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Sum m ary. F ir s t  in th e  p a p e r  th e  fo llo w in g  fie ld s  o f  a c t io n  w e re  d e f in e d  : p la n n in g  fo r  p ro d u c t io n ,  

d e s ig n , p la n n in g  fo r  m a n u fa c tu r in g  p ro c e ss ,  m a n u fa c tu re ,  a n d  a ss e m b ly  . N e x t,  E n t i ty -R e la tio n s h ip  

s c h e m e  a n d  s tru c tu re  o f  d a ta  b a se  fo r  c o m p u te r  a id e d  m a n u fa c tu r in g  s y s te m s  w e re  p re s e n te d .

1. E ntrance

In  c o m p u te r  a id e d  m a n u fa c tu r in g  sy s te m s  s e v e ra l f ie ld s  o f  a c t io n  c a n  b e  d e fin e d : p la n n in g  fo r  

p r o d u c t io n ,  d e s ig n , p la n n in g  fo r  m a n u fa c tu r in g  p ro c e ss ,  m a n u fa c tu re ,  a n d  a ss e m b ly  [1],

T h e  a im  o f  p la n n in g  fo r  p ro d u c tio n  is e s ta b il is h m e n t o f  m a n u fa c tu r in g  c o u rs e s  an d  m a n u fa c tu re  

tim e s c a le , lo a d  o f  w o r k  s ta tio n s , p la n n in g  fo r  m a te r ia ls ,  e tc .

D e s ig n  d e p a r tm e n t  a c tiv ity  c o n c e n tr a te s  o n  p re p a r in g  a  d ra f t  fo r  p ro d u c ts  a n d  a s  a  re s u lt  d e s ig n  

d o c u m e n ta t io n  is g e n e ra te d . T h is  d e s ig n  d o c u m e n ta t io n  is in d is p e n sa b le  f o r  th e  n e x t  p ro d u c t io n  

s tag e s .

P ro c e s s  e n g in e e r 's  fie ld  is p re p a ra tio n  o f  p la n s  a n d  in s tru c tio n s  f o r  m a n u fa c tu r in g  p ro c e s s e s  a n d  

o p e ra tio n s ,  in  p a r t ic u la r  se le c tio n  o f  v a r io u s  e le m e n ts  fo r  m a n u fa c tu r in g  p ro c e s s :  (m a c h in e  to o ls , 

m a n u fa c tu r in g  e q u ip m e n t,  to o ls , to o l in g  m a c h in e  to o ls ,  m a n u fa c tu r in g  p a ra m e te r s ,  e tc .) . D e s ig n  o f  

p ro g r a m s  fo r  m a c h in e  to o ls  an d  n u m e ric a lly  c o n tro l le d  m a n u fa c tu r in g  e q u ip m e n t  is a lso  th e  p ro c e s s  

e n g in e e r 's  ta sk .

In  th e  fie ld  o f  m a n u fa c tu re ,  c o m p u te r  m a n u fa c tu re  c o n tro l  c an  b e  d iv id e d  in to  th re e  g ro u p s : 

im m e d ia te  c o n tro l  o f  in d iv id u a l m a n u fa c tu r in g  m a c h in e s  a n d  a u to n o m o u s  m a c h in in g  s ta t io n s ,  h ig h e r  

c o n tro l  o f  m in is y s te m s  c o m p o s e d  o f  2 -3  a u to n o m o u s  m a n u fa c tu r in g  m a c h in e s  a s  w e ll a s  h ig h e r  

c o n tro l  o f  m o r e  th a n  4 -5  m a n u fa c tu r in g  m a c h in e s .  I t  c a n  b e  o b s e rv e d  th a t  C N C  s y s te m 's  s o f tw a re  

c o n tro ls  th e  fu n c tio n a l a c tiv ity  a n d  p ro c e s s in g  p ro g r a m s  c o n tro l  th e  m a n u fa c tu r in g  a c tiv ity . E v e ry  

fie ld  o f  a c t io n  is c h a ra c te r iz e d  by  a  sp e c if ic  in fo rm a tio n  flo w . T h e  in te g ra t io n  o f  in fo rm a tio n  a n d
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d a ta  f lo w  in p a r tic u la r  f ie ld s  ( d e p a r tm e n ts )  o f  m a n u fa c tu re  is a  v e ry  im p o r ta n t  e le m e n t  fo r  c o m p u te r  

a id e d  m a n u fa c tu r in g  sy stem s .

