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Joint Logistics Commanders, Precision Qptics Study - Written by the
Joint Precision Optics Technical Group chartered under the Joint

Logistics Commanders, this report assesses the precision optics
industry based on surveys of U.S. producers. The report finds a
shortfall in domestic production capacity to meet mobilization
requiremente and concludes that this shortfall presents a threat to
national security in time of emergency. Concern is also expressed
about the continued availability of optical glass. The report
concludes that the underlying cause of the shortfall is the lack of
international competitiveness on the part of U.S. firms and
recommends that procurement of certain items be restricted to
domestic companies in order to maintain a mobilization base.
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ERRATA
Line 35%: Change *Fujitsu" to "Fujinan®

Lines 5 to 7: Replace sentence beginning "The
work ethic..." with "Efficient work patterns may
not be as developed in countries like Singapore
and China as they are in Japan and the United

States."
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1. EXECUTIVE SUMMARY

1.1 QVERVIEW

The Joint Precision Optics Technical Group (JPOTG) was chartered
under the Joint Group on Industrial Base (JGIB) of the Joint
Logistics Commanders (JLC) to perform the following tasks:

a. ldentify the Military Services’' projected peacetime, surge

and mobilization requirements for Precision Optics.

b. Identify projected requirements for Strategic Defense

Initiative (SDI) Optics.

c. Assess the capability of the U.S. Precision Optics Base to

provide for these requirements.

d. Assess the degree of erosion in capability that has

occurred because of foreign competition. |

e. Prepare recommendations to eliminate any production

shortfalls which may be identified.

As part of the JPOTG study effort,vthe Department of Commerce,
Office of Industrial Resource Administration. surveyed U.S.
Precision Optics and Optical Méterial producers under mandatory
authority of the Defense Production Act of 1950, as amended. Plant
visits were also conducted by the study team to enhance the survey

questionnaire data.

1.2 MAJOR FINDINGS

1.2.1 Requirements for Optics

In peacetime. the Services require approximately 100.000
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optical components per month of the types used for direct

application in mifitary systems. Mobilization requirements were

found to be much greater.

1.2.2 Domestic Production Capacity

Domestic production capacity (defense and non-defense} totalled
about 316 thousand components per month in 1985, -down considerably
from previous years. Defense production capaclity was estimated to
be 87 thousand components per month, or approximateiy 28 percent of
the overall tota!. The industry operated at 60 percent of capacity
in 1985 and according to survey responses woulid require 43 weeks to
reach full capacity production levels. This extended "ramp-up”
period is caused by shortages of skilled opticians and long lead
times for raw materials. Capacity utilization fell below 60 percent
in 1986 as production is estimated to have dropped by over 20
percent from 1985 levels.

The potential of converting commercial production capacity to
military production appears inadequate to support the rapid increase
in optical elements needed to meet emergency defense requirements.
To effectively convert capacity to military production, the skill
level of many opticians would need to be enhanced and additional
specialized equipment would have to be instalied. One firm
indicated conversion could take a year or more to accomplish. Thus.
a significant shortfall exists in the capacity of the domestic

industry to meet the needs of the services for mobilization.
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1.2.3 Status of Domestic Raw Glass Sector

Foreign competition has reduced the number of domestic optical
glass producers to a single firm. Seventy percent of the glass used
by U.S. component produbers is now imported and this percentage is
expected to increase in the near future. In addition, the breadth
of the domestic raw optical glass market has declined sharply as the
production of lenses, prisms and other end-items that use optical
glass has migrated offshore. The loss of this firm's highly
specialized glass blending and melting capabilities could not be
easily replaced and would make U.S. optical component firms totally

dependent on foreign sources.

1.2.4 Status of Domestic Optical Element Sector

The U.S. optical element sector as a whole is in serious
decline. Nearly all domestic commercial optical element production
has been dispiaced by offshore producers. The trend in defense
procurement is to increasingly buy foreigﬁ made optics., primarily
because-of their lower cost. Imported optical components currently
account for over 98 percent of total! U.S. consumption. In 1986.
imports accounted for approximately 50 percent of DOD consumption.
Overali employment declined from 3,096 in 1981 to only 1,655 in
1986. Further declines are expected. The employment of opticians
who are critical to the production process has declined by over 40

percent since 1981,
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1.2.5 Foreign Dependency

Most optical companies are reliant to some degree on imports of
materials. parts, and/or production equipment.. This reliance has
grown in recent years in reaction to severe international pricing
pressures that have forced domestic firms to seek lower cost foreign
alternatives. Every phase of the business from raw glass to
finished optical systems has been impacted. Almost 70 percent of
optical glass consumption was imported in 1985, primarily because of
lower prices. Some optical element firms have established
production plants in lower cost foreign countries. Nearly all firms
are purchasing foreign made production equipmenf because of its
reportedly better quality, lower prices and/or lack of an adequate
domestic source. Moreover., foreign sourcing and dependencies can be

expected to increase in the future.

1.3 MAJOR CONCLUSIONS

1.3.1 Surge and Mobilization Posture

Surge requirements were not calculated by the individual
Services. Surge production “targets”, however, were defined for
each production plant as a doubling of its 1985 defense production
in a six month period, while maintaining non-defense production at
peacetime levels. The surveyed firms reported they could increase
defense production by ?7 percent by the end of a six-month period
under these conditions. Major constraints to a surge mentioned by

the firms included the availability of raw materials, specialized

equipment and trained opticians.
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The shortfall in production capacity to meet mobilization
requirements presents a threat to national security in time of
emergency. A major factor of this shortfall is the declining number
of trained opticians. Because of the continuing downward trend in
production capacity and the declining employment of opticians, the
mobilization capability of the precision optics industry wili most
likely worsen in the near future. Another major concern is the
continued availabillty of optical glass. |[|f the sole remaining U.S.
producer is forced out of business because of increasing foreign
competition and deciining domestic demand, the severity of the
problem could increase dramatically.

The industry’s collective judgement may be overly pessimistic.
Consideration should be given to the idea that when faced with an
actual emergency. specifications and testing procedures could be
relaxed and other ways could be found to overcome problems in
converting capacity, training people and acquiring equipment. i f
one were to make the most optimistic estimate about mobilization:
capacity, the domestic industry would still lack the capacity

required.

1.3.2 Domestic industrial Outlook

Based on current trends. domestic optics firms can be expected
to lose the last remaining vestiges of the already import-dominated
lower value end of commercial optical component markets. American
firms still competing in these markets will be forced either to exit
the businessraltogether or to reorient themselves into the more
sophisticated end of the market as many haQe already done.

Competition in the higher priced optics categories, which include
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most defense applications, willxcontinue to intensify in response to
this reorientation and serve to moderate future price increases.

The Japanese are now experiencing a similar phenomenon as firms
in Taiwan. South Korea and Singapore have quickly expanded their
shares of the low end global optics market. In reaction to this
situation., Japanese firms can be expected to chailenge U.S. firms in

the more sophisticated end of the market in the near future,.

1.4 RECOMMENDAT IONS

1.4.1 Establish a Federal Acquisition Regulation (FAR) for
Precision Optical Elements and.OpticaI Glass

In compliance with the Competition in Contracting Act. amended
10 USC 2304 (C) (3) and Executive Order 11490, the Secretary of
Defense can determine that in order to maintain a mobilization base.
certain items can be restricted to domestic procurement. This
requires a FAR clause in the FAR supplement. Based on the findings
of the Joint Precision Optics Technicél Group, such a clause for
Precision Optics and Optical Giass is warranted.

it is recognized that there are several disadvantages to such a
restriction. The major disadvantage is that the cost of procuring
optical components will increase. The percentage rise for any
particular system however., may or may not be significant depending
on the amount and complexity of the optics in the system. Another
concern is that industry could use a restrictive clause to increase
profits without making the necessary investments to modernize and
enhance its capabilities. To reduce this possibility, the

recommended clause is set up as a temporary one, providing the
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industry with a time-|imited oppbrtunity to improve its competitive
position. Thus, seven years was chosen as a reasonable period for
the clause, after which open competition would again take affect.

Furthermore, so as not to initially overwhelm the domestic
industry with new orders. the clause should be phased in. The first
two years are set aside as a necessary adjustment period with only
fifty percent of optical components reserved exclusively for
domestic procurement. This will give the industry time to acquire
new equipment and raw material needed for increased defense
production. Moreover, a two year phase-in would allow sufficient
time for training additional needed opticians.

The clause should be as inclusive of the complete optical
manufacturing process as possible. This will provide the basis for
independent domestic capability to make optical components from the
raw glass stage to the final product. Since foreign competition in
optical giass production has caused a serious decline In
domestically produced glass. the addition of bulk optical glass to
the clause is essential to protect the production base.

It is recognized that from time to tfme the Service Commands
will face conditions under which a waiver to this proposed FAR
clause is justified. Provisions for such waiveré are provided for
in the clause through major command approval. Such waivers shall be
in effect for only the period of time needed to permit the prime

contractor to identify a domestic source of supply.

1.4.2 Review Possible Trade and Economic Remedies
‘The JPOTG has determined that the underlying cause of the

shortfall In surge and mobilization capacity is the lack of
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internationai competitiveness on the part of U.S. firms. [t did not
judge the fairness of international trade. nor determine what
specific measures the government could take to .improve the condition
of the optics sector. Many in the industry believe that the present
international optics market is biased in favor of foreign firms
because of strong government supporfs. unfair trade practices and a
lack of concern by the U.S. Government. These are questions which
fatl primarily under the jurisdiction of the Department of
Commerce. Accordingly. the second major recommendation is to
request the Commerce Department to assess the trade and economic
factors impacting this critical industry and formulate optlons to
rectify the situation.

While potential policy measures designed to assist this industry
may take considerable time to implement, they can be an important
step toward providing a longer term solution to the competitive

problems confronted by the domestic optical industry.
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2. ASSESSMENT

2.1 BACKGROUND

This study is a follow-up effort to a study under taken by the
Army Materiel Command (AMC) in 1985. A detailed description of the
events preceding that AMC study are presented in the final report
and will not be repeated here. The important fact to note ‘is that
an earlier ('84) AD HOC study group has received JLC approval of a
recommendation for a FAR clause. This proposed clause was made
policy by the Under Secretary of Defense in May of 1984, but never
reached full FAR status from the FAR Council. In June of 1985, the
Office of the Assistant Secretary of the Army for Research,
Development and Acquisition (SARDA) requested an AMC review which
concluded that the Optical Industry was failing and that the need
exlsted for FAR clause implementation. .Since the AMC study dealt
solely with Army requirements, it was decéded to request the Joint
Group on industrial Base (JGIB) of the JLC establish the Joint
Precision Optics Technical Group (JPOTG) to determine the total DOD
requirements. The Department of Commerce. Office of Industrial
Resource Administration was asked to participate in this assessment

due to their expertise in industrial economic and trade issues.

Readers who lack a background in Ohtics might benefit by
referring to the description of the manufacturing process for

precision optics found in Appendix A.
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2.2 STUDY GOALS

The goals of the JPOTG were to:

a. ldentify the Military Services' projected peacetime, surge
and mobilization requirements for Precision Optics.

b. ldentify projected requirements for Strategic Defense
Initiative {SDI) Optics.

c. Assess the capability of the U.S. Precision Optics Base to
provide for these requirements.

d. Assess the degree of erosion in capability that has occurred
because of foreign competition.

e. Prepare recommendations to eliminate production shortfalls.

2.3 STUDY METHODS

2.3.1 Requirements of the Services and SDI

individual command members of the JPOTG sent requests to their
subordinate agencies responsible for the acquisition of systems
using optics., Counts were made of the quantity of optical elements
per system: then using the number of systems required, requirements
were calculated. Emphasis was placed on thoée items on the Critical
items List (CIL). Peacetime requirements were determined by the
President's Budget for the years through 1991.

Meetings were also held at the SDIO in an effort to determine

its projected requirements.
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2.3.2 Industry Surveys

The Group prepared and released through the Department of
Commerce, Office of Industrial Resource Administration. two in-depth
industry surveys under mandatory authority of the Defense Production
Act of 1950, as amended. One survey dealt with the capacity of
precision optics producers to manufacture optical components. The
other survey addressed producers of optical material used in both
the visible (optical glass) and the infrared (germanium, etc.)

ranges. (Copies of the survey instruments are attached at Appendix

B.)

2.4 STUDY RESULTS AND FINDINGS

2.4.1 DOD Requirements
2.4.1.1 Peacetime Requirements

Peacetime requirements for precision optics. as shown in figure
1. were derived from the FY87 President’'s Budget, Procurement
Appropriations, Army, Feb 86, FY 84—9f. The President’s Budget
lists weapon system buys projected to FY91. Those systems using
precision optics were identified and the number of precision optical
elements per system determined. (Not ail CIL items are in the
President’'s Budget and not all items procured during peacetime FY
84-91 are on the CIL.) Based on this information. peacetime
requirements were estimated to average approximately 1.2 million per
year or 100,000 per month. '

By analyzing those systems being procured for the next five
years, the study team could identify systems being procured
offshore. (See figure 2.)
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FIGURE 1
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FIGURE 2
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2.4.1.2 Mobilization Requirements
~Army mobilization requirements for precision optics were taken
directly from the AMC FAR Assessment Study. Air Force and Navy
requirements were determined through data requests to procurement
elements within each Service and anaiysis of the available critical

item list (CIL) information.
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2.5 INDUSTRY CAPABILITIES

2.5.1 Peacetime Production Capabiiity
2.5.1.1 Practical Capacity

Nine firms responding to the Department of Commerce industry
survey reported a combined practical capacity to grind and polish
3.795.014 optical elements in 1985. Practical capacity. somet imes
referred to as engineering'or design capacity, is the greatest level
of output a plant can achieve within the framework of a realistic
work pattern. These firms are estimated to represent about 85
percent of total U.S. precision optics production capacity. Almost
28 percent of this total was allocated for defense related
production. About 97 percent of capacity is used to produce optical
elements in the visible range (lenses, prisms, mirrors. other
flats). The remaining three percent of capacity includes infrared

and ultraviolet optical

1985 U.S. Optical Element Production Capacity

Capacity Defense Percent
Category Capacity Utilization Capacity Defense
{(units) {units)
Visible Optics ,
Lenses 2,017,918 64.3% 704,253 35.0%
Prisms 57.998 69.6 35,727 61.7
Mirrors 1.026.282 80.0 97.497 9.6
Other Flats 564,457 46.0 110,634 19.7
Other Optics
Infrared 98,694 57.5 91,588 92.8
Ultraviolet 29,667 58.4 4,658 15.8
Total 3,795,014 60.4% 1,044,357 27 .6%

categories. The military accounted for the largest shares of
capacity for visibte prisms (61.7 percent) and infrared optics (92.8

percent). In 1985, capacity utilization for the nine firms averaged
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only 60.4 percent, ranging from a low of 40 percent to a high of 100

percent for individual plants.

2.5.1.2 Interpreting Capacity Estimates

The surveyed firms were asked to comment on various factors that
could change their capacity estimates. Capacity estimates were
based on individual producers’ 1985 product mix. Conditions that
would lower estimated capacity include: tighter tolerances and
specifications: the use of harder. more difficult to work materials:
material availability: and increases in optical element varieties
which would put additional demands on tooling and fixture
capabijities. Conditions that would increase estimated capacity
inciude: longer production runs:@ more skilled opticians: additional

trained supervisors for second and third shifts; and more efficient

production scheduling.

2.5.1.3 Ramp-Up Time

The precision optics industry repérted it would take an average
of 43 weeks to reach practical capacity from the average 60 percent
capacity utilization rate It cited in 1985. The removal of one
larger firm from this average wou ld redﬁce tﬁe average ''ramp-up”
time to 25 weeks. Individual plants estimated this time from a low
of only four weeks to a high of 78 weeks. The long time period -
needed to reach practiéal capacity is caused primarily by shortages
of skilled opticians and long iead times for raw materials such as

opticai glass, grinding and polishing compounds, and coating

materials.
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2.5.1.4 Lead Times

Lead time information was col!ected separately for defense and
non-defense orders. Lead time averages were reported by each
surveyed firm as representative of the time between receipt of
orders and delivery of finished optical components to the customer.
The time customers spend in preparing orders and the time they take
after accepting delivery to test, inventory, and catalog the
components were not evaluated. However, customer processing and
handling could add an additional 30 to 50 percent to overall lead
times.

Average defense lead times were reported at 20 weeks in 1985.
Individual plant defense lead times ranged from a low of only six
weeks to a high of 26 weeks. Five plants, accounting for over 80
percent of defense production, reported lead times of 20 weeks or
more. Three firms reported they were experiencing increases in
their defense lead times. Reasons given included increasingly
complex specifications and testing procedures, insufficient labor
skill levels, inadequate equipment, and high volumes of government
mandated paper work which delay the release of orders.

~Average non-defense lead times were reported at 13 weeks, 35
percent fess time than defense orders. Individdal plants ranged
from a low of only two weeks to a high of 26 weeks. Commercial
orders have shorter lead times because they invoive less paper work.
less teétlng, often less product complexity, and they tend to use
more standardized, less exotic raw materials in production.

The cause of long lead times includes raw material availability
(mentioned by six firms) and tooling (mentioned by four firms).

Shortages of opticians were mentioned by one firm, but opticians are
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not seen as a p;oblem under curfént utitization rates. However,
were orders to increase significantly, shortages of opticians would
be a major cause of longer lead times. To shorten lead times firms
recommended the stockpiling of raw materials. adding toolmakers.
purchasing new equipment, better communications between customers

and suppliers, and the issuance of higher voliume orders.

2.5.1.5 Capacity Conversion from Commercial to Defense
Production

A healthy precision optic commercial base that can be redirected
or converted to supply expanded military needs in a surge or
mobilization emergency is an important strategic asset that can
significantly enhance national security. Historically, a large
domestically based commercial optical element sector provided the
skillea opticians, investment, research and development. managerial
skills and overhead that largely underwrote defense purchases.
However . the commercial optical element base has eroded in the face
of rapidly rising element imports and the loss of the optical end
market to overseas suppliers. Consequently, the Department of
Defense has risen from a relatively minor purchaser to the U.S.

optical component industry's largest single customer, currently

acquiring about 42 percent of the value of U.S. component production.

The conversion potential of commercial production capacity to
military production has diminished with declines in the commercial
base. Most firms cited shortages of skilled opticians and !imited
testing. inspection, and coating equipment as constraining their
capability to switch from commercial to defense production. This

concern Is complicated by a growing reliance on impor ted machinery
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and equipment and related spare parts/services. One larger firm
estimated a conversion to military production, assuming availability
of all necessary inputs., would take a year or more to accomplish. |
Defense production generally requires tighter tolerances and
specifications than commercial production. The raw glass is %
frequently ordered in smaller volumes and often made of special N
blends which creates scheduling problems and increases lead times E
for the glass producer. Additionally, the skill level of many s

opticians, while adequate for most commercial work, may be

inadequate to maintain low enough defect feveis to keep costs and
lead times under control and still meet defense requirements.
Defense production also requires more metrology equipment such as

auto collimators and interferometers, testing equipment to measure

salt and humidity resistance, and equipment to test for vibration -
integrity. Further, expensive vacuum coating equipment would be
needed. Availability of this needed equipment in an emergency will
add to fhe already long lead times necessary for conversion. -

The conversion potential of the domestic optical element sector
to mititary production appears inadequate to support a rapid
increase in defense requiremeﬁts. The situation may deteriorate
further in the future as foreign incursions into commercial end
markets continue to undermine the U.S. commercial production base.
The growing dependence of U.S. firms on the volatile and
unpredictable military market could make investment in modern ’
equipment less attractive and more difficult to'}ustkfy. Moreover,
the already diminished pool of highly skilled opticians will be

difficult to maintain in the more volatile military market. {n é




addition, essential civilian requirements (e.g.. microscopes and
lasers for medical use, or sophisticated optical testing and
inspection equipment needed In a number of defense related
manufacturing industries) will make claims on optical component

capacity during an emergency and could be an additional limit to

conversion.

