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Foreword
Med Kechidi and Maurice Zytnicki

TEXT

Dis tan ced from the vi sible ex pe rience of ma nu fac tu ring, from the do‐ 
cu men ted through dra wings and cal cu la tions ra ther than texts, and
lin ked to soft ware com po nents that are dif fi cult to use in areas fal ling
out side the scope of their ca pa ci ties, di gi tal ae ro nau ti cal de si gn tools
oc cu py a so mew hat hid den place in pro duc tion pro cesses.

1

In view of this, the in ten tion of the sixth issue of the Na celles jour nal
is to take up the chal lenge. In the ae ro nau tics in dus try – and all other
in no va tive in dus tries – di gi tal tools are stea di ly gai ning im por tance
and are ra di cal ly trans for ming the way in which in crea sin gly com plex
tech ni cal ob jects are de si gned, ma nu fac tu red, tes ted or main tai ned.
Du ring a per iod which began half a cen tu ry ago in the 1960s, they re‐ 
vo lu tio ni zed in dus trial or ga ni za tions, wor king me thods and the ty po‐ 
lo gy of skills. Mo reo ver, they rai sed hopes of in crea sed pro duc ti vi ty
and an ex ten sion of the in ter ac tion bet ween air craft ma nu fac tu rers
and their sub con trac tors who gra dual ly be came part ners. Pu blic au‐ 
tho ri ties very qui ck ly re co gni sed what was at stake and be came in‐ 
vol ved from the out set. In our opi nion, these rea sons jus ti fy wri ting a
his to ry of these tools, and even more so, a his to ry of soft ware tools.
This is a his to ry which is still in its de ve lop ment stage, and this issue
consti tutes a step in this de ve lop ment.

2

Three areas are co ve red and they are lin ked to dif ferent in dus trial
needs and to spe ci fic di gi ta li zed pro cesses. In deed, if com pu ter
science is the com mon fea ture of these needs, it is im por tant that we
do not ne glect how much they cover very dif ferent points of view,
tech niques and prac tices.

3

The first area which will be co ve red is dra wing. Over the last quar ter
of the 20  cen tu ry it has moved from ma nual exe cu tion on large
boards spread across desks the size of han gars to com pu te ri zed exe‐ 
cu tion on ma chines which have be come more and more so phis ti ca‐ 
ted and which match the de ve lop ment of pro ces sors and gra phic dis‐ 
plays. Above all, dra wing moved from 2D (2- dimensional) re pre sen ta‐

4

th



Foreword

tions on paper to 3D (3- dimensional) vo lu me tric re pre sen ta tions, to
which were added an ever- increasing num ber of func tions for ma ni‐ 
pu la ting tech ni cal data.

The se cond area is what is known as “ana ly sis” in de si gn of fices. This
concerns pre dic ting the phy si cal pro per ties of parts and their as sem‐ 
bly, i.e. their re sis tance when loa ded, their be ha viour under tem pe ra‐ 
ture va ria tions, and their ae ro dy na mic cha rac te ris tics. If the dra wing
makes the part or the as sem bly vi sible, ana ly sis an ti ci pates their qua‐ 
li ties. Al though these two as pects are dis tinct, this is why the two do‐ 
mains re main clo se ly re la ted.

5

The third area concerns the ove rall co or di na tion of de si gn ac ti vi ties
and, in par ti cu lar, the consis ten cy of the mul ti tude of data pro du ced
by so- called “au thor” soft ware of which de si gn and cal cu la tion are
good examples. This area is dealt with using tes ti mo nies pro vi ded
through the Phe nix pro gramme, a pro ject which was conduc ted wi‐ 
thin the Air bus group bet ween 2007-2010.