2. D ata organization in a company

D a ta  p e r fo rm  m o r e  a n d  m o re  c ru c ia l  ro le  in  th e  p r o p e r  fu n c io n in g  o f  a  c o m p a n y . D a ta  

o rg a n iz a tio n  in  a  c o m p a n y  im p lie s  to  tw o  m a in  flo w s:

-  d a ta  f lo w  c o n c e rn e d  w ith  p r o d u c t  ( fo rm  g e o m e try ,  p h y s ic a l a n d  p ro c e s s in g  fe a tu re s  )

-  m a n a g e m e n t  a n d  a d m in is tra t io n  d a ta  f lo w  c o n c e rn e d  w ith  o rg a n iz a t io n  a n d  p r o d u c t io n  b e g in n in g  

w ith  th e  o rd e r  o f  p ro d u c t 's  e x e c u t io n  to  its s to ra g e

In  th e  c o m p u te r  a id e d  m a n u fa c tu r in g  sy s te m s  d a ta  a re  o rg a n iz e d  in  s u c h  a  w a y  th a t  th e  d a ta  

c h a n g e  b e tw e e n  sy s te m s  is p o s s ib le  a n d  th a t  a c c e ss  to  th e  d a ta  o n  p a r t ic u la r  m a n u fa c tu r in g  s ta t io n s  is 

a v a ila b le

In  a  c o m p a n y  th r e e  b a s is  g ro u p s  o f  e n titie s  c a n  b e  sp ec if ied : o rd e rs ,  p ro d u c ts  a n d  m a n u fa c tu r in g  

m e a n s.

T h e  o rd e r  a n s w e rs  th e  q u e s tio n : w h a t  k in d  o f  p r o d u c t , w h e n  a n d  in  w h a t  q u a n t i ty  is to  b e  

m a n u fa c tu re d .

A ll th e  d a ta  w h ic h  d e sc r ib e  p ro d u c t :  its  s tru c tu re ,  g e o m e try , m a te r ia l a n d  m a n u fa c tu r in g  d a ta ,  as 

w e ll as  m a n u fa c tu r in g  c o u rs e  in d is p e n sa b le  to  e x e c u tio n  to g e th e r  w ith  th e  d a ta  c o n c e rn in g  

p ro d u c t 's  p e r fo rm a n c e  a n d  p r o d u c t  life tim e  a re  a ss ig n e d  to  p ro d u c t  m o d e l.

M a n u f a c tu r in g  m e a n s  in c lu d e  th e  d a ta , w h ic h  d e sc r ib e  p ro d u c t io n  p o ss ib il itie s  o f  a  c o m p a n y  

(m a c h in e  to o ls , to o l in g  m a c h in e  to o ls ,  p ro d u c tiv ity ) .

3. Place and role o f data  base for com puter aided m anufacturing systems

C o m p u te r  a id e d  m a n u fa c tu r in g  sy s te m s  m u s t b e  ab le  o f  p ro c e s s in g  d a ta  o f  d if f e r e n t  fo r m a t  a n d  

s ize . C u r re n tly  m u ltim e d ia l d a ta  b a s e  a re  b e in g  c re a te d , w h ic h  a llo w  o n  t r a n s fe r  o f  te x t  d e s c r ip t io n s ,  

g ra p h ic  d a ta  ( f ig u re s , ta b le s , s k e tc h s  ) a n d  d a ta  in  th e  fo rm  o f  p ic tu re s ,  s o u n d s , a n d  a n im a tio n . A n 

a c c e s s  to  th e  d a ta  a lso  fo r  th e  p u r p o s e  o f  p o s s ib le  c h a n g e s  m u s t b e  e ffic ie n t. D if f e re n t  d a ta  s t ru c tu re  

a n d  t im e  o f  d a ta  p ro c e s s in g  a re  re q u ir e d  in  d if f e r e n t s te p s  o f  m a n u fa c tu r in g  p ro c e s s  . A il th e  

re q u ire m e n ts  c o n c e rn in g  d a ta  b a se  in  m a n u fa c tu n n g  p ro c e s s  c a n  b e  d e f in e d  in  th e  fo l lo w in g  m a n n e r  