2.5.2 Surge and Mobilization Capabilities

Surge and mobilization production capabilities for precision
optics were reported by the nine firms in their survey responses.
Surge. for this study. is defined as the maximum sustainable level
of defense production within an existing establishment by the end of
six months. During a surge, commercial deliveries are to be
maintained as we!l. Idle capaclity and additional labor can be
employed. Under a mobilization scenario, defense production is to
be increased to the maximum sustainable level after 12 months.
Commercial production is restricted to 23 percent of base year
(1985) levels. and government financial and other assistance I's
available. In a mobilization, existing plant facillities can be
expanded over the period.

in the analysis of the firms’ surge and mobilization
capabilities, average 1985 monthly defense production was used as a
proxy for peacetime defense requirements; Firms were asked to
report their monthly defense production éapability after three
months ‘and six months for a surge, and to target a doubling of
production by the end of the six months. For mobilization, monthly
production capability was reported after six and twelve months. with

a target of quadrupling production after one year.
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2.5.2.1 Surge Capabilities

For a surge, the following table shows that the firms cannot
increase production enough to meet the targeted twofold increase.
with only a 46.7 percent increase in production levels after six
months. in individual product categories. all visible optics failed
to meet production targets, while the more specialized infrared and
ultraviolet optics were more successful. Visible optics. however,
account for the bulk of peacetime defense needs: 91.4 percent on a
unit basis. and 43.7 percent on a value basis. Infrared optics.
although a small volume item, are much more significant to national
defense in terms of value, accounting for over one half of total
dollar defense shipments. Moreover, almost 93 percent of infrared

production'is utilized for defense purposes.

Surge Production Capabilitties
(in average monthly units)

1985 3 Month 6 Month
Defense Production Rate Production Rate
Cateqgory Production % Gain Quantity % Gain Quantity
Visible Optics
Lenses 37.716 14. 3% 43,109 37.5% 51,860
Prisms 2,070 20.3 2.490 39.1 2,879
Mirrors 4,886 16.5 5.692 39.6 6.821
Other Flats 4,248 18.8 5.047 44 .9 6,155
Other Optics
infrared 4,383 54.1 6.754 115.5 9.,44%
Ultraviolet 227 133.0 529 506.2 1,376

Total: 53.530 18.9% 63.622 46.7% 78,537

2.5.2.2 Mobilization Capabilities
Under a mobitization scenario. the same conclusion is drawn:

visible optics categories cannot be produced in sufficient
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quantities to satisfy the targetéd quadrupling (300 percent
increase) of production within the one year period. Weaknesses are
particufarly evident in the mirror and other flats categories, with
increases of only 77.4 percent and 88.4 percent, respectively, after
12 months. On the other hand. the infrared and ultraviotet optics
are able to meet the objective, with the ultraviolet showing the

strongest potential for increased production.

Mobilization Production Capabilities
(in average monthly units)

1985 6 Month 12 Month
Defense Production Rate Production Rate

Category Production % Gain Quantity % Gain Quantity
Visible Optics

Lenses 37.716 105.7% 77.582 273.2% 140.756

Prisms 2.070 138.4 4,935 227.3 6,775

Mirrors 4,886 39.6 6,821 77.4 8.668

Other Flats 4,248 44 .9 6,155 88.4 8.003
Other Optics '

infrared 4,383 149.3 10,927 315.7 18.220

Ultraviolet 227 1060.8 2.635 1060.8 2,635

Total: 53.530 103.7% 108,055 245.8% 185,087

2.5.2.3 Bottlenecks to a Surge/Mobilization

The firms were also requested to provide details on specific
bottlenecks they foresaw in attempting to inéreése production for a
surge or mobilization. Among the probiems that would be encountered
is the limited availability of supplies and raw materials due to the
inadequacy of domestic sources and reliance on foreign suppliers.
In an emergency situation. the continued avaitability or
deliverability of these items may be in question.

Another major area of concern is the supply of equipment and

machinery related to spare parts for the grinding, polishing,
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coating and testing processes. As with raw materials, much of this
equipment originates abroad, domestic production capacity is
limited. and long lead times are common. Under surge or
mob!|ization conditions. pressures on the optical equipment and
machine too! industries would be great, leaving doubt as to the
avaitability of vital equipment.

The most often mentioned bottleneck to increased production
relates to the supply of skilled labor. This problem was named by
every firm and across almost every optics-producing operation and
process — coating, grinding. polishing, testing. hand correction and
assembly. As discussed in detail in the section on Work Force, an
extended period is required to train opticians and other vital

optical personnel.

2.5.2.4 Critical Work Force Requirements In a
Surge/Mobilization

in ﬁhe survey, optics producers were asked to identify critical
occupations and the number of workers in each occupation they would
need to meet surge and mobilization targets. Critical occupations
are defined as those for which an anticipated or potential shortage
of qualified personnel would occur during a surge or mobilization.
In general, critical occupations would include skilled occupations
that require an extended training period. The table below presents

'the'aggregated predictions for needed employment of critical

occupations during a surge or mobilization. Also shown is the range

given of the training period for these positions.
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Number of Critical Workers Needed in a
Surge and Mobilization

Number Number Training

Critical Current Needed Needed Period
Qccupation Employment _to Surge to Mob__ (Months)
Opticians 218 313 470 2-36
Engineers 67 101 167 2-48
Testing & Quatity Control 34 50 90 6§-24
Other Production Workers 209 296 488 4-48
Coating Opticians 105 139 205 | 4-18
Total 631 899 1.420

2.5.3 Work Force
2.5.3.1 Trends

Since 1981, the optics industry has experienced an almost 50
percent decline in its work force. Closer examination of this
industry revealed substantial work force reductions across the board
in precision optic occupations. Producers reported a total of 1.655
employees in 1986. down from 3.096 in 1981. This overall employment
decline has dramatically affected this industry's production

capability, particularly under surge and mobilization conditions.

Precision Optics - Work Force

1981 1982 1983 1984 1985 1986
Scientists and Engineers 253 251 243 243 369 188
Production Workers 2,457 Z2.265 1,232 1,252 1.353 1,108
Administration & Other 386 412 324 328 358 349
Totals 3.096 2.928 1.799 1.823 2,080 1.655
Opticians (also included
in above numbers) 1,015 938 727 723 741 602
Percent of Work Force 32.7% 32.0% 40.4% 39.6% 35.6% 36.3%
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Optical Materials - Work Force

1981 1982 1883 1984 1985

Scientists & Engineers 114 101 103 103 97
Production Workers 835 764 658 650 703
Administration & Other 245 221 223 230 246

Totals 1.194 1.086 984 983 1.046

2.5.3.2 Shortage of Skilled Opticians

Specialized and lengthy training Is required by some of the work
force. While unskilled labor is plentiful, the availability of
journeymen and master opticians dropped from 1,015 in 1981 to only
602 in 1986, a 41 percent decline. One firm reported that 90
percent of its master opticians are approaching retirement age and
no viabie programs are in place to supply future needs.

The definition used in the industry survey to describe opticians
was technicians who grind. polish, and test precision optical
components (i.e., lenses, prisms, etc.) and assemble these
components into optical systems. ({(Note: This definition of
opticians does not include “dispensing opticians” who grind
eyeglasses. Dispensing opticians are substantially different from
precision optical opticians and can not be converted to precision
optical production without extensive retraining.)

To become highly skilled., an optician requires two to three
years of training and usually apprentices under a master optician.
The skilils of an opticién are highly technical and most training is
currently provided on the job. Skills and knowledge required

include:
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o] Skills
~ equipment operation and maintenance
- use of various grinding and polishing compounds, and

- testing with a micrometer, spherometer, lens bench, auto
collimator and interferometer

o Knowledge

— fundamental theory of light
- principles of refraction and diffraction
— characteristics of glass and other refractive materials

- processing procedures

- elementary mathematics

- blueprint reading, and

- interpretation of specifications, tolerances and tests

Other critical occupations in short supply that could constrain
a surge or mobilization are coating technicians, optical assemblers,

quality controilers, grinders, and polishers.

2.5.3.3 Industry Sponsored Training Programs

The optical element producers have formed through the American
Precision Optics Manufacturing Association {APOMA) . a committee to
institute a future training program. It will be an apprentice-type
program with training conducted on thé job. Two years of this
training will be sponsored by APOMA. At the end of two years. the
top 10 percent of those trained will be eligible to continue for
another year of more intensive training to become supervisors and
foremen. The others will go on to become opticians. By the end of
1987. APOMA expects to have the training program in full operation.

Back in 1880, a tré(ning program was'developed by one company
with a local community college. In this prbgram a two year A.S.
degree in precision optics was estabiished. t(n addition to donating
$100.000 worth of equipment, this company provided instructors and
laboratory assistants. The company noted that college level
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training was necessary to acqui?e the needed specialized skills more
rapidly than on the job training. It believes that two years of
college training are equal to four years of training on the job.
However. a downturn in the economy caused demands for skilled
empioyees to lessen. The program, which received little support
from the local community, was inactivated in 1984.

While this program is currently inactive, it could be
reactivated within four to six months. Another company responding
to the survey noted that increased business would be needed to

offset the training costs of more opticians.

2.5.3.4 Shift Productivity

Producers noted that they could significantly increase
production by operating multiple shifts. Using one shift as a
starting point, producers estimated that production could be
increased an average of 73 percent with .the addition of a second
shift and by 112 percent with the additioﬁ of both a second and
third shift. However, the shortage of skilled employees would
severely limit projected increases.

The precision optics producers also reported the number of
production workers employed by shift and major prodﬁction operation
for 1985 and estimated what those numbers would be if they were
operating at practical capacity. The total increase in production
workers required to reach practical capacity was estimated at 82.2
percent or 1,113 workers. Since the industry was using 60.4 percent
of Its capacity in 1985, production at 100 percent of capacity wou I d

amount to a 65.6 percent production increase (i.e., (100-60.4)/60.4 =

.656).
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The smaliler percent increase in production than in the work
force translates into about a 20 percent deciine for the additional
workers in the productivity of labor. A productivity drop of this
magn i tude may not be acceptable during an extended surge or
mobilization period with the expected shortage of opticians. To
counteract such a drop, additional capital equipment would be needed
to restore the capital/labor ratio closer to its optimal range.

Percentage increases in employment vary significantly by major
production operation when expanding to practical capacity. The
employment increase for the coating operation was the smallest at
only 55.9 percent. All other operations show diminishing returns to
scale or declines in labor productivity with incremental additions
to the work force. Employment in the assembly operation showed the
greatest increase at 118.9 percent with hand correction and rough
grinding slightiy less.

NUMBER OF PRODUCT ION WORKERS PER SHIFT IN 1985 AND THE
NUMBER REQUIRED IF OPERATING AT PRACT{CAL CAPACITY

1985 Operations

Practical Capacity Overall

5% .

Shift Shift Percent
Operation 1st 2nd 3rd 1st 2nd 3rd Increase
{60.4% utilization) {(100% utilization)
Rough Grinding 68 28 7 104 67 48 112.7%
Fine Grinding 70 19 4 87 52 36 88. 2%
Polishing 197 87 30 250 166 136 75.8%
Hand Correction 31 8 ¢] 41 27 16 115.4%
Coating 113 68 23 141 111 66 55.9%
Assembly 86 20 0 115 78 40 119.9%
Testing 80 36 0 122 86 22 98.3%
Other 237 93 47 397 144 113 73. .
Total 882 359 111 1,257 731 477 B82.2%
28
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2.6 Industry Performance

2.6.1 Shipments

Perhaps the most startling finding of this assessment is the
small share of the U.S. market comprised of domestically produced
precision optical elements. It is estimated that U.S. production in
units accounts for less than two percent of total U.S. consumption.
On a value basis, the U.S. share of shipments is higher because many
U.S. firms continue to parflcipate in highly specialized, low-volume
optic markets. In these markets. a single element (such as for the
space telescope or for the research being done by Lawrence Livermore
Laboratories on laser fusion) may be several yards in diameter and
cost several million dollars. This compares with an average import
price of only three or four doliars. Total value shipment numbers
are not available and it is with prudence that we estimate the U.S,
producers’ share at between 30 and 40 percent of the total U.S.
market.

Unit shipments of precision optics by the nine surveyed firms
varied over the 1981-1985 period. In 1981, 1.7 million units were
shipped. This number rose to 2.1 million in 1982. Shipments

declined to only 1.9 miillion or by 7.6 percent in 1983, but rose

along with several major end markets including the miiitary in 1984

to 2.5 million. 1985 brought a stump in shipments to 2.3 million
although some individual firms showed improvement. A further
overall dectine is expected in 1986 due to continued pressures from
foreign competitors and continued offshore migration of commercial

end-markets.

Among individua! optical component categories, the same general

unit shipment trends prevail, except that shipments of
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visible mirrors showed expansion'in 1985 over their 1984 levels.

Ultraviolet optics have experienced continued growth over the entire

five year period.

UNIT SHIPMENTS BY MAJOR COMPONENTS
19811985
(In Thousands)

VISIBLE OPTiICS

LENSES 1981 1982 1983 1984 1985
Non-Defense 656.7 909.0 782.0 825.3 846.0
Defense 190.7 252.1 295.6 429.2 452.6
Total 847 .4 1161.1 1077.6 1354.4 1298.6
Defense Share 22.5% 21.7% 27 .4% 31.7% 34.,9%

PR [ SMS 1981 1982 1983 1984 1985
Non-Defense 18.5 17.2 11.86 26.9 15.5
Defense 26.8 27.8 13.9 38.1 24.8
Total 45.3 45,1 25.5 65.0 40.3
Defense Share 59.2% 61.8% 54.4% 58.7% 61.5%

MIRRORS 1981 1982 1983 1984 1985
Non-Defense 349.3 4580.7 429.2 514.,2 567.5
Defense 20.2 24 .1 32.2 50.2 58.6
Total 369.6 474.8 461.4 564.5 616.1
Defense Share 5.5% 5.1% 7.0% 8.9% 9.5%

- QTHER FLATS 1981 1982 1983 1984 1985
Non-Defense 398.1 296.9 284.5 335.5 208.7
Defense 32.2 46.3 48.3 59.6 51.0
Total 430.3 343.2 302.8 395.1 259.7
Defense Share 7.5% 13.5% 16.0% 15.1% 19.6%
INFRARED OPTICS 1981 1982 1983 1984 1985
Non-Defense 5.9 5.1 3.9 5.4 4.1
Defense 42.3 41.9 39.8 52.5 82.6
Total 48.2 46.9 43.7 57.9 56.7
Defense Share B7.8% 89.2% 91.0% 90.7% a2.8%
ULTRAVIOQLET QPTICS 1981 1982 1983 1984 1985
Non-Defense 5.3 5.5 6.4 12.4 14.6
Defense 2.7 2.7 4.3 4.3 2.7
Total 8.0 8.2 10.7 16.7 17.3
Defense Share 34.1% 33.2% 40.3% 25.8% 15.7%
TOTAL ALL OPTICS 1981 1982 1983 1984 1985
Non-Defense 1433.7 1684 .4 1487.6 . 1819.7 1646.3
Defense 315.0 394.9 434.1 633.9 642.4
Total 1748.8 2079.3 1921.7 2453.6 2288.6
Defense Share 18.0% 19.0% 22.6% 25.8% 28.1%
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Overall, just over 28 percedt of unit optics shipments in 1985

for the nine firms went to defense purposes.

risen consistently over the period, demonstrating the firms’

This percentage has

increasing reliance on military sales as the growth of commercial

markets has been stified by foreign competition.

The percentage of

optics used for defense purposes varies greatly from component to

component, ranging from a low of 15.7 percent for ultraviolet types

to a high of 92.8 percent'for infrared types.

Defense shipments. in

contrast to commercial shipments, show consistent growth over the

1981-1985 period for most component categories and in the overall

total.

Total value of shipments of precision optics follows the pattern

_ of unit shipments closely, but price increases mask the deciine in

unit shipments

in 1985.

DOLLAR SHIPMENTS BY MAJOR COMPONENTS

1981-1985
(In Thousands of Current Dollars)

VISIBLE OPTICS 1981 1882 1983 1984 1885
Non-Defense $23.056 $26.110 $22.941 $28.772 $28,343
Defense 7.846 7.837 6.892 6,983 9,392
Total 30.902 33,947 29,833 35,755 37.735
Defense Share 25.4% 23.1% 23.1% 19.5% 24 .9%
INFRARED OPTICS 1981 1982 1983 1984 1985

" Non-Defense 3 341 % 312 % 836 $ 1.011 % 958
Defense 4,645 10,072 12,430 12,523 11.740
Total 4,986 10,384 13,266 13.534 12,698
Defense Share 93.2% 97.0% 93.7% 92.5% 92.5%
ULTRAVIQLET QPTICS 1881 1982 1983 1984 1985
Non-Defense $ 210 % 2117 % 239 % 310 $ 348
Defense 362 362 442 443 365
Total 572 573 . 681 753 713
Defense Share 63.3% 63.2% 64.9% 58.8% 51.2%
TOTAL ALL QPTICS 1981 1982 1983 1984 1985
Non-Defense $23.607 $26.633 $24.016 $30.093 $29.649
Defense 12,853 18,271 19,764 19,949 21.497
Totat 36.460 44,904 43,780 50,042 51,146
Defense Share 35.3% 40.7% 45 .1% 39.9% © 42.0%
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-Defense shipments measured in value terms present a different
picture. On a value basis, 42 percent of total shipments went to
defense applications. Individual categories ranged from 25 percent
to defense for visible optics to over 92 percent for infrared. The

share of shipments in terms of value devoted to defense is much more

volatile than the equivalent unit calculation. changing from year to

year with no particuiar pattern apparent. This is because of the
wide fluctuations in unit prices of optics reflecting the wide

vartability in their size, quality. and type.

2.6.2 Prices

Average prices (dolla(s per unit) were calculated for the major
categories of optics and are presented below. Again care must be
taken in interpreting these figures because of the wide variation in
price for different optics, even within the same general category.
On the whole. defense optics are more expensive than their
non-defense counterparts, averaging $33 per item versus $18 for
commercial optics in 1985. |In the visible and infrared optics
categories, however, the commercial price has edged slightly higher
than the defense price in recent years. This reflects the fact
that, among the nine surveyed firms, many pursuéd the more
specialized, higher-valued commercial markets as foreign producers
became dominant in the low end of the market. Furthermore,
increased competition among domestic producers for defensé business
nhas brought defense prices down relative to commercial prices. To a
great extent, high end commercial and defense applications have
become the only markets that remain for domestic producers as

traditional markets. such as lenses for cameras, binoculars and
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telescopes are almost completely offshore today. In the future,
defense tolerances and specifications are expected to become tighter
and more sophisticated. This could drive defense costs and prices

higher in years to come.

AVERAGE PRICE OF MAJOR COMPONENTS

1981-1985
VISIBLE OPTICS 1981 1982 1983 1984 1985
Non-Defense $16.21 $15.60 $15.53 $15.97 $17.41
Defense 29.06 22.37 17.67 12.10 16.00
Total 18.26 16.77 15.98 15.03 17.04
INFRARED OPTICS 1981 1982 1983 1984 1985
Non-Défense $57.96 $61.36 $212.45 $187.40 $235.80
Defense 108.77 240.61 312.43 238.5¢8 223.19
Total 103.45 221.18 303.43 233.82 224.10
ULTRAVIOLET OPTICS 1981 1982 1983 1984 1985
Non-Defense - $39.87 $38.52 $ 37.40 $ 24.95 § 23.87
Defense 133.09 133.09 102.31 102.55 134.19
Total 72.62 69.90 63.59 44.97 41.21
TOTAL ALL OPTICS 1981 1982 1983 1984 1985
Non-Defense $16.47 $15.81 $ 16.14 % 16.54 $ 18.01
Defense 40.80 46.26 45 .52 31.47 33.47
Total 20.85 21.60 22.78 20.40 22.35

2.6.3 Imports and Exports

We estimate that the United States imported a staggering 279.2
miliion optical elements in 1986. This import total was more than
one hundred times as many optical elements as the surveyed firms
produced domestically (i.e., elements that were ground and
polished). In terms of value, imported elements were estimated to
equal about a billion dollars in 1986.

Over 80 percent of these impo}ts originated in the Far East.
primarily Japan. Taiwan and South Korea. Over 95 percent of the
imports entered the United States as “contained elements™. in

end-products such as cameras. telescopes, photographic lenses and
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binoculars. Only 4.7 percent of the imported elements entered as
“unmounted” optical elements. In absolute terms, element imports
have increased by over 140 percent since 1978. .

Exports of optical! elements. on the other hand, ranged between
27.1 and 48 million units during the 1978 to 1986 period. Most
exports. however. are actually re-exports of either mounted or
unmounted imported elements assembled in the United States into
end-products for export. The U.S. has maintained a small trade
surplus with the European Community. A huge trade deficit exists

with the Far East. (See Appendix E for a detailed accounting of

imports and exports.)

TOTAL U.S. IMPORTS AND EXPORTS OF
OPTICAL ELEMENTS, 1978-1986

(in millions of optical elements)
Year imports Exports
1978 116.3 31.8
1979 124.3 41.5
1980 128.6 36.6
1981 144 .8 34.8
1982 148.2 48.0
1983 156.4 31.6
1984 223.2 27 .1
1985 280.8 36.6
1986 279.2 35.6

Source: Department of Commerce

Import statistics were collected for 11 major end-products
(cameras. binoculars, microscopes, etc.) containing optical
elements. Imported optical elements “contained” in these
end-products were then estimated. Of the end-products, stljl

cameras contained almost 44 percent of the total imported elements
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in 1986. which was by far the targest single end-product share.
Other major end-products with significant shares included telescopes
(15.4 percent}, mounted photographic lenses (13.8 percent). and
binoculars (12.2 percent).

