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EDITOR'S VIEW

// The glue that holds us together

With a fan diameter of 132in, just short of the length of
a compact car, the new GE9X jet engine destined for
the Boeing 777x (and pictured on our cover) is quite
simply a beast of a powerplant. However, it wasn't the
scale of the engine itself that got our writer, Paul Eden,
excited when researching the latest engine testing
developments (see page 30), but rather the scope of
the tests themselves.

"What really impressed me were the extreme test
conditions, especially temperatures and pressures,”
says Eden, who in the same article also examines the
latest sand ingestion trials that the Engine Alliance (EA)
is carrying out with its GP7200 unit, in service with a
number of Middle East carriers. "l was also struck by
the severity of the ingestion testing and the lengths to
which EA went to ensure the muck they were throwing
down the engine was fully representative of that
encountered operationally.”

GE Aviation has spent well over a US$100m on its
new combustor test cell, initially for the GE9X, but
with a view to supporting future projects by building
on its technology. Continued, projected growth in the
commercial aerospace sector makes it easier to justify
such expense; however, that's not to say money is
no object in the aerospace testing sector. Quite the
opposite applies to military programs, as governments
continue to cut defense budgets in an effort to better
balance the books and avoid austerity measures
elsewhere more likely to incur the wrath of voters,

Infact our exclusive feature on page 38 highlights
how the Australian Defence Force (ADF) has developed
a non-intrusive means of instrumenting aircraft for
flight test activities, motivated by a strong desire to
reduce the costs associated with flight testing.

Created by the Royal Australian Air Force’s newly
formed Air Warfare Centre (AWC), the approach first

// Contributors

came to the attention of freelancer Nigel Pittaway
following a presentation at the recent Air Power
Development Centre Conference by test engineer
Group Capt. Tobyn Bearman. "It described how a new
AWC innovation is harnessing novel technology in the
multidomain space to save flight test time for the ADF"
explains Pittaway.

"For a medium-size force like the Australian Defence
Force, it is becoming more difficult to dedicate an
aircraft such as the Lockheed Martin Joint Strike
Fighter, each of which will cost around US$90m, purely
for flight testing,"” notes Pittaway in the article.

The solution currently under development uses
commercially available glue strips to fit data-capturing
sensors to a test aircraft, and the sensors themselves
use wi-fi to communicate with the data acquisition
unit and to collect information. This approach may well
mean no longer having to take an expensive fighter jet
off-line for months or even years at a time.

An equal amount of innovation and teamwork is
evident in a unique project detailed by Nunzio Caccavo,
aflight test engineer at Fokker Services, on page 80.
Involving partners from three countries, it provides a
strong argument for greater European integration - not
less (the referendum on whether the UK should stay in
or leave the European Union was imminent as this
issue went to press). In light of Rolls-Royce's recent
warning that a British exit from the EU could delay its
decision to invest in a new aero-engine testing facility
at its Derby-based plant in the UK, and with many
experts warning that ‘Brexit’ could spell a possible
recession for both the UK and Europe, the need to work
together and save money through investing in the right
technology has never been greater.

Anthony James, editor-in-chief
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GLOBAL BRIEFING

// BOEING 737 MAX
COMPLETES HIGH-ALTITUDE
FLIGHT TESTING

The Boeing 737 MAX 8 has
passed a key milestone after
completing high-altitude flight
testing in La Paz, Bolivia, in the
first international flight for the
737 MAX flight test fleet.

El Alto International Airport's
13,300ft (4,050m) altitude tested
the MAX's capability to take off
and land at high altitudes, as
this can affect overall aircraft
flight performance.

Flight testing for the 737
MAX s on schedule. Three test
airplanes have completed more
than 100 flights combined. The
fourth and final test airplane will
make its first flight in a few
weeks. First delivery is

WORLD'

test update
i\

scheduled for the third
quarter of 2017,
La Paz, Bolivia
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// CH-53K STARTS
EXTERNAL LOADS TESTING
The new Sikorsky CH-53K
heavy-lift transport helicopter
conducted it first external lift of
a12,000 Ib payload in April and
more recently has increased its
testing with a 20,000 Ib lift.
Mike Torok, Sikorsky's
vice president of

CH-53K programs said MORE ON
THE CH-53K

ON PAGE 70

in April, "Our flight
envelope expansion
efforts remain on track
and we continue to make
good progress toward our initial
operational test assessment later
this year, and ultimately full
aircraft system qualification."

Since then, reports suggest
the test program is progressing
ahead of schedule.

Under Sikorsky's lift extension
project for the King Stallion, both
test aircraft will demonstrate
lifting greater external loads -
from an initial payload of 12,000 b
hovering, up to 27,000 Ib at
speeds of 120kts.

The CH-53K King Stallion is
equipped with single, dual and
triple external cargo hook
capability. The center hook has a
36,000 Ib capability and the dual-
point hooks are each capable of
carrying up to 25,200 Ib.

West Palm Beach, Florida
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GROUND TESTING
BEGINS ON GE9X
Ground testing is underway on
the first full development GE9X
engine at GE Aviation's
Peebles Testing
Operation in Ohio.

The GE9X engine will

power Boeing's new
777X aircraft and is
the world's largest
commercial aircraft engine.
Ground testing will generate
data on the full engine system
and aerodynamic performance,
mechanical verification and aero
thermal system validation.
Maturation testing of the
GE9X engine began
approximately five years ago
and has progressed from
component level all the way
to the first full engine to test
(FETT). FETT brings all the GE9X
technologies together to
demonstrate their operability as
a complete propulsion system.
Engine certification is
anticipated in 2018,
Peebles, Ohio

// THIRD AW609
PROTOTYPE BEGINS
GROUND RUN TESTING

Leonardo-Finmeccanica
announced on May 4 that the
third prototype (A/C3) of the
AgustaWestland AW609 TiltRotor
has completed its first ground
run at the company's facilities in
Cascina Costa, Italy, marking a
critical milestone as the program
advances toward a resumption
of flight testing activities.
Aircraft AW609 A/C3 began
restrained ground run testing
with all engines and systems
operating. These tests prepare
the prototype for FAA
certification flight testing this
summer at the company’s
Philadelphia, Pennsylvania,
facility, where it will demonstrate
that its capabilities satisfy a
stringent set of airworthiness
standards for the world's first
commercial powered lift aircraft,
Testing plans for the A/C3 also
include icing trials in the winter

; of 2016 to demonstrate its

capabilities in icing conditions.
The ground run of the third

prototype followed restarting

of test activities for the first

prototype (A/C1) on April 15, 2016.

Cascina Costa, Italy
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// UnS AIRSPACE
INTEGRATION FLIGHT TESTS

Afourth flight test program,
consisting of a series of
demonstrations, began at the
end of April and continues
through June to help NASA and
FAA engineers advance
technologies to integrate
unmanned aircraft systems
(UAS) into the US
National Airspace
System (NAS).

The series of
flight tests will
assist FAA officials
in developing
regulations for integration.

Conducted from NASA's
Armstrong Flight Research
Center in California, the Flight
Test Series 4 (FT4) objective will
see 15 flights and more than 270
encounters with other aircraft,
Piloted aircraft will fly into
different positions near or
around NASA's Predator B
remotely piloted aircraft, called
the Ikhana.

The goal of these encounters
is to test functioning of the UAS
as high-speed and low-speed
aircraft approach, to verify the
minimum standards needed.
Edwards, California

SEE MORE
UAS TESTING
ON PAGE 14

EMBRAER E190-E2
TAKES EARLY FIRST FLIGHT
The Embraer E190-E2 completed
its first flight on May 23, an event
originally scheduled for the
second half of this year. The
aircraft took off from Embraer's
facility in Sao José dos Campos,
Brazil, and flew for three hours.

The flight occurred just three
months after the E190-E2 made
its public debut at a rollout
ceremony at the factory in late
February. The inaugural flight
marks the beginning of the
certification campaign for the
aircraft, the first of three new
second-generation E-Jet models.
The E190-E2 is scheduled to
enter service in 2018.

The first flight evaluated
aircraft handling and
performance characteristics,
with the crew analyzing a large
number of flight parameters,
including speed, altitude and

AT ‘ﬁ“‘
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| // JAPAN'S STEALTH JET

e

TAKES FIRST FLIGHT

Japan became the fourth country
to test fly its own stealth jet
when it carried out a test flight of
the X2 demonstrator on April 22.
It is hoped that the aircraft will
be a boost for the domestic
aerospace industry.

Japan's Ministry of Defense
said the X2 took off from Nagoya
Airport in Aichi Prefecture and
flew approximately 15km before
it touched down at Japan Air
Self-Defense Force's Gifu Air
Field. The X2 will be used as a
platform for testing stealth and
other technologies.

The prototype will undergo
a further two years of testing
before a decision is made on
whether to develop a home-
grown stealth fighter jet. Japan
started the ¥39bn (US$333m)
demanstrator project in 2009 to
preserve its declining aerospace
industry, aiming to keep up with
the latest defense capabilities
and, ultimately, sell Japanese
arms overseas.

Nagoya Airport, Japan

For regular news updates:
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landing gear retraction.
Sdo José dos Campos, Brazil
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Gripen-E
takes center
stage

Saab unveiled its next generation fighter, the

Gripen E, during a ceremony held in May at its

Linkoping site in Sweden. The aircraft presented
at the roll-out is the first of the three test aircraft that
will support the program.

The next-generation fighter features a completely
overhauled avionics system with a sophisticated sensor
suite that includes an active electronically scanned
array (AESA) radar, infrared search and track (IRST),
electronic warfare (EW) suite and the latest datalink
technology. Saab says the aircraft will also be able to
carry more weapons and deliver improved range
performance as a result of a more powerful engine and
the ability to carry more fuel.

The Swedish defence and security company started
construction of the first test aircraft, designated '39-8,
in July 2013. It will soon be followed by two more test
aircraft - '39-9', which will be used for development and
verification of the tactical systems, and then ‘39-10" for
final verification of the airframe and systems. Testing is
taking place at Saab in Linkoping, Sweden. Initial
delivery of the first fighters to Sweden and Brazil is
scheduled for 2019.

Five nations currently operate the Gripen: Sweden,
South Africa, the Czech Republic, Hungary and Thailand.
Brazil has ordered the aircraft and it has also been
down-selected in Slovakia. The Empire Test Pilots’
School (ETPS) in the UK uses the Gripen as platform for
test pilot training. \\
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/I Rendering of
Aurora's VTOL X-Plane
(above); and the subscale
vehicle demonstrator during
test flight (inset)

vehicle demonstrator (SVD) of its LightningStrike, Vertical

Take-off and Landing Experimental Plane (VTOL X-Plane)
for the Defense Advanced Research Projects Agency (DARPA)
at a US military facility. The flight of the subscale aircraft,
which took place in April, met an important DARPA risk
reduction requirement, focusing on validation of the
aerodynamic design and flight control system.

“The successful subscale aircraft flight was an important
and exciting step for Aurora and our customer,” said Tom
Clancy, Aurora's chief technology officer. “Our design’s
distributed electric propulsion system involves breaking
new ground with a flight control system requiring a complex

set of control effectors. This first flight is an important initial
u sca e confirmation that the flight controls and aerodynamic design
are aligning with our design predictions.”

The subscale aircraft weighs 325 Ib and is a 20% scale

flight model of the full scale demonstrator Aurora that will
X_P ane m a ‘es build for DARPA in the next 24 months. The wing and canard of
the subscale vehicle use a hybrid structure of carbon fiber and

3D-printed FDM plastics to achieve highly complex structural

[ ] and aerodynamic surfaces with minimal weight. The
unmanned aircraft take-off, hover and landing was controlled
by Aurora personnel in a nearby ground control station with
oversight and coordination by US government officials

including DARPA personnel.

The VTOL X-Plane program seeks to develop a VTOL
demonstrator aircraft that will achieve a top sustained flight
speed of 300-400kts, with a 60-75% increase in hover
efficiency over existing VTOL aircraft. Aurora’s design features
distributed hybrid-electric propulsion using an innovative
synchronous electric-drive system. Aurora’s LightningStrike
team will use the next year to focus on further validation of the
flight control system and configuration of the full-scale VTOL
X-Plane demonstrator. \\

Aurora Flight Sciences has successfully flown a subscale

For regular news updates:
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// Flight testing of the
CS2 demonstrator will begin

' u" n e, before the end of the decade

A mockup of Airbus Helicopters” high-speed, compound

helicopter demonstrator currently being built as part of
the Clean Sky 2 European research program has
undergone windtunnel testing in an Airbus facility. The tests

proved the viability of the chosen design in terms of efficiency,

sustainability and performance, paving the way for a
preliminary design review expected at the end of 2016.
Meanwhile the overall project has passed its first official

milestone involving all core partners by reaching the end of its

predesign phase.

Building on the achievements of the company-funded and
record-breaking X-3 technology demonstrator, the CS2
demonstrator will help refine the ‘compound’ aerodynamic
configuration and bring it closer to an operational design, with

@
the end objective of meeting future requirements for
increased speed, better cost efficiency, and dramatic
reductions of emission and acoustic footprints. Flight testing

of the prototype is expected to start in 2019.

“Our Clean Sky 2 demonstrator will not only be about going
faster. It will help make speed smarter by seeking the best
trade-off between cost efficiency, sustainability and mission
performance,” said Jean-Brice Dumont, Airbus Helicopters
Chief Technical Officer. “We want to break the cost barrier
usually associated with increased speed and range and pave
the way for new missions set for 2030 and beyond by
providing crucial emergency or door-to-door transportation

Forr r new. . . 0 .
or regular news updates services to European citizens where they need it most." \
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HEAD TO HEAD

out with the old

A favored saying of safety engineers is, ‘There are no
new accidents, only new victims'. Does this apply to

aerospace testing in the modern era?

uggesting there are 'no new
Saccidents’ is a gross

simplification and shows a lack
of appreciation for the complexity of
modern aerospace systems.

In an accident’s aftermath, all
stakeholders are highly motivated to
get answers; however, this is not the
same as actually understanding
what went wrong. For example,
jumping to the conclusion ‘pilot error’
is a very easy and may superficially
explain the sequence of events
before an accident.

Consider the case of a military
training aircraft flown by a novice
pilot, which suffered an
undercarriage failure immediately
after touchdown. The investigation
revealed the undercarriage lever was
not set to the ‘locked’ detent; as far
as the investigators were concerned,
this was classic pilot error: case
closed. However, that did not explain
why the same issue occurred on two
more occasions shortly afterward,
despite changes to the training
syllabus to emphasize the
importance of locking the
undercarriage before touchdown.
Further investigation revealed that
the touchdown ‘bump’ (in the hands
of a student pilot) was sufficient to
cause the undercarriage lever to

Garnet Ridgway

leave the 'locked' detent of its own
accord - a totally unacceptable
design flaw for a training aircraft. The
initial assessment of ‘pilot error' was
completely plausible, and completely
wrong. As with the vast majority of
accidents, it was in fact a totally new
linkage between a hazard, a cause
and an outcome.

A positive aspect of accident
investigation is that the aerospace
testing community is very good at
learning from past mistakes - once
accurately identified. Once a
mitigation is in place and previous
accident knowledge has permeated
into the testing community's thinking,
itis extremely unlikely that it will
happen again. This further supports
the conjecture that there are, in fact,
lots of 'new’ accidents, as the causes
of the 'old" are being iterated out of
existence through mitigation
strategies and measures.

It is human nature for previous
accident knowledge to steer the
investigation of new ones, but it can
lead to tempting false conclusions.
The challenge is accepting that not
all accidents are ‘old’ accidents, and
to avoid the pitfalls of assigning
broad terms that give quick answers,
but fall short of providing genuine
understanding of causes. \\

has a PhD from the UK's University

of Liverpool. He has designed

cockpit instruments for Airbus and
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aircraft test and evaluation organization
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he history of accidents in
T aerospace testing is long and

varied, stretching back to the
earliest pioneers of aviation and
touching the aircraft of the future.
Lt Thomas Selfridge was the first
person killed in an aviation accident
as a passenger during a
demonstration of the Wright Flyer Il
in1908. Aircraft accidents have
become less frequent over time as
both the technology available and
our understanding of aviation safety
have increased, and aerospace
testing-related accidents in
particular have become a
newsworthy rarity; recent fatal
incidents involving Virgin Galactic's
SpaceShipTwo and the prototype
Finmeccanica AW609 tiltrotor made
headlines around the world. In
between these events, aerospace
testing accidents have been
numerous; surely, by now, we've seen
everything there is to see, and
everything that could go wrong, has?

Analysis of causal factors behind

aircraft accidents reveals distinct
trends in testing for both the civilian
and military spheres. The human
factor is the largest and most
worrisome trend from recent years.
Increasingly complex flight systems,
aircrew fatigue and inconsistent

training and regulation emerge as
constant themes throughout air
crash investigations. Evidence of
repeated mistakes suggests that not
all accidents in testing are new, and
that changes to procedure and
training are required to further
reduce our accident rate. Itis
unsurprisingly that the same
mistakes are repeatedly made within
the testing community. We are, after
all, trained in similar ways, from
similar backgrounds, frequently
working on similar projects, so it is
not too surprising that similar things
go wrong.

If we recognize mistakes are being
made, what are we doing to prevent
future accidents and further reduce
test flying risks? Engineers
commonly participate in the ‘learning
from experience’ (LFE) process; both
positive and negative issues and
experiences during trials are
documented. After completed tests,
this knowledge is fed to the wider
engineering community so that
issues can either be mitigated or
prevented in future. A positive, pro-
active safety culture is driving a
reduction in testing accidents. As this
rate iterates toward zero, a time will
come when testing accidents are
confined to the history books. \\
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UAS TESTING

he air has been humming for some time
with promises of a new era in the civil
application of unmanned aircraft systems
(UAS), with a range of potential roles from
fisheries protection, security and border
control to agriculture, pipeline and rail
inspection, as well as the biggest opportunity
of all - the multi-trillion-dollar international
air cargo market.

Despite the apparent ubiquity of drones
and the technological leaps that have been
made in this sphere, that vision of the future

remains firmly beyond the horizon, and for good reason:
safety. UAS pose a clear danger to other aircraft.

It is possible to fly a drone on one continent and
pilot it from another, but generally only in segregated
airspace, such as a theater of war. In unsegregated
airspace - that used by all other air traffic - the laws
governing the flight of drones are highly restrictive.

In the UK you are not allowed to fly a drone above
400ft; in the US, the limit is 400ft. If you fly a drone
too close to another aircraft, airport or airfield you
could be prosecuted; and in the UK, drones must

not be flown within 50m of cars, buildings or any
other man-made structure. The most fundamental
restriction on the use of drones, and the chief barrier
to their wider application in civilian airspace, is that
they must remain within visual sight of the ground-
based operator.

So the question the industry is trying to address,
in partnership with the regulatory authorities, is how
to develop reliable command and control systems and
detect and avoid (DAA) technology to fully integrate
UAS into unsegregated airspace? Such a system would
require the integration of many technologies, from
ground-based and onboard systems to air traffic
management software platforms. It would also require

a rigorous and extensive testing program.

r , ' NETWORK TRIAL AND ERROR
NASA is leading the development of just such a network
to support the integration of UAS into the US air traffic
management system - the National Airspace System
(NAS). The project has just entered a crucial fourth

' round of testing that will involve multiple encounters

between UAS and a range of piloted aircraft.

Known as the Unmanned Aircraft Systems
Integration in the National Airspace System (UAS-NAS),

A future for unmanned aircraft
systems in the civil airspace
will rely on extensive testing
to ensure public safety, with

NASA's UAS integration in the
National Airspace System
project leading the way
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1// NASA's Ikhana UAS
soars over the Mojave
Desert during a flight from
NASA Armstrong Flight
Research Center, Edwards,
California
(All photos: NASA)

the project aims to develop the capabilities to overcome and algorithms to guide the pilot on suggested
the technical barriers related to safety and the maneuvers to avoid incoming traffic. “Each of these
operational challenges of enabling routine UAS access technologies will work as a system that will assist
to unsegregated airspace. The latest tests will be used the UAS pilot in following the NAS Right of Way rules
to gather data to help develop minimum operational to ‘see and avoid’ other air traffic.”
performance standards (MOPS) to enable industry to
build aircraft systems that are certifiably capable of ADDING THE HUMAN FACTOR
avoiding collisions with other manned aircraft. The human system integration part of the project
“The project is focused on four primary technical will explore the effect of the human factor in remote
challenges,” explains Davis Hackenberg, deputy project operation, with the hope of developing effective ground 24
manager for UAS-NAS at NASA's Armstrong Flight control station displays that will enable the pilot to
Research Center. “Detect and avoid, human systems perform the DAA function. The command and control The number of
integration, command and control, and integrated test element of the program is focused on the aircraft radio S,ma“ UAVs flown
and evaluation. Each technical challenge has specific and ground infrastructure required to implement reliable s',mu“aneOUSI,y at
technologies that must be enabled in order to complete terrestrial-based communication systems for UAS to f:llfferent locations
each of these technical challenges. remain in constant communication with their associated ' the USA under
Hackenberg says the DAA technologies will include ground control stations. the management
a traffic collision avoidance system (TCAS); sensors to All the systems will be subject to an integrated test ofasingle air traffic
detect aircraft while the UAS is in flight, such as radar; and evaluation program, which will involve full-scale control platform
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flight tests with multiple aircraft. The current target
is to build a live, virtual distributed environment to
integrate the project’s technologies and provide for

a scalable relevant test environment. The project will
also provide test aircraft with DAA
technologies and intruder aircraft with
mixed equipage that represent flight
operations in the NAS. The team will
also aim to develop safe and effective
flight test techniques to conduct complex
air-to-air DAA encounters.

