
10th October 2014 

TECHNICAL INSIGHTS 

TECHNOLOGY ALERT 



Advanced Manufacturing Technology Alert 

© 2014 Frost & Sullivan 1 

1. ELECTRICAL MOTOR CONSTRUCTED USING CARBON NANOTUBE 

YARNS IN WINDINGS 

2. OPTIMIZATION PROCESS FOR BETTER QUALITY ELECTRICAL STEEL 

3. 3D PRINTING METHOD WITH METAL ALLOY INK 

4. PATENT ANALYSIS OF SELECTIVE LASER SINTERING 

 

 

  

1. ELECTRICAL MOTOR CONSTRUCTED USING CARBON NANOTUBE YARNS 

IN WINDINGS 

Copper has the second highest conductivity among metals at room 

temperature, which makes it the preferred material for making windings in 

electrical machines. In spite of such high conductivity exhibited by copper 

materials, a majority of the losses in the electrical machines occur in copper 

windings. It is for this reason that joule losses are referred to as copper losses.  

One of the ways to upgrade the performance of electrical machines is to 

have a higher conductivity material in the windings instead of copper. In the past,  

carbon nanotubes have achieved conductivity much higher than the best metals. 

Hence, in the future, the carbon nanotubes windings may have double or triple 

conductivity when compared to the copper windings.  

Researchers at the Lappeenranta University of Technology have 

constructed the world’s first electrical motor using carbon nanotube yarns in the 

windings. The motor uses carbon nanotube yarns spun and converted into an 

isolated tape and this is achieved by using a spinning technology developed by a 

Japanese-Dutch company Teijin Aramid in collaboration with Rice University, USA. 

The test motor has an output power of 40 W, rotates at 15000 rpm and has an 

efficiency of almost 70 percent. The construction of this motor is considered as a 

start toward lightweight, efficient electrical drives.  

The researchers are of the opinion that though there are opportunities for 

improvement in electrical machines, there are limits of material physics set by 

traditional winding materials. Superconductivity is not developing to an extent 

that it could be applied to electrical machines. However, at this point in time, the 

carbonic materials appear to be winning the race. Also, carbon is available in 

plenty whereas copper needs to be mined or recycled by heavy industrial 

processes.  
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The researchers explained that by keeping the electrical machine design 

parameters fixed and by replacing copper with carbon nanotube yarns, the Joule 

losses in the windings can be halved. As carbon nanotube yarns are lighter than 

copper and more environmentally friendly, replacing copper with carbon nanotube 

yarns could reduce the CO2 emissions during operation of the electrical machines. 

Moreover, the motors can be operated at higher temperatures than the present 

day motors.  

There are a number of electrical machines that are used on a daily basis, 

such as refrigerators, washing machines, hair dryers, and ventilators. In 

industries, the number of electrical motors could be enormous; there could be 

thousands of motors in a single process industry unit.  In all these machines, 

copper windings are used and replacing the copper windings with carbon 

nanotube yarns could lead to major changes in the industry.  

According to the researchers, the research is still in the early stages and 

increasing production capacity and improving yarn performance will result in 

major changes in the future.  

Details: Juha Pyrhönen, Professor, Skinnarilankatu 34, 53850 

Lappeenranta, Finland. Phone: +358-40-571-1645. E-mail: juha.pyrhonen@lut.fi. 

URL: http://www.lut.fi/web/en 

 

2. OPTIMIZATION PROCESS FOR BETTER QUALITY ELECTRICAL STEEL 

Transformers are present in many electronic devices. Transformers have a 

basic structure; they consist of a pair of iron cores with wires of different lengths 

wrapped around it. These are called the transformer coils. The transformer coils 

are responsible for generating an oscillating magnetic field and converting this 

magnetic field into voltage. The energy loss associated with this process can be 

reduced by making the core with the special type of iron-silicon alloy known as 

electric steel. The electric steel has a grain oriented structure in its native state, 

which determines its magnetic properties. In a grain oriented structure, the 

crystals or grains are arranged in a regular periodic order. 

Researchers at the Fraunhofer Institute for Material and Beam Technology, 

Dresden, Germany have discovered a way to enhance the performance of 

electrical steel and manufacture it more efficiently using an optimized laser 

process. The motive behind this research is to integrate the laser processing into 

the existing production environments to save time and costs.  
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Talking to Technical Insights, Andreas Wetzig, who heads the laser 

ablation and cutting department said, "The major challenge is to transfer the 

results we have achieved in the lab into a 24 hours 7 days production 

environment." 

The researchers explained that when certain areas of the material are 

heated, the size of the domain with the same magnetic orientation reduces, which 

changes the magnetic structure of steel. As a result, there is lower heat 

development and reduction in the hysteresis loss of the material. Laser 

processing is the preferred method for heat treatment. During this process, the 

steel sheet moves forward at a rate of 100 meters per minute, while a focused 

laser beam moves across the surface of the material at the rate of 200 meters 

per second. 

The research team at Dresden has optimized this process using 

galvanometer scanners. Such devices consist of galvanometer-driven mirrors to 

deflect the laser beam, which in turn, allows the distance between the paths to be 

controlled flexibly and adapted to different parameters. The optimization process 

increases the flexibility of the machining process and allows it to adapt to 

different conditions, such as the quality of the raw material and different 

production rates. In addition, the researchers have started working on a new type 

of solid state laser called fiber laser to reduce the hysteresis loss in electric steel. 

The researchers explained that the fiber laser has better heat absorption 

characteristics than traditional CO2 lasers and it reduces hysteresis loss by 15 

percent when compared 10 percent that has been achieved until now.  