Camera imports rose dramatically since 1983 from only 30.1

million (contained elements) to 122.3 miltlion elements in 1986. more
" than a 300 percent Increase. Imports of contained camera elements
from Taiwan grew from under 5 miilion to over 50 million in this

short period as both American and Japanese multinationals opened
export facilities there. Taiwan emerged with the largest share of
camera exports to the U.S. (41.4 percent), surpassing Japan (34.6
percent) in 1985, Taiwan also became the major suppiier of motion
camera elements (66.1 percent), edging past Japan (23.4 percent) in
1984. Motion cameras, however, are the smallest of the 11
end-product markets, and in fact have declined in overal | number

1986 U.S. IMPORTS OF CONTAINED OPTICAL ELEMENTS
BY END PRODUCT AND BY MAJOR COUNTRY OF ORIGIN

tmported percent Major percent

End Product elements of total Source of total
{mitlions)

Still Cameras 122.3 43.8% Taiwan 41.4%
Telescopes 42.9 15.4 Japan 40.7
Photographic Lenses, Mounted 38.5 13.8 Japan 78.2
Binoculars 34.0 12.2 Japan 54.9
Optical Elements, Unmounted 13.2 4.7 Japan 65.7
Optical Elements, Mounted 10.8 3.9 Japan 85.1
Photocopiers : 8.6 3.1 Japan 94.4.
Projection Lenses, Mounted 4.7 1.7 Japan 85.6
Microscopes 2.0 .7 Japan 79.3
Projectors 1.6 .6 Japan 21.6
Motion Cameras .5 .2 Taiwan 66.1
Total 279.2 100.0% Japan 50.4%

Source: Department of Commerce
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since 1978. Japan has the Iargéét share of the import market for
each of the other nine end-product categories.

Further analysis of this information showed that not only have
domestic producers lost ground to imports, but that large cross
sections of element “end-markets” have moved of fshore. This
occurred despite rapid growth in many optics end markets in the
U.S.. in which U.S. firms)faiied to participate. The large scale
displacement of end markets has substantially reduced the overall

size of the element market available to domestic producers and could

jeopardize their long term viability.

SHIFTS IN U.S. IMPORT TRADE WITH JAPAN,
TAIWAN AND SOUTH KOREA

(in millions of optical elements)
Total Imports and Percent of Total from Three Country
Year Imports Japan Taiwan S. Korea Iimport Total
units units % units % units % units %
1978 116 86 70.3% 7 5.7% 6 5.0 28 84 .5%
1979 124 84 75.8 7 5.3 5 4.2 106 85.3
1980 129 101 78.5 5 3.8 5 3.9 111 86.2
1981 145 109 74.9 5 3.5 7 4.9 121 83.3
1982 148 112 75.4 7 4.7 8 5.7 127 85.8
1983 156 117 74.5 9 5.7 9 6.0 135 86.3
1984 223 155 69.6 23 10.1 16 7.3 194 87.1
1985 281 155 55.1 46 16.4 23 8.0 223 79.5
1986 279 141 50.4 63 22.4 - 23 8.2 226 81.0
Growth Rates by Country, 1878-1986
World Japan Taiwan S. Korea Three Countries
140% 64% 843% 295% 130%

Source: Department of Commerce
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A major shift in U.S. import patterns has occurred in recent
years with Japan losing large portions of Its share of the U.S.
import market to Taiwan and South Korea. Japan's share of total
impor ted optical components peaked at 78.5 percent in 1980 and
remained near or above 70 percent through 1984. However, since 1984
Japan‘s share of the U.S. import market has fallen to 50.4 percent
in a trend that is expected to continue.

Most of Japan‘'s lost share was captured by Taiwan and South
Korea, which expanded their share of the U.S. import market from
17.4 percent in 1984 to 30.6 percent in 1986. Imports from Japan
also declined in absolute terms after peaking in 1984 at 155.4
million elements. By 1986, imports from Japan had fallen to 140.6
miltion elements or a decline of 9.5 percent. This occurred while
total U.S. imports expanded by over 25 percent from 223 to over 279
million imported elements.

Several important circumstances underlie this shift. Perhaps
paramount among these is the competitive struggle between large end

San
user firms such as Fuji+st and Kodak. In efforts to reclaim,

maintain or expand market shares these end users must seek out least

cost supply alternatives which are clearly. in the case of optics,
located in the developing economies of the Far East. In addition,
newly industrializing countries such as Taiwan and Singapore
encourage companies to locate in their countries, offering tax
holidays (up to ten years in the case of Singapore) and other
incentives to attract them. Moreover, Japan’s.wage scale has
increased to near parity with the United States making Japan much
less attractive from a cost standpoint for the production of

standard type optical elements.
o ST [: ~
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Associated with these conditions, it also appears the U.S.
market is saturated. As evidence of this, optical element imports
peaked at 280.8 million units in 1985 after years of solid growth.
This could further motivate foreign (and domestic) producers to find
lower cost production alternatives needed to either maintain or
expand their market shares. Thus the on-going exodus of optics
production capacity from high cost industrialized countries
(especially from Japan) to low cost countries in the Far East should
continue. Not surprisingly. many recently constructed Far East
manufacturing facilities are owned by Japanese. European and
American firms.

in this rapidiy changing environment. Japanese firms are
rethinking their long term optics strategy. We expeét some Japanese
firms to increase the sophistication of their domestic production
capabilities and challenge American firms in the high value end of
the market in the near future. This strategy may include opening or
purchasing some plants in the United States. Recently a Japanese
concern purchased Pyramid Optical Company. perhéps motivated by the
opportunity to acquire technology. Pyramid had developed a unique
processing capability to produce high precision retro-reflectors
(pyramid shaped optics used in communication satellites to return
light signals to precise locations) at low cost. Furthermore,

" continued investment in lower cost production facilities in less
developed countries could help Japanese firms maintain a présence in

jower valued standard optical markets.

2.6.4 Investment

Investment in new pliant and equipment by the nine precision
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optics firms varied over the 1981-1985 period, as shown in the table
below. Total aggregated investment spending was at its highest in

1981, at over $13.2 million. This total dropped slightly in 1982 to
$11.8 mitlion, and then fell dramatically by 52 percent in 1983 due

to poor industry performance that year. Investments improved
somewhat from this depressed [evel in 1984, reaching $7.8 million.
The upward trend continued in 1985, with investment at $9 million.

Indications from the firms are that current levels of investment

will be maintained over the next two to three years.

INVESTMENT SPENDING
(In Thousands of Dollars)

Investment 1981 1982 1883 1984 1985

in Plant $4.644  $4.597 $ 883 $ 850 $2,146
In Machinery/Equipment 8.589 7.219 4,783 6.923 $6.855

Total $13,233 $11.816 $5.666 $7.773 $9.001

Investment in machinery and equipment accounts for the bulk of
total investment, running at about 75 percent in 1985. The two
broad categories of investment (in plant and in machinery/equipment)
followed the same pattern over the period. Plant investment,
however, is much less consistent than investment in machinery, as it
tends to occur in large. intermittent blocks rather than evenly
dlstrfbuted over time. Both investment categories attained their
highest level in 1981 before a sharp drop. followed by a partial
recovery in the last two years. This recent increase, however, did

not bring investment back to the high levels of the eariy 1980°s,
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Firms have invested heavily in recent years in an attempt to
reduce high costs and survive in the face of stiff foreign
competition. For example. most firms are investing in new,
sophisticated machinery (such as diamond point turning machines, and
high-speed polishers and coaters) that reduce labor needs. shorten
equipment set-up times and lower scrap rates, thereby increasing
overall productivity. Semi—automatic manufacturing processes,
statistical process controls. and cost accounting systems are also
being instalied. Some firms are attempting to reduce unit overhead
and general accounting costs by expanding operations that spread

fixed costs over greater production. These actions involve

investment in both new plant and equipment. Others are diversifying

their product mixes. and at least two firms are planning additional
investment in their own Far East operations to capitalize on low

production costs there.

2.6.5 Inventories

Inventory policy is highly variabfe from firm to firm. Several
firms maintain little inventory of supplies and materials used to
manufacture optics. These firms operate on a job by job basis.
ordering necessary materials ohly'aftef recefpt of a customer's
order. Other firms maintain larger inventories. The weighted
average of inventory size (in days supply) across all firms
(including those who said they had none) was 119 days for optical
glass. 88 for filter glass, and 40 days for infrared materials. The
lengthy on-hand supply of optical glass is partiy a safety measure

because there is only one remaining domestic source of supply. which

raises concerns about the material’'s availability. However,6 minimum
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purchase quantities and assoclated price discounts are also
important influences in maintaining inventory levels.

Among the optical materials firms, most held no inventory at all
for the selected materials tisted in the Department of Commerce
survey. Of those that did. a one to three month supply of materials
{e.g.. hydrogen sulfide. zinc, hydrogen selenide) was average.
Factors which influenced inventory policy included limited
availability of some materials (inventory needed to compensate for
long lead times). minimum purchase quantities, and price breaks for
larger purchases. |In the future, inventory levels may increase
because of the deteriorating availability and expanding lead times

for raw materials.

2.6.6 Research & Development

A related and perhaps more important area of spending than
direct investment is research and devetopment (R&D). All but two
smailler firms reported the expenditure of at least some money trying
to develop new materials, processes or products related to precision
optics manufacture. The amount spent on R&D over the past five

years is as fol lows.

R & D Expenditures

(in thousands of doltars)

1981 $3.663
1982 3.564
1983 3.676
1984 3.612
1985 3.829

The aggregate R&D amount is remarkably consistent from year to

year, at around $3.6 million. (These amounts should be viewed with
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caution as they are based on a small sample. Moreover, one large
flrm accounts for most of the R&D expenditures.) Most of the
expenditures are devoted to process and equipment development, with
a smaller portion allocated to product development and materials
research. |

Several firms mentioned finished lens molding techniques as
desirable to acquire. Also mentioned by the firms were development
of machines and equipment to increase manufacturing productivity,
development of more sophisticated coating technologies. and research
in aspheric lens production. Several firms also use R&D
expenditures to develop prototypes for customers. In many cases,
the optical firm that develops the prototype may also be contracted
to produce the element. However, if production voiumes are large.
the end user may designate a foreign concern to mass produce the
components to save costs,

in a broader context, the United States may be gradually failing
behind in optical research and technology development and losing the
initiative to the Japanese. The U.S. has led the world in creating
optics technoiogy and establishing optical production capabilities
since seizing the initiative from the Germans in the aftermath of
Worid War |1. When lasers began entering the market place in large
numbers about 1970, R&D efforts by U.S. industry were given new
life. However, this upsurge was temporary. U.S. RaD spending has
suffered greatly in the last decade because of méssive foreign
encroachment into the U.S. market and a decline in U.S. Government
involvement. Japanese firms are currently funding more optics
research in American universities than is U.S. industry. The

“technologies developed through these programs will most likely be
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transferred offshore and eventually be translated into competitive

advantages for the Japanese.

2.6.7 Profitability

The table below presents profitability information for the nine
precision optics participants in the Commerce Department survey. It
should be kept in mind that these figures are estimates. Several
surveyed plants produce optics solely for internal consumption by
other divisions of the same firm. These firms operate as "cost
centers” and thus have no profitability data available. We
estimated the overal! industry profitability based on five valid

survey responses.

PROF ITABILITY

(In Thousands of Dollars)

1981 1982 1983 1984 1985
Net Sales $36.460 $44.904 $43,780 $50,042 $51.,146
Cost of Goods Soild 29,350 36,058 33,360 37.782 37.848
Gross Profit 7.146 8.801 10.463 12,310 13.349
Net Income 984 539 2.145 3.503 4,347
Net Income/Sales 2.7% 1.2% 4.9% 7.0% 8.5%

AS caﬁ Se seen from the tabie, both gross profits and net income
have increased over the period, except for a dip in net income in
1982. Profits have increased consistently despite fluctuations in
shipment levels and in the face of foreign competition. This has
been possibie because of efforts by the firms to specialize in
higher priced goods which elevate dollar sales. Furthermore, firms
have bean able to maintain increasing profit levels because of
numerous actions they have taken to reduce overhead and production
costs such as investing in more productive equipment, importing
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supplies and finished goods from overseas, and instituting
productivity enhancing manufacturing techniques.

2.6.8 Plant Closings

Because of foreign competitive pressures many precision optics
manufacturing plants have closed, reduced optical operations or
switched production to more profitable products during the last
decade. The result has been a major reduction in the size of the
industry and its almost complete displacement from the larger volume
optical production categories by foreign competitors.

Rochester. New York, the long time center of the optics
industry, saw the closing of several plants including Ilex (visible
and near infrared elements). Wallensach {lenses). and Bausch and
Lomb (optical glass melting). Also. Eastman Kodak. a major element
producer in Rochester., has dramatically reduced operations in recent
years.

Reichert-Jung {formerly American Optical), the last full line
scientific instrument producer remaining in the United States, shut
down its Keene, New Hampshire facility in a consolidation move 1o
improve production efficiency. Weaver, a Texas firm that produced
elements for rifle scopes, went out of business several years ago.
And most recently-(in early 1987) J. L. Long of California (n{ght
vision optics) closed its doors because of insufficient business
with few prospects for improvement.

Additional information on plant closings was obtained from
respondents to the Department of Commerce industry survey. Because
of unprofitable operations; Herron Optical Company. in Long Beach,.
California was sold by one of the surveyed firms after more than 20

years of successful operation. The new owner has since shut the
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facility down. A plant in Durango. Colorado that supplied elements
for rifle scopes was closed in 1982 because the end-user ptaced 95
percent of its optics orders in foreign countries. Another firm
consolidated its operations in 1983 by closing a facility in Dallas.
Texas.

The Federal Government was also involved in a plant closing. |In
1977. the Department of Defense closed down the Frankford Arsenal in
Phitadelphia for budgetary reasons. The Frankford Arsenal played a
leading role in supplying optics to the military during World War
I1. when its work force swelled to about 19.000. In the 30 years
following the War, the Arsena! was central to advances in all
aspects of optical research including optical manufacturing
technology. materials research and product development. Frankford
made prototypes that were later contracted commercially for
production, establishing new capabilities within private firms. The
facility also manufactured low volume opt?cs that private concerns
were not interested in or could not produce profitably. Moreover .
the Arsenal was a training ground for-opticlans, affording them

hands-on experience which was transferable to industry.
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2.7 SOURCES OF SUPPLY

The optics industry is becoming less integrated at the plant
level as foreign competitive pressures have led many firms to
subcontract out certain costly operations which can no longer be
justified in-house or can be done more cheaply by either foreign or
more specialized domestic firms. These same pressures have greatly
expanded foreign sourcing and have increased foreign erendencies in

recent years at all levels of optics production.

2.7.1 Subcontracting

All but one of the ten plants surveyed utilized at least one
subcontractor, domestic or foreign, in some aspect of their
operations. All types of optical element products (lenses, flats,
reticles, aspherics, prisms) as well as the process of coating were
subcontracted out. The most frequently subcontracted operation was
coating., which five out of the ten surveyed plants used for at least
part of their coating needs. The range of subcontractor use for
coating was 5 percent to 100 percent. The main reason for using
subcontractors for this specialized process was because the
equipment is very expensive, making an in~hodsevcapabtltty in low
volume shops difficult to justify. Other frequentiy subcontracted
items were reticles (4 out of 10 firms), flats {4 out of 10). lenses
(4 out of 10). and aspherics (2 out of 10). The main reasons given
for subcontracting these items were: (1) volume too smail td be cost
effective. (2) to take advantage of lower cost producers offshore.
and (3) lack of in-house design and/orrequipment capability.

Overall. the trend toward subcontracting has increased over
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the industry survey period {1981-85), and the firms expect this
trend to continue in the future. Especially important will be the
trend in shifting of domestic production of commercial quality
optics to lower cost foreign producers, such as those in the Far

East.

2.7.2 Supply Disruptions
Most plants (8 out of 10} reported that they had experienced

shortages and/or long jead times in obtaining necessary materials
and equipment that disrupted their operations. Of particular
concern is the availability of optical glass. which is currently
limited to one domestic producer. Infrared materials, although
produced by several sources, is a long lead time item, as are
various imported machines and equipment used in the optic-making
process (including coating equipment, polishing machinery. and
micro-optics production equipment). These availability problems are
expected to continue in the future. Also in the future., at least
one respondent foresaw a problem in the availability of skilled
labor.

Among optical materials manufacturers. long lead time items
inclqded Germanium metal (12 to 18 months) and crystal growers for
producing special optical materials. Moreover, several firms
mentioned that there is only one source for hydrogen sulfide and
hydrogen selenide gases used in the glass making process. A growing
concern, especially in the event of a national emergency, is the
availability of a whole range of imported raw materials used as
blending agents in a wide variety of glasses. Schott Glass

Technologies maintains the critical capability to formulate
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substitute glasses using available blending materials should
impor ted materials be cut off. However, this highly specialized
capability is at risk in the current environment. Should Schott

shut down, domestic defense optical production capabilities would be

substantially reduced.

2.7.3 Foreign Dependency

Most optical and optical material companies are reliant on
imports to some degree. Overall, firms used an average of 32
percent imported optical and filter glass in their production. while
41 percent of infrared material was imported. |f materials used for
mak ing “unground” molded glass lenses (a process that eliminates the
grinding and polishing production operations) are included. the
percentage of imported optical glass used jumps to almost 70 percent.

The primary foreign suppliers of optical glass are Japan (Hoya
and Ohara) and West Germany (Schott). Ali firms that purchased raw
optical glass (rather than pressings) used some imported bulk glass
from one or more of these sources, and did so because a domestic
source was not avallable or was inadequate. Infrared raw materials
were  imported by-all four domestic firms competing in the infrared
optics market, mainly from Europe (France. West Germany and
Belgium). The reasons given for importing were price and lack of
adequate domestic sources.

Machinery. equipment and tools used in optics production were by
far the most common items mentioned as beling produced offshore. The
main sources of these items {including diamond tools. generators,

polishers, grinders, profilometers, etc.) were Japan, West Germany.
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and England. Reasons given by respondents for utilizing imported
equipment were better quality and inadequate domestic supply.
Another item mentioned by several firms was polishing
compound, lmported from France. Lastiy, two firms listed imported
finished optics ~— lenses and prisms —— purchased from Taiwan.
Japan, and Singapore. As might be expected. the primary reason for

importing these items was their lower cost,

All optical materials suppliers import a wide range of metals

and oxides. For metals. imports ranged from a low of 40 percent to

a high of 100 percent for individual firms. The reasons given for

using imported metals were lower prices and avallability. The most

common item mentioned was Selenium metal, imported from Japan.

AL T T

Other examples are Lanthanum Oxide from France, and Barium Nitrate

T ET

from the Peoples Republic of China.

in general, imports are used because of availability
(4 mentions). price (3 mentions) and sole source (3 mentions).
Several precision optics firms have set up subsidiaries/affiliates 8
in the Far East in an attempt to reduce costs and increase
competitiveness. Other firms do not have formal arrangements. but
rely on imports from these countries to reduce their costs. Half of

~~“the optical materials respondents had affiliates overseas, all in

Europe.
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2.8 INDUSTRY COMPETITIVENESS

| . 2.8.1 International Competitive Comparisons

The surveyed firms were asked to compare various competitive
factors between optics industries in the United States and other
leading countries. In both the precision optics and optical
material sectors, U.S. firms rated themseives most competitive in
the technology area (engineering, design and quality) and least
competitive in costs and prices. The Far East was rated just the
opposite, as most competitive in costs and least competitive in

technical capabilities. European firms were not viewed as a

competitive probliem.

The technical capabilities of Japan are increasing but currently

estimated to be about 80 to 90 percent of those of U.S. producers.

Singapore’s comparative capabilities were rated at about 60 percent,

and Mainland China's at only about 35 percent. Western European
producers are considered roughly equivalent to U.S. firms in
technical capabilities. |

Wage scales in the Far East are much lower than in either the
. United States or Europe. "About 70 'to 75 percent -of -the total cost
of optical element production is “people cost”. This is an
extraordinarily high percentage compared with most other
manufacturing industries and under!ies the massive displacement of
both American and European producers from the high volume opticat
markets in the last decade by Far East producers.

