AEROSPACE & DEFENSE

TECHNOLOGY
The Engineer’s Guide to Design & Manufacturing Advances

Welcome to
your Digital Edition of

Aerospace & Defense
Technology

September 2020

Thermal Management
for Directed Energy Weapons
Radiation-Tolerant FPGAs Solve
Spacecraft Design Challenges

mond Super-Material
bility

New Diamond
Enhances Aircraft Survival

How to Navigate the Magazine:

At the bottom of each page, you will see a navigation bar with the following buttons:
ﬁ) Arrows: Click on the right or left facing arrow to turn the page forward or backward.
Intro. Introduction: Click on this icon to quickly turn to this page.

Cov Cover: Click on this icon to quickly turn to the front cover.

ToC Table of Contents: Click on this icon to quickly turn to the table of contents.
@\ Zoom In: Click on this magnifying glass icon to zoom in on the page.

GD\ Zoom Out: Click on this magnifying glass icon to zoom out on the page.
Q\)\ Find: Click on this icon to search the document.

You can also use the standard Acrobat Reader tools to navigate through each magazine.

wcomsoL [@ [0 B =



http://www.abpi.net/ntbpdfclicks/l.php?202009ADTNAV

It all started with two buckets of water...

\_/
o

-

-

RN __f_

Visualization of the out-of-plane component of
the electric field for the resonant wavelength in
an optical ring resonator notch filter.

In 1870, a scientist named John Tyndall tried to control

light using two buckets of water, illustrating total internal
reflection to a fascinated audience. Today, researchers have
more advanced tools at their disposal. When fabricating

and analyzing optical waveguide prototypes, modern-day
engineers can use numerical simulation software to speed up
the design process.

The COMSOL Multiphysics® software is used for simulating
designs, devices, and processes in all fields of engineering,
manufacturing, and scientific research. See how you can apply
it to designing silicon waveguides.

comsol.blog/silicon-photonics

N8B COMSOL

Free Info at http://info.hotims.com/76507-811

wcomsoL [@ [0 B =



http://info.hotims.com/76507-811
http://www.abpi.net/ntbpdfclicks/l.php?202009ADTNAV

www.aerodefensetech.com September 2020

AEROSPACE & DEFENSE

TECHNOLOGY
The Engineer’s Guide to Design & Manufacturing Advances

S

INTERNATIONAL®

Thermal Management
for Directed Energy Weapons

Radiation-Tolerant FPGAs Solve
Spacecraft Design Challenges

New Diamond Super-Material
Enhances Aircraft Survivability

W COMSOL m . E & =


http://www.aerodefensetech.com
http://www.abpi.net/ntbpdfclicks/l.php?202009ADTNAV

p;*;f\
\ —

/
\
o \..
."n
i, . e =
— W
LL._U,.,'l I;"J;.,,_

EXTREME oVt n,
TORQUE FOR ‘NEw S
EXTREME ik

AEROSPACE R
JOBS L

o [n)
Introducing the B-RAD BL Select, which
offers higher speed and longer battery
life making this tool very portable. B ot ry
With accuracy of +/- 5%, RAD Torque e
wrenches are the tool of choice for the
Aerospace industry.

WWW.RADTORQUE.COM
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. . X Talk with an AGM Engineer today for a custom
7, -3 N designed moisture protection solution.
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Email: consult@agmcontainer.com
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INSIDE STORY

Advanced Cooling Technologies, Inc. (ACT) is a premier thermal management solutions company, providing
performance and cost-optimized thermal management technologies and solutions at all points along the prod-

uct lifecycle.

A&DT: What is a heat pipe and how are they used for thermal
management in space?

Peter Dussinger: Heat Pipes have been
used for decades to remove heat from elec-
tronics systems and their benefits include
passive operation and long life with no main-
tenance. They use a combination of evapo-
ration and condensation of a working fluid,
taking advantage of the high heat transfer
coefficients of these two-phase processes. Thermal conductivi-
ties can approach 10,000 to 100,000 W/m-K for long heat pipes,
in comparison with ~400 W/m-K for copper.

In space, heat generating devices must be coupled to the
radiator panels by conduction. The radiator panels ultimately
radiate the thermal energy to deep space. Conduction coupling
with high thermal conductivity materials like aluminum (200
W/m-K) or copper (400 W/m-K) is possible if the payload com-
ponents are mounted to the backside of the radiator panel.
However, this limits the freedom of design and distance relative
to the radiator panel. Heat pipes, with superior effective con-
ductivities, become excellent choices for thermal coupling
between faraway payload components and radiator panels.

A&DT: Have heat pipes been used in space?

Dussinger: Aluminum/ammonia heat pipes have been used in
space for decades to enhance the conductivity of the radiator
panels and to transfer waste heat from the payloads to the radi-
ator panels. Ammonia is one of the best working fluids, having
favorable thermophysical properties and being chemically com-
patible with aluminum, a standard material used in spacecraft.
Ammonia works across a wide range of temperatures (-60°C to
+70°C) typical of space environments.

A&DT: Why do satellite developers want Space Copper Water
Heat Pipes (SCWHPs)?

Dussinger: Satellites have traditionally been performing data
collection, transmitting and receiving roles only, leaving the
data processing/computing to ground stations. As the data vol-
ume continues to increase, in-situ computing is increasingly
required, to minimize latency and maximize reaction speed.
However, adding computing onboard satellites creates new
thermal management challenges.

Copper/water heat pipes are the standard for electronics cool-
ing on Earth. SCWHPs operate in a slightly higher temperature
range than ammonia, therefore water can handle the higher heat
fluxes coming off electronics chips much better than ammonia.
Additionally, water is non-toxic, which is a benefit for ground test-
ing and shipping concerns. In summary, copper/water heat pipes
can transport more power, delivered at much higher power den-
sities, at higher temperatures than current options.

A&DT: What are the unique challenges for SCWHPs?

Dussinger: The biggest issue with SCWHPs is the unique phe-
nomena that water exhibits when freezing, as its volume
expands by nearly 10%. While an excess fluid charge can lead to
heat pipe wick and envelope damage/breaching during freez-
ing, an inadequate fluid charge may mean the heat transfer
requirements are impossible to meet. There is a tight range of
acceptable fluid charges for a specific heat pipe design to meet
these opposing constraints. The space satellite environment is
one where freezing can be expected under standby and other
conditions, creating conditions not seen by terrestrial heat
pipes. Therefore, depending on the application, space
copper/water heat pipes are required to be tested for a signifi-
cant number of freeze/thaw cycles under the most stressful
conditions ever applied to copper/water heat pipes.

A&DT: How do ACT's SCWHPs address these challenges?

Dussinger: ACT has developed complex manufacturing and
testing techniques to produce space copper/water heat pipes
that can meet the most stringent heat transfer, thermal cycling
and structural integrity requirements. Each lot of SCWHPs is
built to precise specifications and goes through a battery of
acceptance and qualification tests (application specific).
Various non-destructive testing techniques are used to assess
the heat pipe wick and envelope integrity during the manufac-
turing and testing process.

A&DT: Have SCWHPs flown in space?

Dussinger: ACT gained flight heritage when SCWHPs were test-
ed on the International Space Station (ISS). Since then, they
have been flown on several commercial satellites and are oper-
ating as designed. ACT has also delivered SCWHPs that are cur-
rently in orbit on developmental satellites.

A&DT: What does the future of SCWHPs look like?

Dussinger: As the desire for real time, in-situ computing
increases, so will the demand for SCWHPs to assist with the
thermal management of the cards and chassis used to con-
struct these space-based computers. SCWHPs will continue
their rapid adoption following in the footsteps of their success-
ful aluminum/ammonia heat pipe predecessors. ACT will contin-
ue to work with top space industry partners to develop and
qualify manufacturing improvements to further increase the
robustness of SCWHPs.

Visit Advanced Cooling Technologies, Inc. at
https://www.1-act.com/

www.aerodefensetech.com
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sideline your project.
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Radiation-Tolerant FPGAs
Solve Spacecraft Design Challenges

atellite and spacecraft system
designers have a few different

options when selecting field
programmable gate arrays

(FPGA) semiconductors. One FPGA op-
tion is commercial off-the-shelf (COTS)
components that reduce component
unit cost and lead time, but they are
generally not reliable enough, must be
up-screened (which increases cost and
engineering resources), and require soft
and hard Triple Modular Redundancy
(TMR) to mitigate radiation ef-

fects in space.

In missions where failure is not an
option, designers typically choose
higher-cost FPGAs that are radiation-
hardened by design (RHBD). These are
already screened and qualified to Qual-
ified Manufacturers List (QML) Class Q
and V standards. QML Class V is the
highest qualification standard for space
semiconductors. Manned and safety-
critical missions rely on QML-V com-
ponents, to mitigate the risk of failure.

Designers whose systems must meet
the increasing need for a challenging
combination of higher performance
and greater on-board data processing

and high-speed communica-
tions capabili-

www.aerodefensetech.com
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ties in space also rely on these radia-
tion-tolerant RT FPGAs to provide a so-
lution that is radiation tolerant by de-
sign, backed by its manufacturer’s
space flight heritage and expertise, and
undergo QML Class V testing. This arti-
cle will look at the different FPGA tech-
nologies that are available for space ap-
plications, and the process for
developing the components.

Radiation Effects in Space
RT FPGAs are needed because COTS
components are not immune to the
various radiation effects in space and
that can degrade the performance of an
integrated circuit or cause it to fail. One
of these radiation effects is total ioniz-
ing dose (TID), which is caused by
radiation due to charged
particles and gamma
rays in space.
This

- .
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Space Technology

Incoming Particles Causes Firm Errors
in Configuration Cells for Logic
Modules, Leading to...

No Change

Logic Module

Incoming Particle Causes Firm Error
in Routing Matrix, leading to...

No Change

Routing Matrix

Flash and SONOS-based FPGAs are immune to SEUs in the configuration memory.

radiation deposits energy by causing
ionization in the material. The ioniza-
tion can change the charge excitation,
charge transport, bonding, and de-
composition properties of the mate-
rial. This negatively affects the device
parameters.

TID is the cumulative ionizing radi-
ation that an electronic device re-
ceives over a specified period, usually
the mission time. The damage is de-
pendent on the amount of radiation
and is expressed in radiation absorbed
dose (RAD). Depending on the radia-
tion tolerance for TID, a device may
experience functional or parametric
failures. Among the common parame-
ters affected by TID radiation in
FPGAs is an increase in propagation
delay which decreases device perform-
ance. Another failure mechanism is
increased leakage current after a high
TID exposure.

The other type of radiation effect is
single-event effects (SEEs). These are
instantaneous upsets, transients, or
permanent damage due to particle ra-
diation such as protons, heavy ions,
and alpha particles that can strike sen-
sitive regions of the transistor, causing
various failures. SEEs come in different
forms including Single Event Upsets
(SEUs), which occur when high-energy
ionizing particles such as heavy ions,
alpha particles or protons irradiate a
circuit or pass through an integrated

8

circuit. This results in a disruption in
the system logic.

Also troublesome is a Single Event
Latch-Up (SEL), which is a condition
that causes loss of device functional-
ity due to a single-event-induced high
current state. An SEL may or may not
be destructive. In a destructive latch-
up event the current will not recover
to the nominal value. In a non-de-
structive latch-up event the high-level
current will return to the nominal
value after power-cycling the FPGA.

Comparing FPGA Technologies
There are four basic types of FPGAs:

SRAM-based FPGAs

SRAM-based FPGAs store logic cells
configuration data in the static mem-
ory. SRAM is volatile and can't retain
the device configuration without
power. Instead, the FPGAs must be
programmed upon power-up. SRAM-
based technology tends to consume
more power and be more sensitive to
radiation.

Flash-based FPGAs

Reprogrammable flash-based FPGAs
use flash as a primary resource for con-
figuration memory. Flash technology is
immune to SEU, eliminating the threat
of radiation-induced upsets in the con-
figuration memory of the FPGA. RTG4
Flash-based FPGAs use up to 50 percent

www.aerodefensetech.com

less power compared to SRAM-based
FPGAs. Flash technology simplifies the
design in multiple ways, as there is no
need for external memory, redundancy,
or continuous configuration monitor-
ing. It also eliminates the need for a
heat sink, reducing the size and weight
of the designs while reducing power
consumption, which can be especially
important if an electronic module is
powered with solar panels.

SONOS-based FPGAs

An example is the Microchip RT Po-
larFire FPGA, which offers radiation per-
formance with characterized radiation
data, low power, SEU configuration im-
munity, and high-reliability compo-
nents with a path to QML-V qualifica-
tion. These FPGAs are developed on a
silicon-oxide-nitride-oxide-silicon
(SONOS) non-volatile (NV) technology
on a 28nm technology node.

The performance of 28nm and earlier
65nm technologies has been compared
by measuring the propagation delay of
an inverter. These tests show that 28nm
SONOS technology offers 2.5 times
higher performance than 65nm flash-
technology. These SONOS-Based FPGAs
also have outstanding radiation per-
formance and SEU immunity, while of-
fering a low-power solution. With a path
to QML-V qualification, SONOS-based
FPGAs are ideal in applications that re-
quire high-speed signal processing.

Aerospace & Defense Technology, September 2020
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The accompanying figure shows how flash and SONOS-
based FPGAs are architected to provide SEU immunity.

