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Abstract

The NH90 helicopter comprises specific avionies and
mission systems for the different helicopler versions:
TTH (Tactical Transport Helicopter) and NFH (NATO
Frigate Helicopter). The various systems like the Flight
Control System, the CORE system, and the TTH
MISSION Systen, are developed and integrated at the
BEUROCOPTER premises in Marignane and Otlobrunn,
wihereas the NFH Mission system is developed and inte-
grated from AGUSTA at Cascina Costa,

The Flight Contrels, CORE, and TTH MISSION system
integration rigs will be used for the validation of the
various avionics components and subsystems, the inle-
gration of the respective systems, and the [tight tesl sup-
port for the profetype helicopters (PT2, PT3, PT4 and
PT5). These rigs are closely cmbedded into the sct of
other avionics system development tools used in this
program,

Experience from other programs {as c.g. the TIGER)
shows, that on a rig, original harness, avienics bay de-
sign, or cockpit layoul arc uot esscntial. Whercas the
ability to perform subsystem tests in parallel, or to per-
form equipment verification with the equipment instatled
int the rig, can reduce the testing (ime considerably.

A new rig congept has consequently been applied lor the
NH90 {from the beginning: Emphasis is given (o (he
adaptability of the dilferent test needs during a sysiem
integration process. Devistion from the requircment (o
have a full mechanical representation of the rig in terms
of cockpit design, haracss, or avionics bay opens & new
degree of {reedow {or the organisation of testing:

Rigs arec made up from modules which can ecither be
operated stand alone {for cowponent and subsysicin
testing) or coupled together {for system integration}. This
concept is supporied by the use of commen (esl systcms
{ANAIS), which are taitored 10 this highly fexible way
of intcgralion, aliowing a maximum of (est aulomation
and parallel testing. The use of special 1o lype lest
cquipment (STTE) can thus be limited.

Similar rig modules as used for the two main computers
(CORE Management Computer and MISSION Taclical
Computer) arc also part of the operational software de-
velopment and test on the soflware test beaches in Otto-
brun,

As a conseguence of the chosen integration and test ap-
proach, highest possible compatibility, and test portabil-
ity between test means at the distributed test and integra-
tion locations are ensured.

NHY0 Avionics System Description

The NH90, a helicopter in the 9 t ¢lass, is becing devel-
oped in a quadrilateral co-operation for the armed forces
of France, Italy, Germaany, and the Netherlands by the
companies EUROCOPTER, AGUSTA and Fokker. Two
major versions are foreseci:

s 1he NATO Frigate Helicopter (NFH) for the navies of
the 4 Governmeats is a helicopler with multi-mission
cipability cquipped with 2 torpedocs or 2 anti ship
missiles. A sonic system with a sonobuoy dispenser
and a dipping sonar is operated by a sensor aperator
via his cabin conscle. Tactical data can be exchanged
via Link 1I interface. In the cockpit, the tactical
commander and the pilof have at their disposal a ra-
dat/IFF, a FLIR, and the clectronic warfare systen.

+ the Tactical Transport Helicopter (TTH), for the
Itatian and French army, and the German army and
airforce is able 16 transport up to 20 troops or a light
taclical vehicle, Operation at day, night, and bad
weather conditions is supporled (see Fig. 1) by a
piloling FLIR stecred * via  helmet  mounted
sipht/display, integrated (into the helmets) image
tntensifier tubes (1IT), an obstacle warning system
(OWS, not {inally decided, depending on equipment
availability), a digital map gencerator, and a weather
radar, Self protection is assured by an electronic
warfare system.

Apart from some options, the Basic system is common
for both helicopter versions and consists of the flight
controt systemt plus the CORE system. It is shown in a
simplified diagram in Fig. 1 together with the TTH Mis-
sion System package. The integration of this avionics
configuration is the major focus of this paper.

The NHY0 will be fitted with a full Fly-by-Wirc (FBW)
Flight Coutrol System whicl is composed of the Primaty
Flight Control System (PFCS) for basic helicopter control
and stability capabilities (including the actuator loop
closure}, and the Auwtomatic Flight Control System
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(AFCS) which provides the adequate modes of operation
for the hands-off flight required by the missions.

