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Abstract: Dutch helicopter-ship qualification - ready foetfuture.

Within the next few years the Netherlands MinigifyjDefence will not only introduce the
NH90 NFH and marinized TTH on their existing shipst will also introduce three more
classes of helicopter carrying ships.

The National Aerospace Laboratory NLR - the Neteak has 40 years of experience in the
field of helicopter-ship qualification testing. Ast effective and safe approach has been de-
veloped in the course of time, based on a thoraugterstanding of the helicopter (shore-
based) operational characteristics and the shipys@ament.

To be able to efficiently and safely perform theg&aamount of upcoming qualification proc-
esses, NLR has enhanced their instrumentation gackiata processing and presentation
facilities.

Besides a description of the proven qualificatiomcpss, this paper describes the recent de-
velopments in ship and helicopter instrumentatiackpge, data processing and presentation
facilities. Furthermore, the introduction of piliotthe-loop simulation in the qualification
process is discussed briefly.
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1 INTRODUCTION

Within the next few years the Netherlands MinisifyDefence will not only introduce the
NH90 NFH and marinized TTH on their existing heper carrying ships, but will also in-
troduce three more classes of helicopter carryiiygss

At this moment, the Royal Netherlands Naval Ainge consists of one command, the
group MARIitime HELIcopters ( MARHELI), consisting two squadrons, VGSQ 7 and
VGSQ 860. Both squadrons are equipped with theagsgt Lynx SH-14D helicopter and are
based at Naval Air Station “De Kooy”. The Lynx telpters will be replaced by 12 NH90
NATO Frigate Helicopters starting in December 2007.

In December 2007 the first of 20 NH90 helicoptéiig (1) will arrive, which are ordered in
two versions: 12 NATO Frigate Helicopters ( NH90HN}and 8 Marinized Tactical Trans-
port Helicopters ( NH90 MTTH ). They will be placedder the new “Defensie Helikopter
Commando” (Defence Helicopter Command), based aFéice Base “Gilze-Rijen”, also the
base of the MTTH version, while the NFH versiofl W& based at Naval Air Station “De
Kooy".

Figure 1. NH90 (source: NH Industries)

In the fall of 2006, the second Landing PlatforrcR@LPD) “Hr. Ms. Johan de Witt” of the
Royal Netherlands Navy will make its maiden voyafjee ship is equipped with two landing
spots and a hangar with a capacity for six NH9@chpters. Design work has been started on
two new ship classes: an Offshore Patrol VesseVj@Rd a Joint Logistics Support Ship
(JLSS). It is expected that the first OPV will andervice in 2009 and the final unit in 2011.
The OPVs will be fitted with a flight deck and hamdo support one NH-90 helicopter.

The JLSS requirement is for one unit to replace'tre Ms. Zuiderkruis” in 2012. The JLSS
is expected to combine transport, tanker and hatiigcsupport capabilities in one hull.

In recent years operations with a large varietfieicopter types from various classes of na-
val ships have steadily increased world-wide. Thproved capabilities of present-generation
helicopters offer a wide range of possibilities $bip-helicopter combinations to cope with
the growing demand being put on modern maritimedsr Many even relatively small ves-
sels are being equipped with a helicopter flightkde



Sometimes an almost marginal facility is providedthke-off, landing and deck handling.
Yet, helicopter operations may be required in aewahge of operational conditions (day,
night, sea-state, wind, visibility etc.) with thigghest possible payload. Nowadays, in line
with the increasing importance of helicopter/shye@tions the helicopter manufacturer
sometimes additionally provides limitations of angeal nature for helicopter-ship operations.
The limitations for land-based operations (deteediafter extensive factory testing) are
based amongst others on a non-moving and unolestiianiding site. On the other hand, the
limitations for ship-borne operations are to beediasn an obstructed landing site (flight
deck) which may show random oscillatory movemeutwhere amongst others extremely
turbulent wind conditions can prevail.

Unlike land-based take-offs and landings, ship-bdake-offs and landings occur in winds
from any direction relative to the helicopter. Theedom of naval ships to manoeuvre is of-
ten limited by operational constraints, thus craatelative winds in which the helicopter is
forced to take off or land in non-ideal conditions.

In figure 2 a launch/recovery platform with mulgghnding spots (flight deck) aboard a ship
of the Royal Netherlands Navy is shown.
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Figure 2. Flight deck and hangar lay-out on board a Royal Nether-
lands Navy ship.

Typical land-based helicopter platforms are nonnlalige, flat, open spaces which are con-
ducive to low atmospheric wind turbulence. Convigrse ship's superstructure always creates
air-wake turbulence over the flight deck and thatfpkm attitude is never stationary. In addi-
tion, the interaction of the ambient environmenidtwinds and sea motion) with the ship,
which creates the operational environment for #ebpter, is not the same for every class of
ship.

For land-based helicopter operations, the manufacprovides the operational limitations

and procedures. These are laid down in the manAialthe oscillations of the landing plat-
form on a moving vessel are strongly dependenherships' characteristics and the opera-
tional environment, the helicopter manufacturer caly provide some general guidance for



ship-borne helicopter operations. Dedicated opmmatilimitations for ship-borne operations
are therefore the responsibility of the operator.

