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1. INTRODUCTION 
 
L-3 Communications Brashear (L-3 Brashear), headquartered in Pittsburgh, Pennsylvania, is 
recognized for world-class electro-mechanical and electro-optical systems for test range 
applications.  The company delivers proven, accurate, and reliable products from concept 
through design, manufacture, test, and life cycle support.  The range instrument system designs 
are based on core skills in precision motion systems, tracking, optical systems, advanced design, 
analysis, and fabrication technologies. 
 
In the early 1980s, Contraves (now L-3 Brashear) manufactured 14 Kineto Tracking Mounts 
(KTMs) as shown in Figure 1-1. Ten KTMs were delivered to Yuma Proving Grounds and four 
to White Sands Missile Range (WSMR). In 1984 a contract was awarded by WSMR to 
manufacture additional KTMs as required.  There were 120 KTMs manufactured under this 
contract along with additional units supplied to other customers for a total of 165 units which are 
still operational today.  A long history of consistently accurate, reliable, low maintenance 
instruments has been established resulting in the KTM being named “Work Horse of The Range” 
by users at the U.S. Government Test & Evaluation (T&E) Ranges.  By utilizing field proven 
hardware with a demonstrated history of excellent performance and reliability, L-3 Brashear will 
minimize schedule, program, and maintenance risks.   
 
 

 
 

Figure 1-1:  Typical KTM configured with tracking sensors, cameras, and lenses. 
 
 
L-3 Brashear and its predecessor companies (i.e., Brashear, Contraves, Fecker and Goerz) have 
been fabricating precision optical systems for more than 100 years.  The manufacture of 
precision electro-optical equipment, such as 1.0 meter, gimbaled telescope system (Figure 1-2), 
is the core of our business in the Optics and Telescope product line.  L-3 Brashear has 
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manufactured telescopes, ranging in size from 0.2 meters to 4.0 meters, for government purposes 
not only for the U.S., but for foreign countries including Spain, Japan, and Taiwan. With the use 
of low risk existing designs, L-3 Brashear is uniquely qualified to provide a telescope system that 
can be used in a variety of test range missions to include astronomical, satellite tracking, space 
situational awareness, and laser communication.  With full “turn-key” system manufacturing 
capability, L-3 Brashear is exclusively experienced to perform full system-level designs, in-
house manufacturing, compliance testing, and site installation.   
 

 
 

Figure 1-2:  L-3 Brashear 1 Meter Telescope 
 

2. HISTORY 
 
L-3 Brashear traces its heritage back more than 110 years to two founding instrument companies: 
The John Brashear Company established in 1881 and the Goerz Optical Company in 1905. The 
descendant companies of these two pioneers were purchased in 1974 by the Swiss corporation, 
Contraves A.G. and united to form the Contraves Goerz Corporation. The name was later 
changed to Contraves Inc.  In 1997, William E. Conway, Jr., a founding partner of The Carlyle 
Group, acquired the Fire Control Systems and Surveillance divisions of Contraves Inc. and 
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eventually renamed the group “Brashear LP.”   L-3 Communications purchased Brashear LP in 
2004 and changed the name to L-3 Brashear. 
 
The present L-3 Brashear staff, of more than 150 scientists, engineers, opticians, and support 
staff, has consistently been recognized by its customers for a team-oriented approach, working 
closely with the customer and other team members to produce systems with state of the art 
performance and reliability.  As a result, the company was selected as the 2004 Subcontractor of 
the Year for the United States Small Business Administration (SBA) Mid-Atlantic Region.  
Advanced optics capabilities, precision pointing, and tracking experience, and sensors 
integration made Brashear a natural fit. 
 

3. L-3 BRASHEAR - RANGE SYSTEMS 
 
L-3 Brashear focuses on the design and manufacturing of electro-optical precision pointing and 
tracking systems and services to satisfy demanding test range missions that require: 

·  Test Range Systems and Instrumentation 
·  Telescope Systems 
·  Optical Components 

3.1 TEST RANGE SYSTEMS AND INSTRUMENTATION 
 
L-3 Brashear is the leading supplier of precision tracking mounts and optical instrumentation 
systems designed for rigorous use on the test ranges. Weapon or aircraft system performance 
verification on the test range is a very critical and challenging phase during the development of 
these sophisticated defense systems. 
 