The CORE systern is designed around a dual redundant
MIL Bus according to STANAG 3838, It includes 4 Mul-
ti Function colour Displays (MFDs), with provision for a
5th (used in the NFH version), and 2 (+ 2 in the NFH
version) Display Keyboard Units (DKUs). The MFDs
have an LCD screcn with an arca of 8" x 8", Each MFD
has 2 video inputs (STANAG 3350) and an ARINC 453
input {(not shown in Fig. ), its own symbol generator,
and is connected via ARINC 429 lines to the other MFDs
and the rest of the system, The DKUs are connected via
EIA 485 lines to the dual redundant Core Management
Computers (CMCs) and Mission Tactical Computers
{MTCs) respectively. In the TTH wversion, CMC and
MTC use the same hardware but different softwarc.

Other components of the CORE are the Navigation Sys-
tem (NAS) with a Landing System (VOR, MLS, DME
and TACAN for the halian and French NFH version),
and two redundant Incrtial Reference System (IRS) com-
puters including cach a GPS receiver. The Plant Man-
agement Computers (PMCs) manage vehicle and main-
tenance ¢ @ and arc connccted to both Data Transfer
Devices (DTD) which are used for data loading and
downloading. The Commuaication and Identification
System (CIS) consists of the Intercom System, 2 V/UHF
radios, an HF radio, an IFF, a Direction Finder (DF)
unit, 3 Warning Tone Generator (WTG), and a Central
Warning System (CWS). In addition to the mentioned

Basic System and TTH Mission System (video connections not shown)

comununication devices, a tactical VHE/FM radio is part
of the TTH mission system.

Avionics Development Tools and Methods

In order to cusurc the harmoniscd and coherent NH90
Avionics system definition, software development, simu-
lation, and integration at lecations and with working
groups which are sometimes more than 1000 km away
from cach othcr, a common Avionics Database System
{(ADBS) is the basis for these activities (see Fig. 2).
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Fig. 2 NH90 Development Tools at EURQOCOPTER
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For system design activities, ADBS is coupled with the
CASE tool STATEMATE and produces the Interface
Reqguirement Specification (IRS), while functional design
with STATEMATE resuits in Software Requirement
Specifications (SRS).

ADBS and the EURQCOPTER test systen ANAIS
{Avionics Numerical and Analogue Integration System)
are also linked with the other major development activi-
ties. Linkage means here, that data from ADBS {which is
also used for configuration management) can be loaded
automatically and used from the design, test or simula-
tion engineer.

System simulation, DKU and MFD page simulation
(with the specification too} SAO developed in the airbus
program) is performed in the simulator (SPHERE) in
France. CORE, TTH Mission system software and DKU
format development is done at the Software Test Bench
(STB) in Germany. Intcgration will be performed on the
CORE rig in France and the TTH Mission rig in Ger-
many.

Rig integration activitics are shargd in EUROCOPTER
between CORE rig (CIR), FCS rig and Electrical rig {(not
shown in Fig. 2) in France, and the TTH MISSION Sys-
tem Integration rig (TIR) in Germany (sce Fig. 3):

CORE, Mission system, and Flight Control System are
all pre-infegrated on their respective rigs, while simulat-
ing the missing interfaces. CORE and FCS rig will then
be linked together to test the complete Basic system
{which will be flight tested on PT3 in France),

Regarding the Basic System functions, the CIR will also
support the NFH mission system rig of Agusta and PT5
{NFH) flight tests in kaly.

In a further step, on the TIR, a coupling with the sofi-
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Fig. 3 TTH Avionics Intcgration

ware test bench of the CMC can be performed if re-
quired. The complete system will be finally checked on
the helicopter prototype (PT4) which will fly in Ger-
many.

Such a distributed rig concept is well adapted to the pres-
ent modern avionics system: Interfaces between CORE
and mission gsystems are well defined and limited in
number, Most functional chains have ounly minor influ-
gnce on others,

System Integration - EUROCOPTER Experience

Before going into details of the EUROQCOPTER NH%0
rig concept, some experiences from the TIGER program
(sec aiso Refl 1 and Ref. 2.) and other programs, as e.g.
SUPER PUMA which has been taken into account, shall
be discussed.

