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Executive Summary

This study is the second update of the 1995 National Security Assessment of the Cartridge and
Propellant Actuated Device (CAD/PAD) Industry. The first update was released in 2000. The
U.S. Department of Commerce, Bureau of Industry and Security (BIS), Office of Strategic
Industries and Economic Security (OSIES) performed this assessment at the request of the
CAD/PAD Joint Program Office located at the Naval Surface Warfare Center (NSWC), Indian
Head Division in Indian Head, Maryland.

BIS is delegated authority under Section 705 of the Defense Production Act of (1950), (50
U.S.C. §§ 2061-2170) as amended, and under Executive Order 12656, as amended, to collect
basic economic and industrial information to fulfill the Department’s responsibilities regarding
the health and competitiveness of defense-related sectors and technologies. OSIES is the

operating unit within BIS with the responsibility for this data collection and analysis function.

The objective of the study is to analyze the current and long-term health and economic
competitiveness of the CAD/PAD industry and to develop recommendations for the Navy to
ensure the continued ability of the industry to support defense missions and programs. BIS
developed and disseminated a survey that asked companies to comment on industry and product-
specific issues, manufacturing processes, shipping data, financial information, competitive
prospects, research and development, and technical capabilities. The survey also asked the
companies to comment on their relationships with the U.S. Government, and solicited their
opinions on how to improve upon any noted deficiencies. Survey data was supplemented with
field visits to select CAD/PAD manufacturers, discussions with industry experts, and

consultations with Indian Head representatives.

Industry and Product Assessment

CADs and PADs are explosive devices used in aircraft and missiles to perform a variety of
functions such as aircrew escape, stores release, and other applications. There are about 3,000

different design configurations in use by the military services and NASA. Many are aircrew-



rated and must perform to a very high standard of performance and reliability. All have a finite
service life and must be replaced periodically. CADs are also used in automotive applications to

deploy airbags.

Cartridges use precisely measured propellant and explosive mixtures of varying composition and
burning characteristics to perform the required functions. CAD/PAD items have requirements to
operate over a range of time from milliseconds for impulse cartridges to seconds for delay

cartridges and rocket motors. The cost of the CAD/PAD items varies from as little as one dollar

to over $10,000.

Included among the many different CAD/PAD products are detonators, detonating and thin layer
explosive cords, percussion primers, electric ignition elements, laser initiators, pyrotechnic
delays, thermal elements, rocket catapults, underseat rocket motors, thrusters, cutters, and water-

actuated pyrotechnic devices.

At present, the U.S. CAD/PAD industry consists of 25 manufacturers across 20 states. Of these,
12 manufacturers are making only defense products. Eleven companies are involved in mostly
defense work, with small commercial orders used primarily for space applications. Two

companies are almost entirely commercial, manufacturing automobile airbag components.

Defense CAD/PAD work uses less automation for lower volume orders, whereas commercial
(i.e., airbag) work is automation-intensive and high volume. This is not surprising, however,
because the relatively low order volumes for defense contracts do not justify a high degree of
automation. Data for 2001 to 2005 confirmed that the commercial sector is now 60 percent

larger than the defense sector in terms of shipments.

Industry Performance

U.S. defense and commercial CAD/PAD manufacturers have evolved sufficiently and are no
longer part of the same industry. This coincides with changes noted in the BIS 1995 and 2000

national security assessments of the CAD/PAD industry, indicating an increasingly divergent
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trend in the aerospace and automotive sectors. Shipments have been the primary factor in this
separation. During 2001-2005, defense shipments grew slowly. However, since the 2000 study,
commercial shipments more than doubled, putting a statistically significant distance between

defense and commercial CAD/PAD manufacturing.

Levels of defense shipments of individual CAD/PAD product categories were mixed during
2001-2005. New orders for two of the primary products of the defense CAD/PAD sector —
ejection seat system CAD/PADs and rocket motors - were flat. Future shipments will depend on
U.S. manufacturers’ access to the Joint Strike Fighter (JSF) and the Joint Primary Air Training
System (JPATS) ejection system and related CAD/PAD program work. Currently, these

programs are dominated by a foreign firm, Martin-Baker Aircraft of the United Kingdom.

