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Abstract. Metal Casting industry has a classic problem in handling the production 

process and quality control. Hybrid manufacturing and rapid prototyping are 

technological developments in the manufacturing sector that are currently attracting a lot 

of attention both within the industry and academics. Although there is no standard 

definition in hybrid manufacturing, this has become a lot of objects developed by 

researchers to find the influence of each combination of manufacturing processes carried 

out. Rapid prototyping in various cases shows the level of potential to reduce time and 

process in making a prototype. This paper is prepared to assess the potential and 

implications of hybrid manufacturing and rapid prototyping applications that are 

reviewed in the metal casting industry. 
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1   Introduction 

Metal casting is one method in producing objects by melting metal then pouring in the 

mold. The advantage of the casting sector is that it is able to make things that are simple and 

complicated with a single process. Therefore, the casting method is very often used for 

prototyping product development and mass production. Nearly 90% of all goods produced in 

the manufacturing sector are carried out through a metal casting process [1].  

 
Fig. 1. Markets of foundry industry [2] 

Based on the 45th Census of World Casting Production [3] stated that the metal casting 

sector has a large contribution to the economic growth of several large countries. Production 

growth in the world casting industry increased 13.7% from 2009 to 2010. However, in the 

50th Census of World Casting production [4], the growth of the world metal casting industry 
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tended to stagnate in the last 3 years. The growth of the metal casting industry in 2015 was 

only 0.4% and in 2014 only 2.37%. 

Globalization, innovation and the need to continue to develop and increase the 

effectiveness of production become a separate challenge for the metal casting sector in the 

industrial era 4.0. The casting industry has a strong role in manufacturing and economic 

growth, but must also be supported by strengthening technology to face other competitors [5]. 

The metal casting sector must also be able to meet the expectations of customers in quality 

assurance, production time cuts and competitive prices [6]. 

Absolute innovation to be done in the face of the industrial era 4.0. Competition in the 4.0 

industry era is currently not determined by the size of a company but is determined by new 

innovative ideas that give more value and solve problems for consumers. Business innovation 

that can be done on business, production and service models [7]. In the foundry industry, the 

innovation that can be done is innovation in the production process. With the innovation of the 

production process, companies can cut and streamline the production process by using new 

production technologies that develop in the industrial era 4.0 

The above explanation addresses the urgency of innovation and a touch of new 

technology for the production process, increasing the growth and competitiveness of the very 

high metal casting industry. This paper was prepared to study rapid prototyping and hybrid 

manufacturing technology to answer the opportunities and challenges for the metal casting 

industry in the 21st century.  

2   Method 

The method used in this paper is the literature review. Sources of data are obtained from 

primary literature such as journals and proceedings, besides that, it's are also used as a 

literature of books from scientific books and articles. The data used is a prevalent research and 

theory with the application of hybrid manufacturing and rapid prototyping in the metal casting 

industry. Data analysis was carried out through an in-depth discussion to examine the 

development and advanced research frameworks that could be carried out in the process of 

defusion of hybrid technology manufacturing and rapid prototyping.  

3   Result And Discussion 

Based on the literature review, the description of hybrid manufacturing and rapid 

prototyping in its application in the metal casting industry is divided into several parts, namely 

(1) the description of the strategy and challenges of the metal casting industry in the industrial 

revolution; (2) the description of the concept of hybrid manufacturing; (3) the elaboration of 

the results of the application study and the opportunity for developing hybrid manufactures in 

the metal casting industry; (4) the description of the concept of rapid prototyping; (5) the 

elaboration of the results of the application study and the opportunity for the development of 

rapid prototyping in the metal casting industry. 

 

 

 

 



 

 

 

 

3.1. Strategy And Challengge in Metal Casting Industry 
 

The industrial revolution is a process of rapid change in the development of industry in 

order to improve the quality and quantity of industrial products or production. History records 

that the world has experienced three industrial revolutions and is currently facing a fourth 

industrial revolution marked by the emergence of supercomputers, smart robots, artificial 

intelligence, vehicles without drivers, genetic editing and the development of neurotechnology 

that enables humans to further optimize brain function.. 

The metal casting sector as one of the manufacturing industries that is widely used to 

produce engine components must, of course, follow a strategy to be able to face the challenges 

of development and revolution of the times. several strategies that can be pursued by the metal 

casting sector to face the  industry 4.0 challenges in the 21st century are: (1) developing 

technology and adding the use of other technologies to support productivity, (2) job 

management, especially complex work, (3) strengthening cooperative relationship, (4) reduce 

production costs, (5) hold sustainable R & D [8]. 