" th e  p r o p e r  in fo rm a tio n "  in  " th e  p r o p e r  p lac es"  in  " th e  p r o p e r  tim e "  a n d  in  " th e  p r o p e r  fo rm "  s h o u ld  

b e  a t  th e  d isp o sa l s o  th a t  " th e  p r o p e r  d e c is io n s"  a re  ta k e n . In  o rd e r  to  m e e t  th o s e  r e q u ir e m e n ts  d a ta  

b a se  sy s te m s  a re  u s e d . R e q u ire m e n ts  c o n c e rn in g  d a ta  b a se  s y s te m s  in  c o m p u te r  a id e d  m a n u fa c tu r in g  

s y s te m s  a re  d e fin e d  b y  in fo rm a tio n  ty p e s  in  p a r t ic u la r  m a n u fa c tu n n g  fie ld s , d a ta  c h a r a c te r is t ic s  a n d  

th e ir  n u m b e r  a n d  r e q u ire d  c r i te n a .  T h e  re q u ire d  c r i te r ia  a re  d if f e re n t fo r  d if f e r e n t m a n u fa c tu r in g  

s ta g e s  a c c o u n tin g  f o r  th e  w h o le  d a ta  b a se  . T h e  r e q u ire d  c r i te r ia  c o m p ris e :  id e p e n d e n c e  f ro m  u se r ,
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c o n tro l le d  r e d u n d a n c y , d a ta  p h y s ica l in d e p e n d e n c e ,  in te g ra tio n , d a ta  s e c u r ity , av a ilab il ity  to  d a ta  u se , 

p o ss ib il ity  o f  s im ila rity  s e a rc h , n e w  d a ta  in te g ra t io n  a n d  v a n a t in g  a c c e s s  fre q u e n c y .

C o n v e n t io n a l  d a ta  b a se  s y s te m s  a re n 't  s u ff ic ie n t o n  a c c o u n t  o f  th e ir  a d a p ta t io n  fo r  p a r t ic u la r  

r e c e iv e r s  a n d  th e ir  d e p e n d e n c e  o n  th e  im p le m e n te d  o p e ra t in g  sy stem .

H o w e v e r ,  th e  d a ta  b a se  sy s te m s  w h ic h  c a n  s e rv e  m a n y  u s e r s  a t  a  t im e  a n d  e n a b le  c o n c u r r e n t  

a v a ilab il ity  to  th e  s a m e  d a ta , a re  u se fu l. A ll th e  d a ta  in c lu d e d  in  th e  d a ta  b a se , w h ic h  a re  lo g ic a lly  

b o u n d  w ith  o n e  a n o th e r ,  o c c u r  o n ly  o n c e  a n d  c an  b e  a c c e ss ib le  f o r  d if f e r e n t p ro c e s s in g  p ro g r a m s  

In  th e  c a s e  o f  in te g ra te d  d a ta  b a se  th e r e  is a  p o ss ib il ity  o f  q u ic k  c o m p a r is o n  o f  o rd e r s  a n d  p o ss ib il ity  

o f  u s e  o f  th e  e a r l ie r  o rd e rs  n e e d e d  to  w o r k  o u t  a  q u ic k  o f f e r  w h ile  c o n s id e r in g  c o s ts , te rm s , e tc  [2], 

D a ta  b a se  sy ste m  p e rm its  o n  a d d it io n  o f  n e w  in fo rm a tio n , m o d if ic a tio n  o ld  in fo rm a tio n , an d  

s e a rc h  f o r  in fo rm a tio n  a n d  d a ta  n e e d e d  fo r  th e  p ro p e r  se le c tio n  o f  m a n u fa c tu r in g  p ro c e ss .

