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Abstract 

This paper presents the use and results of production scheduling in the casting industry 

with the application of the Genetic Algorithms technique. In the casting industry, there 

are two important and linked production phases: melting and molding. In many foundries 

there are several molding lines with different capacities that produce unequal molds, 

which are poured with molten metal derived from one or more melting centers. Thus, to 

make the best use of melting capacity, in order to promote a high efficiency of foundry 

operations and reduce the energy consumption, the molds should be produced in an 

optimum sequence, searched in a large number of combinations possible. The results 

demonstrated that the Genetic Algorithms technique to solve this kind of problem is 

adequate, in comparison with the results of the application of other heuristic methods, 

like fuzzy logic. 
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1 Introduction  

 The Production Planning and Control functions represent basic strategic activities for all 

productive systems for production of goods and services. For Slack et al. (2002), the 

intention of the planning and control is to guarantee that the processes of the production 

occur efficiently and that they produce products and services as required by the 

consumers. One of the functions of the production planning and control system is the 

scheduling , where each task is placed with indication, in the time, of the work rank that 

will execute it (HEIZER and RENDER, 2001). The scheduling depends on the 

sequencing of the production, that specifies the order in which the tasks must be 

executed. Some rules exist to define priorities at the moment of the sequencing, such as  

the ones presented by Gaither and Frazier (2002):   

- First in, first out: The following job to be produced is  that one that arrived first among 

the jobs that are waiting.   

- Shorter time of processing: The following job to be produced is that one with the 

shortest time of processing among the jobs that are waiting.   

- More urgent due date: The following  job to be produced is that one with the most 

urgent  due date among the jobs that are waiting.   

- Shorter recess: The following job to be produced is that one with the shortest recess 

(time until the due date minus total time of remaining production) among the jobs that are 

waiting.   

- Critical reason: The following job to be produced is that one with the lowest critical 

reason (time until the due date divided by the total remaining processing time) among the 

jobs that are waiting.  



- Lowest set-up cost: once the jobs sequencing usually follow the set-up easiness, the 

sequence of the waiting jobs is determined by analyzing the total cost of accomplishment 

of all the machines set-ups among the waiting jobs.  

Physical restrictions can also be objects of sequencing rules. Slack et al. (2002) observe 

that sometimes the combination of works that arrive at a part of the operation can 

determine the priority given to the works.  

It is exactly this that happens in the casting industry in which there must be chosen molds 

in the molding lines to reach the melting and pouring capacity, not exceeding it, nor 

underutilizing it, since the melting capacity is usually an operation with capacity 

restriction, besides being a center of very high consumption of energy.  

Many techniques are used to get the best sequence of operations. Silva and Morabito 

(2004) have developed an heuristic approach combined with the classic problem of the 

knapsack for the scheduling of production in a steel foundry. Toso and Morabito (2005) 

have used linear programming to the production lots sequencing and sizing in a plant of 

rations, whereas Landmann and Erdmann  (2006) used an heuristic diffuse approach for 

the scheduling of the production in iron foundries. 

In Section 2, we take a brief overview to scheduling in the casting industry. In Section 3, 

we take a little overview to Genetic Algorithm basic concepts and terminology in terms 

of operation of the model, and in Section 4 we conduct experiments in a practical 

application of the Genetic Algorithm in a foundry production scheduling. Section 5 

presents final considerations and ideas for future research. 

 

 



2 Scheduling of the Production in the Casting Industry 

The base of all the casting processes consists of pouring liquid metal in a mold with the 

required format, followed by a cooling, in order to produce a solid object resultant of the 

solidification.   

The process of production in a foundry involves two main operations that are the 

molding, which is the manufacture of the molds, and the melting, which melts metals to 

pour in the molds. The manufacture of the molds is usually made in some stations or 

molding lines with automatized machines. In contrast to this situation, the melting 

process frequently occurs in an only station, that is, an only furnace.  

As the molds can be stored, generally there aren’t problems of productive capacity. It 

happens differently in the melting, because the liquid metal is of difficult storage, thus the 

capacity of the furnace  is generally  the limitant of the foundry productive capacity. 

In Figure 1, we can observe a schematic view of the productive process involving lines of 

moldings and the melting. In the presented case, we have three lines of molding, but this 

number can be superior, depending on the characteristics of the foundry. As can 

observed, the molding lines, that can be totally automatized, work independently, but in a 

parallel form, supplying, with different speeds and sizes, the molds to be poured. There is 

a scheduling of different molds in each line of molding, each type needing a determined 

amount of metal.  

 

 

 

 



 

 

 

 

 

 

 

Figure 1 - Schematic drawing of the productive system  

With the arrival of the molds for pouring, it is necessary that the addition of the amounts 

of metal of several molds to be poured at the same time does not exceed the melting 

capacity, and also does not stay below of this. In other words, there should not be only 

heavy parts or only light parts being poured simultaneously.  

