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COMPUTER CONTROLTED CONVEYING SYSTEITI WITH INTEGRATED BUFFER STORAGE

DR. WOLF_MICHAEL SCHEID

SIEMAG ROSENKAIIVIER GMBH, LEICHLINGEN, WEST GERMANY

ABSTRACT

A German TV-maker  in t roduced a  fu l l y  au to-

mated conveylng system to work wlth an
l irr.r^ut t t"d si i f  L" in a certain section of the

produc t ion  f low.

Th ls  sys tem i .nc ludes  an  au tomated bu f fe r

s to ragä.  I t  i s  con t ro l led  by  a  Dup lex

Process  Cont ro l  ComPuter  SYstem.

The sys tem was
S I E M A G  i n  1 9 8 1
9 7  Z .

AI I  these e lec t ron ic
s p e c i a l  t r a y  t h a t  i s
por t  and s to rage un i t
on  the  o ther  hand w i l l
i n tegra ted  par t  o f  the

de l i ve red  bY  a  JV  S IEMENS/

Avai labi l i tY is  more than

Af te r  iden t i f i ca t ion  they  e i ther  a re  t rans-
por ted  to  the  tes t ing  un i ts  and tes ted  or
s to red  -  i f  no  capac i ty  fo r  tes t ing  is
ava i lab le  -  in  an  au tomaLed buf fe r  s to rage.
Af te r  tes t ing  they  are  e i ther  sor ted  ou t
fo r  de l i very  to  o ther  p lan ts  o r  handed over
to  fu r ther  t rea tment  o r  t ranspor ted  to  a
spec ia l  t ray- type  cha in  conveyor .  The
Ia t te r  case happens when e i ther  the  tes t
resu l ts  a re  in iu f f i c ien t  9 I -TEe sys tem
opera tes  in  the  "unmanned sh i f t "  (no  s ta f f
ava i lab le  fo r  fu r ther  hand l ing  in  the
fo l low ing  produc t ion  s tePs)  .

The spec ia l  t ray- type  cha in  conveyor  o f fe rs
t rays  to  be  repa i red  to  the  s tä f f  in  a
repa i r  a rea  and has  a  connect ion  to  the
automated bu f fe r  s to rage.  Th is  s to rage has
been mater ia l i zed  in  h igh  r i se  warehouse
techno logy .  As  i t  was  thought  tha t  there
wou ld  be  l i t t le  sense in  s to r ing  t rays
sepera te ly  f rom each o ther  (h igh  tu rnover
capac i ty  fo r  s to rage/ re t r ieva l  mach ines
requ i red  !  )  up  to  12  t rays  fo rm a  sPec ia l
p a l l e t  t h a t  i s  s t o r e d .

There fore  every  en t ry  o f  o r  w i thdrawal  f rom
the s to rage invo lves  pa l le t i z ing  or  depa l le -
t i z i n g  o f  t r a y s .

Wi th  due regard  to  the  space ava i lab le  and
i t s  c o s t s ,  a l l  s e c t i - o n s  o f  t h e  s y s t e m  t h a t
normal ly  do  no t  requ i re  access  by  s ta f f
have been ass igned to  a  second "ups ta i rs "

I e v e l .  A s  a  r e s u l t  o n l y  t h e  t e s t i n g  u n i t s ,
tha t  may requ i re  ad jus tments  when ass igned
to  o ther  types  o f  t rays ,  the  de l i very  con-
veyors  (pack ing  !  )  and the  repa i r  a rea
(e lec t r i c ians  do ing  repa i rs  !  )  a re  s i tua ted
a t  f l o o r  l e v e l .

S o - c a l l e d  s t e p  e l e v a t o r s ,  i . e .  v e r t i c a l l y
opera t ing  pa ternos ter - type  e leva tors ,  con-
nec t  bo th  leve1s  and prov ide  a  h igh  t rans-
por t  capac i ty .

coNTRoL SYSTEM (Refer  to  F ig .  2  nex t  page)

T r a y s  a n d  t h e i r  l a b e l s ,  r e s p .  a r e  i d e n t i -
f ied  au tomat ica l l y  by  so-ca l led  VIDEOI4ATS.

