UNITED STATES DEPARTMENT OF TRANSPORTATION
NATIONAL HIGHWAY TRAFFIC SAFETY ADMINISTRATION
1200 New Jersey Avenue SE
Washington, D.C. 20590

Inre:

EA15-001
Air Bag Inflator Rupture

REPORT OF TK HOLDINGS INC. PURSUANT TO PARAGRAPH 33.a
OF THE NOVEMBER 3, 2015 CONSENT ORDER

June 30, 2016

Dechert LLP
1095 Avenue of the Americas
New York, New York 10036



Dechert LLP

Table of Contents

l. gL ide]e [FTox (To] o B O O T P T O O TP T PP P PP PPPVPRUPPTRIT 1
Il. EXECULIVE SUMMIAIY ... .iiiiiiiiee ettt e ettt e e e e e et e e e e e e et a e e e e e e e s e abbaeeeeeeesaasaasaeeeeaeeeaasbbaseeaeeeasssansaeaeaenan 2
A. Takata begins manufacturing INFlAtOrS ...........ooiiiiiiiii e e 2
B. Takata develops a phase-stabilized ammonium nitrate-based (“PSAN”) propellant.......................... 3
C. Development and initial production of the original PSAN inflators
D. Early PSDI field ruptures
E. FIFSE PSDI TECAIIS ...ttt ettt e e s e e ekt e s et e e e s nn e e e e nsneeenaaee
F. Takata iINVESHIGALES MO0t CAUSE ........ceiiiriieiiiiee e ee et ettt e e e e s e e e s bn e e s e e e s s 5
G. Initial passenger inflator ruptures and reCallS ............oooveiiiiiiee e 5
H. “Beta” rupture events, investigation, and regional field actions ...........cc.ccocevviiiini e, 6
I NHTSA Consent Orders and further reCallS ............ooooieiiiiiiieei e 6
J. Remedial steps taken DY TaKALA ........cooiieiiiiiiie e 7
Il Takata’s Introduction of Phase-Stabilized Ammonium Nitrate (‘PSAN”) Propellants............cccocovvviiiiiieiiineeen. 8
A. The drawbacks of sodium azide PropellantsS............oocveiiiiiiiiiiiiie s 8
B. Takata’s use 0Of “3110” PropPellant ...........oooiiiiiiii e 8
C. The advantages and characteristics of the PSAN-based “2004” propellant developed by
I LG L RO O PP PP OT PP PPPPRRPON 9
D. Takata achieved consistent phase stabilization of its 2004 PSAN propellant..............ccccevvcviiinnnee. 11
V. Takata’s Development and Initial Production of PSAN-Based Propellants............cccoociiiiieee e 12
A. Takata exceeded industry development standards to ensure that the 2004 propellant was
physically and chemically StabIe...........cooiuiiiiiii e s 13
B. Before manufacturing PSDI inflators, Takata continued testing the 2004 propellant and set
a moisture specification of 0.20 wt. percent to ensure the propellant would perform
properly in various environmental CONAItIONS..........oueiiiiiiiieiiee e 13
C. 2004L propellant testing: Takata encountered issues during moisture testing, leading to
changes in the 2004L moisture specification and the addition of desiccant .............ccccccvevieeiiiinnns 14
D. Fraunhofer’s testing of returned inflators and aged propellant found no indication of
chemical degradation or loss of AN phase stabilization..............ccocieii i, 15
V. Takata’s Development and Initial Production of the Original PSAN Inflators ..., 16
A. Background on Takata’s development of PSAN inflators ..o 16
B. DV testing of the original PSDI driver inflator and a switch in the design of the propellant
WAFET PIIOF 10 PV EESHING ...veieiiieie ittt e st e e st e e eesnibreennes 19
C. Summer 1999: In an effort to improve the manufacture of the propellant wafers, Takata
began to consider MIlliNG BHT ... e e e e e e e e e neneneeeeas 20
D. April to June 2000: Inaccurate PSDI PV test results are reported to a vehicle
LoV a 10 2= ol (1= PSRRI 21
E. Late 2000 to early 2001: Takata identifies the milling of BHT as a factor in initial PV
failures and conducts tests showing that the use of unmilled BHT improved the PSDI’s test
FESUIES ...ttt ettt e e e ettt e e e e e e et bttt e e e e e e e tbe et e e e e e e e annnaaeaaaeean
F. Development of the original PSAN PSPI and SPI passenger inflators in 2000
Safety implications of the 2000 validation issues and Takata's actions to address testing
and reporting AefiCIENCIES..... ... ettt e e e e e ettt e e e e e e e e e eeeaeeeeannees 23
H. 2002 to 2003: Issues with the early development of PSDI-4 inflators...........cccccoviiiiiiiiiiiiiiiiee. 24
June 2016 Page i



Dechert LLP

VI. 2003 t0 2004: Early PSDI Field RUPIUIES ......uviiiiiie ittt e ettt e e et e e e e e e s siaaa e e e e e e s snbbaaeaaeeesennnnnsaees
A. May 2003 to June 2003: An “overpack” rupture in Switzerland .......
B. May 2005: Takata learns of Event 0 and begins an investigation
C. November 2007 to December 2009: Takata re-analyzes Event 0 as part of its PSDI
)Y =ES (o T= a0 PRSPPI 27
VILI. 2007 to 2008: PSDI Field Ruptures and the First Recall............cc.eviiiiiiiiiiiiiiee et 29
A. July to September 2007: Takata learns of and investigates field Events 1t0 3..........cccccceeeeeeeiinnns 29
B. September to October 2007: Takata develops a preliminary causation hypothesis of low
density caused by moisture exposure after propellant production............ccccceeeeeiiiiiiiiee e, 31
C. October 2007 to September 2008: Takata tests the moisture hypothesis ............cccccvvevveeeiiiiinnnn.. 34
D. September to October 2008: Takata recommends a limited recall, while a new field event
challenges the prevailing moisture hypothesis ...........ccccuviiiiiiiiiii e 36
VIII. January 2009 to February 2010: Additional RUPLUIES..........ciiiiiiiiiiieiiee ettt e e e 37
A. January 2009 to June 2009: Takata analyzes surveillance inflators from Recall No. 08V-
593 and manufacturing records from newly ruptured inflators from outside the recall range........... 37
B. May 2009 to June 2009: In investigating Events 5 and 6, Takata’s hypothesis for ruptures
shifts to the propellant lot hypothesis, which focuses on the production of the propellant............... 38
C. June 2009 to July 2009: Takata recommends expanding the PSDI recall based on the
type of propellant press used to create propellant wafers in certain inflators ............cccccccvviiennnen. 39
D. July 2009 to September 2009: Additional PSDI ruptures and NHTSA discussions ............ccccce...... 39
E. August 2009 to October 2009: Takata enlists independent experts to investigate root
Lo 11 ] O TP T PO PP PPPTPTPPP 40
F. August 2009 to December 2009: Takata’s root cause investigation focuses on
compaction force of Propellant PrESSES ........iiiiiiiiiiiie e 40
G. January 2010 to February 2010: The vehicle manufacturer expands the PSDI recall to
cover all Stokes-pressed propellant (L0V-041)........cc.eueiiuiiiiiirieeiieee et 42
IX. November 2009 to May 2010: NHTSA Investigates the First Two PSDI Recalls..........c.cccceevviiiiiniiiceiineenn, 42
A. NHTSA requests additional information from Takata concerning the recalls to date........................ 42
B. NHTSA ClOSES itS INVESHGAION .......uiiiiieiiiiiitie et e e e e e e e e bbn e e e e e e an 43
X. January 2010 to September 2010: Ongoing Investigations Produce Further Findings ..o 43
A. Reviews conducted by outside experts in 2010 do not conflict with Takata’s causation
NYPOThESIS @t the tIME.....oiiii et s 43
B. March 2010 to April 2010: Outside experts confirm chemical stability of the 2004
[S100] o<1 F= 1o | S T PP PTP PP OTPPPR PP
C. April 2010: Outside experts find no problems at Takata’s Monclova facility
D. September 2010: Fraunhofer’s initial analyses are consistent with Takata’s causation
hypothesis that manufacturing problems were the most likely cause of the ruptures ...................... 44
XI. August 2011 to December 2011: PSDI Recalls Expanded to Include All Inflators Manufactured
DUFING the STOKES EF@.....utiiiiiiiiieiiieee etttk e e et bt e e e bbbt e e sa b e e e e e bb e e e e nbn e e e nabeeeesnbeee s 45
A. August 2011 to September 2011: Takata learns of a PSDI rupture outside of prior recall
ranges and develops the “mixed propellant lot” hypothesis...........c.ccccoiiiiiiiiiiiii e, 45
B. September 2011 to October 2011: Follow-up research confirms Takata’s initial conclusion
that the Case 18 PSDI inflator contained some Stokes-pressed propellant ........ccccccoovcvviiieeeeeiinnns 46
C. December 2011: Takata recommends, and the vehicle manufacturer initiates, a recall
covering all inflators with propellant produced while the Stokes press was in use ..............ccuvve... 47
XIl. 2012 to 2013: Following the Early Recalls, Takata Continues Its Investigation into PSDI Ruptures............. 48
A. December 2011 to January 2012: NHTSA requests a joint meeting with a vehicle
manufacturer and Takata following the December 2011 recall...........ccccevvieiiiiiieeiniiee e 48
June 2016 Page ii