TESTING ROUNDS
The previous rounds of flight tests have
consisted of ‘fast-time simulations),
human-in-the-loop testing and some
flight tests to establish that the candidate
technologies are viable for the purposes of the project.
“The tests generally focus on stressing various
aspects of the technologies in several representative
environments of the NAS,” continues Hackenberg. “Fast-
time simulations generally simulate how a UAS will
interact with the new technologies on board the
unmanned aircraft as a whole, and can be designed to
help understand overall dynamics and impacts on safety
when integrating new and potentially disruptive
technologies such as UAS into the NAS.

UAS TESTING

2 /I An InstantEye
unmanned aircraft took
part in Coastal Trident
2015, which helped test
NASA's UAS Traffic

Management
System (UTS)

“Human-in-the-loop tests focus on
how specific human elements in the
system, such as pilots and air traffic
controllers, interact with the
revolutionary technologies being
developed in the project.”

Technology testing is an iterative process,
adds Hackenberg, but flight testing is usually
the final stress and verification test in the

technology development cycle. ‘Flight tests are
used to prove technological capabilities in a real-
world environment. They involve integrating a system
into the flight environment that it will be expected to
perform in before it is certifiable.”

A fourth round of flight tests began at the end of
April (Flight Test Series 4; FT4) and are due to continue
until June. NASA Armstrong's Predator B remotely
piloted aircraft, Ikhana, will be flown into encounters
with a range of ‘intruder’ aircraft, at high and low
speeds. Each of the intruders will be equipped with
different systems for operations in the NAS. They will

“The current performance
standards being developed
will break down major
barriers to UAS integration”

represent aircraft equipped with cooperative systems
such as a transponder, as well as non-cooperative
aircraft, which have no communication or detection
equipment and will require the Ikhana to use an air-to-
air radar to detect and track them.

All the variables of the air-to-air encounters are
gathered into a flight test plan, which the team use to
coordinate the DAA systems, intruder aircraft equipment
and speeds, encounter geometries, and the number of
intruder aircraft needed to conduct the encounter.

AEROSPACETESTINGINTERNATIONAL.COM // JUNE 2016
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UAS TESTING

3 // Flight Test Series 4
(FT4) saw several piloted
aircraft, referred to as
intruders, adopt different
positions near or around
NASA's Ikhana Predator B
remotely piloted aircraft

“Industry is moving at

an extremely rapid pace,
developing technologies
that will fly on board UAS”’

Ground tests are carried out prior to the flights
themselves to validate software. This is followed by
preliminary flights to ensure that all the onboard
systems are working and will gather the data required by
the researchers. That data will be used to plan future test
flights and play an important part in helping to develop
the technologies necessary for UAS integration.

FT4 GOALS

Sam Kim, co-project engineer at NASA Armstrong, says
that FT4 is taking the lessons learned in previous rounds
of testing to continue to reduce the risks of flying UAS in
unsegregated airspace.

“FT4 will include 15 flights and more than 270
scripted encounters between the NASA Ikhana and a
mix of intruder aircraft,” he says. “These aircraft range
from a slow-speed TG-14 motorized glider to a high-
speed Gulfstream III. Initial flights will commence with
single-intruder encounters and build up to more
operationally representative, multi-intruder, complex
scenarios including intruders with mixed equipage, i.e.
ADS-B mode C only [a satellite positioning broadcast]
with no transponder.”

Kim says that FT4
will introduce new
capabilities and technology
refinements, in particular to
help validate minimum operation“al ' tests from the Research
performance standards for DAA. “FT4 results will be Ground Control Station at
used to support validation of the Phase 1 DAA MOPS,” NASA Armstrong
he says. “Additional data collected on the effect of sensor
uncertainty and TCAS interoperability will lead to
continued DAA algorithm refinements.”

The next stage of the project will be to extend the
technologies under investigation to a broader class of
UAS, and expand the parameters of the test flights
themselves.

FURTHER UAS DEVELOPMENTS

“The current performance standards being developed
will break down major barriers to UAS integration, but
there is still more to be done,” says Hackenberg. “For
example, DAA technologies are currently limited to
airborne sensors with higher size, weight, and power
[SWaP] requirements than many commercial companies
would want for their UAS.

4 // NASA researchers
observe one of the FT3
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UAS TESTING

5 // NASA is working to
assist the FAA in developing
regulations to integrate
Unmanned Aircraft Systems
into the National Airspace
System

“The next phase of the project
will include lower SWaP sensors
that should enable a broader
market. Airborne DAA technologies
also have limitations as to how close to
the ground they can function. The project
will include ground-based sensor concepts to
ensure that a UAS has DAA technologies available
that are capable of functioning in all phases of flight.”

The establishment of minimum operational
performance standards is an essential step on the
pathway to the industry being able to build certifiable
UAS technology and aircraft systems capable of
integrating into the NAS.

“Without industry standards, there is no way to
ensure that UAS will interoperate well in the current
airspace system or with each other,” says Hackenberg,
“Developing MOPS is an extremely challenging process
and requires considerable coordination across industry
and government. NASA is the perfect fit to work with
both the FAA and industry to develop a standard that
can be leveraged by all to integrate UAS into the NAS.
The MOPS documents currently in development will
be leveraged by the FAA to create the regulations to
integrate UAS into the NAS.

m JUNE 2016 \\ AEROSPACETESTINGINTERNATIONAL.COM

FULL INTEGRATION

The long-term goal, however, notes Hackenberg is full
UAS integration: “The phrase ‘full UAS integration’ may
sound like a cliché, because even manned aircraft are not
fully integrated today, but NASA will focus on strategic
areas to contribute to, to ensure commercial markets are

400FT

The maximum height to
which a drone can be
flown in unsegregated
airspace in the USA

210

The number of scripted
encounters between
NASA's Predator B
drone and manned
aircraft, in which NASA
will test its detect-and-
avoid systems

opening up for all the industry, and that it
is being done in a manner that is safe and
acceptable to the FAA.

“Industry is moving at an extremely
rapid pace, developing technologies
that will fly on board UAS and assist
in integration with the current FAA
air traffic management system. NASA
is constantly looking for strategic
partnerships that keep the country at
the leading edge of this revolutionary
technology. In the long term, the
NASA vision includes UAS and other
aircraft operating autonomously in
the NAS. If done correctly, autonomous
operations will change the way the
general public use aircraft today,
and make our airspace safer for all
touse.” \\
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FINNISH ACC

1// The Finnish Air Force
is currently engaged in
completing a mid-life
upgrade (MLU) program
for its entire F-18 fleet,
with work scheduled to
finish this year
(All photos: Derek Bower)

'FINNS
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FINNISH ACC

eporting directly to

the Finnish Air Force,

the Finnish Air

Combat Centre (ACC)
operates from the air base of Pirkkala, southwest of the
city of Tampere in southern Finland. The ACC has been
at its current home since 2013, when a reshuffle within
the Air Force saw the former Flight Test Centre moved
from Halli and reconstituted at Pirkkala under its new title.

Employing a cadre of qualified test pilots (TPs) and

flight test engineers (FTEs), the role of the ACC is to
evaluate and clear for production airframe and software
modifications on behalf of the Air Force. As a result, it is
especially busy during aircraft upgrade programs.
Currently the most important of these is the mid-life
update (MLU) for the Finnish Air Force’s front-line fleet
of 62 Boeing F/A-18C/D Hornet fighters.

2 // Ground crew load
AIM-120 AMRAAM missiles
on a single-seat F/A-18C

FINNISH AIR FORCE WEAPONS TESTING

A pair of Finnish Air Force F/A-18C
Hornets arrived at China Lake, California
on April 15 after a long transit. Boeing F/A-
18C HN410 and HN419 (callsigns Finnish
Air Force 157 and 158 respectively) flew
along with Omega Air Refueling Service's
sole Douglas KDC-10-40 tanker N974VV
(c/n 46974/274), which uses callsign
Omega 10. The tanker arrived at Tampere-
Pirkkala Airport (TMP/EFTP) in Finland
on April 9 to start workups with the
Finnish F/A-18 pilots in preparation for the
overseas flight. The transit from Finland
flew via Reykavik (KEF) on April 12, on
to Goose Bay (CYYR) on the 13t", CFB
Trenton (CYTR) then to Scott AFB, lllinois
(KBLV) on the 14*, then to Peterson AFB,
Colorado, (KCOS) and ultimately to Naval
Air Station China Lake, California (KNID)
on the 15%

The Finnish Air Force has previously
used the Naval Air Warfare Center
Weapons Division facilities at NAS
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China Lake in California for weapons
testing, most recently on the Lockheed
Martin AGM-158 Joint Air-to-Surface
Standoff Missile (JASSM) trials for the
Finnish F/A-18C/D fleet. The Hornets
are operated by the Air Combat Centre
(IlImataiSteluKeskus - [ImaStK) of
the Aircraft and Weapon Systems
Training Wing at Tampere-Pirkkala,
and appropriately HN419 wears an X
(for experimental) marking on the tail
with KOELNTK on one of the arms of
the X. Finnish Air Force F/A-18C/Ds also
recently completed an aerial refueling
training exercise with a US Air Force
100™ Air Refueling Wing KC-135 from
RAF Mildenhall, between April 4-8, 2016.
Omega Air has been providing air-to-
air refueling for US and allied air arms
since 2000, using Boeing KC-707s and
McDonnell Douglas KDC-10s. The KDC-
10 is equipped with a Cobham dual-hose
probe and drogue configuration.




The importance of monitoring Hornet modernization
work - the current program is the so-called MLU2
upgrade - is reflected in the fact that the ACC has four
of its seven test pilots dedicated to it. Chief test pilot
Lt Col. Saku Joukas is the longest-serving TP in the
ACC, with over 2,800 hours flying time including 1,500
on the Hornet.

INTEGRAL ROLE
A veteran of both the MLU1 and MLU2 programs, Joukas
confirms that neither of these far-reaching upgrade
initiatives could have taken place without the ACC's
efforts. MLU1, completed in 2010, was primarily
concerned with improving the Hornet’s air-to-air
capability. MLU2 is now bestowing the jets with a new
air-to-ground capability, which has seen their designation
change from F-18 to F/A-8 - for Fighter/Attack.

As Col. Juha-Pekka Kerénen, commanding officer of
Pirkkala air base and the ACC, explains, “Studies to

FINNISH ACC

“Four aircraft were selected
for development testing of
the new modifications”

3 // 'X' for experimental: the
marking of the Air Combat
Centre on the Hornet's tail.
KOELNTK is the Aircraft and
Weapon Systems Training
Wing

4 /| The Air Combat Centre
is known in Finnish as the
limataiSteluKeskus

integrate the air-to-ground capability began in the late
1990s and continued on to 2001.” In 2004 the Air Force
received the go-ahead to pursue MLU2 as a rolling
program of upgrades. The ACC is a key local player in
what is a multinational effort, involving manufacturer
Boeing, the US Navy, and Finnish aerospace firm Patria,
which undertakes the MLU2 modification work at its
Halli facility in central Finland.

The MLU2 package includes new weapons in the

5 // Ground test fit
of the JDAM

2

F-18Cs lost in accidents,
to date. Finland
originally purchased

57 single-seat F-18C
Hornets and seven two-
seat F-18D models

26-36

People on the test flight
team: 1 chief test pilot,
7 test pilots, 8 flight-test
engineers and 10-20
engineers/avionics
specialists
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form of the 2,000 Ib (907kg) GBU-31(V)1/(V)3, the
1,000 Ib (454kg) GBU-32, and the 500 Ib (227kg)
GBU-38 variants of the Joint Direct Attack

Munition (JDAM). A stand-off precision-
attack capability is being introduced by
the Raytheon AGM-154C Joint Stand-
Off Weapon (JSOW). Furthermore,
MLU2 includes upgrades to the
mission systems, computers and
associated software, a new radar
warning receiver, AN/AAQ-28
Litening AT targeting pod, and the
Multifunctional Information
Distribution (MIDS) Link 16 system.
Since the air-to-ground role

represented uncharted territory for the
Air Force, the ACC first sent a team of TPs and
FTEs to Boeing's facility in St. Louis, Missouri, where
they took part in ground academics and flew simulated
strike sorties in Hornet simulators. Meanwhile, back in
Finland, four aircraft were selected for development
testing of the new modifications. Two Hornets received
‘orange-wire' wiring harnesses to develop the new
weapons release software and to integrate the newly

installed and modified avionics with the
new mission computer software. The
other two were to serve as verification
and validation airframes for the
modifications.

After the initial installations had
been verified, the orange-wired airframes
were rewired with production-standard
MLU2 harnesses. All four airframes have
since been reworked to MLU2 production
standard and have been returned to front-
line service.

SOFTWARE GLITCHES

The development aircraft began flight
tests in September 2009 with an initial
brief to verify compatibility and mutual
integration of all the new components.
Mission computer software crashes
leading to display malfunctions were an
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FINNISH ACC

6 // Finland eventually
plans to replace its existing
F/A-18C/D Hornet fleet,
which will be phased out
by 2025

early problem to be overcome. Here, the ACC collaborated
with both Patria and the US Navy Advanced Weapons
Laboratory (AWL) at China Lake, California, and FTEs
and avionics experts worked together to iron out the
software flaws.

By August 2012, testing had confirmed that the

software could be released to service and at this time it 7/ Agroundtest
was incorporated into MLU2 production aircraft as fit of the JASSM, which is
System Configuration Set SCS-23X(F). However, the ACC sersi)izpee\i/ti?g ttk?eepitr?r:ish
has continued to test further enhancements and since Air Force in 2017

last summer, MLU2 aircraft leaving the Patria facility
have been equipped with SCS-25X(F). The ACC is now Once the ACC had begun to demonstrate the new
working toward proving software standard SCS-27C(F), systems under the SCS-23X(F) standard, weapons testing
which represents full operational capability. could begin. Simulated ground-release trials using inert

weapons that took place in 2010 were followed

by captive carriage flights that lasted until
\ summer 2015. These flights took place

Acc TEST P".OT RE[]UIREMENTS concurrently with developmental testing
of air-to-ground software. By June 2015,
the ACC was ready to begin live-fire
testing of JDAMs.

In fact, the scope and extent of
computer simulations and simulated
ground-release tests of inert GBU-38 Glide
Test Vehicles (GTVs) were such that only a
single air drop with an inert GBU-38 GTV
was required to prove the software. As Lt
Col. Joukas explained, the result of this
test matched data obtained from China
Lake and led to the decision to move to
live drops with explosive munitions.

“To qualify as a TP for the Finnish Air Force, an individual must be a graduate of any
of the accredited test pilot schools around the world,” explains Lt Col. Saku Joukas.
“They must have at least 800 hours flying in their logbook, of which 400 must be
on the Hornet. The minimum operational experience level is two-ship lead, but
preferably four-ship.”

The demanding work means that a TP's career with the ACC can be short and
intense. “With the ACC they can expect to fly around 10-15 hours per month and
in total around 150-200 hours each year. Currently, although tasked with various
administration duties, | still fly an average of 100+ hours per year, either on the
Hornet or the Hawk trainer development programs. In percentage terms it's 80%
on Hornets and 20% on Hawks."

For Joukas, one aspect above all is required for a successful TP: “The ability to
carry out full and honest appraisal of his or her actions.” Among Joukas's roles
is selection of new TPs for the ACC. Once accepted, TPs and FTEs will undergo GOING LIVE
constant flying training to ensure the required test results for whatever program
they are conducting. All TPs are qualified to fly any aircraft in the Air Force inventory,
including the Hornet, the Hawk, the Vinka primary trainer and various transports.

In June 2015 the ACC, operating as
a detachment at Rovaniemi air base,
conducted four live drops over the
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8 // Chief test pilot

Lt Col. Saku Joukas has
clocked over 2,800 hours'
flying time in total, including
1,500 on the Hornet

30+

Types of aircraft that
chief test pilot Lt Col.
Saku Joukas has flown
in his nine years as a
test pilot

090

ACC staff: 340 full-time
personnel and around
250 conscripts

Rovajarvi weapons range in
Lapland, reducing flying time to
the range from 45 minutes to just
five minutes. In the course of five
days, the ACC completed four live
drops of two GBU-38s, one GBU-32
and one GBU-31(V)1. Successful results
meant that a release to service could be
issued the same month - this initial operating
capability marking the first clearance for the Finnish
Hornets in their air-to-ground role.

Now that MLU2 work is in full swing, and aircraft
have been returned to front-line service, the ACC’s
work involves operational pilots (OPs) embedded in
the test unit at Pirkkala. These act as intermediary
instructors, providing briefings to the operational
squadrons, and flying with squadron instructor pilots

(IPs) to check they are fully up to speed on MLU2
capabilities. At the same time, the OPs are writing the
required MLU2 amendments to be added to Air Force
operational procedures, and tactics, techniques and
procedures manuals.

The forthcoming SCS-27C(F) software drop for the
MLU2 program will see the introduction of the AGM-158
JASSM. Initially the JASSM flight test equipment and
captive ‘inert missiles are at the China Lake test facility.
This year, MLU2 Hornets and test pilots, supported
by mechanics and specialist technicians, will go to
the USA to begin flight trials. If the test results are as
expected, and once the SCS-27C(F) software upgrade is
successfully introduced, the JASSM is expected to enter
service in 2017.

The ongoing work of the ACC in the MLU2 program
is a demonstration of how a small test unit can work

side-by-side with industry and other testing
organizations to realize a step-change
in the capabilities of an air force. For

Col. Kerdanen, “MLU2 has enhanced the

9 // Col. Juha-Pekka
Keréanen, commanding
officer of Pirkkala air base
and the ACC

HORNET OPERATIONAL LOAD PROGRAM

While Finland recently launched a program -
known as Project HX - to select and procure its
next fighter, the Hornet will have to fly on until
its stipulated out-of-service date (OSD) of 2030.
Compounding this challenge is the fact that
the Finnish Hornet fleet's fatigue life expended-
index (FLE) usage rate has been much higher
than most other F/A-18 users, due to heavy use
in the early years (this has now been reduced
by almost a third).

Alongside the MLU1 and MLU2 programs,
therefore, the Finnish Air Force is studying the
best way to ensure the Hornet will achieve
this lifespan. “At first, data and software for
structural monitoring were obtained from
the US manufacturer of the Hornet fighters,”

explains the Air Force's Major Riku Lahtinen.
“However, it soon became clear that solid
domestic expertise was required.”

In order to better determine airframe
fatigue life, Patria has developed the Hornet
Operational Loads Program. During this
program, two F-18Cs were fitted with
around 35 load transducers to provide
stress indication figures to engineers. By
mid-2015, the two jets had recorded over
1,000 flying hours each. This data has been
combined with the results of stress modeling,
indicating that the airframes are set to reach
their expected 4,500 hours fatigue life without
further airframe work. This will take the
Hornet to its OSD of 2030.
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country's capability to defend itself, and
should the Finnish government be asked
to contribute air power to NATO or the
European Union, the Finnish Air Force is
now more able to provide a meaningful
contribution in a more capable, effective
and precise way.’

