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ABSTRACT 
Reconfigurable Manufacturing Systems (RMS) are designed for rapid change 

in the system configuration, their machines and controls. In the field of sheet 
metal forming could be identified a number of such types of methods. In the paper 
are analysed these deformation methods, to point out their advantages and 
applications.    
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1. Introduction 

 
Reconf igurable  Manufactur ing Systems 
(RMS) is  des igned for  rapid  change in  the 
system conf igurat ion,  their  machines and 
controls .  In  th is  way RMS offer  an  
addi t ional  approach of  adjust ing 
product ion capaci ty and funct ional i ty 
quickly to  new products  as  wel l  as  in  
response to market  changes.  
 From economical  point  of  v iew,  RMS 
go beyond the object ives  of  mass,  lean,  
and f lexible  manufactur ing and al low 
f lexibi l i ty  not  only in  producing a  var iety 
of  par ts ,  but  a lso  in  changing the system 
i tse lf .  
 In  the f ie ld  of  metal  forming processes ,  
the appl icat ion of  reconfigurabi l i ty  is  
l imited  due to  the product ion 
character is t ics :   

-  a great  var iety of  shapes and 
dimensions;  

-  a great  quant i ty  of  par ts ;  
-  each par t  demands a  specif ic  tool ,  

each change in  par t  design demands 
a  new tool ;  

-  less  f lexibil i ty  in  comparison with 
machining,  where the same set  of  
cut t ing tools  can be used to  produce 
a  wide var iety of  f in ished shapes.   

In  the  las t  decades  important  effor ts  
were made to  increase the f lexibi l i ty  in  
metal  forming processes .  This  led  today to 
could  ident ify some reconf igurable  
systems for  this  technology.  

 As i t  fo l lows i t  wil l  presented some of  
the metal  forming processes  which belong 
to the reconf igurable  technology.  
 

2.  Incremental Forming 
 
In  th is  method,  a  s imple geometry tool  (a  
hemispher ical  tool)  is  mounted on a 
ver t ical  axis  of  a  machine and the motion 
of  th is  tool  a long the tool-path 
progressively forms the sheet  metal  to  i ts  
f inal  shape by inser t ion of  small  regions of  
control led  plast ic  deformations.  For  the 
process ,  universal  3  or  more axis  CNC 
machining centre  can be used.  

Two main  var iants  of  the  die less 
incremental  forming process  are  known: 
the  so-cal led “negat ive forming process”  
and the “posi t ive forming” process .  

In  negat ive incremental  forming 
(Figures  1  and 2) ,  a  ball  punch moves  on a 
sheet  metal ,  according to  a  programmed 
tool  path.  The sheet  is  c lamped at  the 
per iphery by bol ts  on a  suppor t  f rame.  
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Fig. 1. Negative Incremental Forming Process 

[12] 
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In positive incremental forming (figure 3) 
the blank 2 is put on the upper plate 3, and is 
fastened on all sides by a fixed plate 5, which 
can move along the guide pillars 7. A forming 
tool 1 presses the sheet into a punch core 4 and 
moves along the contour line under the control 
of the machine until the required shape is 
formed.  
 

 
 

Fig .  3 .  Set-up system for  negat ive 
incremental  forming [13]  

 
During the forming process ,  the 

computer  controls  the  tool’s  movement  in  
x-y direct ion and the gradual  movement  in  
z  d irect ion.  Within  the layer  of  the  same 
height ,  the  forming tool  makes a  
curvi l inear  movement on the x-y plane.  
When a  layer  is  f in ished,  the  tool  moves  
down a  smal l  dis tance of  h  a long the z-axis  
and cont inues to  process  the next  layer  t i l l  
a l l  layers  are  formed.  8  is  the piece 
obtained. 
 

 
 

Fig. 3. Positive Incremental Forming Process 
[20] 

 
Compared to  the  t radi t ional  forming 

process ,  incremental  forming process  has 
h igher  extensibi l i ty,  f ineness and 
smoothness  of  the work piece.  In  addi t ion,  
i t  can be used for  machining complicated 
curved surfaces ,  which cannot  be done by 
the tradi t ional  method (complex shape out  
of  metal  sheet  up to  2.4  meters  by 1.4  
meters  a t  var ious th icknesses  ranging from 

1-5  mil l imeters) .  Another  advantage of  
d ie less  forming is  that  the tool ing costs  
are  5–10% of  conventional  s tamping.  The 
forming process  is  s low.  Thus th is  process  
is  sui table  for  low volume product ion in  
the magnitude of  1–500 pieces  per  month .  
With  th is  new process ,  tools  could  be 
discarded and die less forming machines 
can be employed to  produce par ts  upon 
demand.  This  system is  ideal ly sui ted for  
rapid  prototyping as  development  t ime and 
tryout costs  are greatly reduced.   

