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PROBLEM STATEMENT

TheActive Denia System currently uses high power gyrotronsto generate the RF power
for the system. The present generation of gyrotronsuses cryogen-free, supa conduding
magnds to provide the required magndic field. These magnd systems, however, require
12-14 hours to cool the magnetic coils to the required temperature *. Consequently, the
system cannot be rapidly activated from a stand-down configuration to meet a sudden
threat. The aternaive is to maintain the magneic system in a supa conduding state,
requiring electrical power and opeation pasonnd. Besides the high expense,
supeaconduding magnes are difficult to trangort and maintain in thefield. In addition,
cryogen magnds require consderable amounts of liquid Helium to reach desired
temperature levels.?

The SBIR solicitation is seeking to have a high-power 95 GHz millimeter wave RF
vacuumsource developal tha utilizes either permanent or conventiond solenoid magnds
with a god to reduce weight and cog, improve reliability, and eliminae the cool-down
time of the current Active Denia System. This mug be donewithout creating additiond
condraints on the prime power of the system. 100 kW output power utilizing permanent
magnésis desired with a minimum of 30 KW on average®

Calabazas Creek Research, Inc. (CCR) is developing a gyrotron system usng rare earth
permanent magnes to providethe magnéic field. This system eliminaes therefrigeration
system and allows the gyrotron to be rapidly activated, as the magndic field is aways

1 Dr. Monica Blank, Communications & Power Industries, Inc., personal communications, 9/28/2009.
2 Navy SBIR 2006.2 - Topic N06-129 , http://www.navysbir.com/n06_2/n062-129.htm
¥ Navy SBIR 2006.2 - Topic N06-129 , http://www.navysbir.com/n06_2/n062-129.htm
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present. The system could be maintained for extendel periods of time in a storage
condition and be rapidly activated in secondsif the cathodeis maintained at temperature
or within afew minutesif the cathodeneedsto bebroughtup to opeating temperature.

WHO CAN BENEFIT?

The improvements offered by this development would benefit al users of the Active
Denia System. Currently systems are being developed by the U.S. Air Force and under
congderation by the U.S. Army. These systems could also find applications wherever
crowd control and/or protection of facilities is critical. This could indude embassies,
conallates, and military indallations

Potential areas of interest indudebutare notlimited to:

- U.S. Army D High Mobility Multipumpos Wheded Vehicle (HMMWV) and
Mine Resistant Armored Personnd (MRAP) Vehicles

- U.S. Air Force Bbase security protection purposs

- Border Patrol

- Homeland Security

- U.S. Embassy protection (Diplomatic Security)

- Joint Non-Lethd WeaponsProgram D Active Denial System

Firms that may be interested in the outcome of this technology development indude

thoe such as Raytheon Company, L3 Communications Titan Group, and
Communications& Power Indudries, Inc.

BASELINE TECHNOLOGY

Currently, there are no active denial systems used by the Navy. Development to dae is
performed by the U.S. Air Force. The Air Force system uses a gyrotron developed by
Communications & Power Indugries, Inc. designed for the traditiond, cryogen-free,
supe-conduding magnd. The magnd requires 12-14 hours to achieve opeating
temperature from a stored condiion.

The current magnéd system also requires arefrigeration system to maintain the magnd at

supeaconduding temperature. This increases the complexity of the system and addscog,
increased maintenance, and risk.
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TECHNOLOGY DESCRIPTION

The primary modifications from the existing
system are magnd start-up time, power supply
requirement, and weight The current system
requires 12-14 hours for the magnd to reach
opeaating temperature. The system CCR is
developing uses a permanent magnd with
room temperature trim coils. This system
would be opeationd indantaneoudy. The
major pendty is the magnd system weight,
which inceases subdantialy for the
permanent magned system. Figure 1 isasolid
modd depicting the size of a permanent
magnd gyrotron in relation to a six-foot tall
man.

Table 1 provides a compaison chat beween
the current ADS and CCRB permanent
magnd gyrotron system. Table 2 highlights
the advantages of CCR( proposed system.

Figure 1. Solid model of permanent magnet

gyrotron
Table 1 — Comparison Table
Parameter Current ADS Value CCR Specification
Output power 30 kW and 100kW 50 kW
Magne Cryogen-free Permanent with room
Supeconduding temperature trim coils
Timeto opaation 12-14 hours - Secondsif the
cathodeis hdd at temp.
- A few minutes if the
cathodeneedsto be
broughtup to temp.
Magnd system weight 655pounds 200pounds
Magnd power requirement | 10V, 40A 5V, 20A
System weight 1,046 pounds 2,500pounds
Magne system cost $100000 $300000 (prototype)
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Table 2 — Features, Advantages, Benefits Table