Shipments of consumable CAD/PADs, like electronic impulse cartridges and aircraft stores (for
countermeasures dispersal) are tied closely to war fighting and have seen significant increases in
2001-2005 since the beginning of U.S. military operations in Afghanistan and Iraq. Demand for

these items is unlikely to decrease in the near-term.

The operating income of defense CAD/PAD companies (as a percentage of shipments) grew
modestly during 2001-2005. Defense CAD/PAD companies turned an operating profit each
year during 2001-2005, indicating that these firms are effectively managing costs in times of

leaner sales.

Capital expenditures at defense CAD/PAD companies decreased over 30 percent from 2001 to
2005. However, capital expenditures in 2005 were still slightly higher than expenditures noted
in the 1995 and 2000 BIS reports, indicating an interest in rebuilding capacity, tooling, and other

hardware.

Research and development (R&D) spending in 2001-2005 for both the defense and commercial
CAD/PAD sectors was significantly higher across the board than in previous BIS assessments.
However, there is little U.S. Government-funded R&D supporting the defense manufacturers.

Large in-house allocations are being utilized to support next-generation technology.

il



Employment levels for defense CAD/PAD producers rose 12 percent during 2001-2005;
however, the 2005 level did not reach the employment levels found in the 2000 and 1995 studies.

Exports of defense CAD/PAD products did not represent a significant share of overall industry
shipments, averaging about 7 percent during the current study period. This was not unexpected,

as the prior BIS CAD/PAD industry assessments also reported low defense exports.

Competitive Assessment

Due to the overall slowdown in military aircraft exports, smaller than expected orders for new
U.S. fighter aircraft like the F-22, and the retirement of many legacy aircraft (i.e., F-16), U.S.
market share in ejection system CAD/PADs is at risk of diminishing sharply in the next decade,
possibly leading to a loss of some domestic manufacturing capability for ejection system CADs

and PADs. This concern was previously raised in the BIS 2000 report.

Domestic competition with Martin-Baker Aircraft for ejection system CAD/PAD work remains
an issue from the 2000 BIS assessment. Martin-Baker won the ejection seat contracts for the JSF
and JPATS aircraft. The JSF is projected to sell between 3,000-4,500 planes worldwide. In
addition, the JPATS aircraft contains two ejection seats and is projected to sell an initial quantity
of 782 planes through 2017, nearly half of which had been sold as of April 2006. In comparison,
the F-22 ejection seat contract has been systematically scaled back by the U.S. Department of
Defense from 750 to 180 aircraft.

On the commercial side, new U.S. safety regulations requiring side airbags in every
domestically-produced automobile and light truck beginning in 2009 will increase demand for
airbag components, causing their shipment growth over the next five years to possibly double or

triple.

Acquisition of raw materials on the global open market has become more expensive, making it

more difficult for defense CAD/PAD companies to compete for U.S. government contracts.
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International competitors for these materials, like China and India, consume more and drive up
the price of critical materials. Several companies listed lead azide — an important explosive
component for CAD/PADs — as increasingly difficult to obtain. In terms of supply sourcing
disruptions, companies reported very few foreign or domestic sourcing constraints, and none

listed foreign sourcing as a serious problem.

Factors Affecting the CAD/PAD Industry

Since September 11, 2001, companies noted a problem in export licensing, which now can take
months to obtain instead of a few weeks, as was the case in the 1990s. Companies further
responded through BIS industry survey that delays in export licensing negatively affect “time to
market” and hamper international competition. Survey respondents specifically stated that they
are increasingly losing military sales to overseas competitors because of delays resulting from
the U.S. State Department-administered export licensing process. Based on the reassignment of
airbags from the U.S. Munitions List (USML) to the Commerce Control List several years ago,
some U.S CAD/PAD companies are preparing to seek commodity jurisdiction for currently
USML-controlled military CAD/PADs to allow their use in non-DOD satellites and other

commercial space applications.