No hard  tool ing is  required and des ign 
CAD data can be  t ransferred to  the 
machine control ler  easi ly .  Depending on 
the  par t  s ize ,  a  prototype panel  could  be 
produced in approximately one week upon 
receipt  of  the  CAD data .  

The accuracy is  affected  by spr ing back,  
the  shape of  the  formed par t ,  the  shape and 
s ize  of  the tool ,  the  forming tool  path,  
mater ial  and thickness  of  the b lank.  
Accuracies  of  between 1,5mm and 2 mm 
have been achieved.  
  

3. Spinning with Reconfigurable Mandrel 
 
Spinning sheet  metal  is  an  excel lent  
method for  quickly prototyping round 
hol low metal  shapes.  

A force is  appl ied  uniformly to  the 
sheet  metal  by rotat ing the blank and i ts  
in tended form (mandrel)  a t  very high rpms,  
thus the sheet  metal  is  deformed evenly 
without  any wrinkl ing or  warble .  The 
spinning process  a l lows for  the  rapid 
product ion of  mult ip le par ts  as  wel l  as  
quick rei terat ion s ince only the mandrel  
need be modif ied.   

To overcome th is  drawback,  i t  was 
proposed a  new method of  deformation in  
which the mandrel  is  reconf igurable 
(f igure 4) .   

 

 
 

Fig .  4 .  Spinning with  reconf igurable  
mandrel  [23]  
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For  th is ,  the  mandrel  is  composed f rom 
a number  of  te lescopic bushes,  which move 
axial ,  according to  present  conf igurat ion.  
The conf igurat ion is  establ ished 
numerical ,  depending upon the p iece 
geometry.  The method is  s t i l l  in  
exper imental  s tage.  

 
4. Hydroforming with  
Reconfigurable Punch 

 
Hydroforming const i tutes  a  subgroup of  
sheet  metal  forming processes  u t i l iz ing a  
pressur ized forming medium.  The process 
of  sheet  hydroforming,  unl ike 
convent ionnal  s tamping,  involves 
suppor t ing the bot tom of  the sheet  with a  
bed of  v iscous f lu id  dur ing the  forming 
process .  

The advantages of  the sheet  
hydroforming process  are  numerous and 
the process  is  receiving s ignif icant  
a t tent ion from both  the automotive and 
aerospace industr ies .  Advantages ,  include 
improved formabil i ty  of  the b lank due to  
the appl ied  pressure by the f lu id ,  low wear  
ra te  of  d ies  and punch,  a  bet ter  
d is t r ibut ion of  p las t ic  deformation when 
compared to  conventional  sheet  metal  
forming,  s ignif icant  economic savings 
associated with  the decreased tooling,  and 
the potent ia l  for  reducing the amount  of  
f in ishing work required.  
 

A A

A - A

 
 
Fig .  5 .  Hydroforming with reconf igurable  

punch [23]  
 

 A method,  who offers  a  great  
f lexibi l i ty in  comparison with  the 
convent ional  one,  is  presented in  f igure 5.   
In  th is  method,  the punch is  composed 
from an array of  pins ,  which are 
independently shif ted  in  ver t ical  direct ion,  
according with  the  piece prof i le .  The 
conf iguration is  es tabl ished numerical ,  
depending upon the piece geometry.  The 
act ive par t  of  the p ins  is  covered with  a  

polymer  or  rubber  to  prevent  the d impling 
phenomenon.  The method is  a lso  in  
exper imental  s tage.  
   

5. Multipoint Deformation 
 
Discrete  die  forming is  an  engineer ing 
concept developed more than f if ty years  
ago,  in i t ia l ly  designed for  sheet  metal  
forming.  Using a  geometr ical ly  
reconf igurable  d ie ,  precious  product ion 
t ime is  saved because several  d ifferent  
products  can be made without changing 
tools .  Also a  lot  of  expenses  are  saved 
because the manufactur ing of  very 
expensive r ig id d ies  is  reduced.  

The working surface of  the  die  is  made 
up of  hemispher ical  ends of  individual  
p ins ,  where each pin  has  a  square  cross 
sect ion and can be  independent ly 
d isplaced.  

