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1. MANUFACTURING TECHNIQUE FOR DEVELOPING SOFT MACHINES AND 

ROBOTS 

Innovations in soft materials and microfabrication are spearheading 

interest in soft machines, which have promise to harness large deformations of 

soft materials to provide key functionality. 

 A group of researchers from the department of mechanical engineering of 

Purdue University has developed a novel manufacturing technique  that could be 

used for developing soft machines that are made of elastic materials and liquid 

materials. The potential applications for these soft machines are expected to be in 

areas such as robotics, medical devices, and consumer electronics. According to 

the researchers, this  technique would enable the production of robots with a 

sensory skin and of stretchable garments that people could use for interacting 

with computers and other therapeutic purposes. The researchers are also working 

on developing a fabrication technique that could be used in a custom built three-

dimensional (3D) printer. The findings from this research have been published in 

the June 2014 edition of the Advanced Functional Materials journal.  

The technique developed by the researchers employs materials such as 

alloys that are commonly used for manufacturing soft machines. In one of the 

experiments, embedded liquid alloy-based devices were developed  using a 

silicon-based elastomer called polydimethylsiloxane. Liquid gallium-indium alloy 

was then used to create patterns of lines for forming a network of sensors. 

However, the drawback of the gallium alloy is that it forms a thick gallium oxide 

skin, thereby making it difficult to use conventional liquid processing techniques. 

Using the novel method, structural stability of  gallium oxide has been utilized by 

the researchers, thereby enabling them to print liquid on a surface. This helps in 

stabilizing the structure of the product without moving. By employing this 
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method/or technique, the researchers were able to embed the electronics in 

elastomer without altering the printed structures during the processing steps.  

Based on the findings from their experiments, a soft strain gauge was 

developed using this novel manufacturing technique. As conventional strain 

gauges are made of rigid thin films, they cannot be used for measuring more than 

one percent of deformation before breaking, whereas the soft strain gauge 

developed by the researchers is said to stretch along with the material of the 

product that is being tested. This feature of the soft strain gauge allows it to 

measure 100% of the material’s strain. Another key advantage of this soft strain 

gauge is that it can be used for detecting very high strains and also can deform 

with any material.  

Another potential application for novel manufacturing technique is that it 

could be used for manufacturing sensors. Prototypes of sensors have also been 

developed by the researchers by using this novel manufacturing process. This 

method has enabled the digital fabrication of sensors on a micro scale. Pressure 

sensors, capacitors, and conductors are some of the products that could be 

manufactured using this novel technique.  

One of the advantages of this manufacturing technique is that it could be 

used for developing new types of soft microelectromechanical systems (MEMS) 

that are commonly used in consumer electronics, automotive airbags, and other 

products, which are currently made with solid metals. This development of soft 

MEMS could have a lot of novel applications in the future. However, new 

manufacturing techniques are required before soft machines can become practical 

on a commercial scale. Due to the above-mentioned advantages and capabilities, 

this  manufacturing technique could be adopted  for manufacturing various 

products that are used in different industrial sectors.  

Details: Rebecca Kramer, Researcher, Department of Mechanical 

Engineering, Purdue University, West Lafayette, IN 47907. Phone: +1-765-494-

2219. E-mail: rebeccakramer@purdue.edu. URL: www.purdue.edu. 
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2. MANUFACTURING METHOD FOR DEVELOPING THIN FILMS AND 

TRANSISTORS 

The appearance of organic thin film transistors and circuits in industrial 

products has been constrained due to challenge sin attaning the required device 

performance along with with  high-volume production methods.  

Researchers from the VTT Technical Research Centre, Finland have 

developed a novel method for manufacturing thin films using a roll-to-roll 

technique alone. Using this method, thin films can be manufactured using roll-to-

roll techniques, such as, printing, for depositing the pattern on the substrate 

layer of the film. According to the researchers, this new method is expected to 

increase the potential range of thin films that are used in electronic components 

and products, with a significant reduction in the production cost for the 

companies. For instance, the thin films manufactured using this novel method 

would be more suitable than conventional silicon chip transistors for applications 

such as large surface displays, certain sensor applications, toys, games and smart 

cards. Another potential application for this method is the manufacturing of 

transistors. Transistors are electronic components that are meant to work as 

memory elements, amplifiers, and electronic switches. Currently, transistors are 

being made by partial roll-to-roll technique, which results in high production 

costs. This new roll-to-roll manufacturing technique is more advantageous for 

transistor technology because of the possibility to use large surface areas, 

mechanical flexibility, transparency and low production start-up costs. 

The researchers at VTT have developed this roll-to-roll manufacturing 

method from the European Union (EU)-funded POLARIC (Printed Organic and 

Large-Area Realisation of Integrated Circuits) research project, which concluded 

in 2013. By using a special aligning technique, this new method has the potential 

to do away with the challenges of aligning the patterns in different thin layers 

accurately against each other in the roll-to-roll process. The other key benefit of 

this  method is that the pattern size of the components that can be manufactured 

is significantly reduced, thereby increasing the range of thin films that can be 

manufactured for electronic products.  