Dechert LLP

XIII. October 2011 to April 2013: Ruptures of Passenger Airbag Inflators, Additional Investigation, and
L CTox= 1| 10 o PRSPPI
A. Further investigation of milled BHT, events in Japanese salvage yards, and the initial SPI
passenger iNFlator FECAIL ............eii i
B. October 2011 to June 2012: Takata launches a new investigation after learning of
passenger inflator ruptures in the field............cooii
C. October 2012 to September 2013: The auto-reject hypothesis
D. October 2012 to April 2013: Weekend moisture hypothesis...........cccocovevriiirenne
E. March 2013: Disagreement regarding the auto-reject and weekend hypotheses
F. April 2013: Recalls of passenger iNflators ...........ccccoiieeeiiiiie e
G. May 2013: BakerRisk’s calculations demonstrate that moisture permeation into PSPI and
PSPI-L inflators may be significant under high temperature and high humidity conditions
OVer [0NQ PEFIOAS OF M ... e
XIV. 2013 to Present: “Beta” Events, Investigation, Regional Field Actions, and Further Recalls ...............
A. August 2013 to November 2014: The first “Beta Event” occurs in August 2013 and more
101101 PRSP
B. August 2013 to May 2014: Takata investigates the Beta Events and provides ongoing
UPAALES 10 NHT SA .ttt ettt e e e e e e bbbt e e e e e e s e sbbe e e e e e e e s anbbeeeeaaeeeann
C. Spring 2013 to January 2014: Hermeticity testing by Fraunhofer reveals SPI and PSPI
manufacturing variability and potentially significant levels of moisture intrusion....................
D. Spring 2014 to December 2014: Tests by Fraunhofer demonstrate that temperature
cycling may speed up water migration into inflators and from booster to main 2004
10T o1=1 [ F= 1o | ST PU P UPTPPPRPR
E. Spring 2014 to July 2014: Additional tests by Fraunhofer illustrate that moisture and
temperature cycling (as in the HAH regions) may increase the porosity of the 2004
10T o1=1 [ F= 1o | ST PU P UPTPPPRPR
F. May 2014 to November 2014: NHTSA requests regional field actions and the vehicle
MANUFACTUTETS COMPIY ..ottt ettt e st e e s nneeas
G. November 2014 to December 2014: NHTSA'’s request for a nationwide recall of certain
(o [NV 01 = Lo ) £ PP
H. December 2014 to February 2015: Takata updates NHTSA on inflator testing.....................
l. February 2015: Fraunhofer’s final summary report identifies manufacturing variability,
temperature and humidity, rate of moisture ingress/egress, and the vehicle “built-in”
environment as contributing factors t0 rOOt CAUSE ............vvviiieieiiiiiiiiiiee e
J. May 2015: Takata issues DIRs and enters into Consent Order with NHTSA
K. Fall 2015: Fraunhofer provides update on root cause investigation ...........cccccceeevvivvevieeeeennns
L. September 2015: Takata presents latest findings and proposes maximum internal vehicle
temperature as a potentially critical factor ............cccvvviiiiiiici e
M. November 2015: Takata enters into an additional Consent Order with NHTSA ....................
June 2016

B. March 2012 to April 2012: PSDI rupture with Gladiator 3 propellant cannot be explained

by the Stokes low-compaction hypOothesIS...........ccoiiiiiiiiiii e

C. April 2012 to August 2012: Further investigation into Saudi Arabia event and PSDI testing

confirm “overpack” @NOMAIY ...........coiuiiiiiiiiiiie e

D. August 2010 to March 2013: Independent experts from Penn State analyze PSDI failures

and propose a “dynamic burning” thEOry ...........ccvii i

E. April 2012 to October 2012: Analysis of batwing wafers by MIT and Cambridge University

finds link between press compaction force and propellant pore Size..........cccoccveeriveeeiniieeenns

F. April 2012 to November 2012: Hermeticity testing by Fraunhofer reveals PSDI

manufacturing defects and MOISTUre INTUSION ...........coviviiiiiiie e

Page iii



Dechert LLP

Q.

XV. Remedial Steps Taken by Takata to Enhance Safety Process

January 2016: Takata issues DIRs covering non-desiccated PSDI-5 and SDI Inflators................. 84

Late 2015 to early 2016: Fraunhofer and Takata find that manufacturer validation tests do
not simulate the moisture intrusion seen in the field, and Takata begins work to develop a

new inflator validation SPECIfiICAtION ..........ccuviiiiie i e e 84
March 2016: Takata and Fraunhofer report updated findings to NHTSA and vehicle

0aF= T 101 = ot U= TR 86
May 2016: NHTSA and Takata amend the November 3, 2015 Consent Order and Takata

LIS Vo [o 1 o] g P T B LTSS UURRRN 20

A. Independent Monitor............coccveveennnen.
B. Safety hotline to Independent Monitor
C. Chief Safety Assurance and Accountability OffiCer............uoviiiiiiiiiiiii e
D. EMPIOYEE tEIMINALIONS .. ..viiiiie ittt e e e e e e e e e e e s st e e e e e e e s et b e e e e aeeesaasaaaeeaeeeaan 92
E. DAA VAU ...t 92
F. Internal compliance and regulation POStING SYSIEM .......ccoiiiiiiiiiiiie e 92
G. Establishing an enterprise-wide Product Safety GroUP .........ccuueiiiiiiiiiiiiiieeee e 92
H. Daily QUALILY MEELINGS. ... .eeeeiiiee ittt e et e e e e e sttt e e e e e e e e bbb e e e e e e e s annbnneeeaeaeaan 93
l. Early WAINING SYSLEIM ...ttt e e e e ettt e e e e s e bbbt e e e e e e e s aabbeeeaaeeesannbbneeaaaaeaan 93
J. Global horizontal deploYMENT SYSTEM.......coiiiiiiiiiiee ettt e e e e e e e e e e nneeeeeas 93
K. Third-party audit of inflator validation FEPOIS ..........cciiiiiiiiiiiieei e 93
L. Independent review of non-AN propellant and inflators under development ...........cccccooiiiiieeneenn. 94
M. Independent Takata Quality ASSUIANCE PaNEl..........cccuiiiiiiiiiiiiiie et 94
XVI. (0] o1 [ ] (o] o IO PP P TP UPPPPTPIN 95
June 2016 Page iv



Dechert LLP

l. Introduction

Over the past several years, TK Holdings Inc. (“Takata”), the National Highway Traffic Safety Administration
(“NHTSA”), and several major vehicle manufacturers have taken actions to initiate wide-ranging recalls in the United
States of vehicles equipped with Takata airbag inflators containing phase-stabilized ammonium nitrate (“PSAN”).
These recalls are based on concerns that some of these inflators may rupture during deployment, creating a safety
risk to drivers and passengers (so-called “field ruptures” of inflators). What began as a limited set of focused recalls
and regional field actions affecting a small number of vehicle makes and models has expanded to become the largest
set of automotive recall campaigns in U.S. history.

In order to promote the safety of drivers and passengers nationwide, Takata has worked cooperatively with NHTSA,
world-class technical experts, and vehicle manufacturers to identify the root cause of PSAN inflator ruptures.
Takata’s root cause analysis has involved numerous scientific and technical experts and extensive analysis of
complex chemical and environmental factors. These independent and overlapping analyses have enabled the
company, safety regulators, and major vehicle manufacturers to identify relevant factors over a period of time. Based
on this root cause analysis process, Takata has agreed to work with NHTSA and the vehicle manufacturers to initiate
recalls and the replacement of affected airbag inflators to remedy the safety concerns relating to non-desiccated
PSAN inflators nationwide, even in those vehicles and geographic areas that currently appear to pose a remote
safety risk during the service life expectancy of the inflators. Takata also has funded and developed a vigorous “Get
the Word Out” campaign to maximize recall completion rates and has conducted substantial consumer advertising to
encourage car owners receiving recall notices to bring their cars in to dealers for prompt replacement. The company
is working closely with NHTSA, vehicle manufacturers, and other airbag manufacturers to ramp up the production
capacity for replacement airbag inflators and to develop new designs for non-PSAN airbag inflators.

Takata submits this report pursuant to the Consent Order entered into by Takata and NHTSA in this matter on
November 3, 2015. Paragraph 33.a. of the Consent Order specifies: “Through counsel, Takata shall provide a
detailed written report to NHTSA regarding the history of the rupturing inflator issues giving rise to Recall Nos. 15E-
040, 15E-041, 15E-042, and 15E-043 no later than June 30, 2016.” Takata initiated the enumerated recalls with the
filing on May 18, 2015 of four Defect Information Reports (“DIRs”) pursuant to Part 573 of NHTSA'’s regulations under
the Motor Vehicle Safety Act. The four DIRs covered various types of driver and passenger PSAN inflators
manufactured by Takata and used in vehicles in the United States. These DIRs identified a potential defect that may
arise in some of these inflators as a result of a long-term phenomenon of degradation of the PSAN propellant
associated with the inflators’ exposure over several years to environments of high heat and high absolute humidity, in
addition to the potential for manufacturing variability.