Because of the unique characteristics of eachdpke-type/class-of-ship combination and
the innumerable combinations possible it is undadible that usually no (extensive) testing
has been carried out by the helicopter manufactorall combinations that may be of inter-
est. It follows that the limitations given, if anpust be considered as general guidelines, with
large safety margins with respect to the helicoptgrabilities and pilot ability to control the
helicopter, and thus do not provide a maximum dparal availability of the helicopter on
board the ship. It is expected that the actualétiuns, i.e. those that allow maximum avail-
ability of the helicopter within the constraintssaifety, are lying somewhere between the
limitations for land-based and those for ship-barperations as given by the manufacturer.
To determine these limitations a dedicated heleephip qualification programme is to be
executed. Figure 3 shows an example of helicogterations in rough weather.

B

Figure 3. Helicopter operations on board a ship in a rough
environment.

In this paper an explanatory overview is givenhef tactors influencing helicopter-ship op-
erations, the way they are determined in variowdifigation programme elements and how
they are used to set up a flight test programmieaamd a ship.

Besides a description of the proven qualificatioocpss, this paper describes their recent
developments in ship and helicopter instrumentgtickage, data processing and presenta-
tion facilities. Furthermore, the introduction afgp-in-the-loop simulation in the qualifica-
tion process is discussed briefly.

2 EXPERIENCE

The Royal Netherlands Navy (RNLN), being one offitet operators of helicopters on small
ships and operating world-wide, pioneered more #ayears ago with National Aerospace
Laboratory NLR in the development of helicoptergsgualification procedures. This collabo-
rative effort has led to a five-step qualificatiprogramme described in this paper.

NLR is the Netherlands expert institute on aerospachnology and related subjects. From
1964 to date it actively participated in twenty-apalification programmes. Six of these pro-
grammes were carried out in co-operation with faternational operators. In total thirteen
classes of ships and eleven helicopter types wemdved (Fig. 4).
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Figure 4. Some helicopter types qualified in recent years by NLR for operations on
board ships.

3 QUALIFICATION PROGRAMME

3.1 General

One of the most important requirements for helieoppbmpatible ships is the helicopter type
to be operated from a given class of ship. Thisiregqnent implicitly defines the deck sizing,
hangar spacing and technical support featuresgiomal and safe helicopter operations.

A ship can be considered as an isolated island;hwikiin turn domicile and working area of
several disciplines. Each discipline has its owecHx requirements.

The designers of a ship attempt to meet all requergs within predefined constraints. The
final draft by the design office will therefore Becompromise, within which each discipline
must strive to fulfil its tasks.

As the helicopter is one of the many systems dfij, & is obvious that helicopter operations
are to be performed within the constraints of thieeanentioned compromise.

The main objectives of a qualification programme: ar
- the determination of operational limitations, retjag flight as well as deck handling
etc., for a specific helicopter-ship combination;
the adjustment of standard operations;
the establishment of additional rules and procesliir@pplicable;
the establishment of a data base for safe futigietfactivities.

The determined SHOLSs contain in general the follmnnformation:



helicopter type / day or night / flight conditiokla@nch/recovery or traversing/ranging the
helicopter from hangar to flight deck and vice eermstc.).

applied flight procedures during launch/recovery;

allowable maximum all-up masses of the helicopter;

wind limitations. The data are presented as a miéggram, the radius representing the
wind speed and the azimuth the wind direction agsueed by the ships' systems;
allowable ship motions.

The execution of a complete qualification programmay seem to be rather elaborate. How-
ever the advantages that are gained in the longmeienormous. Once a ship and a helicopter
have been qualified for ship-borne operations, tipdahe SHOLSs after modifications on the
helicopter or on the ship is relatively easy ay ¢né relevant parts of the qualification pro-
gramme have to be carried out. The same holdfiéodétermination of SHOLs for a new
helicopter type or a new class of ship put intwiserwith the operator. In this respect the
reader should be aware of the following:

1. The life cycle of a helicopter is nowadays 3@%oyears.

2. The lead-time for the design and building ohgp $s approximately 8 years.

3. The life cycle of a ship is at least 25 to 3arge

4, although the lifespan of both platforms is altrexpual, they hardly ever coincide with
each other.

Environment Helicopter
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with scale model ship hover trials

Minimum number of test
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Flight tests
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Figure 5. Set-up of helicopter- ship qualification pro-
gramme as applied by NLR.



An important aspect of helicopter-ship qualificatiesting is safety. The problem is to define
this in quantitative terms, taking into account lilétations imposed by the environment, the
capabilities of the helicopter and the capabilibéthe pilot. In order to obtain the required
data in a safe and efficient way, a programme @paratory measurements, analysis and
flight testing is executed. The scheme presentlysmis depicted in figure 5.

3.2 Environment

3.2.1 Wind tunnel tests on a scale model of the ship

Wind tunnel tests on ship models are carried odetermine the airflow characteristics (air-
flow deviations with respect to the undisturbedaning relative wind, turbulence) above the
flight deck and in the possible approach pathsefitelicopter to the ship as function of

the relative wind. The relative wind is the wincct@ resulting from the true wind and ship's
course and speed. Furthermore the ship's exhausepbaths and prediction of plume tem-
perature (by plume dispersion measurement) asaidumnof ship's power settings and rela-
tive wind conditions are determined.