The use of technology to support productivity, management of complex jobs and reducing 

production costs are the main problems in the metal casting sector. This is due to the long 

production process. Metal casting production process generally consists of: (1) making 

patterns and mold, (2) melting, (3) pouring (4) finishing [9]. A pattern is a replica of the object 

to be cast. The pattern is a reference in the mold making process. Melting is the process of 

making metal liquids which will be poured into molds, while finishing is a cleaning process 

and final workings of castings (usually using machining processes) after pouring. Therefore, 

there needs to be a continuous R & D to be able to improve the production process in the 

foundry industry. 

R & D in the academic and industrial realm is important to answer the challenges of the 

industrial revolution, especially in the metal casting sector. R & D directions for the metal 

casting industry sector that can help and respond to challenges in the face of industry 4.0 

revolution are as follows: (1) new technology development and alloy casting, (2) melting and 

metal liquid preparation, ( 3) molds and core manufacturing processes, (4) new production 

systems and quality control, (5) technology for efficient use of energy and materials [2]. 

The issue regarding the system and production process as well as quality control in the 

manufacturing industry, especially metal casting, is an issue that continues to evolve and 

develop. Hybrid manufacturing and rapid prototyping that are a trend in the manufacturing 

industry can certainly contribute to the R & D system and production processes in the metal 

casting sector. We will further discuss the basic concepts of hybrid manufacturing and rapid 

prototyping and their opportunities and applications in the metal casting sector and their 

impact on quality control.  

 

3.2. Hybrid Manufacturing 

 

Hybrid manufacturing is a manufacturing technology that was developed by combining 

two or more manufacturing methods. At present, hybrid manufacturing is becoming an interest 

for industry and academics in manufacturing. this is due to the potential of these technologies 

which can provide opportunities to produce special components which initially lack good 

economic value [10]. This is caused by, the need for hybrid manufacturing, in general, is 

driven by; (1) every manufacturing method has advantages and disadvantages, (2) some 

industrial products cannot be produced with one type of manufacturing method. So that the 



 

 

 

 

product production process is superior in terms of time, capability and cost if it is produced 

with hybrid manufacturing. 

In general, manufacturing methods can be divided into 5 types, namely additive, 

transformative, subtractive, joining and dividing manufacturing [11]. 

1. Additive manufacturing is a man-manufacturing process that is carried out by adding 

material to the workpiece that is carried out until the desired workpiece is obtained so that 

the mass after work is greater than the previous mass. Examples of additive manufacturers 

are rapid prototyping, die casting, injection molding etc. 

2. Transformative manufacturing is a manufacturing process that is carried out by means of 

changing the basic shape of the workpiece into a desired form so that no mass changes. An 

example of transformative manufacturing is forming and heat treatment. 

3. Subtractive manufacturing is a process of manufacturing workpieces that is done by 

reducing or cutting the material that is processed until it reaches the desired shape. An 

example of subtractive manufacturing is the machining process such as turning, milling, 

EDM, water jet, etc. 

4. Joining manufacturing is a process of manufacturing a workpiece that is done by 

connecting two or more objects to form the desired workpiece. An example of joining 

manufacturing is welding and assembly. 

5. Dividing manufacturing is a manufacturing process that is opposite to joining. An example 

in dividing manufacturers is sawing and dis-assembly. 

One example of hybrid manufacturing that is currently developing is a combination of 

CNC and 3D printers [12]. The concept of hybrid manufacturing aims to increase efficiency 

and improve the shortcomings of each manufacturing process. Subtractive manufacture with 

CNC has several limitations in the form of material losses that are lost due to the cutting 

process. Whereas additive manufacturers using 3D printing has the disadvantages of surface 

smoothness and product accuracy [13].  

 

3.3. Hybrid Manufacturing in Metal Casting Industry 

 

Hybrid manufacturing in the foundry industry can provide influence to increase 

productivity and quality control. When viewed from each process carried out in metal casting, 

in fact in a metal casting process has used hybrid manufacturing. As in the pattern making 

process, generally cast patterns are made with dividing wood materials, then joining between 

parts and diffusing with putty and sanding (subtractive) processes. The process consists of at 

least 3 types of manufacturing processes. The whole process is carried out to obtain a pattern 

that matches its shape and geometry and has a smooth surface so as to facilitate the making of 

a cavity in the sand mold [14]. 

In the process of casting non-ferrous metals such as aluminum casting, after the cooling 

process of casting objects an advanced process is carried out in the form of heat treatment. 

This heat treatment process aims to obtain the microstructure and mechanical strength of a 

material in accordance with applicable standards [15]. In the casting process, the quality of a 

cast object is not only determined by the composition of the ingredients and melting. 

However, the quality of the material cast is also viewed from the microstructure and 

mechanical strength of the object. So that to get good cast quality, a heat treatment process 

must be carried out to meet the standard material properties and microstructure of the intended 

material. This also applies to the ferrous metal casting process [16]. 