This report details the factual history of the PSAN inflators subject to Recall Nos. 15E-040, 15E-041, 15E-042, and
15E-043 and the analysis and investigation that led Takata, in consultation with independent experts, to identify the
previously unrecognized and unanticipated phenomenon of potential long-term propellant degradation associated
with environmental heat and humidity as the probable root cause of field ruptures observed in these inflators. It
describes Takata’s internal discussions and decision-making regarding the production of these inflators, including
lapses that occurred in the initial testing of certain inflators for vehicle manufacturers. It also explains the extensive
steps Takata has taken and committed to take in order to remedy the specific inflators under recall, to phase out the
production of inflators using PSAN propellant without a desiccant material added (so-called “non-desiccated PSAN
inflators”), eventually to transition to non-PSAN propellant in Takata inflators, and to ensure that potential safety
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issues do not go unheeded in the future. Takata’s goal is to create an unparalleled product safety and stewardship
program to protect its customers and drivers and passengers worldwide.

Takata has already implemented significant remedial oversight and compliance measures. As provided for in the
November 3, 2015 Consent Order, it has agreed to substantial oversight by an Independent Monitor and has
established processes for Takata employees to report concerns anonymously to the Independent Monitor. Takata
has appointed a Chief Safety Assurance and Accountability Officer and created a Product Safety Group with authority
to investigate and preemptively address safety-related issues across Takata’s product lines. It is creating a data vault
that will guarantee preservation and transparency of information for at least 30 years. It has implemented improved
internal processes for reporting compliance concerns, educating employees about compliance policies, and
identifying and escalating manufacturing and quality problems. It has commissioned an independent audit of inflator
validation reports. It also established an independent Quality Assurance Panel (“QAP”) with a broad mandate to
review Takata’s practices and policies for the safe production of airbag inflators. The QAP made 15
recommendations to improve Takata’s safety processes, described in more detail below. Takata has taken
affirmative steps to initiate action on all of these recommendations.

This report plays an important role in the company’s assessments relating to airbag inflators by identifying the events
that led to the production of PSAN inflators that may pose a safety risk to drivers and passengers. Substantial work
remains to be done to implement and complete the unprecedented recalls of vehicles equipped with these inflators—
recalls that will ultimately result in the replacement of all Takata non-desiccated PSAN driver and passenger inflators
nationwide. This report illustrates how Takata will continue to commit itself to that work and to ensuring that safety
issues of this type never recur in Takata products.

Il. Executive Summary

A. Takata begins manufacturing inflators

In the late 1980s, Takata Corporation (“TKC”), which was founded in Japan in 1933, established Takata (i.e., TK
Holdings Inc.) in North Carolina. Takata is a separate corporation and a subsidiary of TKC and, since its founding,
has operated the company’s business in North America. Takata was primarily responsible for the development,
testing, and production of the inflators at issue in Recall Nos. 15E-040, 15E-041, 15E-042, and 15E-043.

Takata’s inflator manufacturing began with two joint ventures established in the late 1980s. The first was entered into
with Bayern-Chemie, a German company, and was responsible for manufacturing driver inflators in LaGrange,
Georgia. The second was with an entity called Rocket Research in Moses Lake, Washington, and it was responsible
for designing and manufacturing passenger inflators. In subsequent years, the two joint ventures became wholly
owned and operated by Takata.

In the 1990s and 2000s, Automotive Systems Laboratory, Inc. (“ASL”), Takata’s research and development center in
Michigan, was primarily responsible for creating inflator designs and testing to ensure the sustainability of those
designs. Through Inflator Systems Inc. (“ISI”), Takata was primarily responsible for mass production manufacturing
of inflators and testing to ensure their safety for use in the field. Both ASL and ISI are wholly owned by Takata.
Since its inception, Takata has also conducted lot acceptance testing (“LAT”) on its products, which is testing on
every lot of production line inflators and airbag modules, to verify that the products were manufactured in accordance
with vehicle manufacturer specifications. Throughout this period, TKC personnel have supported the design,
manufacturing, and testing of PSAN inflators and have served as the primary customer contact for Japanese vehicle
manufacturers.
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B. Takata develops a phase-stabilized ammonium nitrate-based (“PSAN”) propellant

In the late 1990s and early 2000s, as part of its efforts to provide customers with the most effective and highest
quality airbags possible, Takata began development of airbags containing inflators that used a phase-stabilized
ammonium nitrate-based (“PSAN”) propellant. The use of PSAN in the propellant was new to Takata at the time, and
Takata viewed its use as beneficial for a variety of reasons, including its ability to meet the performance preferences
of customers without certain negative side effects associated with other propellants. Specifically, Takata’s PSAN
propellant was less toxic, safer to manufacture, and more gas efficient, thus allowing for smaller, lighter inflators that
were more easily integrated into smaller, more fuel-efficient vehicles and vehicle interior designs while providing
increased manufacturing and occupant safety.

In developing the PSAN propellant, the first formulation of which was referred to as “2004” propellant, Takata relied
on an internal development testing regimen that exceeded industry standards for long-term heat aging and thermal
cycling. Takata did so to investigate the physical and chemical stability of 2004 propellant and to project reliable field
performance. Takata later developed a second version of the propellant called “2004L,” which was combined with a
desiccant material in the inflator and was designed to have lower emissions and to allow for the manufacture of even
lighter and smaller inflators to meet market demands.

As a result of the advantages offered by Takata’s PSAN technology, vehicle manufacturers around the world have
purchased hundreds of millions of PSAN-containing airbag inflators from Takata and its affiliates since 2000.

C. Development and initial production of the original PSAN inflators

In 1999 and 2000, Takata first developed driver and passenger inflators with PSAN propellant and began production
of three types of PSAN inflators in June 2000. These inflators were called the Programmable Smokeless Driver
Inflator (“PSDI”), the Programmable Smokeless Passenger Inflator (“PSPI”), and the Smokeless Passenger Inflator
(“SPI"). The final design of the PSDI inflator used a “batwing”-shaped PSAN propellant wafer.

Equipment manufacturers like Takata conduct validation tests of products, including airbag inflators, to ensure that
the products meet the requirements specified by their customers, vehicle manufacturers. The design verification
(“DV”) tests are intended to establish that the inflator as designed meets the vehicle manufacturer’s particular
performance and durability specifications. The process validation (“PV”) tests are intended to establish that the
production process set up by the equipment manufacturer will enable the mass production of products that meet each
vehicle manufacturer’s particular performance and durability requirements. In short, the DV validates a prototype of
the product as designed, and the PV validates the product as mass-produced on the production line.

Takata encountered difficulties during the production validation testing of the original PSDI, PSPI, and SPI inflators in
2000. As discussed more fully below, these difficulties included failures to meet certain PV specifications prescribed
by the vehicle manufacturer, and in a few instances, these failures involved ruptures of inflators. The final versions of
PV test reports that were provided to the customers omitted these test failures or included substituted or altered test
results, as Takata commenced production of these inflators in the summer of 2000.

In the summer and fall of 2000, engineers at Takata made changes in the raw material processing of the propellant
for the PSDI, PSPI, and SPI inflators. Takata completed these raw material processing changes in October 2000,
and subsequent testing initiated in November 2000 and completed in the spring of 2001 indicated that the issues
associated with the prior PV testing ruptures of these inflators had been resolved.
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In connection with the later investigation beginning in 2014 of inflator ruptures occurring in the field, expert analysis
indicated that the raw material processing issues associated with the PV testing failures in 2000 were not the root
cause of the field ruptures of PSDI, PSPI, and SPI inflators produced prior to the processing changes. The analysis
further found that the vehicle manufacturers’ specifications for DV and PV testing of inflators do not predict the effects
on the non-desiccated PSAN propellant of the long-term environmental exposure to high heat and high humidity
associated with the observed field ruptures of these inflators.

D. Early PSDI field ruptures

In 2003, Takata learned that a driver inflator ruptured during a deployment in a vehicle in Switzerland. Takata
investigated the issue and determined that the rupture was an anomaly and was likely due to the over-loading of
batwing propellant wafers in the inflator. In 2005, Takata learned of a second PSDI rupture that had occurred in May
2004. The inflator could not be recovered, and Takata received only a few pictures of the ruptured inflator, which
limited Takata’s ability to determine the root cause of the incident. After reviewing the limited information available,
Takata tentatively concluded that the incident was also an anomaly.

E. First PSDI recalls

In 2007, Takata learned of three PSDI ruptures in vehicles in the field. Takata and the vehicle manufacturer
immediately began an investigation of the ruptures, which included testing and analysis of the relevant production lots
for the ruptured inflators, as well as inflators recovered from junkyards and from vehicles returned from the field (so-
called “field-returned inflators”). The inflators involved in these ruptures were manufactured between October 31 and
November 15, 2000. In 2008, a fourth rupture occurred in the field. The inflator involved in this rupture was
manufactured on December 1, 2000. Takata recommended that the vehicle manufacturer initiate a recall of vehicles
containing inflators that came from the same production lots as the field event inflators, as well as vehicles containing
“surveillance” inflators from approximately 207 lots adjacent to the event lots, which were to be tested and analyzed.
The vehicle manufacturer then issued Recall No. 08V-593.