Requirements for the integration of an avionics system
arc primarily determined from the compiexity of the
system itsclf, but an influence resulting from budgetary
restrictions, wotkshare considerations (especially in a
multinational program as the NH90), and usually a very
tough time planning can also not be neglected. These
factors have determined some of our technical choices
which have finally led to the new EUROCOPTER rig
concept:

Integration Time Schedule

Very short time scales, short loops of software modi-
fications and bug fixes after a new software version has
been released for the first time, characterise the demand-
ing task of rig intcgration. These constraints have {o be
taken into account already during the conception of the
rig test means:

A typical integration cycle for a new software version of
the TIGER basic computers (which is normally accom-
panied with upgrades of symbology and changes of other
cquipment software) lasts about 3 months until flight
clearance is given. During this time, typically 3 software
releases (pre-tested on the STB) will be issued and must
be intcgrated on the rig, with cach new releasc taking
into account the results from previous testing. Integration
under these conditions is performed by a very well expe-
ricnced team of test engineers, with semi- automatic test
procedures and the possibility to test in parallel as far as
possible. A good configuration management is essential,

Reporting Tool

During the TIGER development a tool, based on
ORACLE, for the reporting and ailocation of problems
has been introduced. The same tool will be used for the
NH90. All parties in EUROCOPTER which arc involved
in NH9 systcin development, software development,
tntegration, and (light testing are connected to this data-
base, i.e. everybody has real time access to all known
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problems and can introduce his remarks. For software
development this is a wajor means of handling and con-
figuration management of soflware problems.

Rig Harness

The TIGER rig harness is directly derived [rom the re-
spective funetional wiring diagrams of the original heli-
copter protolype. As done for other rigs (sce e.g. Refl 3) a
fot of carc has been taken 1o use the original cable types,
the original routing, to have the original cable length and
the original mounting locations for atl avionics equip-
ment,

Nevertheless, usually all major cquipment whose inter-
Taces arc subject (0 a test are installed in patch panel
racks and connccted o (he rig harness vin exlension
cable of aboul 12 m length. Ve never had any problems
with sueh long connections, This is certainly due to the
fact, that almost all sighals in a modern avionics system
are digital and thercby difficult to disturb and tolerant 1o
slightly reduced voliage levels. In the NHY0 program, the
use of original cable length is therefore no longer an
important design criteria for EUROCOPTER rigs.

Usc of STTE

The use of cxpensive Special to Type Test Equipment
(STTE) will be very timited during the NH90 integration,
TIGER cxpericnee has proven, thal many STTE arrived
very late (sometimes even after the equipment has been
successfully integrated and light tested) and could
thercfore not be used for an cquipment or subsystem
incoming inspection. In addition, each equipment sup-
plicr used s owa test svstein and user inlerlace for (he
STTE which made its operalion diflicull.

Thus, during the TIGER integration, standard STTE
functions {as c.g. the cevaluation of a buill in test (BIT)),
have been replaced Ly rig test system means. In fact,
because of the high sophisticaled rig test environment,
such tests have sometimes been even more ellicient than
tests performed with the original STTE. As a conse-
guence, in the NH90 prograny $TTE will be oanly used for
tests of very specilic inerfaces like ¢.g. the stimulation of
optical or radar sensoss.

Automatic Testing

Duc to the many man machine interfaces of a modern
avionics systeny as in the TIGER and the NHY0 wilh
their "glass cockpits”, 100% test awtomatisalion is very
Himited. Nearly cach systoin lest requires ¢.g. the pressing
of a bulton or the verification of information on o display.
Fully automatic testing is ondy possible {with aflordabie
means) i dhese MM interfaces are not in the loop. it is
therefore typically perfornmed al sollware test bench level.

Nevertheless, as in the TIGER, the NH90 test system wil
case as much as possible the test engineers work by pro-

viding inputs and results on request in engineering units,
and by aulomatic printing of test reports.