 Typical missions conducted on the test ranges with L-3 Brashear systems include: 

·  Real-Time Missile and Aircraft Tracking  
·  Rocket Launch Tracking  
·  Missile/Weapon System Evaluation 
·  Bomb and Weapons Scoring 
·  Satellite Tracking 
·  Re-entry Vehicle Monitoring 
·  Trajectory Analysis 

 
L-3 Brashear consistently meets the rigorous challenges of the test range environment by 
creating durable, reliable systems that integrate precision optics with smooth, accurate 
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positioning systems along with the integration of the latest target sensing and data recording 
techniques.  
 
Test range instrument systems must accurately provide TSPI (Time, Space, Position 
Information) on targets along their trajectories but must also differentiate the targets from 
cluttered background data. In the field, these demands are often complicated by extreme weather 
conditions and the need for mobility.  
 
Since the early 1950's, first Contraves and now L-3 Brashear have delivered more than 600 range 
instruments -- more than anyone else in the world.  These systems include the Cinetheodolites, 
Mobile Optical Measurement Systems (MOMS), Distant Object Attitude Measurement 
Systems(DOAMS), Tracking Pedestals and KTMs 
 
Test Range Systems and Instrumentation along with services offered by L-3 Brashear include: 

·  Tracking Mounts 
·  Kineto Integrated Tracking Systems (KITS)  
·  Optical Tracking Systems  
·  Range Lenses  and Accessories  
·  Digital Control Instrumentation�
·  System Refurbishments��
�

Detailed information describing these products may be obtained from the L-3 Brashear website 
at http://www.L-3Com.com/Brashear or by contacting L-3 Brashear. 
 

3.1.1 TRACKING MOUNTS 
 
Our tracking mounts and pedestals are reliable, highly accurate pointing systems that may be 
tailored to meet a wide range of customer missions.    
 
The KTM consists of an elevation axis supported by an azimuth axis; KTMs are typically trailer 
mounted for mobility.  The elevation axis supports two outboard platforms and a center platform 
or the center platform may be replaced with an on-board operator console/seat assembly.   
 
The Model 033 and 066 Tracking Pedestals consist of a two-axis configuration, elevation (EL) 
over azimuth (AZ), having a  “T” configuration as shown in Figure 3-1.  The elevation axis 
incorporates two outboard platforms for supporting a variety of electro-optical payloads.  Either 
of these pedestal models may be trailer mounted for mobility or located at a fixed site. 
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For additional information on either of these systems, please contact L-3 Brashear or visit the L-
3 Brashear website at http://www.L-3Com.com/Brashear. 
 

 
 
Figure 3-1:  Typical “T-Configuration” Tracking Ped estal 

 

3.1.2 KINETO INTEGRATED TRACKING SYSTEM (KITS) 

Test ranges provide solutions to satisfy a variety of mission scenarios and demand a measure of 
flexibility in equipment as well as a high degree of accuracy to meet these needs. KITS includes 
three (3) KTMs configured to include a variety of sensors; depending upon the user’s 
application. 

KITS are designed to monitor, measure, and evaluate target, missile and Anti-Aircraft(AA) gun 
firing during day and night operations at test ranges. To accomplish this, KITS provides the 
following basic measurements with respect to a directly tracked object (i.e. bogey or missile): 
 

·  Speed in three planes 
·  Altitude 
·  Slant range 
·  Angular position, i.e. EL and AZ angles with respect to the ground 
·  Miss distance between one bogey and one missile, or one bogey and multiple AA 

shells 
·  Trajectory data (x,y,z position referenced to a range datum) of one bogey and one 

missile, or one bogey for AA shell engagements  
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One of the key features of the KITS is the capability of measuring the “miss distance” between a 
tracked target and an interceptor vehicle.  The miss distance is defined in a general sense as the 
geometrical distance between a reference point on a target and a reference point on an interceptor 
at the point of closest approach of the two bodies.  The miss distance accuracy is typically in the 
range of one meter depending upon the sensors used, distance of the event, size of the objects, 
placement of the mounts, and atmospheric conditions.  Figure 3-2 illustrates a typical KITS 
configuration.  
 

 
 

 
Figure 3-2:  Typical KITS Configuration 
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3.1.3 OPTICAL TRACKING SYSTEMS 
 
L-3 Brashear test range systems include a variety of precision optical tracking systems that may 
be used for tracking aircraft, missiles, satellites, bomb drops and many other airborne or ground 
based objects including laser ranging. Our systems integrate telescopes, digital cameras, film 
cameras, infrared cameras, countermeasure sensors, or laser systems as required by missions 
defined by our customers.  We offer standard optical tracking systems as shown in Figure 3-3 for 
fixed site installations or systems integrated to rugged trailers for mobile applications.  Our 
experienced engineering and design staff allows us to solve challenging problems by providing 
custom designed systems that satisfy customer specific requirements.  
 