By carrying out these tests in the design stagheohip it is often possible to determine that,
by a small change to the superstructure the airflatterns above the flight deck can be im-
proved and the exhaust gas nuisance can be detdrsasbat costly modifications of the ex-
isting ship may be prevented. The same holds ptsition of the ship's anemometers on a
yard of a mast and in relation to other sensorghEtmore one must keep in mind that an
optimum stack/funnel design for flight operatiorm®ed not automatically include an optimum
for Infra Red Signature and/or Radar ReflectiongSf8ection, so often compromises have to
be made.

Finally the position error of the ship's anemometetetermined which is, apart from the in-
strumentation error of the anemometer, neededtablesh the relation between the undis-
turbed relative wind conditions and those prevgilove the flight deck and along the heli-
copter approach paths.

An example of a wind tunnel investigation on staokl funnel design in relation to smoke
nuisance, is presented in figure 6. The figure shthe original design (bottom part) and the
proposed design (top part) determined from the wamehel investigation. Both situations
presented are for identical head wind and exhasstgspersion.

OPTIMIZED FUNNEL DESIGN
< WIND

- ORIGINAL FUNNEL DESIGN

< WIND

Figure 6. Stack & exhaust gas nuisance investigation on
a wind tunnel model.



3.2.2 Full-scale ship’s wind climate and motion tests

Airflow trials are conducted on every ship priothlicopter tests on board. The aim of these
tests is to establish the magnitude of errorsansthip's anemometer system. The instrumenta-
tion error of the ship's anemometer is determimetithe position error, as established during
the wind tunnel tests, is verified. With the inf@ation obtained, an unambiguous relation
between the anemometer readings, the air flow ¢iondiabove the flight deck and in the
helicopter approach paths and the undisturbedvelatind condition is determined. Such
information is vital since, unless the system ia tequired accuracy, helicopter operations
from that ship class will not be recommended.

Wind climate tests on board the ship are alsoeduwut to verify the wind-tunnel test results
concerning the air flow characteristics above tight deck. For these tests two movable
masts with wind measuring systems including tentpeggprobes and data acquisition units
are used by NLR.

One mast contains two measuring and acquisitioesysat heights of 5 m and 10 m above
the flight deck and the second a system at 3 mhhe(igig. 7).

With the established relation between the wind #litest results and full-scale ship test re-
sults (Fig. 7), the actual wind climate in the was helicopter approach paths and over the
flight deck can be predicted.

Furthermore ship motion characteristics (pitching elling motions) are determined as a
function of sea state, wave/swell direction angb'stspeed.
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Figure 7. NLR moveable measuring masts on flight deck. The graphs on the left
show the comparison of wind-tunnel- and full-scale measurement results.

3.2.3 Instrumentation
On board of the ship an instrumentation systemstalled, consisting of:



a reference anemometer system on the jack st#feathip

two masts containing three anemometer systems {Jig.

“Mobile” test centre (paragraph 3.5.2.1)

a Data Acquisition Unit (DAU) (Fig. 8)
The recently renewed Data Acquisition Unit (DAU)gRB) can be easily reconfigured for
various ships and is significantly reduced in sime weight, partly due to a touch-screen in-
terface for the operator. The complete compactaamntbe placed close to the ships’ wheel
house.

Figure 8. Data Aq ion Unit (DAU), installed
in the vicinity of the wheel house

The DAU is developed to acquire ship parameterbtain information of the environment
during the ship-helicopter flight test trials. Sifiegparameters are ship roll and pitch move-
ments, course and speed, wind information of tlye systems, position and temperature.
Each ship class has a unique system configuratbtameasure the various configurations the
DAU is suited with a variety of interface boards.

3.3 Helicopter - shore based hover trials

The purpose of the shore based hover trials (Fig @ establish power margins and control-
lability limits in omnidirectional wind envelope tmmplement the flight manual information,
as these are generally lacking detailed informatiog 10).

The test is performed at several altitudes abowargt level (AGL), yawing the helicopter
relative to the ambient wind in steps of 45 degneeements and when necessary in smaller
increments. Starting with head winds (wind on theenof the helicopter) and working around
from 0° to 405° (360 + 45 degrees). When a stablehcondition is obtained, engine torque,
rotor rpm, helicopter attitudes, and flight confpokitions are recorded in addition to ambient
conditions (pressure altitude, OAT, ambient wintts, etc.).

10



Ahead

Relative wind speed with
respect to helicopter

ot S[arboa,
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Area of inadequate
yaw control

Figure 9. General set-up during shore based Figure 10. Typical relative low wind speed
hover trials envelope as provided by the manufacturer.

Furthermore helicopter pitch and bank angles neéatdubver at high wind speeds from all
directions relative to the helicopter are determiirfé@nally tests are carried out in those wind
conditions where main-/ tail-rotor interference htigxist, causing helicopter oscillations. It
must be understood that these tests are executeid tie limitations for land-based opera-
tions as given by the helicopter manufacturer.

