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1. ULTRAVIOLET CURING TECHNOLOGY IN MANUFACTURING 

Curing of photo-sensitive material by exposure to ultraviolet (UV) rays, an 

invisible form of electromagnetic radiation (with wavelengths much shorter than 

visible light, ranging from around 400 nm down to 10 nm), is an established 

manufacturing process associated with certain applications. The UV band is split 

into A, B, and C sections, with C having the shortest wavelength and the most 

destructive impact on humans.  

One key advantage over other curing methods, such as thermal (baking or 

autoclaving) and infrared (IR), is that no destructive heat is put into the material, 

which is important for many industrial applications that involve plastic or wood 

substrates. UV exposure can quickly transform liquid-state coatings and 

adhesives into cured solids. The printing industry is probably the largest 

beneficiary, where UV curing has long been used. The medical/dental industry is 

another key user, for curing of adhesives on medical devices and photo-sensitive 

polymer dental fillings. 

The UV source can be an electric lamp, such as a mercury vapor high 

intensity discharge (HID) lamp, which is connected to a high-voltage ballast 

(typically providing hundreds of volts to strike or start the lamp arc) and is fairly 

energy intensive (generating a huge amount of waste heat). A more recent 

innovation is the use of LED UV light sources, which are longer lasting, cooler 

running, and less power-intensive. However, their UV power delivery is limited. 

LED curing systems usually operate in a narrow UVA bandwidth of around 365 nm 

to 405 nm (please refer LED UV curing system in Exhibit 1). 



Advanced Manufacturing Technology Alert 

© 2014 Frost & Sullivan 2 

 

Exhibit 1 depicts a typical LED UV curing system: irradiation chamber plus 

controller. 

Picture Credit: http://www.digitallightlab.com/DigitalUV.php?11 

UV-curable coatings can be 100% solids, with no volatile constituents, or 

water-based coatings. In printing on paper, various methods of photosensitive ink 

application can be applied (rolling, spraying, dipping, flooding, silk screen). 

Printed paper with UV-cured coatings can have a range of finishes, from very 

shiny (highly reflective) to a dull matte. 

Aluminum beverage cans have multi-color inks applied by rollers. After the 

image is finished, a clear UV curable coating is applied to protect against wear 

and tear. Can manufacturers may use 6 to 8 high-wattage UV lamps to cure 

coatings outside and inside the can. This curing will not take much time. 

Wood finishes are another commercial use of UV curing. Traditional 

urethane coatings can take days to be fully cured at room temperature. UV curing 

is much faster. UV curable coatings do cost more than conventional curing (air 

dry) coatings and so have to justify the premium with better and faster end 

results. 

Polymeric coatings that are UV curable involve computer screens, 

keyboards, and personal electronic devices. They can enhance optics (glare and 

reflection reduction), resist wear, provide microbial resistance, enhance chemical 

resistance and so on.  

Details: Larry Rinek, Senior Technology Consultant, Technical Insights, 

Frost & Sullivan, 331 E. Evelyn Avenue, suite 100, Mountain View, CA 94041. 

Phone: 650-475-4521. E-mail: lrinek@frost.com. URL: www.ti.frost.com 
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2. ELECTRON BEAM WELDING TECHNOLOGY 

For difficult-to-weld/high-value metallic materials that must be joined in a 

vacuum, electron beam (EB) welding is a very sophisticated solution. Invented in 

1958, EB welding has come a long way. It generates a smaller heat-affected zone 

(HAZ) than other welding technologies, yielding less heat damage to substrates. 

The largest EB welding machines have beam power levels up to 100 kW (power is 

the product of accelerating voltage--kV, and beam current--ma). The depth of the 

weld dictates power needs. A powerful stream of electrons is generated (emitted 

from a tungsten cathode connected to a power supply), accelerated by electric 

fields between the cathode and anode, focused and manipulated by magnetic 

fields (electromagnetic lenses) to provide a narrow high-velocity beam for melting 

and fusion (localized casting) of sensitive target metals. The impact of electrons 

on the work piece transforms kinetic energy into localized heating and melting, 

enabling the welding process. 

 

Exhibit 2 depicts the electron beam welder (150 kV) from Cambridge 

Vacuum Engineering. 

Picture Credit:http://www.directindustry.com/prod/cambridge-vacuum-

engineering/welding-machines-electron-beam-17327-400541.html 

Formerly ubiquitous cathode ray tube (CRT) TV, computer, and instrument 

display monitors also accelerate and guide electron beams, in this case to a 

phosphor-loaded metal mask behind the face plate. Due to the risk of radiation 

leaks (EB accelerators can generate harmful X-rays as a byproduct, which 

becomes a safety issue), the face plate is always leaded glass, and side shielding 

exists in the CRT. EB welding apparatus also takes seriously the need to protect 

and shield operators. 
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The EB can trace the desired weld geometry by mechanically manipulating 

the workpiece in the vacuum chamber, but sometimes it is preferred to leave the 

work piece stationary and deflect the electron beam around. The heating rate 

from EB impact is impressive: on the order of 108 to 109 K per second. If the 

operator is not careful, the EB will not only melt the metal, but evaporate it. The 

beam typically moves at between 2 and 50 mm/second, traversing the weld path. 

It must be noted that certain volatile metals (high vapor pressure of melt), such 

as magnesium, zinc, and cadmium, are not candidates for EB welding. 

Researchers at the US DOE Lawrence Livermore National Lab (LLNL) in 

Livermore, California have explored a means to measure EB current flow at 

various angles. They invented an EBeam Profiler device, a diagnostic tool with 

automated data acquisition, which allows EB welders to measure and replicate 

proper weld parameters (such as sharp focus aspects and beam power-density 

distribution) every time. In the days before automated assist, operators had to 

manually adjust for sharpest focus and move the work piece around for EB 

impingement, but that was tricky considering that an electron beam is invisible. 