What would Lt Col. Joukas do
differently if he could start the MLU2
test work afresh? “Twould like the TPs
to leave the FTEs to have much more
responsibility and authority in planning,
leading and running the projects as we
now do today, and not try to oversee
everything as we TPs did at the beginning
of the MLU2 program.” \\
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ENGINE TESTING

General Electric has built a test cell capable of
generating airflow at 1,000psi and 1,500°F, while the
Engine Alliance has been busy throwing specially
engineered sand into an upgraded GP7200

oeing is determined that the forthcoming
777X will be the “most efficient twin-
engine jet in the world” - given recent
strides in large-twin fuel efficiency
made by the A350 and its own 787, the
company has set its 777X bar high. The
aircraft’s new wing and aerodynamic
improvements will make important
contributions to fuel efficiency, but Boeing
is relying heavily on GE Aviation, its sole-
source engine supplier, to deliver the rest.
Building on the proven technologies of its GE90 and
GEnx, GE Aviation is creating the GE9X, which promises
a10% improvement in specific fuel consumption (SFC)

compared with the GE90-115B powering the current 777-

300ER and a 5% better SFC than any other engine in its
class in 2020. In revisiting its GE90/GEnx technologies,
GE is refining and optimizing every aspect of the new
engine, but identifies six key drivers for its efficiency.

New materials, aerodynamics and construction
techniques have revolutionized the GE9X high-pressure
turbine, composite fan blades and compressor, while
additive manufacturing processes and ceramic matrix
composites (CMCs) are helping to deliver lower weights
and higher temperature capabilities. Finally, GE has

continued to improve its twin annular pre-mixing
swirler (TAPS) combustor technology with the
GE9X's TAPSIIL

In delivering fuel efficiency and reduced emissions,
the GE9X will run at a compressor pressure ratio of 27:1,
the highest yet achieved in a commercial engine. It will
also see temperatures previously reached only in military
powerplants and generate inlet conditions more extreme
than those of current-generation turbofans.

20/20 VISION

Separate, comprehensive test and maturation efforts are
supporting the engine’s new technologies and in late
2015 GE began trials in a new US$100m facility in
Evendale, Ohio, specifically built to test the TAPS III
combustor. Simply called Cell A2o, the building’s 200ft
stainless steel exhaust stack makes it easy to recognize.

Scott Whitford managed the construction of the
facility and explains that although the GE9X is its first
test subject, it will have continuing application to other
high pressure-ratio products: “The engine has an overall
pressure ratio of 60:1, the highest ever for a commercial
engine and one never before reached in a commercial
engine test. The high temperatures at the combustor
inlet are a function of this compression ratio.
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“The facility consists of three boost compressors that
receive 600psi compressed air from another part of the
plant. Each is capable of delivering around 57 1b/s of flow,
with the three combined delivering around 160 Ib/s to
the cell, sufficient for a sector test. It would be
impractical to build a facility large enough to recreate the
mass flow experienced by a complete combustor in flight”

The compressors take the air up to
1,100psi at 500°F, before it passes through
a series of heaters. These are arranged in
two series, the first being gas heaters that
burn natural gas and increase the
temperature of the air to 1,200°F.

“The second stage comprises 11
electric heaters and we scale the number
used based on the test conditions we want
to achieve and whether we're doing
single-cup or sector testing. By the time
the air reaches the electric heaters it has
lost about 100°F, but they heat it to more
than 1,500°F. This high-pressure, high-temperature air is
then introduced into the cell, direct to the combustor
test article.”

Individual test cycles can last for as long as 16 hours
and typically involve five to 10 people running the
compressor facility, while A20's control room includes a
monitoring room capable of accommodating up to 30
engineers. They examine, review and gather data from
multiple sources in real time during a test, while all data

Number of 4,500hp
boost compressors
at GE's A20 facility

1MW electric heaters
available

facility and its trademark
steel exhaust stacks

ENGINE TESTING

TAPS technology is already employed on the GEnx

and CFM International LEAP engines. Compared with
conventional systems, it mixes air and fuel prior to
combustion for, according to GE Aviation, “a leaner burn
and fewer emissions”.

The additional air in the mix lowers emissions, and in its
GE9X application TAPS will give the engine a 30% margin
to the ICAO CAEP/8 standard for NOx emissions.

The TAPS IIl combustor has been engineered for this
difficult environment, featuring, according to company
information, “fuel nozzle tips manufactured using additive
technology, along with a new combustor dome design
and CMC inner and outer liners, which improve durability
and require less cooling air to enhance the lean-burn
combustion process”.

1// Computer-generated
image of the GE9X

is also stored for subsequent analysis. “When we test
weTe looking at key combustor performance indication
parameters, including emissions, the stoichiometrics of
the combustion, and air and metal temperatures.”

A20 includes two cells, one for single-cup and the
other for sector testing: “A combustor has many fuel
nozzles and a single-cup test takes just one as the test

article,” explains Whitford. “A sector test
includes a section of nozzles, so for example
a 25% sector test on a 20-nozzle combustor
would include five nozzles. The largest

GE Aviation's sector we test is less than half the total
new US$100m A20 number of fuel nozzles in the GE9X.
combustor test cell The facility is equipped with two

independent fuel systems enabling
work with different types of jet fuel.
“We currently test with Jet A and a
formulation known as C10-12. We could
adapt the fuel systems for tests with any
fuel, including biofuel, supporting trials for
subsequent GE9X and other developments even when
the engine is in service on the 777X
Describing a typical test anatomy, Whitford says, “We
install a highly instrumented test article in the cell, then
begin flowing air through it without it being fired, just
to check that everything is hooked up correctly. Fired
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testing might follow, according to a test plan describing a
matrix of test points for given mass flows, temperatures
and pressures.

‘Depending on the particular requirement, once a
test point is achieved it might be held for a couple of
minutes, or it could run for several hours. We do high
temperature/pressure, acoustic and emissions testing,
featuring highly complex test plans developed by our
engineering teams and run by the cell technicians.”

The data gathered depends on the test article
instrumentation, but the cell itself is also instrumented
and the characteristics of the air reaching the test article
are carefully recorded for comparison with the air that
has passed through it. The exhausted air is released via
the 200ft chimney.

Operational conditions inside the cell are extreme,
in keeping with the demands the GE9X places on its
combustor technologies. “It’s extremely hot and very
noisy,” says Whitford. It would seems reasonable then to
expect A20 to be far from population centers, but this is
not the case: “We went to great pains to apply acoustic
treatments to the facility and its sound emissions meet
all regulations. We wanted to be good neighbors in the
community and we've been pleased by how quiet it is
outside when the cell is running. It's surrounded by
concrete walls several feet thick and has huge metal
doors, for safety as well as sound-proofing.” The
likelihood of a mishap is remote, but GE Aviation has

The record maximum
pressure achieved

A20 facility size

ENGINE TESTING

The first GE9X test
engine - flight testing will
begin on GE's dedicated
Boeing 747 flying testbed in
2017, with FAA certificiation
scheduled for 2018

4 // Ground test of the first
full GE9X development
engine at GE's Peebles

Test Site in Ohio

built the facility with safety in mind since, as
Whitford notes, running a test at 1,500°F and 1,000psi
generates “a lot of energy’.

SAND INGESTION

GE Aviation and Pratt & Whitney work closely and share
test data on the GP7200 turbofan manufactured by their
Engine Alliance joint venture exclusively for the Airbus
A380. Employing technologies derived
from those of the GE9o and PW4090, the
GP7200 has been subject to a high-
pressure turbine (HPT) durability
improvement program directed
particularly at operators in the sandy
conditions of the Middle East.

The associated trials effort gathered
a mass of data on how the GP7200
will mature in service and, perhaps
inevitably, included sand-ingestion
testing, which is not a certification requirement and
therefore somewhat unusual.

Dean Athans, Engine Alliance president, explains the
test program: ‘T've been responsible for the GP7200 since
March 2013, when we designed an upgrade to make our
hot section more durable. We introduced it into
production in 2014 and last year ran a planned 2,500-
cycle endurance engine test - with an extra 100 cycles
before we pulled the engine out of the cell.

AEROSPACETESTINGINTERNATIONAL.COM JUNE 2016

35



ENGINE TESTING

The GP7200 is a
popular choice for Middle
Eastern operators of the
A380, including Emirates
and Etihad

“Any endurance engine includes old,
original hardware that we'e trying to
accumulate high cycles on so that we can
get a good look at what a high-cycle
engine looks like before our customers
see it. We also include a lot of repairs
that we've developed, so we can get
feedback on those in the high-cycle
environment. In this most recent test, 5
completed in 2015, we also included our
entire durability upgrade HPT, so we
could find out how it would do in a severe
operating environment, because a large percentage
of our fleet flies out of Abu Dhabi, Dubai and
Doha. In conducting the tests, we did two unique
things. First, we used a cell with the capability to
moderately heat the inlet, and second, we
introduced sand ingestion.”

The inlet heating was insufficient to replicate
desert heat alone, but combined with the test engine
cycles, which typically lasted around five minutes each
and tended to be ‘hotter and harder’ than those in
service, it adequately simulated regional conditions.

For the sand ingestion trials, Engine Alliance used a
proprietary GE Aviation rig. It releases sand and dust
directly into the inlet, and considerable care was taken to
ensure the process was as close to real-life conditions as
possible. “Our engineers analyzed the matter that's found
several hundred feet up in the air in the Middle East, and
the deposits we see in sections of the engine, and
engineered sand for the tests. We looked at its chemical
composition and replicated that chemistry, as well as the
particle size and distribution in our dust.

“In the trials we began accumulating cycles and
gathering data on a few specific pieces of hardware. We
also did certification testing on a new oil and once we'd
established that the engine was stable and working well,
about halfway through the program, we began ingesting
the sand. We tend to shut these endurance engines down
regularly - maybe once a week - and inspect everything
with a borescope to confirm we're seeing what we expect
and there are no problems. In this case we saw the sand
accumulating exactly as expected. Compressor aerofoils,
for example, tend to attract sand and dust that sticks,
affecting their aerodynamic properties and reducing
efficiency. As a result, we've developed procedures using
heated water to wash them.”

The rationale for endurance testing is that if anything
is going to break or wear it should do so on the test stand
so that a fix can be engineered long before it is required

6 // The sand ingestion
trials use a proprietary
GE Aviation test rig
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on an aircraft. In respect of the durability

HPT program, Athans reports, ‘Failures often

cause you to stop the test before all the cycles

are done, but this endurance run was fully

successful. We had no issues, ran every cycle we

intended and had sufficient time at the end to
run another 100 cycles if that had been needed.
The engine has since gone back to the shop, been
fully disassembled, and its modules have been sent
back to the design engineers for analysis.”

VIRTUAL LAYOUT
In addition to testing the durability of the HPT
upgrade and predicting future engine behavior, Engine
Alliance gathers data to share with its customers, helping
them check for signs of regular, expected wear, as well as
anything out of the ordinary.

“Sometimes we'll tear an engine down and label the
parts, then invite the customers in to examine all the
components,” says Athans. “But it can be tough bringing
people in from Korea, the Middle East and Europe to see
our physical layouts in Cincinnati and Hartford.

“So this time we're planning to do a virtual layout
that will be available online, where our design engineers
and expert ‘module owners’ present and describe what
we found during the endurance trial. It will also enable us
to explain particular endurance characteristics and how
they performed, helping us give customers confidence
and expectations relative to their own equipment.”

Athans confirms that customers will see no signs of
the issues related to sand ingestion on entry into service-
configuration engines. “We developed the durability HPT
specifically to address those issues and ran the tests to
ensure that our engineers had done the job well. The areas
where we'd seen oxidation, burning or cracking looked
much, much better, showing none of those characteristics.
We'd simulated twice as much heat distress and seen
almost no deterioration in the engine hardware.”
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// NIGEL PITTAWAY

1// F/A-18A/B
Hornet flight test aircraft
from the RAAF's Aircraft

Research and

Development Unit (ARDU)
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The Australian Defence Force's Air
Warfare Centre has developed a non-
intrusive flight test instrumentation
solution to flight testing

o-wires
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“Our NIFTI system is designed to reduce

or remove the bottlenecks created by

nder the auspices of

the newly formed Air

Warfare Centre (AWC)

the Australian
Defence Force has, in conjunction with local industry,
developed a non-intrusive means of instrumenting
aircraft for flight test activities.

The Non-Intrusive Flight Test Instrumentation
system, or NIFTI, has been developed as a means of
instrumenting an airframe for flight testing without
altering its original configuration or removing it from
the line for an extended period while intrusive and
sometimes very complex flight test instrumentation
is installed and removed.

Initial trials with the system were carried out in late
2015 with promising results, and a program of further
activities will be conducted later in 2016.

Formerly known as the Aerospace Operational
Support Group (AOSG) the Air Warfare Centre oversees
four directorates, one of which is the Testing and
Evaluation Directorate, which in turn oversees the Royal
Australian Air Force’s chief testing unit, the Aircraft
Research and Development Unit (ARDU).

The NIFTI system is an example of the innovative
approach to problem solving for which the Air Warfare
Centre was formed, and embraces the principles of the
RAAF's Plan Jericho, a blueprint for innovation and
forward thinking designed to develop informed
processes for acquiring and developing capability and to
position the service for the so-called 5" generation’
capabilities of the future.

WHY NIFTI?

The capture of flight test data, from something as
simple as recording accelerometer information for
monitoring g-force loadings, to complex flutter testing
of aircraft structures under different loads and in
varying configurations, has traditionally involved
dedicated test fleets that are extensively modified for
the purpose.

For a medium-size force like the Australian Defence
Force, it is becoming more difficult to dedicate an
aircraft such as the Lockheed Martin Joint Strike
Fighter, each of which will cost around US$9om,
purely for flight testing.

Traditional flight test instrumentation
at least temporarily and often permanently
requires the modification of small numbers
of aircraft with customized equipment
installations, which are designed
specifically to collect the data required.

Although this approach provides the
testing organization with a responsive
capability development support tool,

conventional instrumentation”’

2 it comes at the expense of operational availability, as the
aircraft is off-line as a weapons system as a consequence.
Flight test instrumentation can also be installed on
an as-required basis, for a single trial or a series of trials.
This approach has the advantage of maximizing
operational availability, but it comes at the expense of
the responsiveness often required for problem solving.
Both philosophies require the aircraft to be in
maintenance for extended periods. This often has a
negative impact on the capacity and willingness of
operators to dedicate aircraft to a flight test program,

2 // The NIFTI sensors or to contemplate undertaking projects that require
send information using complicated instrumentation fits, with consequential
bespoke wireless negative influences on operational capability.

technologyto a unit “Our NIFTI system is designed to reduce or remove
mounted in a pod, which

is typically carried on an the bottlenecks created by conventional instrumentation

external hardpoint by providing a generic system that can be rapidly
installed on an aircraft, in any configuration,” explains
Group Captain Tobyn Bearman of the Air Warfare
Centre. “The time taken to install a conventional flight
test instrumentation system is determined in part by the
complexity of that system and the electrical wiring that
is usually required. Typical installation times can be as
short as two weeks, but they can be as long as two or
three months.”

3 // The sensors can be

attached to any external, 3
and some internal,

surfaces, as seen here on

the fin of an RAAF Pilatus
PC-9/A trainer
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AIR WARFARE CENTRE

On January 11 this year the Air Warfare
Centre became the latest of the Royal
Australian Air Force's Force Element
Groups (FEGs) to achieve initial
operational capability (I0C), replacing
the previous Aerospace Operational
Support Group (AOSG).

“Before the Air Warfare Centre, the
Air Force lacked the framework to
generate truly integrated capability
solutions. Evolved from the Aerospace
Operational Support Group, the AWC
retains the foundation roles of test and
evaluation, information warfare and
the management of test and weapons

Bearman, the AWC's director of test
and evaluation.

The AWC is expanding to include
the development of live, virtual and
constructive simulation expertise and
the development of an integrated
tactics and training capability, which
are delivered across the test and
evaluation, information warfare, air
force ranges, and tactics and training
directorates.

“The AWC is now able to deliver
expert support from each directorate,
but its real strength comes from its
ability to simultaneously access subject
matter expertise across those domains
to address air power problems and

continues Bearman. “In response to
a request from the field, a task is
raised in our integrated mission
support (IMS) system and either
assigned as the sole responsibility
of a single directorate if the task

is discrete, or one which requires
coordinated input from multiple
subject matter experts.

“For the latter, an integrated project
team will generally be established. The
AWC is about the delivery of innovative
solutions - tasks are accepted and
analyzed for opportunities to innovate
and complex tasks are tackled by IPTs
drawn from diverse backgrounds, who
come together to seek out innovative
methods and solutions.”

ranges,” explains Group Captain Tobyn

provide truly integrated solutions,”

Gp Capt. Bearman is the current director of test
and evaluation at the Air Warfare Centre and is an
aeronautical engineer with experience in aircraft
maintenance, sustainment, and flight test and
engineering operations. Prior to his current role, he
has held the positions of test manager for the RAAF’s
Airbus KC-30A Multi-Role Tanker Transport (MRTT)
program, chief engineer for Air Force Test and
Evaluation, and director of enabling capabilities at
Air Force Headquarters in Canberra.

The NIFTI solution was jointly developed in Australia
by the companies AADI Defence and Procept, together
with the Defence Science and Technology Group (DST
Group) and the RAAF's Aerospace Systems Engineering
Squadron (ASESQN). The Defence/industry consortium
formed an integrated project team (IPT), an Air Warfare
Centre initiative designed to gather a small team of
resources from diverse backgrounds to provide
innovative solutions to complex problems.

Funding has also been provided by the US Air
Force Seek Eagle project office, which sees the potential
for NIFTT across the huge international Joint Strike
Fighter program.

4 // Maintaining
dedicated fleets of
permanently instrumented
examples of modern
aircraft is often

prohibitively expensive

3

NIFTI testing phases

NON-INTRUSIVE SYSTEM

The NIFTI system comprises a series of
battery-powered wireless sensors that can

15 MINS

Time it took for the
control installation
of NIFTI

be temporarily mounted on any external
surface of the aircraft. Because they are
attached by adhesive, the entire system
can be installed in hours, rather than
days, weeks or months.

The sensors send data to a pod, which

24

Maximum number
of sensors that can
be integrated into
a NIFTI system

can be mounted on any standard pylon,
using a bespoke wireless technology
system. The sensors use wireless mesh
network topology, which means the
sensors do not need to be in line of sight
with the instrumentation pod, which

is typically mounted on an underwing

hard point.
Up to 24 sensors can be used with
the system, but the initial concept
demonstration last year was carried out with a 10-sensor
fit. The NIFTI system is also controlled wirelessly and
can be controlled from the cockpit, by either the pilot or
a dedicated flight test engineer.

The initial NIFTI prototype was developed in eight
months and was installed on one of ARDU’s Pilatus
PC-9/A aircraft before being flown in a series of concept
demonstrations beginning in September 2015.

“The prototype system included 10 sensors mounted
externally, as well as in the cockpit and baggage
compartment, and a wing-mounted pod for system
control,” explains Gp Capt. Bearman. “Once the
prototyping was complete, control installation of the
10 sensors was completed in 15 minutes.”

The concept testing also considered NIFTTs ability to
reliably record accurate test points while being subjected
to the extremes of the PC-9/A’s flight envelope, including
the airframe’s maximum-permitted positive and negative
g-force limits during aerobatic maneuvers.

“The trial successfully demonstrated how an
integrated team can develop, prototype and then rapidly
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5 // Phase two of the
NIFTI program will be an
air-to-ground weapons
clearance campaign on an
ARDU F/A-18A/B Hornet
later this year

configure an aircraft to collect flight test data,” continues
Gp Capt. Bearman. “The innovation of this system spans
several domains. We used commercially available glue
strips to fit the sensors to the aircraft and the sensors
themselves use a version of wi-fi to communicate with
the pod and to collect information. We don't have to take
an aircraft off-line for long periods of

n it r longperid .
weesienarpoien — ““T@ @ntire system can be

investigation, to collect data required for

certification, or to confirm the insta,,ed in the host aircraft

airworthiness of a system.”

One of the i tant steps i —
wigataeimssen e g 11 NOUKS, Father than days,

trials took place was a series of tests to

prove that electromagnetic interference we e " s o r m o " th s ”

(EMI) produced during operations
would not have a negative effect on
either the aircraft or its systems. Initial
testing was carried out in the hangar at RAAF Edinburgh
in South Australia (home to the AWC and ARDU) and
also in a dedicated EMI chamber, where the aircraft was
subjected to repeated tests under a range of conditions.

The technology used in the development of NIFTI is
Australian industry intellectual property, which was
originally developed for telecommunications, mining and
medical applications.

“The effort to take this technology and optimize it for
flight test was accomplished by a small integrated project
team consisting of Air Warfare Centre engineers; pilots;
Defence Science and Technology Group scientists; and
design engineers from Australian industry,” adds Gp
Capt. Bearman.

