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SUMMARY 

 

This white paper describes the three primary 3D printing techniques that can be used with 

metals, the implications for the manufacturing industry of their widespread adoption, and what 

criteria to use in determining whether these technologies are right for you. 

 

PART 1: What is 3D Printing? 

We begin by explaining just what 3D printing is, how it differs from traditional manufacturing 

techniques, and what advantages it offers. 

 

PART 2: Three Approaches Compared 

Here we examine the three most common approaches to 3D printing with metals; noting their 

relative strengths and weaknesses and the specific applications at which each excels. 

  

PART 3: What Does This Mean for Manufacturing?  

Next we explore the changes that are likely to result from wider usage of 3D printing for the 

prototyping and manufacture of metal components. 

 

PART 4: How to Take Advantage of this Technology 

Finally, this section discusses how best to determine the value of metal 3D printing technology 

to your organization. 

 

Further Information 
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PART 1: What is 3D Printing? 

3D printing is the process of assembling a three-dimensional object through the addition of 

multiple layers of material; it is also commonly referred to as “additive manufacturing.” 3D 

printing thus creates objects in exactly the opposite way as traditional “subtractive” 

manufacturing, in which blocks of material larger than the final objects are reduced to the 

desired shape through cutting, grinding, and other material removal processes.  

The starting point for 3D printing is a digital model of the final product. This model is sliced into 

many layers along its vertical axis and each of these layers is printed out over top of the last by 

the 3D printing machine. Those designed to work with metal produce these layers by selectively 

melting layers of metal powder onto each other to form the final shape of the item. 

 

Applications 

3D printing is most commonly used for rapid prototyping of new products. The ability to rapidly 

produce new prototypes for testing, often in less than 48 hours after a design revision, greatly 

accelerates the prototyping process. However, 3D printing technology has now reached the 

point when it can be applied to manufacturing processes as well. The production of small 

numbers of geometrically complex parts currently represents the greatest demand for metallic 

3D printing in the manufacturing domain. 

 

Advantages 

 Additive manufacturing techniques leave far less waste material than equivalent subtractive 

ones; excess powder that is not incorporated into the product can simply be reused.  

 Parts with complex internal geometries can be produced that would be difficult or 

impossible to achieve with subtractive manufacturing, such as strong-but-light 

honeycombed structures for aerospace or biomedical applications.  

 The number of parts in a given design may be greatly reduced because internal components 

can be fabricated in-place.  

 A single 3D printer can produce any part and will not need to be modified as the product 

design changes, eliminating most retooling costs. 
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Disadvantages 

 Additive manufacturing is significantly slower than subtractive manufacturing for the 

production of large numbers of standardized parts with simple shapes. 

 3D printers for metal are extremely expensive ($1+ million) and have significant 

maintenance costs. 

 3D printer technology is still undergoing rapid development, so current machines and 

perhaps entire methods may be quickly rendered obsolete and uncompetitive.  

 Additional procedures may be needed to obtain a high-quality surface finish. 

 

 

 

 

Figure 1. Additive manufacturing methods may be used to produce components with complex geometries.                
Image © Fraunhofer ILT 
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PART 2: Three Approaches Compared 

The three primary techniques for 3D printing with metals are Selective Laser Melting (SLM), 

Electron Beam Melting (EBM), and Laser Engineered Net Shaping (LENS). The first two are very 

similar in terms of abilities, but LENS is a radically different approach, still largely experimental, 

that offers the possibility of overcoming some of the inherent limitations of SLM and EBM. 

 

Selective Laser Melting (SLM) 

In SLM, the work-cell consists of a movable stage over which a thin bed of metal powder is 

applied. A high-powered laser is used to fuse the powder together into the shape of the current 

slice of the object being manufactured. The stage then lowers a fixed distance and a second 

layer is fused to the first. This process is repeated until the object is completed, after which it is 

removed from the surrounding powder.  

Of the two mature methods (SLM and EBM), SLM has higher resolution at the expense of lower 

throughput. This maxes out at 20 cm3/hr, but can drop as low as 5 cm3/hr for parts with 

extensive internal structure. Most engineering metals can be used for SLM, and the final 

products have material properties roughly equivalent to similar forged items, although some 

parts may require heat-treating to release internal stresses due to the manufacturing process.  

Like all powder-bed techniques, the maximum volume of the work-cell is limited by the 

excessive quantities of powder required at large scales. 

 

Electron Beam Melting (EBM) 

A powder-bed technique like SLM, EBM differs in using an electron beam instead of a laser to 

fuse the powder particles. EBM has roughly half the resolution but as much as quadruple the 

throughput, making it an increasingly popular choice for aerospace applications and surgical 

(especially dental) implants for which very high accuracy is not paramount. EBM is commonly 

used to manufacture components out of titanium alloys and cobalt-chromium. 

EBM has the same drawbacks as SLM relating to being a powder-bed technique, namely limited 

work-cell volume. It has an advantage over SLM in that due to the physics of the process there 

is never a need for heat-treating of finished parts. A unique disadvantage is that the work-cell 
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must be kept in vacuum to avoid scattering the electron beam, as opposed to SLM cells which 

can simply be filled with an inert gas at normal pressure.  