The properties of the beam were not consistent from work piece to work piece 

and from day to day. That produced QA issues with the welds. With critical 

aerospace and nuclear energy applications at stake (no defects permitted), that 

was unacceptable. The LLNL EBeam Profiler solved the problem and has been 

commercially licensed to Sciaky, Inc. in Chicago, Illinois. 

Details: Larry Rinek, Senior Technology Consultant, Technical Insights, 

Frost & Sullivan, 331 E. Evelyn Avenue, suite 100, Mountain View, CA 94041. 

Phone: 650-475-4521. E-mail: lrinek@frost.com. URL: www.ti.frost.com  

 

3. 3D PRINTING IMPROVES BRAILLE FLEXIBILITY 

Since it was published by French citizen Louis Braille in 1829, the tactile 

writing system that bears his name has been used by the visually impaired and 

partially sighted individuals to read text, including music. There are some 

limitations to braille printing, even in the 21st century, including the size and 

volume of larger printed works, and their durability. More complex forms, such as 

pictures and other images, are difficult to depict in braille.  

A team of researchers at the Korea Institute of Science and Technology 

(KIST) in Seoul, Korea, have combined 3D printing and 3D thermal reflow 

treatment that promises to provide braille text and picture books greater 
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flexibility in terms of height, size, and even color. The technique does not require 

ultraviolet coatings or chemical treatment that might be harmful to users. KIST is 

a multi-disciplinary research institute that was founded in 1966 whose more than 

1,800 staff scientists, visiting scientists, fellows, and students conduct basic 

research in scientific and technological fields.  

The present printing of braille documents and books uses a series of raised 

dots on paper to represent letters, and to outline basic shapes such as a tree. 

This makes it difficult to create braille text on public buildings, or directions in 

mass transit systems. In braille books, the depiction of complex images such as 

geographic map contours, or the occurrence of an earthquake, is also difficult.  

The KIST team, led by Myoung-Woon Moon, chose the Fused Deposition 

Modeling, or FDM, technique, for their braille research. FDM presses a 

thermoplastic filament with a nozzle that immediately heats the material to create 

successive thin layers of thermoplastic that are built into durable objects. This 

method is used to make, for example, automotive, construction, and industrial 

parts. The thermal reflow method Moon and his colleagues used heats the board 

upon which the 3D printed part is made until the temperature reaches the melting 

point of the thermoplastic material. This lowers the viscosity of the thermoplastic, 

causing the surface tension of the layers to lower surface energy by filling the 

structures. The flowing and reflowing of material makes a smoother surface, and 

during remelt phases, will absorb the thermoplastic filament into the crevices of 

the board to enhance adhesion.  

The KIST method will enable braille developers to manufacture more 

detailed figures and tables into their documents, broadening the context of 

documents and books for vision impaired readers. Braille manufacturers will be 

able to adjust the number of filament layers to alter the shape, size, and 

thickness of their creations.  

For the partially-sighted readers, the KIST technique can be used to apply 

thermoplastic filaments of different colors to illustrate geographic features on 

maps. Just as importantly, because 3D printing technologies such as  FDM create 

finished parts by following a computer aided design model, the Korean team's 

approach will reduce the time taken for the manufacture of educational materials 

for the visually impaired from months to several hours. The other advantage of 

the KIST 3D printed braille method is greater durability of its plastic forms in the 

face of external impact, compared to paper dots. According to Moon, his team's 



Advanced Manufacturing Technology Alert 

© 2014 Frost & Sullivan 6 

3D printed method can apply braille forms to paper, ceramics, and metal equally 

well.  

Details: Dr. Myoung-Woon Moon,  Principal Research Scientist, Korea 

Institute of Science and Technology, P. O. Box 131, Cheongryang, Seoul, 130-

650, Korea, Phone: +82-2-958-5487, E-mail: mwmoon@kist.re.kr 

 

4. PATENT ANALYSIS OF CENTRIFUGAL CASTING 

Casting is a manufacturing process in which the object is obtained by 

pouring liquid material into a mold and then allowing it to solidify. The shape of 

the object is determined by the shape of the mold cavity. In centrifugal casting, 

the objects are produced by causing molten metal to solidify in rotating molds. 

Generally, the molten metal is poured while the mold is spinning, however, for 

certain applications, in vertical casting, it is preferable that the mold be stationary 

when the pouring begins. The speed of the rotating mold is increased during 

filling of the mold or after the pouring is completed. In horizontal centrifugal 

casting, the mold will be rotating at lower speeds during the pouring followed by 

rapid increase in the rotating speed during the solidification. A dense cast can be 

obtained by applying the centrifugal force to a molten metal during the 

solidification phase. The centrifugal casting process is used for manufacturing 

cast iron tubes, pipes, cylinder liners and other axis symmetry parts. Centrifugal 

casting has various advantages over static casting. For example, low pouring 

temperatures are possible in centrifugal casting than those used for static casting. 

Centrifugal casting has high casting yield and produces dense metal structures. 

Moreover, the thermal gradient is steeper in centrifugal casting than in static 

casting which results in characteristic columnar grains. 

In the last 5 years, patents related to centrifugal casting have been filed at 

a steady rate. Among the recent patents provided in Exhibit 3, one patent 

explains the apparatus for centrifugal casting under vacuum (US8167023 B2). 

Another patent (US6776214 B2) explains the method for making various titanium 

base alloys and titanium aluminides into engineering components such as rings, 

tubes and pipes. Patents related to the production of turbine blades and precision 

castings using centrifugal casting have also been published.  
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Exhibit 3 depicts patents related to centrifugal casting. 

Picture Credit: Frost & Sullivan 
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