Antifuse-based FPGAs

Antifuse-based FPGAs are programmed once, which limits
a key re-programmability advantage as compared to Flash
and SONOS-based FPGAs. Antifuses do not conduct current
initially but are burned to conduct current (the antifuse be-
havior is the opposite to the behavior of a fuse). Antifuse
technology is very robust against radiation effects.

How RT FPGAs are Developed

RT FPGAs are developed on process technologies that have
excellent radiation TID performance. They can be RHBD, with
flip-flops that have built-in TMR at the circuit level. TMR de-
ployed in software, also known as soft TMR, can be imple-
mented if the TMR has not already been implemented at the
silicon level. After the silicon is developed, RT FPGAs go
through a stringent qualification.

For devices to be qualified to the highest standard, they
must adhere to the MIL-PRF-38535 standard that was re-
leased by the Department of Defense, which created consis-
tent qualification, testing, and reliability standards for mili-
tary and space ICs. MIL-PRF-38535 defines requirements for
IC manufacturers if they wish to be listed on the QML by the
Defense Logistics Agency (DLA).

Another aspect of product development is characterizing SEE
performance, which does not change from wafer lot to wafer lot
if the silicon design is the same. After freezing the design, FPGA
manufacturers can start the SEE characterization process. Once
the device is in production, no additional SEE performance test-
ing is needed as long as there have been no changes to the de-
sign and the component has been fully characterized.

Some process technologies may have TID performance that
varies across wafers from lot to lot. As a result, TID perform-
ance testing must be performed in production, on a wafer lot
basis, to guarantee a device will meet its target TID level spec-
ification (25 krad, 100 krad, 300 krad).

RT FPGAs' Impact on Spacecraft Design

The latest RT FPGAs offer numerous advantages that cre-
ate opportunities for simplifying these designs while signif-
icantly improving the capability for on-board data process-
ing. To meet these needs, RT FPGA technology nodes are
shrinking to offer higher performance and higher-speed sig-
nal processing with more memory and DSP capabilities.

RT FPGAs also offer other key advantages including re-
programmability and faster development time compared to
an ASIC. Typically, FPGAs are not reprogrammed once they
are flying in space, but this is an option as designs become
more complicated, assuming that system designers follow
guidelines and carefully evaluate the success rate and risks
associated with on-orbit reprogramming.

This article was written by Julian Di Matteo, Senior Product
Marketing Engineer, Space and Aviation, Microchip Technology
(Chandler, AZ). For more information, visit http://info.
hotims.com/76507-500.
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Thermal Management

for Directed Energy Weapons

irected Energy Weapons
(DEWs) utilize concentrated
electromagnetic energy fo-
cused on a target to cause
damage, versus conventional kinetic en-
ergy weapons which hit the target with
a solid projectile. Lasers, microwaves,
and particle beams are examples of
DEWSs. While DEWs are not a new con-
cept, they are gaining increasing inter-
est as the technologies to concentrate
energy to damaging levels, to track the
targets accurately, and to manage the
massive amounts of waste energy pro-
duced are reaching higher levels of ma-
turity. At the same time, the price tag
for conventional ammunition and con-
ventional weapons continues to
climb, placing increasing funding
burdens on the government.

Compared to conventional weapons,
the advantages of DEWs include: (1)
speed of light target engagement; (2)
low cost per shot; and (3) deep maga-
zine capability, limited only by the
available power and thermal manage-
ment capacity.

Thermally Managing Directed Energy
Weapons

Thermal management is a critical com-
ponent of DEW systems. Without robust
cooling solutions, the massive amount of
waste heat generated per high-powered
shot will damage the

weapon,

www.aerodefensetech.com

and support systems, and likely cause
acute failure. This is the case with any
high-powered electronic device. The
higher the power, the more waste heat
these devices generate. Additionally, the
temperature of the waste heat is relatively
low, which makes it more difficult to
manage with conventional methods.
The primary challenge is how to effi-
ciently remove substantial amounts of
low-grade waste heat,
owed to the

Figure 1. Conceptual rendering
of a Directed Energy Weapon
on a submarine.

Aerospace & Defense Technology, September 2020
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Rugged Electronics

inefficiency of these devices (i.e., high
energy lasers, microwave emitters, etc.)
while simultaneously maintaining rela-
tively tight thermal stability. For exam-
ple, lasers are highly temperature de-
pendent to achieve high efficiency and
stable optical wavelength. If the heat re-
jection and temperature stability are
not adequately managed, laser DEW
performance degrades from the begin-
ning of the shot to the end. Therefore,
the ultimate thermal management sys-
tems must be compact, lightweight, and
low power.

Cooling solutions are platform de-
pendent (ground-based, airborne, ship-
board) taking into consideration avail-
ability of resources and the ultimate
heat sink (air, water, etc). For both
ground-based and airborne DEW, Ad-
vanced Cooling Technologies (ACT), to-
gether with DoD partners have devel-
oped, prototyped, and tested several
low size, weight, and power (SWaP)
cooling systems. An integrated, fully
functional thermal management proto-
type was delivered to the Navy in 2018
to support the Ground Based Air De-
fense (GBAD) program.

Thermal Storage Using Phase
Change Material

Most thermal solutions are developed
to handle the maximum heat load at
the time of generation. In other words,
a 5 kW load requires a 5 kW solution.
While this is true for electronics operat-
ing in a steady state mode, it is not nec-
essarily the case for pulsed technology
such as DEW. In a DEW application,
the heat load may only be “on” for a pe-
riod of time and then “off” for a recov-
ery, recharge, regenerate period of time.
In these applications, the thermal man-
agement solution has additional time to
dissipate the waste heat generated dur-
ing the “on” period. The thermal solu-
tion can be smaller than the load gener-
ated during the “on” period. A 5 kW
“on” load, that is on for one out of
every five time periods, can use a 1 kW
solution over the five time periods.

To accomplish this without overheat-
ing during the “on” period, thermal stor-
age, phase change materials (PCM) can
be utilized. Typically, the phase change is
from solid to liquid and back. The mate-
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Figure 2. Visual representation of the standard operation of the PCM heat sink.

Figure 3a. Manifold Cold Plate Design. Heat from
the source is transferred to a single-phase liquid
coolant circulating through internal channels of
the plate and subsequently rejected downstream
to a radiator.

rial is selected such that it melts close to,
but not in excess of, the maximum al-
lowable temperature of the electronics
being cooled. During the high power
“on” portion of the shot, some of the
waste heat is dissipated by the cooling
system, while the balance of the waste
heat melts the PCM from a solid to a lig-
uid. During the “off” period, the tradi-
tional cooling system continues to dissi-
pate the stored energy in the PCM,
freezing it back to a solid, so that it is
ready to absorb another pulse of energy

www.aerodefensetech.com

Fgure 3b. Mini Channel Cold Plate

when the weapon is fired again. One
other benefit of the PCM is that it will
provide a relatively high level of surviv-
ability should the smaller steady state
cooling solution become incapacitated.

Thermal storage is an effective way to
absorb and store the waste heat until en-
gagement is again necessary. Thermal
storage works by storing thermal energy
in a phase change material (PCM). The
phase change from a solid to liquid occurs
through energy absorption. The latent
heat from melting or freezing is at least 1
to 2 orders of magnitude higher than the
energy stored by the specific heat.

ACT has conducted an abundance of
research, development, and prototyping

Aerospace & Defense Technology, September 2020
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of PCM assisted cooling solutions. Effi-
ciently delivering and extracting heat
energy from the PCM reservoir is the key
to a well-designed system. ACT’s ther-
mal experience with enhanced surfaces
(fins), high conductivity (Hi-K™) com-
ponents, heat pipes, pumped loops, etc.
allows us to design and develop PCM
systems that are small, lightweight, and
low power. As a reference, systems sized
for the peak heat load typically weigh
40-60% more than those with thermal
storage, although this is highly depend-
ent on the duty cycle.

Pumped Single-Phase Cooling

Single-phase cooling is another op-
tion for managing waste heat produced
by DEW. At a minimum, single-phase
cooling requires a reservoir, or fluid
source at the prescribed temperature,
and a pump. This method of cooling
traditionally involves cold plates with
pumped water or water/glycol mixtures
running through channels to absorb the
waste heat. This thermal solution is typ-
ically used in systems with low to mod-
erate heat fluxes.

ACT has also shown that single-
phase systems can be used for heat
spreading, and to remove very high
heat fluxes over small areas. Re-
searchers at ACT have removed heat
fluxes of over 10,000W/cm? over sev-
eral square centimeters. The disadvan-
tages of this technology for DEW are
size issues. Many DEW thermal solu-
tions will require a very small footprint
and will not have space for a large
pump and cold plate.

Pumped Two-Phase Cooling

In contrast, pumped two-phase
(P2P) cooling systems use a non-corro-
sive, non-electrically conductive (di-
electric) fluid, which vaporizes during
the absorption of the waste heat. A
much smaller amount of coolant, rela-
tive to pumped single-phase, is
pumped into the cold plate, where the
coolant changes phase from liquid to
vapor. Because the latent heat of va-
porization is many times the specific
heat of the coolant, the coolant flow
rate can be significantly reduced, re-
sulting in smaller pumps and lower
power usage.
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High heat flux applications often use
sintered wick materials in the cold plate
channels to provide ample and uniform
nucleation sites for boiling. These nucle-
ation sites prevent flow maldistribution
during transients and help to provide
lower evaporator thermal resistances. P2P

Rugged Electronics

systems offer an attractive way to reduce
SWab, since they take advantage of the la-
tent heat of vaporization of the coolant;
they also allow for a much higher degree
of temperature uniformity for electronic
components and laser diodes that reach
heat fluxes of up to 500 W/cm?.

Significantly reduce the size
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Figure 4. ACT's Pumped Two-Phase Cooling System

PUMPED TWO PHASE SYSTEM ADVANTAGES ————— =

Modular; scalable; Ability to free cool - reduced
hot swappable HVAC systems heat load

Increased power density

Reduced weight
No altitude or hot climate 85% reduced energy
Smaller enclosures de-rating consumption

Isothermal, increasing silicon
life and simplifying plumbing

2 to 4 times better heat transfer Shorter commissioning time

Maintenance-free; no set-up,
biocides, filters, tear downs

Lower flow rates - 85% less than
that of EG water systems Smaller pumps with 50,000

L10 life
Increased system reliability . S
and MTBF Opportunity for reducing wiring,

switchgear, magnetics

Less thermal cycling for
increased electronics life

Safer - no risk of electrical
shorting

Figure 5. Pumped Two-Phase Cooling Benefits

By combining a non-conductive dielectric refrigerant with
the science of heat dissipation through vaporization, ACT has
found that well-designed pumped two-phase cooling products
can manage power densities more than 2x over traditional
water / glycol systems for high-power electronics, while elim-
inating the dangerous consequences of a fluid leak. Although
the systems are leak-tight, should an accidental leak occur, the
non-conductive fluid is inherently safe even when in direct
contact with sensitive electronics.

ACT has developed reliable P2P systems for thermal control
of optoelectronics and other applications that need both low
SWaP, high power removal, and tight temperature uniformity.
Key components in these systems have also been scaled, pro-
totyped and tested for large-scale DEW implementations.

Thermal Management is Key

Advanced thermal management is one of the keys to bring-
ing directed energy weapons online and to allow them to op-
erate at peak performance. Both single-phase and pumped
two- phase cooling systems, in conjunction with thermal stor-
age, have demonstrated significant SWaP benefits. These tech-
nologies are mature and ready for field test implementation.
They can also be rapidly deployed for acquisition programs.

This article was written by Pete Dussinger, Chief Engineer, Prod-
ucts, Advanced Cooling Technologies, Inc., (Lancaster, PA). For
more information, visit http://info.hotims.com/76507-501.
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New Diamond/
Super-Ma‘tenal Y

~Enhances 7 ‘¥ § \

Alrcraft Survwablllty

s the U.S. military continues to seek out and develop technology that

will enhance survivability of manned and unmannegd military aircraft

systems, a new, diamond-based .coating offers an effective countermea-

sure to state-of-the-art directed energy weapons, including electromag-
netic and high-energy laser weapons. Whether it’s reconnaissance drones, air force
jet fighters or spacecraft for the newly formed Space Force, every branch of the mil-
itary is seeking out technological advancements that keep our soldiers and the sys-
tems they operate safe. Existing coatings, such as infrared antireflective and dia-
mond-like-carbon, when applied to sensitive control systems and cockpit areas, are
susceptible to deficiencies like delamination, degradation and fluctuating optical
transmissivity.

This new “super-material,” however, is a product of advanced chemistry and com-
prised of two materials that have not been able to be demonstrated together, until
now. Thanks to advancements and breakthroughs in chemistry, physics and manu-
facturing, we're now able to fabricate composite diamond coated with Fluorinated
Graphene Oxide (FGO), a feat never before accomplished until now. This new super-
material opens up a world of new capabilities across a number of industries, espe-
cially defense, where it can be applied to countermeasure weaponry, specifically op-
tical sensing, detecting and transmission — which are all extremely crucial to our
military’s efforts.

Historically, FGO is a costly and time-consuming material to fabricate (with chem-
ical exfoliation alone taking over 12 hours), and it has failed to demonstrate the abil-
ity to adhere well with most materials, absent metals such as lithium and a few oth-
ers. Today, however, thanks to innovations in advanced materials, we are able to
fabricate an FGO and diamond composite that is the ultimate optics and semicon-
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Optoelectronics

[
A cleanroom technician holds a sample of compos-
ite diamond coated with FGO.

ducting super-material and apply it to
sensitive military aircraft systems.