Hour |y wage scales by country in 1985 were approximately as
follows: United States. $8.00: Japan, $6.00: Singapore. $2.20:
Taiwan, $2.00: Korea, $1.80: iIndia. $.65: and Mainland China, $.15.
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However, other factors besides low labor rates can aiso

influence the competitive position of these countries and the
Werk patterns moy het be as ole.ve.]%pefo\
PRk Sriataetsity SR gty B DR R L En

markets they compete in.

they are
W= In Japan and the United

countries |ike Singapore and China as
States. Also. management and supervision may not be as adept which
affects both production efficiency and the quality of finished
products. Mdreover, very low wage rates make it harder to justify
investment in sophisticated equipment. It is, therefore., difficult
to envision these countries challenging the U.S. in the high end of
the market in the near future. On balance, however. the low labor
rates enable these countries to make standard type optical

components from one half to one third the cost of equivalent

Amer ican made products.

As for the matertal producers, the U.S. infrared material
producers are competitive with any producers in the world. Far East
producers have not entered the infrared market as yet.

However, several competitive problems'exist in the optical glass
and preform markets. An estimated 400 to 500 optical glass blends
are Iin use. Schott Glass Technologies has the capability to produce'
all of these which is an enormous competitive strength. However,
‘only about 18 percent of these blends constitUté 90 percent of total
wor ld-wide consumption. Schott has largely been eliminated from
these higher volume markets by Hoya and Ohara of Japan. which do not
produce as many types of glass, preferring to concentrate their
efforts on the high volume types.

The following tables show the surveyed firms aggregated estimates

comparing the listed competitive factors between leading countries.
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PRECISION OPTICS INDUSTRY |
Competitive Factor United States Japan West Germany Singapore
Price 3 T 2 4 1
Quality 1 3 2 4
Input costs:
labor 4 2 3 1 :
capital 3 1 2 4 8
optical materials 3 1 2 4 <
other (specify) 3 1 3 2 *
Delivery (lead time) 1 2 3 4
Fol low—-up service 1 2 3 4
Design capability 1 3 2 4
Engineering capability 1 3 2 4
Customer satisfaction 1 2 2 3 :
Trade barriers 5 3 2 4 f
Government supports 4 1 3 2 ?
OPTICAL MATERIALS INDUSTRY
Competitive Factor United States Japan West Germany Belgium i
Price 3 2 4 1
Quality 1 3 4 2
input costs:
labor 2 1 1 1
capital -3 2 -2 1
other {specify) 3 2 1
Delivery (lead time) 1 2 2 2
Foliow-up service 1 2 2 2
Research capability 2 1 3 4
Customer satisfaction 2 3 4 1
Trade barriers 3 1 1 2
Government supports 3 1 2 4 i
Note: One means most competitive, five means least competitive. :
« 7t 82




2.8.2 Competitive Prospects

in the industry surveys the companies were asked to comment on
their competitive prospects over the next five years. On balance
the optical eiement producers view their prospects as improving
somewhat. In the iast ten years most of the firms have reoriented
their production into the higher value precision optical categories
which are less impacted by_foreign competition. This reorientation
is evidenced by their stepped-up purchases of sophisticated
production and testing equipment in recent years. In addition,
profits have improved for several companies as they have taken
actions to reduce overhead and production costs. These actions
include establishing lower cost foreign facilities to provide
unfinished parts as wel! as using greater amounts of lower cost
imported equipment and raw materials.

Two firms see their competitive prospects as improving greatly,
one because of rapid growth in its commercial markets {laser
printers) and the other because of investments in improved, more
efficient manufacturing equipment and procedures. (Note: Domestic
laser printer producers are currently losing market share to foreign
suppliers.)

One optical element producer indicated with some caution that
its éompetitive prospects would stay about the same and another said
its prospects would decline. The former noted that technology is
being transferred to the Far East, in part because of offshore
procurement by thé U.S. Government. The other firm stated the
technology capabilities in al! countries are gaining on the U.S.
This firm noted that technical! capabilities have been our major

competitive strength, but could be undermined in the near future as
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additional foreign firms seek to participate in the higher end of

the market.

Among the optical material producers the competitive outlook is
mixed. The infrared material market looks the most promising. Two
of the infrared firms said their prospects will improve greatly in
the next five years. One of these cited its involvement in new
advanced materials research that will lead to new products. The
other recently formed a joint venture with a foreign firm that will
allow market growth utilizing domestic production capacity. Another
firm in the infrared material market reported competitive prospects
would improve somewhat, depending on currency exchange fluctuations,
while a fourth competitor in this market said prospects would stay
about the same. One firm noted that infrared raw material costs are
lower in the United States than in Europe which gives Uu.s. firms a
slight advantage.

The optical glass sector presents an entirely different
picture. One glass melter permanently shut down its plant in 1986
because low volume production could not justify accepting continued
{osses. The competitive prospects for the one remaining glass
meiter and the one remaining glass preform producer are not good.
These firms have been priced out of the high volume optical glass
markets which are critical to efficient operations. The uncertainty
of U.S. Governmént funding for various programs and the continued
{alleged) predatory pricing practices of Japanese firms jeopardize

the survival of these firms.
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2.8.3 Offset Agreements

An area of |imited but growing concern to optical element and
optical material producers was the increasing demand for offsets by
foreign governments when purchasing U.S. defense and related
equipment. Offsets are defined as a range of industrial and
commercial compensation practices mandated. directly or indirectly,
by a purchasing government or company. Offset agreements include
coproduction, licensed production. subcontractor production,
overseas investment, investment and countertrade.

Two precision optics producers cited specific examples of lost
element sales due to offset agreements between the United States and
the Governments of Canada and Switzerland for anti-tank and
air-to-ground missiles. In both cases, the U.S. optics producer is
the supplier of optical efements for Defense Department consumption
in these particular missiles. However, as part of the offset
agreement, both U.S. producers found their elements displaced by
Swiss and Canadian produced-optical elements.

Similarly, three optical material suppliers surveyed complained

that offset agreements were indirectly affecting them by taking away'

business from their customer base (precision optics firm) which in
turn reduced the sales of these three firms. Instead, raw material
needs were being supplied by local country material suppliers
directly to the local country optical producers.

With the commercial optical base already severely eroded. offset
agreements involving defense precision optiés serve to further
aggravate an already deteriorating situation. Moreover, the
technologies and production capabilities involved in these offsets
are transferred to foreign firms which can negatively impact

long-term U.S. competitiveness.
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2.8.4 Actions Companies Have Taken to Increase Competitiveness

The optical element firms have responded to international
competitive pressures by investing in automation and other more
productive equipment. They.have also reduced overhead, increased
the skitl level of their work force, enhanced their production
capabilities and consollidated certain operations., |In addition,
several firms have established foreign subsidiaries in the Far East
to take advantage of prevailing lower labor rates in that area. The
result of these on going actions has been a shift by the industry
into the more sophisticated end of the optical element market. the
avoidance of head-to-head competition with foreign competitors. and

in a leaner., more versatile group of companies.

As mentioned in Laser Focus magazine in its November 1986 issue.

the companies are finding ways to survive. The "ingredients for
success” suggested in that articie include: (1) offer high-quality
products that imports do not compete with, (2) provide fast,

dependable service so as not to delay customer ‘s important projects,.

(3) manufacture as efficiently as possible using automated equipment

and computer assisted manufacturing processes, (4) find & “niche”
and become the best at what you do. and (5) work hard, persevere.
and be lucky. |

The surveyed optical element producers appear to be responding
in these areas. However. perhaps the larger and more ominods
problem for the industry is the continuing and massive migration
offshore of end markets. such as cameras, microscopes and telescopes
that contain optical elements. U.S. firms may not even get an

opportunity to bid on orders, once they move offshore.
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The optical material companies haJe stepped up research to
develop new products. imported basic material in an effort to lower
costs and formed joint ventures to acquire technology. Schott Glass
Technologies independently developed a unique capability to
continuously produce glass types which heretofore could only be

melted discontinuously.

2.8.5 U.S. Government Actions To Improve Industry’s
Competitiveness |

Seven out of the ten optics plants surveyed believe that U.S.
Government support is necessary to improve their competitive
position. They believe that the present international optics market
is biased in favor of foreign firms, particularly those in Japan,
because of unfair trade practices, and strong foreign government
supports. combined with a perceived lack of concern by the u.s.
Government.

Most precision optics firms support implementation of a Federal
Acqulsikion Regulation requiring use of domestically produced optics
in military applications. It is thought that a FAR will do much to
preserve the domestic optics base and reduce dependency on foreign
suppliers. Other Government actions or support programs suggested
include: reforming the tax code to encourage investment in new
equipment and R&D, revision of U.S. trade laws, adopting retaliatory
trade practices, and funding training programs for opticians and
other necessary personnel.

Also, most firms believe that DoD modernization programs (IMIP,
Tech Mod; etc.) could be very beneficial to the optics industry,

although many were unaware that these programs exlisted.
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2.8.6 Age of Equipment

The age of equipment may have a bearing on the competitiveness
of U.S. firms because as it ages it may become both technically
obsolete and more difficult to maintain. In the survey we asked the
companies to identify the numbers and ages of selected equipment and
foliowed this up with a discussion with several firms.

Survey results show that 74 percent of the capital equipment
used to produce optical elements is ten or more years old, ‘and 44
percent is more than 20 years old. Japanese equipment of the same
types, for comparison purposes, is believed to be somewhat younger
than American equipment. Aflthough new high speed grinding and
polishing machinery could substantially increase productivity, firms
would encounter delays both in their actual use and in added start
up costs associated with retraining employees currently accus tomed
to older equipment. However, it is estimated that this new
equipment, once in full operation, could increase industry’s
productivity by as much as 50 percent.

In general. the average life of machines (polishing. arinding)

can be as long as 30 or 35 years, depending on maintenance and spare'

part availability. Producers noted that older equipment could be a
constraint during a surge or mobilization because it may break down
more frequently and spare parts are often more difficult to obtain.
Expanded production in a surge or mobilization using older equipment
wouid require more labor than would be needed with newer equipment.
This could be an additional problem with the expected shortage of

opticians as well as other critical occupations.
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PRECISION OPTICS INDUSTRY — AGE OF CAPITAL EQUIPMENT

Optical Sawing and Shaping
Machines

Curve Generating Machines
(Ring Tool}

Spindles (Lap Machines)
Centering and Edging Machines
‘Interferometers

Diamond Point Turning Machines
Vacuum Coating Chambers

Total

0-4 5-9
Yrs Yrs
13 17
108 17
172 217
8 19
26 91
5 1
12 22
344 384

10-19 20 Yrs.
Yrs. & Up
32 22
16 35

309 388
23 43
1 2

0 0]
22 10
413 500

OPTICAL MATERIALS INDUSTRY — AGE OF CAPITAL EQUIPMENT

Furnaces

Annealing Ovens

Vacuum Chambers

Finishing Equipment
Grinding & Sawing Equipment

Total

4

0-4 5-9
Yrs Yrs.
12 11
5 i5
4 i

3
4 2
28 29

10-19 20 Yrs.
Yrs. & Up
40 15
28 20
3 1

20
10 1
81 67
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Older machinery that runs at slower speeds may have advantages
over high speed equipment in low volume production. However. newer
equipment with computer assisted tooling adjustments and production
monitoring have made much of this older equipment technically
obsoiete. At the same time. newer equipment is expensive and It may
be difficult for many optics firms to justify the expenditure in the
current uncertain economic environment.

However, some firms are actively replacing older equipment. One
producer reported a $500.000 budget for new high speed equipment.
This same producer also has constructed specialized machinery
in-house that may confer unique capabilities and/or provide a
competitive “niche” that established equipment vendors could not do
economically. However, design time to build in-house machines can
be expensive. While most firms build or modify some of their
equipment in-house to fill special needs, only a few producers have

the genuine capability to develop or build their own equipment from

the ground up.
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2.9 OTHER FACTORS

2.9.1 Strategic Defense Initiative (SDi)

During the ‘85 Army review of Precision Optics, the question
arose as to how much of an increase in requirements for optics could
be expected from the SDI. Such a program which retlies heavily on
iasers and sensor technology will be a significant user of Optics.
In an attempt to obtain quéntifiable data, visits to the SD!OC were
arranged. Unfortunately, because deployment of any SDI system is
many years away and with the program only in a research phase,
quantities of required Optics could not be identified with any
significant degree of confidence. Therefore, it was decided not to
include SD! requirements with the rest of DOD's. but to recognize
that a significant increase in requirements for optics would occur

if SDI deployment takes place.

2.9.2 Advanced Technology

Since one of the key ingredients to the competitive edge of the

Far East producer is the lower pay scale for labor, the obv ious
remedy for doéestic industry is to automate the process as much as
possible. Unfortunately, since optics is stili‘somewhat in the -
realm of a "Black Art”, automation is extremely difficult. The 1985
Army (AMC} report describes on—going efforts that attempt to foster
automation. Other advanced technologies such as molded glass are
also discussed.

A new program for the development of improved optical

performance technical resources Is being proposed by the Defense

Advance Research Projects Agency (DARPA). |Its objective is to
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develop the technology for manufacture of high performance optical
systems. The three program elements are design, gliass
manufacturing, and component surfacing. Some of the areas being
proposed for investigation are artificial intelligence aids to
design. sol-gel forming of glass. and plasma or ion stream finishing
using computer controlled machinery.

The bottom line is that the industry Is still using some of
the same basic methods developed over a half century ago: any
radical change in utilized technology is many years away from
adoption, primarily due to declining firm profitability which limits

the firm’'s ability to afford new technology when available.
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3. CONCLUSIONS AND RECOMMENDAT IONS

3.1 CONCLUSIONS

The following seven conclusions can be drawn based on the

findings of the JPOTG:

a.

Without the bulk of DOD procurements the domestic
Precision Opticé industry will continue to decline.

Based on current trends, foreign producers will capture an
increasing share of the DOD market

Further reductions in domestic production capacity
threaten the national security.

Available trade and economic corrective measures have not
been fully investigated.

Domestic producers are not cost competitive with the low
labor rates that prevail in the Far East.

Shortages of trained opticians would hinder a surge or
mobilization.

Additional funds from the Department of Defense for optics

will be required.

The domestic Optical Industry has dectined dramatically in

recent years because of foreign competition in both optical elements

and element end-markets. The resulting deterioration in surge and

mobilization capabilities can threaten our national security.
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3.2 RECOMMENDATIONS

The fact that this study, which Incorporates the requirements of

the three services, has reached the same basic conclusions as the

‘84 AD HOC and the '85 Army review, affirms that action is needed to
reduce the continued erosion of this critical industry. Following a

review of many options, two major recommendations were chosen as the

best means to correct the national security problems over both the
short and long term for the Precision Optics and Optical Material

Industries.

The first recommendation is the implementation of a Federal
Acquisition Regulation (FAR) clause. The scope of this FAR clause
and how it compares to earlier proposals can be found in the

appendices. The short term benefits are that it will:

1) stop the incursion of foreign producers into the defense

market

2) encourage domestic capital investment and capacity

expansion

3) provide incentives for technology enhancement and

development

in the long term, the FAR clause will contribute to the

restoration of a viable surge/mobilization protection base and

contribute indirectly to the re-establishment of the commercial base.

Implementation of the FAR will of course generate some negative

factors. but this must be considered on balance with the national

security implications of losing the entire optical industry
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One obvious consequence is the increase in cost

n the U.S. will

production base.
for domestic optics. Even though competition withi
his burden. domestic manufacturing can be expected to

) between $10 and

help reduce t

cost the systems managers (Army. Navy. Air Force

$20 million per year.

The second recownmndation is for an assessment of trade and

economic factors impacting this industry by the Depar tment of

Commerce, as these are questions which fall primarily under the

jurisdlction of DOC. Accordingly. the second major recommendation

is to request the Commerce Depar tment 1O assess the trade and

economic factors impacting this critical industry and formulate

options to rectify the situation.

A final recommendation is that the Servi

on technology programs which foster optical fabrication

advancement. As the new technology mentioned in section 2.9.3.

matures, the program managers should require their contractors to

utilize it as much as possible.
gince it is not expected that thé“actlons r ecommended will

result in any immediate increase in domestic capacity. 8 few years

should elapse pefore any new review should be undertaken.

The findings. conclusions, and recommendat ions presented above

have been coordinated and concurred in by the Four commands of the

joint togistics Commanders and the Depar tment of Commerce.

lnternational Trade Administration.
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Description of the Manufacturing Process

The manufacture of optical elements involves three broadly
:defined stages of production. The finishing or third stage was the
‘major focus of this assessment. This is the most difficult and
expenhsive stage of production. representing between 80 and 80
percent of the value added of finished optical elements. The
finishing stage is preceded by raw glass (stage one) and preform
production (stage two). In raw glass production, raw materials are
heéted and blended together in a closely controlled furnace.
Typical raw materials include silica, oxides and rare earth
compounds. In the case of visible glass, the heated mixture is used
to form molten glass. The precise blend depends on the
specifications required for the final glass. The molten gilass is
annealed and cooled, and formed into blocks, slabs or gobs.

The second stage begins by annealing the blocks. slabs or
gobs. The material is then cut or sliced into pieces which are
heated and pressed in molds into sizes approximating the finished
component. This reduces the time required to generate the required
precision component. These raw glass products are referred to as
pressings. blanks or preforms.

Both the first and second stages are capital intensive
operations that require volume production to achieve cost
economies. Only one major.firm, Schott Glass Technologies in
Duryea. Pennsylvania currently produces the raw glass in the United
States and only one firm, United Lens Company in Southbridge.

Massachusetts makes the preforms. The Department of Commerce survey
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revealed that neither of these firms is operating profitably at this
time because of dwindling domestic markets. increasing foreign
‘competition, and low rates of capacity utilization. In the case of
non-visible optics. several domestic firms produce the raw material
and bianks for infrared and ultraviolet optical components.

The third stage of optical component production is the finishing
stage. The finishing process is very labor intensive and is
sometimes referred to as a “black art” because of special skiils
required of the opticians. When preforms (often flat discs) are
received they are ground to near net shape (generated) by cutting

Hwheels made of brass impregnated with industrial diamonds. In
_generating a lens, the cutting wheel will grind the preform to
within two hundredths of an inch of final thickness and one tenth of
an inch of its final diameter. After generation the workpiece is
first rough ground. then medium and fine ground before polishing and
apping to its finished dimensions. Very little stock is removed
during the grinding and polishing operations, ranging between only
five to eight thousandths of an inch off each face. The edges are
then trimmed to bring the diameter to design specifications and
finally the optical element is coated with Magnesium Flouride or
some other substances to enhance or reduce reflections. improve
corrosion and/or scratch resistance, eliminate fogging. or endow the
element with some other special quality. The coating operation is
extremely capital intensive requiring expensive equipment and
processes. Coating is very Important to military applications.
Department of Defense requirements are currently the major driving
force for advances in coating technology in terms of both material

formulations and machinery capabilities.
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After production of the optical element is completed. the
element is then assembled into final product. This is also a labor
intensive operation which utilizes special fixtures and tooling.
All components (optical, mechanical and electrical) must be
interfaced. inspected and tested as final assemblies. (This final

' stage was not analyzed for this investigation.) 7
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APPENDIX B

Precision Optics and Optical
Material Industry Surveys
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Form ITA-9055 U.S. Department of Commerce OMB Approval Not
{9-86) International Trade Administration Required: less than
ten respondents

NATIONAL SECURITY ASSESSMENT OF
PRECISION OPTICS INDUSTRY

THIS REPORT IS REQUIRED BY LAW

This report is required by law (50 U.S.C. App. Sec. 2155). Failure to report can result in a maximum
fine of $1,000 or imprisonment up to one year, or both. Information furnished herewith is deemed
confidential and will not be published or disclosed except in accordance with Section 705 of the
Defense Production Act of 1950, as amended (50 U.S.C. App. Sec. 2155).

General Instructions

1. It is not our desire to impose an unreasonable burden on any respondent. IF INFORMATION IS
NOT READILY AVAILABLE FROM YOUR RECORDS IN EXACTLY THE FORM REQUESTED,
FURNISH ESTIMATES AND DESIGNATE BY THE LETTER “E"'. Any necessary comments or
explanations should be supplied in the space provided or on separate sheets attached to this
questionnaire. Ensure that you reference the proper question if you use extra sheets. If any
answer is ‘‘none’’, please indicate.

2. Report calendar year data, unless otherwise specified in a particular question. Please complete
Parts Il and Ill separately for each of your establishments that produce precision optics in the
United States. Please make photocopies of forms if additional copies are needed. For Parts I, IV
and V, firms operating more than one establishment may combine the data for all establish-

ments into a single report.