The data obtained should indicate where, withindine-based envelope, regions exist where
the margin between available and required helicqpeormance is small. An example of
torque and yaw control performance obtained froohgasts is given in figure 11.

The final results of this test programme providg®ad baseline to work from to predict heli-
copter power and control performance requiremehsmnvoperating in a disturbed airflow
environment out at sea.

Ahead

Relative wind speed with
respect to helicopter Sta,

%WH‘MHW‘WN

Maximum helicopter all-up mass
Zero density altitude

— — — — A High engine torque; much yaw control
------ B Main/ tail rotor interference (yaw oscillations)
—e—+— C Large bank angle
o D Large pitch-up angle
E Inadequate yaw control

Figure 11. Detailed results from land based hover trials.
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3.3.1 Instrumentation

In the past ten years the number of helicoptergyyperated by the Dutch Ministry of De-
fence is doubled. Since modern helicopters areppedi with avionics systems with a digital
databus, helicopter instrumentation systems shaeilcapable to acquire the data directly
from that databus. Based on the requirement for easonfigurability for various helicopters
(high flexibility) and with stringent requiremeras the maximum size, the new NLR Generic
Instrumentation System (GIS, Fig. 12) is desigreeldet compatible with most (modern) avi-
onics systems.

Figure 12. Generic Instrumentation Sys-
tem (GIS) installed in AH-64 helicopter.

The GIS contains data acquisition equipment (36 x 21 cm), additional sensors, a data

registration recorder and a data processing station

* Data acquisition equipment
The acquisition equipment is a KAM500 chassis sgkieral interface boards. Based
on a project parameter list, interface boards elecsed to acquire the parameters. The
parameters are mostly available in aircraft systasna: voltage, frequency, strain
gauges or in MIL-STD-1553B and ARINC-429 data bes$§®r safety or budgetary
reasons additional sensors can easily be installed.

* Data recorder
The data is recorded by a solid state recorder (38R a capacity of 4GB, which is
at least 8 hours recording time with a GIS data c&t500 kbps.

» Data Processing System
The recorded data is extracted and directly archatehe Data Processing System
(DPS). Hereafter the data is converted to the IRIapter 10 format. At this point the
data can be replayed at the Omega Windows Grousigi®yor it can be converted to
Matlab™ binary files. In Matlab™ the quick-look dysis will be performed by NLR
personnel.

3.4 Candidate flight envelope

The starting point is the land based relative wdiadjram of the helicopter, based on the
manufacturer’s low speed flight envelope and onsti@re-based hover trials (fig. 11) When
areas of the land-based relative-wind diagram,hirciveither of the hazardous conditions
may occur are left out, a candidate ship-operatidative-wind diagram results of which an
example is shown in figure 13.

12
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1
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Maximum helicopter all-up mass
zero density altitude

Area Difficult conditions

— — — — A High engine torque; much yaw control
—————— B Heavy and moderate turbulence
—e—e— C Spray nuisance

—e—»— D Exhaust gas nuisance

E Yaw control

Figure 13. Candidate flight envelope to be tested on board a ship.

It should be noted that such a diagram results fr@asurement of the ship's environment,
helicopter performance measurements and analydesthéf or not the diagram can be used
operationally has to be determined by means ofcdéetil flight tests. To determine those ar-
eas in which testing has to be carried out, anuatian of conditions has to be made, where
difficult and demanding situations will occur fdret pilot. Examples of these areas are shown
in figure 13.

At low relative wind speeds, high power and largatml inputs are required to precisely
control the helicopter, while the ship's stabiliaatsystem being generally less effective
causes additional control inputs (areas A, C &ddrrect for ship motions.

At high relative wind speed from ahead, the accomipgy turbulence (moderate to heavy;
area B) and especially the large pitch amplitudeéleship need much control effort of the
pilot which might result in such large power vaoas that the maximum allowable continu-
ous torque is often exceeded. Besides, the presérspeay and exhaust gas (areas C, D),
reducing the pilot's view over the flight deck, rieases his workload even more. Hot exhaust
gasses above the flight deck and along the hebedipght path close to the ship, have a simi-
lar effect on the helicopter rotor and engine pennces as increased density altitude.

The Candidate Flight Envelopes for ship-borne igstian be divided into various aircraft
mass bands for each type of landing to be evalu&ederally speaking, an aircraft will have
a wider (larger) operating envelope at light allnng@ss (AUM) than at heavy AUM due to
reduced control and power margins as the helicapsess increases. The aircraft mass bands
are decided upon before any trials take place apémtd upon the particular aircraft. The aim
is to produce several equally divided bands cogettiie range of masses at which the aircraft
will be required to operate. This range normallteexis some way beyond the maximum
permitted AUM of the aircraft to account for nomsstlard atmospheric conditions. The test
mass, calculated in terms of &/ (mass divided by density ratio) is referred talassity

mass. The trials are conducted at various valué&/'ed which are used to produce the “den-
sity mass envelopes” which are issued by the opexat

The real challenge is to define the limitations as@d by the environment in quantitative
terms.

From the analyses described previously, candigdag¢ive wind diagrams can be constructed
for various helicopter approach headings with respethe ship (Fig. 14).