The following optical tracking systems are L-3 Brashear products; for additional information on 
any of these systems, please contact L-3 Brashear or visit the L-3 Brashear website at 
http://www.L-3Com.com/Brashear: 

·  Distant Object Attitude Measurement System(DOAMS) 
·  Mobile Optical Measurement System(MOMS) 
·  Cinetheodolites 
·  Ground-Based Electro-Optical Deep Space Surveillance(GEODSS) 

 

 
 

Figure 3-3:  Typical L-3 Brashear Optical Tracking Systems 
 

3.1.4 RANGE LENSES AND ACCESSORIES 
 
L-3 Brashear’s SR-Series Catadioptric objective lenses shown in Figure 3-4 are available in focal 
lengths of 50, 100, and 150 inches; our Standard Range Lenses product line. These lenses when 

DOAMS                              MOMS                         Cinetheodolite 
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mounted to the KTM are an ideal complement to the sensor suite, producing high quality 
imagery for either high speed film, shuttered video, or digital cameras.   
 
During past several decades, L-3 Brashear manufactured and delivered more than 150 range 
lenses with focal lengths of 50, 100, and 150 inches (SR-50, SR-100, and SR-150 respectively).  
They have been widely used for training, testing, research, target detection, and tracking at many 
test ranges and launch pads for better target detection and tracking. 
 

 
  

Figure 3-4:  Typical L-3 Brashear Standard Range Lenses 
 
 

The standard lenses may also be configured with accessories such as Barlow Extenders to extend 
the focal length capabilities and Focus Control Modules to control and position the focusing 
element with the standard range lenses. 
 
To obtain additional information on any of these systems, please contact L-3 Brashear or visit the 
L-3 Brashear website at http://www.L-3Com.com/Brashear. 
 

3.1.5 DIGITAL CONTROL INSTRUMENTATION 
 
The Digital Control System (DCS) shown in Figure 3-5 provides additional functionality 
necessary to eliminate legacy closed loop position control systems while upgrading the Servo 
Power Amplifier Chassis and Encoder Chassis. This digital control system is implemented with a 
compact, high reliability architecture using a CPU and the QNX real time operating system. 
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The DCS instrumentation is designed to control a KTM, Cinetheodolite, two axis tracking 
mount, or any two axis telemetry pedestal.  The DCS may be configured with a new tracking 
system or it may be retrofitted on an existing tracking system as part of a system refurbishment.  
 
The Digital Control System (DCS) includes: 

·  Integral drive power amplifier modules to supply power for each tracking mount axis 
·  High speed communication via an Ethernet interface to provide remote operation  
·  Advanced servo loop control to optimize tracking performance  
·  Built-in error correction  to ensure precision tracking accuracy 
·  Versatile chassis architecture that accommodates additional  PC104 cards such as an 

“Automatic Video Tracker” (AVT) to satisfy specific customer requirements and 
missions 

 
 

Figure 3-5:  Digital Control System (DCS) Chassis 

3.2 TELESCOPE SYSTEMS 
 
Building upon our heritage of excellence in optics and expertise in modern computerized control 
techniques, L-3 Brashear produces the most precise telescope systems in the world as shown in 
Figure 3-6.  Standard telescope systems manufactured by L-3 Brashear include: 
 

·  1 Meter  
·  1.5 Meter  
·  3 + Meter  
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Figure 3-6:  Typical L-3 Brashear Telescope Systems 
 
 
L-3 Brashear telescopes meet the most demanding operational requirements, providing high 
quality optical performance which includes precision tracking rates with negligible jitter over the 
travel range of each axis.  The optical components incorporated in these systems range from 
lightweight steering flats to fast conics and general aspheres, often having refractive elements 
made from exotic IR materials.   Applications include: 

·  Satellite laser ranging  
·  Astronomical research 
·  Laser beam direction 
·  Strategic intelligence gathering 

 
L-3 Brashear's telescope systems combine the highest quality optical performance with flexible 
design configurations that are adaptable to a wide variety of applications.  To ensure outstanding 
precision, flexibility and durability, they feature: 

·  Azimuth over elevation mount  
·  Rugged, field-proven construction  
·  Unguided auto-tracking or command guided operation  
·  All-reflective lens design for broad spectral coverage  
·  Accommodate wide variety of instrumentation at Cassegrain, Bent Cassegrain, Nasmyth 

and/or Coude positions  
·  Compatible with adaptive optics and laser systems  
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For astronomical applications L-3 Brashear telescope systems provide the optical performance 
and tracking capability to meet the demands of a wide range of astronomical and scientific 
functions: 

·  Near diffraction limited performance  
·  Tracking at sidereal rates to within 1 degree of zenith  
·  High rate tracking within 5 degrees of zenith  

 
For high tracking rate telescope applications, direct drive DC motors and inductosyn encoders 
ensure precision tracking and imaging of low earth orbit satellites and other objects under the 
most demanding requirements. 
 
