
Live Dissection 5.2.3.8 3 2 1
Closed Tank Tests 5.2.3.7
Full Output -40 C 10 10,6 5 5
Full Output +23 C 10 10,6 5 5
Full Output +85 C 10 10,6 5 5
Primary Only Output -40 £ 5 5 5
Primary Only Output +23|C 5 6 5 5
Primary Only Output +85|C 5 5 5
Staged Deployment -40 ( 5 10 ms delay for
Staged Deployment +23 C 5 6 4 2 Driver
Staged Deployment +85 [C 5 20 ms delay for
Pass.
100ft3 Tank Effluent Test 5.2.3.5
Full OQutput +23 C 6
Primary Only Output +23 C 3
100 ms Offset Deployment 3
Supplemental Evaluations of Tank
Tests
Sampling Tank Content (Tank Wash) 5.2.3.7.4 .
Full Output 40 C 52375 5 3 3 3 'f,‘ggf“r'ggu‘i’:ezank
Full Output +23 C 5.2.3.7.5 10 6 5 3 per 5.2.3.7.5
Full Output +85 C 523.7.5 10 6 5 3
Tank Wash Chemical Speciation 5.2.3.7.6 Evaluation of Tank
Full Output -40 C Wash required
Full Output +23 C 3 per 5.2.3.7.6
Full Output +85C
Tank Effluents (gas analysis) For informational
Full OQutput +23 C 5 purposes only
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Primary Output Only +23 C 5

Post Deployment Internal Inspection

Full Output +85C 5 5

Primary Output +85 C 5

Visual Inspection 5233 72 15 30,45 34 32 15 12

Post Test Documentation

-70 -



https://saenorm.com/api/?name=8c9cf54a13c990c5ea50724b19ce8c79

SAE/USCAR-24

USCAR INFLATOR TECHNICAL REQUIREMENTS AND VALIDATION

Issued June 2004

PV Matrix and Post Deployment Plan - Dual Stage

Test Sequence Section Qty Qty Qty Qty Qty | Qty Qty Qt Notes
Awc | Ba Ca | Dlap | D2, | Eo | Fa | Ga

Document Part #, Serial # 123 15 30,45 66 33 15 8 12 | 347 inflators total
Leak Test 5.2.3.1 123 15 30,45 66 33 15 8 12
Weight Inspection 5.2.3.2 123 15 30,45 66 33 15 8 12
Visual Inspection 5.2.3.3 123 15 30,45 66 33 15 8 12
Electrical Checks 5234 123 15 30,45 66 33 15 8 12
High Humidity/Heat Age Test 5.2.4.7 30 30 units of quantity C
Accelerated Aging 5.2.4.6 45 45 units of quantity C
High Temperature Oven Test 5.24.3 3 3

5.2.4.6.1
Autoignition/Bonfire 5.2.4-4 & 8

5.2.4.6.2
Slow Heat/Autoignition 5.245 6 6

5.2.4.6.3
Sequential Environments 5.2.4.8 66 33
Thermal Shock 5.2.4.8.1 66 33
Dynamic Shock Low G 5.24.8.2 66
Dynamic Shock High G 5.2.4.8.2 33
Vibration - Temperature Cycle 5.2.4.8.3 66 33
Humidity Resistance 5.2.4.8.4 66 33
Salt Spray 5.2.4.8.5 66 33
1.2 Meter Drop 5.2.4.8.6 66 33
Structural Burst 5.2.4.2 15
Pressure Cycle 5.2.4.10 8
Flaming 5.2.4.9
Flaming +23 6
Flaming +85 6
Leak Test 5.2.3.1 30,30 66 33 8
Weight Inspection 30,30 66 33
Visual Inspection 30,30 66 33
Electrical Checks 30,30 66 33
Live Dissection 5.2.3.8 3 2 1
Closed Tank Tests 5.2.3.7
Full Output -40 C 15 10,6 10 5
Full Output +23 C 15 10,6 10 5
Full Output +85 C 15 10,6 10 5
Primary Only Output -40 £ 15 10 5
Primary Only Output +23|C 15 6 10 5
Primary Only Output +85|C 15 10 5
Staged Deployment -40 ( 6 10 ms delay
Staged Deployment +23 C 6 6 4 2 for Driver20
Staged Deployment +85 6 ms delay for Pass.
100ft3 Tank Effluent Test 5.2.35
Full Output +23 C 6
Primary Only Output +23 C 3
100 ms Offset Deployment 3
Supplemental Evaluations of Tank
Tests
Sampling Tank Content 5.23.74 .
Full Output_-40 C 52375 | 6 3 3 3 'f,‘&gfﬁ?ggu?:eza”k
Full Output +23 C 5.23.75 15 6 5 3

per 5.2.3.7.5
Full Output +85 C 5.2.3.7.5 15 6 5 3
Tank Wash Chemical Speciation 5.2.3.7.6 )
Full Output_-40 C I%I\\;aluanon qf Tank
ash required

Full Output +23 C 3 Per5.2.3.7.6
Full Output +85C
Tank Effluents (gas analysis) For informational
Full Output +2 C 6 Purposes only
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Primary Output Only +23 C 6

Post Deployment Internal Inspection

Full Output +85C 6 6

Primary Output +85 C 6

Visual Inspection 5233 120 15 30,45 64 32 15 12

Post Test Documentation
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DV Matrix and Post Deployment Plan - Single Stage