6

Tra cing the his to ry of these di gi tal tools, even in a frag men ted fa‐ 
shion, is a way of fol lo wing the ques tions and ima gi na tions that have
nou ri shed the in dus try for some fifty years. Main ly used in the au to‐ 
mo tive and ae ro nau tics in dus tries in the be gin ning, di gi tal tools gra‐ 
dual ly be came a means for the sys te mic ra tio na li za tion of many other
ac ti vi ties in clu ding ar chi tec ture, civil en gi nee ring, elec tro nics or
elec tri cal en gi nee ring. En gi neers and scien tists such as Pierre Bé zier
at Re nault, Paul de Cas tel jau at Citroën and Ste ven Coons at MIT, to
name but a few, came up with first mo de ling ele ments in the 1960s.
They made up ma the ma ti cal mo dels ca pable of de fi ning, crea ting and
mo di fying com plex shapes, and control ling simple ma chines. Though
this was ne ces sa ry, these “ob jec tive” tech ni cal ca pa bi li ties were not
suf fi cient en ough to ex plain their fast- growing rise. In line with the
fin dings of Jean- Pierre Poi tou 1, CAO, for example, the ra tio na li sa tion
of the use of pro duc tion tools and the re duc tion of pro duct de ve lop‐ 
ment time be came major bu si ness im pe ra tives used to in crease com‐ 
pe ti ti ve ness and deal with the hi gher pro duc ti vi ty of Ame ri can ma nu‐ 
fac tu rers.

7

These ma nu fac tu rers be ne fit ted from se ries ef fects which were in ac‐ 
ces sible to French air craft ma nu fac tu rers and the lat ter had to react
by gra dual ly buil ding tools that would im prove both the de ve lop ment
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and pro duc tion pro cesses. Then a spe ci fic part of the Ame ri can ae ro‐ 
nau ti cal sec tor, CAD was, the re fore, qui ck ly per cei ved as a key ele ment
in the com pe ti tion bet ween the two coun tries. In the 1950s, Lock‐ 
heed laun ched the first piece of soft ware that en abled human- 
machine in ter ac tion by le ve ra ging the la test im pro ve ments in com‐ 
pu ter tech no lo gy 2. A few years later, re lying on the emer gence of
first gra phic ter mi nals, no ta bly those from IBM, the Ame ri can firm de‐ 
ve lo ped the Com pu ter Aug men ted De si gn and Ma nu fac tu ring (CADAM)
soft ware. World ae ro nau tics now en te red a new era with Das sault
and SNIAS both rea li sing that they had to fol low fa shion.

Tra cing the his to ry of di gi tal tools also means trying to un ders tand
what made it pos sible to create the com plex in dus trial co or di na tion
we can ob serve today. Col la bo ra tive plat forms now com bine vast net‐ 
works of com pa nies par ti ci pa ting in a sup ply chain, and this al lows
for real- time co ope ra tion through vir tual plat forms. Ae ro nau ti cal de‐
si gn has be come col lec tive, with di gi tal mo dels based on 3D part de‐ 
si gn and “di gi tal twins” playing a cen tral role and it is tech ni cal in no‐ 
va tions that have com ple te ly trans for med or ga ni sa tions, bu si nesses
and pro cesses. Thanks to them, the de si gn and ma nu fac ture of 70 to
80% of an air craft’s com po nents are dis tri bu ted to part ners of major
ma nu fac tu rers such as Air bus and Boeing. These air craft ma nu fac tu‐ 
rers have, them selves, have mo di fied their role: at first ma nu fac tu‐ 
rers, they have now evol ved into architect- integrators of ae ro nau ti cal
sys tems. This major evo lu tion is clo se ly re la ted to the di gi ta li za tion of
pro cesses in the sec tor.

9

In as much as the ups tream ma nu fac ture, and the ups tream of work on
ma te rials is concer ned, in for ma tion tech no lo gy is of pa ra mount im‐ 
por tance. We are dea ling with the concep tion and the crea tion of
pro ducts, and we have now rea ched the stage of ima gi ning what can
be built. Isn’t this the key mo ment in in no va tion? We are no lon ger in
the uto pia of the first mar ket stu dies: an air craft is built for a pur‐ 
pose, it is de si gned to com pete with its ri vals, its geo me try is wi de ly
known, it has to be built. De si gn, at this stage, is about co ming up
with the best way of ma king an air craft.

