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Abstract

Pipe bending is a manufacturing technology that contributes to the lightening of products and
increases adaptability to low-volume, high-variety type manufacturing schedules. Due to today’s
needs for resource conservation and compactness in products, there is a demand for thin-walled
pipe bending technology that enables tight bending radiuses and produces high-quality bending
with minimum cross-section distortion or scarring of the pipe. In the bending of thin-walled pipe,
wrinkles occur easily and it is difficult to maintain precision of shape.

There have been a number of methods introduced for bending thin-walled pipe, but all of them
have involved an increased number of steps and were therefore considered not suitable for mass
production. At Yamaha we focused on a hydro-bending method in which both ends of the pipe
are tightly sealed with reusable pressure-resistant caps and filled with a water at high pressure.
During the development of this method, special attention was given to safety measures, which
resulted in major reduction of the amount of air injected to pressurize the water and measures
to deal with the occurrence of water leaks. In order to increase manufacturing efficiency, the
capping and water injection process and the de-capping and emptying process were made
separate steps so that production cycle time could be set around the actual bending process. The
result is a high-quality bending method capable of producing quality products in one process with
the thin-walled pipes (external diameter 38.1mm, wall thickness 0.85mm, bend radius 60mm)
that had been considered difficult to mass-produce in the past. Furthermore, we were able to
maintain a cycle time (one minute) that is the same as existing bending methods for thicker-

walled pipes.
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