The U.S. Government-mandated program to begin dual-sourcing all CAD/PAD products by
2007 is of universal concern among CAD/PAD manufacturers. Starting in 2007, the JPO will
require all CAD/PADs to have two domestic sources of production. Dual-sourcing of defense
CAD/PAD contracts between competing U.S. companies can put more pressure on smaller firms
with low volume operations to compete. While dual-sourcing is a good idea for the industry
(especially for high volume ejection system CAD/PAD components), and for the U.S. defense
industrial base as a whole, it has the potential to drive smaller companies from the CAD/PAD
industry. Dual-sourcing makes sense for larger volume contracts, where the sharing of work will
not adversely impact a small producer who may have relied on a specific volume for many years.
However, dual-sourcing of small volume contracts could have a negative impact, since the
production volume required by DOD will be insufficient to warrant competitive bidding by

CAD/PAD firms.



The U.S. Department of Transportation shipping classifications approval process also remains a
concern for many of the defense CAD/PAD companies that responded to the survey. Some
companies are now using authorized outside contractors to fulfill this need. Delays in receiving
these classifications are slowing the shipment of product to subcontractors, and even more

importantly, to customers.

Instead of the past industry standard of “build to print” manufacturing specifications, companies
overwhelmingly favored using performance specifications. “Build-to-print” contracts often
require greater resources to complete. Any customization can also stretch out product
development timeframes, which alters project scope and potentially lowers profit margins on
defense contracts. Performance specifications allow more modern and efficient technologies to

be used in developing and producing products.

While the Naval Surface Warfare Center (NSWC) at Indian Head is still requiring lot acceptance
testing at its facility for Navy-administered contracts, CAD/PAD companies would prefer to
conduct testing and approve results at their own manufacturing facilities to save processing time
and costs and increase speed to market. This preference was previously identified in the BIS

2000 report.

The underutilization of Small Business Set-Asides continues to be an issue, as many small
CAD/PAD producers are not taking full advantage of government-afforded benefits associated
with the program. This is also a contentious issue, as some small companies believe that larger

competitors may try to acquire small firms simply to obtain Set-Asides.

Findings and Recommendations - See Chapter 6
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1. Introduction

1.1 Background

This report is an update of the December 2000 National Security Assessment of the Cartridge
and Propellant Actuated Device (CAD/PAD) Industry. This report and the previous two studies
were initiated at the request of the U.S. Department of the Navy, CAD/PAD Joint Program
Management Office, Naval Surface Warfare Center (NSWC) located in Indian Head, Maryland.'

Cartridge actuated devices (CADs) and propellant actuated devices (PADs) are manufactured
components that use explosive and propellant mixtures to perform a variety of specialized work
functions. Defense and commercial functions include the ejection of aircrews from aircraft in
emergency situations; separation of satellites from launch vehicles; cutting cables to deploy

parachutes; and the generation of gas to inflate automotive airbags.

The U.S. Department of Commerce (DOC), Bureau of Industry and Security (BIS) is delegated
authority under Section 705 of the Defense Production Act (DPA) of 1950, as amended, and
under Executive Order 12656, as amended, to collect economic and industrial data from U.S.
businesses. This data is then utilized to develop defense industrial base assessments. The Office
of Strategic Industries and Economic Security (SIES) is the operating unit within BIS with the
responsibility for this data collection and analysis. The U.S. Navy and the other Services have
an established history of cooperative study efforts with BIS that has resulted in more than 45

national security assessments in the past 20 years.

This national security assessment reviewed the five-year period from 2001-2005; the previous
assessments covered the periods from 1995-1999 and 1991-1995, respectively. The stated
objective of this study was to provide the U.S. Navy with an updated statistical profile of the

CAD/PAD industry by assessing its current economic health and competitiveness.

