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1 Introduction 

Shot peen forinlng 1s above all carlied out 111 the aeronaut~c and aerospace ~ndustry for the pro- 
duct~on of complex lnteg~al structures In fuselage and wing components (- Partral Forgzlzg 
Process I Shot as a Tool) 

Particularly In the aeronautics ~ndustry, development engmeers and des~gners mtensively 
work on complex, smgle-ax~s or multiple-ax~s curved geomeh~es, vary~ng panel thicknesses 
and/or strmger stlffenlngs The alm here 1s to optlmlze we~ght and hence to save on a~rclaft 
operatmg costs, as well as to op t~m~ze  productlon processes (= Deslgn for Manufucturlng 
Feac7blhty) 

A further Important custonler requ~rement comes from product~on managers completely 
controlled, documented and reproducible processes with pract~cal flexlb~l~ty in d e q g  are a pre- 
requisite for the ~ n d u s t ~ ~ a l  series productlon of carr~er rocket structures 01 alrplane components 
such as f~~selagc and w ~ n g  panels (= State-oj-the-art Industrral Processes) 

Appropriate documentat~on for today's market should Include the component data and the In- 
fluences of forrnmg on the inatertal as well as all process data relevant to the customer (= Com- 
plete Transparency and Constant Qualzty Control) 

The KSA - Kugelstrahlzentrum Aachen Gmbfl (Aachen Shot Peemng Centle) uses modern 
modelling and facillty technologies wh~ch faclhtate controlled shot peenlng w ~ t h  complete pro- 
cess control and automatmn (= KSA - Contmlled Shot Peenzng) 

The follow~ng describes the procedure for ~mplementmg controlled shot peenmg We wlll 
use examples from our current work to show that thlq hghly-automated proccss Gail bt: crrl- 
ployed both for producmg components on a contlact bas~s as well as for serles productlon at the 
customer's own plant 

2 Project Planning and Implementation 

Clear project structuring is necessary before peening applications can be controlled and automa- 
ted. This is the only way in which complex matters can be described, simplified and automated. 

The KSA - Kugelstrahlzentrum Aachen has an open policy in this respect, because we belie- 
ve that the customer has the right to receive documentation covering all the information relevant 
to the component and process (= Maximum Transparency). 

First the project and customer needs are analyzed and studied with regard to their practicabi- 
lity. To do this we feed in CAD data, analyze the specifications of the process and the project 
conditions and discuss the necessary production and measuring toolings with the customer. 

We proceed as follows for new projects (Fig. 1): 
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Figure I: Shot peenmg process automation by KSA 

After adopting joint ploject plannlng (= Mzlestone Plannzng), we work out d posvble solutl- 
on, define a formmg strategy and produce a first qual~fication speclinen For thts we use o u ~  
know-how regardmg thc process, our existing data sheets on pecnrng process parameters and on 
projects (- Expertzse /Data Lzbrary) andlor our evaluation of smaller previously-defined sam- 
ples which have been subjected to shot peening treatment (Fig 2) 

The latter, whlch are often described as intensity curve samples having the same matella1 and 
thickness, enable us to determine how to approach the project without procewng 01 los~ng an 
original component 

Programming of the peen for~ning strategy takes place off-line We log, cont~ol  and finally 
regulate prodnrtlnn of our first speci!r,er. with cu: modcls for on-line accluls~t~url, ~ o n ~ r o i  and 
documentation of the peenlng process parameters 

In addit~on to conventional inachlne informatton such as the cutTent axis posit~on, peenmg 
pressule, shot dosmg or n o n l e  velocity over the component, essent~al plocess mformat~on is 
logged and presented In v~sual  form o n - h e  

This mcludes the number ofreglvfered partlcle~ per second and their normal dzstrzbutlon 
(= Massper Surface) as well as shot veloczty and shot coverage on the component surface itself 
as a function of the tlme and place of peening [I] 

Thls means an end to the trial and error approach to shot peenlng for the first tnne and f m -  
htates clear description of the influences of forming on the material 

Our integrated 3D contour measurmg with on-lme evaluation and representatmn of contour 
hnes enables our facilltles to actually program themselves to attain the target contour Our 
CNC-/robot-aided nozzle movements and posltionlng provide an additional guarantee of high 
precision, process reliability and control (= State-of-the-Art Shot Peemng Faczlrtze~) This pro- 
cedure means that regularly our qual~fication components can be used later as senes parts (Fig 

3) 