Feature Advantage Benefit

Timeto opaation Ingantaneous Immediate
opeation/protection of
forces Bsecondsif cathode
ishdd at opeation
temperature, afew minutes
if thecathodeneedsto be
broughtup to temperature

Output Power 50kw CW Power level meetsthe DoD
requirements for rangeand
effectiveness required

Permanent Magnet Does notrequire a power Reduces opeationd cos
supply and complexity. Reduces
requirement for prime

power for field opeation

Mixed output modes Allowsincreased control of | Simplifiestheoutput

RF power trangmission trangmission system and
provides more flexibility for
redudng system size and
weight

CURRENT STATE OF DEVELOPMENT

Computationd designis complete, drawingsare complete, and fabrication of the gyrotron
isin progress. Thegyrotron will be completed by December 31%. Themagne is complete
and fully tested. The gyrotron mug beindalled in the magne by the magne vendor and
returned to CCR for testing. Testing is currently scheduled for March 2010 and once
completed will bringusto a TRL 5. Thetests will only be peformed at reduced pulse
length dueto the availability of power supplies. These tests will verify propea opeation
of the magne and gyrotron.

Once these tests are successfully completed, additiond funding will be needed to obtain
additiond power suppliesfor continuouswave (CW) testing. The schedule will depend to
the ddivery and indallation time for the supplies, following receipt of funding. The
funding required will depend on the cog of the additiond power supplies. Actud pricing
has not been obtained, but thetotal cog for the power supplies and CW testing should be
less than $100000.

Severa steps will remain to develop a deployable system. The gyrotron mug be
integrated with power supplies, cooling systems, and the output trangmission system. A
control system for operating the device will be required; however, thiswill be similar to
the existing control system developed by Raytheon Company for the Air Force@ ADS.
Power supplies would resemble existing, commercialy available systems, and the
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cooling system would also use commercially available components. The primary task
would be integration of these components and implementation of prope interlock and
control electronics. The RF output trangmission system would also be similar to the
exigting Air Force design. It is estimated that the design and prototype testing of the
integrated system could be accomplish in oneyear.

Packaging the components into a deployable system and the required testing is estimated
to take another 1 - 2 years, depending on the mobility required. Integration into a
containe deployable by hdicopter and connected to an existing source of prime power
would berelatively simple. Thiswould indude operation from anaval vessel. Integration
into a completely mobile system with trangportable prime power would require additiond
effort. Thiswould besimilar to the ADS developeal by the Air Force usng aHumVee.

Produdion of the gyrotron and pemanent magnet can begin very quickly.
Communications& Power Indugries, Inc. (CPl) produces the current gyrotronfor the Air
Force system and istheindustrial partner on this program. Trangtion of fabrication from
Calabazas Creek Research, Inc. to CPI would only require afew weeks. Dexter Magndic
Technologies, Inc. designed and fabricated the permanent magne used in this program
and would bethesupplier for produdion quantities.

REFERENCES

Technical Point of Contact DNavy
Nava Surface Warfare Center Crane
Phone (812 8544804

Communications& Power Indudries, Inc.,
Kevin Felch

Title: Manager, Gyrotron Engineering
(650)846-2879

A paallel program is being funded by the U.S. Air Force out of Kirtland AFB,
NM. Appropriate contact information for this project is shown bdow:

Technica Point of Contact DAF

Title: Deputy Program Manager, ADT Program
Phone(505)853-8186
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ABOUT THE COMPANY

Calabazas Creek Research, Inc. (CCR) was established in 1994 and has become
internationdly recognized as a leader in development of advanced, innovaive
technologies for the high power RF community. CCR speciaizes in very high power
microwave and millimeter-wave sources and components for research in high energy
physcs, fuson energy development, and advanced Depatment of Defense systems.
CCR's range of expertise extends from 200 MHz to 1 THz in frequency and from
milliwatts to hundeds of Megawatts of ddivered RF power.

Personnd are skilled in advanced electron optics design, theemomechanical andysis,
electromagndic andysis, software development, and mechanical design of vacuum
electron devices and other vacuum produds. A key area of research is development of
advanced computationd tools for design of RF sources and waveguide systems.

CCR is currently involved in several govenment funded, research programs for the
Department of Energy, Nationd Aeronautics and Space Administration, Nationd Science
Founddion and Depatment of Defense. Technical services are provided to a number of
corporations and organizations induding Raytheon Company, Stanford Linear
Accelerator Center, Communications & Power Indugries, and Northrop Grumman
Corporation.

CCR has dtrategic aliances with several universities, induding University of Wisconsn,
University of California B Berkeley, Massachusetts Inditute of Technology, North
Carolina State University, University of Maryland, and Rensselaer Polytechnic Inditute.
CCR a0 has strategic relationships with severa indudrial organizationsand consultants
providing technical services and advice on advanced technologies.

CCR is available to assist in the design and development of specialized RF sources and
componets from 200MHz to 1 THz.
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