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1.

INTRODUCTION

In the last two-three years a considerable effort has been
dedicated to reach cost-effective products in order to afford a
difficult market environment.
Customer satisl·action is of paramount importance but even the
costs afforded by the producer are of an equivalent importance.
The only way to reach an equilibrium between these two opposite
trends (more and more stringent Customer requirements, Producer
costs to be cut-down) seems to radically change the processes
to develop, to manufacture and to support complex systems.
The old sequential way is no more sui table to answer to the
sophisticated customer requirements
in terms
of Safety,
Reliability and Life Cycle Cost and, on the other hand, even to
give products with a time-to-market proportional to the market
expectations at a profitable cost for the Producer.
The new approach to design-development of complex systems known
as "Concurrent Engineering" ( CE) seems to be the right way to
be followed.
In every kind of meetings at all levels of importance in our
technical environment, when some difficulties are evident "on
the road n' the n panacea n is always the same: n Let Is apply a
Concurrent Engineering approach, and all the problems will
disappear!".
Unfortunately CE is not available "Off-The-Shelf" and the TIME
runs and runs and the COST increases more and more.
In this paper some concepts of CE, as intended in AGUSTA, are
described and the first steps towards the CE direction we are
implementing are illustrated.
The difficulties and the "big mountains" to climb are said
sincerely in order to give to the reader the opportunity to
compare his/her reality with ours.
2.

THE CE ENVIRONMENT: HOW AGUSTA HAS CHOSEN ITS APPROACH

The CE environment is a very complex and "fearful" environment.
In this environment it is possible to meet several terrific
"spectra":
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- the ORGANISATION
- the TOOL
- the METHOD
These three
where:

"spectra"

run

around

in

a

"spectral"

scenario

Customers require products more and more reliable a·>:
a lower cost
- Competition imposes time-to-market reduced by an
order of amplitude
Life Cycle Cost (LCC) is frozen at its 90% already
during the conceptual phase when we are still
thinking about the "6W" i.e. : "what?", "when?'',
''where?'', ''who?'', ''which way?'', and for all ''why?''.
In this environment
this words:

just one

"stone"

is clearly market

with

" WE MUST IMPROVE OUR DESIGN AND DEVELOPMENT PROCESS "
On the same "stone" we found written the 6 laws of Concurrent
Engineering, which show only a difference with the 10 laws of
MOSES i.e. luckily they are only 60% in number!!!
The 6 laws of CE are:
1. CE is a SYSTEMATIC APPROACH to design and it
considers "ALL" the elements of the life cycle
2. CE is an INTEGRATED APPROACH to design which takes
into account "ALL" the downstream characteristics
during the upstream phases in order to produce a
MORE ROBUST design tolerant of the manufacturing and
use variations, at a lower cost than the sequential
design
3. CE shall be applied from the conceptual phase up to
the end of development
4. CE shall define contemporary the Product, the
Manufacturing Process and the Logistic Support
5. CE is not the arbitrary elimination of a phase of
the traditional sequential/feed-back design process
but the co-design of all the downstream processes by
an omni-comprehensive and cost-effective optimisation
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6. CE is not "Simultaneous Engineering" i.e.
contemporary design of the product and its
manufacturing, which is a "low quality" and
"multi-looped" and expensive approach.
With these three "huge" laws well present in our mind we have
tried to better analyse t·le three "spectra" (organisation, Tool
and Method ) .
On their "white sheets" we have read the following words:
- ORGANISATION
CE imposes the formation of multi-disciplinary design
teams, organised in a structured way and with a TQM
(Total Quality Management) orientation. The
Engineering, Manufacturing and Support functions of
the Customer, the Producer and the Suppliers are to
be present in these structured teams.
- TOOL
CE imposes the adoption of computerised design tools
which integrate different SW and data. CE imposes to
create basic product data once and suitable to be
shared and used as sources of aggregation for
different functions and processes (design,
manufacturing and support). CE tools have to be
compliant with CALS standards (IGES, SGML, CCITT 4,
CGM etc.) and CITIS.
- METHOD
CE imposes the utilisation of formal methods,
including special ES/AI models, of analysis,
synthesis and optimisation of design, manufacturing
and support (e.g. RAM/CAD, ILS/LSA, Statistic
Control, Experimental Design, Computer Aided CM, Soft
Simulation, Cause-Effect Diagrams, Quality Function
Deployment, Value Analysis/Value Engineering/Value
Management, TQM etc. etc.)
After a long time spent to identify viable solutions suitable
to implement such a "huge" list of constraints we have drawn
down an "heroine" called HELOISE, which we hope will drive our
orientation to solve all the problems we will meet during our
wandering through the CE environment and will help us to be
competitive in the next future.
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3.