Figure 2: Detel~n~nation of intensity cmves and formsng pnrameters 

Our model and f~lctltty technology and 11s f a c ~ l ~ t a t ~ o n  of the exact depiction and documenta- 
tton of the process allow us to further optmlze and autotnate the fol~nmg process (- Reductrun 
ofSequenre Step5 und Run Erne~)  Ilcnce, aftel tieatmg the fourth component we have as a rule 
aheady reached a pol111 iif whlc!? S P ~ I P S  pr~duct:on is stable, su iim we can achreve the same 
peentng result as w ~ t h  the first spectmen, but w ~ t h  the add~tlonal advantage of optiinlzed run 
ttmes and sequence steps (- Lenrntng Curve) 

Flnally, the peenlng process runs on a controlled and automated baas and can be rep~oduced 
exactly with a htgh level of process lehability and preclslon (=Frozen Process) Manual Inter- 
vent1011 In the peentng sequence 1s ne~ther possible nor necessary 

Desplte the large number of appl~cations, there has not been one cnse in our company's hlsto- 
~y where a component from serles production has been rejected because of Imperfect shot pee- 
rnng treatment (- iIzgh Proces~ Relzabllz~) 

We would llke to illustrate the procedure and quality of our controlled shot peenlng with va- 
rious examples from our current productton 

Our reference [2] all eady descr~bes the automated product~on of ') doine bulkheads for A r m  
ne 5 w ~ t h  shot peening 



Figure 3: Forming example Airbus A380: qualification panel with precise contours 

3 Kc-shaping of Laser-welded Fuselage Skin Panels for Airbus A380 

Our latest project deals with the re-shaping laser-welded fuselage panels for Airbus A380 [3,4] 

(Fig 4)  
The coinponents are between 2,700 and 10,500 mm long and have varymg sheet thicknesses, 

the stringers and skm panels also havmg varymg geoinetr~c profiles The th~clcncss of the mate- 
rial ranges from 1 G mm to 5 8 mm, the matella1 used being varlous, alunnniun~ alloys for pa- 
ne!\ m d  ctrln,gers (= Ilgl! E m g n  I;!rx:b;l@) 

As a result of the heat applled durlng the previous l a w  welding process, the components are 
warped along both their length and breadth 

Therefore, the components have to be re-shaped In a controlled and automated way To 
ach~eve this, defined shot peening t~eatment 1s applied to the area of the fuselage skm panels on 
the mslde of the component which was lnltially influenced by the heat 

The quahfication work wh~ch 1s necessary for the later re-shaping shot peeixng process IS 

currently camed out successfully in Aachen on our two 7-axis CNC-/robot-controlled shot pee- 
ning fac~lit~es fol Azrbuv Deut~chland GmbH [4] 

It 1s Intended that the re-shapmg of the skm panels w ~ l l  finally bke  place at the Alrbw plant 
Itself with a new, corresponding facllity for maximum dimens~ons of 11,600 x 3,000 x 750 mm 
(L x B x H), featurmg high process reliability 

Bemg the systems supplier, this w~l l  be our respons~bility (= Open Polzcy, Shot Peening Sy- 
stems Integratzon) 
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Figure 4: Controlled re-shaping of laser-welded skin panels for Airbus A380 



4 Production of Conical Segments of Power Module Frame for 
Ariane 5 using Shot Peening 

We use controlled shot pcening to make various extremely complex panels for the frame of the 
Ariane 5 power module (Fig. 5 )  

The components consist of large flat segments measurmg approximately 1 m2 (Box Cone Pa- 
nel) to 2,5 rn2 (Cone Panel) with varylng sheet thicknesses, stringer stiffening and cut-outs 
They have to be converted into a conical contour with radn of about 900 to 2,700 rnin by means 
of controlled and automated shot peening 

Box Cone Panel Process Visualization 

Cone Panel Process Visualization 

Figure 5: Segments of power module frame of the european rocket Ar~ane 5 

There is a total of 12 different geometrrc profiles with~n the required 24 panels pet carrier 
rocket The components are made of remforced aluminium alloys for panels and strmgers, the 
thickness of the material ranging from about 2 3 inm to 8 mm (= Deslgn Fleazbzlzty) 

The panels are formed by shot peenlng both sides si~nultaneously wlth shot of a diameter of 
8 mm The production procew can be reproduced exactly w~th  high reliability (= KSA -Control- 
led Shot Peenrng) 



Compared to coi~vcntional hand peentng work, we cany out the formmg process in a fraction 
of the tlme which would otherw~se be required (= Proces~ Automatzon /ReductLon of Sequence 
Steps and Run fimes) 

Furthermore, possible changes In design can be mcorporated Into our modelling and NC pee- 
nlng programs quickly and flexlbly 

A s~gnlficant innovation IS that our customer Dutch Space B V ,  receives complete documen- 
tation of what happened on the surface of the component (= Open Polzcy) 

5 Production of Spherically Curved 1A Dome Bulkheads for Ariane 5 
using Shot Peen Forming 

A further very recent project is the production of ?4 dome tank bulkheads for European space 
launcher Ariane 5 [Fig. 6). 

