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Abstract—This paper attempts to establish a good base for
weight-reduction technique of microwave devices using 3D
printing techniques. Experimental studies to minimize the
weight of radiofrequency waveguides printed using additive
manufacturing techniques are presented. Two types of Ku-
band rectangular waveguides (perforated and full-metal)
have been printed using direct metal laser sintering (DMLS)
process. The insertion losses increased by ~1.2 dB/m after
applying 1 mm grids which reduces the weight of Ku-band
rectangular waveguide by ~17.5%. Comparison between
these measurements and those of a waveguide manufactured
by conventional method was used to determine process loss.
The insertion losses of full-metal waveguide manufactured
using DMLS process increase by ~0.7 dB/m compared to the
conventional one. Finally, RF measurements of waveguides
manufactured using DMLS process show a good agreement
with the simulation results.

Keywords— 3D metal printing, Additive manufacturing,
Direct metal laser sintering, Lightweight, Waveguide.

. INTRODUCTION

Additive manufacturing (AM) technology, commonly
known as 3D printing, is a production method of rising
popularity in the academic research as well as in the
manufacturing industry. AM techniques stay until now an
opportunity for the majority of companies and at the same
time a risk to manage. Regardless of the AM barriers, this
new technology provides new freedom degrees for
designers that are unmatched by other manufacturing
methods, without the need of expensive tooling or
developing thereof. This opens up for numerous
opportunities especially in aeronautics such as testing ideas
at low cost [1,2], lightweight parts [3,4], manufacturing of
complex structures that previously would have been
impossible [5]. Using direct metal laser sintering (DMLS)
process known recently by powder bed fusion process
according to additive manufacturing technology standards
(ASTM), the object is built layer by layer from a metallic,
ceramic or composite powder bed. A laser source is
responsible for the consolidation by local heating.
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Waveguide components have been used in
communication systems for many years because of their
great advantages such as: low loss and high-power handling
capabilities compared to planar devices [6].

By using AM techniques, there are three methods to
minimize the weight of microwave devices. The first one
introduces grids in electrically non-active areas so as not to
affect radiofrequency (RF) function of the device i.e. areas
with a low current line density [7]. The second method is by
metal plating on plastic 3D printed structure to form an
electrically conductive surface [8,9]. However, the third
method uses a monolithic structure that allows RF functions
to be nested considering design freedom provided by AM
techniques which gives to the designers the ability to
miniaturize the RF structures at design stage [10], [11]. In
contrast to the second method, the third method is valid for
all AM techniques. Otherwise, the impact of the position in
printing chamber as well as the environment during printing
on RF structures with small RF functions such as radiating
slots or coupling iris are significant, because the limitation
in the resolution of DMLS process [12].

In this paper, an alternative solution offering an
optimized orientation of the grids regarding the overall
orientation of the RF devices during DMLS process is
presented. This is experimentally demonstrated on 50 mm
Ku-band rectangular waveguides. Also, two perforated
waveguides with cubic grids have been printed as well as a
full-metal waveguide. The RF performances of commercial
waveguide have been compared, firstly, to simulation
results in order to determine measurements errors except
those due to air gaps, and, secondly, to the measurements of
printed full-metal waveguide in order to determine the
insertion losses due to DMLS process linked to both the
surface roughness and dimensional accuracy. Afterwards,
the measurement graphs of the full-metal waveguide have
been compared to those of perforated one in order to see the
impact of the grids on insertion losses. The mechanical
strength is not discussed in this paper since the parts will not
be mechanically stressed in the operating environment [13].
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Fig. 1. Structural illustration of Ku-band waveguides designed on
HFSS™. (a) Full-metal waveguide. (b) Perforated waveguide with
C1=1 mm. (c) Shape of cubic grids for both perforated waveguides.

II.  WAVEGUIDE DESIGN AND FABRICATION

A. Design

In this paper, a full-metal waveguide and two perforated
waveguides with different grids size (C1 =1 mmand C2 =
1.5 mm) have been designed. The orientation of grids for
perforated waveguides has been chosen in order to avoid
printing problems during DMLS process. However, the
grids respect the 45° rule for AM techniques. Taking into
account this rule during the design process minimizes
overhanging zones which avoid material collapsing of
zones without printing supports. This proposed orientation
of grids is more effective for complex RF structures with
surfaces oriented vertically to the printing platform.

Overall, the sizes of grids were selected in order to keep
enough material between two grids so that waveguides can
hold during DMLS process.

B. Fabrication

The proposed metallic waveguides have been
manufactured layer by layer from a metallic powder bed
using ProX300 3D printer, under argon atmosphere. The
printing material is an aluminum alloys AlSi7Mg0.6 with a
layer thickness of 40 pm. It is a typical metallic alloy for
applications that require a combination of good electrical
conductivity and lightweight. The geometry of the proposed
lightweight Ku-band waveguides is shown in Fig. 1. The
wall thickness of waveguides is equal to 1 mm and all have
a length of 50 mm. The cross-section dimensions of printed
waveguides are standardized like commercial Ku-band
waveguides (WR-62 according to electronic industries
alliance standards) as well as dimensions of printed flanges.
The grid size was chosen taking into account the accuracy
of Prox DMP 300B machine from 3D Systems used for the
fabrication of the waveguides. Typically, the accuracy of
Prox DMP 300B is equal to +0.1 mm [14].