FLIGHT TEST, TRIALS AND THE FUTURE

The successful PC-9A concept demonstration marked the
completion of the first phase of a three-phase capability
development program aimed at producing a system that
Gp Capt. Bearman says is expected to be able to be used
on any aircraft type. The results of the demonstration
have been combined with a series of evolved objectives to
create a scope for the next phase of trials.

m JUNE 2016 \\ AEROSPACETESTINGINTERNATIONAL.COM

Phase two of the program will be demonstrated
through an air-to-ground weapons clearance campaign
on an RAAF F/A-18A/B Hornet strike fighter in October
of this year.

“That system will be capable of capturing high-
accuracy strain and vibration data and will include an
improved ability to monitor system health and control
system parameters from the cockpit,” says Gp Capt.
Bearman. ‘In parallel with phase two, the team in the
Air Warfare Centre is looking ahead to phase three and
how we might apply that system to the Joint Strike
Fighter environment.”

In conclusion, Gp Capt. Bearman says that, in order
to meet the challenges posed by the rapidly evolving
technical landscape and the constraints that come with
some of the complex and evolved systems the ADF is
introducing into service, the Air Warfare Centre is
adopting the principles of Plan Jericho.

“Our mission is to help transform the way we
develop and acquire capability. Were doing this to
help create a future combat capability that is highly
adaptable and able to deliver decisive results whatever
the context.” \\
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// WHAT IS YOUR CURRENT POSITION AND WHAT
DID YOU DO BEFORE THAT?

I'm currently the manager of aircraft instrumentation
and data services at Bombardier's Flight Test Center - or
BFTC as we call it - based in Wichita, Kansas. | manage a
team of over 75 electrical engineers, software engineers,
laboratory technicians, ground station operators and
data management personnel. I've held this position since
March 2012, having previously been section chief of
instrumentation design at BFTC since March 1998,
where [ led a 40-strong team in supporting all
instrumentation design activities on 10-15 flight test
aircraft. Prior to that I was a senior engineer in
instrumentation design, having previously spent nearly
four years as a senior engineer on the C-17 flight test
operations team at McDonnell Douglas Aerospace.

// How DID YOU GET INTO AEROSPACE TESTING?
I'd been studying electronics engineering at the Oregon
Institute of Technology for about 2.5 years, but I was
struggling to connect what I was learning with the real
world, so I took a break to work as an intern at
McDonnell Douglas (later acquired by Boeing). I worked
in the testing lab designing and building controllers for
ground test rigs. We did some really fun stuff - we would
take a tire and spin it up to landing speed and then slam
it on to a stationary tire to simulate a landing for tire
testing. We also did some work with nitrogen generation
systems, which was pretty new and exciting at the time.

Back then, we had to design and build our own
circuit boards. We'd lay out the circuit boards by hand on
a piece of plastic using tape, take a photo and then use
the negative to make the boards by exposing them to
sunlight, before adding all the components, testing the
boards and building the relevant controllers.
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1// Cabin view of
C Series Flight Test
Vehicle 3 (FTV3), packed full
of flight test equipment
(All photos: Doug Dalgarno)

I then went back to college and finished my
degree. I'm now a strong supporter of
internship programs, and believe we need to get
more young folk involved in test engineering.
We support the national Science Technology
Engineering and Math (STEM) program, which
aims to inspire young people to pursue technical
careers, and we take students on tours of BFTC and
send our engineers out to work with them in the
classrooms.

// WHAT WAS YOUR FIRST TESTING J0B?

After I graduated I went back to Douglas, to take a job in
the test lab department. One of the first things I worked
on was testing the landing gear for the T-45 Goshawk, a
Navy trainer aircraft. We were responsible for
instrumenting strains and pressures on the main gear
and we also took the whole aircraft and dropped it from
15-20ft in the air to simulate carrier landings - which
was interesting! Back then, the data system was a
mainframe computer - if you wanted to program it or
change anything, you had to use a terminal in the test
room - there was no network and there was no personal
computer on my desk. One thing that really sticks in my
head is, prior to testing, we had to go and zero all the
string gauge channels with a screwdriver, tweaking
them to zero every day. How things have changed!

“The C Series was a
quantum leap for us on
the instrumentation side”’

// ANY EARLY LESSONS LEARNED?

Early in my career [ was assigned to an engine test
facility out in the Arizona desert, which had been closed
for about 10 years, and was in need of refurbishment.
One of our first tasks was to create an interface panel on
the test stand to connect our test engine instrumentation
to the data acquisition system in the control room. So we
ordered more than 50 solder pin connectors to get the
job done. However, when they arrived it quickly dawned
on us that the time required to solder them all would not
support our test schedule. Speaking with the technicians,
we decided that crimp connectors would be a better
option and the design was changed. The lesson? Always
talk to the people who are going to do the task to ensure
your designs are producible and optimized to meet the
schedule in the real world. Another valuable lesson came
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from my time on the C-17 Globemaster test program,
when I discovered you should always make your wires
at least 10% longer than you think they need to be -
you can always cut them shorter, but theyre awfully
hard to stretch!

// TELL ME MORE ABOUT YOUR CURRENT ROLE.
I've got a team of over 70 engineers and techs and were
responsible for all the flight test systems and tools that
we use to certify and test Bombardier aircraft. That
covers safety systems, metrology, data acquisition, all the
flight test equipment, telemetry, ground station, all the
services in the ground station, our telemetry rooms, the
data storage, real-time data display, distributing the data
post flight, and all the software tools that are used to
manage our flight test programs. I spend most of my
time making sure my team has the tools and equipment
they need to support all of our flight test programs.

// DESCRIBE A TYPICAL DAY.
That's tough as flight testing is such a dynamic
environment with constant challenges to address. You
come into work in the morning with a plan, but by the
afternoon that plan has changed drastically because you
have to adapt. My day is normally spent ensuring that
any major challenges are addressed and that my team
has what it needs to perform its tasks. The fun part of
the job is looking at and evaluating new equipment and
technology to support our future programs, particularly
on the data acquisition side of things. We're always
looking for equipment that will stand
up to the tough conditions endured
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during flight test. We're also looking for recorders that
can merge different data sources - three or four types of
aircraft bus data, as well as video data. We really don't
want to process any more media types than we have to,
so that’s also a key consideration. And we always want to
find things that don't add much to the aircraft weight.

“Data is becoming

a lot easier to collect
from the aircraft
systems themselves”

// WHAT PROGRAM ARE YOU CURRENTLY
WORKING ON AND WHAT ARE SOME OF THE
CHALLENGES?

We're just finishing testing on the C Series, for both the
CS100 and CS300. Overall the program has been a
quantum leap for us on the instrumentation side. Prior
to the C Series, we typically had at most 5,000 parameters
on a flight test aircraft. On the C Series that increased to
about 20,000 parameters per aircraft and that doesn't
even include the Arinc-664 and time transfer protocol
(TTP) bus data that we bulk recorded. During the CS100
flight test program, which is the smaller of the two
aircraft, we captured and provided data for about 30
million individual parameter requests across two
dedicated test sites and numerous off-site locations.

2 // Data recorder and

o o The number of parameters overwhelmed our
acquisition unit installed on . . had hich
N e T previous equipment, so we had to move to higher-

avionics testing capacity systems and develop new methods to process

the amount of data and make it available to people in an
easy way to view. As for the overall amount of data
generated during testing, I can tell you weve captured
about 400TB to date.

The C Series was also our first underwing engine
aircraft, so we quickly discovered that we couldn’t
run all the wiring in from the engines into the
fuselage to our data collection system. We had to

move to a more distributed architecture with
acquisition units on the engines and out on the
wings, with communication wires running
back into the cabin. So that was probably one
of our biggest changes on the program.

//1S DATA ACQUISITION GETTING
ANY EASIER?
Data is becoming a lot easier to collect from
the aircraft systems themselves, which
transmit a lot of the information that we used
to have to collect with individual sensors. On
our latest programs I'd say about two-thirds of
our total requests are from integrated aircraft
bus parameters and those are a lot cheaper to
install and we encourage people to use those
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whenever possible as wee always looking at ways
to reduce the cost and to utilize what's already installed
on the aircraft.

When I started my flight test career back in the
1990s, if we wanted to make a change or configure data
acquisition equipment we had to program an EPROM
and then transfer the data onto the aircraft acquisition
system. However, with current technology, our engineers
program the acquisition systems in their offices and
transfer the software to the aircraft with a USB drive for
loading with onboard computers. Looking forward, were
investigating the potential for this to actually be
performed completely from their offices.

Moving to a network-based data acquisition system
on the C Series has given us a lot of capacity and weTe
able to acquire the much larger amount of data required
to certify the latest aircraft. The ease of maintaining
these systems and the throughput rates have really got
better. Meanwhile the size of the acquisition equipment
itself has reduced dramatically, enabling us to put
equipment in the wings and other previously hard-to-
access areas, which has increased our capabilities.

Data formatting remains a key issue, but the
introduction of the IRIG 106 Chapter 10 telemetry
standard means we can be more confident that if we use
different recorders, we know we'll still get the same
output files, which has enabled us to standardize some of
our processing methods.

// HOW DO YOU STORE THE DATA THAT

YOU ACQUIRE AND HOW DO YOU PREVENT
DATALOSS?

All analog and bus data is recorded on the onboard data
acquisition system, and it’s also recorded by our display
system, so we have two different recording media. We
have occasionally lost data on one of these at different

TESTING TALK

3 // Data conversion now

takes place on the

ground, rather than in the

air, due to the sheer

number of parameters

being monitored

points on various programs, but we've always
been able to go to the alternative recording
source to recover the data. Once off the aircraft,

the data is stored on a RAID device, which is
backed up each night to an off-site location. Archive
data is put on a backup tape and stored at a local salt
mine. We do a lot to make sure we don't lose our data
-it's rather expensive to acquire, after all.

// WHAT TOOLS DO YOU USE TO MAKE SENSE OF
THE INCREASING AMOUNTS OF DATA?
On past programs, we converted all of our parameters
into engineering units in real time on the aircraft, so
we could have the data available immediately after test.
The volume of parameters on our new programs means
we just can't do that anymore - it has overwhelmed our
onboard processing capability. We've had to go back to
just recording the raw data on the aircraft and then
processing it into engineering units after testing in the
ground station. Luckily, today's computers are a lot faster,
so we've been able to move the processing from the
aircraft to the ground, but still meet our goal of having
the data available within one hour of test completion.
We've also developed a tool that provides 10-second
average data for each parameter for the entire test. This
enables users to find the events that theyre interested
in and then submit data requests for those specific
test points.

“The size of the acquisition
equipment itself has
reduced dramatically”

And then there’s our new test data query language
(TDQL) tool, which is pretty exciting, as it lets our
engineering team mine existing data for specific test
points and conditions. The TDQL tool will help find data
that’s already out there instead of having to fly a brand
new test. It's a powerful tool and we hope it will help
reduce test hours and make us more efficient.

Finally, we're developing some tools that will
automatically monitor parameter health - it used to
be that a technician could go on the aircraft and look
at all the parameters in real time, but when you have
20,000 or more, you just can't do that. We want to
confirm everything is working okay before we fly
a flight test for nothing.
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// WHAT HAS BEEN THE BIGGEST ADVANCE IN
DATA ACQUISITION?

The big advance came with digital video recording. It's
made a huge impact on our test operations. We'e able to
provide video data almost immediately after each test
flight - it wasn't too long ago that we were still using
VCRs, which would take days to provide the same data.
The video data helps us trouble-shoot aircraft issues and
confirm successful completion of our test flights a lot
faster. We are able to share information on the day of
the test and work on issues overnight and address them
before the next flight.

Going forward, if I could find a recorder capable of
merging different types of data, that would be very
interesting to us because the less media we have to take
off the aircraft and process, the more efficient and
effective we will be.

“We’re looking for ways
to leverage off existing
flight test data”’

// How HAS BOMBARDIER REDUCED THE
LENGTH OF ITS FLIGHT TESTING PROGRAMS?

We use a lot of test rigs - ‘iron birds that simulate
all the aircraft systems, and were always striving to
identify and resolve any issues that we find well before
the aircraft undergo flight testing. We also test any
new flight test systems on an existing platform to
make sure that we understand it, so we can develop
any processes that may be needed. And as I said before,
using our new TDQL tool, wee looking for ways to
leverage off existing flight test data to find data that we
could use instead of conducting a test flight to acquire
something we already have.

// HOW IMPORTANT IS TELEMETRY TO
YOUR ROLE?

As we normally fly with two pilots and just one
or two FTEs, we depend a lot on telemetry for
real-time monitoring. Some manufacturers fly
more engineers on the aircraft, but we choose
not to do that for safety reasons. Recently

we've been testing a new capability, where we
share our telemetry data between our test

sites. Were able to run a test in Wichita and
transmit that data in real time to Mirabel,
where engineers can monitor and assess the
data and communicate back with the Wichita
test site. Moving forward, wee going to

expand that to our Toronto site and to our
mobile units. It's a constant challenge to keep
the telemetry frequencies that we need to do our
job as there’s a lot of pressure from telecoms
companies to take that bandwidth, but we need to
keep enough to do what we need to do.

// HOW DO YOU SEE YOUR ROLE CHANGING

20 YEARS FROM NOW?

Well 20 years from now I hope to be retired! But I expect
we'll be taking even more data from the production
aircraft’s pre-installed sensors and systems. WeTe going
to continue to leverage off that data and try to minimize
the amount of instrumentation that needs to be installed
on ‘test’ aircraft. By far the most expensive
instrumentation we install is the individual sensors to
capture test data from an aircraft. It's probably 5 or 10
times more costly to put a sensor on a test aircraft than
it is to just tap off an existing bus and pull the data off.
So I'm pretty sure we'll be looking to leverage off the
production sensors a lot more, going forward. In the past,
you haven't needed as much accuracy on the production
side as required on the test side, and testing also requires
higher update rates than are currently available on some
aircraft systems, but we are working with the design
engineers to improve those so we can utilize flap
position data, for example. If we can make some small
changes to update rates and use the aircraft’s existing
systems instead of putting our own sensors in, it's a huge
cost saving for us. \\

4 // C Series FTV1in flight
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RADAR TESTING

1// Thales Searchmaster
AESA radar currently being
tested by the DGA Essais en
vol for fitting to the Dassault
Atlantic 2 (ATL2) maritime
patrol aircraft

GROUND TESTING

Prior to the first test flight of the radar,

Thales made use of ground testing to prove

the basic performance of the Searchmaster. “All
necessary tests to validate the sensor technical
capabilities and performance were performed in
simulated environmental conditions,” says Malot, “as
well as all the tests necessary to

qualify the sensor as flyable. The

main tool used on the ground was

the anechoic chamber to test and

calibrate the AESA antenna.”

The flight test effort is being
undertaken by an integrated team
that includes personnel from Thales,
the French General Directorate for
Armament (DGA), the French
military flight test center, and the
French Navy's operational flight test and
evaluation center (CEPA). During the
campaign, the radar is being tested in real-life
operating environments that include air-to-
surface, air-to-ground and air-to-air operations.

“On board the ATL2 we mainly use high-density
recording to be able to analyze an enormous volume of
flight-recorded data on the ground,” Malot explains.

As well as ‘live’ radar target environments (ships,
aircraft, ground targets), the radar is also tested using
simulated targets. The flight test campaign is taking
place at Istres and Cazaux, making use of dedicated
flight test locations provided by the DGA Essais en vol.
As of late April, the integrated team had already
performed around 100 test flight hours and was in the
middle of the flight test campaign.

“In this campaign, Dassault was in charge of
developing the aircraft modification in preparation for
the campaign,” Malot explains. “The DGA Essais en vol is
responsible for the overall flight campaign and is in
charge of operating the aircraft, designating the desired
flight-testing scenarios from Thales specifications, and
providing the required assets. CEPA is participating in
aircraft operations and witnessing the development of
the capability on behalf of the future Navy end-users.
Finally, Dassault Aviation will be in charge of radar
integration and testing of the whole combat system.”

MULTI-CAPABLE ROLES

Radar testing is reflecting the fact that the Searchmaster
is intended to achieve very high-resolution radar images
in a range of operating environments. “The intention is
to cover all the environment and target types the radar is
designed to cope with,” Malot confirms. “This includes
air-to-surface, air-to-ground and air-to-air, including
various sea states and sea behaviors.” The latter point is
important considering the different radar returns found,

2 /I Searchmaster will help
extend ATL2's capabilities
beyond maritime search and
anti-submarine warfare to
better serve land
missions
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for example, in the Mediterranean and the Atlantic
seas, where the ATL2 routinely operates.

As well as live flight testing, the radar trials are
also making use of computer simulations. “We make
extensive use of computer simulations to support the
radar development and testing,” Malot says. “While the
flight test campaign is being performed in a relatively

short period [a few months], computer

simulations are used throughout the
28 development of the radar before and

after flight tests. Some may combine

Total number of ATL2 simulated environments with replays

aircraft completed. of flight test records.”

Of these, 15 will

be upgraded with PRODUCTION DELIVERY
Searchmaster

The first fully upgraded ATL2 should
be re-delivered to the French Navy in
75KG 2019. The Searchmaster is also available

. . for export and integration with fixed-
Approximate weight of  ying rotary-wing and unmanned
the Searchmaster radar  j,forms. The company confirmed a first
foreign order for the Searchmaster with
1 000 delivery of the first production radar

?

Targets that can be

early 2017. The Qatar Armed Forces also
; signed a memorandum of understanding
simultaneously tracked
by the Searchmaster

(MoU) for the selection of the radar to
equip its optionally piloted vehicles -

(reportedly reduced aircraft (OPV-A).
EO 10(1 a)galnst land While the Searchmaster is at the core
argets

of the upgrade program for the ATL2, it is
one facet of a €400m (US$450m) effort
that is being conducted by Dassault and
Thales with the aim of keeping a
15-strong fleet of patrol aircraft in service.
Further planned mission system upgrades
include a digital sonobuoy acoustic
processing system, the LOTI (Logiciel
Opérationnel de Traitement de
I'Information) mission software for
subsystems integration, enhanced operator workstations,
and a new L-3 Wescam MX-20 electro-optic/infrared
(EO/IR) sensor. Other upgrade work will include
structural refurbishment to extend service life out to
planned retirement around 2033. \\

2,000HRS

Mean time between
failures (MTBF) for
Searchmaster radar
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1// Boeing 787 test airframe
ZY998 undergoing fatigue
testing in a special rig
located in the northwest
corner of Boeing's Everett
facility in Washington
(Photo: Boeing)
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FATIGUE TESTING

ith composite
materials featuring
increasingly in

primary structures,
aircraft manufacturers view possible enhanced test
requirements differently: Airbus recognizes the value of
updated rules, Boeing appears happy with the status quo.
Meanwhile, airworthiness authorities await study-group
recommendations about revising damage-tolerance and
fatigue-testing regulations for metallic, composites,
and hybrid structures.

Airbus composites stress-analysis senior
expert Jean-Luc Leon-Dufour is looking for
change: “We need to work on common
requirements for composites and metallic
structures.” However at Boeing
Commercial Airplanes, chief structures
engineer (program technical support)
David Polland sees no need for change.
“Current requirements and related
guidance are comprehensive relative
to composites structures,” he says. “No
fundamental changes are envisioned as
necessary. Nevertheless he concedes the
likelihood of minor change, “for example,
to more general terminology where some
requirements are ‘metal-centric”

Canada’s Bombardier Commercial Aircraft
foresees both change and rationalization. C Series
aircraft program vice-president Rob Dewar expects that
testing requirements will follow future technology
advances and industry learning: “A better understanding
at lower-level testing [coupons/elements/subcomponents/
components] may permit a reduction in the quantity of
required test specimens.”

Following public consultation about regulations
covering the composites used in public transport aircraft,
the FAA last year asked the Aviation Rulemaking Advisory

2 /I Wingbox whiffle trees

distribute the forces from

the hydraulic actuators to
the individual load

introduction points on A350
fatigue-test subject EF2
(Photo: IABG)

WHAT IS FATIGUE TESTING?

Fatigue testing examines aircraft structural response to stress over time
and during different operations. A combination of loads is placed on
the test airframe and activated by computer-operated hydraulic jacks to
simulate taxiing to the runway and take-off, then climbing and cruising,

before descending and landing.

For example, A380 fatigue testing lasted 26 months and represented
47,500 flight cycles, 2.5 times the number of flights an A380 would make
in 25 years of operation. A 16-hour flight was simulated in just 11 minutes,
the tests pushing the airframe to its limits to identify the need for any
necessary design improvements.

m JUNE 2016 \\ AEROSPACETESTINGINTERNATIONAL.COM

Committee (ARAC), a standing industry
group, to make recommendations on
damage tolerance and fatigue requirements
and related advisory material primarily
associated with metal structures.