! http://www.ih.navy.mil/
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1.2 Methodology and Scope

The BIS methodology for evaluating the U.S. CAD/PAD industry is the same as that utilized
during the initial study in 1995. The survey sent to the industry was designed with the assistance
of the CAD/PAD Joint Program Office and field tested with a select number of firms.
Justification for this data collection was provided to the Office of Management and Budget
(OMB) as required under the Paperwork Reduction Act of 1978, as amended under regulation 5
CFR 1320. A copy of the approved survey can be found in Appendix F.

In October 2005, the CAD/PAD survey was electronically distributed to 45 companies believed
to be involved in the industry. Some companies were later excluded from the survey for various
reasons. Subsequent research revealed that three firms had gone out of business since the
publication of the 2000 report; five companies were initially thought to produce CAD/PADs, but
in fact did not; eight companies had not produced CAD/PAD items in the last five years, and
four companies did not complete the survey in time for use in the report. These four were
confirmed CAD/PAD producers but were smaller firms and believed to have had minimal impact

on overall industry statistics.

Twenty-five questionnaires were returned to BIS electronically or via hard copy, representing 86
percent of U.S. CAD/PAD producing companies (29 companies). The companies represented
were all domestically based; two companies were subsidiaries of foreign firms. In 1995, 58
percent (35 of 60) of the industry completed the survey and in 2000, 82 percent (27 of 33) of the

industry completed the survey.

Information gathered from the survey was aggregated to protect the proprietary nature of the
individual responses. The survey requested multiyear data covering total shipments, exports,
employment history and labor issues, investment, and research and development (R&D).
Companies also provided feedback regarding competitive prospects, mergers and acquisitions,

government policies, and the effects of imports on CAD/PAD manufacturing.



Survey collection and analysis was supplemented with staff visits to facilities in Arizona and
California, and with extensive contact with the individual companies via telephone and
electronic mail. These interactions clarified survey responses and provided additional insight
into the industry. The CAD/PAD Joint Program Office participated in this study by joining BIS

representatives at on-site company Vvisits.

1.3 Classification

The North American Industrial Classification System (NAICS), in addition to a contractor list
provided by Indian Head, was used to determine which firms were engaged in domestic
CAD/PAD production for the purposes of this study. NAICS codes replaced those of the earlier

classification system, Standard Industrial Classification (SIC).

The NAICS is now the standard by which industries are classified in the United States, Canada,
and Mexico. It is a production-based system that classifies goods according to particular
manufacturing processes. NAICS codes are assigned at the establishment level rather than the

company level to more accurately account for the manufacturing processes of each company.

U.S.-manufactured CAD/PAD products are primarily represented under two NAICS codes,
Explosives Manufacturing (325920) and Motor Vehicle Air Bag Assemblies and Parts, New
(336399-8534).> However, many survey respondents were not classified under the above two
categories during the 2001-2005 period, as CAD/PADs were not the primary product produced at
their establishments. Several producers made ordnance items classified as Other Ordnance and
Accessories Manufacturing (332995) or Ammunition (except Small Arms) Manufacturing
(332993). Other firms with strong metal working capabilities were classified under Precision
Turned Product Manufacturing (332721) and Nonferrous Forgings (332112). Several firms were
also listed under Guided Missile, Space Vehicle Propulsion Unit, and Propulsion Unit Parts
Manufacturing (336415).

? North American Industrial Classification System, U.S. Census Bureau. 2002 Economic Census. Manufacturing &
Mining Reference Series. NAICS Subsector 336 — Transportation Equipment Manufacturing. March 31, 2004.
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1.4 Report Organization

This assessment begins with an overview of the domestic CAD/PAD industry in Chapter 2,
covering topics including the manufacturing base and processes; major goods produced; end
markets the industry supplies; and differences between defense and commercial production.
Chapter 3 covers the performance of the defense and commercial sectors separately. Trends in
shipments, capital investments, R&D, operating income, and employment are detailed for both

sectors.