Rig Tesl Systems

During the integration of the TIGER avionics system,
different test systeins had been in use. Flexibility, on-line
modilication of tests, and the possibility for parallel test-
ing of dilferent system funclions are the major require-
ments of the integration team,

Due 1o the avionics systemn architecture, where most
{unctions have only very little influence on cach other
such a test conecept is possible, E.g. the test of the FLIR
and FMS/D functions hos no influence on the weather
radar or the communications. Ideally it should be possi-
ble that various test engineers work independently and
with their own fest systems. For complex system {ests,
including ¢.g. a helicopter model, the coupling of these
small test systers to "one" powerful machine should be
possible. As will be explained in the next chapters, this is
exactly what the EUROQCOPTER test system ANAIS is
able to do.

EUROCOPTER Rig Concept

The basic technical requirements for all integration rigs
resulting from the requirements derived in the preceding
chapters, can be summarised in the following way:

Rigs have to support scveral kinds of development test
aclivitics:

» lncoming inspection of equipment (replacing STTES),
+ Subsystciu inlegration,

s Sysienl inlegralion,

+  Ground and [light 1ests support,

Rigs must be designed so as:

« 1o allow parallel {esting
- of several subsystems,
— of one subsystemn and testing of a main system
function (Navigation, Communications, ...),
- ol several systew funclions,
o 10 be casily and quickly reconfigured according to the
reguested testing activilics,
¢ 10 be cost optimiscd.

To meel these demanding requirements for NH90 inte-
gration rigs, a modular approach has been chosen as the
new EUROCOPTER rig concept. The avionics system is
divided in functional sets (which correspond in general to
the mjor subsystems). Each functional sct is installed
and operated i one infegration rig moedule. Integration
ngs are thus composcd of rig moedules:

INTEGRATION RIG = £ MODULES
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The main features of a rig module arc:

e Each medule has its own mechanical siructure and
wiring,

o Each module can be operated stand-alone. In that
configuration, the main inlegration tasks which are
performed are inceming inspections, intcgration,
ground and flight testing support of the subsystems.

o TEach module can be coupled together with other
medules. In that configuration, the main integration
tasks which are performed are partial and complete
systemi integration, ground and flight test support. It
has to be noted that the module will be coupled only
to those modules required for the specilic test. Other
modules which do not contribute to this test are avaii-
able for other testing activities.
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That new rig concepl allows the dilferent combinations
for parallel testing reguired above,

With regard 1o cosls, snother beuelit of prime importance
resulting from this modular approach, is (o have comme-
nalty bctween the various test benehes: Eg. the Man-

agement Modules (MGM) of the Software Test benches
(STBs) used for hardware/software integration of the
CMCs are identical to those for the MTCs, they are du-
plicated at the CIR and the TIR system integration rigs.

Module Description

The main components of each Rig Module) are instatled
in a 197 standard rack (see Fig. 4). For the rack wiring,
the Instatiation Definition Drawings (IDD) of the prolo-
type helicopter are tuken as the basis.

s An Operating Panch 1§ provides the main operating
coulrots of the module (Power supply, vealilation)
and some guxiliary test facititics (LED's, switches, ..).

s A Tesl Syslews Interface Panel: It gives access to all
inlerfaces of the Test System. Connections to the
Patch Panel are usuaily made to measure and record
signals ol interest.

o A Parch Panel: It gives access to avionics signals for
monitoring and stinwlation purposes. Compared to
break out boxes (sce Ref, 3) used from others, this has
the advantage of being a fixed installation with sig-
nais clearly arranged.

+  Avionics Control Panels (if part of subsysici)

s Avionics cquipment installation provision; mounfing
trays and connectors, ventilation.

o Test System - Real Time Station (VME ¢rates) con-
nected to the test syslem interface panel: ANAIS, sce
below

o An Exteraal Inlerface Panel: It is the interface with
other rig moduics.

EUROCOPTER's major NH90 Avionics Rigs

The CORE Rig is used for Lhe development testing of the
NH90 CORE System. [ts maio tasks are;

¢ Inlegration of the CORE System in TTH and NFH
conligurations, naticual customisations included,

o Support ground and flight tests of prototype aircraft
(P13, PT4, PT3).