3. In addition to the original report form to be returned to us, a file copy is enclosed for your
records. You are not legally required to fill out or retain this file copy. Whiie it would be a
convenience to the Government for a file copy to be made and retained for reference purposes,
no assurances can be provided that file copies will be exempt from compulsory examination in

the future. . .

4. Questions related to the questionnaire should be directed to Mr. Robert O’Shaughnessy,
Physicist, (201) 724-6223, Depertment of the Army, Mr. Rod White, General Engineer, (309)
782-8226, Department of the Army, or Mr. John Tucker, Industry Analyst, (202) 377-3795,
Department of Commerce.

6. Before returning your completed questionnaire, be sure to sign the certification and identify the
person and phone number to contact your firm.

7. .Return completed questionnaire by October 24, 1986 to:

U.S. Department of Commerce
International Trade Administration

Office of industrial Resource Administration
Attn: Brad Botwin, Program Manager for
Industrial Capabilities, Room H3876
Washington, D.C. 20230
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DEFINITIONS

aomuicu-mmammwm,yumhnpm.mum.umﬂuwmmmmmm
mmwuwmm.
I:HITIMLDGI:UPATIOHS—!MWWMquMWdMMMwumM.hm,mm
SSTAINSHHEM—MWhMMmﬁumW‘ Includes swdiiary faciitios opersted in conjunction with (whathet or not physically separste from)
mmwmfm.mmmmmmmm.

FIRM-—An individus! propristorahip, partnetship, joint venture, asscciation, corporation {including sny subsidiary corporation in which more than 50 percent of the
outstanding voting steck is owned), business trust, coopurstive, trustess in bankuptcy, of receivars under decres of any court, twning of contrelling one of more
extablishments as defined above. '
INDUSTRIAL MODEANIZATION INCENTIVE PROGRAM (IMIP)—IMIP is a joint venturs batween Govesnment 30 industry 0 reduce weapon system acquisition cost
mmmmmmmmmmmwuwmmm.mhfmmm.mmmum
mmmmmmm

MANUFACTURING TECHNOLOGY (MANTECH)—Any action which hes a3 its objective, 1) the timely establishment of improvement of the manufecturing processss,
toduiqm,uuqtipmlmnq.irldtoammd\dMw,m!)mwdhmwm,nﬂwmm,mde
mm,mm.mm.wm.ummmmmm - )

MOBILIZATION PRODUCTION wmm—mmmmummm-mmuwmthm 12
mwmammm.mMwmmmnmmdam,tzm.wumhmuwm
mmm.mmmmmmzssuummw.mmmmmwmdmﬁmmmm
mipmunm.vummmmmaammhmmmmumummmwnmmmmm
mmummmmwmmmwmmmwwuwummmmm
mmmhnxmmmmmmm.

GFFSETAEBEEHEITHWMImeﬂHm mmmmm.mum,w-m
wuwn.mum.mmm.wmwm.mmmw,

omclnlkTmmwm,m,MNﬂmelm. m,m.m.mm,wmmmmmmw
:ymm.TmrmmmmmmMlmwmmmmdwwﬁmmhﬁﬂumﬂni&uwm.
rnmtmcnncm—summmmummumm.ﬂ&hmmwﬁmuﬁmmmmmmm
Mmmmm.mummm.mmmmmmmm ]
1.Undummdtammmumlwur‘1985pmdlmmixHmptoducﬁmtookphuh\NﬁﬁsnﬁuﬁMumdMMmm,uwﬂlmﬂu
wﬁlmmmmwmmﬁemeianuhﬂumm.MIwmumdm1985prmm,
.2 c«m«wmmmwmmmmmw.mmmmmmmwwammwﬁmmm.
mgnmmmmmmmhmm.
3 Tnhtummﬂndﬁhnddumﬁmfummm,m&.umm%hruidummmmmmhﬂm.
4, mmmmm,wmmmm.ummmhmmhmm.
5. Although it may ba possible to axpand pisat output by using produstive facilities outside of the plant, such as by contrscting out subsssambly work, do not
mmmdmmmhmmmmmmdmm.

PRECISION OPTICS—Eismants made by grinding, polishing, turning or moiding material 1o be used to transmit, Fefract o reflect light in the uhtre-violm () to.d
micromaters), visible (4 to .7 micrometers), near infrared (.7 to 3.0 micrometers), and/of in!rﬂd.ﬂ.ﬂ to 16.0 micrometers} spectre. Exciuded ars ophthaimic skments,

mlMpIuﬁm,ﬁbuopﬁc:,m:,fm!mmm.mﬂmmﬁm,m.ﬂm.
PRODUCTION mnuenm,mwmhmw,Whmum, sssambling, inspecting, receiving, woring, handiing, packing,
wM.uW.Inﬁﬁw,wmmnﬁhumﬁuwﬁmhuaﬁnm,:mi.mmm,mmmmwmimw.
mordm,mmmmmmmﬁmm:mm.mmmmwwnwmmm.

REPAIR TECHNGLOGY {REPTECH)—Frojects which improve DOD overhaul and repaic cpavations.
nesmcnAﬂnnmwmm—mmmmmmmmmmmwmmmmmhm,mw
wmmmprmmprm.mﬁnwpmdﬂi: ) ',mmmmmmumwwm ined,
W.hmmmmﬂi\uwﬂm,HMdemﬂthmmmdeﬁW:
I.m:me«mw.MMmmmmmulmd&mﬁuﬁm.
2.MWMNMMhmmﬁ|MMIW.MMMmMMM.
S.WWMNWMthdamm«m
chE_lTll]'lMDE!IEI!ESHS—PIMUMhMNmmwtwptmmmmaMIw-ww

and o
wither formadly or by

:
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porton of your businets may be identiied by thosa porchase orders bearing 3 00 nxmm«-mmmmwam.mﬁmm,u
W,uwﬁnﬂuu&ndmmdmmwﬂdmﬁyamﬁnm wauu.uﬂmw-ﬂuﬁdmmm
shippad to quakified distributors. : '
lllaﬁsoum—mmmmﬁyh&upudnudfmmm;uﬁwmmhm.w.mmm
lﬂﬁWURﬁ—MMMWMmm,-ﬂmmmﬁmmm
supnz_rnonuc'nnlwnlun-nnmmdeMMmuMMnmmummamem
parod oo folowing s0rge day whik maintsin " fvares, Ragart achievable 646 ot . L :
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PART 1

) FIRM IDENTIFICATION

1. Name and address of your firm or corporate division.

If your £irm is wholly or partly owned by another firm, indicate the name and address
of the parent firm and extent of ownership.

2, Identify the location of your precision optics manufacturing establishment(s)
in the United States. (See definition of precision optics.)

Locality State Zip Code
(a)
(b)
(c)

3. Identify any U.S. manufacturing establishments in which you ceased precision optics
production operations since 1980 and the reason production was stopped.
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PART I - A. PRECISION OPTICS SHIPMENTS {UNITS) .

Enter total unit and estimated defense share of shipments of precision optics as
indicated below (i.e., for all manufacturing establishments). Count each optical
component of a shipped assembly as a sepatrate unit. (See definition of shipments.)

1. Visible Optics - 1981 1982 1983 1984 1985

a. Lenses

E

{1} sSmall {under .5" 0.D.}

(2) Medium (.5 to 2" 0.D.) _

(3} Large (2 to 8" C.D.}

(4) Very Large (over 8" 0.D.)

Estimated Defense Share (%) —_— e

EARG TP ]

b. Prisms

(1) Small (under .25 sq.in.
clear aperture area)

(2) Medium (.25 to 4 sq.in.
clear aperture area)

(3) Large (4 to 64 sg.in
clear aperture area)

(4) Very Large (over 64 sg.in.
clear aperture area)

Estimated Defense Share (%) — .__;_

¢. Mirrors (including non-glass substrates})

(1) small (under .25 sg.in.
surface area)

{2) Medium (.25 to 4 sq.in.
surface areg)

{3) Large (4 to 64 sq.in.
surface area)

(4) Very Large (over 64 sq.in.
surface area)

Estimated Defense Share (%)




2,

d. Other Flats

(1) Sméll (under .25 sg.in,
clear aperture area)

{2) Medium (.25 to 4 sd.in.
clear aperture area)

(3) Large (4 torgﬁ sq.in.
clear aperture area)

1981

(4) Very Large (over 64 sd.in.

Clear aperture area)

Estimated Defense Share (%)

Infrared Material Optics

a.

b.

b,

Lenses
(1) Small {under 1" 0.D.}
{2} Medium {under 2.5" ¢.D.)

(3) Large (2.5 to 6" O.D.)

(4} Very Large (6" to 12" 0.D.}

Estimated Defense Share (%)}
Windows

(1) Small (under 1" 0.D.,
under 0,.080" thick)

{2) Medium {under 2,.5" 0.D.,
under 0,200" thick}

{3} Large (under 6" 0.D.,
under 0.500" thick)

(4) Very Large (6% to 12" 0.D.

under 1,50" thick)

Estimated Defense Share (%)
Prisms

{1) small (under .50 sg.in,
clear aperture area)

1882

1983

1984

1985

ETE




(2) Medium (.50 to 1 sg.in.
clear aperture area)

(3) Large (1 to 2 sq.in.
clear aperture area)

(4) Very Lafge {(over 2 sd4.in.
clear aperture area)

Estimated Defense Share (%)

3, Ultraviolet
a. Lenses

(1) Small (under 0.5" O.D.)

(2) Medium (0.5 to 1" 0.D.)

(3) Large (1" to 3" 0.Db.)

{4) Very Large {over 3" 0.D.)

Estimated Defense Share (%)

b, Prisms
{1) small (under .25 sq.in.)
(2) Medium (0.25 to 4 sq.in.)
(3} Lafge {4 to 6 sg.in.)

(4) Very Large {over 6 s§g.in.}

Estimated Defense Share (%)
C. Windows

{1) Shall {under 0.5" G.D.)

{2) Medium (under_l‘ 0.D.)

{3) Large (under 3" 0.D.)

(4) Very Large (over 3° 0.D.)

Estimated Defense Share (%)

1981

1982

1983

1984

1985
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PART I - B, PRECISION OPTICS SHIPMENTS (DOLLARS)

Enter total dollar and estimated defense share of shipments of precision optics as
indicated below (i.e., for all manufacturing establishments).
component of a shipped assembly as a separate unit,

ll

Visible Optics -

a. Lenses
(1) sSmall (under .5" 0.D.)
{(2) Medium (.5 to 2" 0.D.)
{3) Large (2 to 8" 0,D.)

(4) Very Large (over 8" 0.D.)

Estimated Defense Share (%)
b. Prisms

(1} Small (under .25 sg.in.
clear aperture area)

{2) Medium (.25 to 4 sg.in.
clear aperture area)

{(3) Large (4 to 64 sg.in
clear aperture area)

{(4) Very Large {(over 64 sq.in.
clear aperture area)

Estimated Defense Share (%)

¢, Mirrors (including non-glass substrates)

(1) small (under .25 sg.in.
surface area)

{2} Medium (.25 to 4 sg.in.
surface area)

(3) Large {4 to 64 sg.in.
surface area)

(4) Very Large {over 64 sq.in.
surface area)

Estimated Defense Share (%)

1981

1982

1983

Count each optical
(See definition of shipments.}

1984

1985
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2.

d. Other Flats

(1

(2}

(3

(4}

small (under .25 sq.in.
clear aperture area)

Medium (.25 to 4 sd.in.
cleat aperture area)

Large (4 to 64 sg.in.
clear aperture area)

Very Large (over 64 sg.in.
clear aperture area)

Estimated Defense Share (%)

Infrared Material Optics

B

b.

b.

Lenses

(1)
(2)
(3)

(4)

small (under 1" 0.D.)
Medium (under 2.5" 0.D.)

Large (2.5" to 6" 0.D.)

Very Large (6" to 12" 0.D.)

Estimated Defense Share (%)

Windows

(1)

(2)

(3)

(4}

small (under 1% O.D.,
under 0.080" thick}

Medium {under 2.5" 0.D.,
under 0.200" thick)

Large (under 6" O.D.,
under 0.500% thick)

Very Large (6" to 12" 0.D.
under 1.50" thick)

Estimated Defense Share (%)

Prisme

(1)

small {under .50 sgq.in.
clear aperture area)

1981

1982

1983

1984

1985
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(2)

(3)

(4)

Medium (.50 to 1 s4.in.
clear apertute area)

Large (1 to 2 sg.in.
clear aperture area)

Very Large (over 2 sd.in.
cleat aperture area}

Bstimated Defense Share (%)

3. Ultraviolet

a. Lenses
(1) Small (under 0.5" 0.D.)
(2) Medium (0.5 to 1™ 0.D.)
{3) Large (1" to 3" 0.D.)

(4)

Very Large (over 3" 0.D.)

Estimated Defense Share (%}

b. Prisms

(1)
(2)
(3)

(4)

Small (under .25 sg.in.)}
Medium (0.25 to 4 sg.in.)
Large {4 to 6 sg.in.)

Very Large (over 6 sg.in.)

Estimated Defense Share (%)}

c. Windows

{1y

{2)
{3)

(4)

small (under 0.5" 0.D.)
Medium (under 1" 0.D.)
Large {(under 3" 0.D.)

Very Large (over 3" 0.D.)

Estimated Defense Share (%}

k4

1981

1982

1983

1984

1985

i1
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PART II - A. PEACETIME CAPACITY
B. SURGE AND MOBILIZATION
PRODUCTION CAPABILITIES
C. WORKFORCE

INSTRUCTIONS

Complete Part 11 for each establishment that manufactures precision optics.
Report calendar year data, unless otherwise specified.

If information is not readily available from your records in exactly the form
requested, furnish estimates and designate by the letter "B,

Do not leave questions unanswered. Enter "none" where appropriate.

Photocopy this section as necessary.

ESTABLISHMENT IDENTIFICATION

(Logality) {state) {zip Code)

A. PEACETIME CAPACITY

What is your annual practical capacity in units for producing precision optics in
the following size and spectral ranges? (see definition of practical capacity.)

visible Optics

a. Lenses c. Mirrors (including non-glass substrates}
{1) sSmall (under .5" O.D. (1) small (under .25 sg.in,
surface area) _
(2} Medium (.5 to 2" 0.D.} (2) Medium (.25 to 4 sg.in.
surface area)
(3) Large (2 to 8" 0.D.) (3) Large (4 to 64 sgq.in.
surface area)
(4) Very Large (over 8" 0.D.) (4) Very Large (over 64 sq.in.
surface area)
b. Prisms d. Other Flats
(1) Small {under .25 sqg.in. {1) Small (under .25 sq.in.
clear aperture area) clear aperture area)
(2) Medium (.25 to 4 sq.in. {2) Medium (.25 to 4 sq.in.
clear aperture area} clear aperture area)
(3) Large (4 to 64 sq.in (3) Large (4 to 64 sqg.in.
clear aperture area) clear aperture area)
(4) Very Large (over 64 sq.in. (4) Very Large (over 64 sé.in.
clear aperture area) clear aperture area)
Y
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Infrared Material Optics

&.

b.

Lenses
{1) Small {under 1" 0.,D.)
{2} Medium {(under 2,5" 0.D.}

(3) Large {(under 6" 0.D.}

(4) Very Large (under 12" 0.D.)

Windows

(1) small {under 1" 0.D.,
under 0.080 thick)

(2) Medium (1" to 2.5" 0.D.,
under 0,200" thick)

(3) Large (under 6" 0.D.,
under 0.500* thick)

{4) Very Large (under 12" 0.D.,

under 1.50" thick)

Ultraviolet

a.

Lenses

{1) Small (undgr 0.5" 0.D)
{2) Medium (under 1" 0.D.)
(3} Large {3" 0.D.}

{4) Very Large (over 3" 0.D.)

Windows

{1) Small (under 0.5")
{2) Medium (under 1")
(3} Large (under 3")

{4) Very Large (over 3")

c.

C.

Prisms

(1)
{2)
(3)

(4)

small f{under .5 sg. in.
clear aperture area)
Medium {under .5 to 1 sg. in.
clear aperture area)
Large {1 to 2 sg. in.
clear aperture area)
Very Large (over 2 sg. in.
clear aperture area)

Prisms

(1)
(2)

(3)

(4)

small {under .25 sg.,in.)
Medium (0.25 to 4 sq.in.)
Large {4 to 6 sg.in.)

Very Large
Greater than 6 sg.in.

EIH -
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2.

Enter below factors which would increase/decrease capacity figures given above. (e.qg.
material, length of production run, etc.)

a. What was this establishment's practical capacity utilization rate in percent in
19857 '

Practical Capacity Utilization: % 1985

b. How long would it take to reach practical capacity from the 1985 rate indicated?
{in weeks)

Weeks

CONVERTIBILITY: Disregarding production efficiency considerations, briefly discuss the
convertibility of your non-defense production operations to defense production, and the
problems that might arise in the conversion (e.g., acquire additional testing equipment,
additional skilled labor, dollars, time, etc.}).

~10-
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5, LEAD TIMES:

. a. During 1985, what was your average lead time (i.e., from receipt of order to
" delivery to customer) for:

Non-Defense Orders weeks Defense QOrders weeks

b. Regarding your longest lead time defense items list the type of optic (lens,
prism, etc.), the average lead time during 1985, and describe
how that lead time could be significantly shortened.

1985
Type Average
of Optic Lead Time How to Shorten Lead Time

TEE .

TIRIE | EE 5 R

c. Are lead times increasing for:

Non-Defense Orders? yes ; Do

Defense Orders? yes s ho

d. If lead times are increasinyg, what are the reasons?
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1,

l.

B. SURGE AND MOBILIZATICN PRODUCTION CAPABILITIES

SURGE PRODUCTION CAPABILITIES: Enter your ptecision optics surge production
capability below. Use 1985's average monthly defense production for each optical
category as your base production rate, 1IN ESTIMATING YOUR SURGE PRODUCTION
CAPABILITY, ASSUME ANY OTHER DEFENSE PRODUCTION {i.e., non-precision optics) IN THIS
BESTABLISHMENT IS ALSO SURGED. Maintain non-defense production at 1985 levels.

(See definitions of surge production capability and shipments,)

Report Monthly Rates in Units

1985's average

monthly defense Surge rate Surge rate
Size Range production rate at 3 months at 6 months
(Units) (Units) {Units)
Vvisible Optics
a., Lenses
{1} small (under .5" 0.D,
{2) Medium (.5 to 2" 0.D.)
(3) Large (2 to 8" 0.D.)
{4) Very Large {over 8" 0.D.)
b. Prisms
(1} small {under .25 sg.in.
clear aperture area}
(2) Medium (.25 to 4 sg.in.
clear aperture area)

{3) Large {4 to 64 sq.in
clear aperture area)

(4) Very Large {(over 64 sq.in.
clear aperture area)

¢, Mirrors (including non-glass substrates)

(1) Small (under .25 sq.in.
surface area) :

{2) Medium (.25 to 4 sqg.in.
surface area}l

(3) Large (4 to 64 sd.in.
clear aperture area)

(4) Very Large (over 64 sd.in.
clear aperture area) —

Lt
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d.

1985's average
monthly defense

Size Range production rate
- {Units)

Other Flats

(1) Small {under .25 sg.in.
clear aperture area)

(2) Medium (.25 to 4 sq.in.
clear aperture area)

{3) Large (4 to 64 sg.in.
clear aperture area)

(4) Very Large {over 64 sd.in.
clear aperture area)

2. Infrared Material Optics

Qe

b.

Lenses

(1) sSmall (under 1™ 0.D.)
(2) Medium {under 2.5" 0.D.)
(3) Large (under 6% 0.D.)

{(4) Very Large
{(under 12" 0.D.)

Windows

(1) Small (under 1" 0.D.,
under 0,080" thick)

(2) Medium (under 2.5" 0.D.,
under 0.200" thick)

(3) Large (under 6" 0.D.,
under 0,500" thick)

{(4) Very Large (under 12" 0.D.
under 1.50" thick}

Prisms

(1) Small (under .50 sg.in.
clear aperture area)

{2) Medium (.50 to 1 sqg.in.
clear aperture area}

-13-

Surge rate

at 3 months

(Units)

Surge rate

at 6 months

{Units)
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3.

1985's average
monthly defense

Size Range production rate

{3)

{Units)

Large {1l to 2 sq.in.
clear aperture area)

|

(4) Very Large (over 2 sg.in.
clear aperture area)
Ultraviolet

a. Lenses

(1)
(2)
(3}
(4)

small (under 0.5" 0.D)
Medium (under 1" 0.D.)

Large (3® 0.D.)

L]

Very Large {over 3° 0.D.)

b, Windows

(1) small (under 0.5" 0.D.) —_—
(2) Medium {under 1" 0.D.)