This way, the scheduling of production in the molding lines must be such that occupies 

the melting capacity, not exceeding it and nor being under it.  

Landmann and Erdmann  (2006), used the heuristic of the Fuzzy Logic to make this 

scheduling. From the results of Landmann and Erdmann , in this work the Genetic 

Algorithm was used to generate the scheduling of the molding lines, and was proceeded  

by a comparative analysis of the results. 

 

3 Genetic Algorithm  

The Genetic Algorithm refers to a model introduced and investigated by John H. Holland 

and his students (DEJONG, 1975).  

Molding Line 1 

Molding Line 2 

Molding Line 3 

     Furnace 



In accordance with Haupt and Haupt (1998), the Genetic Algorithm is a process to 

optimize highly complex functions based on the mechanisms of natural evolution and 

genetics. From an initial population, called chromosomes, that characterize the 

independent variables, there are selected through an objective function the best 

individuals, representing a natural selection. Then, the best individuals are combined 

forming a new population in a representation of the genetic crossing. This new 

population, can still suffer some type of transformation, representing genetic mutations. 

Thus, the best individuals will be each time more capable in terms of the objective 

function, while the evolution process continues. Zhou, Feng and Han (2001) point out 

that the Genetic Algorithm makes it possible to identify the individuals that have greater 

aptitude to survive, to eliminate from the population those with lesser aptitude, and 

combine the survivors with a structuralized information, but randomized, to generate new 

individuals and to renew the population.  

The optimization process through Genetics Algorithms has been used in several areas of 

knowledge, and there are already a great number of applications in the Production 

Engineering.  

The binary Genetic Algorithms represent the chromosomes in the form of binary 

numbers. A flow-chart of the binary Genetic Algorithm can be visualized in Figure 2.  

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2 – Flow-chart of a binary Genetic Algorithm (Adapted of HAUPT and HAUPT, 

1998)  

Vieira et al. (2002) presented the result of the master production planning elaborated 

through genetic algorithms. The objective was to generate an optimized plan of 

production, taking into account costs of production, supplies, set-ups, allied to parameters 

on stock levels and availability of capacity and materials. Villar and Tubino (2001) have 

used Genetic Algorithms to define physical arrangements in industrial facilities, 

objectifying prevention and combat of fire. In the same line, Smiderle et al. (2005) have 

studied the localization or re-localization of pharmacies in the city of Pato Branco 

(Brazil). Also Cortes and Paula (2005) have worked in the localization of economic 

activities using the Genetic Algorithm. Figueiredo et al. (2005) have gotten a solution for 

the localization of ambulances through the genetic algorithm.  

Parameters and objective function 

Binary representation of parameters 

Creation of initial population 

Evaluation of objective function 

Selection 

Reproduction (Crossing) 

Mutation 

Convergence Test 

End of process 



Barbetta and Lehrer (2001) have applied a methodology of reply surface to adjust the 

parameters of entrance of a Genetic Algorithm, using as example the classical traveling 

salesman problem.   

In the case of this work, a chromosome for each line of production was used, and each 

mold was represented having its weight as parameter.  

 

4 Practical application of the Genetic Algorithm in the Production Scheduling of a 

Foundry  

A program in VBA (Visual Basic Application) in Microsoft Excel was developed and 

utilized as an archetype of system for scheduling of the production.  

The codification of the chromosomes was made using the code of the molds for a 

molding line. To exemplify, we have the following chromosome: 218-219-250-251-253, 

that represents the sequence of molds 218, 219, 250, 251, and 253 of one determined 

molding line.  

The parameters used in the Genetic Algorithm were: 

- Size of the population: 100 

- Crossing: Crossover 

- Rate of mutation: 2% 

- Rate of elitism: 2%    

The evaluation of the objective function is made considering the sequence of the molds in 

several lines of molding. The lower the standard deviation of the sum of the metal 

necessities per hour for the molding lines throughout one day, the better is the evaluation 

of the individual, considering intervals of time of 15 minutes.  



The crossing is made using the process of crossover with two points of cuts randomly 

selected, thus two chromosomes parents will generate two children (Figure 3).  

 

P1- 218 219 | 250 251 | 253 

P2- 253 251 | 250 218 | 219 

        

F1- 253 218 | 250 251 | 219 

F2- 219 251 | 250 218 | 253 

 

Figure 3 - Example of crossing between chromosome P1 and P2 generating F1 and F2 

through crossover  

As can observed by Figure 3, the F1 receives genetic material from P1 among the cut 

points and it is filled with the genetic material of P2 out of the cuts, not repeating the 

molds already scheduled. The same relationship between children and parents happens 

with the F2.  

After the reproduction is applied, the mutation (2% of the population), with the simple 

exchange of position between two molds in a son in a randomly chosen position. 

Exemplifying,  the possible mutation for the F1 (Figure 4).  