THE HELOISE PROJECT

HELOISE
(Highly
Extended
LOgistic
Information
Environment) is the AGUSTA project towards CE.

Software

The heart of HELOISE is a comma~ Integrated Data Base (IDB) on
which, with different access authority, internal and external
specialists of the three fundamental disciplines (Design,
Manufacturing
and
Logistic)
have
the
opportunity
to
contemporary interact. This approach overcomes the classical
time-consuming, paper-oriented process to exchange information
illustrated in Fig. 1. The long range HELOISE objective is the
development and installation of an integrated
automation environment where the Product Data of Engineering,
Manufacturing and Logistic of AGUSTA, are shared with Customers
and Suppliers on a common network (Fig. 2).
On this way it is possible to pursue the objective to cut down
the time to exchange information and to improve the global
quality of the product at a reduced cost.
The functional requirements of HELOISE have been defined taking
into account the following objectives:
- assure that new systems or modifications of existent are
conformal with the customer needs and expectations
- reduce acquisition, manpower and operation and support
costs
- reduce number and skill requirements of personnel
- improve operation capability, reduce maintenance levels
and mobility requirements of support structures
- eliminate errors due to information non-updated or
redundant
- speedy access to information
- reduce waiting time to acquire spares and related
information
- reduce cost due to paper and maintenance of process
including paper flow
- homogenisation and standardisation of configuration and
identification coding between producer and customer
and between their different organisation levels
- on-line support and disposition, in real time or remote,
automated failure reporting and diagnosis, on-line support
to maintainers
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on the base of these objectives the structure of HELOISE has
been built on a common shared IDB on which 13 software
applications interact (Fig. 3). The 13 SW applications are:
3.1

CONFMOD : Configuration Management/Modification Control
CONFMOD will manage configuiation information on both
the physical composition and the associated
documentation and will control the impact of change. It
will reach compatibility between configuration needs of
design, manufacturing and support using an integrated
coding system oriented to the "end user" rather than to
the particular problem of the internal AGUSTA process
(ATA coding). This will eliminate the present
proliferation of different peculiar coding systems
which necessitate of "huge" filtering activities.
CONFOMOD will be the "matrix" structure of IDB of
HELOISE.

3.2

IPLIPAC : Initial Provisioning List/Illustrated Part
Catalogue Management
IPLIPAC will manage IPL and IPC taking elements
directly from CAD/CAE/CAM tools and from IDB i.a.w.
the applicable civil and military specifications (MIL,
AECMA).

3.3

MOADMIN : Material Management/Order Administration/
Invoicing Transmission
MOADMIN will manage its topics interacting with the
"material system" wherever it is located and
distributed. It will optimise response times and
immobilisations, taking into account LCC constraints.
It will assume availability information from IDB. It
will monitor the progress of orders, deliveries and
invoices in real time and using suitable alert messages
to management. It will interact with the AGUSTA input
and output communication system and it will be
developed i.a.w. to MIL and AECMA standards.