(3) Large {(under 3" 0.D.) .
(4) Very Large (over 3" 0.D.) #_____‘

c, Prisms

(1) small (under .25 sg.in.) ___
(2) Medium (0.25 to 4 sd.in.)

(3) Large (4 to & sq.in.) e
(4) Very Large (over 6 sg.in.}

14~

sSurge rate

at 3 months

{Units)
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Surge rate

at 6 months

{(Units)
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B. SURGE AND MOBILIZATION PRODUCTION CAPABILITIES

MOBILIZATION PRODUCTICON CAPABILITIES: Enter your precision optics mobilization
production capability below? Use 1985's average monthly defense production for each
optical categofy as your base production rate. IN ESTIMATING YOUR MOBILIZATION
PRODUCTION CAPABILITY, ASSUME ANY OTHER DEFENSE PRODUCTION IN THIS ESTABLISHMENT IS

-ALSO MOBILIZED. Non-defense production falls to 25 percent of 1985 levels.

{See definition of mobilization production capability.)

Report Monthly Rates in Units
1985's average

monthly defense Mob rate Mob rate Mob rate
Size Range production rate at 6 months at 12 months at 24 months
' {Units) {Units) (Units) {Units)

Visible Optics

a. Lensés
(1} Small (under .5" 0.D.
(2} Medium (.5 to 2" O.D.)
(3) Large (2 to 8" 0,D.)
{4) Very Large (over 8" 0.D.)
b. Prisms

(1) Small {under .25 sqg.in.
clear aperture area)

{2} Medium (.25 to 4 sqg.in,
clear aperture area}l

{3) Large {4 to 64 sg.in
clear aperture area)

(4) Very Large (over 64 sg.in.
clear aperture area)

¢. Mirrors {including non-glass substrates)

(1) Small (under .25 sqg.in.
surface area)

(2) Medium (.25 to 4 sg.in.
surface area)

(3) Large (4 to 64 sg.in,
¢lear aperture area)

(4) Very Large {over 64 sq.in.
clear aperture area)

-15-
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1985's average

LR

2,

: monthly defense Mob rate Mob rate Mob rate
Size Range production rate at 6 months at 12 months at 24 months
(Units) {Units) (Units} {Units)

d. Other Flats

(1) sSmall (under .25 sq.in.
clear aperture area)

{2) Medium (.25 to 4 sdq.in.
clear aperture area)

{3) Large {4 to 64 sg.in.
clear aperture area)

(4) Very Large (over 64 sd.in,
clear aperture area)

Infrared Material Optics

a. Lenses
(1) Small (under 1" 0.D.)
(2) Medium (under 2.5" 0.D.)
(3) Large (under 6" O.D.)

(4) Very Large
(under 12" 0.D.)

b. Windows

(1) Small (under 1" OQ.D.,
under 0.,080" thick)

(2) Medium {under 2.5" 0.D.,
under 0.200" thick)

(3) Large (under &% QO.D.,
under 0,500" thick)

{(4) Very Large (under 12" 0O.D.
under 1.50" thick)

b. Prisms

(1) small {(under .50 sg.in.
clear aperture area)

“{2) Medium {.50 to 1 sqg.in.
clear aperture area)

=16~
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1985's average

monthly defense Mob rate Mob rate Mob rate
Size Range production rate at 6 months at 12 months at 24 months
- (Units) (Units) {Units) (Units)

{3) Large (1 to 2 sg.in.
clear aperture area)

(4) Very Large {(over 2 sgq.in.
clear aperture area)

3. Ultraviolet :
a. Lenses !
(1) small (under 0.5% 0.D) b

(2) Medium (under 1" 0.D.)

(3) Large (3" 0.D.)

(4) Very Large {over 3" 0O.D.)

b, Prisms

{1} sSmall (under .25 sg.in.)

(2) Medium (0.25 to 4 sg.in.)

{3) Large (4 to 6 sd.in.)

{(4) Very Large {over 6 sqg.in.)
c., Windows

(1) Small (under 0.5" 0.D.)

(2) Medium (under 1" C.D.}

(3) Large (under 3" 0Q.D.)

(4} Very Large (oﬁer 3" 0.D.)

T
L

T
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1.

SURGE AND MOBILIZATION BOTTLENECKS
SURGE BOTTLENECKS: List and rank the pottlenecks you envision would be encountered in a
surge and the time and cost to correct. Rank bottlenecks in order of occurrence. If the
answer is "none", please indicate., Please refer to definition of bottleneck,

Area of Time and Cost

Occurrence . ) Bottleneck (specify) Rank to Correct

Rough Grinding

Fine Grinding

Polishing

Hand Correction

Coating

Assembly

Testing

Materials

Parts/Components

Govt. Regulations

MOBILIZATION BOTTLENECKS: List and rank the bottlenecks you envision would be encountered
in a mobilization and the time and cost to correct. Rank bottlenecks in order of
occurrence. If the answer is "none®, please indicate. Please refer to definition of

bottleneck.

Area of Time and Cost
Qccurrence Bottleneck {specify) Rank to Correct

Rough Grinding

Fine Grinding

Polishing

Hand Correction

Coating

Assembly

Testing

Materials

Parts/Components

Govt. Regulations

-18~
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C. WORK FORCE

1. EMPLOYMENT: Enter the number of employees from 1981 through 1985 as requested below,
(See definition of Scientists and Engineers, Production Workers, and Opticians)

1981 1982 1983 1984 1985

Scientists and Engineers

Production Workers

Administration and OQther

Total:

How many Opticians are
included above? )

2. a. Enter work force shift information below. (See definition of production workers)

Average Number of Production Number of Production Workers/shift
Workers per Shift in 1985 if Operating at Practical Capacity
Qperation lst 2nd 3rd days/wk ist 2nd 3rd days/wk

' Rough Grinding

Fine Grinding

Polishing

Hand Correction

Coating

Assembly

Testing

Other

b. Assuming you were operating one eight hour shift, five days per week, how much
additional production {expressed as a percent increase) could you acheive if:

You added a second eight hour shift? percent

You added a second and third eight hour shift? __percent

=19~

O
{S2N




3‘

c. Please use space below for any additional explanatory comments_you have concetning
the workforce shift information given in {2a. or b,) above (e.g., availiability of
opticians or_other occupations, union work rules, nighttime noise curfews, capital,
etc.).

CRITICAL OCCUPATIONS: List below. (Critical Occupations - Includes occupations FOR
WHICH YOU ANTICIPATE A POTENTIAL SHORTAGE OF QUALIFIED PERSONNEL DURING SURGE OR
MOBILIZATION. In general, this would include skilled occupations that require an
extended training period.)

Number Number Needed Number Needed Training Period
Job Title Employed in a Surge in a Mob, {in months)
1
-20-—
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PART III - INVESTMENT, R&D, GOVERNMENT SPONSORED PROGRAMS, TECHNOLOGY,
EQUIPMENT, SUPPLIERS, MATERIAL USAGE, AND TRANSPORTATION

: INSTRUCTIONS

o Complete Part III for each establishment that manufactures precision optics.

o If information is not readily available from your records in exactly the form
requested, furnish estimates and designate by the letter "E*,

¢ Enter "none"™ where appropriate,

o Photocopy this section as necessary

ESTABLISHMENT IDENTIFICATION =

{Locality) (State) (Zip Code)

1., INVESTMENT: Enter expenditures for new plant, machinery, and equipment from 1981
through 1985 as regquested below. Enter any government investment expenditures at your
establishment separately.

Private Investment Expenditures
(in thousands of dollars)

1981 1982 1983 1984 1985

Plant

Machinery and Equipment

Total:

Government Funded Investment
(in thousands of dollars}

1981 1982 1983 1984 1985

Plant

Machinery and Egquipment

Total:

2. Planned expansion: Enter percentage increase(+}/decrease{-) in practical production
capacity planned for in the time frames indicated. '

Change in Cost of
Capacity Change Description and Reason for Change -

In one year

Il

In two-three years

In over three years

TR 1
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AGE OF CAPITAL EQUIPMENT: Enter the number of machines you have in each age interval
on the table below.

Age Intervals

0-4 5-9 10-19 20yrs
Capital Equipment yrs yrs yrs & up
Optical Sawing and Shaping Machines o
Curve Generating Machines (Ring Tool) __
Spindles (Lap Machines) - e
Centering and Edging Machines .
Interferometers -
Diamond Point Turning Machines —

Vacuum Coating Chambers

RESEARCH AND DEVELOPMENT: Enter research and development expenditures from 1981
through 1985 as requested below. Enter any government funded expenditures separately.

{See definition of research and development)

Private Funded Research and Development Expenditures
(in thousands of dollars)

198l 1982 1983 1984 1985

On Materials

On Processes

Other

Total:

Government Funded Research and Development Expenditures
{in thousands of dollars)

1981 1982 1983 1984 1985
On Materials
On Processes ‘
Other
Total:
-22-
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5.

NEW TECHNOLOGIES: In which of the following areas do you censider the application of
new technologies to be most critical? Number from one {the most critical) to seven

{the least critical).

Grinding Assembly
Polishing Testing
Coating other (specify)

calibration and Inspection

List specific new technologies you would be most interested in acquiring.

GOVERNMENT SPONSORED PROGRAMS: (i.e, IMIP, TECH MOD, MANTECH, REPTECH - See
definitions)

a. Are you currently involved in a Goverament sponsored modernization program with
respect to your precisgion optics manufacturing operations? yes ; ho

b. How beneficial do you feel Government sponsored modernization programs are?

C. Will they result in reduced lead times?
Will they lower production costs?
Will they lower precision optics prices to DOD?

Will they help you compete on the world market?

d. What problems still exist that these programs do not address?

100 -

LERE

&
Lii
iy




7.

10.

PLANT INTEGRATICN: For operations relating to the following items, what percent of

your work did you subcontract out (rather than make yourself) in 19852

- Lenses Flats Reticles Aspherics Coatings

Specify the manufacturing operations most frequently subcontracted.

For the periods indicated, estimate the percent changes in subcontracting you
experienced or expect to experience.

Lenses Flats Reticles Aspherics Coatings

From 1981 to 1985

|

———

From 1986 to 1990

INVENTORY: For the following materials, how much of an inventory do you normally
maintain? (in days supply)

Optical Glass Filter Glass IR Material Other (specify)

What factors influence your inventory policy for these materials (e.g., availability,
tax policies, minimum purchase quantities, etc.)?

SUPPLIERS: Have you in the past five years experienced shortages or extended lead
times in obtaining any material or supply, machinery, equipment, or additional labor
that forced you to modify or curtail your operatcions?

Yes ;, No 1f yves, list below. Identify the nature and duration of the
problem on your operation and the action you took to resolve the situation.

Do you anticipate any shortages or extended lead times in obtaining any material or
supply, machinery, eguipment, ot additional labor that could force you to modify or

curtail your operations in the future?

Yes s No
and the precautionary actions you can take to ease the impact on your operations,

If yes, please describe the nature and duration of the problem

-24~
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1l. For the following materials/machinery you used in the manufacture of precision optics in
1985, name and give the location (State or Foreign Country) of your top three sources of
supply and the percentage of the total materials/machinery purchased from each.

CEEH

Opticathlass IR Material Machinery
{Bulk & Pressings)
a. . . % % : %
b. % % %
Ce % % %

12. Do you have any sole source or single source suppliers for manufacturing equipment,
parts, components, or materials?

L VER N TR T

Yes ¢ No If yes, specify the equipment, part, component, or material, the
name of the supplier, and how the loss of that supplier would effect your operations.

13. TRANSPORTATION: For the modes of transportation listed below used in shipping inbound
and outbound parts or materials or finished precision optic elements or assemblies,
please complete the following table.

-Typical
Transport Please Check Frequency Distances
Mode If Used of Shipments Shipped
Truck
Rail

Trailer or container
on flat car

Air
Combination '
Other (specify])

14. Are existing transportation services and networks in adequate supply and condition to
accommodate a surge or mobilization? Yes ;, No If no, please explain
why.

15. Are any critical parts or materials you use to make precision optics shipped from 4
overseas? Yes ¢ No If yes, please identify how shipped. (from foreign :

. source to your plant)

TF
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PART IV - FOREIGN RELATIONSHIPS/FOREIGN SOURCING
(Part IV may be completed for your firm as a whole)

1. Enter the location and primary activity of any establishment outside the United States
that your firm wholly or partly owns or controls or is affiliated with or has license
agreements with, that manufactures precision optics.

Name Country Primary Activity

2, If any of the foreign establishments you listed above are integrated with your U.S.
operations on a normal basis, please briefly specify the nature of that integration in

the space provided below.

3, If the foreign establishments that you interact with suddenly ceased operations for an
indefinite period, what adjustments would you need to make in your U.S. operations to
counteract this interruption, how long would it take to establish a new source, and how
would the interruption effect your surge and mobilization capabilities?

4. In recent years, have offset agreements affected your firm? (See definition of offset
agreement)

) yes no

If yes, how (cite examples)?
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5. For the following materials, indicate the percentage of imported material to the total
material you use in the manufacture of precision optics.

Optical & Filter Glass

Other (specify)

IR Material Metal Mirror Substrate

If material is imported, why (e.g., price; lead time, availability, quality)?

6. Complete the following table addressing which foreign made critical manufacturing
equipment, parts, components, Or supplies you use in your manufacturing operations.
Use the following coded reasons why a foreign source is used in completing the table:

A. No known domestic source
B. Domestic source not available or inadequate
C. Offset agreement
D. Lower cost
E. Quicker delivery
F. Better quality
G. Other (specify)
For equipment
Are spare parts/maintenance Reason why
available only from a foreign
Item Country of Qrigin foreign source? spurce
~27-
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PART V - INDUSTRIAL COMPETITIVENESS B
(Part V may be completed for your fitm as a whole) =
1. On the table below, rank from one {the most competitive) to five {(the least
competitive) each competitive factor as it applies to firms producing precision optics
in the United States, Japan, West Germany, Singapore and (other of your choicel.
Competitive Factor United States Japan West Germany Singapote Qther
\$ {specify)
Price —_— P
»
Quality "
F
Input costs: E
labor -
capital E
optical materials .
other (specify) —_— —
Delivery {(lead time) 5

Follow up service

Design capability

Engineering capability

E
[+

Customer satisfaction

Trade barriers

NEREN
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Government supporis

2, What; if anything, can the Government do to help mitigate the competitive 3
disadvantages of U.S. firms you indicated above?

3. What cost reduction actions have you taken in recent years to increase your
international competitiveness?

-28-




4. How do you view the competitive prospects for your firm's U.8., precision optics
operations over the next five years?

5.

Please discuss the basis for your answer.

They should: improve greatly

i improve somewhat
stay the same

decline somewhat

decline greatly

profitability: Enter the profitability of your U.S. precision optics operations for
the years indicated.

Net Sales (1)
Cost of Goods Sold (2)
Gross Profit or {(Loss) {3)

Net Income before Taxes (4)

(1)
(2)

(3)
(4)

1981 1882 1983 1984 . 1985

Including inter- and intracompany transfers

Includes raw materials, direct labor and other factory costs such as depreciation
and inventory carrying costs.

Difference between Net Sales and Cost of Goods S5o0ld

Gross Profit or (Loss) less general, selling and administrative expenses,
interest expenses and other expenses, plus other income
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CERTIFICATION

The undersigned certifies that the information herein supplied in response ta this
guestionnaire is complete and correct. The U.S. Code, Title 18 (Crimes and Criminal
Procedure}, Section 1001, makes it a criminal offense to willfully make a false statement
or representation to any department or agency of the United States as to any matter within

its jurisdiction.

(Date) (signature of Authorized Official)
(Area Code and Telephone HNumber) {Type or Print Name and Title of Authorized Official)
(Area Code and Telephone Number) (Type or Print Name and Title of Person to Contact

Rregarding this Report)

comments: Please use the space below to provide any additional comments or information
you may wish regarding your operations, or other related issues that impact your f£irm.
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Form ITA-8056 U.S. Department of Commerce : OMB Approval Not
(9-86) International Trade Administration Required: less than
ten respondents

NATIONAL SECURITY ASSESSMENT OF
OPTICAL MATERIALS INDUSTRY

THIS REPORT IS REQUIRED BY LAW

This report is required by taw {50 U.S.C. App. Sec. 2165}, Failure to report can result in a maximum
fine of $1,000 or imprisonment up to one year, or both. Information furnished herewith is deemed
confidential and will not be published or disclosed except in accordance with Section 705 of the
Defense Production Act of 1950, as amended {60 U.S.C. App. Sec. 2155}.

General Instructions

1. It is not our desire to impose an unreasonable burden on any respondent. IF INFORMATION 1S
NOT READILY AVAILABLE FROM YOUR RECORDS IN EXACTLY THE FORM REQUESTED,
FURNISH ESTIMATES AND DESIGNATE BY THE LETTER “E’’. Any necessary comments or
explanations should be supplied in the space provided or on separate sheets attached to this
questionnaire. Ensure that you reference the proper question if you use extra sheets. If any
answer is ‘‘none’”’, please indicate. .

2. Report calendar year data, unless otherwise specified in a particular question. Please complete
Parts Il and Ill separately for each of your establishments that produce optical materiais in the
United States. Please make photocopies of forms if additional copies are needed. For Parts [, IV
and V, firms operating more than one establishment may combine the data for all establish-
ments into a single report. :

3. In addition to the original report form to be returned to us, a file copy is enclosed for your
records. You are not legally required to fill out or retain this file copy. While it would be a
convenience to the Government for a file copy to be made and retained for reference purposes,
nr? ?ssurances can be provided that file copies will be exempt from compuisory examination in
the future.

4. Questions related to the questionnaire should be directed to Mr. Robert O'Shaughnessy,
Physicist, {201) 724-6223, Department of the Army, Mr. Robert Spande, Physicist, (703}
664-6665, Department of the Army, or Mr. John Tucker, Industry Analyst, (202) 377-3795,
Department of Commerce.

5. Before returning your completed questionnaire, be sure to sign the certification and identify the
person and phone number to contact your firm,

6. Return completed questionnaire by October 26, 1986 to:

U.S. Department of Commerce
International Trade Administration

Office of Industrial Resource Administration
Attn: Brad Botwin, Program Manager for
Industrial Capabilities, Room H3876
Washington, D.C, 20230
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DEFINITIONS

BOTTLENECK—-During 2 production expansion, the produstion process, oparation, procedure, meteris! o Isbor requirement within your manufeciuring establishment that

would ultimately prevent of telay increassd production.

CRITICAL OCCUPATIONS—Inciudes otcupations for which you anticipats @ potential shortege of quaiified personnel during surge of mobilization. In general, this would

include skillad occupations thet reguire en extended training pariod.

ESTABLISHMENT—AH facilitias in which optical matecials are produced. Includes sunliary facilitias oparated in conjunction with {whather or not physically ssparete trom)

such proguction facilities. Doss not include wholly ewned distribution facilities.

FIRM-—An individua! propristorship, parinarship, joint venture, association, corporation {including any subsidiary corporation in which more than 50 parcant of the

outstanding voting stock is owned), business trusi, cocperative, trustess in bankruptcy, of receivers under decree of any court, owning or tontrolling cne or more

establishments as defined sbove.

iNDUSTRIAL MODERNIZATION ENCENTIVE PROGRAM (IMIP)—IMIP is a joint venture between Government and industry 10 seduce weapon system acquisition cost

through the imglamentatien of modem manufacturing processes and increased Or accelerated capitel investments, IMIP is formalized through @ contractud business sgreement

prowiding Governmant incentives for contracter capital investments.

MANUFACTURING TECHNOLOGY (MANTECH)—Any action which has as its objective, 1} the timely establishment or improvement of the manufecturing processes,

tachniques, or aquipment requived to support current and projectsd prograns, a0d 2) the asswance of the sbility to produce, reduce iesd time, ensure sconomic avalability of

sl ftems, reduce cosis, inCranse etticiency, improve reliability, of to enhance safety snd anti-polhition measures.

MDBILIZATION PRODUCTION CAPABILIYY—Tha maximum rashistic incrasse of sustsinsbie optical material production » manufacturing sstablishment can achieve in the

12 month period following o deciared national smergency. Report achievabla increass in sverage monthiy production a1 the end of & months, 12 months, and 24 months in Past |l

of the questionnaire. Non-Defense, non-optical material production limited to 26% of 1985 paacatime fevels. Govarnment finencial assistance snd priovitization of

construstion materigls and outfitting equipment is aveilable, Your wxisting manufecturing buildings may be snlarged, new buildings constructed or wxisting bulldings currently

used by you for non.manufacturing purpases may be convertad into manufactuneq facilities, and plant equipmant scquired. Consider critical fsbor skills to opecate at Ximem

sustained production Jevels. Targat requirement is 4X your average monthly optical material production i 1985,

OFFSET AGREEMENTS—In internationsl trade @ range of industrial and commerciel compensation practices when mandated, directly or indiractly, by & purchasing

government of company es @ condition of purchase, Dﬁsnshckmmmmwm,mnmwmm,mmnm.udmbwum.

and counterirade. )

OPTICAL MATERIALS—DOptics! materisls me materials that are ground, polished or molded from which precition optics ace fabricated. Thess optics are used to transmit,

refract or refiect Woht in the witra-violet {0.1 to 4. micromaters), visible (0.4 to 0.7 micromaters), nea infisted {0.7 to 3.0 micrometers) and/or infrared (3.0 to 18.

micrometers) specira.