The CIR is composed of 6 rig modules:

I. COCKPIT Module: fitted with the Conirol and Dis-
play subsystem.  Avionics Conlrols and Displays
(MFs, DKUs, ...) arc installed in a simplificd heli-
copler nstrument pancl. Other avionics equipment
are located i 19”7 standard racks.

2. MOMI Module: fitted with onc of the redundant
CMCs

3. MGM?2 Module: fitted with the other CMC

4. NAV Module: [tted with the Navigation Subsystem

3. PLANT Module: Ntted with the Plant Management

subsystem
6. COMM Module: fitted witly the Conununication and
[dentilication Subsystem

47.5



Fig. 5 represents a biock diagram of the CORE Inlegra-
tion Rig, showing the various rig modules and their con-
nection principles to build up a system rig,

COCKPIT Module
|

Copilot
Rack

i
( 2 ( ‘ (
MGM1 | | MGM2 || COMM || PLANT NAV
Module | | Module | | Module | | Module | | Module
Fig. 3 Block Diagram of the CORE Integration Rig

Furthermore, the CIR can be coupled with two other
integration rigs located in thic same integration hall;

The Elcctrical Rig supperts the integration of the com-
plete Electrical Systcm, [rom the generalors o the
AC/DC distribution. The test objective of a coupling with
the CIR is mainly 1o check the behaviour of (he CORE
Systenu in the diflerent clectrical modes, especially dur-
ing mode transitions.

The FCS Rig supports the inlegralion of the Fiight Con-
trol System, a Fly-by-Wire System. The test objective of
this coupling is to verily data exchanges cither in open
loop or in closed loop {guidance (ests).

In a first stage, rigs will be coupled two by two, then in g
second stage the three rigs will be coupled together.

The TTH Migsion Svstem Rig is used for the integration
of the TTH Mission System in Gernyiny.

The TIR consists of:

1. FLIR-HMS/D Module where the HMS/D scnsors are
installed and which can also be used lor the stand-
alone integration of the FLIR and the HMS/D subsys-
fem.

2. MGMIModuie:

MTCs

MG 12 Module: itted with the other MTC

EWSs Madule: [ited with the EWS subsystem

WXR Module: fitted with the Weather Radar

PMG Module: fitled with the DMG

OWS Module: fitted with the OWS

fitted with onc of the redundant

B L)

RN VS

The TIR can be connecled (o the STB [or the CMC and
the MTC, Connection (o the COMM moduie used for
CIS pre-integration and operalion of the Tactical Com-
munication Subsystem will also be possible,

ANAIS Test System

Due 10 experience in avionics testing gained in programs
like TIGER and SUPER PUMA, capabilities expected
from an ideal test system have been well identified.
Backed from this experience, the EUROCOPTER test
system, ANAIS, has been tailored exactly to these typi-
cal needs of an avionics system integration. It is not only
used for the NH90 but will also be used for future pro-
IRINER

Main Features

ANAIS is a generic tool to be used for the following
applications during the development of the NH90 pro-
gram (compare also Fig, 2);

s SW developnient on Software Test Benches (STBs)
for CMC, MTC and FCS computers,

o MMI and system vaiidation on the SPHERE simula-
Lor,

»  Subsysteny/System integration on CIR, TIR and FCS§
rig,

o  Ground and flight test support on rigs,

s Training on simulators {{ulure use).

These muliple use capabilitics allow to minimise devel-
opmeat costs, (o support a utlique tool on cach test site, to
minimise time to build up a new Test System according
to user’s needs and fo reuse companents for future appli-
calions.

The main characleristics for avionics data management
with ANAIS are:

e Data monitoring; real-time display cither in raw for-
mals or in engineering units, real-time data graphing,

« Stimulation of avionics data during test execution,

« Simulation of missing equipment, helicopter envi-
renunent, helicopler maodel, ...

s Data recording and off-line analysis,

+ OIf linc test delinition and on-line test modification
(during tesl excculion),

« Connection with other avionics developnicnt tools:
Avionics Data Base (ADBS), Control laws specifica-
tion (SAQ), MMI definition (SAQ), ...