Wetzig added, "We have intellectual properties and it is on the kind of 

beam deflection." 

In terms of applications, Wetzig said, "It is a sort of niche application 

which is only suitable for treatment of magnetic materials, not necessarily grain-

oriented magnetic materials but also nongrain-oriented magnetic materials." 

Details: Andreas Wetzig, Fraunhofer Institute for Material and Beam 

Technology IWS, Winterbergstr. 28, 01277, Dresden. Phone: +49-351- 83391-

3229. E-mail: andreas.wetzig@iws.fraunhofer.de. URL: 

http://www.iws.fraunhofer.de/en.html. 
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3. 3D PRINTING METHOD WITH METAL ALLOY INK 

Three-dimensional (3D) printing is the process by which a three-

dimensional object can be created by the addition of multiple layers of material. 

It is also referred to as additive manufacturing. The way in which an object is 

created is exactly opposite to that of subtractive manufacturing. In subtractive 

manufacturing, a large object is reduced down to the desired size by cutting, 

grinding and other material removal processes.  

One of the challenges in conventional metal 3D printing is that they can be 

restricted to metals with high melting points; besides, it takes a lot of time to 

complete the process.  

Scientists at the Beijing Key Laboratory of CryoBiomedical Engineering 

which is a part of the Technical Institute of Physics and Chemistry at the Chinese 

Academy of Sciences have developed a new 3D printing method with a metal 

alloy ink, which has a melting point slightly above room temperature. The new 

liquid phase 3D printing technique can be used for rapid manufacturing of 

conductive metal objects in different dimensions. The advantage of this process 

over conventional 3D printing is that it prevents the oxidation of metal ink.  

The researchers have developed a four element alloy, 

Bi35In48.6Sn16Zn0.4, and used it as the printing ink. They have also developed 

a novel fabrication process. The various steps involved in this process are as 

follows. The Computer Aided Design (CAD) model of the 3D object is generated 

and converted into a Stereo Lithography (STL) file. The STL file is imported into 

an open source software program. This software produces slices of the object as a 

set of horizontal layers, which in turn, generates tool paths for each layer. The 

object is printed by dropping the ink into a liquid phase cooling fluid through an 

injection needle.  The fabrication process depends on the type and the properties 

of the printing ink. Any metal with melting point less than 300 degrees C can be 

used as printing ink provided the appropriate cooling liquid is available. The ink 

can be an alloy made from gallium, bismuth, indium or even a mixture of these 

alloys and nanoparticles.  

Liquid phase 3D printing can have the following advantages over 

conventional metal prototyping techniques. This high-speed manufacturing 

process of printing metal objects in liquid phase can be used to form three 

dimensional structures. It is possible to control the temperature field and the flow 

field of the cooling fluid. Unique 3D metal structures can be realized by regulating 
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the flow velocity and the direction of the cooling fluid. The 3D functional devices, 

which include supporting structures and conductive devices, can be formed from 

conductive liquid metal in conjunction with nonmetal materials.  

In the future, the speed and the accuracy of 3D printing can be improved 

by using a combination of a syringe pump array and syringe needle array. The 

syringe pump array is used to extract the liquid metal solution and the syringe 

needle array is used to inject the liquid metal ink into the cooling fluid. A 

computer implemented process is used to control the needle’s injection speed and 

to transform the digital 3D models into printed structures. 

Details: Dr. Jing Liu, Beijing Key Lab of CryoBiomedical Engineering, 

Technical Institute of Physics and Chemistry, Chinese Academy of Sciences, 

Beijing 100190, China. Phone: +86 10 82543765. E-mail: jliu@mail.ipc.ac.cn. 

URL: http://english.ipc.cas.cn/ 

 

4. PATENT ANALYSIS OF SELECTIVE LASER SINTERING 

Additive manufacturing is the process by which digital designs can be 

converted into three-dimensional objects. Selective laser sintering (SLS), or laser 

sintering, is one of the technologies used in 3D printing. In this process, three-

dimensional objects are formed by fusing together tiny particles of plastic, 

ceramic or glass using a high-power laser. Similar to the other methods of 3D 

printing, the process starts with the conversion of the computer-aided design 

(CAD) file into STL format, which in turn is sent to the selective laser sintering 

machine. The objects created by using this method are made from powder 

materials which are dispersed in a thin layer on top of the build platform inside 

the SLS machine. The laser is controlled by the computer which has the 

information about the object to be printed. The laser traces the cross section of 

the object onto the powder and the powder is heated to a temperature just below 

its boiling point (sintering) or above its boiling point (melting), which fuses the 

particles in the powder into a solid form. After the initial layer is formed, the 

platform drops and exposes a new layer of powder which can be used by the laser 

to trace and fuse together. This process is repeated until the entire object is 

created.  
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The main advantage of laser sintering is the durability of the produced 

part, as well as that a wide variety of powdered materials can be used for the 

creation of models, patterns and also forms of prototype tooling. The use of 

powdered materials in the SLS process has several inherent features, including 

speed and the additive nature of the part building process. There can be  little 

tooling required after the creation of the object and also no supports are required 

to hold the object while it is being printed. 

From the patents that have been exhibited, it can be seen that research is 

being carried out on the powders which are used in the selective laser sintering 

process (such as composite powders or POM powder ) , the methods used for 

selective laser sintering and the device used to carry out such methods. 
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Exhibit 1 depicts patents related to selective laser sintering. 

Picture Credit: Frost & Sullivan 
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