The aluminum alloy conductivity is of 25.10° S/m. All
printed waveguides have undergone a surface treatment by
a pressure blasting machine to improve the surface quality.
Both waveguides have been printed using the same design
orientation and process parameters. Nevertheless, the
position upon the printing platform and the environment of
the printed waveguide (e.g., surrounding prototypes) are not
the same. The waveguide with C2 = 1.5 mm grids blew up
during the DMLS manufacturing process.
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Fig. 2. Simulated S-parameters of the perforated waveguides and the full-
metal waveguide. (b) Insertion loss. (b) Reflection coefficient.

I1l.  WAVEGUIDE SIMULATION AND MEASURMENT

A. Simulation results

In this study, the effects on RF performances of
perforated waveguides were analyzed by using HFSS™,
The waveguides have been powered during simulations by
two wave ports with a characteristic impedance adapted to
the input impedance of the designed waveguide and have
been meshed using an automatic adaptive meshing
technique. A set of Ku-band (WR-62) rectangular
waveguides (one solid waveguide and two perforated
waveguides) are simulated. The grids are uniformly
distributed over all the surfaces of perforated waveguides in
order to avoid high concentration of current lines at specific
area. The reflection coefficient and the insertion loss of full-
metal waveguide and perforated waveguides with different
size grids (C1 =1 mm and C2 = 1.5 mm) are shown in Fig.
2. Therefore, the insertion losses increase from ~0.26 dB/m
for full-metal waveguide to ~0.31 dB/m for waveguide with
1.5 mm size grids. The difference in the insertion losses
between the two perforated waveguides is still negligible
compared to the insertion losses of full-metal waveguide.
The reflection coefficients are lower than -40 dB among
Ku-band for all simulated waveguides. According to the
simulation results, adding perforations in order to reduce
weight of RF devices is very promising.
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Fig. 3. Simulated and measured S-parameters of the perforated
waveguide and full-metal waveguide as well as conventional waveguide.
(a) Insertion loss. (b) Reflection coefficient.

B. Experimental results

The reflection coefficient and the insertion losses are
measured using an Agilent N5230C network analyzer after
applying a Ku-band standard TRL (Through-Reflect-Line)
calibration set. The reflection coefficient and the insertion
loss of measured 3D printed waveguides are shown in
Fig. 3. The insertion losses of measured conventional
waveguide manufactured using conventional methods are
~0.6 dB/m which shows that insertion losses are multiplied
by 2 compared to the simulation. This increase is due to the
inevitable measurement errors of misalignment of SMA
connectors and waveguide flanges.

Afterwards, the insertion losses of printed full-metal
waveguide manufactured by DMLS process are ~1.3 dB/m,
which are two times greater than the insertion losses of
conventional waveguide.

(®

Support structure

Fig. 4. Photographs of conventional waveguide and 3D printed
waveguide. (@) Conventional waveguide. (b) Orientation and support
structure. (c) Exploded waveguide during DMLS process with grids size
of C2=1.5mm.

Thus, we can understand that the DMLS process
increases the insertion losses mainly because of surface
roughness and skin depth at Ku-band which is very low
compared to the surface roughness as well as the air gaps
between SMA connectors and waveguide flanges during RF
measurement. A change in the electrical conductivity across
the printed waveguide because of process parameters during
printing process and powder quality can also increase the
insertion losses.

The measured insertion losses after applying grids of 1
mm (C1 in Fig. 1.) to a solid waveguide are 2.5 dB/m, which
means an increase of insertion losses by ~1.2 dB/m. The
results of perforated waveguide with 45° oriented grids
show more losses than full-metal waveguide, and this is
unavoidable, because a part of metal is taken compared to
the solid waveguide. However, the total weight of
waveguide is reduced from ~30 g to ~24.75 g,
corresponding to a ~17.5% weight reduction. Otherwise,
insertion losses remain low, but they can be multiplied by
more than 2 between a perforated waveguide and a solid
waveguide depending on the frequency. The reflection
losses are lower than -30 dB across the Ku-band for all
measured waveguides printed using DMLS process.

Fig. 4. shows photographs of the conventional
waveguide (WR-62) as well as the 3D printed waveguide
that exploded during DMLS process attached to the
printing plate and after electrical discharge machining
technique which allows to separate the manufactured
prototypes from the printing plate. Thus, we can also
conclude that there is an upper limit for the size of grids
that must be respected in order to avoid manufacturing
defects according to the exploded waveguide with 1.5 mm
grids size (C2 in Fig. 1.) shown in Fig. 4. (c). Furthermore,
this limit must be much lower than the size of radiating
slots in order to avoid additional radiation losses. However,



the length of radiating slots is determined according to the
half-wavelength at the operating frequency as in (1).

Length of slots = A(Operatinngrequency) ()

IV. CONCLUSION

This paper presents the design of lightweight and low-
cost Ku-band rectangular waveguides. The effect of grids
on waveguide electrical performances have been discussed.
The insertion losses increase from ~1.3 dB/m to ~2.5 dB/m
for a grid that reduces the weight by ~17.5%. However,
adding grids to waveguides produces a decrease in the
electrically conductive surfaces and that has to be taken
into account if we want to apply grids to complex RF
structures to avoid important insertion losses. Furthermore,
this work attempts to indicate the attractive potential of AM
techniques in decreasing the lead time of mass producing
of waveguides and also some similar RF structures such us
filters and slotted waveguide antennas.
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