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ABSTRACT 

Modern peening equipment has been developed e s p e c i a l l y  t o  f u l l f i l l  c la ims  o f  

t he  aeronau t i ca l  and space i ndus t r y .  Today o the r  f i e l d s  l i k e  t he  automobi le 

i n d u s t r y  need peening systems w i t h  peening cond i t i ons  between a narrow 

range o f  t o l e rance  too. To f u l l f i l l  these cond i t i ons  t h e  development o f  

a l l  types o f  peening machines i s  con t i nous l y  go ing on. 

Wet- and dry-peening-equipment work ing on a pressure- o r  i n j ec to r - sys tem 

need measuring and r e g u l a t i o n  p r i n z i p l e s  t o  guarantee constant  peening 

parameters as w e l l  as c o n d i t i o n i n g  and maintenance o f  shot.  

So lu t i ons  t o  f u l l  f i l l  t h i s  c la ims  f o r  d i f f e r e n t  shot  ( s t e e l ,  glass, ceramics) 

i n  a  wide range o f  shot s i z e  (S70  t o  8mm diameter)  w i l l  be shown. 

E s p e c i a l l y  a  new developed peen fo rming  machine, which w i l l  be ab le  t o  

form c y l i n d r i c a l  and sphe r i ca l  p a r t s  f rom a f l a t  sheet w i l l  be expla ined.  
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INTRODUCTION 

In shot-peening and peen-forming technics pellets of glass, ceramic and 

metal alloys are used. Each material will be used economically in a limited 

range of reachable intensities in spite of the fatigue durability of the 

pellets. This is one viewpoint to choose a shot. Others are contamination 

problems, i ncl us 

reach the wanted 

to have the right 

Especi a1 ly parts 

different inten 

ans, surface structure and sometimes surface design. To 

intensities and to fullfill the other claims it is necessary 

acceleration system. 

which are of complex geometrie and which have area5 with 

i t i e s  the air-blast-nozzle-type equipment has the best 

chance to produce and reproduce the local wanted energy. 

There are three ty es o f  usual peening installations working with nozzles 

1 Wet-peening-system with acceleration by the injector method. 

ing-direct-pressure-system. 

ing-injector-system. 

4 Dry-peening-gravitation-system with acceleration by the injector method. 

Each type of installation has its own type of control of the peening parameters 

and a speci a1 industrial processing engineering of the shot conditioning 

and maintenance. 

On the next pages some examples of realized peening installations will 

be expl ai ned. 

WET-PEENING-EQUIPMENT - 

Fig. 1 showes a peening installation for the treatment of turbine blades 

and other parts of turbines in maintenance. It is built and constructed 

to fullfill the claims of the turbine manufacturer's specifications. The 

result is a fully CNC working wet-peening-system for glass beads and ceramic 

shot. The shot is forced metered and mixed with the preselected quantity 

of water, which takes the transport of the shot to the nozzles. The medium 

ratio mixture can be set from 20 to 40% of solids (Fig. 2). The absolute 

quantity depends on the number of working nozzles. This ratio of mixture 

can be changed during one peening operation without handling any shot. 



process technics: 

movements: 

control technics: 

monitoring: 

shot conditioning: 

water treatment: 

F i g .  1 : Wet-Peening-Equipment (Sabena, Belgium 1989) 

- forced metering of glass beads or ceramic shot, 
- centrifugal process pump, 
- 6 pieces independent pressure systems, 
- 6 sets of two pairs of nozzles. 

- one x ,  y system for the nozzle fixture, 

- one rotary table for the workpiece. 

- fully CNC. 
- medium ratio mixture, air and medium pressure 
- automated sampling device for visual examination. 

- fully automatic adding of shot, 
- recycling of conditioned shot by cyclone technics. 

- conveyor type fi 1 tre for waste separation and water 

purification. 



With the automated sampling device a visual examination of the mixture 

ratio is possible 12, 3, 4/./ The acceleration of the medium up to the 

working velocity starts in the nozzle. In this case 6 pieces of independent 

pressure systems are feeding one pair of nozzles, so each of the 6 pairs 

of nozzles can run the individually set velocity. 