The Process

The process starts by using a combi-
nation of methane gas and plasma as
source material. Through a state-of-the-
art manufacturing process, the
methane and plasma react to create the
perfect, low-cost diamond wafer. In
order to scale, chemical vapor deposi-
tion (CVD) reactors are used to form di-
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Miraj Diamond® Glass utilizes lab grown, thin-film diamond specially tuned for optical application.

Y

amond nanocrystals below 400°C, al-
lowing for the first-time integration
with currently utilized materials in op-
tics and electronics. The final product
is a diamond composite that can be uti-
lized in everything from complemen-
tary metal oxide semiconductor
(CMOS) devices and commercial elec-
tronics to multilayer optics and display
glass, and in this case, manned and un-
manned aircraft systems.

The diamond coating protects these
aircraft from two weapon systems rap-
idly being developed by adversaries:
high energy lasers and electromagnetic
(EM) weapons. Without the proper
countermeasures, these weapon sys-
tems provide enemies with the ability
to bring down jets and helicopters
without explosives and negate drone
swarms. Some of their other capabilities
include:

High-Energy Lasers: Initially intro-
duced during President Regan’s admin-
istration, the originally dubbed ‘Star
Wars Defense Initiative’ was matured
through the 1990’s and began making
significant progress on high-energy
laser systems in the early 2000s. Today’s
laser systems, with much higher beam
efficiencies, and far more dense optical
structures, are already proliferating
worldwide. With sufficient power sup-
ply, high-energy laser weapons can rep-
resent a significant threat. With a
nearly unlimited ‘magazine’, ranged
precision attacks can hit multiple po-
tential targets such as craft weapons,

www.aerodefensetech.com

communications, support electronics,
and pilots/operators. As laser systems
continue to improve power efficiencies,
and power supply densities, the deploy-
ment of these systems is envisioned to
be widespread, ranging from craft to
armed personnel.

Electromagnetic Weapons: Utilizing
focused microwave energies, today’s
electromagnetic weapons systems are
mainly utilized against UAV systems.
With the ability to currently negate
drone swarms, the next level of capabil-
ity (requiring higher energy densities)
will be able to affect larger areas and sys-
tems, ranging from carrier craft to com-
munications. With Russia and China
rapidly advancing their high-power
electromagnetic weapons systems pro-
grams, the near-term threat of such sys-
tems is widely understood.

Multilayer anti-reflective coating sys-
tems, like the diamond-coated FGO
super material, are critical to military
aerospace concerns because the tech-
nology further allows development of
optical components with ultra-hard-
ness, scratch-resistance, high thermal
conductivity, hydrophobicity, chemical
and biological inertness, and with high
transmittance at a variety of critical an-
gles. The diamond-coated FGO, with its
high crystalline quality, high power
handling capability, high current den-
sity, low threshold voltage, and ohmic
contact, under room temperature oper-
ation, was previously undemonstrated
across all diamond material types.

Today, thanks to the advancements
mentioned above, we are able to fabri-
cate diamond-coated FGO, which,
when it comes to man and unmanned
aircraft, particularly addresses the fol-
lowing:

Optical Sensing: Optical sensors re-
spond to the quantity of input by mak-
ing a functionally associated optical
output. Currently utilized materials
such as Boron Cubic Nitride (BCN) and
Diamond-Like-Carbon (DLC) lack the
hardness, strength, and thermal shock
protection needed for optical sensing
applications in defense. Protection of
optical components against directed en-
ergy, oxidation, and debris without
adding significant system weight and
without significant optical loss (due to

Aerospace & Defense Technology, September 2020

wcomsoL [@ [0 B =


http://www.abpi.net/ntbpdfclicks/l.php?202009ADTNAV

the atomically thin FGO layering) of the
received signals, is for the 1st time, en-
abled by nanocrystalline diamond.

Optical Detecting: An optical detec-
tor picks up information of interest con-
trolled in a modulated wave. With sim-
ilarly utilized materials for the current
market detector systems, the case is the
same as in sensing, where detecting re-
quires optical transmission and now
modulation. Typically utilized substrate
materials such as fused silica and sap-
phire lack sufficient strength and ther-
mal shock resistance to meet current de-
fense application requirements. Only
nano diamond can bring the hardness,
strength, high optical transmissivity,
and thermal performance required to
enable the next generation of detector
systems.

Craft Electronics: Perhaps the most
vulnerable to electromagnetic weap-
onry, craft electronics perform critical
functions from supporting flight to en-
abling reconnaissance. Protecting these
non-optical components from directed
energy and electromagnetic weaponry
is no trivial task, as any material inte-
grated cannot interfere with the elec-
tronics operations. Here diamond is
uniquely positioned to address the
problem set. In addition to the above
integration capabilities, unlike the sta-
tus quo heat transfer material copper,
diamond can be directly integrated with
craft electronics to keep devices operat-
ing within thermal budget (diamond
transfers heat 5x more efficiently than
copper) and without adding extra
weight. Through direct integration
with craft electronics materials (such as
silicon) and craft body (such as metals
and glass) the FGO/Diamond composite
also enables 1st time EM and Directed
Energy protection.

As adversaries continue to develop
advanced weapons systems like high-
energy lasers and EM weapons, the
need for diamond-coated FGO becomes
even more critical. Right now, we’re fo-
cused on the material’s aerospace appli-
cations, but there are nearly unlimited
use cases for industries like telecommu-
nications, virtual and augmented real-
ity, electric vehicles, and especially in
the defense sector - from submarines to
missiles and even spaceships. Defense

Aerospace & Defense Technology, September 2020

companies like Lockheed Martin are al-
ready testing diamond-based coatings
as defense countermeasures, and that’s
just the tip of the iceberg. The U.S. Mil-
itary is constantly in search of new, in-
novative ways to keep the brave men
and women who defend this country

Optoelectronics

safe, and diamond-coated FGO demon-
strates that ability beyond any existing
material.

This article was written by Adam Khan,
CEO and Founder of AKHAN Semiconduc-
tor (Gurnee, IL). For more information,
visit http://info.hotims.com/76507-502.
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Development of a
Secure Private
Neural Network Capability

achine Learning (ML) tools

like Deep Neural Networks

(DNNs) have gained wide-

spread popularity due to
their ability to quickly and accurately
perform discriminative tasks, such as
object detection and classification.
However, current implementations of
this concept have several drawbacks.
First, traditional DNNs require access
to unprotected (unencrypted) data.
Even if the data is secured and the ML
tool is made compatible for use with
encrypted data, the resulting opera-
tional performance is slowed to the
point that it renders the approach in-
tractable. Second, recent research has
shown many DNNs are susceptible to
white box (full access to the machine
learning tool and operations) and
black box (only access to system input
and output) attacks, allowing adver-
saries to maliciously manipulate the
ML tool’s output.

18

In its short history, this concept has
been successfully applied to a broad
spectrum of problems: speech and
image recognition, medical imagery di-
agnostics, drug discovery, customer re-
lationship management, fraud detec-
tion, and military applications, among
many others. In many of these applica-
tions, a critical factor has been the need
to access large volumes of data, which
created privacy concerns and opened
the potential for insights that might
have inappropriate or unwanted impli-
cations. Those factors were most obvi-
ous in applications involving patient
data and in military applications. Al-
though these problem domains could
greatly benefit from the capabilities of
an ML tool, these critical security con-
cerns thwart their use.

These challenges have resulted in the
development of a Secure Private Neural
Network, which is a set of fully

www.aerodefensetech.com

computationally tractable DNNs that
preserve the privacy of core data sets via
end-to-end homomorphic encryption,
while providing additional defense
against black box adversarial attacks
through intelligent network stochastic-
ity and training set confounding. The
full implementation of the Secure Pri-
vate Neural Network enables maintain-
ers and users of ML tools to provide se-
curity and privacy, achieving a balance
between data security and providing ad-
vanced modeling over the data in sensi-
tive databases.

SPNN is a secure neural network

that protects sensitive information
In developing the Secure Private Neu-
ral Network (SPNN) capability, there
were two major challenges that had to
be addressed. First, because the data to
be used is often sensitive, it must be
protected through encryption.
However, performing arith-
metic operations via
traditional means
renders the
overall
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process intractably slow. Therefore, it
was necessary to develop a framework
offering accelerated computational
processes on encrypted data in a way
that met security needs without com-
promising these processes. Second, tra-
ditional DNNs are vulnerable to a vari-
ety of attacks. Some of these involve
manipulating data sets in a way that
leads to incorrect conclusions and out-
put. In so called “Trojan attacks,” at-
tackers can submit “trojans” into typi-
cal training sets that sculpt the
performance of ML tools in a way that
can be later exploited. Other attacks
allow the attacker to gain insights about
what has been learned, enabling their
own counterstrategy development. Ei-
ther problem can be significant, regard-
less of whether the attacker is a “nui-
sance” or a true adversary.

The approach to solving these chal-
lenges is reflected in the diagram below,
showing how the multi-stage approach
of the Secure Private Neural Network
uses a combination of non-sensitive
data in a “pretraining” phase, followed
by subsequent training and classifica-
tion phases, in which the data em-
ployed and the analytic results are se-
cure from attack.

In the initialization phase, the DNN
Builder converts the original structure
into a homomorphic encryption-com-
pliant structure and functions. It also
adds extensions to the DNN to support
resiliency to black box attacks. In the
pretraining phase, the Pretrainer per-
forms initial training of the unen-
crypted DNN with non-sensitive data,
so the DNN begins to converge to its
final state without revealing any sensi-
tive data. The semi-trained parameters
are then sent to the Trainer, which final-
izes the DNN parameters in the training
phase with encrypted non-sensitive and
sensitive training data. Finally, in the
classification phase, the Classifier Inter-
face accepts input data from the client,
selects DNN parameters from a set of
DNN variants, and calculates a classifi-
cation confidence that is only fully de-
crypted at the client.

Although homomorphic encryption
is most efficient with binary data (ones
and zeros), procedures can be used to
perform arithmetic on more flexible

Aerospace & Defense Technology, September 2020

SPNN is a secure neural network that protects sen-
sitive information

data, such as floating point numbers
(allowing images to be processed).
Given the need for data security, the
ability to operate on encrypted floating
point numbers is extremely beneficial.
However, simply encrypting data can
potentially leave an adversary with ex-
ploitable information, by using so
called adversarial attacks. At their core,
adversarial attacks exploit underlying
trends in how DNNs operate, allowing
the adversary to, for example, expose a
DNN to imagery with subtle (non-
human perceptible) changes which
dramatically change its output. Obfus-
cation defenses work by adding net-
work stochasticity, which masks the
underlying trends of the DNNs, render-
ing attacks that leverage these trends
ineffective.

To speed performance, the DNN can
take advantage of the massively parallel
computational capabilities of a GPU.
GPUs are commonplace in the ML
community due to the large number of
processing streams they support; con-
verting an ML algorithm to benefit
from GPUs or Tensor Processing Units
(TPUs) can result in nearly two orders
of magnitude speed-ups. Tractable com-
putation times is a primary concern for
our Secure Private Neural Network, but
encrypted calculations are not typically
easy to parallelize. In our Secure Private
Neural Network, encrypted operations
on the encrypted DNN are paralleliz-
able, and GPUs effectively speed up the
computation proportionally to the
number of available cores.

Real-time computer vision is one ex-
ample application of the Secure Pri-
vate Neural Network technology. Spe-
cific applications include robotic
navigation; security screening; video
analytics; and intelligence, surveil-
lance, and reconnaissance (ISR). The
accelerated pace of recent advances
has made computer vision technology
appealing to numerous products in a
variety of commercial markets. One
application, involving concealed
weapon detection capabilities, clearly
showcases the need to address the pri-
vacy and security concerns that moti-
vated this approach.

This article was written by Curt Wu,
Chief Software Engineer, and Jeff Druce,
Senior Scientist, Charles River Analytics.
(Cambridge, MA). For more information,
visit http://info.hotims.com/76507-503.
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From DC to Dayliqht\

How Innovations in Microwave
Absorbers Shield the Warfighter

he evolution of military electronics

is marked by an endless series of

measures and countermeasures. The

enemy meets an enhancement in
U.S. fighter jet technology with an improve-
ment in its missile-guidance capabilities,
forcing additional innovations from the U.S.
The never-ending effort to enhance the effec-
tiveness of military technology and protect
the warfighter on the battlefield propels for-
ward innovation in the industry.

Today, there’s a battle underway that is
dramatically expanding the frequency ranges
used by the military for communications —
soldier-to-soldier, soldier-to-satellite, aircraft-to-
ground, missile-to-target, and more. Whereas
military electronics used to operate in a nar-
row band of frequencies, today, military de-
sign engineers must protect equipment from
damaging signal interference and enemy de-
tection at a wider range of frequencies than
ever before including radar at frequencies as
low as 100 MHz and as high as 95 GHz.

This challenge is a complex one and ad-
dressing it requires a mix of materials sci-
ence ingenuity, particle science innovation,
and measurement and modeling sophistica-
tion. The solution? Changes in the makeup

of a passive material called the microwave
absorber.

The Crucial Role of Absorbers in Military

Electronics
When effective, microwave absorbers:

e Eliminate stray or unwanted radiation that
could interfere with a system’s operation.

e Reduce the reflection of electromagnetic
energy from or transmission to an object.

e Minimize oscillations caused by cavity
resonance.