Chapter 4 explores industry competition and market prospects for companies; industry
consolidation; growth and certification trends; and international trade effects. Chapter 5
examines market factors affecting the industry including government regulations; government
competition with industry; the Federal Government Small Business Set-Asides and Small
Business Innovation Research (SBIR) program; performance specifications; lot acceptance
testing; production bottlenecks; foreign sourcing; and other pertinent issues. In the final chapter,

assessment findings and proposed recommendations are presented.
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2. Industry and Product Descriptions

2.1 Industry Descriptions

The CAD/PAD industry is divided into the defense and commercial sectors. Although the basic
technology is common, the two sectors operate in mutually exclusive markets. Defense
CAD/PADs are produced in hundreds of varieties by more than thirty companies, and contracts

are predominantly driven by U.S. Department of Defense requirements.

2.1.1 Industry Overview

With a broader scope and shorter production runs, defense CAD/PADs are generally produced
using a more labor-intensive batch manufacturing process, while commercial CAD/PADs use
continuous automated production for a narrower range of goods and long production runs. In
contrast with defense CAD/PAD manufacturers, only a few companies produce the bulk of
commercial CAD/PADs for automotive airbag initiators and gas generators on a large scale and

in limited variety.

Workforces also reflect differences in the production order types for defense and commercial
CAD/PADs. Production personnel represent over 85 percent of all employees in the commercial
sector, compared with approximately 58 percent for the defense sector. Defense firms maintain a

higher number of engineers on staff than do commercial firms.

The two sectors also vary in plant size and layout, skill sets, investment requirements, R&D, and
profit margins (see Table 2.1a). Market forces in each sector also differ; the defense sector is
susceptible to federal and foreign government procurement policies, and the commercial sector

faces pressures from a globally integrated and highly competitive automotive industry.
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Table 2.1a: Differences Between CAD/PAD Sectors, 2001-2005
Skill Sets: Pre-Tax
Production | Capital Profits:
Layout: Workers | Investment | R&D as a | Operating
Plant Assembly | asa % of | asa % of % of Income
Size Lines Employees | Shipments | Shipments | Margins
Less
Defense Smaller | Automated 58% 1.8% 12% 15%
More
Commercial Larger | Automated 86% 3.5% 3.4% 9.7%
Source: U.S. DOC/BIS CAD/PAD Survey 2005

The number of firms in the industry has remained constant since the publication of the 2000 BIS
CAD/PAD report. In 1990, an estimated 60 firms manufactured CAD/PAD products. By 1995,
the number of participating firms was reduced to 44. As of 2000, 34 firms conducted operations
across 20 different states. As reported earlier, the industry is currently comprised of 29 firms.
The number of dedicated producers of commercial airbag initiators or inflators has remained
relatively stable. Most of the decline in the overall number of firms in the industry stemmed

from the exit of smaller defense companies.

Of the 25 firms responding to the 2005 survey, 16 were classified as small companies, six as
medium sized, and three as large. These classifications were based on total annual shipments of
CAD/PAD products during 2001-2005; small companies averaged less than $10 million in total
annual shipments, medium companies averaged $10 million to $49 million in total shipments,

and large firms averaged $50 million or higher in total shipments.

All firms included in this report were domestically based. Broken down by state, eight
companies operated plants in California; three in Arizona; two each in Illinois, New Jersey, and
Washington; and one plant each in Colorado, Connecticut, Florida, Maryland, Minnesota, New

York, Utah, and Wisconsin.

In 2001, 88.6 percent of defense shipments came from medium and large sized companies. This

declined to 78.8 percent in 2005; that year smaller firms had a 21.3 percent defense market share.
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Defense shipments in 2005 averaged $3.2 million per company—a mere 1.3 percent per company
of total defense shipments. Large companies averaged $20.3 million each in annual defense

shipments, or 8.4 percent of total defense shipments in 2005. Medium sized firms’ shipments

averaged $21.8 million, or almost nine percent of total defense shipments per company.