BASIC SYSTEM IDEAS

For  a  few years ,  au tomated tes t ing  un i ts

have been äva i lab le  tha t  can  check  a I I  the

e lec t ron ic  par ts  o f  a  TV se t  fo r  p rec ise

manufac ture  and the  re l iab i l i t y  to  be  ex-

pec ted .  Regard ing  the  cos t  o f  inves tments
iuch  tes t ing  un i ts  shou ld  opera te  24  hours
per  day '  even i f  p roduc t ion  is  car r ied  ou t

i n  t  o i  2  s h i f t s  o n l y ,  i . e .  u p  t o  1 6  h o u r s
p e r  d a y .

p a r t s  a r e  b o r n e  b Y ' a
on one hand the trans-

w i th in  the  sYstem and
af te rwards  fo rm an
. I ' V  S E E .

Every  ind iv idua l  t ray  i s  charac ter ized  by
i ts  Lype,  the  manufac tur ing  da te  and the
cur ren t  p roduc t ion  number .  Th is  in fo rmat ion
is  p r in täd  on  a  labe l  in  OCR-charac ters  and
at täched to  the  t ray .  The t ray  there fore
can be  au tomat j -ca l l y  iden t i f ied  w i th in  the
sys tem as  we l l  as  by  maj -n tenance and repa i r
s la f f  even months  or  years  la te r .  (Fur ther -

more  as  ident i f i ca t ion  o f  an  ind iv idua l  TV
set  tha t  had been purchased by  somebody) .

SYSTEM LAYOUT (Refer  to  F ig .  1  nex t  page)

The sys tem is  fed  w i th  t rays  f rom 3  produc-
t i o n  1 i n e s .  T h e  t r a y s  a r e  i d e n t i f i e d  b y
the i r  labe ls  v ia  an  au tomat ic  recogn i t ion
un i t  (ca1 led  VIDEOI4AT)  .

I N S T I T U T E  O F  I N D U S T R I A I ,  E N C I N E E R S
I g [ t ]  I C A W  P R O C E E D I N C S
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F ig .  1 .  Sys tem Layout
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Each VIDEOMAT cons is ts  o f  a  Tv-camera  w i th

a  spec ia l  m ic ro-processor  tha t  regocn izes
the  OcR-charac ters  and conver ts  the i r  da ta
in to  the  adequate  d ig i ta l  fo rm.

For  reasons  o f  sys tem re l iab i l i t y  there  are

severa l  iden t i f i ca t i -on  po in ts  in  the  sys tem:
-  a t  s y s t e m  e n t r y
-  be fore  sor t ing  ou t  to  tes t ing  un i ts
-  a f t e r  t e s t i n g
-  s p e c i a l  t r a y - t y p e  c h a i n  c o n v e y o r  e n t r y
-  a t  each tes t ing  un i t

A t  s y s t e m  e n t r y ,  t h e  p r o c e s s  c o n t r o l  c o m -
puter  checks  as  to  wether  a  tes t ing  un i t  i s
ä s s i g n e d  t o  t h e  t y p e  o f  t r a y  e n t e r i n g  t h e
sys tem and fu r ther ,whether  tes t  capac i ty  i s
ava i lab le .  I f  the  resu l t  i s  negat ive  the
t ray  is  sor ted  ou t  and s to red .  The sor t ing
conveyors  permi t  pa l le t i z ing  o f  t rays  o f
on ly  one spec ia l  t ype  per  pa l le t  even i f
several types are being produced simultan-
e o u s l y .

On the other hand the process control com-
puter  dec ides  (espec ia l l y  in  the  "unmanned

sh i f t "  )  wh ich  type  o f  s t i l l  un tes ted  t rays
shou ld  be  taken ou t  o f  s to rage,depa l le t i zed
a n d  t e s t e d .

Depend ing  on  the  tes t  resu l ts  and the  pro-

duc t ion  da ta  ( fed  in to  the  computer )  i t  i s
dec ided whether  the  t ray  i s  sor ted  on to  a

cer ta in  de l i very  conveyor ,  i s  t ranspor ted
to  fu r ther  p roduc t ion  l ines  or  i s  s to red .
I t  goes  w i thout  say ing  t rays  w i th  negat ive
tes t  resu l ts  a re  t ranspor ted  to  the  repa i r
a r e a .