FATIGUE DAMAGE REQUIREMENTS

Maintenance requirements on metallic
structures underwent major change from
the late 1980s as the industry addressed
airworthiness assurance in the aftermath of

major damage sustained by a Boeing 737 that lost

almost all the fuselage structure above floor level over
about 18ft of cabin while cruising at 24,000ft. New rules
covered structural inspection, mandatory modification,
repair assessment, and corrosion prevention and control.

Later, requirements on widespread fatigue damage
(WFD) emerged and the FAA has been thinking
increasingly about developments with non-metallics.
Composites and metal structures are currently subject
to the same fatigue- and static-test load requirements.

Officials say increased use of composites and hybrid
structures has stimulated concern about adequacy of
‘metal-centric’ standards that do not address other
materials. Composites have been in use for almost
50 years (the first all-composites civil aircraft was
certificated in 1969), but now much more primary
structure is made from such materials, for which full-
scale testing poses technical and economic challenges.

Accordingly, the FAA tasked ARAC with evaluating
requirements, setting inspection thresholds and ‘limits
of validity’ for data supporting maintenance programs,
and developing damage-tolerance data for fatigue-critical
repairs and alterations. The committee should also
define short- and long-term objectives, advise where
guidance is needed (for example, on full-scale fatigue
testing of hybrid structures), and recommend necessary
rules (on, say, accommodation of thermal stresses).



cetest

3 // The 787 test airframe
endured simulated loads
of more than 160,000
cycles, far beyond the
787's design life of
44,000 flight cycles
(Photo: Boeing)

Regulators also said that ARAC should consider
addressing potential fatigue, environmental exposure,
and accidental-damage threats, and continued
operational safety of aging composites and hybrid
structures. The FAA said it also should examine hybrid
structure tests, including thermal effects, test duration,

load- and life-enhancement factors, crack-growth YO U R TEST &

retardation, bonding (or bolting) of repairs to metallic,

composites and hybrid structures, and finally, certification EVAI-UAT I 0 N D E PARTM E N T
of large modifications comprising
composites or hybrid structures.

e FAR ‘:i’frfseesn‘é‘gi‘? ;‘;Utghlfe ks 3 SECONDS Accredited laboratory (IS0 17025, EN 9100, EN 9001,
at multiple structural locations that are of Length of time that I1SO 14001, EN 9712) with more than 40 years of
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Since Airbus could not “test all possible
configurations of loads and structure, we need to have
extensive analysis - validated by test on critical cases at
the relevant [test pyramid] level”, says Leon-Dufour. For
the new A350-900, Airbus performed full-scale tests “due
to the novelty of the carbon-fiber-reinforced plastics
(CFRP) fuselage and wing”. For the larger -1000 under
development, limited lower-level tests have been based
on -900 experience.

Required primary structure tests cover areas such as
static and residual strength, durability (fatigue), damage
tolerance and discrete-source damage (Tamp rash’),
according to Dewar. Manufacturers are required to
demonstrate that the aircraft can sustain limit loads -
the maximum expected in service - “without
detrimental permanent deformation” and can support
ultimate loads (limit load x 150%) “without failure, for at
least three seconds’, says Leon-Dufour.

Test-article numbers for an airliner such as the
Boeing 787 can be “quite large’, driven by
manufacturers’ experience and how many
new materials are used, says Polland.

“There is usually one [full-scale] airframe
dedicated to static testing and one for
durability [fatigue] testing - as single
units, or divided into separate
components. Increased composites

use hasn't fundamentally

changed this.

Bombardier’s Dewar says
that hundreds of large and small
articles and assemblies are produced. He
believes that, in addition to full-scale static,
durability, and damage-tolerance tests, a third check is
needed to detect composites fatigue that could arise from
the application of thermal-induced loading. “Increased
use of composites means that more testing at all levels is
required,” he says.

In addition to static testing, Airbus divided A350
fatigue work among nose, wing and center body, and

FATIGUE TESTING

4 // During the campaign for
the A350 EF2 test specimen, the
aircraft’s structure was stressed
with 88 servohydraulic jacks to
simulate all substantial stress
factors likely to occur during
flight operation (Photo: IABG)

BOEING 787 FIVE-YEAR FATIGUE TESTS

365% of the aircraft's 44,000-FC design

life’ and a third more than were used in

testing the preceding 777 design.
Fatigue testing had been delayed

Nine months ago, Boeing completed five-
year fatigue tests of the 787 to establish
the basic strength of (and confirm
inspection schedules for) the mainly

composites primary structure. The work
was performed in a steel rig weighing
over 450 metric tons at its Everett,
Washington factory. The engine-less
aircraft structure was fitted with 3,000
sensors to record more than 40 million
discrete compression, tension, and torsion
loads applied mechanically at more than
100 points on the 787's fuselage, tailfin, and
wing leading edge. Loads simulated those
experienced by a 787 in over 160,000 flight
cycles (FC), each involving taxi, take-off,
climb, cruise, descent, landing, and taxi
elements. The tests represented almost

nearly two years while Boeing reinforced
the center wingbox/wing attachment area
and modified the test airframe. Lower-
density composites helped keep weight
down, while also enhancing fatigue

and corrosion resistance. The improved
fatigue life means reduced maintenance
with increased inspection intervals that
see a first external visual check after six
years and the initial heavy-maintenance
shop visit at 12 years. The composite
structure's increased fatigue resistance
should see 60% fewer maintenance man-
hours compared with the 767.

rear-fuselage specimens. CFRP
fuselage-barrel and wing
specimens were subject to
composites stress methods
that addressed damage
tolerance, ultimate load,
margin research, and tire-
burst impact, as well as manufacturing capability.
Leon-Dufour says, “Our knowledge is increasing in
terms of composites’ good fatigue behavior, resulting in
less need for large tests.” Airbus has been using large
composites aircraft structures, such as tailfins, since the
1980s. Rules regarding metallic structures accommodate
WED to ensure the safety of mature aircraft, and
regulations introduced 20 years ago require full-scale
fatigue tests “up to two lifetimes”.

FATIGUE AND STATIC TESTING DIFFERENCES
Regarding differences between fatigue and static testing
of composites and metallics, these are more important in
the fatigue regime, according to Polland. “Tests of

5 // Airbus and IABG have
proposed the combined
static and fatigue testing
of composite aircraft
structures within one test
setup using a multibody
simulation model

(Photo: IABG)
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FATIGUE TESTING

6 // Different positions for

hydraulic actuators
(specimen in jig-shape)
from Airbus and IABG's
combined static and fatigue
test proposal (Photo: IABG)

composites typically include accidental
damage [introduced to mimic what
could occur in service]. There is very
little difference in static testing, other
than the inclusion of environmental
effects and accidental damage for
composites. Metallic structures are
insensitive to environmental conditions in
service [other than corrosion].”
Leon-Dufour outlines three differences among
materials during tests. First, metallics are mainly
affected by low-level loads with high-number cycles,
while composites respond to high-level loading with
limited cycling. “Metal structures are sensitive to, say, an
0.5 limit load (LL) during 100,000 flight cycles (FC) and

composites to 1,000 FC at 0.9 LL. Crack propagation is
slower in cases of high load, due to the plasticity effect,”
says Leon-Dufour. Composites airworthiness regulations
do not allow any cracks - the so-called ‘no-growth’
approach - which he says has led to limiting of

composites strain levels.

Second, there is the safety margin. For metallics this
is “usually handled by a life-enhancement factor [a
minimum of twice the design service goal] and for
composites a load-enhancement factor [for example, 1.17
x the fatigue load]’, says Leon-Dufour. “To ensure safety
you could enhance the test duration [life-enhancement
factor] or the load level [load-enhancement factor].”

AIRBUS A350 WING TESTING

Full-scale static, fatigue, damage-tolerance, and
functional tests of the Airbus A350's wing were
performed on a single setup. German specialist
IABG provided the test rig, mechanical and
hydraulic components, and control, monitoring,
and data-acquisition equipment for the work,
which focused on certification of the CFRP
behavior in conjunction with metallic materials.
The main test, including integral high-lift
systems functioning, was to prove static and
fatigue behavior of the CFRP, which comprised
over 50% of the primary structure. The fatigue
element required high test speeds to perform
about 4,000 ‘flights’ per week with about 40
load cases per flight and deflections up to limit
load (the highest likely in normal operation).
The many fatigue-loading conditions and
corresponding deflections between limit-

4,000

‘Flights’ per week
performed on the
Airbus A350 wing
fatigue-test rig

A0 miLLION+

Discrete compression,
tension, and torsion
loads applied on
Boeing 787 test
structures

load up-bend and down-bend and different
torque conditions required hydraulic-actuator
movement through a wide range, according
to Airbus and IABG engineers. The static-
test campaign included wing up-bending to
ultimate load - 50% above limit load.

Functional testing checked high-lift system
movement under 1g deflection and a torque
test of related driveshafts under limit-load
up-bend, using 18 actuators applying loads
through 244 fittings above the wing's inboard
half and below its outer half. Some 3,000
strain- and deflection-data channels were
recorded, the high 100Hz sample rate being
necessary to ensure a detailed record in the
event of specimen failure during static tests
to ultimate load, or in emergency shutdown
during static or fatigue testing.
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Third, composites structure cells are fatigue tested
(including up to ultimate load) during aircraft
certification with one common cell. Equivalent metallic
testing usually uses two different cells, with only one
year of in-service representative fatigue loading required
before airworthiness approval.

Bombardier’s Dewar adds that the fatigue spectrum
is “different for composites with a lower scatter factor -
15 versus 3 - and uses more damaging occurrences than
the metallic spectrum. Consequently, the number of
cycles to be tested on large composites is lower than on
metallic components”.

Current aerospace composites materials do not

demonstrate sensitivity to fatigue-damage
accumulation at the loads usually
experienced by commercial aircraft,
according to Polland: “In future, durability
testing will continue to focus on metallic
structures and their sensitivity to fatigue
damage. Full-scale fatigue tests also
substantiate limits of validity (LOV)
supported with additional test data,
structural analyses, and service data.”
Leon-Dufour says that composites
parts do not require an LOV. The three
A350 fatigue test cells are used to support
LOV determination for metallic parts.
Finally, full-scale fatigue-test articles
are usually taken apart in a thorough
teardown inspection, according to Dewar:
‘A fatigue/damage-tolerance specimen
will be nearly completely dismantled to
inspect all parts for hidden cracks.”
Polland concurs: “Detailed destructive
investigation is necessary to fully
characterize the end-state of the
test article.” \\
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CH-53K KING STALLION

CH-53K development testing puts active-duty
US Marines into the King Stallion early in the
process, to refine the replacement heavy lift
helicopter and improve test efficiencies

1// The CH-53K ground
test vehicle provides a
means to test drivetrain
and systems components
on an accelerated
schedule and prepare test
pilots for flight test
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ith two engineering
development models
(EDMs) now flying and
two more due by the
end of this summer, the CH-53K test program is
accelerating at the Sikorsky Development Flight Center
(DFC) outside West Palm Beach, Florida. Plans call for
the four King Stallion EDM helicopters to log about
2,000 developmental test (DT) hours with an integrated
test team from Sikorsky and the Naval Air Systems
Command (NAVAIR). Operational testing (OT) will
put production-like system development test aircraft
(SDTAs) totally in the hands of US Marine pilots
and maintainers.

In contrast with traditional, sequential DT-OT,
the second Marine Corps pilot to take a cockpit
seat in the DT King Stallion is also a qualified
operational tester. “This is the earliest in
any Marine test program where an
operational tester has flown,” says Marine
Col. Hank Vanderborght, NAVAIR H-53
heavy lift program manager at Patuxent
River, Maryland.

More pilots will be ‘re-greened’ with
operational deployments before they
return to CH-53K developmental testing.

2 // The first CH-53K
engineering development
model (EDM-1) flew on
October 27, 2015, beginning
a planned 2,040-hour flight
test program

CH-53K KING STALLION

“We wanted to develop a
helicopter, not a new high-tech
instrumentation system”

3 // Marine Corps Lt Col.
Jonathan Morell became the
first active duty Marine pilot
to fly the King Stallion, late in
2015. The CH-53K Integrated

Test Team will mix Sikorsky
company pilots with Marine

Corps pilots qualified for

developmental and
operational testing

The lead OT pilot will meanwhile be

DT-qualified. “It lets him start flying right

away in the DT program and start looking
for things they need for OT,” explains

Vanderborght. “The whole point is to make
the flight test program more efficient. Were
already seeing the benefits of having a dual-
qualified pilot in the cockpit this early.”

Last December, Marine Lt Col. Jonathan
Morel from Air Test and Evaluation Squadron 21
became the first active-duty pilot to fly the King
Stallion. The integrated test team at West Palm Beach
routinely mixes pilots from Sikorsky and NAVAIR. “Now
we basically have split cockpits,” says Vanderborght. “It's
truly an integrated team. We'e distributing people.
They'e all getting hours in.”

By mid-April, King Stallions EDM-1 and EDM-3 had
flown 50.1 hours at speeds up to 140kts and altitudes up
to 4,000ft. The fly-by-wire (FBW) CH-53K had attained
30° of bank and flown initial entry into autorotation. In
its first external load test, the three-hook cargo
helicopter lifted and released a 12,000 Ib load. According
to Sikorsky vice president Dr Michael Torok: “We've gone
from direct mode on the flight controls, a very simple
tlight control mode for the aircraft, to primary flight
control system (PFCS) mode, where the real
augmentation of the software comes in. We've really
started expanding the envelope with the PFCS mode,
and that's going very well.”

All flight testing so far has been around the Florida
DEFC, but plans call for testing at Patuxent River and
other sites with specialized facilities and environments.
Feedback from King Stallion test pilots generates flight
control software changes tried first on one of the CH-53K
hot benches/systems integration laboratories (SILs) at
the Florida DFC, Sikorsky headquarters in Stratford,
Connecticut, or the Rockwell Collins Avionics facility in
Cedar Rapids, Iowa. “If pilots see something on the
aircraft, we try to recreate it on any or all of the SIL
benches,” explains Torok. “This enables us to investigate
2 the issue without tying up the aircraft.”
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The Stratford flight control laboratory integrates
cockpit inceptor control sticks with working avionics,
hydraulics and servos. Torok notes: “The SIL is more
complex than we have had in the past. It pays off.”
Software changes derived from testing are tried in the
lab and approved by the Sikorsky model development
safety committee before migrating to test aircraft.

Marine and Sikorsky pilots flew the King Stallion in
the SILs long before the real aircraft. Significantly,
EDM-1 made its first flight on October 27, 2015 with all
FBW software functionality installed.
“Everything is in there,” notes
Vanderborght. “A lot of times, programs
want to get the airplane flying and they
accept the risk of not having the full-
functionality software. The risk of doing
that is that you may have to do regression

King Stallion
engineering
development modes

CH-53K KING STALLION

4 // The fully marinized King Stallion
integrates an advanced, high-lift
main rotor system and high power
density split-torque transmission
with fly-by-wire flight controls, large
composite structures and integrated
avionics to meet the requirements of
the Marine Air Ground Task Force

testing as you do flight test.”

Regression testing verifies that flight-
critical software still performs properly
after changes, but historically it has
interrupted testing of the RAH-66

System development
test aircraft

Comanche and other FBW aircraft. ‘In

theory, we're not going to have as much

regression testing and adding software modules and new
functionality as you progress through the flight test
program,” Vanderborght adds.

FBW flight testing at Sikorsky typically progresses
from unaugmented direct mode, to PFCS for general
handling, and ultimately to flight director modes capable
of hands-off flight. According to Torok, “Within all that,
all the basic characteristics of the aircraft, including
stability margin, are being done in direct mode.”

EDM-1 testing started in mid-gross weight and mid-
center of gravity conditions. EDM-3 is flying in an aft-CG

KING POWER N

Central to meeting CH-53K key performance parameters
are three 7,500shp (5,600kW) T408 GE-400 (GE38-1B)
turboshafts made and tested at General Electric Aviation
in Lynn, Massachusetts. Sikorsky Aircraft chose GE to
develop the engine in December 2006, and the GE38-1B
first engine to test ran in 2009. A second engine differing
only in instrumentation ran in 2010.

The Lynn facility has an engine system test rig to
simulate operations in the helicopter, and the first two
T408 test engines achieved 8,300shp - 110% of their
objective power rating - at the factory. The T408 system
development and demonstration phase delivered one
core demonstrator engine, five factory test engines and
20 flight test engines to the CH-53K program.

The core engine underwent power turbine stress, loss-
of-load, and over-temperature and over-speed testing.
The second engine was dedicated to performance and
some durability testing. The third T408 went through
altitude testing in a GE environmental chamber at
Evendale, Ohio. Engines 002 and 003 shared sand-, ice-
and bird-ingestion tests, while 004 and 005 were used
primarily for durability testing. A 300-hour durability test
ran the T408 at sustained full power. Two of the factory
test engines will be used for live fire testing by NAVAIR.

Sikorsky integrated T408 flight test engines into the
CH-53K ground test vehicle in 2013 with a partial flight
readiness release. The engine has so far exceeded 5,500
hours of testing, including 4,500 hours in the factory
and more than 1,000 hours on the GTV and the first two
flight test vehicles. GE is in negotiations with NAVAIR on
a contract to support the CH-53K SDTA aircraft and the
King Stallion operational evaluation. The engine maker
has delivered nine SDTA engines so far and is on contract
to deliver a total of 22 through 2017. GE has also received
a request for proposal on T408 low rate initial production
deliveries starting in 2018.
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configuration needed for external lift

CH-53K KING STALLION

testing. So far, two Marine pilots and four “Wh at We "’e seen so far is

Sikorsky pilots have provided feedback on

handiing Toroksays, Thecomment has. - @XC@II@NE cOFrelation between

been very consistent: It’s flying just like
the simulator. We've not had to change
anything. We'e off to very good start in
that respect.”

HEAVY LIFTING
The 88,000 Ib (40 metric ton) CH-53K
started as a low-risk evolution of the 73,000 Ib
(33 metric ton) CH-53E, defined by a 2004 Joint (service)
Operational Requirements Document. The Marines
needed a replacement heavy lift helicopter to carry
armored Humvee vehicles and other equipment of the
ship-launched Marine Air-Ground Task Force. Marine
requirements and advancing technology evolved the
CH-53K into an all-new aircraft with high-lift main
rotor blades, high power-density split-torque main
transmission, FBW flight controls, large composite
structures, electronically controlled engines, and an
integrated cockpit with digital connectivity. The King
Stallion, with its three General Electric T408 engines, is
meant to haul 27,000 Ib (12 metric tons) of sling cargo
over 110 nautical miles (200km) to high-and-hot landing
zones, effectively three times the payload/range
performance of the CH-53E packed in the same
deck footprint.

CH-53K system development and demonstration
began in 2005, but technical challenges in the ambitious
drivetrain and programmatic issues slipped first flight

5 // General Electric
Aviation in Lynn,
Massachusetts, delivered
five factory test and 20

flight test engines to the
CH-53K program. Delivery
of 22 SDTA engines is
underway (GE Aviation)

the two flight-test vehicles, which
gives us a lot of confidence”

from the planned 2011 date. King Stallion EDM-1 made
its first flight in October 2015 and EDM-3 in January
2016. “When we started flying the second aircraft, we
were looking to see how was the data going to compare,”
says Col. Vanderborght. “What we've seen so far is
excellent correlation between the two flight-test vehicles,
which gives us a lot of confidence that the manufacturing
stability is there and the behavior is predictable.”

EDM-1 and -3 are identically instrumented for
envelope expansion and structural qualification.
“Because they're instrumented the same, we have
flexibility,” says Dr Torok. “We can do all the envelope
expansion on either aircraft. They will lead the fleet.”
Sikorsky upgraded computers and processes at its DFC to
make the most of familiar flight test instrumentation
and handle the enormous amount of data generated by
the King Stallion. According to Torok, “We wanted to
develop a helicopter, not a new high-tech
instrumentation system. At the core we have an
instrument set we wanted to stick with. On top of that,

this aircraft is instrumented far more
than our prior programs.

“The core is proven technology, but
the increase in quantity had us upgrade
our processing a bit and include onboard
processing.” The Sikorsky DFC has
telemetry facilities to downlink data from
multiple flight tests simultaneously.
However, much of the CH-53K data from
dedicated test instrumentation and the
aircraft databus is recorded on board.
Torok notes, “We do some processing of
the data on the aircraft before landing,
When we come in at the end of the day,
the flight test engineers can preview
that data.”

Sikorsky opened a new facility at the
DFC in 2012 to assemble and support
King Stallions. EDM-2, now turned over
to flight test for instrumentation, should
begin ground runs in May and make its
first flight in early summer. It will be
used for propulsion testing and to
complete performance tests. EDM-4, now
in final assembly, will be the avionics/
mission systems test aircraft.