Table 2.1b: Number of Firms by Range of Total Defense Shipments, 2005

. . . Defense % of Defense % of Total
Firm Size # Firms, 2005 Shipments Shipments Shipments
<$10 million 16 $51,784,382 21.3% 5.3%
$10 million - o o
$49.99 million 6 $130,529,201 53.7% 13.4%
>$50 million 3 $60,983,000 25.1% 6.3%

*Percentages may not total 100 percent due to rounding
**Commercial data is not provided by firm size to protect proprietary information
Source: U.S. DOC/BIS CAD/PAD Survey 2005

Large companies supplied the majority of the commercial sector shipments in 2005, capturing

97.6 percent compared to 72.9 percent of total shipments (defense and commercial combined).

Further insight is provided by analyzing which product categories are included in a firm’s
shipments, as well as how many categories are produced and sold by each. Companies provided
both defense and commercial shipment totals for each type of product sold. Every firm that
reported defense shipments for a particular product also listed commercial shipments for that
same product category. Full product descriptions for these categories can be found in Appendix

B.

Various types and designs of CAD/PADs are used, sometimes alone or with others to perform
more complex tasks. CAD/PAD items include but are not limited to: actuators, catapults, cutters,
delay initiators, detonating cords, drogue guns, fire extinguisher squibs, gas generators, impulse
initiators, percussion initiated pulse cartridges, rocket motor igniters, and thrusters. The number

of firms (by size) producing these items is shown in Table 2.1c.
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Table 2.1¢c: Defense CAD/PAD Product Production by Number and Size of Firms,
2001-2005
Small Medium Large Total

Aircrew Escape Propulsion System 2 2 0 4
Electrically Initiated Impulse Cartridge 7 3 2 12
Percussion Initiated Impulse Cartridge 1 2 1 4
Initiators 4 2 1 7
Delay Cartridges and Delay Initiators 6 3 1 10
Aircraft Stores, Flares, Chaff, Sonobuoy ) 1 1 4
Ejection Cartridges
Detonating Cords and Charges 2 2 1 5
Cutters 3 2 1 7
Catapults, Thrusters, and Removers 3 1 1 5
Automatic Inflators 1 0 0 1
Gas Generators 3 2 1 6
Laser Initiated Cartridges, Detonators, and

o 1 1 1 3
Initiators
Rocket Motor Igniters 5 1 2 8
*Twenty-two firms reported shipments by CAD/PAD product category code; these are the firms
represented in this table. 15 small companies; 5 medium companies; 2 large companies.
**Commercial figures are not included in this table due to the nature of the market. The commercial
market is dominated by large companies with very little representation by small and medium sized firms.
Source: U.S. DOC/BIS CAD/PAD Survey 2005

The most widely-produced CAD/PAD products were electrically initiated impulse cartridges,
delay cartridges and initiators, and rocket motor igniters. Among firms that provided product-
specific shipment figures, the electrically initiated impulse cartridges were produced by 46.7

percent of the small firms, 60 percent of the medium firms, and by both of the large companies.

For the 15 smaller firms that responded to this question, 42.9 percent (six firms) concentrated on
one product, while 28.6 percent (four firms) produced items in two categories. Of the five
medium and two large-sized respondents, only three companies reported shipments in five or

more categories.
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2.1.2 Manufacturing Process®

CAD/PADs include a wide range of items for which the manufacturing processes vary. To
minimize risk, all CAD/PAD devices are typically assembled first, prior to installation or loading
the explosive components. For safety reasons a typical manufacturer occupies several hundred

acres with specialized buildings and structures set a safe distance from public thoroughfares.

CAD/PAD production is organized into five specialized activities. These operations, arranged in

sequence, are as follows:

CAD/PAD Production Operations
1. Blending and Mixing of Propellants and Explosives
2. Manufacture of Metal Parts
3. Subcomponent Processing and Assembly
4. Cartridge Assembly
5. Device or Rocket Motor Assembly

While many firms in the industry have operations in each phase, virtually all firms subcontract
portions of the work in each phase to more specialized firms. Several firms reported that metal
parts were the most expensive input in CAD/PAD production. The industry practice is to
outsource all or most of the fabrication of metal parts to specialized metal workers, or the
customer may provide the parts. Historically, the market has been too volatile for CAD/PAD
companies to carry metal parts because of their required and substantial overhead costs.