By the late spring of 2009, Takata’s testing and analysis of the surveillance inflators from Recall No. 08V-593 started
to indicate that some propellant wafers were of low density, which could lead to ruptures. These wafers were
manufactured on a press referred to as the “Stokes” press. In addition, Takata observed an apparent pattern of
propellant physical property differences associated with the practice of “recycling” propellant from other lots, during
which propellant that was deemed non-compliant for dimensional (not chemical) reasons would be re-dissolved and
made into a new propellant batch.

By early June 2009, Takata learned of two additional field ruptures of PSDI inflators. Based on its analysis, Takata
recommended an expansion of the recall scope to cover all vehicles equipped with inflators containing (i) Stokes-
pressed propellant manufactured between June 2000 and the end of February 2001, when data indicated the Stokes-
pressed propellant would equal the density of the sufficiently dense propellant pressed on what was referred to as the
“Gladiator” press, (ii) propellant pressed on the “Gladiator 2” press, which was associated with the production lot
involved in a field rupture, (iii) propellant processed with recycled material, and (iv) propellant from approximately
1,000 additional lots of propellant produced through October 2011, for surveillance purposes. The vehicle
manufacturer agreed and issued Recall No. 09V-259.

Through analysis conducted subsequent to Recall No. 09V-259, Takata and the vehicle manufacturer hypothesized
that the propellant’s insufficient density was caused by low compaction force on the Stokes press. Together, the
vehicle manufacturer and Takata concluded that the vehicle manufacturer should recall all vehicles equipped with
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inflators containing propellant manufactured on the Stokes press, which was in operation from June 2000 through
October 2001, and the vehicle manufacturer accordingly issued Recall No. 10V-041. The vehicle manufacturer
expanded the recall further in 2011 after Takata’s records showed it was possible that some Stokes-pressed
propellant could have been identified as having been pressed on the Gladiator press. The ensuing Recall No. 11V-
260 applied to inflators containing propellant pressed on any press while the Stokes press was in operation.

In late 2009, NHTSA requested information from Takata in connection with an investigation of the first two PSDI
recalls, RQ09-004. Takata provided responses to NHTSA in late 2009 and early 2010, and NHTSA closed its
investigation in 2010.

F. Takata investigates root cause

In 2009 and 2010, Takata conducted an investigation to attempt to determine the root cause of the field events that
gave rise to the PSDI recalls, the chemistry and effects of aging on PSAN propellant, and the robustness of Takata’s
manufacturing process. The results of this review were consistent with the causation hypotheses that supported
Takata’s recall recommendations.

At the direction of one of its vehicle manufacturer customers, Takata also engaged experts from Penn State
University and the University of California-Berkeley to analyze its PSDI failures. Between 2010 and 2013, these
experts investigated the issue. While Takata did not disagree with the work of the Berkeley experts, which focused
on analysis of the inflator body, or with much of the work of the Penn State expert, Takata did ultimately disagree in
part with the Penn State expert’s analysis relating to a “dynamic burning” theory, which Takata believed was flawed
as applied to the Takata PSAN propellant, failed to take into account certain information, and used suspect testing
procedures. The dynamic burning theory was subsequently discounted by Takata based on expert analysis by both
Takata engineers and additional outside expert analysis.

G. Initial passenger inflator ruptures and recalls

In 2010, two vehicle manufacturers recalled certain non-U.S. vehicles containing SPI inflators after four SPI inflators
ruptured during disposal in junkyards in Japan. Takata believed that the SPI events resulted from either missing
propellant wafers or missing springs combined with normal vehicle aging.

In late 2011, Takata learned of two field ruptures involving an SPI inflator and a PSPI inflator. The SPI inflator
ruptured in a vehicle in Japan, was manufactured in July 2001, and contained propellant pressed in June 2001. The
PSPI inflator ruptured in a vehicle in Puerto Rico, was manufactured in June 2001, and contained propellant pressed
in March 2001. Takata began a review of the passenger inflator ruptures, and between 2012 and 2013 posited two
hypotheses it believed at the time might explain these field events. The first was the so-called “auto-reject”
hypothesis, according to which a propellant press could have produced propellant that had insufficient density
because an auto-reject mechanism on the press that should have automatically rejected such propellant could be
manually turned off. The second was the “weekend moisture” hypothesis, which said that propellant could have been
exposed to excessive moisture over weekends and holidays when it was left on the assembly line by machine
operators instead of being put in climate-controlled areas. In April 2013, Takata filed DIR No. 13E-017 covering
certain passenger inflators based on these two hypotheses. Six vehicle manufacturers issued recalls based on
Takata’s DIR. Ruptures of inflators covered by the driver inflator recalls between 2008 and 2011 and the passenger
inflator recalls in 2013 came to be known as “Alpha” events.

June 2016 Page 5



Dechert LLP

H. “Beta” rupture events, investigation, and regional field actions

In August 2013, another PSDI driver inflator ruptured in the field. This inflator, which ruptured in a vehicle in Florida,
fell outside the range of previously recalled PSDI inflators. The scope of the previous PSDI recalls between 2008 and
2011 had captured all prior field ruptures to that point. This rupture, which fell outside the scope of the earlier recalls
and was not explained by the then-existing root cause hypotheses, came to be referred to as the first “Beta” event.
Additional Beta events involving ruptures of both driver and passenger inflators occurred in 2013 and 2014.

Beginning in late 2013, Takata conducted an investigation into the cause of the Beta events. Takata again engaged
outside experts to assist it in its investigation. By May 2014, Takata’s analysis led it to hypothesize that the ruptures
were caused by long-term exposure to high absolute humidity environments. The Beta events were occurring in U.S.
locations with the highest levels of absolute humidity. Testing indicated that moisture intrusion was possible in these
conditions over long periods of exposure. In June 2014, Takata advised NHTSA that it would support regional field
actions to replace and retrieve inflators in vehicles sold or registered in Florida and Puerto Rico, where the Beta
events had occurred, as well as two other locations with similar climate conditions. Takata’'s analysis, however, was
yet incomplete and its investigation continued in consultation with NHTSA, vehicle manufacturers, and independent
experts.

Approximately nine vehicle manufacturers conducted the regional field actions beginning in June 2014. In the fall of
2014, several vehicle manufacturers issued recalls covering certain passenger inflators in the Gulf states and
elsewhere. In response to those recalls, Takata submitted DIR No. 14E-073 in November 2014.

In November 2014, while Takata’s analysis continued, NHTSA requested that the company issue a DIR in support of
a nationwide recall of certain driver airbags. Takata responded in early December emphasizing its commitment to the
safety of the driving public, but declining to issue a nationwide DIR because Takata believed that such action was
unsupported by the data available at the time. Takata nevertheless continued to work with, and provide information
to, NHTSA and vehicle manufacturers as part of the investigation of the Beta events.

In February 2015, NHTSA informed Takata that it had concluded that Takata had failed to respond fully to two
Special Orders issued by NHTSA and advised Takata that it would impose a civil penalty of $7,000 per day for each
Special Order until Takata fully responded. Takata responded through counsel that it did not believe NHTSA’s
conclusion was justified in light of the substantial cooperation Takata had given and the tremendous resources it had
expended in doing so. Ultimately, the parties settled the issue such that no penalties related to this issue would be
levied beyond May 2015.

l. NHTSA Consent Orders and further recalls

While Takata’s investigation continued and additional ruptures occurred in the field, Takata filed the four DIRs for
Recall Nos. 15E-040, 15E-041, 15E-042, and 15E-043 on May 18, 2015 in connection with an agreement reached
with NHTSA. These DIRs covered all PSDI, PSDI-4, and PSDI-4K inflators (the non-desiccated PSAN driver inflators
using batwing propellant wafers) from start of production to end of production, and certain SPI, PSPI, and PSPI-L
non-desiccated PSAN passenger inflators installed in certain specified makes, models, and model years of vehicles.
The DIRs contemplated national recalls of these inflators. On the same day, Takata entered into a Consent Order
with NHTSA. Under that order, Takata, among other things, agreed to continue to cooperate with NHTSA in its
investigation and to provide proposals for implementing recalls and for testing the service life and safety of
replacement inflators.
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On November 3, 2015, Takata entered into an additional Consent Order with NHTSA. Under that order, Takata
agreed to pay a civil penalty of $70 million by October 2020, an amount that could increase to $200 million if Takata
failed to comply with certain provisions in the Consent Order. In addition, Takata agreed not to enter into new
contracts for the supply of PSAN inflators for use in the U.S., to phase out the manufacture and sale of non-
desiccated PSAN inflators, to conduct testing to determine the service life and safety of both desiccated and non-
desiccated PSAN inflators, and to the appointment of an Independent Monitor to ensure Takata’s compliance with the
May and November 2015 Consent Orders. Also on November 3, 2015, Takata agreed to cooperate with NHTSA'’s
“Coordinated Remedy Program,” established by a Coordinated Remedy Order issued by NHTSA, pursuant to which
vehicles would receive replacement inflators according to a schedule of prioritization to be determined under
NHTSA'’s authority.