All nozzles are moving on one fixture in the x,y range. On the walkable 

ground of the chamber a rotary table moves the workpiece. 

Reclaimed shot will be conditioned by cyclone technics and will be recycled. 

The broken shot and other waste will be separated on a conveyor type filtre. 

The purificated water will be returned to the process. Lost shot will be 

added automatical I y. 
Latest of wet-peening-installations will have a closed loop control system 

with a special flow meter arrangement. 

of a constant 
kg/min-feed of s h o t  
e.g. 6 nozzles to be 

set between 20 and 40% 

l i . t e r s / m i . n  

kg/min-feed o f  s h o t  
e.g. 6 nozzles to be 

Fig. 2: Medium Process Characteristic 

SPECIALIZED-PEENING-EQUIPMENT 

One of the small type installations introduced in industry is the standard 

precision peening apparatus for one nozzle and different shot up to S330 

(about 1 mm). 



F i g .  3: Spec ia l ized-Peening-Equipment  f o r  " s m a l l - h o l e s "  

o f  2,6mrn d iamete r  and ove r  (e.g. t u r b i n e  maintenance) 

process t e c h n i c s :  - one d i s c o n t i n o u s l y  work ing  pressure-sys tem w i t h  

one nozz le .  

movements: - one l i n e a r  a x i s  and n o z z l e  r o t a t i o n ,  

- workp iece manua l l y  ad jus ted .  

c o n t r o l  t e c h n i c s :  - NC. 

m o n i t o r i n g :  - s h o t  f l o w  and a i r  p ressure .  

a u x i l i a r y  equipment: - f i x t u r e s  f o r  p r o c e s s i n g  s tandard  eng ine components. 



Fig. 4: Peening-Installation (Turbine manufacturer, 1990) 

process technics: 

movements: 

control technics: 

monitoring: 

shot conditioning: 

- 2 independent continously working pressure-systems, 

- 8 nozzles totally, steel shot. 

- two independent nozzle sets, 
- vertical and horizontal movement, 
- one rotary table with exchangeable pallets. 

- fully CNC. 

- shot flow and air pressure, 
- closed loop control facilities. 

- screening device for continous under- and oversize 
separation. 

. auxiliary equipment: - storage silos with automated transferring of shot. 

-5 7 8- 



Combined w i t h  a  moving u n i t  w i t h  one l o n g i t u d i n a l  a x i s  and r o t a t i n g  nozz le ,  

i t  i s  p o s s i b l e  t o  shot-peen w i t h  t h i s  equipment h o l e s  o f  about 2,6 mm ( 0 , l  

i n c h )  i n  d iamete r  and i n  minimum t e n  t i m e s  o f  t h e  d iameter  deep w i t h  equal  

i n t e n s i t y  ove r  t h e  e n t i r e  ho le .  Such ho les  can be peened t o  r e q u i r e d  s p e c i -  

f i c a t i o n s  i n  l e s s  t h a n  3 minutes  w i t h  l i t t l e  q u a n t i t y  o f  shot .  Main  f a c t s  

o f  t h e  peen ing o p e r a t i o n s  a re  u n i f o r m  s o l i d i f i c a t i o n  i n  t h e  e n t i r e  h o l e  

and a  s o f t  g r a d i a n t  i n  s o l i d i f i c a t i o n  and r e s i d u a l  s t r e s s e s  i n  t h e  s u r f a c e  

o f  t h e  s h a f t .  Fo r  t h i s  a  s p e c i a l  system o f  n o z z l e  and t a r g e t  has been developed 

/4/. 

PEENING INSTALLATION 

I n  comparison t o  t h e  smal l  peen ing equipment, d r y - p e e n i n g - i n s t a l l a t i o n s  

a re  work ing  n o r m a l l y  c o n t i n o u s l y  w i t h  one o r  more p ressu re  systems. The 

i n s t a l l a t i o n  i n  F i g .  4 c o n s i s t s  o f  two independent moving s e t s  w i t h  4 n o z z l e s  

each and two independent p ressu re  systems. 