PRACTICAL CAPACITY—Somatimes referrad 1o as snginesting Ov design capacity, this is the grastest kel of output this plent can achieve within the frsmework of 8

rasistic work pattarn. {n estimating practical capacity, please take into account the toliowing considerstions: .

1. Under most circumstances sssume your 1885 product rnix.ﬂmproductimtookphuhwaauhpmiw!mhmwgrmdmwﬁchwum,uwﬂlmm
uplbi!itylapmduumdclnmﬁdpmuoeivhgudersforhﬂnhnm,hcmnmmlblamhynpmo'fvouﬂssfapmmclmix.

2, comidcrmiyﬂnmadﬁrmymmmmthplmandmdytnnplmn.BomtemsidmIncilﬁiuwhichhmbmimp«nmwnmpuindo!mm.ﬂmdm.
requise extensive reconditioning befors they can be mads operative. .

3. Take into account the additionsl downtime for maintenance, w.ummmumummlmmmmmm.

4. Do not consider cvartime pay, adoed costs for matesiels, or other costs to be Himiting factors in sstting capacity.

5. Mthounh'nmwbepouiblﬂouqmdpluﬂwmbyu:inuptodmivafodlﬂiuwtsideoftfnplm.Muwmmmmmwm,mmﬂmﬂuuud
such outside facilities in greater proportion than has besn chaacteristic of your oparations.

PRODUCTION WORKERS—Persons, up through the kne supervisor level, engaged it fabricating, processing, sssembling, intpecting, receiving, storing, handling, packing,

wudmﬁm,nrmw.hmm,mmndhww:mﬂhsMnMW,m&r.wmmmm. suxdiiary production for your fiem's own use,

racord keaping, and other services Closety associated with production operations. st your fiem, Emhw:ﬁonﬂnwﬁmmﬁwhvﬂmmmdmmm.

REPAIR TECHNOLOGY (REPTECH) —Projacts which improve D0D everhaul snd repsir operations.

RESEARCH AND DEVELOPMENT—Ressarch and development inciudes batic and applied ressarch in the sciences and in enginessing, and design and devslopment of

prototyph products and processes. For the purposes of this questionnaie, ressarch and development includes activities carried on by persons trained, wither formally or by

mhnu.hmwm&smlhckﬁmumwmmmﬂNuwpouu!wchmhﬁyistodownrmunhafulbmms:

1. Pursus & planned search for new knowiedge, whether or not the saarch has reference 1o a specific application.

2 Mplyoxistmmmwwobmmn!udhﬂumbnmmwﬁuﬂwms:,kﬂﬂmwﬂkmﬂﬁtowﬁuﬂmﬂiﬂlm.

3. Apply uxisting knowhedge to problems imvolved in the improvement of & present product o process. .

SCIENTISTS AND ENGINEERS—Parsons engeged in resesrch and devalopment work or production operations that tave ot least & four-yesr collage stucation in the

physical sciences of enginesring.

SHI'MENTS—Raport unit and ooflse values of domestically produced optical matsrials shipped by your firm during the seporting period for each category for questions in Part

1. Such shigments should inclode inter-plant st inlia-plant transhers, but should exciude shipments of products pioduced by other manufacturess for resala under yous brand

name B0 not adjust for returned shipments.

SINGLE SOURCE—An item curmently being purchased from one source; ather sources may be available, howaver, they may not be quaiified or were not considersd,

SURGE PRODUCTION CAPABILITY—The maximum sustsinable leve} of optical materiel production that can be achieved within an sisting extablishment by the wnd of the B

month period immedistely foliowing surge day whils maintaining defiveries of all other materials ot 1885 paacetime fevals. Report achievable production quantities of optical

material at the end of 3 months, and & months in Part |} of the guastionnaire. Procurement actions for additional materials 1o sustsin surge production kevels will be mmed o

surge day. Existing idle equipment may be activated 85 is, repnired, or upgraded and brought into servica, or used equipment may be purchased and installed if possibla within

the B month time frame. Laboc may be hired and trainad in numbers sufficient to opsrate around the ciock snd weskends ellowing for necesssry equipment maintenance snd

tlowntime. Tezget requirsment is 2X your everags monthly optical material production in 1985.

TECHNOLOGY MODERNIZATION (TECH MOD)—The coupling of modernization with tha implementation of advencad manufacturing technclogy by providing incentives for

contracior and subcontractor capitalization. ‘

SOLE SOURCE—An item being purchased from one source, snd no other production capability exists.

UNITED STATES—The tarm “United States” includes the fitty Stetes. Puanto Rico, the District of Columbia, and the Virgin islends.
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PART I
FIRM IDENTIFICATION

1. Name and address of your firm or cotporate division.

If your firm is wholly or partly owned by another firm, indicate the name and address
of the parent firm and extent of ownership.

2. Identify the location of your optical materials manufacturing establishment(s) in the
United States., (See definition of optical materials.)

Locality State Zip Code
(a)

(b}

{c)

3. Identify any U.S. manufacturing establishments in which you ceased optical materials
production operations since 1980 and the reason production was stopped.
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PART I - A.

SHIPMENTS {POUNDS}

Enter total shipments of optical materials in pounds except preshaped blanks which shall
be indicated by units.

1981 1982 1983 1984 1985

1. Optical Blanks {Visible, near IR spectra),
all glass types except for absorption filters.

a. Preshaped Lens Blanks (size to

b.

C.

d.

fabricate lens): all grades.
(1) small (under .5" 0.D.)
(2) Medium (.5 to 2" 0.D.)
(3) Large (2 to 8" 0.D.)

(4) Very Large {(over 8" 0.D.)

Strips

{1) Grade A

{2) Grade B

(3) Grade C

{4) .Grade D

(5) Other grades
Gobs

{l1) Grade A

{(2) Grade B

{3) Grade C

(4) Grade D

{5) Other gradeé
Slabs

{1) Grade A

{2} Grade B

(3} Grade C

GEE
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e,

2, Zi

(4) Grade D

(5) Other grades

Sheets
"{1) Grade A

(2) Grade B

(3) Grade C

{(4) Grade D

(5) Other grades
nc Selenide,

Zinc Sulfide, Germaniunm,

Silicon Optical Grade IR Materials

1981

1982

a. Lenses, preshaped blank (size to fabricate lens}

b. Windows (when non-circular use smallest 0.D. dimension)

Ce

(1) Small {under 1" C.D.)

(2) Medium

{l" to 2.5" 0.D.)

{3) Large {2.5" to &" 0.D.)

{4} Very Large {6" to 12" 0Q.D.)

(1) Small (under 1" O.D.,
under 0,080" thick)

{2) Medium

{1" to 2.5" 0.D.,

under 0.200" thick)

(3) Latge ¢{

2,5" to 6" 0.D.,

under 0.500" thick)

{4) Very Large (6" to 12* 0.D.
under 1,50" thick)

Prisms (blanks sized to fabricate

{1) small (
face)
‘(2) Medium
face)

under .5 sg. in.

(.5 to 1 sq. in.

2 prisms)

1983

1984

1985

T
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1981 1982 1983 1984

{3) Large (1 to 2 sg. in,
face)

(4) Very Large (over 2 sd. in.
face)

3, Ultraviolet (specify material in space at bottom of page)

a. Blanks (sized to fabricate windows - when
non-circular use smallest 0.D. déimension, lenses)

(1) sSmall (under .5" O.D.)
(2) Medium (.5" to 1% O.D.)
{(3) Large '(l' to 3* 0.D.)

(4) Very large (over 3" 0.D.}

b. Prism Blanks (sized to fabricate 2 prisms)

(1} Small (under .5 sq. in.
face}

{2) Medium (.5 to 1 sg. in.
face)

{(3) Large (1 to 2 sq. in.
face)

{4) Very Large {over 2 sgq. in.
face) '

1985

T
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Enter total dollar shipments of optical materials.

1.

PART I - B.

SHIPMENTS (DOLLARS)

1981

Optical Blanks (Visible, near IR spectra),

all glass types except for absorption filters.

a. Preshaped Lens Blanks (size to
fabricate lens): all grades.

b.

C.

d.

(1) 8Small (under .5" 0.D.)

{2) Medium (.5 to 2" 0.D.)

{3) Large {2 to 8" 0.D.)

(4) Very Large {over 8" 0.D.)

Strips

(1) Grade A

{2) Grade
{3) Grade
(4) Grade
(5) oOther
Gobs

(1) Grade
(2) Grade
{3) Grade
{(4) Grade
{3) Other
Slabs

(1) Grade
(2) Grade
(3) Grade

1982

1983

1984

1985

7%
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{4) Grade D
{5) Other grades
e. Sheets

(1) Grade A

(2) Grade B
{3) Grade C
{4) Grade D

(5) Other grades

2. Zinc Selenide, Zinc Sulfide, Germanium,
Silicon Optical Grade IR Materials

1981

1982

a. Lenses, preshaped blank (size to fabricate lens)

(1) small (under 1" 0.D.)
(2) Medium (1" to 2.5" 0O.D.)
{3) Large (2.5" to 6" 0.D.)

{(4) Very Large (6" to 12* 0.D.)

b. Windows {when non-circular use smallest 0.D. dimension)

{1) small (under 1" 0Q.D.,
under 0.080" thick)

{(2) Medium (1" to 2.5" O.D.,
' under 0,200" thick}

{(3) Large (2,5" to &" 0.D.,
under 0,500" thick)

{4) Very Large {6" to 12" 0.D.
under 1.50* thick)

c., Prisms (blanks sized to fabricate 2 prisms)

(1) sSmall (under .5 sq. in.
face)

{2) Medium (.5 to 1 sq. in,
face)

1983

1984

1985

1
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3.

(3) Large {1 to 2 sg. in.
face)

(4) Very Large (over 2 sg. in.

face)

1981

a. Blanks (sized to fabricate windows - when

1982

Ultraviolet {specify materials in space at bottom of page}

non-circular use smallest O.D. dimension, lenses)

{1) Small (under .5" 0.D.)
{2) Medium (.5" to 1" 0.D.)
{3) Large {1" to 3" 0.D.)

{4) Very large (over 3" 0Q.D.)

(1} sSmall (under .5 sg. in.
face)

(2) Medium (.5 to 1 sg. in.
face)

(3) Large (1 to 2 sg. in.
face)

(4) Very Large (over 2 sg. in.
face)

b. Prism Blanks (sized to fabricate 2 prisms)

1983

1984

1985

LN
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PART II - A, PEACETIME CAPACITY
B. SURGE AND MOBILIZATION
PRODUCTION CAPABILITY

INSTRUCTIONS

o Complete Part II for each establishment that manufactures optical materials.

o Report calendar year data, unless otherwise specified.

o If information is not readily available from your records in exactly the form
requested, furnish estimates and designate by the letter "E".

o Do not leave guestions unanswered. Enter "none" where appropriate.

o Photocopy this section as necessaty.

ESTABLISHMENT IDENTIFICATION

(Locality) {state) | (Zip Code)

A. PEACETIME CAPACITY

What is your annual practical capacity for producing optical materials in the following
size and spectral ranges? Enter practical capacity in pounds of optical materials
except preshaped blanks which shall be indicated by units. (See definition of practic>’
capacity.)

1. Optical Blanks (Visible, near IR Spectra). All glass types except for absorption
filters.

a. Preshaped Lens Blanks (gize to b. Strips
fabricate lens): all grades

(1) Small {under .5" O.D. - (1) Grade A .
{2} Medium (.5 to 2" 0.D.) —_ (2) Grade B o
(3) Large (2 to 8" 0.D.) S (3) Grade C R
(4) Very Large (over 8" O.D.) ___ (4) Grade D -

(5} Other Grades

¢. Gobs d, Slabs
(1) Grade A | - (1) Grade A -
(2) Grade B -— (2) Grade B .
(3) CGrade C - (3) Grade C .
(4) Grade D R (4) Grade D —
{5) Other grades —_ {5) Other grades | S
- 8 -
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GEH .

€. Sheets
(1) Grade A wt, in lbs
{2) Grade B wt. in lbs
{3) Grade C wt. in lbs

{4) Grade D wt. in 1lbs

(5) Other grades &
2. Zinc Selenide, Zinc Sulfide, Germanium, Silicon Optical Grade IR Materials. E
a. Lenses, preshaped blank (size to b. Windows (when non-circular use %
fabricate lens) smallest 0.D. dimension) B
{1) Small {(under 1" C.D.) (1) Small (under 1" 0.D.,
under 0,080" thick)
(2) Medium (1" to 2.5" 0.D.) {2) Medium (1" to 2.5" 0.D.,
' under 0.200" thick)
(3) Large (2.5" to 6" 0.D.) (3) Large (2.5" to 6" 0.D.,
under 0.500" thick)
(4) Very Large (6" to- 12" 0.D.) (4) Very Large (6" to 12" 0.Db.,

under 1,50" thick)

c. Prisms (blanks sized to fabricate 2 prisms}

WAl Bl TR L

(1) small {under .5 sq. in.
face)

(2) Medium {.5 to 1 sg. in,
face)

{3} Large (1 to 2 s8q. in.
face}

{4) Very Large (over 2 s8q. in.
face)

3, Ultraviolet (specify material)

a. Blanks (sized to fabricate windows - b. Prism Blanks (sized to fabricate
when non-circular use smallest O.D. 2 prisms)
dimension, lenses)

(1) Small {under .5" 0.D.} (1) Small {under .5 sgq. in.
face
(2) Medium (.5" to 1" 0.D.) (2) Medium (.5 to 1 sq. in.
face)
(3) Large (1" to 3" 0.D.) (3) Large (1 to 2 sq, in.
face) ' £
(4) Very large {over 3" 0.D,) (4) Very Large (over 2 8g. in, .
face) :
113 -°-
]




4, Enter below factors which would increase/decrease capacity figures given above. (e.g.
material, length of production run, etc.)

5., a. What was this establishment's practical capacity utilization rate in percent in
198572

Practical Capacity Utilization: & 1985

b. How long would it take to reach practical capacity from the 1985 rate indicated?

{in weeks)
Weeks

6, LEAD TIMES:

a. During 1985, what was your average lead time (i.e., from receipt of order to

delivery to customer)?
Weeks

b. Regarding your longest lead time items, list the type of materials,
the average lead time during 1985, and describe how that lead time
could be significantly shortened.

1985
Type Average
of Material Lead Time How to Shorten Lead Time
(specify}
c. Are lead times increasing? Yes , No If yes, what are the reasons?
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B. SURGE AND MOBILIZATION PRCDUCTION CAPABILITY

Enter your optigal material surge and mebilization production capabilities below? Use
1985's average monthly production of optical material for each category shown on the
table as your base production rate, Enter production rates in pounds of optical
materials except preshaped blanks which shall be indicated by units.

{See definition of surge and mobilization production capability.)

Surge Rate Mob Rate
Base at 3 at 6 at 6 at 12 at 24
Rate - mo.s mo. S mo.S mo.s Mmo.S

1. Optical Blanks (Visible, near IR Spectra)
{All glass types except for absorption filters)

a. Preshaped Lens Blanks (size to
fabricate lens}: all grades.

(1) Small {under .5" 0.D.}

{2) Medium (.5 to 2" 0.D.)

(3) Large {2 to 8" 0.D.)

(4) Very Large {over 8" 0.D.)

b. Strips

(1) Grade A

(2) Grade B

(3) ‘Grade C

(4) Grade D

{5} Other grades

C. Gobs

{l) Grade A

{(2) Grade B

{3) oCrade C

(4) Grade D

(5) Other grades

- 11 =
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2.

Slabs

(1} Grade
{2} Grade
(3) Grade
(4) Grade
{5) Other
Sheets

(1) Grade
(2) CGrade
{3) Grade
{(4) Grade
{5) Other

A
B
C
D

grades

C
D

grades

Surge Rate

at 6
TO.S

Mob Rate
at 12
mo.s

at 24
mols

zinc Selenide, Zinc Sulfide, Germanium,
Silicon Optical Grade IR Materials

.

b.

Base at 3 at 6
Rate mo.S mo.S
lens)

Lenses, preshaped blank (size to fabricate

(1) small
{(2) Mediu

(3) Latge

{4) Very Large {6" to 12" 0.D.)

{under 1" 0.D.)
m (1" to 2.5" 0.D.)

(2.5% to 6" 0.D.)

Windows (when non-circular use smallest 0.D. dimension}

(1) small

{2) Mediu

{under 1" 0.D.,
under 0.080" thick)

m {1* to 2.5% O.D.,
under (,200" thick)

(3) Large (2.5" to &" 0.D.,

under 0,500" thick)
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Surge Rate Mob Rate
Base at 3 at 6 at 6 at 12 at 24
Rate mo.s mo.S mo.s mo. 8 mo. s

TZEEME 1 ¢

{4) Very Large (6" to 12" 0.D.
under 1,50" thick}

c. Prisms {(blanks sized to fabricate 2 prisms)

(1) sSmall {(under .5 sg. in.
face)

(2) Large (1 to 2 sq. in,
face)

Al

T T

(2) Medium (.5 to 1 sg. in.
face) H

(4) Very Large (over 2 sq. in.
face)

Ultraviolet (specify material)

a. Blanks (sized to fabricate windows - when
non-circular use smallest 0.D. dimension, lenses)

(1) small {(under .5" 0.D.)

ST LT

(2) Medium (.5" to 1" 0.D.)

(3) Large (1" to 3" 0.D.)

{(4) Very large (over 3" 0.D.)

b. Prism Blanks {sized to fabricate 2 prisms)

(1) small {(under .5 sq. in.
face)

{(2) Medium (.5 to 1 sg. in.
face} 5

(3) Large {1 to 2 sqg. in.
face)

{(4) Very Large (over 2 84. in.
face)

T
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6. What can the Government and/or your firm do to help reduce or eliminate bottlene

List and rank the bottlenecks you envision would be encountered in & surge and the time
and cost to correct. Rank bottlenecks in order of occurrence. If the answer is
“none®, please indicate, Refer to definition of bottleneck.

Area of Time and Cost

QOccurrence Bottleneck {specify) - Rank to Correct

Raw Materials
Handling

Crystal Growing

Processing

Inspection

Testing

Support other
than Clerical
or Administrative

List and rank the bottlenecks you envision would be encountered in a mobilization and
the time and cost to correct. Rank bottlenecks in order of occurrence, If the answer
is "none", please indicate. Please refer to definition of bottleneck.

Area of Time and Cost
Qccurrence Bottleneck {specify) Rank to Correct

Raw Materials
Handling

Crystal Growing

Processing

Ingpection

Testing

Support other
than Clerical
or Administrative

cks?
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PART III - INVESTMENT, EQUIPMENT, R&D, TECHNOLOGY, EMPLOYMENT, SUPPLIERS,
MATERIAL USAGE, TRANSPORTATION, AND GOVERNMENT SPONSORED PROGRAMS

INSTRUCTIONS

o Complete Part III for each establishment that manufactures optical materials.

o If information is not readily available from your records in exactly the form
requested, furnish estimates and designate by the letter "E*.

o Enter "none" where apptopriate.

ESTABLISHMENT IDENTIFICATION

(Locality) {State) (Zip Code)

1.

INVESTMENT: Enter expenditures for new plant, machinery, and equipment from 1981
through 1985 as requested below, Enter any government investment expenditures at your

establishment separately.

Private Investment Expenditures
(in thousands of dollars)

1981 1982 1983 1984 1985

Plant

Machinery and Eguipment

Total:

Government Funded Investment
(in thousands of dollars)

1981 1982 1983 1984 1985

Plant

Machinery and Equipment

Total:

Planned expansion: Enter percentage increase(+)/decreasei-) in practical production
capacity planned for in the time frames indicated.

Change in Cost of
Capacity Change Description and Reason for Change
In one year R
In two-three years -
In over three years
- 15 -
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3.

4.

AGE OF CAPITAL EQUIPMENT:
on the table below,

Capital Equipment

Furnaces
Annealing Ovens
Vacuum Chambers

other (specify)

RESEARCH AND DEVELOPMENT:

through 1985 as requested below.