To obtain additional information on any of these systems, please contact L-3 Brashear or visit the 
L-3 Brashear website at http://www.L-3Com.com/Brashear. 
 

3.3 OPTICAL COMPONENTS 
 
Producing the quality required in today's precision optical systems is an extremely complex task. 
L-3 Brashear meets the demand with optical components with products such as: 

·  Conventional mirrors in sizes up to 4m 
·  Surface accuracy of  < 0.02 waves rms  
·  Lightweight-space qualified mirrors; weight reduction up to 90%  
·  Specialty mirrors including high-energy laser and silicon carbide 
·  Refractive components, in sizes up to 1.0m and utilizing specialty glass and IR materials 
  

L-3 Brashear set the standard of performance by combining sophisticated design, analysis and 
fabrication tools. Propriety software was developed specifically to analyze, create and test unique 
high-performance optical systems and components.  For the precision shaping and polishing of 
large optical elements, L-3 Brashear utilizes a 12,000-square-foot vibration-free, 
environmentally stable former limestone mine in Western Pennsylvania. The facility has the 
capability to polish optics up to 8m in diameter and includes a 3.5m vertical shaft for optic 
testing. 
 
L-3 Brashear's facilities are dedicated to the production of state-of-the-art optical systems and 
subsystems as shown in Figure 3-7.  L-3 Brashear has 85,000-square-foot of manufacturing 
space.  The assembly operations are supported by a wide array of mechanical, optical, and 
electronic test and measuring instruments as well as specialized areas devoted to optical testing. 
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Figure 3-7:  Optical Production 

 
L-3 Brashear has a long term commitment to develop advanced technology for the design and 
manufacturing of large optical assemblies.  Our Six-axis U5 NC Machine is dedicated optical 
fabrication and has a 3.5m capacity and capable of off-axis work.  The utilization of this NC 
machine will result in shorter manufacturing times and higher quality products.  
 
In addition, L-3 Brashear maintains a fully equipped optical manufacturing facility for grinding, 
polishing, and testing specialty high-precision optical components and systems. Grinding 
facilities include a 60 inch Blanchard and numerous other machines used in precision optical 
fabrication including a 6-axis machine center for glass generation.  More than a dozen draper 
machines are used to precision polish small optics. 
   
L-3 Brashear maintains a world-class assortment of optical test flats, lenses, and test fixtures. 
Among the many interferometers currently in use at Brashear are a Phase Shift SPSI 
(Simultaneous Phase Shift Interferometer), four Zygo GPI-HS interferometers with 1 millisecond 
carrier fringe acquisition to isolate vibration, and two Zygo GPI-HR interferometers. Brashear 
also has a Leica laser tracker dimensional measurement system in its arsenal of measuring 
equipment.  All inspection equipment is calibrated to traceable NIST standards. 
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3.4 SYSTEM REFURBISHMENTS 

L-3 Brashear will refurbish, repair and/or upgrade the current level of a customers system 
throughout its life-cycle. We work with customers to tailor a refurbishment program to satisfy 
specific requirements to save time and money. The L-3 Brashear advantage includes our 
extensive knowledge of our qualified and experienced technical staff to ensure the quality of a 
system refurbishment, repair, or upgrade. 

 
Figure 3-8:  System Repairs, Refurbishments and Upgrades 

 
L-3 Brashear’s Refurbishment Program ensures reliable tracking mount, optical system, and 
telescope performance in the harshest environments and during the most demanding missions by 
returning the equipment to OEM specifications using current technology. 