Absorbers can take many different physical
forms including flexible elastomers, foam, or
rigid epoxy plastics. In the military, absorbers
play a key role in enhancing:

e Survivability — Absorbers can eliminate the
“return energy” from an object, which
keeps it hidden from radar detection.

e Antenna patterns — Absorbers reduce side
lobes and backscatter and improve the isola-
tion of an antenna, thereby keeping com-
munications clear.

Absorbers consist of a filler material inside
a material matrix. The external coating pro-
tects the absorber from its environment. The
use of resilient fluorosilicone, instead of tra-
ditional silicone, can protect an absorber

vy
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formance at different frequency ranges.

Fluorosilicone microwave absorbers can withstand exposure to harsh substances such as jet fuel and deic-

ing fluid.

from harsh substances, such as jet fuel
and deicing fluid, improving its reliabil-
ity and longevity.

An absorber’s internal filler material
has magnetic and dielectric properties
that enable signal attenuation. To un-
derstand the effect of any material on
electromagnetic energy, an engineer
must first understand the material’s
conductivity, the electric permittivity,
and the magnetic permeability.

Conductivity is a measure of the cur-
rent that flows when a voltage is ap-
plied. For absorber material, the con-
ductivity must be very low to enable
absorption of electromagnetic energy. If
a material has high conductivity, the
electromagnetic energy will reflect at
the surface and the material won't be
able to absorb it.

The permittivity is a measure of a ma-
terial’s response to an electric field. A
material’s permittivity arises from polar-

22

ization within the material. When sub-
ject to an electric field, charge carriers
will align themselves in a direction that
opposes the field. The greater this polar-
ization field, the greater the permittivity.

Analogous to the electric permittivity
is the magnetic permeability. The per-
meability is a measure of the material’s
response to a magnetic field. Materials
with high permeability will concentrate
magnetic field lines and increase mag-
netic energy density.

Knowing these parameters helps en-
gineers develop absorbers that mini-
mize reflection of electromagnetic en-
ergy and maximize its absorption.

Expansion in Frequencies Drives
Innovation in Absorbers

Historically, military design engineers
needed absorbers that were effective
within a narrow range of 2-18 GHz.
Magnetic absorbers for this frequency

www.aerodefensetech.com

An absorber's internal filler has magnetic and dielectric properties that enable signal attenuation. The size and shape of filler particles affects an absorber’s per-

range are typically filled with standard
magnetic powder. Today, however, this
range has greatly expanded. As enemy
radar capabilities improve, absorbers
must prevent return energy at low fre-
quencies. On the other end of the spec-
trum, as data transfer requirements
grow, absorbers must enable clear and
effective communications at high fre-
quencies including 5G communications
in the millimeter wave range.

Expanding the frequency range for ab-
sorbers involves using or designing filler
materials with high absorption proper-
ties in the required frequency ranges.
Maximizing the loss component of ei-
ther the permittivity or permeability (or
both) is very important. Also, increasing
the permittivity and permeability will in-
crease the attenuation per unit distance
(or volume) due to the reduction of the
wavelength inside the material.

Material absorption is significantly
lower at lower frequencies due to the
longer wavelengths. In these frequency
ranges, engineers must increase permit-
tivity and permeability to maximize
wavelength compression and attenua-
tion. With spherical particles, there are
limits on permittivity and permeability;
however, using shaped particles aligned
in thin layers can greatly increase parti-
cle interaction and permittivity and per-
meability. So, in low frequency ranges,
engineers must use metallurgical work
to change a particle’s size and shape (or
morphology).

The picture changes as we move into
the millimeter wave range, where wave-
length compression is less important.
Magnetically active fillers become less
effective as we move into the higher fre-
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quency realm and dielectric materials alone can often effec-
tively attenuate electromagnetic energy in these frequency
ranges. But the challenge in these higher frequencies is to get
the energy into the absorbing material. As a result, the shape of
the absorber takes on greater importance than it does in low
frequency ranges. The creative use of multilayers and pyrami-
dal shapes, for example, can enhance the effectiveness of ab-
sorbers in these high frequency ranges. Further, nanostructure
materials can boost performance while allowing engineers to
control the weight and viscosity of the absorber, which pro-
vides them flexibility as they shape and design the absorber.

A Key Enabler of Innovation: Modeling and Measurement

None of this innovation in absorbers is possible without so-
phisticated measurement and modeling capabilities. Design
engineers must understand the electromagnetic properties of
the various materials that comprise their absorbers. Then,
they must be able to see how the absorber — made up of these
materials — performs under various conditions.

The key parameters for absorbers are the complex electric
permittivity and magnetic permeability. These values will
vary with frequency. The most common method for measur-
ing and characterizing absorber parameters is to measure
complex reflection and transmission values from a sample of
a known thickness in a closed waveguiding system. Within a
material property database, a design engineer can perform
multilayer performance prediction in stacks and run itera-
tions. This database allows the military and aerospace indus-
tries to accurately and efficiently identify the proper mix of
absorber materials for a specific application.

From there, a design engineer can deploy sophisticated elec-
tromagnetic modeling to essentially create a “map” of the
electromagnetic behavior of an absorber. Engineers can use
modeling software to calculate the form of electromagnetic
fields within a volume, based on stimulus and configuration.
They can use boundary conditions to complete the model and
assign values. Electromagnetic modeling can help design engi-
neers devise solutions in applications with multiple energy
sources and constraints. At the same time, it helps them antic-
ipate potential future problems and reduce the number of it-
erations required during the design phase of a project.

Winning on Today's Battlefield of Innovation

While the flashiest innovations in the military and aero-
space industries — everything from new weapons capabilities
to new fighter jets — attract the most attention, advance-
ments in RF/microwave absorbers are crucial enablers of these
larger innovations. As design engineers seek to stay ahead in
the non-stop battle of measures and countermeasures with ad-
versaries around the world, they can take comfort in knowing
that the innovations taking place in the absorber space will
help them improve survivability capabilities, strengthen com-
munications and in the end, shield the warfighter.

This article was written by Paul Dixon, staff scientist, and Rick
Johnson, aerospace and defense director, at Laird Performance Mate-
rials. For more information, visit http://info.hotims.com/
76507-509.
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Army Advances Materials for New Low-Profile Antenna

Army scientists have developed a first-
of-its-kind antenna that could change
how ground vehicles and airborne sys-
tems communicate, transmit, and receive
radio frequency communications.

The Army matured a manufacturing
process using a special class of engi-
neered materials known as metaferrites
to make an ultra-thin wideband an-
tenna. The antenna conforms to curved
surfaces, making it ideal to integrate in
unmanned aircraft systems, rotary wing
aircraft, and ground vehicles.

Said Dr. Philip Perconti, Deputy Assis-
tant Secretary of the Army for Research
and Technology and Chief Scientist for
the Army, “Our technical experts used
their knowledge in material properties,
modeling, and test and evaluation to
further advance these materials.”

In addition, the Army also invested in
the development of the manufacturing
processes in collaboration with coali-
tion and industrial partners to advance
from a prototype material to one that
could be mass-produced.

More than 10 years ago, the Army
recognized that metaferrites have spe-
cial properties that could potentially be
used to create RF antennas performing
to standards impossible at that time.

When metaferrites are sandwiched in
pancake-thin antenna structures, good
performance is achieved over a wide fre-
quency range, with the antenna having
a broad hemispherical antenna pattern.

Metaferrite antenna prototypes have
been integrated into land platforms, as
well as onto a Black Hawk helicopter.
Data from lab and field testing verified
the antenna is a suitable replacement for
antennas with higher profiles, including
X-wing and eggbeater antennas.

The metaferrite antenna has a wider
frequency, which enables it to operate
in both legacy satellite systems and
with the Mobile User Objective System
(MUOS). The MUOS provides a beyond-
line-of-sight capability that allows sol-
diers to maintain connectivity any-
where in battle. The antenna’s wide,
hemispherical reach enables more reli-
able contact with satellites. In addition,
it is self-contained and does not need to
be grounded to a metal surface like
commercial antennas.

The project supports the Army’s Net-
work/C3I, Future Vertical Lift, and Next
Generation Combat Vehicle moderniza-
tion priorities by providing a low-pro-
file antenna for satellite-on-the-move
communications. The antenna also

eliminates drag for rotary-wing and
other aircraft. With reduced drag, meta-
ferrite antenna solutions could provide
a path forward to integrate satellite
communications capabilities previously
too size, weight, and power (SWAP)-
heavy for smaller unmanned aerial sys-
tems (UAS).

ARL worked with its defense, industry,
and international partners to mature the
technology before establishing the Man-
Tech RF MetaFerrite Devices Program in
2017. The ManTech program advanced
the project and transitioned manufac-
turing from a foreign source to a domes-
tic supplier, while also increasing manu-
facturing from 500 antennas per year to
more than 1,000. ManTech also im-
proved performance of the antenna
using 50 percent less material.

The ManTech program enabled the
Army to understand the unique charac-
teristics of the technology in order to
develop a consistent manufacturing
process to create the metaferrites. As a
result, antenna developers have a new
capability to design low-profile con-
forming antennas for warfighter appli-
cations.

For more information, visit the Army Re-
search Laboratory at www.arl.army.mil.

A new metaferrite antenna (center) replaces the X-wing antenna (left) and the eggbeater antenna (right). (U.S. Army)
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Tech Briefs

Directed-Energy System to Defeat Small Unmanned
Aircraft System Swarms

New weapons technology is needed to combat the proliferation of small unmanned aircraft systems
(sUAS), miniaturization of sensor technology, and advancement of UAS swarm logic that will enable
swarms of SUAS to threaten US airbases by the 2025 timeframe.

Air Command and Staff College, Montgomery, Alabama

he proliferation of small unmanned

aircraft systems (sUAS), miniaturiza-
tion of sensor technology, and advance-
ment of UAS swarm logic foretell that
swarms of sUAS will threaten US air-
bases by the 2025 timeframe. Currently
fielded base defense systems are not
well-suited to combat this emerging
threat. Current directed energy (DE) de-
velopmental systems indicate this class
of weapons is the best solution.

Three indicators necessitate US Air
Force preparation for an imminent
sUAS swarm threat: 1) the proliferation
of sUAS, 2) the miniaturization of sen-
sor technology, and 3) the advancement
of UAS swarm logic. The first indicator
necessitating US Air Force defenses
against SUAS swarms is the proliferation
of these systems. According to FAA esti-
mates, the number of hobbyist sUAS in
the US will increase from 1.1 million in
2016 to 3.5 million in 2021. These esti-
mates only account for UAS weighing
55 pounds or less purchased in the US
for personal use. The FAA further esti-
mates the number of sUAS conducting
commercial activities in US airspace to
increase from 42,000 in 2016 to
420,000 in 2021.

The second indicator necessitating
defenses against sUAS swarms is the
miniaturization of sensor technology.
Hyperspectral imaging technology is
one example of sensor miniaturiza-
tion. The Nano-Hyperspec sensor sys-
tem from Headwall Photonics is only
3 inches x 3 inches x 5.1 inches,
weighs just 1.32 pounds, and includes
480 GB of on-board storage capacity
(approximately 130 minutes of pro-
cessed hyperspectral imagery at 100
frames per second).

The third indicator necessitating de-
fenses against sUAS swarms is the ad-
vancement of UAS swarm logic. One re-
cent example of military swarm logic
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The MIT-developed Perdix UAS

advancement was three US Navy F/A-18
Super Hornets releasing 103 sUAS dur-
ing a Pentagon Strategic Capabilities Of-
fice exercise at China Lake, California.
During this exercise, the Perdix UAS, de-
veloped by the Massachusetts Institute
of Technology (MIT), demonstrated
“collective decision-making, adaptive
formation flying, and self-healing”
swarm behaviors. Interestingly, MIT
constructed the Perdix UAS by snapping
readily available engines onto 3-D
printed frames, indicating the threat
may arrive sooner rather than later.
One of the few technologies capable
of defending against UAS swarms is DE.
There are two types of DE pertinent to
military operations: lasers and mi-
crowaves. Although lasers and mi-
crowaves are both manifestations of
electromagnetic energy, they are char-
acterized by different wavelengths and,
therefore, different frequencies. The re-
lationship between wavelength and fre-
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quency is inverse, with wavelength
(measured in meters) decreasing from
left to right along the electromagnetic
spectrum and frequency (measured in
hertz) increasing.

Lasers and microwaves can be further
categorized as either continuous wave or
pulsed based upon how energy is emitted
from their source. Whether a form of DE
is continuously beamed or pulsed can
fundamentally change the way the en-
ergy interacts with targets. For example,
continuous wave lasers (CWL) affect tar-
gets by depositing energy, which typi-
cally results in a build-up of heat at the
point of impact. Depending on the mate-
rial, this heat buildup can result in burn-
ing through material layers until struc-
tural/component failure occurs. Several
types of lasers are capable of producing
continuous beams including chemical
lasers like the YAL-1 Airborne Laser (ABL),
and electric lasers such as diode-pumped
or fiber lasers.
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Pulsed lasers affect targets differently.
The very high energy of a short pulse
tends to cause ablation (stripping away
molecules and atoms) at the point of im-
pact, more than heating. These molecules
can take on very high-energy states, cre-
ating plasmas at or near the point of im-
pact, which, with proper timing, can be
ignited to produce shock waves. Depend-
ing on the frequency with which a laser is
pulsed, internal electronic effects are also
possible. For both continuous wave and
pulsed lasers, atmospheric attenuation

limits the effective range and aiming pre-
cision.