On December 23, 2015, NHTSA announced that it had selected John D. Buretta of Cravath, Swaine & Moore LLP to
serve as the Independent Monitor. Since appointment of the Independent Monitor, Takata has worked with the
Monitor and his team to facilitate his oversight of the Coordinated Remedy Program and Takata’s compliance with the
Consent Orders. Prior to January 1, 2016, Takata also announced the appointment of a Chief Safety Assurance and
Accountability Officer (“CSQ”), who works directly with the Independent Monitor and his staff. Further, in accordance
with Paragraphs 33.b and 52 of the November 3, 2015 Consent Order, Takata gave notice to NHTSA on

December 31, 2015 that Takata and TKC had terminated the employment of several individuals in relation to the
subject matter of the Consent Order.

On January 25, 2016, based on discussions with NHTSA and analysis of further test results and field events, Takata
filed two additional DIRs with NHTSA that contemplated national recalls and applied to two types of non-desiccated
driver inflators not covered by the May 18, 2015 DIRs. On May 4, 2016, Takata agreed with NHTSA to an
amendment of the November 3, 2015 Consent Order (the “Amendment”). In the Amendment, NHTSA stated that, in
consultation with its expert Harold R. Blomquist, Ph.D., the agency concluded that the likely root cause of ruptures in
non-desiccated frontal Takata PSAN inflators is a function of time, temperature cycling, and environmental exposure.
NHTSA further concluded that, at some point in the future, all non-desiccated frontal Takata PSAN inflators would
likely develop the potential for an unreasonable safety risk. Accordingly, NHTSA ordered Takata to submit DIRs
covering all remaining non-desiccated frontal airbag inflators by three geographic zones on a schedule extending
from May 16, 2016 to December 31, 2019. Takata subsequently filed three DIRs on May 16, 2016 in accordance
with the terms of the Amendment.

J. Remedial steps taken by Takata

As a result of the investigations into Takata’s PSAN inflators and Takata’s consultations with NHTSA, vehicle
manufacturers, and independent experts, Takata has taken numerous significant steps to improve production quality
and to prevent future safety lapses and product failures. In addition to working with the Independent Monitor to
ensure the company’s compliance with all NHTSA directives, Takata has also enabled employees to report issues
directly to the Independent Monitor through a hotline or through an anonymous reporting mechanism. It has
established the CSO and is staffing the newly created Safety Accountability and Assurance Office, which reports to
the CSO. A new data vault is being implemented to ensure the retention and integrity of data for 30 years, and the
Product Safety Group has been established to work on potential safety-related issues for all products.

Takata has also put in place a daily meeting system and new escalation procedures such that manufacturing
concerns are reported within 24 hours to the pertinent Quality Assurance personnel. Those concerns are reviewed
and may then be routed to the new Early Warning System, which natifies all potentially affected manufacturing plants
about the potential for similar manufacturing concerns, and/or to a Special Task Force board comprising Quality
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Assurance, Sales, Engineering, and Manufacturing representatives that reviews the matter in detail. Takata also now
requires that a Global Horizontal Deployment Form be filled out whenever a quality incident occurs at a
manufacturing facility, and that it be distributed to managers throughout the company. Takata and a vehicle
manufacturer have jointly commissioned audits of Takata’s inflator validation testing reports to identify any test results
that could indicate a safety problem. And in December 2014, Takata established an independent Quality Assurance
Panel (“QAP”) composed of experts in the industry. The QAP issued a report in February 2016 recommending
various processes for Takata to implement to improve the safety of its manufacturing processes and products.
Takata has undertaken to implement all of the QAP’s recommendations.

M. Takata’s Introduction of Phase-Stabilized Ammonium Nitrate (“PSAN”) Propellants

A. The drawbacks of sodium azide propellants

Until the late 1990s, sodium azide was the principal oxidizer used in airbag inflator propellants. Although sodium
azide inflators produced a non-toxic gas (nitrogen) during combustion, there were significant problems with the use of
sodium azide in inflators. First, sodium azide has a low gas efficiency of only 40 percent, and it takes approximately
80 grams of the compound to fill a standard driver-side airbag.! Second, sodium azide is highly toxic in its propellant
state. According to the Centers for Disease Control and Prevention, sodium azide is a potentially deadly chemical
that when mixed with water or acid changes rapidly into a toxic gas.? Mild exposure to sodium azide can result in
headache, nausea, vomiting, rapid breathing, and skin burns, and more prolonged exposure can lead to convulsions,
loss of consciousness, respiratory failure, and death. Third, the combustion of sodium azide produces a large
amount of unwanted solid products, including a large percentage of sodium oxide, which is a highly caustic and
corrosive material capable of damaging lung tissue if inhaled in any significant quantity.® Fourth, sodium azide is
highly combustible when exposed to high temperatures, and as such, the use of sodium azide in the inflator
manufacturing process frequently proved dangerous.

B. Takata’s use of “3110” propellant

Takata was a pioneer in the industry’s movement away from sodium-azide propellants. In 1994, all of Takata’s
propellants used sodium azide. In 1998, less than 10 percent of Takata’s inflator products used sodium azide
propellants, and by 2002, Takata had entirely phased out sodium azide-based propellants in its products. The
company’s move away from sodium azide began with the “3110” propellant, which Takata started producing in 1994.

In the mid-1990s, the 3110 propellant—initially branded by Takata as “Envirosure” or “Envirosure I"—marked a clear
advancement in the propellant industry. With strontium nitrate as its oxidizer and tetrazole as its fuel, 3110 presented
fewer toxicity and manufacturing-related handling and exposure problems and offered better gas efficiency than
sodium azide. The 3110 propellant is also capable of easily propagating a flame at ambient pressures. These are
some of the reasons why Takata uses 3110 as both a booster in some of its PSAN inflators and as a main propellant
in some non-PSAN inflators.

1 Gas efficiency measures the proportion of the propellant that is converted from solid to gas during combustion.
Inflator designs attempt to filter the leftover solid waste and other by-products (“effluents”).

2 Facts about sodium azide, CENTERS FOR DISEASE CONTROL AND PREVENTION, http://www.bt.cdc.gov/agent/
sodiumazide/basics/facts.asp (last visited Jan 15, 2015).

3 U.S. Patent No. 6,589,375 at 2.
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Along with these advances, the 3110 propellant also has drawbacks. It is highly combustible, and if not handled
carefully can cause fires and accidents in manufacturing facilities. And the combustion of 3110 produces potentially
dangerous gases, including carbon monoxide, nitric oxide, and nitrogen dioxide. While more gas efficient than
sodium azide, 3110 is not as gas efficient as other propellants, including those using guanidine nitrate.

C. The advantages and characteristics of the PSAN-based “2004” propellant developed by Takata

At the end of the 1990s, Takata began development of a new “smokeless” airbag that would use an even more gas
efficient propellant that would produce less particulate matter and less toxic emissions. The result of this work was
the “2004” phase-stabilized ammonium nitrate-based (“PSAN”) propellant, which first went into production inflators in
June 2000 and quickly displaced 3110 as the primary propellant in Takata's inflator products.

The 2004 propellant represented a substantial improvement over Takata’s previous propellants in a variety of
respects. The compound’s gas efficiency is 92 percent—a 130-percent increase over Takata’s sodium azide-based
propellants. Because of 2004’s higher gas efficiency, Takata could make smaller, lighter inflators that used less
propellant. In addition, the 2004 propellant’s primary ingredient is ammonium nitrate, which is considerably less toxic
than the previous industry standard, sodium azide. Indeed, ammonium nitrate is used widely as a fertilizer, and
Takata identified the chemical as environmentally benign. Finally, the 2004 propellant emitted fewer gaseous
effluents, such as carbon monoxide, nitric oxide, and nitrogen dioxide.

The 2004 propellant consists of ammonium nitrate; potassium nitrate (“KNO3"); strontium nitrate (“SN”); 5, 5bi-1 H-
tetrazole di-ammonium salt (“BHT”); and sodium bentonite (“clay”). The oxidizer is PSAN, and BHT serves as the

primary fuel.
Raw Chemical Inspection Test ll}aw Chemical Inspection Test
Mass Spectrometer + Mass Spectrometer
Concentration +  Assay
Apnnomum (S_“l}llllf;’lrriiiefimte- Potassium Nitrate zlll]llt: ;Z:ezlliﬁre‘
Nitrate (AN) (KN) -
Assay * Moisture
Water Insoluble +  Water Insoluble
pH * pH
Mass Spectrometer + Mass Spectrometer
Particle Size +  Assay
s N Chlorides +  Moisture
(;T;r’)ﬂt”-ml e +  Assay BHT + Water Insoluble
Water Insoluble + Particle Size
pH
Moisture
Moisture
Particle Size
Clay

Production of the 2004 propellant occurs at Takata’s facility in Moses Lake, Washington, and generally involves a
number of steps. Takata receives raw materials from suppliers and subjects them to quality assurance tests, typically
including the types of tests illustrated in the table below. To the extent Takata determines that the materials do not
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conform to specifications, they are returned to the supplier. Among other things, Takata tests the KNO3z, SN, BHT,
and clay to ensure they do not contain excess moisture. Takata also tests all the raw chemicals, except for clay, to
determine water insoluble levels.