 
A typical refurbishment program includes:  

 
·  Disassembling and inspection of the tracking mount to identify defective parts or 

components. 
·  Reconditioning the tracking mount “mounting platforms” to provide accurate mounting 

surfaces for sensors. 
·  Replacing all system cables and wiring to ensure tracking mount electrical system 

integrity. 
·  Brashear’s Digital Control System (DCS) to replace the obsolete electronics guaranteeing 

system reliability. 
·  Rebuilding, repairing or replacing major components such as axis drive motors, bearings, 

and inductosyns.    
·  Refurbishment of each axis to factory performance specifications 
·  Tracking radar system implementation 
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·  Reconditioning and repainting the trailer assemblies 
·  Recoating of optical components and re-alignment of optical systems 
·  Optical system conversions from visible to IR systems 

 
Available options include: 

·  Slipring and Fiber Optic Rotary Joint (FORJ) assemblies on the AZ axis for power and 
signal wiring along with an ethernet line, video coax lines, and single mode fiber optic 
lines.  These options allow unlimited axis rotation and eliminate risk of cable wrap-up. 

·  Video Auto Tracking card integrated into the DCS chassis to allow automatic target 
acquisition and tracking with digital or film cameras.  

·  Center platform that replaces the existing guide-scope/operator seat to allow increased 
payload capacity and providing two additional mounting surfaces on the KTM 

 

4. CUSTOMER SERVICE AND PRODUCT SUPPORT 
 
L-3 Brashear has established field service and sustainment support capability for all of its 
electro-optical systems, providing total life-cycle support to satisfy both direct and depot-level 
programs.  This support includes training programs and materials, warranty service along with 
optional extended warranties, system calibration, and preventative maintenance services.  These 
activities have been successfully demonstrated by L-3 Brashear on the following:   
 

·  LSEOS MKIIA & MKIIB Fire Control and Surveillance System, 20 units fielded 
worldwide since 1990 

·  U.S. Navy’s Phalanx EOSS, more than 200 units fielded since 2000 

·  U.S. Air Force’s Distant Object Attitude Measurement System (DOAMS), 10 units since 
1980 

·  KTM TSPI tracking and test range instrumentation systems, 165 units fielded worldwide 
since 1980 

·  Ground Based Electro-Optical Deep Space Surveillance (GEODSS) system, 12 units 
fielded worldwide since 1980 

·  Mobile Optical Measurement System (MOMS), 7 systems fielded worldwide since 1980 
·  Telescope Systems, More than 20 systems fielded worldwide of various sizes and 

capabilities 
·  Range Lenses, More than 200 assemblies fielded worldwide 

 
Operational reliability requirements are usually defined by specification, which we meet by 
design analysis and analysis of field support data.  Most of our customers elect to have L-3 
Brashear act as the depot, providing spare parts, repair services, and field support; both on a 
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planned and emergency basis.  L-3 Brashear equipment is widely distributed around the globe, 
and we support installations in North America, Europe, Asia, Africa, and Australia. 
 
On occasion, for export systems, there is a requirement to establish a national depot.  In these 
cases, L-3 Brashear identifies in-country support contractors, provides depot level test equipment 
and documentation and conducts both classroom and hands-on training to assure that support 
requirements are met.  More commonly, L-3 Brashear provides operation manuals and training at 
the factory prior to shipment and follows up with refresher training once installation is complete.  
Typically, high level maintenance documentation is provided to permit the customer to do basic 
operational assessment and fault isolation. 
 
L-3 Brashear equipment has extraordinary longevity, and many customers adopt a “buy it and 
forget it” attitude, planning a general overhaul on a 10-15 year cycle.  Others, with higher 
operational availability requirements or concerns about parts obsolescence, purchase critical 
spares with the systems.  Some customers opt for a pre-paid service contract, with annual or 
biennial visits to the facility.  With these contracts, operational assessments are often combined 
with cleaning and assessment of optical elements.  The L-3 Brashear representative reviews local 
maintenance logs and provides a post-trip assessment of required or potential maintenance 
actions. 
 
 
As another example of the direct field and depot level sustainment support for the duration of the 
system lifecycle, L-3 Brashear received an overall Exceptional rating on the Contractor 
Performance Assessment Report (CPAR) from Edwards Air Force Base (prime contract number 
FA9302-05-C-0002) for the KTM refurbishment and Upgrade Program.  L-3 Brashear received 
exceptional ratings for all categories of the evaluation, including favorable write-ups within each 
of the categories.  The KTM Systems were originally purchased and entered into service in the 
1980s and required refurbishment and upgrades in 2006 to extend their operational life 
expectancy for another 10 years.  This CPAR report is also available upon request. 
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Appendix  A 
 
 

Data Sheets 
 

·  Kineto Tracking Mount (KTM) 
·  Distant Object Attitude Measurement System (DOAMS) 
·  Standard Range Lens 
·  Digital Control System 
·  Telescopes 

o 1 Meter 
o 1.5 Meter 
o 3 Meter 

·  Refurbishments/Upgrades – KTM/Cinetheodolites 
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