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This entry introduces five kinds of established internal surface finishing technologies.

The requirements of components with complex internal surfaces are increasing for gas and fluid flow applications in
aerospace and automotive industries. Turbine spray nozzles, cooling channels and hydraulic manifolds are some of the
examples which have complex internal surface with curved feature, narrow portion and fluctuating volumeltJ2],
However, for certain applications in aerospace and automotive industriesi®], the surface condition is not satisfactory
especially fabricated by 3D additive manufacturing (AM) technology. Therefore, a post-polishing process is essential for
these 3D AM complex internal surfaces to achieve high quality internal surface finish.

For internal surface finishing, in general, there are major five kinds of established finishing processes which are internal
cylindrical grinding, abrasive flow machining (AFM), fluid jet machining (FJM), magnetic abrasive finishing (MAF) and
fluidized bed machining (FBM).
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Internal cylindrical grinding, as a conventional technology, has been widely used in industry for many years, but it is
limited to straight internal structures with relatively large diameters considering tool size and coolant supply. AFM is one
of the most prominent process for finishing inaccessible surfaces with a wide range of materials. In AFM, the pressurized
semi-solid-laden media with hard abrasive particles is forced to flow in a restricted area and abrade the target surface in
repeated cycles. The finishing pressure depends on the fluid dynamics of the media. However, it is limited to some
geometries such as blind holes. It is also difficult to achieve uniform material removal on channels with varied geometries
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or features. Furthermore, contamination issues arise from abrasive particles embedding onto the workpiece surface, and
removed materials mixing into the abrasives!®. FJM pumps abrasives towards target surfaces through an adjustable
nozzle at certain pressures to remove materials, and it has been widely used in mold, ceramics and optics finishing. Kim
et al. developed a magnetic abrasive jet machining system for precision internal polishing of circular tubes®®!. Cheung et
al. presented a multi-jet polishing process for inner surfaces finishing through adopting a rod-shaped nozzlel8!. Compared
with AFM, it has the unique advantages of high machining accuracy and flexibility, undergoes no contamination issues,
but it is still limited to deep and bind holes with narrow gaps. MAF is a precision non-traditional finishing process that the
finishing is controlled by magnetic field. In MAF, the media is pressed against the surface by magnetic force and is
dragged along the surface for finishing. Magnetic abrasive particles acting on a workpiece are influenced by magnetic
poles, thus forming a flexible magnetic abrasive brush. However, MAF’s biggest limitation is the restriction of the
materials that can be processed.

FBM is a recently developed non-traditional finishing process utilizing fluidized bed hydrodynamicdZ. Fluidized bed is
formed when a bed of solid abrasive particles is controlled under fluid flow and material is removed by the flow of an
abrasive solid emulsion over the internal surface. Due to the fluid-like behavior, internal surfaces are achievable and can
be finished. The limitation of FBM is the existence of debris remaining on the machined surfaces. The embedding of
abrasive splinters onto the machined surfaces for soft and ductile workpieces such as aluminum and polyvinyl chloride
(PVC) was indicated™. Furthermore, in FBM, the surface improvement on the internal surface is significantly less than the
external surfacel. For fluidized bed assisted abrasive jet machining (FB-AJM), it is further concluded that the integration
of abrasive jet principles results in the incapability on bent internal surface finishing€l2!,

Compared with the other technologies, MAF does not require complex facilities, making it easier to be realized, and more
reliable and applicable to industry. In the past years, some research work has been done to understand the MAF process
behaviour and surface pattern generation® @M. Shinmura et al. '@ and Shinmura and Yamagushi (2! firstly presented a
new finishing process and through modification demonstrated its feasibility on finishing of stainless steel tube and clean
gas bomb. Kim and Choi 14! analysed magnetic pole arrangement and pole number variations. Kang and Yamaguchil2!
developed a multiple pole tip system to increase the finishing area, thus efficiency. Besides, Yoon et al.l'8l proposed a
few possible pole arrangements which vary from a conventional single north (N)-south (S) pole system. Additionally,
Yamaguchi and KangZ explored and demonstrated MAF’s capability to finish the internal surfaces on the tubes of
various sizes and materials. Guo et al.'8 presented a novel rotating-vibrating magnetic abrasive polishing method for
double-layered internal surface finishing.
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