10

So what is the ori gin of tools so wi de ly used from the 1970s to the
2000s? Mau rice Zyt ni cki, in “Aux ori gines d’un lo gi ciel in dus triel,
Catia: les ou tils de concep tion des Avions Mar cel Das sault, 1967-1980”
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tra ced the de ve lop ment and ri pe ning pro cess of Computer- Aided
De si gn at Das sault Avia tion. He des cribes how pu blic au tho ri ties per‐ 
cei ved the im por tance of what was at stake, but above all, he at‐ 
tempts to point out what in fluen ced Das sault into put ting its com pe‐ 
ti tive ad van tage – the Catia soft ware 3 –on to the mar ket in 1981. The
risks lin ked to dif fu sing such know- how were well known at the time.
The ar ticle by Claude Car lier en tit led “Das sault et la Concep tion as‐ 
sis tée par or di na teur” wi dens and conti nues the study of the area,
after 1981, by using the foun ding of soft ware pu bli shing com pa ny
Das sault Sys tèmes. This ar ticle high lights both the conti nui ty and the
evo lu tion of the stra te gy over a 50-year per iod. It des cribes the gra‐ 
dual gains made by this pu bli sher and how it has ex ten ded its offer to
cover all ma na ge ment cycles in the concep tion, de ve lop ment and
ma nu fac ture of com pli ca ted pro ducts in ad di tion to the in ter face of
plant ma na ge ment soft ware. In “A Brief His to ry of Computer- Aided
De si gn”, Yvon Gar dan pro vides a more tech ni cal exa mi na tion of the
links bet ween func tions and hard ware fea tures, and the al go rith mic
ways of re pre sen ting ob jects. Key players, ma nu fac tu rers and la bo ra‐ 
to ries are pre sen ted, and this pro vides a sense of the com pe ti tion (or
emu la tion) that has sur roun ded the com pu te ri za tion of dra wing. In ci‐ 
den tal ly, the ar ticle shows that the story of CAD was also a French
story.

With “From A300 to A350� Tech ni cal and Or ga ni sa tio nal In no va tion
Tra jec to ry of Air bus”, Med Ke chi di puts the com pu te ri sa tion of de si gn
pro cesses into pers pec tive by es ta bli shing links with in dus trial de ve‐ 
lop ments of Aé ro spa tiale. This ar ticle cor re lates the suc cess of Air bus
suc cess with two types of fac tors: the first is the tech no lo gi cal break‐ 
through brought by each new air craft pro gramme in terms of both
de si gn and ma nu fac tu ring; and the se cond is Aé ro spa tiale’s (EADS, then
Air bus) abi li ty to de ve lop an in dus trial or ga ni za tion model and im ple‐ 
ment a po li cy of mo du la ri sa tion and out sour cing around hub com pa‐ 
nies, tech ni cal and or ga ni za tio nal in ter faces bet ween the ar chi tect
and in te gra tor, and the firms in vol ved in air craft de si gn and pro duc‐ 
tion.

12

The in ter views with Jean- Marc Tho mas and G. – who pre fer red to re‐ 
main ano ny mous – re quire a slight ly lon ger in tro duc tion. In deed, if
the in fluence of a dra wing and the use of 3D in ae ro nau ti cal de si gn is
well un ders tood from a vi sual ly point of view, if they be come al most
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tan gible by tur ning me cha ni cal parts in all di rec tions on com pu ter
screens, and if as sem blies willin gly com bine them selves with sub- 
assemblies, the role of “ana ly sis” in the pro cess re mains so mew hat
hid den.

As with com pu ter science, al most eve ry thing is cal cu la ted, and it is
im por tant to spe ci fy which cal cu la tions are in vol ved when we dis cuss
de si gn. This is so in the field of struc tures, for example, but here we
would have a si mi lar ap proach in the dif fu sion of ther mal phe no me na
along ma te rials. The re fore, it is vital to pre dict at an early stage how
forces af fect the parts of an air craft, and how they af fect lift, weight,
drag, pro pul sion in order to control and an ti ci pate – de pen ding on
the ma te rials – the shapes, func tions and flight phase. Equal ly, it en‐ 
ables the control and an ti ci pa tion of de for ma tions, wear and tear, and
even rup tures, which could af fect com po nents. We are dea ling with
the dy na mics of constraint which af fect the craft and with the va li da‐
tion of dra wings, and we are dea ling with com pu te ri sed si mu la tion of
the be ha viour of ma te rial struc tures.