Then the AN, KNOs, and SN are combined and heated together to form a liquid “pre-batch.” The pre-batch is further
tested to ensure that it conforms to requisite control points. Pre-batch mixtures that meet all requisite control points
are transferred to mixers.

Next, the BHT and clay are combined to form a solid “kit.” The kit mixture is also subjected to additional testing to
ensure that it meets all requisite control points. A kit mixture that fails to meet any of the requisite control points is
rejected.

The pre-batch and kit are then mixed and dried in a controlled environment for a specific amount of time to form a
powder called the “raw mix.” Any raw mix not mixed in accordance with the requisite controls is rejected. Takata
also subjects samples of the raw mix to chemical analysis and Differential Scanning Calorimetry to ensure that AN
phase stabilization (discussed infra) is achieved. Raw mix that meets all of the requisite control points is left to cool in
a storage magazine for at least eight hours and then run through an in-line comil (i.e., a conical mill) to reduce its
particle size.

The raw mix powder is then pressed into tablets or wafers. Takata has manufactured the 2004 propellant into
batwing-stamped wafers, 10.8-gram wafers, 8.1-gram wafers, 5-gram wafers, 3/16-inch-by-0.060-inch tablets, 3/16-
inch-by-0.090-inch tablets, 1/4-inch-by-0.125-inch tablets, and 5/16-inch-by-0.105-inch tablets.

Tablets - 3110/ 2004 / 2004L / AIB / 9339 Wafers — 2004 / 2004L

Batwings - 2004
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After pressing, the wafers and tablets are subjected to a number of final inspections before packaging.* These tests
include density and moisture checks. The density specification for the 2004 propellant is 1.68 g/cc to 1.72 g/cc.
Takata uses a Karl Fischer Titration to check the post-pressing moisture of the 2004 propellants, which must be no
greater than 0.12 percent of the total weight (expressed as “wt. percent”).

Takata has used three types of presses to manufacture the final 2004 propellant. Until October 2001, Takata used
the Stokes 340 press, a vintage press from the 1960s with manual controls. Because the press had all manual
controls, engineers frequently had to check compression and density measurements. Takata took the Stokes press
out of production in October 2001. Takata has also used the 40T Gladiator (designated as Gladiator 1, 2, or 3),
which is capable of producing a pre-compression force of 10 tons, a maximum final compression of 40 tons, and a
maximum output of 300 wafers per minute. The pre-compression force is applied to the propellant to shape the wafer
or tablet, and to remove the air from the granules. The final compression force presses the final propellant.

Unlike the Stokes 340, the Gladiator press operation is fully automated and requires fewer manual control—factors
that improved efficiency and quality. One function in the automated process was an “auto reject” function, which
monitored the amount of force applied to the wafers. If the machine applied an inadequate amount of force, the press
automatically rejected the wafer. However, between September 2001, when Takata first introduced the feature, and
September 2002, the auto-reject function could be manually turned off by an engineer at the Moses Lake facility.
Finally, Takata also uses the Stokes 747 to press tablets. It is capable of a maximum pre-compression force of 1 ton,
a final compression force of 10 tons, and a maximum output of 6,000 tablets per minute.

Press Dates in use 2004 propellants manufactured
Stokes 340 . e .
April 2000 to October 2001 Batwings; 10.8g wafers; 5g wafers
. Batwings; 10.8g wafers; 8.1g wafers;
Gladiator 1 May 2000 to present 59 wafers
Gladiator 2 September 2000 to present Batwings; 10.8g wafers; 5g wafers
Gladiator 3 September 2001 to present Batwings; 10.89 a;}tgg 8.1g waters; 5g

3/16-inch-by-0.060-inch tablets; 3/16-

inch-by-0.090-inch tablets; 1/4-inch-by-

0.125-inch tablets; 5/16-inch-by-0.105-
inch tablets

17 presses started between May
Stokes 747 2000 and October 2013 are all
presently in use

D. Takata achieved consistent phase stabilization of its 2004 PSAN propellant

Solid ammonium nitrate in its pure form exhibits five crystalline phases. The stages are referred to as AN | through V.
Broadly speaking, the lower the temperature, the higher the AN phase. AN phase V exists at temperatures below -
18°C; AN phase IV between -18° and 32°C; AN phase Il between 32° and 84°C; AN phase Il between 84° and
125°C; and AN phase | at temperatures over 125°C.

When the phase of AN changes, so too does its volume, density, and shape.®> Takata recognized that with frequent
volume changes, pressed propellant made of a non-phase-stabilized AN could develop micro-cracks, which upon
ignition could lead to fractures, increased surface area, and increased burn rates. The phase changes of AN depend

4 When Takata began producing the 2004 propellant, it packaged it with desiccant and humidity cards in velostat
bags. By 2010, the company packaged the final propellant in mylar bags with desiccant and humidity cards.

5 Carl Boyars et. al, Minol 1V, a new explosive composition containing ammonium nitrate potassium nitrate solid
solution: part I, NAVAL ORDINANCE LABORATORY, NOTLR 73-49, 4 (1973).
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on a variety of assumptions, including ambient pressure and moisture content. For example, the AN IV > AN llI
transition temperature, normally around 32°C, occurs at higher temperatures when the AN’s water content
decreases.®

Importantly, additives can stabilize the ammonium nitrate molecule so that the phase changes do not occur under
normal conditions.” Phase-stabilized ammonium nitrate (‘PSAN”) is the combination of ammonium nitrate and some
additive that extends one of the five AN crystalline stages. PSAN will exhibit transition, but depending on the
additive, the transition will not occur under ambient conditions. Because an effective airbag requires precise burning
of the propellant, Takata engineers sought to stabilize the ammonium nitrate before using it as an oxidizer.

Takata uses potassium nitrate (‘KNO3”) to stabilize the ammonium nitrate in its 2004 propellants. Potassium nitrate
extends the stability of AN lll—that is, potassium nitrate allows AN Il to resist the transition into AN IV at
temperatures higher than 84°C and the transition into AN Il at temperatures lower than 32°C.

Takata selected potassium nitrate as a stabilizer for a number of reasons. First, Takata saw potassium nitrate as a
well-known method of stabilizing AN, and, in particular, a method used by the military to stabilize AN. Second,
Takata identified potassium nitrate as a cost-effective and easily manufactured means to achieve phase stabilization.
Third, potassium nitrate did not negatively impact ammonium nitrate’s performance as an oxidizer in the propellant.

The engineers responsible for Takata’s propellant development understood the design challenges that AN presented:
(1) the need to use an additive to achieve consistent phase stabilization, (2) the need to pair the AN oxidizer with a
fuel that would not negatively affect the thermal stability (i.e., the phase stabilization) of the AN, and (3) the fact that
exposure to moisture could affect the combustion characteristics of an AN-based compound. As is typical during the
development process, there was internal discussion among engineers at Takata about the potential benefits and
drawbacks of using an AN-based propellant. The propellant design engineers concluded that the science of phase
stabilization was well established and that any concerns could be addressed to achieve safe, consistent performance
of a PSAN propellant.

As discussed in more detail below, the analysis of independent experts from the Fraunhofer Institute for Chemical
Technology later confirmed that Takata’s 2004 PSAN propellant maintained its phase stabilization over time. These
experts concluded that the field ruptures of the relevant non-desiccated PSAN inflators were not caused by a failure
of the 2004 propellant to maintain its designed phase stabilization.

V. Takata’s Development and Initial Production of PSAN-Based Propellants

Takata generally subjects its propellants to design verification (“DV”) and process validation (“PV”) testing.

6 See Hong Bo Wu and Chak K. Chan, Effects of potassium nitrate on the solid phase transitions of ammonium
nitrate particles, ATMOSPHERIC ENVIRONMENT 42 (2008).

7 See e.g., A. Deimling, et. al, Phase transitions of ammonium nitrate doped with alkali nitrates studied with fast X-ray
diffraction, J. of Thermal Anal. 38 (1992) (studying alkali ions, including potassium nitrate, as phase-stabilizers for
ammonium nitrate).
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A. Takata exceeded industry development standards to ensure that the 2004 propellant was physically
and chemically stable

Takata began development and initial validation of the 2004 propellant in January 1998, and completed the DV
testing by June 1, 1998. Takata conducted heat aging at 107°C for up to 816 hours, more than twice the 400 hours
generally prescribed by vehicle manufacturer specifications.® Takata conducted thermal cycling testing of the 2004
propellant between -40°C and 105°C for up to 305 cycles, well above the usual requirement of 200 cycles. The 2004
propellant exhibited no significant changes in physical or chemical properties and no significant changes in
combustion performance. Takata concluded that the propellant is very robust and that the testing provided very
strong evidence that it can be used in any inflator configuration with success.