The flight test fleet is backed by an
anchored ground test vehicle (GTV) that
has most of the equipment found on the
flying aircraft. The GTV began turning its
rotor head without blades attached in
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December 2013 and started

shakedown testing with blades

installed in April 2014. It revealed

gearbox failures in January 2015,

tested fixes in June 2015, and by

April 2016 had accumulated more than 350
operating hours, including a 50-hour pre-flight
acceptance test.

System-level verification testing now underway aims
to put twice as many hours on the GTV as on the flight
test vehicles. At the 200-hour mark in the flight test
program, the GTV will be torn down. “We'll be taking
everything apart and doing a major inspection on all the
components,” explains Torok.

Changes made on the GTV migrate to the flight test
vehicles, and long-term reliability testing will put even
more hours on the grounded King Stallion. The GTV is
expected to run some 650 hours before it is loaded onto
a C-5 or C-17 airlifter for transportability tests and flown
to China Lake, California, for live-fire testing with threat
weapons in fiscal 2019. Until then, the GTV continues to
give the integrated test team a valuable training device.
“All the pilots spend significant time in the GTV before
they go up and fly in the aircraft,” says Col. Vanderborght.

MARINE INPUT

Four King Stallion EDM helicopters will be followed by
six uninstrumented, near-production standard systems
demonstration test articles (SDTAs) used for both
developmental test and operational test and evaluation.
The first four SDTA helicopters under contract are in
final assembly at West Palm Beach. Long-lead items for
SDTA-5 and -6 are on order and delivery contracts are
being negotiated.

DT data collected with EDM and SDTA helicopters
will drive improvements in SDTA aircraft assigned to the
Marine Corps operational evaluation (OPEVAL). SDTA-1
through -4 will undergo OPEVAL with Marine crews and
maintainers at a location to be determined. CH-53K
maintenance manpower required in the fleet has to be
equal to or less than that required by today's CH-53E.

A final manpower estimate report will document the
validated requirements upon completion of OT.

Active-duty Marine maintainers provided input at the
CH-53K design stage and continue to do so at the DFC.
Col. Vanderborght recalled that the tail rotor gearbox on
the legacy CH-53E vertical fin provided little room for
hands to scrape off and reapply sealer coating. Maintainers
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6 // The Marine CH-53K
is designed to carry up
to 36,000 Ib of internal

and external cargo,

including Air Force
cargo pallets and up to
three discrete external
loads totaling 27,000 Ib

on three belly hooks

200

CH-53Ks will give the
US Marine Corps full
operational capability

asked Sikorsky engineers to extend the gearbox legs
for easier access. “That’s just one small example of the
impact the maintainers have had on the CH-53K design.”

Supportability improvements continue during flight
test: “We've had one change,” explains Dr Torok. “We've
relocated one of the avionics boxes. That's already been
moved and proved.” He adds: “We're going
to change a few things in the man-
machine interface for the maintainers.
One is on the engine cowling; theye
looking at the hand grips as you're
climbing on the aircraft.”

A CH-53K full-rate production

2700018

Weight that the King
Stallion can lift over

110 nautical miles to
meet the Marine Corps'
heavy lift replacement
key performance

parameter

decision is expected in the second quarter
of fiscal 2017. Marine Corps plans call for
200 CH-53Ks to outfit eight active-duty
squadrons, two reserve squadrons, one
fleet replacement squadron and assorted
test units. Initial operational capability
remains scheduled for fiscal 2019 and full
operational capability culminates with the
last active unit equipped in fiscal 2029.
The King Stallion engineering

development models will be tested

with full Marine loads carried in
representative environments, and two of those aircraft
will be used for follow-on test and evaluation. “We
haven't gone to the edges of the envelope,” says Dr Torok,
“but the aircraft is performing as we've expected. There’s
been nothing that changes the configuration.” \\



UNHOLTZ-DICKIE CORP.

Vibration Test Solutions...

...for over 55 years!

m Electrodynamic Shakers
® 50 - 55,000 Ibf (0.2 - 245 kN)
®?2 & 3 inch (51 & 76 mm) Stroke

m PERMALINE Slip Tables
® Quick & Easy Rotation

® Guidance Bearings
® Building Isolation

B Head Expanders
® Square, Round, Rectangular
® Guidance w/ Auto-Load Support

World Headquarters:
West Coast Division:

European Division:
Website / Email:

m Power Amplifiers
® Air Cooled, IGBT Technology
® >90% Efficiency, 15-720 KVA

m APEX SL Controllers
4 8,12, 16 Input Channels
® Sine, Random, Shock, SRS, SOR
® Res Dwell, ROR, Time History
® DATAcq & Analyzer

B [nstrumentation
® Signal Conditioners
® Accelerometers

Connecticut, USA Tel: (203) 265-3929
California, USA Tel: (310) 276-0275
Germany Tel: +49 8031 234 734
www.udco.com / info@udco.com



http://www.udco.com

FOKKER 100
/I NUNZIO NICOLA CACCAVO

m JUNE 2016 \\ AEROSPACETESTINGINTERNATIONAL.COM



FOKKER 100

1// ABE-NG modifications
included a fighter nose pod,
two wing stores and a recce

belly pod
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FOKKER 100

under the fuselage. The work was completed by several
structural modifications and reinforcements, internal
test benches, and extensive cabling to connect sensors,
benches and operator stations. At first glance one could
say it’s a Part-25 fighter, but to the test team it was
simply Pinocchio’

The effort required for the DGA-requested EASA
certification was impressive: aerodynamic and structural
modifications required the STC to be almost a complete
recertification of the aircraft - a derivative, as such.

Managing the program was a particularly complex
task as it required the coordination of different and
distant engineering centers between France and the
Netherlands. However, the program is proof of how a
strong team integration effort can help shorten a
large program.

Work encompassed a feasibility study, preliminary
and extensive simulation and wind tunnel testing, the
modification and ferrying of the aircraft, and the flight
test campaign. All certification subjects were included -
performance, handling qualities, stalls, avionics, flutter
and, to make things more complicated, many tests had to
be repeated according to the aircraft’s various external
configurations.

FLIGHT TESTING
The feasibility study highlighted a challenging situation:
very few Part 25 aircraft have been equipped with wing
stores and a fighter nose, so the first step was to perform
an extensive aerodynamic investigation in the wind
tunnel and via CFD simulation. The results provided very
useful information and helped determine the position
and design of hard points and the nose fairing.
Confident in the results obtained from the
preliminary analysis phase, the flight test campaign

2 // Testing in the area of
Bordeaux allowed ATC and
telemetry support from DGA
Flight Test in Cazaux

was designed according

to the various aircraft
configurations (with or
without fighter nose,
missiles or recce pod, for
example) and resulted in a
predicted list of more than
44 successful flights.

The subjects covered by
the flight test campaign were:
shakedown/instrumentation
check; envelope openings;
position error correction (PEC);
stalls; flutter/aeroelastics; flight
handling; avionics; and performance.

Before the actual campaign started,
attention was given to team-building activities:
three parties were to be involved and later a fourth team
from EASA would join. Team-building included two
sessions of simulator rehearsal to revise flight test
techniques and onboard responsibilities.

Modifications were carried out at the Sabena
Technics site in Dinard, France, where ground vibration
testing also took place to pave the way for the later
flutter tests.

The first flight took off from Dinard, with the
aircraft flown to Bordeaux, where the full campaign
would take place. Bordeaux was chosen as it is the
location of Sabena Technics’ engineering and flight test
facilities, as well as for its proximity to the DGA Flight
Testing ground station at Cazaux Air Force Base. The
Bordeaux site also offered dedicated ATC and telemetry,
essential for performing flight handling and flutter tests.
Telemetry data was monitored by Fokker specialists at
the Bordeaux telemetry room, with support from Cazaux
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4

The number of
nationalities that make
up the test crew

43

The number of test
flights carried out to
secure certification

120

Total flight hours

300+

The amount of stalls
performed during testing

3 // The F-100 ABE-NG at

Sabena Technics facility in

Bordeaux



DGA Flight Testing, which covered the entire test area
and included an intercom downlink.

Once installed at Bordeaux, the ABE-NG began a tight
schedule of tests, with flights always flown with a joint
team from Sabena Technics, DGA Flight Testing and
Fokker Services. The tests were divided into
configuration-related blocks, each with its own flight
envelope opening for the four external configurations,
from the basic aircraft to all stores installed.

A number of specialists continuously received and
verified the data, both in Bordeaux and at Fokker
Services HQ in Hoofddorp, the Netherlands. Time-
critical data analysis was carried out on a daily basis and
the results were fed back to the program management to
reconfirm the need for all the tests initially planned. In
fact, as a result of this system of negative feedback
control, the total number of flights was limited to just 43.
Further support came from the local climate - good

Fokker 100 test aircraft

4 // Instrumented captain’s
control wheel and flight test
display

5 // Joint flight test crew
(from left): Benoit
Douxchamps (Sabena
Technics); Ton Nieuwpoort,
Dirk van Os, Nunzio Nicola
Caccavo, Sjoerd Postma
(Fokker Services); Thibaud

4 Brouze, Patrice 'Polo’ Perlato
(DGA Essais en Vol)

weather conditions are present almost all year long in
Bordeaux and this helped limit the number of missed
flight tests due to adverse meteorological conditions.

FLIGHT TEST PROVISIONS

In addition to standard data acquisition sensors, the
aircraft was equipped with a number of flight test
provisions required to deal with different aspects of the
campaign, which were provided by Sabena Technics. One
of the first anticipated issues to be solved was the
validation of the aircraft angle-of-attack vanes and pitot
tubes, as they are positioned in an area where the airflow
may have been potentially altered by the installed fighter
nose. To cope with this, a swivel-head air data boom

was installed on the left-hand wing tip. It included an

air data computer and provided comparative data for
angle of attack, slip, total and static pressure, and total

6 // Interior view of ABE-NG

FOKKER 100

air temperature.

The captain’s control
wheel and rudder pedals were equipped
with force sensors, while classic tufts on
the upper sides of the wings and lateral
sides of the pylons were monitored by
cameras installed inside the cabin and in
the flap track fairings on both sides. A
water ballast system helped to change the
center of gravity (CG) in flight, avoiding
dead ground time.

Finally, flight test displays were
installed in the cockpit and at the three
flight test engineer positions to enable
the test crew to see the parameters not
normally displayed in a transport aircraft, but required
for correct test execution without ground confirmation.

STALL TESTING: A KEY CHALLENGE

As well as some common administrative issues, risk
mitigation was the main challenge of the program.
During the original F100 type certificate flight test
campaign, a serious incident occurred when a prototype
entered a deep stall while performing stall tests with an
open-loop pull technique as required by regulations.

This event resulted in studies and discussions to
identify alternatives other than the installation of
expensive recovery means such as spin chutes or tail
rockets, which, in addition to their considerable
expense, would have generated structural and
aerodynamic modifications altering the aircraft’s
profile. Therefore, during stall tests (but also though
the entire campaign), a gradual build-up approach
was followed, starting tests with mid-CG and moving
toward the envelope boundaries. Additionally, the test
sequence went from straight, low entry-rate stalls to
turning high-rate ones, always monitoring the angle
of attack against calculated and historical values. The
maximum aft CG position could be limited due to the
specific ABE-NG configuration.

Fortunately the open-loop pull technique is no longer
required by regulations, and with all the above
mitigations, the stall test campaign could be performed
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7 I A swivel-head air data

boom (ADB) was installed

on the left-hand wing tip
9 // The air data computer
inside the ADB recorded
angle of attack, slip, total
and static pressure, and
total air temperature

DATA ANALYSIS AND CERTIFICATION

After completion of the campaign, all Fokker Services’
specialists worked hard to complete the data analysis and
prepare the reports that were to be used for certification.
Fokker Services provided feedback to Sabena Technics in
the form of technical reports, consistent with the two-
way communication that marked the cooperation
between the two DOA companies at all times.

Sabena Technics later submitted and followed up all
8 // Flight test working the information to EASA, which eventually granted the
area around Cazaux Air company with the Supplemental Type Certificate in

Force Base October 2015.

So what key lessons were learned? Strong cooperation
based on mutual trust of certification stakeholders
makes it possible to reduce the effort of a large
modification - even when switching from a transport
aircraft to a virtual ‘fighter” This was achieved without

with an acceptable safety level and without need for compromising the quality of data collected or increasing
recovery means - the only real limit being what the the stress levels of the team members involved. Team
human stomach could withstand. building and risk mitigation resulted in safe and effective
Once the handling qualities tests were completed, ‘Tight first time’ test execution. The project was also
the team hosted representatives from EASA to witness positive from a human interaction perspective:
a selection of previously performed tests. In fact, EASA individuals learned from each other and different
flight test personnel were involved from the beginning cultural backgrounds made for a more interesting
of the campaign, advising on engineering choices and experience, especially during time off work.
participating in the preliminary phase, including the While perhaps this cannot be labeled as innovative
simulator rehearsals. This facilitated common and technology, the cooperation between Sabena Technics,
complete understanding of the program and avoided Fokker Services and DGA Flight Testing could perhaps
unplanned changes. EASA colleagues also gave useful feature in test pilot school manuals under a chapter
advice on the correct execution of some tests, such as headed ‘Effective teamwork’. \\
acceptable stall identification methods.
Four witnessing tests were performed in two phases Former pilot in the Italian Air Force, Nunzio Nicola Caccavo is
of the campaign, all giving positive feedback and a flight test engineer with the Engineering, Projects and Fleet
encouraging the team to continue. Support team at Fokker Services in the Netherlands
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ELECTRODYNAMIC
VIBRATION TESTING

An electrodynamic shaker for vibration testing
has a wide range of frequencies, a large table
and accommodates tests of complete assemblies

shakers manufactured by Dongling

Technologies can simulate various
dynamic environments and produce force
ratings from 100N to 600kN. The 600kN
electrodynamic vibration shaker was
released in 2015. The first electrodynamic
unit was configured with a large head
expander and large slip table with high
overturning moment capability.

The large 4.5 x 4.5m slip table is capable of
handling a maximum payload of 20,000kg
and has a maximum overturning moment of
2,000Nm. As a result, the 600kN
electrodynamic vibration shaker has a wider
operating frequency range, from 2Hz to
2,000Hz, compared with the alternatives of a
multishaker or hydraulic shakers. This also
satisfies the force and frequency response
range needs of dynamic environmental tests.
Moreover, the electrodynamic vibration
shaker removes the need for synchronous
operation of multiple units due to force
limitations imposed by a single shaker.

The 600kN electrodynamic vibration
shaker has been widely applied in aerospace,
as shown by the tests of a complete satellite,

T he ES series electrodynamic vibration

a lunar rover, space station
components and large rockets.
The size and performance of

this vibration test system is
remarkable because, for the first
time, a fully assembled product
test can be undertaken, while in
the past only a component testing
was available.

During testing, a fixture and test article
often have different connection boundary
conditions, which may result in unrealistic
tests and further lead to a specimen’s
inconsistent response in practical situations.
Compared with component-level testing, full
assembly tests can easily solve these
product failure problems that might not

1// The 600kN
electrodynamic shaker
with a test specimen
engine mounted -
demonstrating the large
working area available

TECHNICAL PARAMETERS

Sine force rating: 600kN (134,885 force Ib)

Random force rating: 450kN (101,164 force Ib)

Shock force rating: 1,500kN (335,000 force Ib)

Slip table dimensions: 4.5 x 4.5m (14ft 9 x 14ft 9in)
Head expander dimensions: 4.3m? (14t?)

Maximum payload: 20,000kg (44,000 Ib)
Displacement: 6Imm peak to peak (2.4in peak to peak)

N

2 /I A head expander is
added to the original table
to allow extension
depending on testing
needs and specimen size
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otherwise be encountered if only individual
components were tested. Assembled test
specimens can better simulate operating
conditions of all components in unison,
including connections, contacts and friction
between all parts. Also, all tested components
will receive more practical stiffness and
damping; avoid distortion caused by the
fixture; remove the challenges of proper
fixture design and mounting; and achieve

a more natural response.

Large electrodynamic vibration shakers
can be applied to the dynamic environmental
tests of all kinds of large-scale spacecraft
assemblies. This type of shaker creates a
more realistic simulation environment and
achieves higher control accuracy.
Additionally, the specimen installation
process is closer to actual working
conditions, which effectively avoids over-
testing and can shorten cycle times. In this
way, a product defect can be found in
advance at the laboratory. Furthermore, it can
provide more accurate and authentic data for
design and manufacture, and help to improve
the product reliability. \\
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GALIBRATION
DATA GLOUD

The B&K online information center
gives a single place to store and
recall vital data and administer

recalibration of instruments

not be calibration, but it is a necessary
evil of their world. It guarantees that

measurements are accurate, and by doing so,
ensures peace of mind. An instrument will
almost always be able to give a reading, so
only regular checks against a known
standard can ensure the instrument gives the
results it should - ones that can be trusted.
Calibrations are the only way to actually
prove that measurements are valid, whether
it is auditors checking compliance to 1SO or
OSHA standards, OEM customers checking
quality procedures, or even inquiries from
legal agencies. Calibration certificates are the
only proof, and neglecting them can affect
the legal compliance of the whole company.

But calibration doesn't always bring peace
of mind; it's a headache! Who wants to spend
ages organizing it all? Test engineers and
technicians must remember to calibrate all of
their instruments at the right intervals. With
many transducers and analyzers to track and
take care of, itis easy to forget one, and a
drain on engineers' time, which is lost to
administrative work. After sending
instruments off for calibration, engineers
have to file calibration certificates and charts.
And often, they neglect to file them and then
desperately search for the documents when
the auditors come, or when they need to
input the instrument's latest correction
information into their most recent analyses.

Because this administration work wastes
time and increases the risk of erroneous
measurements creeping in, Briiel & Kjeer
has put it all online. Now, users can take
atransducer from a drawer and simply
search online for its serial number to find
the calibration information - such as the
sensitivity or standard compliance. Or,
users can log in at bksv.com and see all their
transducers and analyzers listed. They can
click on any one to get the vital information

T he most exciting task for engineers may

from any year going back to the original
factory calibration.

Having this single, paperless place to find
all calibration information makes it simple to
administer all activities relating to calibration.
A user can add other instruments too, so even
ifthey are not all from Briiel & Kjeer, the user
can still view all their assets in one location.
The clear overview has a color-coded system
that indicates when an asset is nearing its
calibration date with clear red indicators if a
calibration date has been missed. Users with
many assets can find individual ones easily
using search functions.

With a clearer overview, it is easier to
schedule and plan tests around calibrations,
since it is clear to see when microphones or
accelerometers will be out for calibration.
Instead of searching through individual paper
files, there is a single place online where
users can also see all of the Briel & Kjeer
calibration services offered, select the best
for them, and order calibrations or repairs.

The single calibration dashboard also
means that when the auditors come, the
certificates are all there ready to show them.
There's no last-minute panicking to find
calibration certificates - or even to get
instruments calibrated in time! And in future,
the calibration cloud is set to expand so that
even if a company has more than one
location with Briiel & Kjeer equipment,
administrators will be able to see the assets
across all sites within the company.
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1// To find the calibration
information of a single
transducer, users simply
type its serial number into
the online calibration data
service on Briel & Kjeer's
website

A centralized, digital resource vastly
simplifies inputting calibration data into
analyses. Users copy asset specifications
to input them into the analysis software
on the same computer. If testers need to
know information such as a microphone’s
frequency response curve, one simply
looks online. For analyzer calibration, users
can get instant access to their many
parameters whenever needed and it is
easy to see the standards to which any
instrument is calibrated.

Assingle place for data also assists with
trend analysis. As instruments gradually drift
over time, their periodic calibrations track the
movement of the drift. Online, users will be
able to see the precise calibration
performance going right back to the factory.
With this oversight, users can plan when
instruments will become too inaccurate and
need replacing, and therefore schedule their
future purchases. Users can also look back at
the calibration histary, so in the event of any
questions over the integrity of a
measurement they can see the trend and
prove when the instrument was in-bounds.

The online calibration data service, created
in response to many customer requests,
provides a simple, single place for calibration
activities, and ensures customers’
calibrations are under control. Removing the
mundane work means calibration thus
requires minimal effort, Data centralization
with an overview gives them the peace of
mind that all of their measurements are valid,
and up to the standards necessary for
whatever external compliance they must
fulfill - with no niggling doubts. \\

2 /I Any type of sensor or
transducer whether from
B&K or not can be entered
into the online service
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A320 HYDRAULIC
SYSTEMS TESTING

Airbus and Test-Fuchs have partnered to create
a hydraulic testing solution for a new single-
aisle production line without interruption to

other key production tasks

hydraulic testing equipment for the

Airbus A320 production line was that it
fit under existing aircraft jigs and inter-jigs,
where there was a maximum clearance
height of only 900mm. The unit was designed,
manufactured and put into service to test
assembled fuselages. Extreme flexibility was
important. The hydraulic test is performed on
several aircraft production stages, with very
short times between the test stations. The
complete hydraulic test has to be performed
within 90 minutes, fully automatically.