14

The two in ter views are very dif ferent. Whe reas, Jean- Marc Tho mas is
well known for ha ving been the Ge ne ral Ma na ger of Air bus’s site in
Tou louse and for being the Pre sident of Air bus France in the 2000s,
the in ter view did not concern this per iod. It dealt, on the other hand,
with an ear lier part of his ca reer and when he wor ked in the Ae ros‐ 
pace En gi nee ring De part ment in the 1970s and 1990s. Jean- Marc
Tho mas’s tes ti mo ny bears the im print of the ma na ger he later be‐ 
came, and that of the de vo ted en gi neer he was at the time. It is, the‐ 
re fore, an unu sual tes ti mo ny which deals with the years he spent ma‐ 
king cal cu la tions.

15

G’s ex pe rience is that of an ope ra tor whose ex per tise was ac qui red
over thir ty years spent in an of fice of en gi nee ring where he wor ked
main ly on the struc ture of Concorde and on other pro grammes such
as Air bus and ATR. The in ter view fo cu sed on the advent of IT in struc‐
tu ral ana ly sis, how func tio na li ties evol ved, and how me thods were
mo di fied. Three per iods were taken into consi de ra tion – the 1970s,
1980s and 1990-2000 – and this en ables us to see just how old the
study of ma te rial phy sics ac tual ly is. By going over these me thods, the
in ter view out lines what trans for ma tions took place.
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The in ter view with Jean- Pierre Poi tou is of a dif ferent type. He was a
so cio lo gist, an ar ti cu late eth no lo gist and, the re fore, was a man whose
pri ma ry know ledge was far re mo ved from the in dus try in ques tion.
His view of en gi nee ring of fices is, thus, ori gi nal and high ly va luable as
he stu died the CAO from the pers pec tive of cog ni tive prac tices and is‐ 
sues. As the au thor of “30 years of CAD in France” pu bli shed by Her mès
in 1989, sound ar chives re la ting to his re search are avai lable at the
MMSH in Aix- en-Provence. They contain in ter views with those who
played lea ding roles in de si gn in the 1980s and in clude in ter views
with de si gners and users of CAO’s pro ducts. Jean- Pierre Poi tou died in
2017.

17

The Sources, Ac tors, Tes ti mo nials sec tion is de vo ted en ti re ly to the
PLM Har mo ni za tion EN han ced In te gra tion & eX cel lence (Phe nix) pro‐
gramme which was conduc ted wi thin the EADS group and which was
laun ched in 2007 on the ini tia tive of Louis Gal lois, then the CEO of EADS.
This pro gramme re spon ded to the in dus trial pro blem that si gni fi‐ 
cant ly de layed the ma nu fac ture of the A380. In deed, due to in com pa‐ 
ti bi li ties bet ween the elec tri cal de si gn tools used in Ger ma ny and
France the air craft wi ring could not be com ple ted as the elec tri cal
har nesses as they were at the time could not be connec ted. It was
de ci ded that a glo bal view of the pro blem be taken and that all tools
and de si gn me thods used by the EADS group should be har mo ni sed.

18

This being an ex tre me ly dif fi cult job, Phe nix tar ge ted EADS three main
roles: the pro duc tion of com mer cial air li ners, he li cop ters and sa tel‐ 
lites. These, ho we ver, are areas that are sub ject to very dif ferent
constraints and it re sul ted in Phe nix mo bi li sing high ly rare, and even
unique skills. Doing so pro du ced an im pres sive body of know ledge on
the de si gn and de fi ni tion phases of com plex pro ducts and, the re fore,
consti tutes a pro di gious re fe rence point in the trans for ma tion of ae‐ 
ros pace in dus tries as well as pro vi ding first- hand ac counts.