13
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These diagrams then are combined to form a carediddicopter-ship operations envelope.
Since overlaps of the relative-wind diagrams fervarious procedures will occur, a choice is
made, taking into account the relative size of ezdhe overlapping sectors (maximizing the
ship-borne operations envelope) and the expectsal@aoperating the helicopter. The trade-
off is made, using operator requirements, engingeand pilot judgement. An example of a
resultant Candidate Flight Envelope is shown inrggl5. Using ship anemometer calibration
data, obtained during wind climate measuremenis ojerational envelope is related to wind
information available on the ship in relation tduad wind conditions above the flight deck.
An example of such an envelope (valid for the faftgdrocedure of Fig. 13) is shown in fig-
ure 16.

Ahead

Ship’s indicated
relative wind speed

Maximum helicopter all-up mass
zero density altitude

Difficult conditions

A High engine torque; much yaw control
Heavy and moderate turbulence
Spray nuisance

Exhaust gas nuisance

Yaw control

Figure 16. Candidate Flight Envelope, for fore/aft take-off and
landing, corrected for ship anemometer system information.
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Figure 15. Example of a resultant Candidate Flight Enve-



3.5 Helicopter qualification flight testing on board a ship

3.5.1 Test programme

The candidate flight envelopes will contain a numifeareas for which the analyses indicates
a requirement for testing. The problems that maypare identified and the test procedure
and instrumentation, required to investigate tlasas safely, are determined.

In these areas a number of conditions, which argepbly to be tested, are drawn-up.

Since the flight-testing is to be carried out omuaa ship in a limited period of time, the ex-
act conditions at which tests can take place capmaletermined beforehand. Conditions that
will be tested depend on the sea-state and winditons that are present in the area where
the tests are taking place. Of course, the aredirmedof the year are selected to maximize the
probable occurrence of the desired test conditidosvever, this still does not provide the
experimenter with a free hand to vary his test ¢ at will.

As evident from the previous paragraph, the fligist programme has to be defined in an
interactive way during the testing period. The ataxecution of the flight-test programme is
governed by three main aspects:

safety,

efficiency,

available conditions.

Safety is principally obtained by starting the fiigests in conditions easy for aircraft and
ship personnel, leading to test team familiarizatio
- low helicopter mass
relative-wind conditions well inside the boundaréshe candidate relative-wind enve-
lope (no "tough” conditions; e.g. Fig. 2)
fore/aft procedure (the easiest)
fair weather
first by day, later on by night.

After a thorough familiarization, efficiency is @med by making adequate use of the infor-
mation that becomes available during the flightstesd by analyzing, on board the ship, that
information in conjunction with the data base aftal prior to the flight tests. Thus maxi-
mum use is made of the information obtained froentésts, and the number of test flights
required can be minimized.

During the test period the selection of test coodg is a major task. Based on the analyzed
results of the tests that have already been castiedh number of alternatives for the next test
condition are defined. This exercise is carriedioygarallel for test conditions related to each
of the potential problem areas of the CandidatghfElEnvelope, thus yielding a large selec-
tion of usable test conditions. The choice of thgtrtest condition then depends on the avail-
able forecast wind/sea state conditions in the artian reach of the ship. Problems like
judging the reliability of weather forecast versinse of the ship to travel to the area of inter-
est are to be solved.

Given certain environmental conditions (wind, stsies temperature) a number of conditions
can be created by changing ship speed and heaaatiye to the wind (relative wind condi-
tions) and waves (flight deck motion), althoughstheannot always be changed independ-
ently. The only parameter that can be changed entdgntly appears to be helicopter mass.

15



Clever use of information obtained on board, injenation with thorough knowledge of the
factors that limit operations, is used to minimilze problems created by the difficulty to es-
tablish the most desirable test conditions. Oftés mot a matter of demonstrating the capabil-
ity to operate the helicopter at the condition #pet, but to obtain data at differing condi-
tions and interpolating or extrapolating the restdtthe conditions required.

For this purpose, the results can be graphicafigldyed. A MATLAB GUI has been devel-
oped to display the flight test results graphicaliyrovides the following functions (Fig. 17):
Selection of the landing procedure and weight dléisgpplicable);
. Display of Candidate Flight Envelope;
Display of previous runs of the same landing procedcolor coded (ac-
cepted/marginal/rejected);
Cross plotting of previous runs: for example aofione procedure and weight class at
night which is accepted, will also be acceptedhngame procedure and weight class
during daytime. Cross plotted points are indicatéti different symbols.
Representation of encountered ship motion;
Representation of wind envelope: the current cemédg measured true wind can be used
to calculate possible indicated (relative wind) ditions. In figure 24 this is represented
by 2 blue round objects. The blue lines are ndiggécircles, because the possible true
wind conditions are converted to indicated wind.
Representation and editing of test program. Thiewéled diamonds in figure 17 repre-
sent points of the currently selected test progreest programs can be edited, loaded
and saved. A set of briefing sheets can be pricoathining a map of the current loca-
tion, the applicable SHOL's with previous runs d@esk program, such as in figure 17.
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Figure 17. MATLAB Graphical User Interface in use
with helicopter flight trials on board a ship.
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Furthermore, for a series of test points, a rarigequired true wind speeds can be calculated
and plotted. This is represented in figure 18. Thid helps the longer term planning of the
test campaign, since it indicates if high or louetwind speeds are required. It also shows,
for example, that the first and second conditiofigare 18 can never be tested at the same
time as the last two conditions.
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Figure 18. Graphic display to present true wind speed required for
helicopter-ship flight trials.