Shot Peening Facility No. 2 Control Stand 

% Dome Tank Segment 

Figure 6: '/4 dome tank bulkheads for the european space launcher Ariane 5 

These components consist of segments of approximately 8 m2 which have to be converted 
by shot peening into a spherical contour with a constant radius of approximately 3,000 mm. 



There are five tank floors for each Ar~ane 5 carriei rocket with four d~fferent geometr~c profiles 
and varying sheet thicknesses of 1 6 mm to 3 5 mm in the panel 

The panel thickness wldens In stages up to a maximum of 6 4 mm at the edge of the coinpo- 
nent (= Integral Structure / Hzgh Deszgn Flexzhzlzty) 

The segments are peened simultaneously on both sides on oul new 7-axis iobot-a~ded shot 
peenlng faclllty using two articulated lndustiial robots In comparison to our usual dome seg- 
ment production [5,6], this results In a considerable reduction 111 I L ~  tmes and costs f o ~  our cu- 
stomer MAN Technolope AG (= Customer $ Competztne Advuntager) 

The only sequence steps now requlred In the piocess ale the bas~c peenlng and the final for- 
ming steps The contour which was achieved is eleciror~~cally logged uslng mtegrated 3D laser 
measurement, any dev~at~ons being represented In the form of contoui h e r  wlih the same de- 
vlatlon from the target contou~ Finally, our control software proglamr the remainmg necessary 
forming steps fully automatically Manual mtervention In the production cequence of peenmg 
technology 1s ne~ther possible nor necessary 

6 Customer Benefits 

KSA Controlled Shot Peenmg fulfils the customer requ~rements of deslgn flexlbshty combi- 
ned wsth the highest level of process control and automat~on as well as complete documentation 
and transparency (= State-of-the-art Industrzal Procerse~ /Open Polzcy) 

Proven process and model technologies provide the customer with shorter development 
tmes  and facilitate changes In design durmg product~on (= Srinultnneouc Eng~neerlng, 'nine to 
Murkef ') without losmg an origlnal component (= Reduced Pre-run und Adjustment Corts) 

All data on the component and the plocess parametels are recordcd In the data library and 
can be accessed by the customer at any tnne (=Development andP~~oduct~on Partnerrhp) 

Our modem, new-generation peemng facil~tles feature central control unlts whlch fac~l~tate 
off-line programming as well as on-line logging, evaluation and documentation of the essential 
peening plocess parameters (= H ~ g h  Proc~sr Rehabdity) 

The production process 1s fully coinputer-controlletl, which eliminates any errors in ploces- 
smg thc component (= Procers Autornatzon) 

In oldel to give all our customers t h ~ s  advantage, whethcr they prefer peening on a contiact 
basis or in-housc production, KSA dev~ses a custosntzed package for each case (= Customzzed 
Azttomutzorz Solut~onr) 

Our support service for the customer durmg the ~mplementation of h~ghly-automated shot 
peening processes can ~nclude engineerrng wolk f o ~  the development and qualificat~on phase, 
contract peenmg and the supply of control systems and complete fac~lit~es with process Intro- 
duction at the customer's plant (= S y ~ t e n ~ r  Integratzon) 

Peening work on a contract basis IS carried out on our highly-automated facihties (= Hzgh 
Pr*oductzvzty /Shout Run Times), providmg the highest quahty and reliablhty regardmg del~very 

Our h~gh-end shot peening capacity can also be used to cover customers' peak demand 
(= Back-up Pi-oduclzon) 



7 Summary 

Controlled and automated peening processes have brought about an end to the trlal and error ap- 
proach to the shot peening process and facll~tate clear description of the influences of forming 
on the material 

We vlew ourselves as a partner for irnplernenting actually entitled KSA - Controlled Shot 
Peenmg with the aim of supporting the customer to develop the potential for mcreased quahty 
and economlc effic~ency 

A11 our processes, facll~ties and models cotnpletely fulfil the iequlrements of DIN IS0 9001 
- 2000 

KSA's shot peenlng automation technology can, In principle, be appl~cd to all peenlng pro- 
cesses on the market and can be transferred to surface hardening peening and othe~ applications 
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