Continuous wave microwaves also
heat. However, microwaves heat by ex-
citing water molecules. The Active De-
nial continuous wave microwave sys-
tem is at a much higher frequency than
a typical microwave oven, and therefore
only penetrates a small distance into
the skin, targeting the skin layer’s pain
receptors. In contrast, pulsed mi-
crowaves affect targets not by heating,
but by creating an electromagnetic field

Tech Briefs

that can induce currents in electrical
wires. These currents can upset or de-
stroy electronic components/systems.
Unlike lasers, atmospheric attenuation,
clouds, and moisture do not affect mi-
crowaves.

This work was done by David F. Pina for
the Air Command and Staff College. For
more information, download the Tech-
nical Support Package (free white
paper) at www.aerodefensetech.com/tsp
under the Optics, Photonics, & Lasers
category. AFRL-0295

WIAMan Technology Demonstrator Sensor Codes
Conforming to International Organization for
Standardization/Technical Standard (ISO/TS) 13499

The Warrior Injury Assessment Manikin (WIAMan) Project is in the process of developing anthropo-
morphic test devices specific to the underbody blast environment and requires ISO Channel Codes

specific to this test dummy.

Army Research Laboratory, Aberdeen Proving Ground, Maryland

he International Organization for

Standardization (ISO)-Multimedia Ex-
change task force is responsible for main-
taining the specification for the multime-
dia data exchange format for impact tests
outlined in ISO/Technical Standard
(ISO/TS) 13499.1 This specification in-
cludes what is informally known as an
ISO Channel Code that encodes the test
object, location, physical dimension, and
other information related to a physical
measurement in a 16-character, machine-
readable format.

There exists a standardized and pub-
lished list of ISO Channel Codes for meas-
urements taken with existing anthropo-
morphic test devices (ATDs). The Warrior
Injury Assessment Manikin (WIAMan)
Project is in the process of developing an
ATD specific to the underbody blast envi-
ronment and requires ISO Channel Codes
specific to this dummy. The ISO Channel
Code is a string of 16 alphanumeric char-
acters that are a composition of 9 posi-
tion-specific substrings that encode de-
tails of a measurement. Each substring has
an associated list of valid values.

The WIAMan ATD is a modern, high-
channel count dummy that shares many
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attributes with other, newer dummies. It
also breaks new ground in terms of vol-
ume of possible quasi-static measure-
ments due to its embedded and distrib-
uted data acquisition system. In general,
established position code selection has
been used to create an unambiguous code
string wherever possible. There are some
cases, however, where this coding style
breaks tradition in favor of more recent
coding styles such as those used with the
WorldSID.

Traditionally, many dummies have en-
coded certain anatomical locations associ-
ated with the MAIN LOCATION based on
an informal descriptor, for example, the
neck rather than the more formal cervical
spine. If a formal code exists that describes
the anatomical location it will be used in
lieu of the less formal one.

Many areas within the WIAMan
dummy have a concentrated number of
uni- and bi-lateral measurement chan-
nels, such as the pelvis. Ideally, an
anatomically specific code would be avail-
able to explicitly and unambiguously de-
scribe the anatomical location. In some
cases, this level of granularity is already
supported within the available codes, for
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example, the acetabulum or ACTB. Unfor-
tunately, many anatomical channel posi-
tions needed by the WIAMan dummy are
not included.

One possibility is that new codes be
added to reflect the needed positions.
Although 4 alphanumeric characters
(26 letters plus 10 digits) can, in theory
represent well over 1.6 million differ-
ent locations, maintaining such an ex-
tensive dictionary represents adminis-
trative challenges. Fortunately, all
measurement channels can be unam-
biguously identified using spacial qual-
ifiers and therefore no new MAIN LO-
CATION codes are necessary. Recall
that the ISO Channel Codes are prima-
rily intended to be processed by a ma-
chine; thus, multiple spacial qualifiers
are not expected to cause any addi-
tional burden in practice.

Similar to the Main Location substring,
many dummies have used an informal
descriptor in the Fine Location 1 position.
For example, the UP in the code NECKUP
represents the upper neck location in the
Hybrid III Male dummy. Other dummies
have used a numeric qualifier to add addi-
tional precision to the location. For exam-
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ple, THSPO4 represents the anatomical
equivalent to the 4th vertebra of the tho-
racic spine in the WorldSID dummy. For
the Channel Codes used with the WIA-
Man dummy, the more precise, numeric
qualifier is used.

The Fine Location 3 substring is associ-
ated with the test object (i.e., dummy).
This is a 2-digit code which, because of
the size, limits the ability for the code to
be self-descriptive in the general case. As
the Channel Code is intended to be pri-

marily machine-readable, the inability to
concisely embed all adjectives associated
with the WIAMan dummy or any poten-
tial WIAMan family does not pose a sig-
nificant issue.

Although the code WM would seem a
straightforward choice, the codes WS and
WEF are already taken to represent the
WorldSID Dummy and the WorldSID
Small Adult Female Dummy, respectively.
The selected FINE LOCATION 3 code for
the WIAMan dummy is DM representing

the US Department of Defense average
Army male. The D prefix is unused within
the existing FINE LOCATION 3 codes and
can therefore support a future WIAMan
dummy family if needed.

This work was done by Michael Tegt-
meyer for the Army Research Laboratory.
For more information, download the
Technical Support Package (free white
paper) at www.aerodefensetech.com/tsp
under the Dagq, Testing & Sensors cate-
gory. ARL-0228

Beam Propagation Model Selection for Millimeter-Wave
Directed Energy Weapons

Comparing the relatively simple Fraunhofer or “far field” (FF) approximation commonly used in radar
and high-powered microwave systems with the more complex near field (NF) propagation model

based on the field equivalence principle demonstrates which approach achieves reasonable modeling
fidelity with minimal compute power.

Institute for Defense Analyses, Alexandria, Virginia

odeling and Simulation (M&S) can

be used to explore the design trade
space of directed energy weapons. M&S
can be particularly helpful when that
trade space is influenced by a large
number of parameters and when acquir-
ing field data to explore those parame-
ters requires a large amount of re-
sources. One example involves the
Active Denial Technology (ADT) sys-
tem, a non-lethal, counter-personnel,
directed energy weapon that outputs
high-powered, millimeter wave electro-
magnetic energy for crowd control, pa-
trol/convoy protection, and perimeter
security. The accompanying figure
shows a photograph of a current ADT
demonstrator (left) and a conceptual
drawing of a future iteration of ADT
(right).

The ADT system subjects a targeted
individual to short-duration pulses of a
focused beam of directed energy operat-
ing at a frequency of approximately 95
GHz (3.2 millimeters in wavelength). At
this frequency, and within a known
range of doses, the energy diffuses ap-
proximately 1/64th inch (400 microns)
into the skin of the targeted individual,
producing no skin damage. Yet the tar-
geted individual perceives an intense
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A photo of an ADT demonstrator (left) and a conceptual drawing of a future iteration of ADT under devel-
opment (right).

burning sensation, potentially strong
enough to repel—that is, to compel the
targeted individual to immediately flee
the beam.

ADT systems that are currently under
development can be placed into one of
two broad categories: fixed- and vari-
able-focus systems. A fixed-focus system
combines a high-power source with a
fixed-focus reflector to achieve opera-
tional power densities and spot sizes at
relatively long ranges (500 — 1000 m).
Variable-focus systems are phased arrays
of relatively low power emitters with
electronic phase control, allowing for
dynamic beam-steering and focusing
(e.g. the focal point can be varied). Such
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systems are expected to deliver an active
denial capability in smaller form fac-
tors.

Like all weapon technologies, the ef-
fectiveness of ADT is dependent on
both the system design parameters and
the target properties. System design pa-
rameters include the ADT frequency
and output power, among others. Target
properties include the targeted individ-
ual’s skin reflectivity, thermal conduc-
tivity, specific heat capacity, density of
heat-sensitive neural endings, pain per-
ception thresholds, and motivation, to
name a few.

Simultaneous exploration of all of
these parameters via M&S requires sev-
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eral different model components—
some to model the ADT system’s output
energy, and others to model the tar-
geted individual’s physiology, cogni-
tion, and behavior. Together, these
components can be used to rapidly test
hypotheses about how changes to the
ADT system design will ultimately lead
to changes in the ADT system effective-
ness. However, running such a large
model can be computationally expen-
sive and therefore each individual com-
ponent must be as low-intensive as pos-
sible. This research focuses on only the
first component—that which simulates
the propagation of the ADT beam
through the environment to the tar-
geted individual.

Two different computational models
are explored to determine for which sit-

uations each model has the necessary
balance of fidelity versus computational
intensity:

e The first model uses the simple Fraun-
hofer approximation, also known as the
far field (FF) approximation, that is com-
mon in radar and high-powered mi-
crowave (HPM) applications. This ap-
proximation is simple and is not
computationally intensive. However,
operational ranges for high-powered,
millimeter wave systems like ADT often
fall well within the Fresnel region where
we cannot assume that the electromag-
netic fields are purely diffractive—thus
this approximation may not provide the
necessary fidelity for all situations.

The second model is a near field (NF)
extension of the FF approximation
where the system is approximated by

Tech Briefs

a discrete array of radiators. This ap-
proximation is slightly more complex,
meaning it is more computationally in-
tensive but may provide improved fi-
delity for some situations.

The outputs of the two computational
models are compared for both a fixed-
and variable-focus millimeter wave sys-
tem to see in which situations they differ.
The models are also validated by compar-
ing their outputs to experimental meas-
urements taken with the variable-focus
system.

This work was done by John Biddle and
Shelley Cazares for the Institute for Defense
Analyses. For more information, down-
load the Technical Support Package (free
white paper) at www.aerodefensetech.
com/tsp under the Optics, Photonics, &
Lasers category. IDA-0001

Experimental Design of a UCAV-Based High-Enerqgy Laser

Weapon

Until now, unmanned combat aerial vehicles (UCAV) have used only conventional missiles (i.e.,
Hellfire), but the rapid growth of laser weapon technology suggests that the day of the first deploy-
able UCAV armed with a high-energy laser (HEL) weapon is not far away.

Naval Postgraduate School, Monterey, California

he deployment of an airborne plat-

form armed with a High Energy
Laser (HEL) weapon has been a major
challenge for several decades. Attempts
in the past included mounting a HEL
weapon in large aircraft like a Boeing
747, mainly for strategic missions like
defense against tactical ballistic mis-
siles. Despite being very promising in
their initial phases, these trial configu-
rations presented various technical and
economic issues that resulted in their
cancellation.

Recently, the focus has shifted from
strategic missions to tactical missions.
That means that HEL weapons of
lower power and, consequently, de-
creased size and weight would be suf-
ficient for these missions while also
being more suitable for airborne ap-
plications. Additionally, the improve-
ments in laser weapon technology in
terms of size, weight, and power
(SWaP) promise that soon a HEL wea-
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pon could be deployable from an un-
manned aerial vehicle (UAV).

The purpose of this research was to
model a UAV-based HEL weapon by ap-
plying a model-based system engineer-
ing (MBSE) approach and simulate its
performance. Two alternative HEL de-
sign configurations were selected, and
their corresponding weight require-
ments were estimated. Finally, the en-
durance of the UAV for these different
configurations was calculated.

Utilizing Vitech CORE software, the ar-
chitecture of the UAV-HEL system was
modeled, starting from the system capabil-
ities required for a Close Air Support (CAS)
mission execution along with the opera-
tional system requirements. Next came
the functional and physical architecture,
showing the functions that each physical
component is to accomplish. Finally, the
UAV’s endurance and the HEL's lethality
were identified as the technical perform-
ance measures of the overall system.

www.aerodefensetech.com

The first phase of the simulation ex-
periment focused on exploring how the
different operational tactics and HEL de-
sign configurations affect the lethality of
the system as measured by the irradiance
delivered to the target and the power ac-
cumulated in a bucket on the target’s sur-
face, with a radius of 5 cm and thickness
of 3 mm. Exploring these parameters at
the same time, rather than one factor at
a time, called for application of the De-
sign of Experiments (DOE), a well-struc-
tured mathematical process that allows
for the determination of the significance
of each factor and potential interactions
among them by analyzing the simula-
tion’s experiment results. The selected
parameters in this simulation are the
HEL's power; the beam director size; and
the UAV altitude, speed, and direction.
Having defined the mission of the UAV,
the target damage criteria was deter-
mined by calculating the required irradi-
ance and power in bucket (PIB) for differ-
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ent dwell times. Specifically, it was found
that for an aluminum surface target, an
irradiance of 11 MJ/m? and PIB of 85 kW
for a dwell time of 6 seconds would be
sufficient to melt the target.

The simulation results clearly showed
the importance that the operating alti-
tude of the UAV has on the HEL's lethal-
ity. The results showed that operating al-
titude has the greatest effect on both

Systems Inc.)

irradiance and PIB. Following altitude in
importance is the beam director size and
then output power. Speed and direction
of UAV show no significant effect. An-
other important simulation result
showed that under certain circumstances
a 150 kW HEL deployed by a UAV fly-
ing at altitudes higher than 3000m
could have the same performance as a
250 kW HEL operated from lower than
500m of altitude.
Having determined
those two power levels
as possible alternatives
and measured their per-
formance, the corre-
sponding weight and
power requirements
were estimated for each
alternative. These esti-
mations, which were
based on commercially
developed systems and
provided a nominal ap-

proximation, showed that a 150 kW
HEL would weigh approximately 1670
kg whereas a 250 kW HEL would weigh
2635 kg. Therefore, both alternatives
could be mounted and supported by a
UAV similar in size and capability to
the Predator B.