The moving ranges a re  v e r t i c a l  and h o r i z o n t a l  (x,z and y,z)  f o r  t h e  n o z z l e  

s e t s  and a  r o t a r y  t a b l e  w i t h  exchangeable p a l l e t s  i n  wa lkab le  ground h i g h t  

moves t h e  workp iece.  

T h i s  machine i s  f u l l y  CNC-cont ro l led  and t h e  peen ing parameter a re  s u b s i d a r y  

under c l o s e d  l o o p  c o n t r o l .  

PEEN-FORMING-INSTALLATION 

O f  q u i t e  another  concept t h a n  t h e  peen ing equipment shown b e f o r e  i s  t h e  

peen f o r m i n g  machine a t  t h e  p l a n t  o f  D o r n i e r  i n  Munich ( F i g .  5 )  t o  produce 

s p e c i a l  p a r t s  f o r  a i r c r a f t s  ( A i r b u s )  and t h e  A r i a n e  program. T h i s  machine 

c o n s i s t s  o f  t h r e e  independent work ing  s h o t  s u p p l y  systems (F ig .7 )  and two 

m e t e r i n g  u n i t s ,  so t h a t  d i f f e r e n t  s h o t  s i z e s  w i t h  d i f f e r e n t  energy can 

work. B e f o r e  r e t u r n i n g  t o  any main s to rage  a  c o n t i n o u s  work ing  s c r e e n i n g  

d e v i c e  separates  t h e  s h o t  t o  be c o l l e c t e d  i n  t h e  co r respond ing  s i l o .  

The 7 - a x i s  movement and t h e  peen ing process a r e  f u l l y  CNC-cont ro l led .  The 

peen ing can be PC- o r  panel  programmed ( F i g .  6 )  and i s  a l s o  t e a c h - i n  supported.  

The 5 - a x i s  nozz le  moving u n i t  shows F i g .  8, a t  t h e  moment w i t h  l a s e r  i n -  

s t a l l a t i o n  f o r  ad jus tment .  F i g .  9 shows t h e  i n s t a l l a t i o n  i n  a c t i o n  f o r m i n g  

a segment f o r  t h e  Ar iane5.  

The i n s t a l l a t i o n  i s  completed w i t h  a  s t o r a g e  and a  c l a s s i f i c a t i o n  system 

( F i g .  10 and 11). 

A l l  i n s t a l l a t i o n s  shown w i l l  f u l  l f i l l  a l l  n a t i o n a l  s a f e t y  s tandards.  



Fig. 5: Peen-Forming-Installation (Dornier Luftfahrt GmbH, 1990) 

process technics: 

movements: 

control technics: 

monitoring: 

ball observation 

and conditioning: 

auxiliary equipment: 

- one continously working pressure-system with one 

nozzle for shot up to 4mm diameter, 

- two continously working gravi tation-systems with 

one nozzle (injector acceleration ) for steel 

shot up to 8mm diameter. 

- 5-axis for the nozzle (3 linear and 2 rotative) 
- Z-axis for the' workpiece ( rotation, inclination). 

- fully CNC. 
- f low of shot and air pressure, 

- closed loop control facilities. 

- screening device for the continous separation 

of shot , 
- device for discontinous classification of shot 

in shape and size. 

- storage silos with automated transferring of shot. 



F i g .  6:  PC, CNC-Units, S w i t c h  Board, I n s t r u m e n t a t i o n  f o r  

Mass F low  and A i r  P ressu re  

F i g .  7: Shot  F low Diagram 



F i g .  8: A x i s  U n i t  w i t h  Laser  P o s i t i o n e r  i n  t h e  Cabin 

F i g .  9: Inclined Rotary Table w i t h  Workpiece d u r i n g  

Peen-Forming-Operation 



Fig. 10: S w i t c h  Board for Transferring Shot from Pressure 

Systems t o  S to rage  S i l o s  or Classification U n i t  

F j g *  11: 

C l a s s i f i c a t i o n  U n i t  f o r  S i z e  

S h a p e  of Round S t e e l  S h o t  

a n d  
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