M o r e o v e r  th e  im p o r ta n t  ro le  o f  d a ta  b a se  is:

-  p o ss ib il ity  o f  d y n a m ic  s e le c tio n  i f  in fo rm a tio n  o n  th e  b a s is  o f  d e s ig n , m a n u fa c tu r in g  a n d  

fu n c tin a l re q u ire m e n ts ,  in te ra c tio n a lly  sp ec if ied  b y  u s e r

-  a u to m a tic a l  g e n e r a t io n  o f  e le m e n ts

- m u ltia l te rn a tiv e  c a lc u la tio n s

-  p ro je c t  re c o rd s  s to ra g e  fo r  th e  p u rp o s e  o f  re p e a te d  u se

- p o ss ib il ity  o f  s to ra g e  o f  th e  e n titie s  in  th e  p a ra m e te r  fo rm

- p o ss ib il ity  o f  d isp la y  o f  c h a ra c te r is t ic s  in  th e  g ra p h ic ,  a n d  ta b u la r  fo rm .

4. Idea o f Entity-R elationship Scheme (E-R) for com puter aided m anufacturing
systems

O n  th e  o n e  h a n d  th is  m o d e l is a  r e s u lt  o f  a  c e r ta in  a b s tr a c t  p ro c e s s  o f  g ra s p in g  d a ta  in  re a l w o rd ,  

a n d  o n  th e  o th e r  h a n d  d a ta  w h ic h  w e re  m e m o riz e d  in  c o m p u te r  a re  re fe re d  to  in  th e  

e n ti ty - r e la tio n s h ip  m o d e l. T h is  m o d e l is in te n d e d  to  c re a te  a  c o n c e p t io n a l  m o d e l o f  a n  o b je c t  

d o m a in . In  o b je c t  d o m a in  th e re  a re  o b je c ts , th e se  o b je c ts  re m a in  in c e r ta in  re la tio n s h ip s ,  th e  o b je c ts  

a s  w e ll a s  th e  re la tio n s h ip s  c a n  p o s s e s  a tn b u t te s  ( f e a tu re s  )  w h ic h  b e lo n g  to  d e f in e d  files  o f  s im p le  

v a lu e s . R e la tio n s h ip s  a re  fu rn ish e d  w ith  lab e ls . T h e re  a re  th e  fo llo w in g  ty p e s  o f  lab e les : 1 :1 , N : 1, 

1:N, N:N [3],

E n t i ty - re la tio n s h ip  s c h e m e  f o r  c o m p u te r  a id e d  m a n u fa c tu r in g  s y s te m s  is p re s e n te d  o n  fig . 1.

T h e re  a re  fo llo w in g  en titie s : p la n n in g  fo r  p r o d u c t io n ,  d e s ig n , p la n n in g  f o r  m a n u fa c tu r in g  p ro c e ss ,  

m a n u fa c tu re ,  a s se m b ly  a n d  re la t io n s h ip  b e tw e e n  all th o s e  en titie s .

E n t it ie s  h a v e  a ttr ib u te s ,  w h ic h  d isp la y  fe a tu re s  o f  p a r t ic u la r  s ta g e s  fo r  c o m p u te r  a id e d  m a n u fa c tu re .

P la n n in g  f o r  p ro d u c tio n  a ttr ib u te s  c o n c e rn  m a n u fa c tu r in g  c o u rs e s  a n d  m a n u fa c tu re  tim e s c a le s ,  

lo a d  o f  w o r k  s ta t io n s ,  p la n n in g  f o r  m a te r ia ls ,  e tc .

D e s ig n  a ttr ib u te s  in c lu d e  fe a tu re s  c o n c e rn in g  p ro d u c t  g e o m e try  a n d  d a ta  n e e d e d  to  g e n e r a te  

d e s ig n  d o c u m e n ta tio n .
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Fig. 1. Entity - Relationship scheme for computer aided manufacturing systems

P la n n in g  f o r  m a n u fa c tu r in g  p ro c e s s  a t tr ib u te s  in c lu d e  d a ta  c o n c e rn in g  p la n s  a n d  in s tru c t io n s  f o r  

m a n u fa c tu r in g  p ro c e ss e s  a n d  o p e ra tio n s ,  e sp e c ia lly  th e  s e le c tio n  o f  d if f e r e n t e le m e n ts  fo r  

m a n u fa c tu r in g  p ro c e s s  (m a c h in e  to o ls ,  m a n u fa c tu r in g  e q u ip m e n t,  to o ls ,  to o l in g  m a c h in e  to o ls ,  

m a n u fa c tu r in g  p a ra m e te rs ,  e tc .)  a n d  p ro g r a m s  fo r  n u m e ric a lly  c o n tro l le d  m a c h in e  to o ls  a n d  

m a n u fa c tu r in g  e q u ip m e n t.