Enter the number of machines you have in each age interval

0-4
yrs

Age Intervals

5-9
yrs

10-19 20 yrs
yrs & up

Enter research and development expenditures from 1981

(See definition of research and development.)

Enter any government funded expenditures separately.

Private Funded Research and Development Expenditures
(in thousands of dollars)

On Materials
On Processes

Other

Total:

1981

1982

1983

1984 1985

Government Funded Research and Development Expenditures
(in thousands of dollars)

On Materials
On Processes

Other

Total:

1981

1982

1983

1984 1983

NEW TECHNOLOGIES: List specific new technologies for
materials you would be most interested in acguiring.

jncreasing production of optical

- 16 -
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EMPLOYMENT: Enter the number of employees from 1981 through 1985 as requested below.
{5ee definition of Scientists and Engineers, and Production Workers)

1981 1982 1983

Scientists and Engineers

1984 1985

Production Workers

Administration and Qther

Total:
a. Enter work force shift information below,
Average Number of Production

Workers per Shift in 1985
Operation lst 2nd 3rd days/wk

{See definition of production workers)

Number of Production Workers/Shift
if Operating at Practical Capacity
lst 2nd 3rd days/wk

Raw Materials
Handling

Crystal
Growing

Processing

Inspection

Testing

Support other
than Clerical
or Admin-
istrative

b. Assuming you were operating one eight hour shift five days per week, how much
additional production (expressed as a percent increase) could you acheive if:

You added a second eight hour shift?

You added a second and third eight hour shift?

percent

percent

c. Please use space below for any additional explanatory comments you have regarding
the work force shift information given in (7a. or b,) above.

- 17 -
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8.

10.

CRITICAL OCCUPATIONS: List below. (See definition of critical occupations)

Numbet Number Needed  Training Period
Job Title Employed in a Surge {in months)

i
i

INVENTORY: For the following materials, how much of an inventory do you notmal’
maintain? (in days supply) ‘

Germanium Concentrate zinc Metal ' Hydrogen Selenide

Hydrogen Sulfide Silicon Starting Materials Other (Specify)

what factors influence your inventory policy for these materials (e.g., availability,

tax policies, minimum purchase quantities, etc.)?

SUPPLIERS: For the following materials/machinery you used in the manufacture of

optical materials in 1985, name and give the location {state or foreign country) of
your top five sources of supply and the percentage of the total materials/machinery

purchased from each,

Materials Machinery
a. % %
b. % %
Cc. % %
d. % %
e. % 3

11. Have you in the past five years experienced shortages or extended leadtimes in

obtaining any material or supply, machinery, equipment, or additional labor that

forced you to modify or curtail your operations?

Yes , No If yes, list below. Identify the nature and duration of
the problem on your operation and the action you took to resolve the situation.

- 18 -
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1z,

13.

14,

15,

16.

Do you anticipate any shortages or extended leadtimes in obtaining any material or
supply, machinery, equipment, or additional labor that could force you to modify or

curtail your operations in the future?

Yes ¢ No If yes, please describe the nature and duration of the problem
and the precautionary actions you can take to ease the impact on your operations,

Do you have any sole source or gsingle source suppliers for manufacturing egquipment,
parts, components, or materials?

Yes : No If yes, specify the equipment, part, component, or material, the
name of the supplier, and how the loss of that supplier would effect your operations.

TRANSPORTATION: For the modes of transportation listed below used in shipping inbound
and outbound materials or parts, please complete the following table.

Typical
Transport Please Check Frequency Distances
Mode If Used of Shipments Shipped
Truck
Rail

Trailer or container
on flat car

Alr
Combination

Other (specify)

Are existing transportation services and networks in adequate supply and condition to
accomodate a surge or mobilization?

Yes s No ) If no, please explain why

Are any critical parts or materials you use to make optical materials shipped from
overseas?

Yes » No If yes, please identify how shipped. (from foreign source to

your plant)
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17. GOVERNMENT SPONSORED PROGRAMS: (i.e. IMIP, TECH MOD, MANTECH, REPTECH - See
definitions)

CAED 8

Are you currently involved in a Government sponsored modernization program with

a.
respect to your optical material manufacturing operations? Yyes s DO

b, - How beneficial do you feel Government sponsored modernization programs are?

AT CTTEE b L

c. Which programs could help your firm?

d. Will they result in reduced lead times? -
Will they lower production costs? I =
Will they lower optical material prices? ;____ g
Will they help you compete on the world market? o 2

e. What problems still exist that these programs do not address?

T
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PART IV - FOREIGN RELATIONSHIPS/FOREIGN SOURCING
(Part IV may be completed for your firm as a whole)

TOEL N

1. Enter the location and primary activity of any establishment cutside the United States
that your firm wholly or partly owns or controls or is affiliated with or has license
agreements with, that manufactures optical materials, or supplies raw materials from

which optical materials are manufactured.

Name Country Primary Activity

TR T THEE &

2. If any of the foreign establishments you listed above are integrated with your U.S.
operations on a normal basis, please briefly specify the nature of that integration in

the space provided below.

3. If the foreign establishments that you interact with suddenly ceased operations for an
indefinite period, what adjustments would you need to make in your U.S. operations to
counteract this interruption, how long would it take to establish a new source, and how
would the interruption effect your surge and mobilization capabilities?

4, In recent years, have offset agreements affected your firmz (See definition of offset

agreement)

Yes, No

If yes, how (cite examples)?

I

TR IMEE T
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5. 1Indicate the percentage of imported material to the total material you use in the
manufacture of optical materials by type.

Metals Concentrates Gases Catalysts

If material is imported, why (e.g., price, lead time, availability, quality)?

6. Complete the following table addressing which foreign made critical manufacturing
eguipment, parts, components, Or supplies you use in your manufacturing operations.

the following coded reasons

A.
B.
C.
D.
E.
F.
G.

Item Country of

why a foreign source is used in completing the table:

No known domestic source

pomestic source not available or inadeguate
Of fset agreement

Lower cost

Quicker delivery

Better gquality

Other (specify)

For eqguipment
Are spate parts/maintenance Reason why
available only from a foreign
QOrigin foreign source? source

Use

1

(A~
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PART V - INDUSTRIAL CCMPETITIVENESS N
1. On the table below, rank from one (the most competitive) to five (the least
competitive) each competitive factor as it applies to firms producing optical
materials in the United States, Canada, Austria, Belgium, and other (specify).
Competitive Factor United States Canada Austria Belgium Other
(specify)
Price
Quality :
. - a
Input costs: !
labor B
capital E
other (specify)
Delivery (lead-time)

Follow up service
Research capability
Customer statisfaction

Trade barriers

— o ee— eee— — e—
— — — ceseseens  m————
—— eeeessmmem  ceeee— — —
——— —— — — Aee———
————— | —— — | e———— | eeee—
— eere— eee— — emeas———
———— ee— ee— —— | —
— e—— eese— e— Ses—
m—— e——— ee———— | — | S—

Covernment supporps

2. What, if anything, can the Government do to help mitigate the competitive
disadvantages of U.S. firms you indicated above?

3. What cost reduction actions have you taken in recent years to increase your
international competitiveness?

7
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4, How do you view the competitive prospects for your firm's U.S.

5.

optical materials

operations over the next five years?

Please discuss the basis for your answer.

They should: improve greatly
improve somewhat

stay the same
decline somewhat
decline greatly

P ——
———————
—————

Profitability:

Enter the profitability of your U.S. optical material operations for

the years indicated.

Net Sales (1)
cost of Goods Sold (2)
Gross Profit or {(Loss) (3)

Net Income Before Taxes (4)

(1)
(2)

(3)
(4)

1981 1982 1983 1984 1985

Including inter- and intracompany transfers

Includes raw materials, direct labor and other factory costs such
and inventory carrying costs

pifference between Net Sales and Cost of Goods Sold

Gross Profit or (Loss) less general, gelling and administrative expenses,

interest expenses and other expenses, plus other jincome

as depreciation

- 24 -
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CERTIFICATION

The undersigned certifies that the infermation herein supplied in response to this
guestionnaire is complete and correct. The U.S. Code, Title 18 (Crimes and Criminal
Procedure), Section 1001, makes it a criminal offense to willfully make a false statement
or representation to any department or agency of the United States as to any matter within
its jurisdiction.

{Date) (Signature of Authorized Official)
(Area Code and Telephone Number) (Type or Print Name and Title of Authorized Official)
(Area Code and Telephone Number) (Type or Print Name and Title of Person to Contact

Regarding this Report)

Comments: Please use the space below to provide any additional comments or information
you may wish regarding your operations, or other related issues that impact your firm.
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APPENDIX C
‘84 Proposed FAR Clause
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ORIGINAL PROPOSED '84 CLAUSE

Insert for Part 8 of the DoD FAR Supplement

Part 8 - Required Sources of Supplies and Services

Subpart 8.77 — Precision Optics |tems used for direct mititary
application including millitary binoculars

8.7701 - Definitions.

“"Precision optics items” means lenses either in prototype or
production quantities that must meet specified tolerances and
dimensions with optical wavefront errors across most of the useful
field of view which do not exceed one micrometer in magnitude.

“Domestic manufacture” means precision optics items manufactured
in the United States and Canada/

"End—-item” means a final combination of end products. component
parts, and/or materials which is ready for its intended use per JCS
Publication #1 (DoD Dictionary of Military and Associated Terms).

8.7702 - Policy

It has been determined that defense requirements for Precision
Optics Items must be acquired from domestic sources (U.S. and
Canada) to the maximum extent practical. Accordingly, all
acquisitions of precision optics items including preforms/blanks,
and components (smaller than 12 inches in diameter) and all
acquisitions of items containing precision optics items shall
include. except as provided in 8.7702 below. a requirement that such

items and precision optics items incorporated in end items delivered

under the contract be of domestic manufacture only. This
restriction does not include medical or personal optics items such
as microscopes, reading glasses. and commercial binoculars.

8.7703 - Procedures )
(a) The clause set forth at 52.208-7004. Required Sources of
Precision Optics Items, shall be inserted in all contracts

except:

(1) when the contracting officer knows that the Item being
acquired does not contain precision optics Items:

(2) when purchases are made overseas for overseas use;

(b) Subsequent to the award of a contract. the contracting officer
may waive the requirements set forth at 52.208-7004, Required
Sources for Precision Optics Items. Such waiver may be granted
on a case-by-case basis when adequate domestic supplies of
precision optics items are not available to meet DoD needs on a
timely basis. Also, these waivers will only be granted to the
extent and for the period of time necessary to permit the
contractor to acquire and use precision optics items of
domestic manufacture.
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ORIGINAL PRQPOSED ‘84 CLAUSE

Insert for Part 52 of DoD FAR Supplement

Subpart 52.208-7004, Required Sources for Precision Optics | tems
used for direct military appiication including military binoculars,
as prescribed at 8.7703, insert the following clause:

Required Sources for Precision Optics Items (May 1984)

{a) For the purpose of this clause:

“Precision optics |Items” means lenses either in prototype or
production quantities that must meet specified tolerances and
dimensions with optical wavefront errors across most of the useful
field of view which do not exceed one micrometer in magnitude.

“Domestic manufacture” means precision optics items
manufactured in the United States or Canada.

“End-item” means a final combination of end products. component
parts, and/or materials which Is ready for its intended use., per JCS
Publication #1 (DoD Dictionary of Mititary and Associated Terms).

(b) The contractor agrees that end items, components. and processed
materials thereof delivered under this contract shall contain
domestic precision optic items including preforms/blanks, and
components (smaller than 12 inches in diameter) of U.S. or
Canadian manufacture only. This restriction does not include
medical or personal optics items such as microscopes. reading
glasses. and commercial binoculars.

{c) The contractor agrees to insert this clause, including this
paragraph (c). in every subcontract and purchase order Issued
in performance of this contract. unless he knows that the item
being purchased contains no precision optics items.

(d) The contractor agrees to retain until the expiration of three
years from the date of final payment under this contract and to
make available during such period, upon request of the
contracting officer, records showing compliance with this
clause.

(e) The requirement for delivery in (b) above may be waived in
whole or in part on a case-by-case basis by the contracting
officer when such a waiver is determined to be in the
government’'s interest and it meets the provisions of subpart
8.77.

TER W

e

TR T

T T IR

e 1 MRS ML B N




Note:

These cost estimates, particularly for the more distant
future, should be viewed with care as they apply only to the
weapon systems shown. Orders for some of these systems will
be completed during the forcast period, which may give the
false impression that forcasted defense spending for optical
components is on a declining trend. Omitted from the
calcutation are new weapon systems that will undoubtably go

into production, but for which information was not available.
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RECOMMENDED REVISED FAR CLAUSE
{(with Attachment A-1)

Insert for Part 8 of the DOD FAR Supplement

Part 8 — Required Sources of Supplies and Services.

Subpart 8.77 - Precision Optical Elements used for direct military
applications including military binoculars.

8.7701 - Definitions:

“Precision Optics” means elements made by grinding. polishing,
turning. or moiding material to be used to transmit, refract, or
reflect tight in the visual (.4 to .7 micrometers), near infrared
(.7 to 3.0 micrometers), and/or infrared (3.0 to 16.0 micrometers)
spectra. This inctudes elements in systems which are
type-classified or purchased as Non-Developmental !tems (NDi).

“Precision Optical Elements” includes. but is not limited to lenses,
prisms, mirrors. reticies., beamsplitters, windows., filters, laser
rods, and pressings/preforms/blanks/optical glass for the foregoing.

"Optical Glass” is material which meets specification MIL-G-174 and
is used for visual and/or infrared precision optical elements.

“Domestic manufacture” means Precision Optical Elements manufactured
in the United States and Canada.

“End—item” means a finail combination of end products, component
parts, and/or materials which is ready for its intended use.

“Components” mean those articles, materials. elements, and supplies
directly incorporated into end products.

Excluded are: infrared blanks/pressings/preforms (such as
germanium, zinc sulfide, zinc setenide?, filter glass
blanks/pressings/preforms. prescription eyeglasses, molded plastics,
fiber optics. windshields and canopies. medical instruments,
microscope components, faceplates for tubes, gratings. coverplates
for indicators, vehicle head-lamps, and traffic reflectors.

8§.7702 - Policy

DOD has determined that defense requirements for Precision Optics
Elements must be acquired from domestic sources (United States and
Canada) to the maximum extent practical. Defense requirements must
be acquired in such a way as to assure domestic production
capability. To ensure a domestic production capability for
precision optical elements is available. DOD has determined that a
seven (7) year FAR restriction be implemented. For procurements
signed before October 1, 1989, a minimum of 50% of the quantity of
each optical element must be of domestic manufacture. Between
October 1. 1989 and September 30, 1994, 100% of the quantity of

L

TIEE

T ETE TR E AT

AR

THE

1T




each optical element must be of domestic manufacture.

Based upon the production surge and mobilization objectives
establ ished by the cognizant DOD component., the provisions of FAR
6.202 and 6.302-3 will be used to ensure that domestic capability
exists to produce all parts of a weapon system and that the
production process for al!l parts and final weapon system .
production/assembly can’'be accomplished by domestic producers.

Accordingly. all acquisition of precision optical elements incliuding
pressings/preforms/blanks of optical glass and all acquisitions of
end items containing precision optical elements shali include,
except as provided in 8.7703 below, a requirement that such
precision optical elements in end items delivered under the contract

be of domestic manufacture only.

8.7703 - Procedures:

The clause set forth at 52.208-7004., Required Sources of Precision
Optics Elements., shall be inserted in all contracts except:

a. when the contracting officer knows that the item being
acquired does not contain precision optics items:

b. when purchases are made overseas for overseas use:

c. when the contracting officer determines that domestic
sources are incapable of or unavailable to provide such elements.
The contracting officer shall request from the Command leveil a
waiver of the provisions of part 52.208-7004 and shail provide in
writing justification for each action. The waiver granted by the
proper level of authority shail only be for the period of time
necessary to permit the contractor to acquire and use domestic
production sources: that procurements made under this determination
are subject to periodic audit by the Defense Contract Audit Agency
to avoid possibie excessive cost to DOD:

Impiementation of this restrictive clause shall be determined on a
contract by contract basis at the Procuring Contracting Office (PCO)
fevel. Prior to award of a contract for items containing optical
elements as defined in 8.7701 above. the PCO shall ensure that 50%
of each optical element be purchased from domestic sources for the
first two years of Implementation of this restriction. For the five
following years., the PCO shall make sure that 100% of opticatl
elements are purchased from domestic sources.
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ATTACHMENT A-1

insert for Part 52 of DOD FAR Supplement

Subpart 52.208-7004, Required Sources for Precision Optics
|tems used for direct mititary application including binoculars, as
prescribed at 8.7702. insert the following clause:

Required Sources for Precision Optics Elements

a. For the purpose of this clause:

“Precision Optics” means elements made by grinding. polishing,
turning. or molding material to be used to transmit, refract, or
reflect light in the visual (.4 to .7 micrometers). near infrared
(.7 to 3.0 micrometers), and/or infrared (3.0 to 16.0 micrometers)
spectra. This includes elements in systems which are
type-classified or purchased as Non-Developmental |tems (NDI1).

“Precision Optical Elements” includes. but is not limited to lenses.
prisms, mirrors, reticles, beamsplitters, windows, filters, laser
rods., and pressings/preforms/blanks/optical glass for the foregoing.

“Optical Giass” is material which meets specification MIL-G-174 and
is used for visual and/or infrared precision optical elements.

“Domestic manufacture” means Precision Optical Elements manufactured
in the United States and Canada.

“End-item” means a final combination of end products, component
parts, and/or materials which is ready for its intended use.

“Components” mean those articles, materials. elements, and supplies
directly incorporated into end products.

Excluded are: infrared blanks/pressings/preforms (such as
germanium, zinc sulfide. zinc selenide?, filter glass
blanks/pressings/preforms, prescription eyeglasses. molded plastics.
fiber optics. windshields and canopies. medical instruments,
microscope components, faceplates for tubes, gratings. coverplates
for indicators, vehicie head-lamps, and traffic refiectors.

b. The contractor agrees that end items, components., and processed
materials thereof delivered under this contract shall contain
domestic preciston optics items including preforms/blanks/pressings/
optical glass, and components of U.S. or Canadian manufacture only.
This restriction does not include those Items excluded in a. above.

¢. The contractor agrees to insert this ciause., including this
paragraph (c). in every subcontract and purchase order issued in
performance of this contract, unless he knows that the item being
purchased contains no precision optics items.
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b. The contractor agrees to retain all receipts until the
expiration of three years from the date of final payment under this
contract and to make available during such period, upon request of

the contracting officer, records showing compliiance with this clause.

c. The requirement for delivery in {b) above may be waived in whole
or in part on a case-by-case basis by the contracting officer when
such a walver is determined to be in the Government's interest and
it meets the provision of subpart 8.7703. The contracting officer
must first receive major command level approval.
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OPTICAL ELEMENTS: U.S. TRADE STATISTICS, 1978-1986

TABLES

Total U.S.
Total U.S.
Total U.S.
Total U.S.
U.S. Trade
U.5. Trade
U.8. Trade
U.S. Trade
U.S. Trade
U.8. Trade
U.S., Trade
U.8. Trade
U.8, Trade
U.S. Trade
U.8. Trade

Imports and Exports: By Quantity

Imparts and Exports: By Value

Inports: Percentage Market Shares by Country
Imparts of Optical Elements: By End Products

in Contained Elements:
in Contained Elements:
in Contained Elements:
in Contained Elaments:
in Contained Elements:
in Contained Elements:
in Contained Elements:
in Contained Elements:
in Contained Elementss
in Contained Elaments:
in Omtained Elements:

FIGURES

Still Cameras

Telescopes

Momted Fhotographic Lenses
Bincculars

Unmoumted Optical Elements
Mounted Optical Elements
Photocopiers

Mounted Projection Lenses
Projectors

Microscopes

Motion Cameras

Trade Balance: All Optical Elements

Total U.S. Imports of Optical Elements: Quantity and Value
Total U.S. Exparts of Optical Elements: Quantity and Value
U.S. Imports: Share Contained in Top Four End Products
U.S. Trade Balance, Contained Elements:

Still Cameras, Telesoopes
U.S. Trade Balance, Contained Elements:
Moamnted Ploto Lenses, Binoculars
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 FIGURE 2 OPTICAL ELEMENTS 1978-—-1986

TOTAL U.S. IMPORTS: UNIT BASIS
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BASIS

TOTAL U.S. EXPORTS: UNIT

OPTICAL ELEMENTS 1978-—1986
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FIGURE 5
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U.S. TRADE BAILLANCE: 1978—1986
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FIGURE 6 .- =
i PHOTOGRAPHIC LENSES, MOUNTED
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