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Rectangular waveguides with numerous bends and twists are applied in
the S-range radars. There are two types of waveguide bends: smooth
curves, which are made by bending the waveguide tube, and angular bends,
which are made by welding or brazing sections of the waveguide tube.
Angular ones are used more often, as they are more compact (Fig. 1).
Waveguides are made from a thin-walled (2.5 mm) rectangular pipe, the
material is aluminum or brass.
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Figure 1. Rectangular waveguides with angular bends

During welding or brazing waveguide sections, deformations and sur-
face defects appear in the seam zone. They are eliminated by planishing
and subsequent finishing. The channel of the waveguides is polished with
tight tolerances (0.07...0.1 mm) and a roughness Ra <0.8 pm. The power
loss of an electromagnetic wave depends on the quality of the surface of
the channel [1, p.610].

Not all finishing methods which can provide the required roughness are
applicable for channel rectangular section and angular bends. Often the
polishing of the near-seam zones, due to the difficult approach to them, is
carried out with a hand-held power tool, requires complex tool paths or the
using of shaped tools.

Finishing of the waveguide channels of complex spatial shapes can be
performed by methods which use the flow of an abrasive substance as a
tool. This type of processing allows the mechanization of the operation, can
improve working conditions and reduce processing time

The purpose of this study was to search for a rational finishing method
with abrasive substance flow of channel angular bends of rectangular
waveguide.

Hydro-abrasive (waterjet) pumping and abrasive-extrusion processing
were studied.

Hydro-abrasive pumping [2] is an erosion process with a flow of water-
jet processing for the inner surfaces. The waterjet slurry is pumped through
the channel in both directions and creates a directional roughness.

The abrasive-extrusive processing of waveguides [3, p.41] consists in
extrusion along the channel of the working substance, which composes
from a polymer base with abrasive grains, which is capable of viscoelastic
deformation.

The analysis of these methods for processing of channels with angular
bends showed that the quality of the processed surface is often non-uniform
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due to significant changes in the parameters of the flow of the working
substance.

Simulation of waterjet pumping and abrasive-extrusion processing of
angular bends of waveguides was carried out using the software «Flow
Vision» (Fig. 2). It showed the causes of irregular erosion within the chan-
nel. The flow of the working substance flowed around the inner corner and
a vortex zone arose due to a sharp change in the direction of the walls. In
this zone the pressure on the channel walls dramatically decreased, as a
consequence, the intensity of processing of nearby surfaces reduced (Fig.
2a). A significant difference of abrasive-extrusion processing is the high
pressure of the working substance on the channel walls and the low flow
rate, which is associated with the higher viscosity of the working substance
(Fig. 2b).

Between the transit flow and the swirl zone, the divide line appeared. It
separated fluxes of different velocities and was a sign of local resistance.
Separate vortices were formed at the divide line and moved continuously.
In this case, some masses of the working substance in the swirl zone were
replaced by others.
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Figure 2. Simulation of hydro-abrasive pumping (a, ¢)
and abrasive-extrusive processing (b) in the angler waveguide bends

When processing waveguides with a smooth channel bend (Fig. 2c),
swirl zones don’t appear, but centrifugal forces arise, which increase the
pressure of the working substance on the walls with a large radius of curva-
ture and decrease on the opposite walls. As a result, conditions are created
for the movement of particles of the working substance in the transverse
direction from the area of higher pressure to the area of lower pressure,
which causes turbulence flow. After a smooth turn of the waveguide chan-
nel, a rotational-translational movement of the working substance emerges,
which fades away at a certain distance.
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The disadvantages of the such methods of abrasive processing, which
reduce the efficiency of their application for rectangular S-band wave-
guides with angular bends, include: limited flow control capabilities; un-
controlled removal of metal, which does not allow accurately processed
surface; the need to prevent deformation of thin walls during extrusion of
the abrasive substance through channel; applicability only for straight
waveguides or smooth bends; the need to wash the treated surfaces. As a
result, it was concluded that these finishing methods are time-consuming
and inefficient for the rectangular waveguide channels with angular bends.
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