3.4

ROMAN

Repair and Overhaul Management

ROMAN will plan and manage repair and overhaul
activities, the related human resources, materials and
documentation (including technical bulletins)
interacting with IDB at different technical levels to
optimise operation cost and time.
3.5

SESTEM

: Servicing/Support/Test Equipment Management

SESTEM will manage all the servicing and support
equipments and the test equipments from the definition
to the field operation and maintenance interacting with
the LSA module of IDB and the design and manufacturing
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CAD/CAM tools.
3.6

TECHDOC : Technical Documentation Development/update
Management
TECHDOC will manage the interface activities of
development and updating of the technical documentation
interacting with the CAD tools, the test, graphics and
imagine manipulation tools, and archive facilities
(CD,VD, etc.) in a way to optimise the utilisation of
information in IDE by electronic transferring to the
document production tools both on paper or on
electronic media.

3.7

TRAINEQ : Training Programs/ Training Equipment
Development and Management

TRAINEQ will manage the identification of training
programs and equipments up to the planning of training
courses and related tools, interacting with IDE without
intermediate flows of non electronic data.
3.8

ANARAMS : Analyses (R&M, LSA, LCC)

ANARAMS is the module of HELOISE at highest level with
respect to "Concurrent Engineering". Reliability,
Maintainability, Supportability and Life Cycle Cost
analyses will interact each other and with the
CAD/CAM/CAE tools, in parallel with the design
activities, in order to obtain a product optimised not
only in performance but even in its attributes related
to field and to the global cost. ANARAMS will integrate
the definition of RAMSS requirements by
cross-techniques of partitioning, prediction, and
optimisation, allowing a dialogue with the customer
during the feasibility analysis of requirements and
definition of related implementation cost, based on
objective, quantitative data and reproducible analyses.
3.9

FINCONTR : Financial/Accounting/Contractual/Admin

FINCONTR will manage the administrative and accounting
and contractual activities using the physic,
functional, time, specification and warranty data
included in IDE.
3.10 PERSFAD : Personnel/Facilities/ Admin and PHST Mangmt

PERSFAD will integrate the activities related to the
management of the resources of the support bases and
the process of PHST (Packaging, Handling, Storage and
Transportation) of the materials, with the data of
availability and historical present in IDE.
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3.11 FIELCOL : Field Data Collection
FIELCOL will storage all the data of configuration,
identification, failure event, maintenance, use etc.
coming from the field, updating the historical basis of
IDB in a way in which ANARAMS and ROMAN can operate on
significant and validated statistical data.
3.12 COMMINT : Communication/interface SW and Facilities
Management
COMMINT will be dedicated to the management of the
communication interface (networking) between the
different modules and location and users of HELOISE; it
will manage also interactively the traditional and
advanced communication media (Fax, Telex,
Teleconference etc.
3.13 CUSTVEND: Customer Support and Vendor Coordination
CUSTVEND interacting with IDB will manage the interface
with Customers and Suppliers relatively to that data
not directly managed by MOADMIN, in a way to optimise
the interrelationship, to elaborate the opportunities
of interchange and to improve the service.
At this moment HELOISE is in its second year of definition and
we have planned it will be fully developed by end of 1997.
4.

TWO CE LINK APPLICATIONS

In this paper we report two applications which are
usable. They are referred to two vital links of CE:

already

- ENGINEERING vs LOGISTIC LINK
- ENGINEERING vs MANUFACTURING LINK
Many other links are to be built as it is possible to deduce
from the HELOISE description given in para 3.

4.1

Engineering vs Logistic link application

This SW application, called RAMREQ, is an integrated SW program
where
the
Reliability,
Availability,
and
Maintainability
requirements are apportioned to the lowest logistic significant
level of indenture of the components of an helicopter by a
composed
process
of
Apportionment,
Prediction,
Cost
optimisation using advanced VA/VE techniques. It has been
successfully applied to Al29 and to EH101, and, under contract
with ESA, to HERMES.
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The flow diagrams in Figs. 4, 5, 6, and 7 illustrate the logic
process, the primary and secondary inputs,
the feed-back
looping and the outputs of RAMREQ.
4.2

Engineering vs manufacturing link application

It has been noted that, if the design of a structural item was
performed on a 3D tocl, it is possible to eliminate the
extensive re-working of a 2D drawing in order to have a drawing
suitable to be transformed in a readable file of a NC machine
( 2D drawing developed on a plan i.e. the loft drawing). The
application has been structured, from an organisational point
of view, reconverting all the structural 2D drawing activity in
a 3D, and filtering the 3D drawing, developed on the plan, in
order to have a directly readable file for the NC machine.
This approach has dramatically reduced the time to production
by an order of amplitude (days instead of weeks), increased the
quality, and it has eliminated completely an intermediate step
(and its related organisation and dedicated human and tools
resources) between Engineering and Manufacturing Departments,
with a consequent reduction of cost.
5.