The process  cont ro l  computer  recogn izes
whenever  a  cer ta in  t ray  on  the  spec ia l  t ray-
type chain conveyor is bearing a tray with
e lec t ron ic  components  o r  no t ,  and fu r ther
recogn izes  wheüher  there  is  s ta f f  in  the  re -
pa i r  a rea  or  no t .  The computer  i s  there fore
capab le  o f  dec id ing  whether  the  t rays  are
to  be  s to red  be fore  repa i r  (as  no t  enough
repa i r  capac i ty  i s  ava i lab le  a t  th is  t ime)
or  whether  add i t iona l  t rays  ou t  o f  the
storage are to be offered to the repair
s t a f f .

There  obv ious ly  i s  a  h ie rarchy  o f  con t ro l
equ ipment  to  rea l i ze  a l l  the  func t ions
m e n t i o n e d  ( s e e  F i g .  2 ) .

Thus  the  au tomated bu f fe r  s to rage serves  as
buf fe r  fo r  dev ia t ions  be tween produc t ion
and tes t ing  capac i ty ,  be tween the  number
o f  t rays  to  be  repa i red  and repa i r  capac i ty
ava i lab le ,  be tween tyPes produced be fore
sys tem ent ry  and types  regu i red  to  leave
the  sys tem.

MAJOR SYSTEM COMPONENTS

M a i n  e l e m e n t s  h a v e  b e e n  l i s t e d  ( s e e  F i g -  3
nex t  co lumn) .  Pushers  and pa l le t i zers /de- .

-quontitY- gqrr|Po[en'L
6 step elevotors

5 0  p u s h e r s

3  ou tomot ic  Po le t t i zer
I  ou tomot icdePote t t i zer

1  2  sor t ing  l ines

9 tes i  un i ts

31  l+ t+  s to roge copoc i ty  ( t roys)

?  process  cont ro t  comPuter  l cPu)

5  p r o g r o m m o b t e  c o n t r o t s  (  P [  ]

1 L  V I D E 0 M A T E N  ( o u t o m o i i c  r e c o g n i i i o n )

F ig .  3 .  Survey  o f  ma jor  components

pa l le t i zers  a re  opera ted  pneumat ica l l y .  No
mechan ica l  l im i t  sw i tches  or  s im i la r
e lements  a re  used (contac t less  cont ro ls  !  )  .

The sys tem opera tes  a t  a  10  sec .  cyc le
( t r a y  e n t r y  p o s s i b l e  e v e r y  1 0  s e c o n d s ) ,
a l though the  "bo t t leneck"  o f  the  sys tem
( i .e .  the  s tep  e l -eva tor  tha t  leads  to  the
tes t ing  un i ts )  i s  des igned to  t ranspor t  up
to approx. 900 trays,/hour (which represents
a  4  s e c .  c y c l e ) .

OPERATTNG EXPERfENCE

The dec is ion  to  bu i ld  th is  sys tem was taken
i n  e a r l y  1 9 8 0 .  I t  w a s  d e s i g n e d  a n d  d e l i v e r e d
by  a  JV SIEMENS/SIEI , IAG in  1981.

There have been typical mistakes in the
in i t ia l  phase o f  opera t ion ,  bu t  the  sys tem
r e a c h e d  a b o u t  9 7  ?  a v a i l a b i l i t y  i n  M a y  1 9 8 1 .
Compla in ts  and/or  d i f f i cu l t ies  no  longer
occured therea f te r .
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Fig .  4 .  Sor t ing  conveyors  j in  f ron t  o f  au to-
mated s to rage (Depa l le t i zer  on  the
I e f t ,  P a l l e t i z e r  o n  t h e  r i q h t )

Tray-type chain conveyor
p a l l e t i z e r

F i q .  5 .  D e p a l l e t i z i n g  o f
Conveyor in the
u n c h e c k e d  t r a y s
s y s t e m  e n E r y  E o

t r a y s  ( l e f t )
cen ter  t ranspor ts
f rom sor t ing  a f te r
p a l l e t i  z e r
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