 

Laser Engineered Net Shaping (LENS) 

LENS differs from SLM and EBM by virtue of being a deposition rather than a powder bed 

technique. In LENS, a laser-head with a powder sprayer simultaneously deposits and fuses a 

thin stream of powder to the area that is to be built up. Usable with all common engineering 

metals, the throughput of LENS is extremely high at up to 200 cm3/hr. Because powder is 

applied only as needed there are no theoretical limits to the scalability of the method, making it 

potentially useful for producing larger products. LENS can also be used to repair preexisting but 

damaged objects, potentially opening an additional market untouched by either SLM or EBM. 

LENS requires a more powerful (and expensive) laser than SLM and involves more moving parts. 

While it has a theoretically comparable resolution, there are challenges yet to be solved 

relating to the reproducibility and control of the laser-head in three-dimensional space. As the 

part is not supported by a powder-bed while it is being constructed, LENS requires some sort of 

scaffolding to prevent overhanging portions from sagging during the manufacturing process.  

As a process, LENS is not yet at the stage of development where widespread industrial adoption 

is a possibility. However, should the technical difficulties be overcome its attractive 

combination of high throughput and fine resolution mean that it could supplant SLM and EBM 

for some applications.

 

Figure 2. Summary of the technical characteristics for each method 
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PART 3: What Does This Mean for 
Manufacturing? 

The first key concept to recognize is that additive manufacturing will never wholly replace 

subtractive manufacturing. The two are complementary, with subtractive methods optimal for 

certain problems while additive methods are superior for others. When it comes to 

manufacturing, 3D printing is ideal for situations for which the following criteria apply: 

1) Relatively small numbers of parts are to be produced. 

2) Complex geometries or internal structures are important. 

3) Subtractive methods are unusually difficult to use (e.g. titanium parts). 

4) Reducing the number of separate sub-components is a goal. 

5) Design revisions may occur during production. 

6) Customization of the components is strongly desired 

 

Primary Industries for 3D Printing with Metal 

The manufacturing markets in which the above represent common constraints are: 

1) The aerospace industry. Small numbers of high-performance parts that benefit from a 

combination of strength and lightness are common here, as are design changes during 

extended development periods. 

2) The medical implants/prosthetics industry. Prosthetics are practically the definition of a 

small-lot item that benefits from simplicity, light weight, and high strength (thus 

complex internal geometry), and must be able to vary from customer to customer.  

3) The defense industry. The ability to update designs rapidly based on field experience can 

save lives, and the ability of LENS to repair damaged equipment instead of needing to 

replace it could help reduce or eliminate many expenditures. 

While these fields are the early adopters due to their ideal mix of requirements, all of 

manufacturing will benefit from increased use of these technologies. Faster prototyping 

accelerates the development of products regardless of how they are manufactured, and 

decreasing machine cost combined with greater reliability and capability will make more and 

more tasks economical to achieve with 3D printing.  
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Results of 3D Printing Market Expansion 

The likely results of wider use of 3D printing in industry are: 

1) An increase in the number of producers of 3D printing machines and peripherals, as well 

as maintenance and other service providers and total market revenues. 

2) An increase in the number and extent of customizable options for even mass produced 

items like automobiles. 

3) A general increase in overall industrial efficiency as tasks that are inefficient to perform 

with subtractive manufacturing shift to being performed with additive manufacturing. 

4) Improvements in the efficiency of automobiles, aircraft, and other machinery due to 

decreased weight, increased strength, and reductions in the number of parts. 

5) Unexpected new classes of product that will be invented through a consideration of the 

unique capabilities of 3D printing. 

6) An acceleration in the rate of advance of 3D printing technology due to a larger market 

supporting increased investments in innovation. The introduction of machines capable 

of printing in multiple materials and even printing electronics directly into the part 

structure. 
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PART 4: How to Take Advantage of this 
Technology 

All of the results mentioned in Part 3 will act to increase the capability and flexibility of those 

manufacturers who take advantage of 3D printing technology, giving them a broad-spectrum 

competitive advantage over those enterprises which continue to utilize subtractive 

manufacturing techniques even for suboptimal applications. However, an immediate 

investment at this stage of technological development may be premature for some 

manufacturers. 

 

Should You Pursue 3D Printing with Metal?  

There are 3 key criteria for whether you should be pursuing the acquisition of additive 

manufacturing equipment for your enterprise: 

1) Sufficient capital for the acquisition of a number of machines appropriate to your needs 

as well as for paying the significant maintenance costs, which may amount to up to 5% 

of the machine’s initial cost per year. 

2) The need to manufacture relatively small numbers of geometrically complex items with 

linear dimensions of less than 50 cm (though this limitation may be removed by LENS 

development). 

3) The need for very rapid prototyping and/or the ability to make modifications to designs 

currently in production. 

As the technology continues to improve and the cost of 3D printing with metal declines, it 

will become increasingly feasible for less well-established manufacturers, as well as those 

whose needs do not specifically meet the criteria above, to profitably invest in additive 

manufacturing. 

 

If you would like to consider the use of 3d Printing with Metal for your business, please 

contact Paul Bragulla at pbragulla@prokalkeo.com to discuss your needs and what existing 

technologies might serve them. 

  

mailto:pbragulla@prokalkeo.com
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