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Evaluation of Additive Manufacturing Technology Applied to a W-Band
Slow-Wave Structure Waveguide Fabrication
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Abstract

We fabricated and evaluated a W-band slow-wave structure (SWS) waveguide using metal 3D printing technology. In addition, we
compared the results of the SWS waveguide fabrication using an additive manufacturing and conventional computer numerical control
machining. In addition, the advantages and drawbacks of each technology were analyzed. Because the SWS waveguide is a component
of a traveling-wave tube amplifier and operates in ultra-high vacuum and high-temperature environments, we only utilized metal additive
manufacturing technology by means of selective laser sintering. The fabricated SWS waveguides were evaluated using both optical and
electrical methods. The assessment results presented in this study can be used to estimate the possibility of additive manufacturing tech-
nology for the fabrication of similar waveguide types in the same frequency band.
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Fig. 1. The 3-D model and its dimensions of the slow-

wave structure waveguide.
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Fig. 2. The fabricated slow-wave structure waveguides by
each material.
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Fig. 4. Measured results of external structure dimensions.
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Table 1. Measured results of additive manufactured WR10
dimensions.

Designed value: 2.540x1.270 mm

Materials -
Measured value (mm) | Maximum error (mm)

Front: 2.570x1.260
CL0CU Back: 2.520x1.292 0.030

18 5. Wy A+ 53 2%
Fig. 5. Measured results of internal structure dimensions.
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Table 2. Measured results of the slow-wave structure
waveguide dimensions.

. Front: 2.444x1.220
AISHOMg | 5 ke 2.685%1 446 0.176

Front: 2.552x1.313
CuCP Back: 2.632x1.340 0.092

Measured dimensions | Avg. value (mm) | Avg. error (mm)
p 0.269 0.064
t 0.365 —0.055
b 0.248 —0.042
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Table 3. Measured results of the slow-wave structure wave-
guide dimensions and effective conductivity.

Materials Avg. value (/m) 0 /TACS (%)

CL80CU 15.08 3.75

AlSil0Mg 29.35 11.00
CuCP 36.01 25.00
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Table 4. Specifications of the utilized 3D printers.

EOS M290
Fabrication space 250x250%325 mm
Laser type Yb-fiber laser
Oprical device F-theta-lens
Scanning speed Max. 7 m/s
Laser diameter CW: 100 zm / Pulse 85 gm
GE Mlab100
Fabrication space 90x90 mm
Layer thickness 15~30 #m
Manufacturing speed 1~5 em’h
Laser system fiber-laser 100 W (CW)
Maximum scanning speed 7 m/s
Focus diameter ~50 p¢m
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