By consulting a subject matter expert
on UAVs, it was determined that a sim-
ple mathematical relationship existed
between the endurance of the UAV and
its payload weight. Using this relation-
ship, it was determined that the lower
power HEL would allow an endurance
of around 25.5 hours, whereas the big-
ger one would allow only for 23 hours,
or a 10 percent decrease in endurance.

This work was done by Antonios Lionis
for the Naval Postgraduate School. For
more information, download the Tech-
nical Support Package (free white
paper) at www.aerodefensetech.com/tsp
under the Optics, Photonics, & Lasers
category. NPS-00012

i

Speaker:

Mark O’Connell
Aerospace Applications
Engineer, ZEISS Industrial
Quality Solutions

Alignment Strategy for Complex Part Geometries
Wednesday, September 9, 2020 at 2:00 pm U.S. EDT

When developing a CMM measurement program, alignments are necessary to form a stable frame of refer-
ence for the workpiece to be measured. Non-standard geometries with complex surfaces, such as a jet en-
gine turbine airfoil, can be aligned by using datum target points defined on a print or model. This 30-minute
Webinar demonstrates the datum target point alignment strategy on an airfoil using CALYPSO software and
shows two ways to align complex part geometries. Some of the topics that will be discussed include intro-
duction to datum targets, validation of datum targets, and simplified datums from datum targets.

Please visit www.techbriefs.com/webinar071

Seeing beyond
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Remotely Piloted Aircraft

General Atomics Aeronautical Systems, Inc.
San Diego, CA

(858) 762-6700

www.ga-asi.com

General Atomics Aeronautical Systems, Inc. (GA-ASI) re-
cently flew its SkyGuardian Remotely Piloted Aircraft (RPA)
in the skies above Southern California as part of a joint flight
demonstration with NASA. GA-ASI was selected to participate
in NASA’s Systems Integration and Operationalization (SIO) ac-
tivity, which includes multiple flight demonstrations focusing
on different types of Unmanned Aircraft Systems (UAS) and
their respective flight environments. GA-ASI and NASA have
worked collaboratively since 2014 to prove the safety of flying
large UAS in the National Airspace System (NAS).

GA-ASI demonstrated ways in which SkyGuardian can be
used for a variety of commercial and public services applica-
tions, using its onboard sensors. Services featured in the
demo included inspections of hundreds of miles of rail,
power line, communication and canal infrastructure, agricul-
ture monitoring and topological surveys, as well as wildfire
and flood monitoring.

After taking off from GA-ASI's Gray Butte Flight Operations
Facility near Palmdale, Calif., SkyGuardian flew through the
NAS in Southern California towards Yuma, Ariz. while being
operated by a remote pilot based at Gray Butte. The pilot used
the GA-ASI-developed Detect and Avoid System (DAAS) to
provide situational awareness of air traffic near the UAS.

The DAAS includes a Traffic Alert and Collision Avoidance
System (TCAS II) used in manned aircraft that fly in civil air-
space. It also has an air-to-air, “Due Regard” radar to provide
detection and tracking capability of any nearby aircraft which
may not have active transponders. Using the DAAS, the re-

mote pilot was able to “see” and navigate around airborne
traffic just like an airborne pilot.

“NASA’s goal to help accelerate routine UAS operations into
the national airspace has moved one step closer with this suc-
cessful flight demo,” said Mauricio Rivas, UAS integration in
the NAS project manager at NASA’s Armstrong Flight Research
Center. “Our efforts with General Atomics and our other SIO
industry partners will help commercial UAS move closer to-
wards certification.”

General Atomics Aeronautical Systems, Inc. (GA-ASI), an af-
filiate of General Atomics, is a leading designer and manufac-
turer of proven, reliable Remotely Piloted Aircraft (RPA) sys-
tems, radars, and electro-optic and related mission systems,
including the Predator® RPA series and the Lynx® multi-mode
radar. GA-ASI’s technology partners for the demonstration in-
clude Honeywell (supplied the TCAS II for the DAAS), and
Collins Aerospace for the Command and Non-Payload Com-
munications (CNPC) datalink radios, which is part of the
Command and Control datalinks system.

For Free Info Visit http://info.hotims.com/76507-460

Operating System Software

Green Hills Software
Santa Barbara, CA
+1 805-965-0124
www.ghs.com

G reen Hills Software, a company that specializes in high-
assurance operating systems, announced this year
that its INTEGRITY®-178 Time-Variant Unified Multi-Pro-
cessing (tuMP™) RTOS for the Xilinx® UltraScale+™ FPGA
has been selected by Collins Aerospace for the U.S. Navy’s
Tactical Combat Training System Increment II (TCTS Inc.
II) program. Key factors in the selection of INTEGRITY-178
tuMP were its Multiple Independent Levels of Security
(MILS) architecture, its ability to host Multi-Level Security
(MLS) applications such as Cross Domain Solutions (CDS),
its ability to host a guest OS and legacy applications in a
secure virtualized partition, and its conformance to the Fu-

Aerospace & Defense Technology, September 2020

ture Airborne Capability Environment (FACE™) 3.0 Techni-
cal Standard.

Collins Aerospace’s TCTS Inc. II solution enables the rapid
adaptation of new missions and threats into training as well as
joint and coalition interoperability with fourth- and fifth-gen-
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eration aircraft platforms. The ability for the Navy and Marine
Corps to rapidly advance future technology insertions is due
to Collins Aerospace’s open architecture design and use of in-
dustry standards, including alignment with the FACE™ Tech-
nical Standard.

The INTEGRITY-178 tuMP high-assurance RTOS is a critical
part of a CDS solution with an unequalled security-critical
pedigree. The INTEGRITY-178 RTOS is the only commercial
operating system ever certified to the Separation Kernel Pro-
tection Profile (SKPP) published by the Information Assur-

ance Directorate of the U.S. National Security Agency (NSA).
That certification was done by the National Information As-
surance Partnership (NIAP) to Common Criteria EAL 6+
“High Robustness.”

The INTEGRITY-178 tuMP RTOS was also the first operating
system certified conformant to the latest revision of the FACE
Technical Standard, edition 3.0, and it is still the only operat-
ing system that meets all of the multicore requirements de-
fined in the FACE 3.0 Technical Standard.

For Free Info Visit http://info.hotims.com/76507-464

Rocket Engine Technology

Invocon, Inc.
Conroe, TX
281-292-9903
www.invocon.com

he team of Invocon, Inc., KT Engineering Corporation,

and Troy 7, Inc. has been awarded a Prototype Project
Award by the U.S. Air Force Space and Missile Systems Center
(SMC) for the Aerospike Rocket Integration and Suborbital Ex-
periment (ARISE). Awarded through the Space Enterprise Con-
sortium® (SpEC) and managed by the Air Force Research Labs
(AFRL) Rocket Lab at Edwards AFB, California, the project will
demonstrate flight in a sub-orbital flight test of a launch vehi-
cle utilizing a single rocket engine with an annular aerospike
nozzle, modular thrust cells, and modular turbomachinery.

The primary objective of the flight test is obtaining flight
performance data for the modular aerospike engine over a
range of operation representative of a launch vehicle trajec-
tory, including open wake regime, wake transition, and closed
wake regime. To achieve this objective, the team will produce
a highly instrumented modular aerospike engine and launch
vehicle and perform integration activities, execute range coor-
dination, and conduct launch operations on a sub-orbital
flight, the first of which is scheduled for 2022.

This effort will also mark the first representative flight of an
aerospike engine after many decades of research and abandoned
flight efforts. Aerospike nozzles operate in three modes (open
wake, wake transition, and closed wake) at specific altitudes de-
pending on the engine design, flight trajectory, and ambient at-
mospheric conditions. ARISE will fly a launch-to-orbit trajectory
to ensure the aerospike nozzle operates in all three regimes and
gathers applicable data for future launch vehicles.

The benefits of this structure include improved perform-
ance, better facilitation of integration schemes between vehi-
cle and engine, and improved adaptability between different
derivative engine and vehicle. Until now, uncertainties related
to design and performance presented barriers to engine modu-
larity and aerospike nozzles in launch vehicles. Since ARISE
will demonstrate relevant behavior in flight and gather large
amounts of data that can anchor models, this initiative will
significantly decrease the risks and costs associated with devel-
oping future rocket engines that incorporate this technology.
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KT Engineering (KTE) is a small business specializing in the re-
search, design, analysis and testing of aerospace systems, subsys-
tems and components. KTE has demonstrated expertise in the re-
search and development of low-cost chemical rocket engines,
high-performance pressurization systems, and lightweight metal-
lic tanks and structures, and 18 years of experience in the design,
analysis and testing of aerospike and plug cluster rocket engines.

Troy7 is a woman-owned small business with core compe-
tencies in guidance and control, telemetry, vehicle design,
and launch operations. Troy?7 is a highly technical small busi-
ness with a legacy of support to more than 350 DoD and
NASA flight test missions. Troy7 currently supports MDA, the

Application Briefs

National Aeronautics and Space Administration (NASA), PEO
Missiles and Space, the US Army Space and Missile Defense
Command (SMDC), and commercial companies.

Invocon is a veteran-owned small business that provides
turnkey instrumentation and control solutions for demand-
ing applications in extreme environments for the sensing and
data acquisition communities. For the ARISE project, Invocon
is responsible for engine instrumentation, PCM telemetry en-
coders and transmitters, vehicle battery power and control,
and flight termination system. As a SpEC Consortium mem-
ber, Invocon will serve as prime contractor for the project.

For Free Info Visit http://info.hotims.com/76507-465

CAM Software

OPEN MIND Technologies USA, Inc.
Needham, MA

888-516-1232
www.openmind-tech.com

PEN MIND Technologies, a worlwide developer of

CAD/CAM software solutions, announced that Ramco
Machine, LLC (Rowley, MA) is helping to impact the future of
space exploration by using hyperMILL® CAM software and 5-
axis machining to make parts for an advanced NASA satellite
mission. The mission, named Transiting Exoplanet Survey
Satellite (TESS), is credited with discovering its first circumbi-
nary planet - a world orbiting two stars.

In 2017, Ramco was contracted by MIT Lincoln Laboratory
(Lincoln, MA) to fabricate the critical camera mount brackets
for an important NASA TESS satellite mission. NASA's TESS
mission is designed to explore and survey nearby bright stars
to analyze planets, both smaller and larger than earth, as the
planets circle their host stars and the earth orbits the sun.

In 2018, a solar powered in-space satellite equipped with
four ultrasensitive cameras was launched aboard a two-stage
SpaceX Falcon 9 rocket on its way beyond earth's solar system
to outer space. The four-camera system developed at the MIT
Lincoln Laboratory monitors the brightness of more than
200,000 stars and searches for minute drops in brightness as
the planets transit in front of each star.

Making the mounting brackets required machining Invar, a
nickel-iron alloy with a low thermal expansion coefficient, al-
lowing it to meet the rigors of launch and enabling it to com-
pensate for the extreme temperature swings of outer space.
The mounting bracket has exceedingly tight tolerances. The
central rib’s thickness is .050" +/- .001", perpendicularity be-
tween surfaces is held to .001" and the bracket’s two opposing
surfaces must be in-line with each other to within .001".

To cut Invar and achieve the required tolerances, Ramco
used a hyperMILL® generated 5-axis profile finish tool path.
By doing this, an accurate finish across each part was
achieved, keeping them within these very tight tolerances.

Headquartered in Germany, OPEN MIND is a leading devel-
oper of powerful CAD/CAM solutions for machine and con-

Aerospace & Defense Technology, September 2020

troller-independent programming. The company develops
optimized CAD/CAM solutions that include many features
unavailable elsewhere, to deliver significantly higher perform-
ance in both programming and machining. Strategies such as
2.5D, 3D, as well as 5-axis milling, mill/turning, and machin-
ing operations such as HSC and HPC, are designed into the
hyperMILL® CAM system, providing maximum user benefit
and compatibility with all current CAD solutions and pro-
gramming automation.

TESS is a NASA Astrophysics Explorer mission led and op-
erated by MIT in Cambridge, Massachusetts, and managed
by NASA’s Goddard Space Flight Center in Greenbelt, Mary-
land. Astronomers predict that TESS will discover dozens of
Earth-sized planets and up to 500 planets less than twice
the size of Earth. In addition to Earth-sized planets, TESS is
expected to find some 20,000 exoplanets in its two-year
prime mission. TESS will find upwards of 17,000 planets
larger than Neptune.

For Free Info Visit http://info.hotims.com/76507-463
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Rear Fuselage Packer

Kaman UK
Darwen, UK

+44 1254 706000
www.kaman.com

erospace manufacturer, Kaman UK, success-
fully delivered its 80,000th rear fuselage
packer to BAE Systems for its F-35 manufactur-
ing program. Kaman UK has been supplying
these parts since 2003. To date, the rear fuselage
packers, and 1,000 plenum ducts, have been
used in the manufacture of over 500 aircraft.
According to a company spokesperson, this
is part of a long-term partnership between
both companies for the manufacture and sup-
ply for multiple aircraft platforms such as Ty-
phoon, Hawk, Tornado and Harrier AV-8B for a
wide range of metallics, composites and

ground support equipment. These include

plenum ducts, chemical treatments, landing gear doors,
rudders, over-wing panels, ailerons, blanking plugs, canopy
removal tools, and various other complex assemblies for
wing and fuselage.

