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Shaping glass 
Bending sheet glass using lasers and gravity
A new Fraunhofer technique makes it possible to bend sheet glass into com-
plex or unconventional shapes with the help of laser beams. This opens up a 
whole new range of potential products for architects and designers. The 
researchers are taking advantage of a particular attribute glass has of beco-
ming viscous and therefore malleable when exposed to high temperatures. 
Precise calculations and gravity do the rest.

A laser beam moves across the surface of the glass with absolute precision, following a 
preprogrammed if still invisible path. Every now and then, the beam stops, changes 
position and moves on. The four-millimeter-thick sheet of glass is in an oven that has 
been preheated to just below the temperature at which glass begins to melt. The glass 
now starts to soften at the points the laser has heated and, thanks to gravity, the 
heated portions sink as if they were made of thick honey. Once the desired form has 
been achieved, the laser is switched off and the glass solidifies again. The result is a 
fascinating shape with bends featuring small radii, waves and round protrusions.

This is how lasers can be used to help bend sheet glass in a process developed by the 
Fraunhofer Institute for Mechanics of Materials IWM in Freiburg im Breisgau. The whole 
process is based on a particular physical characteristic of the material; unlike metal, for 
instance, glass does not have a definitive melting point at which it liquefies. Instead, 
when exposed to a certain temperature range, it softens and becomes malleable. 

Bending glass without a mold

Fraunhofer IWM’s laser-supported technique allows architects and also industrial 
designers to make use of shapes that were previously difficult and costly to produce. 
Here, sheet glass is shaped without the need for a bending mold to apply pressure. In 
this way, the new process doesn’t leave behind any unsightly marks – the flat glass 
surfaces remain visually undistorted. 

Laser beams controlled by software

Giving a product the required shape starts with programming the process workflow. 
Geometrical data is used to define the sequence of precisely where, when and for how 
long the material will be heated, as well as to create the program that will control the 
laser beam. This factors in options to have the laser stop for a moment, heat a single 
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point multiple times or change the intensity of the beam. “Thanks to our technique, 
manufacturers have a cost-effective way of producing extremely customized glass 
objects in small batches or even as one-offs,” says Tobias Rist, scientist at Fraunhofer 
IWM.

From placing the glass in the oven to cooling it off, the whole process takes approxi-
mately half an hour. Depending on the shape required, it takes only a few minutes for 
the laser to do its job. “A distinct benefit for manufacturers is that the machine is only
occupied for short times. The workpiece is placed in the preheated oven and lasering 
can begin after just a few minutes,” Rist explains. Since the glass is removed for 
cooling, the bending oven is then free for the next workpiece and so doesn’t have to 
be cooled down. This offers significantly greater energy efficiency than conventional 
processes – the laser does require a lot of energy, but the very short processing times 
save electricity.

Adjustable mirrors direct the laser beam

Fraunhofer IWM’s Machining Processes, Glass Forming Group uses a powerful CO2 
laser model. This type of laser is commonly used in materials processing in the industry. 
The laser beam is not applied to the workpiece directly, but rather directed via adjust-
able mirrors fitted to the interior of the oven. This provides an extremely fast and simple 
way of positioning the laser beam because it means the laser apparatus itself can re- 
main static. The group’s researchers are currently able to process sheet glass with edges 
of up to 100 centimeters and alter the shape of both sides of the glass. The research-
ers’ next step is to experiment with different types of glass and explore further manu-
facturing variations with a view to expanding the range of shapes products can take.

 
Glass: The brittle liquid

Glass is a very special material, most accurately described as a viscous liquid. Cooling 
melted glass leads to the formation of crystals that are atypical for solids. In fact, glass 
remains essentially viscous, subtly flowing over the course of several years as gravity 
exerts its influence. The molecular structure of window glass is such that its lets 
through light waves of a range visible to us, which is why glass is transparent. But 
there are also types of glass we are unable to see through, such as chalcogenide glass, 
because they reflect or absorb visible light waves.
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A pioneer of glass processing: Joseph von Fraunhofer

Joseph von Fraunhofer (1787-1826), the optical researcher whose name was adopted 
by the Fraunhofer-Gesellschaft, was also a pioneer of glass processing. Born in Straub-
ing in Bavaria, the one-time apprentice glassmaker experimented with new melting 
techniques for glass manufacturing leading to the production of the first streak-free 
glass.

His work on optical research is still considered groundbreaking. His spectrometer made 
it possible to analyze sunlight and anyone studying optics today is familiar with terms 
such as Fraunhofer diffraction and Fraunhofer absorption lines. He is also responsible 
for major advances in the manufacture of optical instruments, including binoculars, 
magnifying glasses, microscopes and telescopes for astronomy.

 
Glass production  

People have always been fascinated by glass. For thousands of years, we have 
attempted to improve how we process and manufacture glass. As far back as 1500 
BCE, the Egyptians were making hollow glasses. By 650 BCE, the Assyrians were manu-
facturing glass using a mixture of sand, ash and chalk.

Over the centuries, we continued to experiment with new methods of shaping melted 
glass through pulling, milling, blowing, spinning, pressing and turning. Fraunhofer 
IWM’s laser-based technique adds a new method, one that provides a fast and cost-
effective way of manufacturing extremely complex and unconventional designs.
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The Fraunhofer-Gesellschaft is the leading organization for applied research in Europe. Its research activities are conducted by 69 institutes 
and research units at locations throughout Germany. The Fraunhofer-Gesellschaft employs a staff of 24,500, who work with an annual research 
budget totaling 2.1 billion euros. Of this sum, 1.9 billion euros is generated through contract research. More than 70 percent of the Fraunhofer-
Gesellschaft’s contract research revenue is derived from contracts with industry and from publicly financed research projects.  International collabo-
rations with excellent research partners and innovative companies around the world ensure direct access to regions of the greatest importance to 
present and future scientific progress and economic development. 
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