CONCLUSIONS

We are nowadays on the border line of the CE environment and,
we already have met so many difficulties as far as the three
"spectra" (Organisation, Tool and Method) are concerned, but we
are confident to have, as a minimum, identified a "compass" to
orient ourselves in that "spectral" environment.
Even if it can be seen as not a great achievement, we must
consider that in few years we will be "catapulted" in that
environment and therefore, if we do not have even a project we
will be "devoured" by the the "spectra".

11-9

C!JSTOivlE~

,D.GUSTA

c:· rcr~::E::;
. \

._.·\.....:1.

LOG:STiCS

Fig. 1

CUSTOME.=i

;\ f:: I

/

t-" . .__, '--

s-,-,\
I

t-",

1

IDB

t~
Fig. 2

SUPFL!G~

Il-10

I
),

«

llElll
COUUIIICAZlONE

SliPPORTO

ClJOffi/

=n~~~~

AElCOl

T

""'"'""

L

'""

(fU. Tn.D' ••..)

~
COtltlCURAZIONE

COUUIIICADOH(

[ll.n ATTMTA.'

IJ!DlTE/

D1 VOLO

f!ISORSE

""' ~

~

All'lVT" 01
t'~CIO.CJH.:;,

MnOI

/IA.tl[XftlC,

Ul/~

~

smum"E

~

"""
!.'.rnll
01 CtfASTO

BaotSE

STORACC..
TR.liiSPORTAnON (PHST)

r---~~·

,~)