Depending on a  type of  appl icat ion,  
d iscrete  d ie  forming is  appl ied in  two 
variants :  
 -  for  s tre tch forming.  In th is  case  only a 
s ingle  d ie  is  necessary (f igure 6) .  The 
mater ia l  is  deformed according to  two 
main  types of  methods depending upon the 
force sequences.  The f irs t  is  s imple  s tretch 
forming in which the mater ia l  is  s imply 
wrapped around the tool  and is  used for  
s imply curved geometry.  The method is  
rarely used because the b lank is  not  
uniformly deformed and the spr ing back is  
very important .  The second is  s t re tch 
forming with  a  supplementary mater ial  
deformation and could  be  appl ied in  three 
manners :  
 a .  pre-s tre tch  and wrap,  ( f igure  7,  a) .  In 
th is  method sheet  metal  is  f irs t  pre-
s t retched with  force F1  above i ts  yield 
s t ress ,  and then is  wrapped around the tool  
while  maintain ing the force F1  constant ;   
 
 

 
 

Fig. 6. Discrete Die for stretch forming [4] 
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 b.  wrap and post  s t retch  (drape 
forming) ,  ( f igure 7,  b) .  The sheet  metal  is  
f irs t  wrapped around the tool  and af ter  that  
an  addi t ional  tensi le  s t ress  is  imposed on  
the par t ;     

c .  pre-s t retch,  wrap and post-s tre tch 
(s tre tch-wrap forming)  (f igure  7 ,  c) .  Sheet  
metal  is  f i rs t  pre-s t retched with  force F1  
above i ts  yield  s tress ,  and then is  wrapped 
around the tool  and f inal ly an  addi t ional  
tensi le  s t ress  F2 (post-s tretch)  is  imposed 
on the par t ;    
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Fig .  7 .  Types of  operat ions in  s tre tch 
forming [17]  

  
 -  for  deep drawing.  In  th is  case  in  
l i terature  the name of  method is  cal led  
mult ipoint  deformation (MPF) and is  used 
two opposi te  d ies  ( f igure 8) .   

The movement  of  each punch is  
control led  independently by MPF press ,  
and MPF is  a  f lexible  processing 
technique.  One of  the  main  advantages of  
MPF is  that  the forming path  of  metal  
sheet  can be adjusted  freely,  and a  sheet  
product  can be manufactured along an 
opt imum forming path with  leas t  r isk of 
forming fa i lure.  
 

 
 

Fig. 8. Multipoint deformations die [24] 
 

Mult ipoint  forming of  sheet  metal  has  
the fo l lowing character is t ics :  deformation 
of  mater ia ls  in  MPF is  not  as  large as  that  
in  forming; in-plane forces  are  smaller  
than those in  forming and bending 

deformation is  the predominant deforma-
t ion;  contact  boundary is  a  mult i -point ,  
d iscont inuous one between sheet  and 
punches dies ,  and is  much more 
complicated than that  of  forming.  

This  method is  most  sui table  for  the 
forming of  large  dimension shel l- l ike 
par ts ,  such as  the  shel l  of  ships  and large 
vessels ,  e tc .  

 
6. Conclusions 

 
 Analyse presented in  th is  paper ,  based 
on important  numbers  of  references,  
c lar i f ied  the new tendencies  in  the f ie ld  of  
success  manufacture by plas t ic  
deformation of  curved,  mult i -axial ,  mult i -
p ly par ts .  These  new methods of  
deformation even actual ly  are  used mainly 
as  rapid  prototyping techniques ,  have a  
great  number  of  advantages because their  
reconf igurable character .       
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Studiu privind tehnologiile de deformare cu matrite 

reconfigurabile 
 

Rezumat 
 

Sistemele reconfigurabile (RMS) de fabricare permit adăugarea, înlăturarea sau 
modificarea unor capabilităţi de proces specifice controlului, software-lui sau 
structurii maşinii pentru a răspunde modificărilor cerute de tehnologie sau de piaţă. 
În domeniul tehnologiilor de deformare plastică se pot identifica câteva astfel de 
procedee. În lucrare se prezintă o detaliere a acestor tehnologii, cu evidenţierea 
principalelor avantaje şi domenii de aplicaţii. 

 
 

Ein Berichte des Blechs, das Methoden Mit   
Reconfigurable Matrize Bildet 

 
Zusammenfassung 

 
Reconfigurable Fertigungssysteme (RMS) sind für schnelle Änderung in der 
Anlagenkonfiguration, in ihren Maschinen und in den Kontrollen bestimmt. In 
auffangen des Blechs konnte der Formung gekennzeichnet werden eine Anzahl von 
solchen Arten Methoden. Im Papier werden diesen Deformation Methoden, ihre 
Vorteile und Anwendungen zu unterstreichen analysiert.  
 
 
 
 
 
 
 

 

- 50 - 