Nonetheless, many CAD/PAD firms maintain a (usually small and limited) machine shop.

When manufacturing CAD/PADs, some companies leverage lean manufacturing processes to
minimize labor hours with shorter set-up and clean-up times and maximize use of operational
space.® The processes are reflective of best manufacturing practices under Six Sigma, ISO 9001,

and other nationally and internationally recognized standards.

’ U.S. DOC/BIS CAD/PAD 2000 Report

4 Buzzell, Allie. “Lean Is Good, CAD/PAD Building 1913 Demonstration Team Discovers,” January, 2005,
http://www.dcmilitary.com/navy/flashpoint/2_01/features/32670-1.html.
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Airbag initiator producers carry more overhead in the form of metal parts manufacturing, which
is necessary to accomplish high volume production. They also use a continuous mixing process
as opposed to batch production of explosives. In contrast, acrospace CAD/PADs are normally
built in lots or batches using explosive or propellant charges mixed in a single batch and

(frequently outsourced) precision machined metal parts.

Most CAD/PAD companies blend and mix propellants and explosives. This is done by adding
measured amounts of chemical ingredients into a mixer and then blending and curing the
ingredients at controlled temperatures for specific time periods. Further processing in the form
of machining or cutting may also be required to get the material into proper form. These
energetic materials may then be incorporated into the CADs or PADs as a “dry load” in the form
of pellets, particles, or powders of predetermined size, as a “wet load” (i.e., viscous fluid), or as a

pliable semi-solid, which hardens when cured.

Cartridge manufacture begins with the precision machining of metal parts. These parts are
cleaned prior to assembly to remove residual oils and particles, which can adversely affect the
performance of explosives and propellants. If the device is to be electrically initiated, the
cartridge goes through a glass-to-metal sealing process that seals one end of the cartridge while
allowing electrical contact pins to protrude through the seal. This glass seal provides a critical
barrier to the ballistic pressure that will occur during firing so it can be channeled to do work.

The pins provide the means of connecting the cartridge to the firing circuit.

An electric bridge wire is soldered or welded to the pins inside the case. The bridge wire will
eventually be in contact with the primary explosive material. Current through the bridge wire
will provide the heat source for igniting the primary explosive. In some cases, the cartridge is
percussion primed. The primer is pressed into the primer pocket, which, when struck, will
provide the heat source for igniting the primary charge, in place of the bridge wire. An epoxy
sealant is used with percussion primers and a glass-to-metal seal is used around the connecting

pins.
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Each explosive charge (usually several per cartridge) is precisely weighed and segregated. Then,
each charge is loaded in each cartridge case of the lot. Some charges such as fine powders are
pressed into place during loading. The primary charge (i.e., the most sensitive charge) is loaded
next to the primer or bridge wire, and then the secondary charge is loaded according to precise
measurements. When the charges are loaded, a closure is placed over the cartridge opening. The
closure is usually a thin metal disk that is stitch or laser-welded to the case, or sometimes held by
crimping the case over a seal and the disk; sometimes epoxy is also used to ensure sealing at this

end.

Propellants and explosives are chemical compounds or mixtures of compounds that rapidly
produce large volumes of hot gases when ignited. Propellants burn at relatively slow rates
measured in centimeters per second. Explosives detonate at rates measured in kilometers per
second. Pyrotechnic materials evolve large amounts of heat but much less gas than propellants
or explosives. Deflagration (burning) occurs when the released gases expand at velocities less
than the speed of sound (about 1,100 ft/sec. in air at normal temperatures). Detonation is the

term used to describe expanding velocities greater than the speed of sound.

A key advantage of these energetic materials is the relatively large amounts of energy stored
compactly and readily available to perform a variety of work functions. Propellants are used
when the 