Production of thin films using the new method is one of the first 

experiments that the researchers have undertaken to test the new process. They 

are currently working on using this manufacturing method to develop more 

complex electronic circuits for various applications. Researchers are also in talks 
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with various industry participants for further developing applications based on the 

printed thin film transistors. This new method is expected to be commercially 

available by 2016 for large-scale adoption.  

Some of the advantages of this  method are that it reduces the production 

cost and also increases the range of applications where thin films could be 

employed. As the size of electronic components has reduced significantly, this 

new method would help in developing thin films for electronic devices and 

products that are small in size.  

Details: Kimmo Solehmainen, Team Leader, VTT Technical Research Centre 

of Finland, P.O. Box 1000, FI-02044 VTT, Finland. Phone: +358-20-722-7260. E-

mail: kimmo.solehmainen@vtt.fi. URL: www.vtt.fi. 

 

3. STUDY TO MAKE ROBOTS SAFER FOR WORKING WITH HUMANS 

There has been a significant increase in the collaboration between robots 

and humans over the past few years. This trend is expected to increase further in 

the coming years with industries becoming automated and greater employment of 

more intelligent, envronmentally-awre robots in shop floors and in other 

manufacturing activities. There is an urgent need to evaluate the risk factors in 

the case of an accident due to the robots colliding with humans. There are have 

been no extensive studies so far to analyze the above-mentioned risk factors. 

Researchers at the Fraunhofer Institute for Factory Operation and 

Automation IFF in Magdeburg, Germany have carried out a study for precisely 

analyzing the thresholds of biomechanical loads resulting from collisions between 

robots and humans. In this research, a pendulum was loaded with various 

weights and was pulled back and allowed to hit against different body parts of the 

humans. The pendulum’s face was attached with a special sensor for measuring 

the distribution of pressure resulting from the impact. A force sensor, which was 

also located on the impact face, was used to measure various factors such as 

characteristic of the contact force, the maximum applied force, and the time of 

action. This has enabled the researchers to measure all the relevant parameters 

such as force, pressure distribution, impact velocity, momentum, and energy.  

During the initial phase of the study, the researchers developed the 

measurement system and then refined the methodology for accurately analyzing 

the impact. Currently, they are working on producing the results from their first 

findings based on several participants in a preliminary stage. One of the potential 



Advanced Manufacturing Technology Alert 

© 2014 Frost & Sullivan 5 

market sectors expected to significantly gain from this study is the consumer 

sector, where robots have potential to be employed for carrying out a variety of 

household activities. Using the findings of this study, the robots can be made 

safer for the household activities in the future, thereby increasing the adoption 

rate of robots in the consumer sector. Fraunhofer IFF is also obtaining 

fundamental data in its study, the results of which would be incorporated in 

international standards. Robots developed incorporating the key findings from this 

study are expected to be available in the market for adoption in the coming years  

One of the advantages of this study is that it would help in developing 

robots that would be safer for humans, thereby increasing the potential 

application sectors for robots.  This study addresses the increased need for safer 

operation between robots and humans.  

Details: Dr. Norbert Elkmann, Researcher, Fraunhofer Institute for Factory 

Operation and Automation IFF, Sandtorstr. 22, 39106 Magdeburg, Germany. 

Phone: +49-391-4090-222. E-mail: norbert.elkmann@iff.fraunhofer.de. URL: 

www.fraunhofer.de 

 

4. PATENT ANALYSIS OF EXPLOSIVE WELDING PROCESS 

The explosive welding process is a type of cold state welding process in 

which the welding joint is created by employing a controlled high velocity that is 

produced by an explosion or detonation. This welding process is used on a large 

scale for cladding low-cost carbon steel with expensive corrosion resistant 

materials. The clad plate developed using this welding process is usually 

employed as tube sheet for heat exchangers in the chemical and petrochemical 

industries. In this type of welding process, the metal to be welded is placed below 

a parallel metal, which is used as an explosive in this process. The parallel 

material is provided with a piece of buffer that is usually made of rubber or 

cardboard, which protects the surface of the parallel material during the 

explosion. The material  to be welded, also known as the parent material, is 

placed on the anvil of the welding machine. The explosion is carried out by 

igniting the detonator. The velocity during detonation is less than the sonic 

velocity that is observed in both the materials. During the explosion, significantly 

high pressure is generated, which causes a relative shear or sliding pressure 

between the materials. Due to the relative motion, a high velocity is formed on 

the surface of both the metals. This velocity aids in producing the welding joint 
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between the two metals. One of the advantages of this welding process is that it 

can be used for welding dissimilar metals and large surfaces, without damaging 

the surface properties of the parent material.  

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

companies and universities are carrying out research for developing this 

technology to make it suitable for welding varied  materials, for example, 

zirconium-steel-zirconium 3 layer pipe or C276 nickel-based alloy clad steel plate. 

The patents also pertain to such areas as an explosive welding least charging 

method that provides low energy consumption and improved quality of the 

compound plate and to applications for explosive welding such as forming an 

explosion welded gas turbine shroud segment. 
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Exhibit 1 depicts patents related to the explosive welding process.  

Picture Credit: Frost & Sullivan 
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