Test Sequence Section Qty Qty Qty Qty | Qty [ Qty | Qty | Qty Notes
A B C D1 D2 E F G
Document Part #, Serial # 39 15 30,33 17 16 15 8 12 185 inflators total
Leak Test 5.2.31 39 15 30,33 17 16 15 8 12
Weight Inspection 5.2.3.2 39 15 30,33 17 16 15 8 12
Visual Inspection 5.2.3.3 39 15 30,33 17 16 15 8 12
Electrical Checks 5234 39 15 30,33 17 16 15 8 12
High Humidity/Heat Age Test 5.2.4.7 30 30 units of quantity C
Accelerated Aging 5.2.4.6 33 33 units of quantity C
High Temperature Oven Test 5.24.3 3 3
5.2.4.6.1
Autoignition/Bonfire 5244 & &
5.24.6.2
Slow Heat/Autoignition 5245 6 6
5.24.6.3
Sequential Environments| 52438 17 16
Thermal Shock 5.2.4.8.1 17 16
Dynamic Shock Low G 5.2.4.8.2 17
Dynamic Shock High G 5.2.4.8.2 16
Vibration - Temperature Cycle 5.2.4.8.3 17 16
Humidity Resistance 5.24.84 17 16
Salt Spray 5.24.8.5 17 16
1.2 Meter Drop 5.2.4.8.6 17 16
Structural Burst 5.2.4.2 15
Pressure Cycle 5.2.4.10 8
Flaming 5.249
Flaming +23 6
Flaming +85 6
Leak Test 5.2.3.1 30,18 17 16 8
Weight Inspection 30,18 17 16
Visual Inspection 30,18 17 16
Electrical Checks 30,18 17 16
Live Dissection 5.2.3.8 3 2 1
Closed Tank Tests 5.2.3.7
-40 C 10 10,6 5 5
+23 C 10 10,6 5 5
+85C 10 10,6 5 5
100ft3 Tank Effluent Test 5.2.3.5
+23 C 6
Supplemental Evaluationg of Tank
Tests
S A
+23C 55575+ 6 5 Wash required
e per 5.2.3.7.5
+85C 523.7.5 10 6 5
LaOnI((:Wash Chemical Speciation 5.2.3.7.6 Evaluation ‘?f Tank
230 3 Wash required
per 5.2.3.7.6
+85C
Tank Effluents (gas analysis) For informational
+23 C 5 purposes only
Post Deployment Internal Inspection
+85C 5 6
Post Test Documentation 5.2.3.3 36 15 30,33 15 15 15 8 12
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PV Matrix and Post Deployment Plan - Single Stage

Test Sequence Section Qty Qty Qty Qty Qty Qty Qty | Qty Notes
Asc | Ba Ca | Dlaw | D2, | E, Fa | Ga
Document Part #, Serial # 54 15 30,33 32 16 15 8 12 | 215 inflators total
Leak Test 5.2.3.1 54 15 30,33 32 16 15 8 12
Weight Inspection 5.2.3.2 54 15 30,33 32 16 15 8 12
Visual Inspection 5.2.3.3 54 15 30,33 32 16 15 8 12
Electrical Checks 5234 54 15 30,33 32 16 15 8 12
High Humidity/Heat Age Test 5.2.4.7 30 30 units of quantity C
Accelerated Aging 5.2.4.6 33 33 units of quantity C
High Temperature Oven Test 5.24.3 3 3
5.2.4.6.1
Autoignition/Bonfire 5.2.4-4 8 6
5.2.4.6.2
Slow Heat/Autoignition 5245 6 6
5.2.4.6.3
Sequential Environments| 5.2.4.8 32 16
Thermal Shock 5.2.4.8.1 32 16
Dynamic Shock Low G 5.2.4.8.2 32
Dynamic Shock High G 5.2.4.8.2 16
Vibration - Temperature Cycle 5.2.4.8.3 32 10
Humidity Resistance 5.2.4.8.4 32 16
Salt Spray 5.2.4.8.5 32 16
1.2 Meter Drop 5.2.4.8.6 32 16
Structural Burst 5.2.4.2 15
Pressure Cycle 5.2.4.10 8
Flaming 5.2.4.9
Flaming +23 6
Flaming +85 6
Leak Test 5.2.3.1 30,18 32 16 8
Weight Inspection 30,18 32 16
Visual Inspection 30,18 32 16
Electrical Checks 30,18 32 16
Live Dissection 5.2.3.8 3 2 1
Closed Tank Tests 5.2.3.7
-40 C 15 10,6 10 5
+23 C 15 10,6 10 5
+85 C 15 10,6 10 5
100ft3 Tank Effluent Test 5.2.3.5
+23 C 6
Supplemental Evaluationg of Tank
Tests
T P ER R CR
+23C 55375 45 5 5 Wash required
per 5.2.3.7.5
+85 C 5.2.3.7.5 15 6 6
:I;aonEWash Chemical Speciation 5.2.3.7.6 Evaluation ‘?f Tank
230 3 Wash required
per 5.2.3.7.6
+85 C
Tank Effluents (gas analysis) For informational
+23 C 6 purposes only
Post Deployment Internal Inspection
+85 C 6 6
Visual Inspection 5.2.3.3 51 15 30,33 32 16 15 12
Post Test Documentation
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