Kaman UK - trading as Brookhouse Patterns — first began
working with BAE Systems in 1951 under its predecessor com-
pany, English Electric Company. This covers a wide range of
ongoing and legacy programs such as Javelin, Buccaneer, Har-
rier and Tornado and today the Hawk and its variants, Ty-
phoon and the F-35 (latter since 2003). Kaman manufactures
and provides spare parts on these programs via BAE Systems
for air forces around the world.

Packers are frequently used in the assembly of large, com-
plex aircraft components such as sections of the fuselage. It
is important to ensure during assembly that a tight fit is
maintained to ensure the proper transfer of loads and aero-
dynamic performance and to mitigate tolerance build-up.

Typical tolerances that could impact performance include
length, width, thickness, angles, and profiles. These toler-
ances are all analyzed during the design phase and accept-
able limits are established.

A packer is then inserted between the two components dur-
ing assembly to ensure that these tolerances are not exceeded.
In the case of the F-35's rear fuselage, for example, the packer
and the fuselage components to be joined would have mating
part-spherical surfaces. After inserting the packer into one
part of the fuselage, the second part of the fuselage can be
moved into place via the packer and joined to the first part
without negatively impacting assembly tolerances.

Kaman UK has a 70-year history of providing technical
breakthroughs and innovation that global aerospace clients
use to deliver high-performance component parts into the
aerospace supply chain.

For Free Info Visit http://info.hotims.com/76507-461

Solar-Powered Structures

Pvilion
Brooklyn, NY
718-852-2528
www.pvilion.com

Pvilion, a solar-powered fabric provider, was recently
awarded a Phase II Small Business Innovation Research
(SBIR) contract by the United State Air Force (USAF) to con-
tinue its development of rapidly deployable, solar-powered
structures. Through a competitive awards-based program,
the Small Business Innovation Research (SBIR) Program en-
ables small businesses to explore their technological poten-
tial and provides the incentive to profit from its commer-
cialization.

34 www.aerodefensetech.com

The USAF's Rapid Sustainment Office (RSO) and AFWERX have
partnered to streamline the Small Business Innovation Research
process in an attempt to speed up the experience, broaden the
pool of potential applicants and decrease bureaucratic overhead.
The RSO’s goal is to increase mission readiness by rapidly identi-
tying, applying, and scaling technology essential to the operation
and sustainment of the United States Air Force.

In moments of crisis, the USAF needs to be able to deploy
structures in forward areas to support personnel, equipment
and operation centers. These structures need to be agile in
that they must be easy to set up quickly and be independently
powered. Additionally, the structures need to provide climate
control. The USAF favorably evaluated the products Pvilion
presented for cost, complexity, sustainability, and required

Aerospace & Defense Technology, September 2020
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manual labor, as well as for energy independ-
ence, all with the goal of maximizing mission-
objective readiness.

Pvilion’s solar technology is significantly
lighter, more adaptable than traditional solar op-
tions, and can be integrated entirely into a system
already being installed; e.g., a tent, shade canopy,
hangar, etc. With fully integrated photovoltaic
fabric panels, Pvilion’s structures allow for the
multi-capability use by providing power, shelter,
lighting, and climate control. Pvilion's commer-
cial customers typically use its solar fabric tech-
nology in structures used for events such as music
festivals, in temporary industrial worksites and in
structures found in parks, municipalities, univer-
sities, and corporate campuses. These solar fabric
products have been commercially available for eight years.

Pvilion has also successfully developed ways to modify
framing systems and fabric to be built lighter in weight with
highly insulated walls. Pvilion’s high-efficiency structures are
integrated with solar cells for a turnkey solution that includes
climate control, improved thermal performance, and in-
creased equipment performance and they are well suited for
on-site additive manufacturing. The integrated technologies
reduce cooling power requirements while simultaneously gen-
erating the power needed.

This is reported to be the first product of its kind to properly
align solar, energy storage, cooling and heating for a fully off-
generator expeditionary system capable of operating in most
climate conditions. The lighter technology and increased ther-
mal performance specified by the Air Force will have applica-
tions in the commercial market, as well. Pvilion's product will
both reduce the manpower required to set up renewable en-
ergy and shelter solutions, while also reducing the dependency
on costly, loud, and environmentally dirty diesel generators.

For Free Info Visit http://info.hotims.com/76507-466

Mars Rover Electric Motors

maxon precision motors, inc.
Taunton, MA

508 677 0520
www.maxongroup.com

ASA recently sent its fifth rover to Mars. Its main mission

is to collect soil samples that will be analyzed on Earth at
a later time. The rover will also carry a helicopter that will per-
form the first flights on the Red Planet. maxon precision mo-
tors, inc. revealed that a number of its precision DC and BLDC
motors were designed into the Perseverance rover to allow it
to accomplish a variety of mission-critical tasks.

This isn’t the first time maxon’s motors have been to Mars.
Their drives have been used in virtually every successful ro-
botic mission over the last three decades, meaning there are
now more than 100 of them on the Red Planet.

An Atlas V rocket launched the new Perseverance rover on
its way to Mars, where it will be searching for signs of previous
life on the planet. Its most important job is to take multiple
soil samples, seal them in containers and deposit them on the
surface of Mars so that a future mission can return them to
Earth. Several maxon motors will be used to handle the sam-
ples inside the rover. For example, maxon DC motors are in-
stalled in the robotic arm, which moves the samples from sta-
tion to station. Maxon motors will also be used for sealing and
depositing the sample containers.

Aerospace & Defense Technology, September 2020

NASA's Jet Propulsion Laboratory (JPL), charged with carry-
ing out the mission, asked maxon to produce 10 drives for the
rover. As with almost all previous Mars missions, these drives
are based on standard products from maxon’s catalog with
modifications. For the first time, NASA is using brushless DC
motors, including: nine EC 32 flat and one EC 20 flat in com-
bination with a GP 22 UP planetary gearhead. Working closely
with JPL specialists, maxon engineers developed the drives
over several years and tested them thoroughly to achieve the
necessary standards of quality.
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Space missions place the highest demands on drive sys-
tems. This includes vibrations during the rocket launch, vac-
uum during the journey, impacts on landing, and the harsh
conditions on the surface of Mars, where temperatures fluc-
tuate between -125 and +20 degrees Celsius and dust pene-
trates everywhere.

The Perseverance rover was expected to land on Mars some-
time in February 2021 - but it won't be alone. A drone heli-
copter called Ingenuity will be attached to the underside of
the rover. It weighs 1.8 kilograms, is solar powered and will
perform several short flights, as well as take aerial images. The
main goal of this experiment is to test the concept for further

drones of this kind. maxon has six brushed DCX motors with
a diameter of 10 millimeters controlling the tilt of the rotor
blades and the direction of flight. The drives are very light, dy-
namic and highly energy-efficient.

These properties are crucial, because every gram counts
on the Mars helicopter. Flying on Mars is not easy. The at-
mosphere is extremely thin, roughly comparable to the
conditions on Earth at an altitude of 30 kilometers. The
drone helicopter has flown in a simulated test environment
in the JPL laboratory, but whether it will lift off on Mars re-
mains to be seen.

For Free Info Visit http://info.hotims.com/76507-462

Damage & Repair Tracker

timNexus

Brighton, UK

+44 (0) 1273 545960
www.tImnexus.com

ince May 2020, the UK’s fleet of Merlin

Mark 2 helicopters has been testing the
timNexus’ Damage & Repair Tracker (DaRT)
application in conjunction with multina-
tional aerospace company Leonardo. In
2019, Brighton-based tlmNexus launched
the service with the UK Defence Equip-
ment & Support (DE&S) to provide MOD
Typhoon multirole fighter jets with the
DaRT system. The new contract with
Leonardo is further recognition of the ben-
efits that DaRT offers. The application is
relevant to both defence and civilian oper-
ations. DaRT enables an entire system’s
damage and repair to be recorded and
tracked in a single location by multiple
users. The Leonardo contract permits the application to be
used by both the RN aircrew who fly the helicopter and also
the civilian and military maintainers who keep it in the air.
Using the application in this ‘end-to-end’ manner, the inten-
tion is to ensure that all damage and subsequent repairs are
recorded in one place, throughout the system’s lifetime, pro-
viding crucial information for making decisions today — as
well as into the future.

DaRT is configurable to suit the different platform systems
and processes used by various operators. Users are able accu-
rately to record damage and repair on pictorial views and can
include a variety of related data. DaRT is also able to support
the progression of the repair process. For Merlin the tlm-
Nexus team have included existing forms used by the helicop-
ter crew and support team to request technical assistance into
the DaRT application, helping to further improve the effi-
ciency of the damage and repair process.

tlmNexus Ltd is a UK technology company with a head-
quarters located in Brighton, a city rapidly building a reputa-

36 www.aerodefensetech.com

tion as a tech hub, with team members stationed across the
country. Two of its three founders served together as military
engineers. The idea of through-life management was emerg-
ing as a force for good but was frequently paper-based and dis-
jointed. Both men recognized that to improve the availability
of front-line fleets, the management of various processes
needed to change dramatically to ensure the efficient delivery
of defense capability. Upon completion of their service, they
set out on a new journey determined to maximize the benefits
from through-life thinking.

Then known as TLM Solutions, they joined forces with a
leading technology company in 2007, Nexus Internet Solu-
tions, a company pioneering the early benefits of using
web-based applications to increase business performances,
and so formed tlmNexus. Today, the company is working
alongside the defense sector bringing services and technolo-
gies together to solve complex information problems and
transform the way organizations work and deliver.

For Free Info Visit http://info.hotims.com/76507-467
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New Products

Satellite Phone Docking Station

Blue Sky Network (San Diego, CA)
has released the 9575A Docking Sta-
tion, the first and only secure docking
station for the Iridium 9575A satellite
phone. The Iridium 9575A satellite
phone is the only commercial hand-
set capable of Type I encryption ac-
credited by the U.S. National Security
Agency for Top Secret voice commu-
nications and is replacing the now-
obsolete Iridium 9505A satellite phone. Blue Sky Network's
9575A Docking Station, the successor to the ASE-MC03-DOD
dock for the 95054, is the only commercially available dock-
ing station that supports the 9575A satellite phone handset.
The 9575A Docking Station supports General Dynamics' DOD
security module 2 and Enhanced Mobile Satellite Services
(EMSS) for global voice, data, and paging capabilities.

The Iridium Security Module 2 (ISM2) is a sleek, small form
factor encryption module that provides NSA Certified protec-
tion of classified voice and data communications. The module
is covert, fits completely inside the Iridium 9575A handset,
and provides end-to-end security for information classified
Top Secret and below.

For Free Info Visit http://info.hotims.com/76507-470

3U OpenVPX SBC Module

'-.

Sundance Multiprocessor Tech-
nology Ltd. (Chesham, UK)
launched the VF370, an Intel-

based 3U OpenVPX single board

computer (SBC) module de-

signed for reduced Size, Weight

and Power (SWaP) requirements.

i Available in standard air-cooled

i— and rugged conduction-cooled

versions, the VF370 utilizes the

Intel Atom E3900 Series of embedded processors combined

with Intel’s well-established Cyclone FPGA technology. The

VEF370 features a single, dual or quad core Intel Atom proces-

sor operating at up to 2 GHz for running post-processing soft-

ware. An onboard SATA SSD provides fast booting and reliable

storage, while associated onboard peripherals include 4 GB of

associated DDR memory, a real-time clock (RTC), elapsed time

indicator (ETI), EEPROM and Flash for user configuration data
and logs.

The Intel Cyclone FPGA, with scalable logic and variable-
precision DSP resources facilitates the implementation of IP
cores and/or custom logic. Combined with 2 GB of DDR3
memory, it supports algorithms with large memory size and
bandwidth requirements. The high pin-count FMC connector
connects to the FPGA through four high-speed serial interface
(HSSI) lanes and 58 differential LVDS/LVTTL signals while an
optional FMC I/O connector routes 32 differential pairs to the
P2 VPX connector for backplane or rear I/O functionality.

For Free Info Visit http://info.hotims.com/76507-482
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Single Pair Ethernet Aircraft Wiring

TE Connectivity (TE)
(Harrisburg, PA) unveiled
its new Mini-ETH single
pair ethernet system for
commercial aircraft that
offers weight savings,
more bandwidth and
simpler installation and
maintenance by using
proven technologies from
other markets. TE’s new Mini-ETH system offers them up to
73% weight savings in cables and up to 41% weight savings in
connectors compared to standard eight-wire cables and rectan-
gular connectors.

Using ethernet over single pair protocols derived from the
automotive market, the Mini-ETH system delivers its weight
savings by employing a two-wire cable design, which was re-
cently standardized under the ARINC 854 cabin equipment
network bus standard. Two-wire cables and corresponding
369 connectors help reduce termination time by up to 50%
compared to standard quadrax connectors. The package is
qualified to 100Mb/s with the ability to support up to 1Gb/s
in future applications. The Mini-ETH system is currently de-
signed for use in In-Flight Entertainment (IFE) systems, seat
power and lighting controls.

