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Abstract of Thesis
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Abstract of Thesis:

Incremental sheet forming (ISF) is a die-less sheet forming technology for small lot production of a wide
variety of products in the automotive, aerospace, ocean engineering, and construction industries. This
technology has advantages in both cost reduction and manufacturing flexibility/freedom compared with the
conventional stamping process. This research aims to systematically address the critical issues affecting the
ISF process in terms of formability, dimensional accuracy, forming thickness, etc. Firstly, based on a basic
literature review of incremental sheet forming, a multi-step toolpath strategy was introduced to prevent cracks
in a high wall angle shape by homogenizing the inclined wall thickness. Besides, to greatly increase the forming
depth and avoid the crack in the ISF process with a single-step toolpath, a new contact-induced vibration tool
was designed and tested. Moreover, to achieve high-precision ISF-formed parts, main geometric issues like
pillow height and bending deviation have also been studied. These issues can be controlled by using the above
multi-step toolpath strategy, a contact-induced vibration tool, and a novel position-adjustable universal backing
plate system.

Correspondingly, this thesis consists of the following 6 chapters.

Chapter 1 briefly reviewed recent works in incremental sheet forming. It pointed out the advantage and
existing issues and explained the main deformation mechanisms and key process parameters. Then, the
objectives and the structure of this doctoral thesis were determined.

Chapter 2 presented a multi-step strategy in the incremental sheet forming of a hyperbola shape with a
specific height. It was found that this strategy can optimize the thickness distribution and reduce the occurrence
of cracking. Besides, by adjusting the parameterized multi-step toolpath, the vertical motion of the central
bottom area was avoided.

Chapter 3 investigated a newly designed contact-induced vibration tool (V-tool) in incremental sheet
forming of a hyperbola shape with aluminum alloys. The V-tool increased the thinning limit from 54% to 84%
and improved the wall angle from 67° to 83° . It was figured out that the shear deformation plays a more
significant role in obtaining high formability than the friction heating generated from tool rotation. For ISF
with rotational V-Tool, the shear deformation effect may suppress the void growing and inhibit the occurrence
of the crack.

Chapter 4 applied the above-mentioned multi-step toolpath to form truncated pyramids with aluminum
alloys and to adjust the pillow height at the bottom area. Through adjusting the horizontal movement step
length in multi-step toolpaths, the vertical movement in the central area of the bottom can be induced, and then
the pillow height of formed parts was controlled.

Chapter 5 provided a new position-adjustable universal backing plate system. Compared to a conventional
backing plate (C-backing plate) with a large opening deformation, the universal backing plate (U-backing plate)
system can fit the curved upper edge of complex shapes. The key process parameters were defined and their
effects on bending deviation were investigated. In the ISF forming of the truncated pyramid and L shapes, much
smaller bending deviation and higher overall geometric accuracy were successfully achieved by the U-backing
plate system compared with the C-backing plate.

Chapter 6 summarized the main findings of this research and described the possibility of practical

application and future research issues.
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