Additionally, some other tools were developed:
Easy plotting of time traces of selected paramgeiectuding additional statistical func-
tionalities.
A ‘Course/Speed Advisor’ tool, which calculateslime what the ship’s course and
speed should be using the current true wind andgined|test condition (indicated wind).
Since this tool uses the ship’s sensor calibratésrdswind tunnel results, it provides a
faster and more accurate result than the manualitplated course and speed by the Of-
ficer of the Watch on the bridge.
Data mining tool to obtain results over a large amt@f runs (for example: maximum
engine torque for all runs with high mass and greemnils)

These tools were extensively tested, polished antpared to the older post-processing pro-
cedure during three test campaigns executed in. Z0@85improvements in calculation speed
and graphical interface have reduced the entiregrogessing procedure to a matter of min-
utes per run, allowing a fast analysis of the fliggst results.

3.5.2 Test execution

To improve visualization of the available data, @uick Look displays were developed,
using the open structure of the Omega system (@Eghd.5.2.3) custom Active-X. An ex-
ample of the display used for the helicopter-shght trials is shown in figure 19.

In the top left corner the most critical helicoptiata (radio altitude, pedal deflection, engine
torque and lateral cyclic stick deflection) arepthyed in strip charts, together with colour-
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Figure 19. Real-time Quick-Look display for flight trials

coded limit indications. This enables the NLR ctewnonitor the limiting parameters for
flight safety.

In the lower left corner the ship’s heading, spaed motion in roll and pitch is displayed to
monitor the stability of the conditions. These data also presented in strip charts, however
the offset of the x-axis is determined using thia dia the first measurement which allows
better monitoring.

The upper right part of the screen is used for Emggauge presentation of ship data, includ-
ing wind direction and speed from the port andgtard ship anemometers. The wind direc-
tion gauges also display the minimum, maximum aedmvalue calculated during the meas-
urement run.

In the lower middle part some administrative anderar less static parameters are displayed
in table format. At the bottom some indicators @leeced to monitor the instrumentation sub-
systems. Adjoining them is the colour-coded timsptiy, indicating the backup tape re-
cording status in the helicopter (amber recordioigstarted, green recording started).

Finally in the lower right corner the true wind cliitions are displayed. These are real-time
calculated using the output of the reference anest@non the bow and are corrected for in-
strument error and position error caused by shgorggry influence.
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3.5.3 Post processing

To attempt to assess all wind conditions at allsaasvould be a very large if not untenable
task. The philosophy therefore allows for this leyrpitting landings at different masses to be
read across (cross plotted) to other procedureseMer, there are rules for this and not all
take-offs or landings can be read across.

In essence take-offs or landings which are ratathasceptable at low mass are also read up
to higher masses as unacceptable. Take-offs oinigeevhich are rated as acceptable at high
mass are read down to lower masses. The reasoelmigdothis is perhaps obvious; an easy
landing at high mass is also likely to be easydif easier) at a lower mass. Equally a landing
which is rated as unacceptable at low mass beaduaek of power or control margins will
not be any better at a higher mass and the sacomssdered to be true of handling issues.
This provides a rational basis for expanding thdence available at any one mass without
conducting a particular test point at that mass.

Recently, it has been decided to improve the pastgssing activities that are performed
after each run. The existing software written imbluPascal was converted to a number of
MATLAB scripts, which enabled the addition of a @hécal User Interface (GUI) and a
number of additional functionalities.

After a run is finished, the data becomes availabl¢he local network from Omega as a bi-
nary Matlab file. This file is post-processed atofes:

Any required operations are performed to obtaifearcdata set (such as removal of stale
and overflow data).

Subsequently spikes are removed from the dataallpithis is performed automatically.
If required, this can be followed by a manual spi#@oval process, using a GUI, which
allows fast and accurate spike removal (includindasfunction, usage of the mouse to
remove multiple points).

Post-processing: the measured (indicated) windidatanverted to undisturbed relative
wind and finally to true wind using sensor calibvas and wind tunnel results.

For analysis purposes the mean, minimum, maximuinRS of selected parameters is
calculated and sent to file and hardcopy output.

Selected mean and RMS data is added to an Excetl shthe current test mission for
manual addition of pilot rating and comments.

Subsequently, the results can be graphically digplan the MATLAB GUI described in the
paragraph “Test Programme”.

3.5.4 Usage of test results

Within the constraints imposed by the environmanwhich the tests have to be carried out,
all effort is made to carry out the testing asodéfit as possible. To this end the nominal pro-
cedure as depicted in figure 20 is used.

For each condition tested, the results are evaluad subsequently the required increase in
severity of the conditions of the next test comditis determined. Of course in this process
both engineering insight and flight technical skilf the pilot) is involved.