'"' "'"
I
~

~~~sn/IN£.

""""''

t

COHlRATrum

rm

'

oocuuorrAlJouE

_L

Sf>Eancut

rrcuooc

-,-

lltUT.IJII E

""'"

~

CJD/CJ.£/CJ.JJ

I

»WJSl 01

I

Uf'E CYClE

I

9

~UPAC

CQSI

---.._)

~

),4--------------------------__,

l

TECHOOC

.IJUR.AJ.IS

UUSTRA.TID
P.IJ'!T O.T.U.OC (IPC)

--~I

WltlllrniOiliTA'
SUF>PORHJlltlTA'

FlElCOl

Pf!Cl\IISIOHIHG
liST (IPl.)

1

AWJJS1 01:
.A1110AD1LnA'

CJD/CJ.I:./CJJJ

tUTUJ..

JJWJSI Dl

osmu

U.\lrRWJ

~

TR.l.IUEQ

SPEOACHEIL-------------------~
~mE I
~c

UO.I.(UJIH

1\

)

X

FlElCOL

"""'"'

•ou.nn~

n:pno

IJQHffOfUGQO

IJIJAG.IIll,

CISI!ON£

AVA»Z.WO<!O
ononn

~

~- -<

,_.
,_.,_.I
H

fATnJIU.ZlONE

"""'""
LI(S$..\.CCl

01 AUDITA

AACIItlii.UIOUE

ATTMTA'
~E

AnMTA.'

=n~l__
TOOLS
lJU. TT JJJElltO
lEST!. CRJJlCI,

PROCR,IJJIJl
lRAlllltlC
ATTRav..TIJRE

f>lmiF'ICGIOil£

JR)JHINC

CORSI E flfl_ATM

SlRuuom

"-"'!""

ct:snO!'I~

~
RISORSE
UUJ.J-1[

fltSORSE
U.\IERUU

AllREZZATURE
01 SEJI'.olZIO
ATTIU:ZZATURE

Dr SIJPPORTO

TEST

Eouu•uorr

Fig. 3

r---,r-------,

r--------, r------------..,

~I

g

~

""
o•

.' 'E

~§

:fi
..
•

§

'
L--

;;

"'

~

•

O<

;;•

..."'
~

;'
16
I~
t"
________

. ,'

I

...J

I

I

~~

~I

-------~

r---------,
I

,I
Ul
rol
0
wl

•

w
"I

'I
I
I

-'

'I
I
~

'iw

~

"5
"
0

w

I
~I

•I

~I
::;,

.,
'

'
L------ --~..l'
I

TOP DOWN RAM APPORTIONMENT
PROCESS

-

.~
----- ----r--

t-----~-.-:-.:'

SYSTEM
ARCHITECTURE

r---r-------L------,

1
I
I

DEFINE

I
I

DUTY CYCLES

l

2

I
I

I
I

t

I

,----L--------,

I

DERIVE

I

I

I

DERIVE
IMPORTANCE
FACTORS

I

COMPLEXITY

I

L

- t-- --r- ---r-...1
j

j

'
sJBsrSre~s

M

-

HI :!IS I Oil
IELIABILITY lo SAftn'
APPOIM'IOII'MEI!T
HODEL

SERIES
APPORTIONMENT
MODEL

'

APPORTIO~ED ~1ss REL. a~ REM~INING

APPORTIONMENT
MODEL

5

SIS. & APPORTIONED

c------1----------'----- --1'--------s~s----,
I

BLOCK
SELECTIOM or
ESSENTIAL CRITICAL
SUBSYSTOO

SELECTION OF
NON·ESSENTIAL
SUBSYSTEMS

I

I

___ -

I

I

FACTORS

I

r ~F·s

BLOCK

CONF IGI.JRATION

I

M

I

CONSTRUCT
OPERATIONAL
RELIABiliTY

'1---,-----r----'
:
+

6

SAFE~r

OF REMAIMNG

I
I

I
I

I

I
L

____ _

/

M TBF"S

I
I
I
I
I

SUBSYSTEMS
THAT AFFECT
MISSION REL

APPQRTJONEQ

---,------

I

_;

1------,

r---------~

I

1
'oF ALL

_________

_ ______ .J

APPORTIOMHEHT
HISSIOM R£LIAB!Llt1' lo SAftTY FIGURLS

APPORTIONED
M FIGURES

RAM FlOUR&S APPORTil"HKD TO ALL SUBSYSTDC3

7

Fig. 6

Il-13

COMPARISON AND ASSJGNME::NT PROCESS

r---1 BlOC I-:-

------------------------~----~

APPORHON€0

PREDICTED

PREDIC110N
IRF

FIGURES !IRF 1

FIGURES !GAF l

~-L-----~-r-~.~~~

j

r-- -,..t-----'--1
CONPAAS:

~ --------------1BLOCK 3

-~I

I

: BLOCX 2

I l

ARE

IS
l~ERE "OVEROESIGN"?

FEASIBLE

J

?

I

I;

'

I '

I

I

L------------...J'

I

IS

l

YES

NO

RJ,H FIGURES

FURTHER AOJUSiMENT
OF THE APPORTIONMENT

NO

YES

MODEL

POSS!Bl.E '?

I

I

I'-----;
I

SEL£CT MOST
RESTRl C'TI VE

I

RAM FIGURES

I

~--- -- _L.._-_-_-_......,---........J

TO TOP DOWN
APPORTIONME:.NT

PROCESS

------------·

I

_____ _llr - - -

BLOCK S I

I

I
I

IS
I

YES

OPT iMIZAl'ION

I

PROCESS

POSS!t'31.E. 1

OPTIMIZATtON

SEPARATE

PHOCI!SS

"OYEROESIGN~

I

I

FROM
DISCREPANCIES

I

L ____ _

·----

I

-----------------~

....

SPSClFIED
FIGURES

TO BOTTOM UP
RAM PR£DlCTl:ON

DlSCPEPANCIE$
I
I

I

l

Bt.OCK 6

1

L_--- - - - - - - - - - - - - - - - - - - - - - '

Fig. 7

---------------------------Il-14

PROCESS