 

                                                 F2- 219 218 250 251 253  

Figure 4 - Example of mutation in the F2 with the exchange of position between mold 

218 and 251  

The most capable individuals (2% of the population) are reproduced without crossing and 

mutation, as an elitist form. The convergence test was substituted by a fixed number of 

500 iterations that showed satisfactory in the examples carried out with the system.  



From the data presented by Landmann and Erdmann  (2006) as a practical case, the 

scheduling was elaborated using the process based on Genetic Algorithm, comparing this 

way the results with those presented by Landmann and Erdmann , gotten through the 

Fuzzy Logic.  

In Table 1 we can visualize the production capacity of molds per hour of each line of 

molding, as well as the code of each mold with its programmed amount. In this example 

we have three lines of molding completely automatized, whose capacity is of 300, 270 

and 250 molds per hour.  

For each mold the necessary weight of the metal absorbed by the pouring is showed 

(Table 2). To exemplify, the mold code 126 of the line of molding 1 demands 7,234 

kg/hour of liquid metal for its fulfilling.  

 

Line 1 Line 2 Line 3 

Capac. (mol/h) 300 Capac. (mol/h) 270 Capac. (mol/h) 250 

Item Code Quant. (mol.) Item Code Quant. (mol.) Item Code Quant. (mol.) 

126 4,000 218 1,300 310 820 

128 1,000 219 1,300 312 1,200 

170 1,000 250 2,000 313 700 

186 1,300 251 400 329 2,000 

  253 1,000 332 600 

    351 1,000 

 

Source: Landmann and Erdmann  (2006) 

Table 1 - Schedule of molds of day 4/15 with sequencing in order of item code 

 

The melting capacity is 23,000 kg per hour, which cannot be exceeded, but on the other 

hand it must not be underutilized, since it is a resource with capacity restriction.  

 

 

 



Line 1 Line 2 Line 3 

Code Weight (kg/h) Code Weight  (kg/h) Code Weight (kg/h) 

126 7,234 218 6,380 310 3,865 

128 6,683 219 6,380 312 7,392 

170 9,288 250 5,484 313 4,750 

186 6,831 251 10,957 329 8,578 

  253 7,804 332 8,708 

    351 6,918 

Source: Landmann and Erdmann  (2006) 

Table 2 – Necessary weight per each mold 

 

The result of scheduling with the Genetic Algorithm may be visualized in Table 3.  

Line 1 Line 2 Line 3 

Capac(mol/

h) 300 

Capac(mol/

h) 270 

Capac(mol/

h) 250 

Code 

Quant 

(mol.) Code 

Quant 

(mol.) Code 

Quant 

(mol.) 

170 1,000 253 1,000 310 820 

128 1,000 250 2,000 312 1,200 

186 1,300 251 400 351 1,000 

126 4,000 219 1,300 332 600 

  218 1,300 329 2,000 

    313 700 

Source: The authors  

Table 3 – Results of sequencing for day 04/15 using Genetic Algorithm  

 

The scheduling presented in Table 3 resulted in a standard deviation in the metal 

consumption throughout the day of 593 kg/hour against a standard deviation of 1,319 

kg/hour presented by Landmann and Erdmann  (2006). This way the scheduling using 

Genetic Algorithm allowed a better leveling in terms of the liquid metal necessity, as we 

can see in Figure 5, which demonstrates the metal consumption and capacity throughout 

24 hours. As comparison we can see in Figure 6 the result presented by Landmann and 



Erdmann  (2006). Thus, in this case, the Genetic Algorithm revealed more adequate for 

the sequencing of the molds.  

The leveling of production obtained by the application of the Genetic Algorithm in the 

scheduling production involving molding and melting is basic point for applications of 

production methodologies like the Just In Time, Lean Manufacturing and more recently 

the New Just in Time (AMASAKA, 2006). 

 

  

Source: The authors  

Figure 5 - Metal demand and capacity throughout day 04/15 (using Genetic Algorithm)  



 

       Source: Landmann and Erdmann  (2006) 

Figure 6 - Metal demand and capacity throughout day 04/15 (using Fuzzy Logic)  

 

5 Final Considerations 

The production scheduling in the casting industry is very important, mainly when dealing 

with the sectors of molding and melting, considering that most of the time the melting 

capacity is a  limitant of the general capacity of the foundry.  

The optimization of the sequencing using Genetic Algorithm revealed adequate in 

comparison with the results presented by Landmann and Erdmann (2006) using the Fuzzy 

Logic, in terms of balance the use of the capacity of melting throughout the day and not 

to exceed this capacity.  

The balance in the joint scheduling of melting and molding propitiates a continuous 

operation of the casting, minimizing the losses of process and the scrap, as well as 

providing a substantial rationalization in the energy use, since the melting process is an 

energy consumer per excellence. 



The increase of the productivity in the use of production resources, each time more 

expensive and scarce, is, without any doubt, an excellent contribution of the Production 

Engineering for a more responsible society. 

In future work we intend develop and test a hybrid system, combining the use of Genetic 

Algorithm with Fuzzy Logic, to try to get the best of both techniques.  
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