Test-Fuchs, with Airbus, solved the design
challenge by creating hydraulic test
equipment comprising four main units.

First, the hydraulic power unit (HPU)
supplies a staggering 800 liters of hydraulic
fluid per minute. It consists of four motor
pump units, two main hydraulic fluid
reservoirs, each with 2,000-liter capacity,
and two pneumatic compressors (combined
with four 32-bar pressure vessels of 2,000
liters each). An electrostatic filter for waste
air ventilation is fitted within a duct for
approximately 4,500m%h up to the building
roof. Four switch cabinets manage a power
supply of 234kVA. To take full advantage of
the space in the facility, HPU installation is
on the ground floor under the logistic jigs in
a sound isolation room. Connection to the
other main units is achieved using a
widespread tube system in the basement
ducting of the assembly hangar.

The second main component is the
connection unit (CU), which distributes and
regulates the hydraulic fluid flow at different
pressure levels to all circuit connections in
the aircraft fuselage. This important and
enormous component weighs 10 metric tons,
measures 6 x 6m, and moves on rails
between two test points and a maintenance
station. A 16m energy, control cable, and

T he fundamental requirement for new

hydraulic hose assembly
provides flexible connectivity
throughout this range.

Available space limited
the maximum unit height to
900mm under the aircraft
jigs on the ground floor. Test-
Fuchs designed special hose
towers that can be lifted into
an upright position. They
feature integrated hose
drums for low- and high-
pressure circuits and are
easily connected to the
single aircraft hydraulic
connection interface, 3m
above the ground floor. On
the first floor of the aircraft
jigs, the fold-out hose towers 2
slide perfectly through the
jigs with just millimeters of
clearance space.

The third main unitis
three individual particle
measurement trolleys.

Their task is to provide fully

automated measurement

of the aircraft's hydraulic

circuits at 36 outlet ports.

They send data to an HMI

where the state of the hydraulic tube system
can be seen on a screen. Furthermore these
units return all hydraulic fluid to the main
reservoir of the HPU via dedicated pipework
and hoses. In this way the medium is used in
a closed loop hydraulic circuit.

The fourth main component is the HMI,
which provides fully automated control of
the test equipment system's complex tasks.
Designed and engineered as a mobile unit
in a stainless-steel case, it is equipped with
large screens, keyboard, trackball and
blotting pad, all designed in accordance with

1// The mobile
connection unit (CU) for
hydraulic fluid distribution
to the aircraft

2 /I The connection
between the connection
unit and the hydraulic
supply
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European ergonomic guidelines. It contains
the control and measurement PC where all
the test data are collected and stored.

The automatic tasks performed on the
aircraft are flow and leakage tests using
air (up to 30 bar), hydraulic system filling,
leakage tests at low and high pressures,
system flushing, particle measurement
and contamination checks, and draining
the fluid from aircraft pipes.

In addition to the technically sophisticated
requirements, space and time were critical
issues. After a thorough study of the premises
and possibilities, Test-Fuchs engineers solved
the space limitations by designing most of
the units to be on wheels or rails so that all
the test equipment can be moved around
safely and quickly. Practical storage of hoses
and cables avoids accidents among
personnel and saves production time. \\
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LANDING GEAR
TEST SYSTEMS

Testing landing gear designs starts well
before aircraft prototypes are built. A
customized testbed could speed up the
process and provide early results

and manufactured customized turnkey

testbeds and their components
(servohydraulic, electromechanical) for its
customers. The company can undertake,
in-house, the complete construction process
required for the delivery of complex test
systems, including manufacturing, assembly,
control cabinet construction and software.

Recently FGB delivered an
electromechanical landing gear testbed
to examine and ensure the gear's proper
functioning under realistic conditions before
production begins. The machine is innovative
and versatile, with unique performance
characteristics and a simple operation.

Testing aircraft landing gear is essential
prior to production to provide high-quality
structural components. Use of a testbed
represents a market advantage for landing
gear manufacturers.

Because highly dynamic test procedures
do not occur in this application,
servohydraulic drives can be omitted
and benefits can be gained from using
electromechanical actuators. These include
easier handling of the system, and its
operation is more energy efficient compared
with servohydraulics.

The basic mechanical structure is a very
rigid four-column frame, which also guides
the main head. During tests the chassis is
positioned between a base plate and the
main head. The latter has an adapter plate
to hold the load vertically. Depending on the
construction of the testing machine, it can
generate considerable torque and shear
forces even with a purely vertical application
of force.

Test procedure programs are stored
in a sequence controller that controls the
operation of the machine to give specific
loadings to the landing gear being tested.

For over 40 years FGB has developed

One can choose between displacement and
loading control and it is possible to switch
these within a test cycle. Limit monitoring is
always active with preset specific values.

The acquired data for testbed lift, force
and specimen responses provide the specific
testing results. As well as various individual
values, for example, the contact force and
characteristic curve values can be
preliminarily derived and measurement
results can be easily accessed in a variety
of output formats.

In addition to a stored movement profile,
specific test positions can also be analyzed.
Various load limit values can be setin the
movement profiles. Additional measurement
channels can be set up to acquire information
about extra criteria of the test article such as
hydraulic oil or surface temperatures of the
shock absorber. The data collected enables
the generation of valid reports about the
behavior of the test specimen. Because of the
system setup, speedy fault analysis can be
undertaken in the event of problems, \\
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1// Arendering of the
landing gear testbed
designed and constructed
by FGB Steinbach
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TECHNICALDATAON "\
THE TESTBED

z-axis

Test load vertical: 1,000kN

Test distance: 800mm

Operating height of the adapter plate
at main head: 1,000-4,000mm

x-axis

Load support at main head: 20kNm
Torque support at main head: 20kNm
y-axis

Load support at main head: 5kN
Torque support at main head: 5kNm

To learn more about this advertiser, visit www.ukipme.com/info/tea NOW!
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GUSTOMIZED
TEST DYNOS

One specialist in motor applications is also
providing the aerospace testing industry with a
wide range of customized precision test systems

PRODUCTS & SERVICES

complex and ever-changing. Higher

speed and energy capabilities are
required in its testing environment, shaping
the development of unique testing
equipment. Drawing from more than 80 years

T he nature of the aerospace industry is

"The Link brake dynamometer has provided
our engineering team with an advanced and
reliable tool for understanding our brake
system'’s capabilities by putting ProLink and
data processing into the hands of every
active development engineer. Thanks to

of experience in testing, Link Engineering
Company has the ability to work through
these evolving and demanding customer
challenges to create innovative, cost-
effective, custom solutions. With a strong
balance of knowledge and determination,
Link continues to develop

new and intricate equipment to meet the
constantly elevating demands of the
aerospace industry.

Most recently, Link completed two projects
for a world leader in aircraft landing and
braking systems. These projects included one
high-speed and low-inertia aircraft shaft
dyno and one low-speed and high-inertia
aircraft shaft dyno. These aircraft inertia
dynamometers provide the capability to
analyze aircraft brake components under
dynamic and semi-static conditions. The
shaft-style dynamometers provide the ability
to replicate a wide range of simulations as
seen by the aircraft's brake system.

These aircraft dynamometers were
manufactured from unique designs and
formulated for customers' specific
development needs. Together the dynos ‘soar’
at 3,000rpm on the high-speed dyno and
reach an inertia of 15,000kg*m? on the high-
inertia dyno. Both operate with fully
automated controls and are also equipped
with a selectable fully manual control mode
for impromptu development testing. These
dynamometers were designed with
integrated subsystems for seamless control
and data acquisition, and come with a fully
insulated, expansive test enclosure.

Barthelemy Chaurois, wheel and brake
tests engineer and program manager for
Safran MBD, the new test rig owner, says,

Link technology and support, the
ability to develop and validate a
new design is invaluable.”

Link thrives on
opportunities to maximize
design, manufacturing
and operating efficiencies
to create custom design
work. These two

aerospace dynamometers were produced
with a mechanical base inertia in conjunction
with electric inertia simulation (I-SIM).
Through the use of dynamically controlled
motor torque (I-SIM), an infinitely adjustable
level of inertia can be produced. The entire
system boasts an integrated uninterruptible
power system for safe operations under any
condition. The dynos also include a fully
automated tailstock for rejected take-off
(RTO) simulation with brake retraction from
within the wheel. The systems have fully
automated shaft indexing, inertia disc
movement, and dual torque measurement (for
improved torque measurement with or
without a torque tube).

The work on these two dynos
demonstrates Link's ambition for creating
lasting relationships and supporting every
customer from the initial design phase
onward through the development process
and the ongoing field service support. \\
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1// Hydraulic power unit

2 // Tailstock torque arm
on aircraft shaft dyno

3 // Inertial disks on the
high-speed aircraft dyno

4 // Instrument box high-
speed dyno
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HIGH CHANNEL-
COUNT TESTING

Vibration and modal testing systems for
Chinese spacecraft development demands
maximum system stability and reliability

large and fragile aerospace structures

such as spacecraft and satellites
presents a unique challenge. Such items face
the most extreme operating conditions and
must meet the most stringent environmental
demands. Testing plays a vital role in the
development of the product and it is essential
that tests on spacecraft, aircraft wings,
satellites and other components are
conducted safely and that all available data
is captured and stored securely.

The China Academy of Space Technology
(CAST) is China's main spacecraft
development and production facility. Its
space programs include the Dong Fang Hong
satellites, the Shenzhou Divine Craft space
vessel and the Chang'e lunar orbiters and
exploration vehicles. CAST has multiple
subsidiaries. One of them, the Research
Institute (Institute of Assembly and
Environmental Engineering) in Beijing,
conducts a wide variety of dynamic and
reliability tests and environmental

0 ualification and acceptance testing on

2

simulations. The Institute, which is one of the
largest spacecraft environment test centers
in the world, performs simulation and
acceptance tests for spacecraft and satellites
on large-scale test equipment. For example,
the Chang'e 2 satellite was subject to a series
of closely defined and strictly controlled tests
to achieve the final sign-off before its launch.

CAST selected m+p international’s m-+p
VibControl and m+p Analyzer software for
data acquisition, post-processing and modal 1
testing, using the m-+p VibRunner hardware.

The system has 456 channels of analog
input and eight channels of analog output. It
has two racks that accommodate 20 m+p
VibRunner modules and two servers that are
used for throughput recording and data
sample processing.

The system is used in aerospace dynamics
environmental testing, including swept sine
and random vibration test, noise test,
shock response spectrum
analysis, impact test and
modal analysis.

1// m+p international’s
dynamic testing
instrumentation

2 // International space
station

3 // Parallel time history
recording and random
vibration testing
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Large specimens such as the Chang'e 2
satellite have hundreds of critical locations
where vibration data must be monitored and
recorded during a test. To make sure all the
data is captured, a time domain throughput
facility in m+p international's system was
used in both sine and random data reduction
modes. This enables time data to be stored in
addition to frequency data. This is crucial for
critical aerospace testing, where high
numbers of channels are required for post-
test and possible failure analysis. The time
history data is recorded in parallel with
vibration control without reduction in control
performance. With m+p international’s wide
range of input ranges and filter functionality,
all the test requirements can be fulfilled.

For high-end vibration and modal testing,
the stability of the system and absolute
confidence in the test data are crucial,
Engineers at the Institute of Assembly and
Environmental Engineering are delighted with
the excellent stability and reliability of m+p
international's advanced test equipment. As a
result, CAST now has several m+p VibControl
and m+p Analyzer systems with a total of
over 1,000 input channels. \\
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WIRELESS REDUGES
TESTING DELAYS

Wireless sensors using an innovative
communication technology can be added to
existing installed flight test instrumentation to
reduce setup or modification time for testing

that the aircraft being tested is available

to fly and is kept in the air as much as
possible. Any unplanned time on the ground
can add significant cost and delay to the test
campaign. But life is unpredictable. It
sometimes happens during the course of a
test campaign that new instrumentation or
new measurements will be required. For
example, some unexpected data might
emerge during the flight test, making it
critical to add additional sensors.

Addressing these unpredictable issues
typically requires the aircraft under test to be
grounded so that the additional sensors or
data acquisition units (DAU) can be installed
and the data acquisition system (DAS)
rewired to support them. That makes the
rapidity and accuracy with which the DAS can
be rewired and new instrumentation added a
major consideration.

The problem can be exacerbated when it's
also necessary to drill through the aircraft's
bulkhead or attach a new DAU near rotating
parts. Such changes require significant effort
and paperwork, all of which add time and
cost. The good news is that there's a better
approach for quickly modifying the existing
DAS architecture that minimizes the
grounding of the aircraft so that testing can
resume as soon as possible,

The solution is to use wireless sensors to
add the additional functionality to the DAS.

Flight test instrumentation (FTI) wiring
harnesses are heavy and bulky and take
much effort to install. Any late changes in
sensor requirements involve removing, taking
apart and re-installing the wiring harness.
Because they eliminate the need for a wiring
harness, wireless sensors are much easier to
install and integrate into an existing DAS.
Additionally, wireless sensors are ideal for
hard-to-reach locations where drilling holes
for wiring looms or locating a DAU in close
proximity might prove difficult. Having an

D uring a flight test campaign, it is vital

option to add wireless sensors to enhance
the existing wired DAS provides the flexibility
needed to meet unexpected test campaign
requirements while reducing the time and
complexity of expanding the test architecture.
Until now, a number of challenges have
prevented wireless sensors from being widely
adopted for FTI. Investigation into the use of
an |EEE 802.15.4 physical layer wireless
network (the basis of popular ZigBee wi-fi
networks) in FTI DAS architectures has
revealed a number of negative issues.
Traditional wired network sensors have an
exclusive link to the acquisition hardware at
the data transmission level, which means that
no problems with network contention can
arise. In comparison, several sensors on a
wireless network might contend for access to
the available bandwidth. While network
contention in an office environment can be
effectively mitigated with a Carrier Sense
Multiple Access with Collision Avoidance
(CSMA/CA) protocol, it's not an attractive
option for FTI. CSMA/AC introduces problems
inan FTl environment, the most deleterious of
which is the potential introduction of packet
latency and a reduction in the transmit
determinism. Another critical issue for FTl is
data synchronization. Again, while IEEE 1588
Precision Time protocol is widely used to

1// An Acra KAM-500
DAU with a KAM/WSI/104
wireless module

2 // The KAM/WSI/104
wireless sensor network
interface module

3 // Curtiss-Wright's KAM-
500 DAUs, connected with
a network switch, can use
wireless sensor data from
a KAM/WSI/104 module to
simply and speedily add
new instruments needed
during a flight test
campaign
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address this problem in wired
netwarks, this standard does not
perform well over a wireless link.

Recently, though, a solution has
emerged that enables the use of
wireless FTI sensors while eliminating
key problems such as packet delays.

This solution uses LORD MicroStrain's
Lossless Extended Range Synchronized
(LXRS) gateway technology. LXRS is a 2.4GHz
|EEE 802.15.4-compliant communication
architecture wireless protocol that combines
microsecond time-synchronization with a
scalable star network to provide precise,
comparable measurements on a distributed
wireless network. It enables user-controllable
sampling rates to be automatically
coordinated over thousands of wireless
sensor nodes, all with 100% reliable data
throughput under most operating conditions.
LXRS's support for transmission range of up
to 2km and lossless data throughput under
most operating conditions make it an ideal
alternative to ZigBee for sensor monitoring,
data acquisition, performance analysis and
sensing response applications.

Using LXRS makes it possible to rapidly
add wireless sensors to an existing, already
installed FTI DAS architecture. An example of
one such implementation of the LXRS
protocol for FTI applications is Curtiss-
Wright's KAM/WSI/104 wireless module,
which is designed to work with its KAM-500
DAU. The fully integrated solution seamlessly
supports both wired and wireless test
elements in a single box. Each channel on a
remote LXRS node is represented as an
analog channel on the KAM/WSI/104 and can
present data as a single parameter, which
can be placed in PCM or Ethernet frames.

Now, with the option to add wireless
sensors during the course of an FTI
campaign, test campaigns don't have to halt
in midstream to capture critical data.
Wireless lets you keep your test platform up
in the air, where it belongs. \\
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COMPUTED
TOMOGRAPHY NDT

Inspection of additive manufactured parts has
often required destruction of a part to find the
imperfections. Now computed tomography offers a
powerful non-destructive alternative for aerospace

incredible interest from all industries.

From aerospace applications to simple
one-off consumer home-builds, this
technology has immense versatility. In AM,
objects are built by adding layer upon layer of
material. Some current materials include
varieties of plastics, even chocolate, glass,
and metals, with more advanced materials
actively being developed.

With all these materials in use, many
products are being created for critical
applications in aerospace, medical,
automotive and other industries. How does
the manufacturer inspect these products to
ensure the safety and longevity possible with
conventional manufacturing methods?

Computed tomography (CT) is a unique
and powerful tool that provides the ability to
inspect the product for defects or anomalies,
take internal and external measurements,
and create a model or drawing from the
product. A key benefit of this technology is
for non-destructive inspections. CT provides
a way to replace timely cross-sectioning for
inspection and scrapping of the first article to
examine internal features. The product can be
used as intended afterward.

CT gives the ability to image a product and
gather a number of 2D digital radiographs,
which are typically done in 360° of rotation.
These radiographs are processed through
software that generates a CT volume display.
The data is displayed as three-dimensional
voxel (a 3D pixel) data - this image can be
viewed at different angles.

Manipulation of the 3D model includes
extensive visualization capabilities for the
volume and 2D slices. Clipping planes in 2D
allow the operator to cut through the sample in
multiple directions for evaluation from almost
any angle. From a clipping plane, a 2D image
allows the user to enlarge an area of interest
and take measurements at specific points.

Additive manufacturing (AM) has gained

A product made of titanium was produced
using the AM process and imaged at two
scan resolutions to show the ability of
locating sections of interest. Even though
the term scan resolution is commonly
interchanged with scan voxel size, the two
are not necessarily the same. Although it is
possible to detect indications [anomalies]
equal to the size of a single voxel, there are
other variables such as contrast that can
impact true scan resolution. For this article
we will compare scans based on different
voxel sizes.

Many questions need to be addressed
prior to scanning to accomplish the required
task. For example, what is the minimum voxel
size necessary to provide a high probability of
detection for a given indication size? It is
advantageous to use a technique that
generates a voxel size that provides for
multiple voxels to be contained within a
known indication. For example, If one is
attempting to find a 45um indication, a
technique that achieves a 15um voxel size
would provide a 3 x 3 x 3 voxel cube with 27
voxels representing the indication, versus just
Tvoxel. This will generate a higher probability
of detection of the indication.
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1// An initial scan was
performed over the full
part, which yielded a
45pum voxel model.
Indications of voids or
lower density inclusions
are evident. From this, an
isolated area was chosen
for enhanced rescanning

2a // The specific area
at the top of the model
showed areas of interest
(red arrows)

2b // A rescan was done
using a voxel size of 15um,
which yielded a smaller
region of interest and
improved image detail
along with a higher
probability of indications
being detected

3a // The 45um data
shows indications of lower
density near the inner
edge, but they appear
blurry in this image

3b // With a15um
increased resolution voxel
data scan, the same
indications are now more
defined and contrast is
also increased
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2a

2b

CT also provides evaluation of the internal
integrity of products and the ability to take
internal and external measurements. To
further enhance measurement capability,

a polygonal wire mesh (Figure 3B) can be
applied to the surface, defining edges and
features to allow for increased measurement
accuracy. The data is stored in different point
cloud data formats, .PLY, .STL, etc. This is then
used for measurements or comparison in CAD
software programs.

One key advantage of CT for detecting
defects in AM products is as a powerful NDT
tool in metrology applications. \\
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MEGHANICAL
SHOCK TESTING

Aerospace vibration tests are critical and IMV
has long offered a wide selection of services

at worldwide locations, including its newest
battery testing facility near Tokyo

ibration testing is critical for aircraft
V equipment and responding to special

demands such as for large specimens
or using multishaker methods (multiple-input
multiple-output - MIMO) is becoming
important for the test industry. IMV
Corporation has opened the Advanced
Technology Centre for Environmental Testing
in Yamanashi Prefecture, central Japan,
45 minutes by car from central Tokyo. This
new test facility serves the company'’s
international customers and provides
high-level technical support for local
companies. IMV's existing Tokyo test
laboratory is just 15 minutes away and the
combined services of both labs strengthen
the capabilities offered and improves the
responsiveness to customers' needs.