B. Before manufacturing PSDI inflators, Takata continued testing the 2004 propellant and set a
moisture specification of 0.20 wt. percent to ensure the propellant would perform properly in various
environmental conditions

Based on its research, in May 2000, Takata set the 2004 propellant moisture limit at 0.20 wt. percent. To remain
under the maximum 0.20 wt. percent moisture limit, the report recommended that no more than 0.10 percent moisture
be gained during handling of the propellant. In order to determine how quickly the propellant gained moisture, Takata
tested the amount of moisture gained over time at varying levels of relative humidity. The result was the following
recommended maximum exposure times during handling:

Relative Humidity (RH) Recommended Maximum Exposure Time

<30 percent 24 hours
30-40 percent 3 hours
40-50 percent 2 hours
50-60 percent 1 hour

>60 percent 15 minutes

Subsequent testing completed in August 2003 determined that if the moisture content of the propellant is low enough
after processing, a gain in moisture of about 0.05 wt. percent is acceptable during handling and storage. Using this
more stringent threshold for allowable moisture gain (0.05 wt. percent rather than 0.10 wt. percent), the report found
the following limits on exposure times during handling and storage:

Figure 1: Allowable Exposure Times for 2004 Propellant

Exposure Time for >0.05% Moisture Gain
|Relative Humidity Batwings Thins Tablets
<20% >24 hours >24 hours >24 hours
30% 4-6 hours >24 hours >24 hours
40% 3-4 hours >24 hours >24 hours
50% <0-0.4 hour 4-6 hours 2-3 hours
60% Immediate Immediate Immediate

8 Vehicle manufacturer specifications are at the inflator level. Accordingly, Takata tests its propellants to standards
that replicate (and exceed) the vehicle manufacturer specifications for inflators.
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Later, in 2007, Takata changed the maximum moisture level for the 2004 batwings from 0.20 wt. percent to 0.12 wt.
percent. And in 2014, Takata again changed the maximum moisture level for the 2004 propellant from 0.12 wt.
percent to 0.07 wt. percent due to a request from a vehicle manufacturer. Since the start of production, Takata added
desiccant pouches to all shipments of 2004 propellants, as well as the pre-pressed granules.

C. 2004L propellant testing: Takata encountered issues during moisture testing, leading to changes in
the 2004L moisture specification and the addition of desiccant

Takata developed a reformulated PSAN propellant known as “2004L” for use in Takata’s later-generation X-series
inflators, and the company conducted DV testing of the 2004L propellant in December 2005. Takata evaluated the
2004L propellant against the USCAR-24 specifications for airbag inflator validation (specifications prescribed by
multiple U.S. vehicle manufacturers beginning in June 2004), as well as against the inflator specifications prescribed
by a certain Japanese vehicle manufacturer that were widely considered the industry’s most stringent. Takata
conducted the tests in both SDI (single-stage driver) and SPI (single-stage passenger) inflators. The testing included
high temperature testing, accelerated heat aging, vibration resistance, thermal-shock testing, low and high-G testing,
and sequential-environmental testing. These tests did not include high humidity combined with thermal-cycling.

In June 2007, Takata tested the effects of exposing the 2004L propellant to high levels of relative humidity (“RH”)
followed by drying the propellant. Takata found the 2004L formulation was able to withstand exposure to 60 percent
RH for 24 hours, followed by drying, with no change in ballistic performance. That result represented an
improvement over the 2004 propellant, which could experience up to 50 percent RH for 24 hours before changes in
ballistic performance began to occur. An additional improvement was that 2004L operated at lower pressures than
2004 due to a reduced slope of the burn rate.

In September 2007, Takata began PV testing the 2004L propellant. PV testing included: baseline testing, heat
aging, thermal shock, heat aging combined with thermal shock, and a mechanical sequential test, which
encompassed a combination of dynamic high-G testing, vibration-temperature cycle testing, and drop testing.

Takata observed certain failures in the PV testing of the 2004L propellant that were evidently due to manufacturing
issues. Takata also observed elevated ballistic results following environmental aging, which Takata attributed to the
possible effects of moisture. In February 2008, Takata studied the effects on the 2004L performance of placing
moisture-absorbing desiccant in the test inflators. The study tended to confirm that moisture was a factor in the test
failures and that the use of desiccant was helpful in alleviating the issues. A report on the study surmised that
moisture from within the main propellant condenses on the propellant surface during thermal shock conditioning and
degrades the propellant. After further test failures, some engineers at Takata believed that the problem was the
moisture level of the manufactured 2004L propellant.

In March 2008, Takata engaged an expert from a technical university in Japan to analyze the test failures. The
expert suggested that it was possible that thermal cycling was causing moisture to accumulate on the surface of the
PSAN in the 2004L propellant, and this accumulated moisture might cause a re-crystallization of the PSAN, which in
turn could cause more aggressive combustion.

After completing additional moisture testing on the 2004L propellant in April 2008, Takata decided to lower the
moisture specification level for the 2004L propellant from 0.10 wt. percent to 0.06 wt. percent. The testing indicated
that 2004L wafers with 0.10 wt. percent moisture content exhibited an elevated ballistic output after heat aging and
thermal cycling, and that this elevated ballistic output could reduce the inflator’'s safety factor (typically expressed as a
ratio of the pressure required to burst the inflator vessel and the container pressure generated within the inflator upon
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deployment). With the lower moisture specification and the addition of desiccant, X-series inflators containing the
2004L propellant subsequently passed PV testing.

Takata initially attributed the moisture issues encountered in 2004L testing to moisture introduced into the propellant
as a result of the manufacturing process, not environmental moisture from external sources. Takata hypothesized
that during thermal shock testing, moisture inside the 2004L propellant was constantly released and reabsorbed on
the surface of the propellant, which caused degradation of the propellant.

Following initial reports of field ruptures involving non-desiccated 2004 PSAN inflators, Takata began considering the
effect of external moisture intrusion on 2004L propellant. In late 2009, a vehicle manufacturer asked Takata to
consider the Helium leak rate of the X-series inflators and the moisture absorption potential of the 2004L propellant to
assess the inflator’s ability to survive increased moisture exposure. In response, Takata calculated the amount of
moisture that would migrate into the inflator with a given leak rate and concluded that the potential moisture intrusion
into an inflator during the life cycle of the inflator will never exceed the maximum allowable moisture content. Takata
believed that the addition of desiccant in the X-series inflators provided an extra margin of safety for moisture ingress.

D. Fraunhofer’s testing of returned inflators and aged propellant found no indication of chemical
degradation or loss of AN phase stabilization

In late 2009, Takata retained the Fraunhofer Institute for Chemical Technology (“Fraunhofer”) to test the chemical
stability, phase stabilization, and performance of the 2004 PSAN propellant removed from recalled PSDI inflators
(originally manufactured beginning in 2000). For comparison purposes, Fraunhofer also tested newly produced 2004
propellant.

In a March 2010 report, Fraunhofer shared its initial findings on the chemical stability, phase stabilization, and
performance of the 2004 propellant. Fraunhofer’s analysis found no significant chemical changes between the
recalled propellant and the newly produced propellant.

Fraunhofer’s three main findings were as follows:

e The analysis of internal gases in the inflators® showed no anomalies and raised no problems with
chemical stability. The nitrous oxide level, which could only increase with decomposition of AN, did not
raise any concerns.

e Fraunhofer’s testing'® showed phase stabilization of the 2004 propellant to at least 100°C with no
deterioration.

e Fraunhofer also looked for changes in the thermal properties or energetic performance of the propellant,
since either factor could indicate decomposition or changes in the chemical state. Fraunhofer reported

9 To test the internal gases, samples were taken from the recalled and newly produced inflators and injected into a
gas chromatograph. The components were separated, calibrated, and their percentage of concentration in the
samples was determined.

10 Fraunhofer tested phase stabilization by (i) X-ray diffraction (“XRD”) tests at room and elevated temperatures, and
(ii) differential scanning calorimetry (“DSC”). The DSC test heated the propellant up to 350°C and then recorded the
reactions over the course of the increased temperature. Endothermic reactions (i.e., when the heat is being
absorbed) indicate crystal phase transitions in the ammonium nitrate.
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there was no change in thermal properties or energetic performance of recalled propellant as compared
to the new propellant.

On September 20, 2010, Fraunhofer issued a final report on these issues, summarizing its test results on phase
stability, physical properties, and performance of the 2004 propellant. Fraunhofer confirmed its initial findings, most
importantly:

e “The analysis of the internal gas composition of the recalled inflators reveals only very small
concentrations of decomposition products and no critical changes as compared to new inflators.”

e “The X-ray diffraction tests show continued stabilization of the ammonium nitrate in the recalled
propellant through phase Il in the temperature range 35°C to 100°C.”

Finally, Fraunhofer's February 2015 summary report concluded that the “results of these initial investigations showed
no indication for chemical degradation and no loss of phase stabilization of ammonium nitrate in the 2004 propellant.”
Based on its findings, Fraunhofer opined that the possibility of chemical degradation could be set aside for further
root cause analysis.