With the knowledge available in advance and tha datained during the previous test flight,

the influence of a given test condition on the dagiter limitations can be predicted rather
well.
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| Execution of helicopter operation in certain condition |<—

[ Within helicopter limitations? |

No Change condition
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difficulty of condition, | | difficulty of condition, | | difficulty of condition, | | difficulty of condition,
according to reason | | according to reason | | according to reason | | according to reason

Figure 20. Flight test procedure on board the ship.

A prediction of the increase in pilot workload islp possible to a certain extent. If, for ex-
ample, the workload in a certain condition is "lpwie permitted increase in difficulty of the
next test condition will be greater than in theects "high" workload. The same rule is ap-
plied (in reverse). In case a condition is congdémarginal" a decrease in difficulty is ap-
plied whereas if the condition is considered “urgatable”, a larger decrease in difficulty is
applied. With the application of these predictioathods, good engineering judgment and the
experience of pilot and test team, the numbenyiridl hours can be reduced to a minimum,
and a maximum of results will be obtained in thertdst possible time.

3.5.5 Measured parameters

The essential helicopter parameters for the prdpgrmination of the SHOLs are the same
as measured during the shore based hover trials:
- engine torques

. control deflections

- pitch and bank angles

- heading

- radar altimeter

- Doppler velocities

- engine inlet temperature

- type-dependent additional parameters

The essential ship parameters are the same asme@akuing the wind climate and ship mo-
tion full scale tests, with the exception of flighkéck wind and temperature parameters.

. speed

- heading

- wave/swell direction (estimation)

. pitching and rolling angles
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. anemometer readings (relative wind condition)
. stabilization data
. propulsion mode

pilot's comment on workload with respect to takkaofd landing procedure, influenced by:
- ship's motions

. turbulence

. view over the flight deck

- spray and exhaust gas nuisance.

3.5.6 Instrumentation

An overview of the complete instrumentation is give figure 21. The system is modular in
architecture allowing the same system to be usethéodifferent measurement programs de-
fined previously.
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Figure 14. Block diagram of the instrumentation system used on board the ship.

3.5.2.1 Mobile test centre.
Most of the equipment is installed in the mobilst teentre which is used when sufficient
space is available on board a ship (Fig. 22 an@8B)g
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Figure 22. Mobile test centre (porta-cabin) Figure 23. Set-up of working stations in

located in the hangar of "Hr. Ms. Rotter- the mobile test centre

Figure 24. NLR test centre in crew chief office

Generally most ships are not so spacious as a dugpp or a LPD (e.g. “Hr. Ms. Rotter-
dam”) and one has to make use of the availableespabe vicinity of the hangar to create a
test centre. In mutual concert with the maintename® chief use of his office can be made
for the duration of the flight trials. An examplésuch a solution is shown in figure 24.

3.5.2.2 Telemetry receiving system

For reception of the helicopter data a mobile teleynreceiving system is used, consisting of
two antenna/receiver combinations (Fig. 25). Themmas are spatially separated for im-
proved telemetry coverage. The outputs of the vecgiare combined in space diversity mode
in a signal combiner for optimal signal output flee processing system. In order to reduce
antenna cable length the unit is installed on bttzedship in the close vicinity of the anten-
nas.

The locations of the T/M antennas and the VHF ardeare shown in figure 26. Both T/M
antennas are fitted with a plastic cover to prateem from salt water. All antennas are
mounted near the hangar and in such a manner thatmam line of sight with the helicopter
is achieved.

Figure 25. Telemetry receivers and sig-  Figure 26. NLR telemetry - and VHF antenna as
nal combiner installed used by the test installed on a ship
centre
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3.5.2.3 Telemetry ground station

The NLR telemetry ground station has recently begroved and now uses a WYLE Omega
real-time telemetry processing system in a serllenicnetwork environment. The server is
operated by the instrumentation engineer and psesesnd distributes all available data from
helicopter, ship and anemometers. The system defiigns for quick configuration changes
for the different test programmes (i.e. activatimgleactivating telemetry).

A shared RAID disk is used for securely archivihg teceived data.

The specialists are provided with client computergbling them to monitor and analyse the
distributed data as necessary.

The network is completed with several laptop stetito facilitate in transport of data for fur-
ther analysis off-line and a network printer.

3.5.2.4 Video camera

To monitor the helicopter movements in the vicirofythe flight deck, a remote controlled
video camera is installed. Figure 27 shows thallaion on a ship with a FLYCO cabinet.
Generally the camera has to be mounted on an extgosition outside of the hangar. In this
event a perspex dome (Fig. 28) is used to hous¢ogmebtect the camera.

The camera is manually operated by the flightteestin. For identification of the images a
“BOB3” unit (a Dutch acronym for picture-in-pictyres used for inserting mission and run
numbers obtained from the Omega server into theovjcture.

The video data is recorded on a HDD/DVD video rdeor

I N

Figure 27. Video camera installed in the Figure 28. External installation of the video
FLYCO cabinet. camera

3.6 Drafting SHOLs/Constructing Wind Envelopes

The operational wind envelopes are drawn up arthlecceptable test points attained dur-
ing the trials. The complete SHOL comprises bodwtind envelopes and the ship motion
limitations.

