
Produc'on	  planning	  problem	  in	  small	  
foundries	  	  

	  

Viviane	  Tonaki,	  Victor	  Camargo,	  
Renato	  Andrade,	  Josiane	  Nunes	  e	  

Franklina	  Toledo	  

Universidade	  de	  São	  Paulo	  
Brazil	  



Small	  foundry	  context	  

•  Foundry	  in	  a	  small	  city	  of	  São	  Paulo	  State	  
(Brazil)	  
– produces	  exclusively	  for	  suppliers	  
– many	  orders:	  oJen	  with	  different	  products	  made	  
of	  different	  alloys	  

– wide	  range	  of	  products	  with	  varying	  demand	  
made	  of	  different	  alloys	  

– only	  one	  furnace	  



Different	  products	  made	  
of	  different	  alloys	  
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Small	  foundry	  process	  



Define	  the	  alloy	  to	  be	  melted	  
	  

Choose	  products	  to	  be	  made	  
with	  this	  alloy	  
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Small	  foundry	  process	  



Making	  molds	  
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Pouring	  the	  alloy	  into	  the	  
mold	  
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Small	  foundry	  process	  

Choose	  items	  

Melted	  alloy	  

Orders	  

Pour	  the	  alloy	  into	  the	  
mold	   Remove	  any	  burrs	  

Select	  raw	  material	  	  

Determine	  alloy	   Make	  models	  
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Literature	  approach	  

•  Planning	  the	  produc'on	  of	  products	  

•  Camargo	  et	  al.	  (2012)	  
•  Tonaki	  and	  Toledo	  (2010)	  
•  Araújo	  et	  al.	  (2008)	  
•  Duda	  (2005)	  



Produc'on	  plan	  
Batches	  for	  different	  alloys	  

Products	  produced	  with	  first	  alloy	  



Decisions	  

•  To	  determine	  which	  products	  to	  be	  produced	  
in	  each	  furnace	  loading	  

Model	  proposed	  

•  Minimizes	  the	  furnace’s	  waste	  in	  each	  loading.	  



Objec've	  

– Obtain	  soJware	  to	  support	  the	  decision	  maker	  in	  
the	  produc'on	  planning	  of	  furnace	  loading.	  

Requirements	  
–  friendly	  interface	  
– make	  changes	  in	  the	  proposed	  solu'on	  
–  regardless	  of	  commercial	  soJware	  



Two	  phases	  of	  the	  project	  

•  Phase	  1	  	  
– produc'on	  planning	  of	  one	  furnace	  loading	  

•  Phase	  2	  
– Produc'on	  planning	  of	  many	  furnace	  loadings	  



Adopted	  solu'on:	  FundiAção	  Cargas	  

Decision maker 

Real portfolio 

Result for confirmed loading 
Foundry Software FundiAção 

Cargas 
Software 
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Adopted	  solu'on:	  FundiAção	  Cargas	  

Real foundry data 

results 
Calculator FundiAção 

Cargas 
Software 
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Calculator	  

•  The	  soJware	  solves	  many	  knapsack	  problems	  

Max vixi
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i=1

n

∑

xi ∈ Z +



Calculator	  

•  The	  soJware	  solves	  many	  knapsack	  problems	  

Camargo	  et	  al.,	  2012.	  

www.google.com.br	  

Max vixi
i=1

n

∑

s.a δi xi ≤Cap
i=1

n

∑

xi ∈ Z +



Calculator	  

•  The	  value	  of	  products	  (vi)	  should	  be	  defined	  
appropriately	  

Camargo	  et	  al.,	  2012.	  

www.google.com.br	  

Max vixi
i=1

n

∑

s.a δi xi ≤Cap
i=1

n

∑

xi ∈ Z +



Calculator	  

•  The	  value	  of	  products	  (vi)	  should	  be	  defined	  
appropriately	  

•  Many	  rules	  are	  defined	  together	  with	  the	  
decision	  makers	  from	  the	  foundry.	  

	  	  



Calculator	  -‐	  soJware	  

•  Step	  0	  
– Pre-‐processing	  data	  based	  on	  defined	  rules	  
calculated	  the	  value	  of	  each	  product	  

•  Step	  1	  
–  It	  solves	  many	  knapsack	  problems	  for	  each	  alloy	  
type	  

•  Step	  2	  
– Decision	  maker	  can	  validate	  or	  change	  each	  
loading	  



Furnace	  loading	  planning	  
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Planning	  of	  a	  foundry	  
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Planning	  of	  a	  foundry	  
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Planning	  of	  a	  foundry	  
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SoJware	  valida'on	  

•  Efficiency	  and	  efficacies	  
– Many	  computa'onal	  experiments	  were	  conducted	  to	  
validate	  the	  results	  obtained	  by	  our	  soJware	  
(compared	  with	  commercial	  soJware)	  

–  Large	  and	  small	  instances	  were	  used	  	  

•  	  Quality	  of	  obtained	  solu'on	  
–  Based	  on	  real	  poreolios	  (book	  orders)	  	  
–  Compare	  the	  solu'on	  obtained	  from	  the	  
FundiAção:Carga	  with	  decision	  maker	  solu'on	  



Results	  

•  Based	  on	  one	  month	  of	  data,	  we	  can	  
conclude:	  
– 5%	  of	  loadings	  were	  changed	  by	  a	  decision	  maker	  
(the	  furnace	  capacity	  was	  increased	  by	  him	  for	  
most	  of	  them)	  

•  Advantage	  
– Time	  of	  FundiAção:Carga:	  on	  average	  10	  minutes	  
– Time	  of	  decision	  maker:	  2	  hours	  
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Thanks	  for	  your	  amen'on!	  

Any	  ques'ons?	  