For Free Info Visit http://info.hotims.com/76507-471

Drilling and Tapping Centers

With rapid traverse speeds up
to 2,362 ipm (60 m/min) in all i
axes and acceleration of 1.2 g, "
the Tongtai VTX series of
drilling and tapping centers are
now available from Absolute
Machine Tools, Inc. (Lorain,
OH). The machine’s compact
87" x 63" (2,210 mm x 1,600
mm) footprint conserves shop
floor space, and a fixed col- w-
umn/moving table type design
with Meehanite cast-iron frames and roller-type linear slide-
ways provides rigidity and fast, precise movement.

Two types of high-speed ATC systems are available. The 21-
tool turret-type ATC on VTX-5 and VTX-7 models offers tool
change time of 1.4 seconds tool-to-tool and 1.9 seconds chip-
to-chip. VTX-5A and 7A versions have a 20-tool arm-type ATC
system that reduces tool change time to 0.8 seconds tool-to-
tool and 1.3 seconds chip-to-chip.

The standard 7.5 hp, 12,000 rpm direct-drive spindle pro-
vides rigid tap speeds up to 6,000 rpm. An optional 24,000
rpm direct-drive spindle delivers high speeds for machining
aluminum and magnesium parts and is suitable for processing
graphite. A BBT-30 (Big Plus dual contact) taper is standard for
rigid milling.

For Free Info Visit http://info.hotims.com/76507-472
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New Products

Spectrum Analyzer Platform

RIGOL Technologies (Beaver-
ton, OR) announces the new
RSA3000N and RSAS5000N
Spectrum Analyzer, which
extends the flexibility and
capability of the UltraReal
platform with a new Vector
Network Analyzer measure-
ment mode. The RSAS000N
and the RSA3000N deliver the same performance specifica-
tions and feature set as the current RSA models but adds the
VNA capability as a standard feature. With integrated Smith
Charts, Polar Charts, Reflection Coefficient, Impedance, In-
sertion Loss, Frequency Response and a host of other meas-
urements the RIGOL UltraReal Spectrum Analyzer becomes a
fully functional Vector Network Analyzer.

Supporting S11, S21 and Distance to Fault Analysis, the
RSAS000N and RSA3000N can be used to tune antenna sets,
search for communication and cable faults, or fully character-
ize their active or passive RF components. There are 5 models
of Vector Network Analyzer. The RSA3000N supports
frequency ranges of 1.5 GHz, 3.0 GHz and 4.5 GHz. The
RSAS000N ranges from 3.2 GHz to 6.5 GHz.

For Free Info Visit http://info.hotims.com/76507-476

Multi-Spindle Automatic Lathe

INDEX (Noblesville, IN)
has launched its next -
generation MS32-6 multi-
spindle automatic lathe. e
Accommodating up to 32
mm bar stock, the MS32-
6 easily handles a wide va-
riety of complex parts, as
the machine is equipped
with twelve cross slides,
with two v-shaped cross
slides equipped with X and Z axes located at each spindle po-
sition. C and Y axes, together with live tools, can also be im-
plemented to allow for off-center drilling, threading, contour-
ing, hobbing and polygonal turning.

Each cross slide in the MS32-6 now incorporates INDEX's
patented W-serration locating system that provides pm-ac-
curate alignment of the tool holder. Coupled with the com-
pany’s newly developed quick-clamping device, tools can be
set up off of the machine and then quickly installed, reduc-
ing tool change times by 50%. Additionally, the machine in-
corporates the same W-serration system on its live units for
drilling, milling and polygonal turning. The machine’s fluid-
cooled spindle drum features six spindles with speeds that
are independently controlled to a maximum of 8,000 rpm.
The machine can also be equipped with one or two synchro-
nous spindles, each of which can apply up to six tools for
machining the rear end of parts.

For Free Info Visit http://info.hotims.com/76507-477

N

38 www.aerodefensetech.com

Micrometers
Mahr, Inc. (Providence,

RI) has introduced five

new micrometers for spe-

cialized measuring tasks,
including:

® 40-EWR-R/40-EWRi-R
micrometers with spher-
ical and flat anvils for
measuring wall thickness;

e 40-EWR-S/40-EWRi-S micrometers with non-rotating blade
anvils for measuring grooves and slots;

* 40-EWR-B/40-EWRi-B micrometers with 3mm diameter
measuring faces for recesses and spline shafts;

¢ 40-EWR-K/40-EWRIi-K micrometers with blade and point
contact for measuring wire crimps;

e 40-EWR-V/40-EWRI-V universal micrometer kits with inter-
changeable contacts for measuring diameters over balls,
threads and many other special lengths.

All Micromar 40 EWR/40-EWRi micrometers incorporate a
large 10 mm digit high contrast display; tolerance limits to
qualify the part; a built-in reference system for setting zero po-
sition only once; and a "hold" function (digital lock) that al-
lows measured values to be "frozen" so they can be easily read.
All are IP6S5 rated so users can have confidence they will work
in some of the harshest manufacturing conditions.

For Free Info Visit http://info.hotims.com/76507-480

CAD/CAM Software

OPEN MIND Technologies
AG (Needham, MA) has intro-
duced hyperMILL® 2020.1, a
new version of its advanced,
comprehensive CAD/CAM soft-
ware suite. In addition to pow-
erful 3D and 5-Axis machining
enhancements for complex
part manufacture, the new ver-
sion increases ease-of-use and overall programming perform-
ance and includes new automation and additive manufactur-
ing strategies.

hyperMILL® 2020.1 offers new Corner Rest Machining
strategies for 3D and 5-axis techniques that benefit complex
machining applications including mold and die. Enabled by a
simple instruction, corners can be machined largely by verti-
cal stroking motions. Then traditional z-level steps can be
used to blend with the vertical section and the lower floor
area. The top section has an automatic surface extension to
enable the production of sharp edges.

Programming is simplified within the Mill-Turn module by
a new Automatic Contour Feature Splitting capability, en-
abling hyperMILL® to automatically determine the area to be
machined based on the turning contour. The grooving job
will automatically recognize if a contour is a groove, making
it faster and easier to program certain areas.

For Free Info Visit http://info.hotims.com/76507-484
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Bargraph Meter

A form, fit and function drop-in replacement
for popular analog meters such as the GE/Yoko-
gawa 180, Weschler VX252/252, Dixson BB101,
Sigma 1151 and many others, OTEK's (Tucson,
AZ) NTM-9 digital panel meter is a vertical 6-
inch bargraph meter able to accommodate up
to 2 channels. The NTM-9 carries an industry-
standard housing of 2.16" W x 6" H x 3" D and
is available in either plastic or metal.

The NTM-9 offers a full automatic tricolor
bargraph with intensity control and 4 digits at
0.3" measuring at 0.1% accuracy. The bar di-
rection is also configurable with navigational
options of up/down/center zero. In addition
to isolated O.C.T/SPDT relays and isolated analog outputs, the
NTM-9 also features an input signal failure alarm with run
time stamp to alert the operator in the event of an interrupted
or lost signal, which also includes self-diagnostics. The meter
boasts isolated serial I/O with USB/RS485, math functions in-
cluding polynomials, operational requirements of less than 50
mW of power, and over 30 available input signals.

For Free Info Visit http://info.hotims.com/76507-475

New Products

Inertial Measurement Unit

only 100 Kg.

Silicon Sensing Systems’ (Devon,
UK) high-performance DMU30
micro electro-mechanical systems
(MEMS) inertial measurement unit
(IMU) has been selected by the In-
stitute for Q-shu Pioneers of Space,
Inc. (iQPS) of Fukuoka, Japan, for
the control system of Japan'’s first
X-band synthetic aperture radar
(SAR) small satellite. This is a 1m
resolution, high-performance, X-band SAR-satellite weighing

The DMU30, Silicon Sensing’s highest performing IMU, is
an ITAR (International Traffic in Arms Regulations)-free prod-
uct that matches the performance of a FOG unit but is far
more rugged, ideal for operating over extended periods in the
harsh space environment. This formidable, high-integrity
IMU is calibrated to deliver precision performance over the
full rated temperature range. It is also much smaller, weighs
less and is less costly than a comparable FOG device, freeing
up capacity on the satellite for other technologies.

For Free Info Visit http://info.hotims.com/76507-479

MULTIPHYSICS
MODELING AND
SIMULATION
APPLICATIONS

COMSOL Multiphysics® is a soft-
ware environment for creating
physics-based models and simu-
lation applications. Add-on
products provide tools for electromagnetics, structur-
al, acoustics, fluid flow, heat transfer, and chemical sim-
ulations. Interfacing products offer a unified workflow
with all major technical computing and CAD tools.
COMSOL Compiler™ and COMSOL Server™ are used
for deploying simulation applications to colleagues
and customers. https://www.comsol.com/products

COMSOL, Inc.

Free Info at http://info.hotims.com/76507-804

OVERHAUL, REPAIR, TESTING
AND CERTIFICATION

Specializing in Accelerometers, Bearings, Heat
Exchangers, Sensors. Large base of FAA approved
maintenance facilities. Can arrange overhaul and
repair of components such as altimeters, gyro-
scopes, indicators and other various avionics.
Extensive inventory available supplying spare parts
to commercial and military sectors. ISO - 9001
www.davinciaircraft.com 818-510-4707

DaVinci Aircraft
Free Info at http://info.hotims.com/76507-805

EVANSCAPS.
ADVANCED
CAPACITORS
FOR
DEMANDING
APPLICATIONS

Evans Capacitor Company manufactures EVAN-
SCAPS, the industry’s most power dense capacitor.
They provide significant savings of space, weight and
power when compared to other capacitor technolo-
gies. EVANSCAPS are qualified and in service with
all tier 1 aerospace and defense contractors. Visit
www.evans-capacitor.com to learn more and request
your sample.

Evans Capacitor

Free Info at http://info.hotims.com/76507-806

GLENAIR
SUPERNINE®
D38999-STYLE
CONNECTOR

Glenair’s SuperNine family
features the most advanced
and comprehensive MIL-
DTL-38999 Series III connectors. SuperNine exceeds
QPL standards with its improved durability and seal-
ing, ease of shield termination, hermetic bulkhead
feed-throughs, and a wider range of PC tail configura-
tions. Call 800-422-3911 or visit www.connecticc.com
for more information.

Interstate Connecting
Components

Free Info at http://info.hotims.com/76507-807

LOW
OUTGASSING
SILICONE
SYSTEM

Master Bond MasterSil
972TC-LO is capable of
transferring heat while retaining superior dielectric
properties. It bonds well to a wide variety of sub-
strates, including metals, composites, glass, ceramics
as well as many types of rubber and plastics. The sys-
tem has very good flexibility and elongation.
http://www.masterbond.com/tds/mastersil-972tc-lo

Master Bond

Free Info at http://info.hotims.com/76507-808

A WORLD OF FIBER OPTIC
SOLUTIONS

e T1/E1 & T3/E3 Modems, WAN

® RS-232/422/485 Modems and Multiplexers

® Profibus-DP, Modbus

e Ethernet LANs

e Video/Audio/Hubs/Repeaters

* USB Modem and Hub

¢ Highly shielded Ethernet, USB (Tempest Case)
* [SO-9001

http://www.sitech-bitdriver.com

S.l. Tech
Free Info at http://info.hotims.com/76507-809
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MICROFLUIDICS.

MACRO
CAPABILITIES. 4

REDUCING THE SIZE AND WEIGHT

OF FLUID CONTROL.

Designing systems to safely put a man on the moon is difficult
enough. But factor in the need to keep components as small
and light as possible, and you’ve got a real challenge.
Fortunately, you've got a real solution. The Lee Company.

For more than 70 years, we’ve been engineering state-
of-the-art precision fluid control components with diam-
eters as small as 0.10 in. and weighing as little as 0.1g,
but able to withstand pressures up to 8,000 psi.

And because every one of our designs originates
out of an application need, and is scrutinized with
100% testing and inspection, we’re found in
just about every mission-critical fluid control
challenge you could imagine — from

miles above the earth in satellite
positioning systems, to miles below

in downhole drilling. Plus many
applications in between.

If you require precise fluid control, and

absolute reliability, go with the experts.
Contact The Lee Company.

www.theleeco.com/historyinspace
Innovation in Miniature
E h o @ (® 2 Pettipaug Rd, Westbrook CT 06498-0424
- 860-399-6281 | Fax: 860-399-2270 | 1-800-LEE PLUG | www.theleeco.com

The lee Compony WESTBROOKeLONDONePARIS®eFRANKFURTeMILANeSTOCKHOLM

Free Info at http:/info.hotims.com/76507-810
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It all started with two buckets of water...
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Visualization of the out-of-plane component of
the electric field for the resonant wavelength in
an optical ring resonator notch filter.

In 1870, a scientist named John Tyndall tried to control

light using two buckets of water, illustrating total internal
reflection to a fascinated audience. Today, researchers have
more advanced tools at their disposal. When fabricating

and analyzing optical waveguide prototypes, modern-day
engineers can use numerical simulation software to speed up
the design process.

The COMSOL Multiphysics® software is used for simulating
designs, devices, and processes in all fields of engineering,
manufacturing, and scientific research. See how you can apply
it to designing silicon waveguides.

comsol.blog/silicon-photonics

N8B COMSOL

Free Info at http://info.hotims.com/76507-811
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