Different envelopes are produced for use by daytgnaight. The main difficulty with land-
ing at night is due to the scotopic vision of therfan eye in these conditions. At low light
levels the visual acuity of the eye is degradethabdistance and hence speed/closure rate are
difficult to judge. For this reason winds from astare not cleared for night operations any-
more. The RNLN experience has shown that theréoarenany pilots’ errors of judgement
leading to overtorqueing and/or overshooting ther@gch. In general this is the only differ-
ence between day and night wind envelopes. Thie metion limits applied at night are gen-
erally somewhat lower than those permitted by day.

At the completion of the flight tests on board #iép, a fair idea about the operational limita-

tions has usually been obtained. For final resoisasured data (of helicopter and ship) to-
gether with pilot's comment are analysed in detdik operational limitations are presented in
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the form of graphs. An example is given in figué B this graph limitations are given for
the fore/aft take-off and landing for two densitgsees.
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Figure 29. Example of SHOL for daytime
fore-aft procedure.

Following the determination of acceptable wind dapes and ship motion limits, the SHOLs
for a range of aircraft density masses are issuéloket operators. Furthermore, flight safety
advice concerning modifications to the ship suchmgsoved deck markings or lighting and
any warnings about turbulence are also given. $hawy helicopter deficiencies have come
to light during the trials then these will alsolireught to the attention of the appropriate au-
thority.

4 INTRODUCTION OF SIMULATION IN QUALIFICATION PROGRAM ME

In the last 2 years research has been performgtRitin the ROSDIS project (Ref. 3) to de-
velop a simulation capacity aimed at supportingcdineent SHOL determination process in
the future. A helicopter ship simulation capacityakles safe exploration of the CFEs in an
early stage without depending on the availabilitpersonnel and materiel. Also, in simula-
tion, the required environmental conditions (strangds, low density) can be set, including
heavy ship motion which sometimes does not occtinddlight testing. It is therefore ex-
pected that in the future simulation can reduceeleired (flight & sailing) testing effort and
will further increase safety during the flight tsa

24



Modelling of the rotorcraft-ship dynamic interfacensisted of three main items: ship wake,
ship motion and helicopter modelling. The shipveake has been implemented using steady
wind tunnel rake wake measurements, available tr@current SHOL determination
method. Both NLR measurements of full-scale shipions and off-line 6 degrees of freedom
ship motion calculations have been used for impteat®n in the simulation. The latter ap-
proach enables the use of simulation at a stage wigeship has not yet made its maiden trip.
Also, calculated ship motion provides the oppotiuto explore the operational limits beyond
the measured ship motions. A flight mechanics moélégie Westland Lynx has been devel-
oped to enable comparison between simulation seaunlt flight test. The most recently quali-
fied RNLN ship and flight test data was used tadadk the helicopter model.

For the pilot-in-the-loop simulation sessions NLRislicopter Pilot Station (HPS) was used
(Fig. 30). The HPS is a fixed-base, reconfigurabearch simulator. It consists of a fixed
cockpit surrounded by three screens, providinglafof-view of 135° by 34°. A digital elec-
tric control loading system provides force feedbankhe collective, stick and pedals.

Figure 30. Helicopter Pilot Station

For the purpose of ROSDIS, generic instrument digphre used created with the NLR tool
VINCENT. The outside visual model of the RNLN skps enhanced with a glide path indi-
cator, horizon bar and animated Flight Deck Offiggrthe end of 2007 the visual system of
the HPS will be upgraded to a field of view of 1&3°50°.

Through piloted sessions in the HPS, the fidelitthe modelling was regularly evaluated and
further improvements were defined. In the final gdhaf the project the same environmental
conditions as in the most recent helicopter-shghfitrials will be reproduced and several
RNLN pilots will participate. This allows for a unue comparison with flight test data from
the NLR sea trials.

The fidelity of the simulation capacity will likellge further evaluated in a follow-up project.

The focus will be on the actual use of simulatigminning parallel to the upcoming qualifi-
cation process of the next RNLN helicopter-ship boration.
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5 CONCLUDING REMARKS

A description of the five step approach for thadwdter-ship qualification as applied by NLR
in the Netherlands is given together with an oetlif the aspects to be tested and the influ-
ences of various factors on each aspect. The progeabuild up is such that the risk and the
time required for the actual helicopter flight tegton board a ship is minimized.

This methodology has been applied and further eefsince 1964. The Dutch clearance proc-
ess has been successfully and safely applied &r4decennia.

To be able to efficiently and safely perform theggaamount of upcoming qualification pro-
grammes, NLR has upgraded their ship and helicops¢numentation package, as well as
data processing and presentation facilities it few years. These new facilities were
proven to be valuable in several test campaig20@b and will continue to be enhanced in
the future.

Furthermore, pilot-in-the-loop simulation is intrexkd parallel to the qualification process to
develop a simulation capacity aimed at supportiregdurrent SHOL determination process in
the future. It is expected that pilot-in-the-loamslation will be a valuable contribution in
both the determination of the candidate flight dope as well as the evaluation of the flight
test results.

So, the Dutch helicopter-ship qualification procissslearly ready for the future.
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