 

 

 

 

Hybrid manufacturing in the foundry industry can provide influence to increase 

productivity. Rapid prototyping and CNC can be used to produce complex patterns in a short 

time [17]. In addition, by using rapid prototyping and CNC methods also opens a great 

opportunity in realizing casting work that has a high level of precision. efforts to shorten the 

time, reduce the manufacturing process chain and reduce production costs, research focuses on 

the integration of several manufacturing processes into one machine [18]. Integrated or hybrid 

systems have all the same features and advantages as rapid prototyping systems, plus a new 

set of features and benefits. 

When viewed in terms of quality control, hybrid manufacturing can act as an effort to 

increase the quality of product output, especially in achieving product standards. Each cast 

material certainly has its own mechanical and microstructure standards, and this cannot be 

achieved in one work process.  

 

3.4. Rapid Prototyping 

 

Today's industrial demands are always related to speed, efficiency, and productivity. 

Prototyping is a general term used today to describe the shape, size, and performance of a 

product design. The prototype making is generally done exactly the same as the manufacture 

of a product, so it takes a lot of time and money. 

In the aspect of production, rapid prototyping is called a powerful technology to face 

global challenges. Rapid prototyping technology has now begun to be widely used in the 

automotive, aerospace, health and other production products [19] 

Rapid Prototyping is a number of techniques used to quickly manufacture a model of a 

component or assembly that uses computer-aided design (CAD) three-dimensional (3D) data 

[20]. 3D CAD data is then processed using technologies such as: 

1. Photo masking or solid ground curing technique 

2. Selective Laser Sintering (SLS) 

3. Fused Deposition Modeling (FDM) 

4. Laminated Object Manufacturing (LOM) 

5. 3D Printer 

6. Thermo Jet Process 

7. Contour crafting 

 

Rapid prototyping is intended to facilitate and cut time in making prototypes from a 

product, increasing the effectiveness of product design communication, increasing the number 

of variants and the level of product effectiveness. In addition, it can also provide convenience 

in manufacturing processes and manufacturing aids [21]. 

Rapid prototyping process consists of 2 types, namely: (1) rapid prototyping additive, (2) 

subtractive rapid prototyping [22]. Additive rapid prototyping is a prototyping process that is 

carried out by adding material to the formation of the desired object/ component/prototype. 

This type of additive has the advantage of (1) not having design limitations, (2) using the more 

optimum material so as to save production costs, (3) compact workmanship for manual 

mechanism components. 



 

 

 

 

 

Fig. 2: Steps for operating Additive Rapid Prototyping. [23] 

Subtractive rapid prototyping is a rapid prototyping process which is done by cutting / 

cutting material to obtain the form of the pattern, / the required compote/prototype. The 

subtractive type has the advantages of (1) good dimensional accuracy, (2) good surface 

smoothness, (3) structural integrity of material, and (4) suitability for large workspieces. 

 

3.5. Rapid Prototyping in Metal Casting Industry 

 

Rapid prototyping, when applied in metal casting sectors, has the potential to increase 

productivity and quality of patterns. The working time of a metal casting is dominated by 

preparation of patterns and molds. Patterns making takes up almost 70% of production time 

[24]. 

 In the manufacturing process, the cast pattern is still dominated by conventional work 

with wood or resin raw materials. Processing time for making this pattern depends on the level 

of complexity of the object to be cast. The more complicated the shape and size of the object 

that will be made is the determining factor in the duration of making cast patterns. Therefore 

the manufacture and quality of castings become an important key in the casting process. This 

is because pattern making is the first step in the casting process and patterns with accurate 

surface quality and dimensions will minimize cast defects [25]. 

Rapid prototyping on gypsum molds provides high flexibility and is capable of large 

elastic deformations in complex models [26]. Rapid prototyping is carried out using the 

combustion of powder requires hardening of printed models by soaking them. The results of 

this experiment show that the resulting model has a smooth surface and does not show cast 

defects. 

Another implementation of rapid prototyping is the core model manufacturing process of 

a flying machine blade. The result of this experiment is that rapid prototyping has advantages 

in its use for precision checking processes [27]. 

From the explanation, show the potential and advantages of rapid prototyping in the field 

of metal casting. Rapid Prototyping has the ability to increase quality, flexibility and reduce 

production time on casting patterns making. However, in Indonesia, there has not been much 

research and application of technology, especially in the perspective of the state of the 

medium and micro industries in Indonesia.  

4   Conclusion 

The conclusion of this review is the use of hybrid manufacturing and rapid prototyping 

can have a positive impact on the metal casting industry. These benefits are viewed from the 

potential and implications of implementing hybrid manufacturing and rapid prototyping in 

systems and production processes and quality control. This opens up opportunities for further 



 

 

 

 

research and development for related universities/polytechnics/academics that examine more 

deeply the impact of implementing hybrid manufacturing and rapid prototyping in the casting 

industry. So that harmony will result in increasing the capability of the metal casting industry 

and diffusion technology in the industry.  
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