The cleetrical interlaces whicls are supported by ANAIS
are:

« Discrele and analogue inputs/Cutputs,

o ARINC 429,

» STANAG 3838,

» Scrial lines: EIA 485, EIA 422, ..

e [nlerlace Lo graphic workstations (Silicon Graphics).

Exchanges between several rigs can be performed regard-
ing avionics data definitions and test descriptions. These
features allows the distribution of tests during the NH%0
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development between the diflcrent rigs c¢.g. bebween
STBs and integration rigs,

An easy and flexible coupling of two or more Test Sys-
tems is also possible. By that way, if required for special
tests, a very high perfornmance tool can be oblained:

¢ Small Test Systems can be used for Subsysiem inle-
gration and coupled together for Syslem integralion (o
get a big Test System,

¢ Data exchanges can be checked between two avionics
systems integrated on (wo separaie rigs by coupling
their Test Systemns. The unique time base allows to
time-corrclate paramciers of differcnt avionics sys-
tems. That capability will be used e.g. to perform
open foop and closed loop tests of the CORE Syslem
coupled with the FCS System.

ANAIS ARCHITECTURE

ANAIS is based on standard hardware and basic software
off the shelf components. ANAIS can be divided into
four major items {sce Fig, )

Real Time Stalion,
Exccution Workstations,
Preparation Workstations,
Relational Database.
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ANAIS Architecture

The Read Time Stution can be equipped with a sct of
VME interface  boards according to bench  needs
(STANAG 3838, ARINC 4249, ), one CPU board
(Power PC) to manage the interlace beards, and ot least
one CPU board (Power PC)Y for data computing. I more
than one VME crates are required (c.g. for o systent est),
they can be connected together via SCRAMNET (optical
fink),

All dispatching and scheduling problems lor running
multiple models in a mulliprocessor environmehl are
automatically managed by ANAIS, removing lest cngi-
neers from the tedious asks of model management.

Avionics frames can be simudated by using the avionics
frame description provided i the avionics databise

(ADBS), Computing rwodels may be written by test engi-
neers cither in Cor in FORTRAN,

The Execution Workstation(s), providing the user inter-
face, consists of one or several Sun workstations. These
workstations are counnected to the VME crates via an
internal Ethernet nelwork and interconnecied by a stan-
durd Ethernet network.

Il is used by lest engineers to control test exccution; Dis-
play in congineering units, real-time data graphing,
graphic stimulation are cimbedded in fully customisable
windows on the Sun graphic interface. Graphic ilems
may be shared on different screens used simultancously,
thus increusing display’s arca. 1t can be also used for test
preparation,

The Preparation Workstation(s) consist of one or sev-
eral Sun workstations connected to the standard Ether-
nel neiwork and is optional, It is used by test engineers to
prepare tests and to perform off line analysis by means of
graphic lorms.

The Relational Database is used to store avionics data
delinitions and test descriptions. Different versions of the
Relatonal Database can be available at the same time,
allowing cqaipment testing in different releases or con-
(gurations on the same rig.

Charucteristic performance figures of ANAIS arc:

o Precise time-stamp: | ys accuracy

o Upito 15 VME crales can be finked

s Upto 13 CPUs (Power PC)

o Sustains maximum data rate on cach /0O,

= Upto 30 graphic displays, 2 Hz refresh rate,
« Up 1o 20 curves, 30 Hz reflresh rate.

Conclusion

The new EUROCOPTER rig concept is characterised by
its modular design, Common modules can be reused for
dilferent integration applications (as ¢.g. software inte-
glralion, equipment, subsystem and system testing, simu-
tation), thus leading o a high flexibility in testing and to
o remarkable cost reduction. Rigs will also take over
tasks which have been performed in the past from
STTESs,

The high performance test sysicm ANAIS can be tailored
0 the different needs of all users. bt provides a unique
uscr interface and cases test data exchange for afl appli-
calions.

Through the connection with the common avionics data-
buse ADBS, the integralion means arc closcly embedded
into the avionics developmenl fool environment,
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