M a n u f a c tu re  a ttr ib u te s  in c lu d e  in fo rm a tio n  a b o u t  e le m e n ts  a n d  p r o d u c ts  m a n u fa c tu re  .

A ss e m b ly  a ttr ib u te s  in c lu d e  d a ta  c o n c e rn in g  m a n n e r  o f  a s s e m b lin g  e le m e n ts  in to  a  r e a d y  p ro d u c t .

5. D ata base structure

A n a ly s in g  s c h e m e  E -R  a  c o n c lu s io n  c a n  b e  d ra w n , th a t  p a r t ic u la r  f ie ld s  fo r  c o m p u te r  a id e d  

m a n u fa c tu re  u s e  d a ta  b a se  p re s e n te d  o n  fig . 2.

In  p la n n in g  fo r  p ro d u c t io n  fie ld  th e  c o m p u te r  a id e d  m a n u fa c tu r in g  s y s te m  u s e s  th e  fo l lo w in g  b a se : 

o rd e rs ,  p la n n in g  fo r  p ro d u c tio n , m a te r ia ls , s e m i-fm is h e d  p ro d u c ts ,  m a c h in e  to o ls ,  to o l in g  m a c h in e  

to o ls ,  to o ls ,  r e a d y  p ro d u c ts .

In  d e s ig n  fie ld  th e  sy s te m  u s e s  th e  fo llo w in g  b a se : m a te r ia ls , s e m i-fm is h e d  p ro d u c ts ,  d e s ig n  

d o c u m e n ta t io n s ,  m a c h in e  to o ls ,  to o l in g  m a c h in e  to o ls ,  to o ls ,  m a n u fa c tu re  d o c u m e n ta t io n s ,  r e a d y  

p ro d u c ts .
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Fig. 2. Structure of data base for computer aided manufacturing systems

In  p la n n in g  fo r  m a n u fa c tu r in g  p ro c e s s  th e  sy s te m  u s e s  th e  fo llo w in g  b a se : m a te r ia ls , s e m i-f in is h e d  

p ro d u c ts ,  d e s ig n  d o c u m e n ta tio n s ,  m a c h in e  to o ls ,  to o l in g  m a c h in e  to o ls , to o ls ,  m a n u fa c tu re  

d o c u m e n ta t io n s ,  m a n u fa c tu r in g  p ro c e ss e s ,  r e a d y  p ro d u c ts .

In  m a n u fa c tu re  th e  sy s te m  u s e s  th e  fo llo w in g  b ase : d e s ig n  d o c u m e n ta t io n s ,  m a c h in e  to o ls ,  to o l in g  

m a c h in e  to o ls ,  to o ls ,  m a n u fa c tu re  d o c u m e n ta tio n s .

In  a s s e m b ly  th e  sy s te m  u s e s  th e  fo llo w in g  b a se : d e s ig n  d o c u m e n ta t io n s ,  m a n u fa c tu re  

d o c u m e n ta t io n s ,  r e a d y  p ro d u c ts .

D a ta  b a se  in c lu d e  in fo rm a tio n  o f  d if f e r e n t ty p e , fo rm a t ,  im p o r ta n c e . B u t  a ll th e  p ie c e s  o f  

in fo rm a tio n  a re  n e e d e d  f o r  th e  c o r re c t  fu n c t io n n m g  o f  c o m p u te r  a id e d  m a n u fa c tu r in g  sy ste m s .

O rd e rs  b a se  in c lu d e s  in fo rm a tio n  c h a ra c te r is in g  p ro d u c t ,  te rm  o f  its e x e c u tio n , p la n n e d  n u m b e r  o f  

p ro d u c t  p ie c e s , e tc .