IMV is well known for electrodynamic
vibration test systems and has a long history
of providing testing and consultancy services
to major automotive customers such as

partnership with its clients,
IMV provides the support
needed to help develop
successful products.

The Advanced Technology
Centre for Environmental
Testing also includes facilities
for vibration, shock,
temperature, drop and impact
tests for lithium-ion batteries
to the international standard UN ECE-R100.

3 // New shock profile for

1

1// MIMO shaker system: a test for huge/
long devices under test

2 // Push-pull shock tester: an ultra-long
stroke capability (600mm/p-p)

safety in mind. It is equipped with a variety of
fire prevention measures and explosion-proof
systems including: carbon monoxide

2 concentration meters, temperature sensors;
pressure relief dampers, anti-flammable
vents, twin fireproof doors with thicknesses
of 150mm and 300mm, an exhaust gas
treatment scrubber, and cameras with
monitoring screens.

The vibration testing zone is equipped with
an ultra-large vibration test system, which
can be configured for long specimens and
has a force rating of up to 200kN, using a

3 push-pull method. To support the various
needs of the test center users, the zone is
also equipped with horizontal and vertical

Li-ion battery specified in
UN regulations. Shock
tester in Figure 2 can
control this profile with
high accuracy

vibration test systems (30-65kN) combined
with climatic chambers and IMV's innovative
three-axis earthquake resistance test system,
which reproduces real earthquake

Additionally, there is a large vibration test
system, which has a 2,000kg specimen
capacity. The test zone offers high-level,
traditional vibration/shock testing and has

Toyota, Nissan and Honda. Japanese
automotive manufacturers' vehicles have
received high quality ratings in market
studies and IMV has been a critical partner

in achieving this success.

The company offers high-level technical
capabilities and services, which have been
developed through years of experience. In
addition to aerospace and automotive, they
can be found in a number of industries.
Japan's first vibration and shock test
laboratory was established by IMV in
Kanagawa in 1998. Since then, IMV has been
expanding its test laboratory business, with
the establishment of advanced centers in
Osaka (2005), Nagoya (2007) and Thailand
(2012). This wealth of experience and
technical capability is available for all
IMV's international customers. Working in

responded to the growing demand for
mechanical and electrical testing of lithium-
ion batteries.

The new IMV facility has full testing
capability for mechanical shock testing and
charge/discharge testing of Li-ion batteries.
The center is divided into separate battery
and vibration testing zones. Battery testing
includes charge-discharge systems, which
enable center users to perform complete
battery pack evaluation with ease. Shock
velocities in excess of 3.5m/s can be
replicated using IMV's recently installed
A-class shaker series (65kN air-cooled
systems). The zone has been designed with

waveforms. IMV is accredited to ISO/IEC 17025
(JIS Q17025) for management systems for
quality, administration and technical
operations. Certification has been awarded
by an IECQ independent testing laboratory.
IMV is also accredited to Information Security
Policy IS0 27001. Employee training and risk
management follow 1SO 27001; no business-
critical or sensitive information will leave the
IMV test center. \\
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TEST RIG SPECIALIST

ERTIA provides industrial customers with
test and measurement solutions across
a wide range of applications including test
rigs, simulation and integration, training,
maintenance, research and development,
CERTIA responds to customer
requirements, From a simple tool upto a
complex integration test rig; from a laboratory
test rig to an automatic acceptance test rig
on a production line; from a mechanical unit
to a high dynamic controlled loop, hydraulic
power pack and services with fluids from
kerosene Skydrol or FHS; from an electrical
cabinet to a full real-time control/command
system - CERTIA will design and deliver it
anywhere in France, in Europe, or worldwide.
The company has been involved in major
aerospace /defense programs since 1987.
CERTIA provides test benches for: hydraulic
primary and secondary actuators;
electrohydrostatic actuators EHA and
electromechanical actuators EMA; trimmable
horizontal stabilizer actuators (THSA); thrust
reverse actuator systems; gearboxes;
damping systems; fuel systems; and much

more. All Airbus aircraft are supplied with
components or systems that are validated
on CERTIA test benches.

The company's main customers include
the manufacturers Airbus, Eurocopter, Nexter,
Renault, PSA; the OEMs Safran Group, Zodiac,
UTC/UTAS, CIRCOR; and the MROs Air France
and Air Algerie. All have selected CERTIA as
a supplier for their most critical test rig
development projects. \\
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MOBILE WIRE TESTING

ow it is easier than ever to take your wire

harness test system into the field for
maintenance of deployed systems.

At just under 15kg, DIT-MCO's Model 2635
goes where it is needed. Its small size means
it will fit into tight quarters such as an aircraft
flight deck or equipment bay. Operate it from
AC and DC power, or choose the optional
battery pack for up to two hours of
continuous operation.

With up to 400 test points, the Model 2635
tests wiring and components for leakage,
resistance, voltage and capacitance. The
programmable instrument provides stimulus
at voltages of 0.225V DC to 1,500V DC, and
current up to 2A.

The 2635 can operate from any computer
or can be equipped with an embedded
controller and LCD touch display. The test
software facilitates an intuitive HMI (human
machine interface) through the touchscreen.

The 2635 test system is encased in a
lightweight molded case. This rugged design

is resistant to impact, moisture and corrosion.

The convenient extension handle and wheels
make transporting the system as simple as
carrying a small suitcase.

DIT-MCO has a solution for all your wire
harness testing needs. \\
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SWASHPLATE SOLUTION

H elicopter rotors are exposed to highly asymmetric
aerodynamic conditions, because the flows resulting
from the forward movement of the helicopter and the
rotation of the blades overlap during forward flight. This
leads to noise and vibrations with the rotor's rotational
frequency and integer multiples thereof (rotor-harmonic
frequencies). To minimize these effects, the DLR
(German Aerospace Center) has developed a novel
multiple-swashplate system (META) capable of
individual blade control.

The META concept uses electrohydraulic actuators
that induce high-frequency movements of multiple
concentric swashplates to change the pitch angles of
the blades and counteract noise and vibration. The
actuators are installed below the swashplates, which
are each connected to two blades of a four-blade rotor
model. This design allows for transmission of arbitrary
pitch control signals to the individual rotor blades
without using technically more complex actuation
systems in the rotating frame.

High demands were placed on the dSPACE system in
terms of both accuracy and sampling rate, with only
250us available for each control step. The multiple-
swashplate system successfully completed its first wind
tunnel test in September 2015. The test showed a noise
reduction of up to 5dB and a vibration reduction of up to
90% in single components. \\

Source: © DLR
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TESTING CAN SYSTEMS

Aircraft manufacturers, suppliers and
airlines are increasingly relying on
controller area network (CAN) systems in
future aircraft programs. To meet the
stringent requirements for robustness,
reliability and long service life, there is an
increasing demand for efficient measurement
and test methods on the CAN physical and
logical layer.

To detect potential communication errors
before they occur, synchronous analysis of
both layers is required. Measurements
without any reference to the logical CAN
events are difficult to configure, interpret
and evaluate. For this reason, Vector
has added powerful oscilloscope
functions to its CANoe and
CANalyzer test and analysis
tools for CAN.

The 'Scope’ option uses
a common time base for
oscilloscope data and CAN event data,
which allows a completely synchronized
display of the recorded CAN frames and
the corresponding CANbus signal. CANoe/
CANalyzer Scope is based on USB

oscilloscope hardware and supports four-
and two-channel solutions with bandwidths
of 200MHz and 60MHz; the sampling rate is
up to 50 mega samples/second in each case.
The Vector solution described speeds up
primary troubleshooting, and allows an
evaluation of the signal quality and
robustness. Extensive triggering and
programming options, combined with high-
performance test automation, support
developers during troubleshooting and
optimization of their CAN networks. \\
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VIBRATION FAULT DETECTION

ircraft components demand flawless

functionality and durability. For
components encountering harsh vibration
environments, early fault detection is
absolutely vital. Designers and analysis
engineers can quickly and easily check for
design issues using nCode VibeSys, a
comprehensive tool for detecting early
symptoms of noise and vibration problems in

rotating machinery (for example engines)
and identifying their root causes.
nCode VibeSys contains a set of pre-
defined processes for performing various
types of analysis on rotating machinery.
Results can be reviewed in a number of
ways, including waterfall displays and
Campbell plots. VibeSys also contains order-
tracking and filtering capabilities, enabling
engineers to easily
identify dominant orders
and pinpoint the roots of
high vibration levels.
Additionally, nCode
VibeSys enables a
component's vibration
environment to be
characterized in terms
of a fatigue damage
spectrum (FDS) and a
shock response
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spectrum (SRS) using the accelerated testing
module. Based on this information, VibeSys
can then generate an accelerated vibration
test spec with the same amount of damage
and the same failure mechanism that can be
run in the lab - but in a much shorter period
oftime. \\
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ZERO-GRAVITY TESTING

he NASA Glenn Research Center Zero

Gravity Facility conducts zero- or low-
gravity experiments to support the
development of space technologies and basic
research. This NASA asset is the largest low-
gravity test facility in the world, providing a
high-quality low-gravity environment for five
seconds of test time.

Jacobs is currently working with NASA to
significantly improve the test-time capability,
increase daily testing throughput, and provide
a partial-gravity simulation capability by
designing a unique linear motor drive and
guide rail system.

The linear motor system will be used to
launch the test vehicle and payload and to
control the accelerations to simulate low- and
partial-gravity environments. The improved
facility is expected to provide nearly 10
seconds of zero- or partial-gravity testing

time, while using the existing concrete shaft
drop tower infrastructure. \\
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UHT ENGINE SENSORS

CB's Ultra High Temperature (UHT-12)

sensors are made from a crystal
technology that is designed for high
temperature operation beyond 1,200°F
(650°C) for gas turbines. Accelerometers
and pressure sensors designed with UHT-12
crystals make measurements with better
accuracy and lower noise during large
temperature variations.

These new sensors solve gas turbine
manufacturers’ common problem with
sensors that use ceramic and tourmaline
crystals, pyroelectric noise, by eliminating
the sharp spikes in the output data after
experiencing large temperature changes.
UHT-12 crystals have greater insulation
resistance compared with ceramic and
tourmaline, and this helps reduce system
noise, resulting in better signal quality.

Sensitivity stability across a wide
temperature range is important, and UHT-12
technology does not respond dramatically
to temperature variations. ICP Series 339
accelerometers have thermal coefficients
less than 0.01%/°F (0.02%/°C), maintaining
flat response through the frequency range
independent of temperature. Ceramic sensors

are an order of magnitude worse in their
response levels.

Series 176 UHT-12 pressure sensors allow
combustion instability measurements on
gas turbines, for continuous diagnostics
monitoring for emissions control. The higher
temperature capability of UHT-12 allows for
higher frequency measurements and
increased thermal range since the sensor
can be closer to the combustion gases. \\
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SEGURE DATA-LOADING

SOftware data-loading is becoming a more and more
important issue to the aerospace industry. Data has grown
in complexity and new security requirements have to be met.

Some time ago, TechSAT decided to take a long-term view
- it was reasoned that supplying a common reference data-
loading solution for use by all program participants, from the
beginning of development to certification, and later made
available for maintenance use at the launch of the aircraft in
revenue service, would make an improvement in program
cost, schedule and reliability.

This concept meant that maintenance users (flightline,
hangar, and repair shop) would be supplied with the same
data-loading tools based on the same reference tools used
during key development phases. The result for all data-loading
users is the supply of common data-loading tools.

TechSAT now provides a variety of data-loader systems
that are Airbus approved and recommended by Boeing. The
security requirements that have been recently introduced by
Airbus are being fulfilled by the patented GARDT technology.
This, combined with TechSAT's software part management
system, supports fast and secure data-loading and eases the
financial burden of airlines that operate older or current-
generation aircraft. \\
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that are committed to fully supporting open standards and '
components and systems, end-of-line testing, and structural

single 1/0 modules as standalone EtherCAT slaves or a cluster

requirements.

channel-to-channel galvanic

protocols can be difficult. Gantner Instruments is now
health monitoring. Aerospace
of /0 modules that act as a single EtherCAT slave. In this case,
Recently companies including Airbus, Safran and Liebherr-
isolation, minimal drift and commercial jet engine

ETHERCAT FUR \ FREE SERVICE!
MEASURING AND TESTING :
ollaboration is a big topic in 2016. Many organizations are
looking for a better way to work together. Finding vendors
introducing the Q.series, an intelligent data measurement
solution designed for reliable system interoperability. Typical
use cases are validation and certification of aircraft
The Q.series measurement system is fully compliant with
the EtherCAT standard and interoperable with all EtherCAT
systems. The system supports two EtherCAT topologies -
a secondary controller manages the single 1/0 modules and
reports back to the EtherCAT master. This solution is ideal for
high-channel count, high-resolution measurement
Aerospace have chosen the Q.series measurement system for .
its high performance and flexibility. Data accuracy and : Testing the world’s
precision are guaranteed due to
precise nanosecond time [ ————
synchronization between
all inputs and outputs. The

distributed setup enables
simplified installation and less wiring effort. \\ Visit to
READER 1 id i 1

FREE READER INQUIRY SERVICE e request exclusive and rapid information

GANTNER about the latest technologies and

To learn more about this advertiser, ' . T

visit www.ukipme.com/info/tea NOW! Services featured In th IS ISSue
Index to advertisers
Aerospace Testing International Online Reader Inquiry SErvice ... 88 ETS Solutions 66 Purdue University 61
Curtiss-Wright 52 FGB: Fertigungsgeratebau Adolf Steinbach GmbH & Co KG v 69 RUAG Schweiz AG 32
Adetel Group 54 Gantner Instruments 13 Siemens Outside Back Cover
AIM GmbH (c/0 AIM UK) 76 ReliaSoft 66 Space Tech Expo 2016 86, 87
Briel & Kjeer Sound & Vibration Measurement A/S ..Inside Front Cover IMV Corporation 21 Dongling Technologie 57
BUSTEC 50 Jacobs Technology Inc 72 TEAC Europe GmbH 54
CERTIA 32 Data Physics Corporation 26 TechSAT GmbH 40
Cetest 65 Link Engineering Company 34 TecScan Systems Inc 76
DAUtec GmbH Inside Back Cover M-+P International Mess-und Rechnertechnik Teletronics Technology Corporation (TTC) v 34
DIT-MCO International 69 Meteorological Technology World Expo 2016 ... Test Fuchs GmbH 74
dSpace GmbH 3 MTS Systems Corporation 37 Unholtz-Dickie Corp 79
Electric & Hybrid Aerospace Technology Symposium 2016 .....42, 45, 46 Miiller-BBM VibroAkustik Systeme GMbH ... 8 Vector Informatik GmbH 10
Elsys AG 52 North Star Imaging 18 Weiss Technik. 72
En Urga Inc 92 PCB A&D 74 www.aerospacetestinginternational.Com . 101

AEROSPACETESTINGINTERNATIONAL.cOM // JUNE 2016 (KN


http://www.ukipme.com/info/tea
http://www.aerospacetestinginternational.com
http://www.ukipme.com/info/tea

AFT CABIN
/I MICHAEL JONES

The B-29 was the largest, heaviest bomber built for the USA in World
War Il. One example, Doc, was found in the desert, restored and is
about to undergo testing before returning to flight after 60 years

hat the B-29 Superfortress bomber ‘Doc’ survived

atall is close to a miracle. The aircraft is one of
1,644 built in Wichita, Kansas, toward the end of World
War Il. In 1951 Doc was assigned to radar calibration
duty with other B-29s - the squadron was known as
Snow White and the Seven Dwarfs, By 1955 it was
towing targets and a year later the entire squadron
became bombing targets at the China Lake target
range, California.

In 1987 Doc was found sitting in the Mojave Desert
by Tony Mazzolini, a B-29 crewman in the 1950s and a
former Continental Airlines flight engineer, but it was
more than a decade before he could take possession.
In April 1998 Tony and his volunteers towed Doc out of
its resting place in the desert, disassembled it, and in
May 2000 returned the aircraft to Wichita in sections
on flatbed trailers. "By bringing Doc to Wichita, the
project was able to tap into a willing, talented
volunteer base with the expertise to actually complete
Doc's restoration. It would not have happened without
them,” says Tom Bertels, board member of Doc's
Friends, a non-profit group managing the restoration.

The FAA recently granted Doc an airworthiness
certificate, which allows it to proceed toward the next
goal - its first flight since 1956. “Ground testing so far
has included balancing the 17ft diameter propellers,
which was no small feat," says Bertels. More recently
a low-speed taxi test has been conducted.

Last year, Doc's Friends set a target of US$137,500
for a 30-day Kickstarter campaign to fund flight
testing. When it closed, contributions from 1,007

donors totaled US$159,151. Much more has since been
raised, ensuring funding for flight testing.

The FAA has reviewed and approved Doc's flight
test plan, which includes all the requirements to
receive final approval for day-to-day operations, but
the next steps need a runway. Doc's Friends has
asked the US Department of Defense for permission to
use the runway of the adjacent McConnell Air Force
Base because the Wichita restoration center is not a
joint-use airport (for civilian/defense). Once
permission is granted, higher speed taxiing and
braking tests can be conducted. “The good thing
about McConnell is the length of runway," says
Bertels. “Initially we can accelerate to take-off speed,
pull the power back and coast to taxi speed without
applying brakes. Once the crew like what they see,
they can add brakes to the equation.

"As we build up to first flight, we will continue taxi
testing, conduct on-runway high-speed taxi tests, and
ultimately take to the sky once we are satisfied with
Doc's flight-readiness. The bulk of the flight testing
will occur away from McConnell within a radius
specified by the FAA."

The ultimate goal is to fly Doc to various airshows
and events to display the aircraft as a flying museum,
but until it has been fully tested, no visiting
commitments are being made. “Letting people get up
close to Doc is key to our mission,” concludes Bertels.
"We're eager to share this wonderful aircraft with the
world. Doc hasn't flown since 1956 and we think it's
time to remedy that” \\
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Read more on Doc’s restoration:

HTTP://WWW.B-29D0C.COM/

Photos: Doc’s Friends


http://www.b-29doc.com/

Destination Quality

Being qualified by DAUtec’s EN 9100 certified engineering
organisation, your products will be ready for takeoff.

- Aerospace Test & Qualification Services

« Environmental and EMC Testing Laboratory
« Technical Documentation

- Flight Accident Investigation

DAU tec

QUALIFY BEFORE FLIGHT

www.dautec.de
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SIEMENS

The days when noise and vibration tests were only about certification
are long gone. Today, testing teams must harvest and feedback
traceable and action-ready test data from all kinds of in-flight and lab-
based campaigns. Their job is to perfectly perform complex tests under
extreme deadlines, strict budgets and, most of the time, in tricky
environments. Luckily, there are highly productive, application-specific
LMS™ testing tools ready to jump

right in.

Impressive speed and accuracy aside, LMS testing solutions for noise
and vibration engineering from Siemens PLM Software provide real
insight, transforming straightforward test data into solid engineering
conclusions from design verification to final certification and
troubleshooting. So whether your next project is a ground vibration,
flutter, shimmy or complete acoustic testing campaign, the right
scalable and efficient LMS testing solution is more than ready for you.

For more information, please visit siemens.com/plm/Ims

First flight ready? You bet.

Pinpoint sound sources in seconds by combining the LMS
Test.Lab™ High Definition Acoustic Camera, the LMS Circular
Irregular Array with 45 microphones, and a compact 48-channel

LMS SCADAS™ Recorder.

Realize innovation.


http://www.plm.automation.siemens.com/en_gb/products/lms/index.shtml?stc=wwiia420070

	000
	0001
	001
	002
	003
	004
	005
	006
	007
	008
	009
	010
	011
	012
	013
	014
	015
	016
	017
	018
	019
	020
	021
	022
	023
	024
	025
	026
	027
	028
	029
	030
	031
	032
	033
	034
	035
	036
	037
	038
	039
	040
	041
	042
	043
	044
	045
	046
	047
	048
	049
	050
	051
	052
	053
	054
	055
	056
	057
	058
	059
	060
	061
	062
	063
	064
	065
	066
	067
	068
	069
	070
	071
	072
	073
	074
	075
	076
	077
	078
	079
	080
	081
	082
	083
	084
	085
	086
	087
	088
	089
	090
	091
	092
	093
	094
	095
	096
	097
	098
	099
	100
	101
	102
	103
	104
	ibc
	obc