19

In an ar ticle en tit led “Phe nix: com ment et pour quoi?” Jean- Yves
Mon don des cribes the time when he was ap poin ted Pro gramme Ma‐ 
na ger by Louis Gal lois. This tes ti mo ny from one of the lea ding players
pro vides an in sight into the in ten tions of EADS’ hi gher eche lons of ma‐ 
na ge ment at the end of 2006, and at the be gin ning of 2007.

20

Amau ry Sou bey ran was Jean- Yves Mon don’s de pu ty, and being at the
heart of “EADS: a young group of old com pa nies” she is able to re mind
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us what EADS was like when the pro blem of har mo ni sa tion arose.

Fran ces co Spe ran dio was a mem ber of the ma na ge ment of the Air bus
Concur rent En gi nee ring (ACE) pro gramme which can be consi de red as
a pre cur sor of Phe nix. “Air bus Concur rent En gi nee ring, a pre cedent
for Air bus in the Air craft Di vi sion (1995-2005)” pro vides up dates on
the ac ti vi ties of of fices that have been in vol ved in en gi nee ring for the
past twenty- five years.

22

Mau rice Na raya nin was De pu ty Ma na ger of the Phe nix pro gramme’s
He li cop ter Di vi sion. In “Thin king about half a cen tu ry of in for ma tion:
Phe nix and the He li cop ter Di vi sion”, he shows how this part of in dus‐ 
try dif fers from the air craft in dus try and the Pro duct Li fe cycle Ma na‐ 
ge ment (PLM) is sues to which they are spe ci fi cal ly re la ted.

23

Fré dé ric Féru who was head of the Ar chi tec ture wor king group, and
Mau rice Na raya ni, the au thor of “Unir et dé mê ler in for ma tique et
mé tier: choi sir les ou tils”, deal with one of the most im por tant as pects
of the Phe nix pro gramme: choo sing a com mon soft ware pro gramme.
Al though this choice was sub se quent ly re vie wed due to changes in
mar ket of fers, the fact re mains that this “bench mar king” has re sul ted
in de ve lo ping a pro cess to weigh up the needs and to a com pa ri son
pro cess from which much can be lear ned.

24

Phi lippe Mus sat hea ded As trium’s 4 work on ob ser va tion sa tel lites
and, in par ti cu lar, pi lo ted work shops on pro duct de fi ni tion. We can
only ima gine how dif fi cult it was to piece to ge ther a de fi ni tion, but
we can also think about how in ter es ting it must have been. In “Iden ti‐ 
fying and col lec ting abun dant data, sha ring its use and ow ner ship:
the As pire pro gram at As trium”, Mus sat des cribes how it was ne ces‐ 
sa ry to go beyond cer tain li mits.

25

If a his to ry of de si gn tools contri butes to the un ders tan ding of the
trans for ma tions that have af fec ted the de si gn it self, it only pro vides a
short in sight. In fifty years, de si gn of fices have un der gone pro found
changes in terms of ope ra tions, re cruit ment, re la tions with the out‐ 
side world, and their in vol ve ment in the com plete pro duc tion of the
final pro duct. The ae ros pace sec tor is just as concer ned as the en tire
in dus try. Ne ver the less, the fact re mains that the ex ten ded en ter prise
and dis tri bu ted de si gn – made pos sible be cause they were di gi tal and
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NOTES

1  L’évo lu tion des qua li fi ca tions et des savoir- faire dans les bu reaux d’études
face à la concep tion as sis tée par or di na teur, J.-P. Poi tou, So cio lo gie du Tra‐ 
vail, Vol. 26, No. 4, 1984

2  In ter ac tive Gra phics for Com pu ter‐Aided De si gn, by M. David Prince, Ad‐ 
di son Wes ley, 1971.

3  Ori gi nal ly CATIA stood for Concep tion as sis tée tri di men sion nelle in ter ac‐ 
tive ap pli quée. But with its po pu la ri ty it be came a brand name as such, and
its ini tial mea ning has gra dual ly di sap pea red.

4  Today As trium is a part of Air bus De fense and Space.
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