P la n n in g  f o r  p ro d u c t io n  b a se  in c lu d e s  in fo rm a tio n  a b o u t  n u m b e r  o f  p ie c e s , s e r ie s  s ize , lo t  s ize , 

p r io r i ty  o f  o p e ra t io n s  e x e c u tio n , m a c h in e  to o ls  lo a d  a n d  e le m e n ts ' re se rv e .

M a te r ia ls  b a s e  in c lu d e s  in fo rm a tio n  a b o u t  th e  n a m e  o f  th e  m a te r ia l, p h is ic a l- m a n u f a c tu n n g  

q u a litie s , q u a n ti ty ,  p r ic e , e tc .

S e m i- f in is h e d  p ro d u c ts  b a se  in c lu d e s  fo llo w in g  in fo rm a tio n  a b o u t  m a te r ia l, o f  w h ic h  th e  p r o d u c t  

w a s  m a d e , o v e ra ll d im e n s io n s , p a ra m e te r s ,  h a rd n e ss ,  q u a n ti ty ,  p r ic e , e tc

D e s ig n  d o c u m e n ta t io n s  b a se  in c lu d e s  in fo rm a tio n  a b o u t  p ro d u c t 's  g e o m e try ,  c la ss if ic a tio n , 

a c q u ra c y  n u m b e r ,  sp e c ia l re q u ire m e n ts ,  e tc .

M a c h in e  to o ls  b a se  in c lu d e s  s u c h  in fo rm a tio n  a s  n a m e , ty p e , p ro d u c e r ,  p o w e r ,  p a ra m e te r s ,  u n it 

c o s t, e tc .
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T o o l in g  m a c h in e  to o ls  b a se  in c lu d e s  in fo rm a tio n  d e sc r ib in g  c h a ra c te r is t ic  f e a tu re s  o f  to o l in g  

m a c h in e  to o ls ,  m a c h in e  to o ls ,  u n it  c o s t ,  e tc .

T o o ls  b a s e  in c lu d e s  in fo rm a tio n  a b o u t  ty p e s  o f  to o ls , th e ir  c h a ra c te r is t ic  fe a tu re s ,  in te n d  fo r  

o p e ra t io n s ,  u n i t  c o s t, e tc .

M a n u f a c tu re  d o c u m e n ta t io n s  b a s e  in c lu d e s  in fo rm a tio n  a b o u t  p ro c e s s in g  p la n s , s e le c tio n  o f  

m a c h in e  to o ls ,  to o l in g  m a c h in e  to o ls  a n d  to o ls , p ro c e s s in g  p a ra m e te r s ,  p ro c e s s e s  s o f tw a re ,  c o s tin g , 

e tc .

M a n u f a c tu r in g  p ro c e s s e s  b a se  in c lu d e s  in fo rm a tio n  a b o u t  m a n u fa c tu r in g  p ro c e s s e s

P r o d u c ts  b a se  in c lu d e s  in fo rm a tio n  a b o u t  th e  n a m e  o f  th e  p ro d u c t ,  o r d e r  n u m b e r ,  c o s t ,  e tc .

C o m p u te r  a id e d  m a n u fa c tu r in g  s y s te m s  u se  d a ta  b a se . V e ry  im p o r ta n t  is c r e a t io n  o f  th e  c o r r e c t  

d a ta  b a se  s tru c tu re ,  w h a t  c e r ta in ly  w ill e n a b le  a n  e a r lie r  fo r m u la t io n  o f  E - R  s c h e m e . M o r e o v e r ,  th e  

c o m p e te n t  a n d  p ro d u c t iv e  d a ta  b a se  s y s te m  m a n a g e m e n t  is th e  c o n d it io n  o f  e f fe c tiv e  d a ta  b a s e  u se . 

T h e  p r o p e r  m a n a g e m e n t  sy s tem  d e p e n d s  o n  th e  se le c tio n  o f  th e  r ig h t to o l  fo r  th e  p r o g r a m m in g  o f  

th e  d a ta  b a se  sy stem .
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