V. Takata’s Development and Initial Production of the Original PSAN Inflators
A. Background on Takata’s development of PSAN inflators
1. Validation testing is done according to specifications prescribed by the vehicle
manufacturer

The government does not specify the requirements for manufacturing or testing airbag inflators. Equipment suppliers
like Takata build and test airbag inflators according to specifications prescribed by their customers, the vehicle
manufacturers. Some vehicle manufacturers prescribe their own unique specifications, and some use multi-
manufacturer specifications, such as the USCAR specifications used by the U.S. automakers. Because the
specifications are prescribed by the vehicle manufacturers, they are subject to exceptions and variances approved by
the customer.

New inflator products undergo a four-step design review (“DR”) process. During the first two steps, DR1 and DR2,
Takata performs internal concept validation (“CV”) testing on the inflators. CVs are performed on prototype inflators
that are built on a one-off basis by Takata’s research and development team. The CV tests vary depending on the
demands of the intended vehicle manufacturers, but the tests usually include ballistic testing and helium leak testing
to ensure structural integrity and strength. Multiple rounds of CV testing may be performed. If a concept passes CV
testing and is approved by Takata’s management, it moves on to the validation process.!

The validation process consists of DR3 and DRPV, the last two phases of the DR process. DR3 consists of design
verification (“DV”) testing, which demonstrates that the design is capable of meeting the customer’s performance
specifications. DRPV consists of process validation (“PV”) testing, which demonstrates that the product can be
mass-produced to meet the customer’s performance specifications. At the DV stage, Takata produces a Design

11 At this early stage, U.S. vehicle manufacturers also require that the inflator design be “Qualified for Sourcing”
(“QFS”) before Takata presents the design to the vehicle manufacturer as a potential product for purchase. The QFS
process is also called “book shelving.”
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Failure Mode Effects Analysis (‘“DFMEA”), which identifies potential points of failure in the design and assesses their
risk. Takata then tests pre-production inflators to the manufacturer's specifications and produces a DV test report. If
the DV testing is deemed acceptable, the PV process begins. The PV process includes the creation of a Process
Failure Mode Effects Analysis (“PFMEA”), which identifies potential failure points in the manufacturing process.
Takata then typically tests inflators produced on fully operational production lines and generates a PV test report. If
the PV testing is deemed acceptable, the product is ready for production. Because PV testing generally occurs after
DV testing and is intended to validate the production-line products and equipment, PV testing in certain
circumstances can effectively serve to demonstrate that issues identified in DV testing have been resolved.

When a significant change is made in the design or manufacturing process for an inflator, either to address a problem
identified in testing or to improve the performance or production of the inflator, Takata may perform “delta” DV or PV
testing of the inflator (also sometimes referred to as DDV or DPV tests). Sometimes an inflator may fail to meet the
requirements of DV or PV testing because of an error or problem with the test itself, and in such instances, the test
may be re-run. In cases where the inflator fails a properly conducted test and the specification cannot be satisfied,
Takata may ask the vehicle manufacturer to approve a “deviation” from the requirements of the specification.

Inflators are also subjected to a second round of DR testing when assembled into an airbag module. The airbag
module DR process includes the module DV and PV tests, which are designed to test the performance of the
modules as a whole under various conditions.

Lot acceptance tests, or “LATs”, are performed on a sampling of each production lot of inflators as they roll off the
assembly line.*? The LATSs often involve some combination of tests similar to those performed in DV and PV testing.
If a sample inflator fails a test, the lot is generally scrapped unless some appropriate exception applies.'® If there is a
failure during the LAT process, a Non-Conforming Material Report (‘“NCMR”) is created. A member of Takata’s
Quality Control staff will then confer with Takata’s engineering and quality control teams to decide what should be
done. Members of both the engineering and quality control teams have to give approval before the affected items
may be shipped.

In addition to testing the inflators and modules in the laboratory, there is also testing of the assembled airbag module
in the vehicle. Takata ships sample modules to vehicle manufacturers, which install the modules into their vehicles.
The vehicles—which contain crash dummies and various sensors—are crashed at various speeds to determine the
performance of the airbag. Specifically, the tests analyze the forces experienced by the crash dummies at various
places—such as the head, neck, and chest. These tests are also required to demonstrate compliance with the
Federal Motor Vehicle Safety Standards (“FMVSS”), which specify the maximum forces that may be experienced by
the crash dummies in several different types of crashes.

2. Takata’s inflators are subjected to an extensive battery of tests

Takata subjects its inflators to a number of tests at its North American facilities before the inflators are deemed ready
for shipment to Takata’s customers. Those tests include:

12 1n recent years, ballistic tests have also been performed on propellant lots prior to inflator manufacturing.

13 Although LATSs are performed at the end of the manufacturing process, they also can be performed at any stage of
the design process. For instance, if a vehicle manufacturer wants a sample lot of inflator prototypes for its own in-
house testing, LAT tests would be performed on the lot to inform the vehicle manufacturer of the expected
performance of the lot it will receive.
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Ballistic testing. In ballistic testing, the test inflator is deployed in a sealed tank that measures the pressure created
over a set period of time (a “pressure-time curve”) by the gas released from the inflator inside the tank. This ballistic
test indicates the inflator’s ability to fill up the airbag at the proper rate upon deployment. To ensure proper inflator
performance in a variety of environmental conditions, ballistic testing is generally performed at hot, cold, and ambient
temperatures based on each vehicle manufacturer’s specifications.

Conditioning tests. For some stages of product development, ballistic testing also includes environmental
simulation, in which the inflator is deployed after being subjected to various changing conditions. Although customer
specifications vary, conditioning tests generally include the following or some combination of the following:

e heat-age testing, in which the inflators essentially are baked in an oven for a set amount of time to
simulate aging, and then deployed at cold, ambient, and hot temperatures;

e humidity testing, in which inflators are deployed after exposure to constant or varying levels of
moisture and temperature;

e thermal-shock and thermal-cycling testing, in which inflators are deployed after fast or slow changes
in temperature;

e dynamic shock testing, in which inflators are deployed after being shaken several times with an
increased “G” load; and

e drop testing, in which inflators are deployed after being dropped onto a steel plate.

Helium leak testing. In addition to ballistic testing of inflators, Takata’s procedures provide that every inflator that
Takata ships for sale to a customer (as well as those that are used internally for testing) undergoes helium leak
testing. The helium leak test, which is standard in the inflator manufacturing industry, is designed to assure that the
inflator is sealed properly and will resist the entry of moisture. Under Takata’s procedures, if an inflator fails the
helium test, it is discarded and not sent to a customer. In a helium leak test, a vacuum pump is used to remove as
much air as possible from an inflator and the inflator is backfilled with helium and sealed. The inflator is then placed
in a sealed chamber in which a vacuum is created around the outside of the inflator. This process creates a pressure
differential between the inside of the inflator and the chamber surrounding the inflator. The rate at which helium leaks
from each inflator is then measured and if that rate is too high, the inflator is discarded.

Hydroburst testing: In the hydroburst test, an inflator is filled with water by means of an accumulator that pushes
water into the inflator to increase its internal pressure. The pressure is increased until the inflator vessel bursts, at
which point the amount of pressure the inflator can handle is recorded as well as the location of the burst (to check
the various welds). Essentially, the purpose of this test is to measure the strength of the inflator vessel.

Electrostatic discharge test: This test is used to ensure that inflators will not improperly ignite and deploy when
subjected to a certain amount of static electricity.

Depending on the vehicle manufacturer’s requirements, inflators also may undergo:
e effluent testing, which measures the types and amounts of gases released by a deployed inflator;
e atank wash, which measures the amount of solid particulates that exit the inflator during deployment;

and
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e aflaming test (required by U.S. vehicle manufacturers), in which an inflator is deployed and observed
using high speed video to determine whether and how far flames jet from the inflator’s gas orifices, as
well as the duration of the flame.

Auto-ignition tests: Tests also are performed to assess inflator performance in the event of a fire. Takata’s inflators
are designed with an auto-ignition function to ensure that the inflator will automatically deploy in the event of a fire,
either in a car that has been in accident or while being transported. Without inflator auto-ignition, the heat from a fire
(for example, during transport) could raise an inflator’s internal pressure causing it to deploy with more force than
intended or potentially explode. The auto-ignition tests, which are standard in the inflator manufacturing industry, are
designed to ensure that Takata's inflators self-deploy normally and safely when subjected to the heat of a fire. To
test the inflators’ auto-ignition function, Takata performs:

e hot plate testing, in which inflators are placed on a hot plate and the rate of heating is controlled;
e slow heat testing;

e high temperature oven testing;

e BAM burner testing, in which the inflator is heated on a burner or gas grill; and

e bonfire testing, in which a pallet of inflators is burned in a bonfire. The bonfire test is required by the
U.S. Department of Transportation as a condition for allowing the safe transport of inflators.

Safety factor calculations also are performed for each inflator model. Various vehicle manufacturers calculate the
safety factor differently. As a general matter, this calculation is a ratio of the strength of the inflator structure to the
maximum internal deployment pressure inside the inflator. The safety factor is calculated from data generated
through hydroburst testing and ballistic pressure measurements.

In addition to all the testing described above for the inflators themselves, the airbag modules into which inflators are
installed also are subjected to extensive CV, DV, PV and LAT testing prior to finalization of a design and mass
production and sh