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Design and practice on application of 3D printing
technology in microwave switch

QIU Runsuo, CUI Zongtao, LI Zhipeng
(China Academy of Space Technology(Xi’an), Xi’an, 710000)

Abstract ;In this paper, a design method of R-type waveguide switch based on 3D printing technology is
introduced. And the RF parameters and switching time which affect the performance of microwave switch
are verified. The verification results show that the RF test results meet the requirements, the switching
time is shortened , Hence ,the reliability of the microwave switch is improved. Through the application of
3D printing technology, the weight of the switch is reduced by more than 17% . The production cycle is
shortened by more than 60% . The design process and verification results are discussed in this paper. The
shortcomings of long switching tine and heavy weight of R-type waveguide switch in X-band are solved. A
new way for manufacturing waveguide microwave switch is provided.
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Fig.1 microwave waveguide switch
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Fig.2 The RF of R-type microwave waveguide switch
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Tab.1 Technical parameters of 3D printing equipment

EiEtay FEBH
T.2kA TE X oI AL (SLM)
WIS EOS M290
WK [ EOS

I FRIE R~ 250 mm x 250 mm x 325 mm
HOEm HURLE SR E O ER
3N 1070 nm =10 nm

IR 400 W
b WS M2<1.1
b3 MUY 14 pm

L4 a2 7Y QBH
5%, 2154 +0.05 mm
AR 20 pm ~ 100 pm (A )
ESEnprYEs Tm/s
RRIIH 20KW

*2 3DFTENHRIEE
Tab.2 Strength of 3D printing matericals

‘\ S
i BABR —amT apirm
R, /MPa 250 ~350 280 330
RPO. 2/MPa 170 ~230 190 200
A/ % 8 ~15 13 9
7/ % 8 ~15 13 9
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Fig.5 Internal cavity lattice structure of RF cavity
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Fig. 6 Internal cavity lattice structure of RF rotor
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Fig.7 Schematic diagram of structure of

waveguide R-type switch
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Fig.8 Schematic of impedance transformer
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Fig.10 The simulation results of the second
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Tab.3 RF simuation tolerance analysis results

( curved channel)

EDSTiBLE] FE )/ mm f i/ (deg)
B 1 9.87 ~10.02 4.9~5.2
PR 2 6.41 ~6.65 29.7 ~30.5
PR3 4.92~5.12 15.3 ~16.0

x4 SIFERESHER(EBEE)
Tab.4 RF simuation tolerance analysis results

( straight channel )

JERGBLES i &/ mm KB /mm
HEEE 1 7.1~7.3 4.9£0.1
S i B 2 4.96 ~5.16 8.5+0.1
iR 3 3.45 ~3.65 7.58 +0.08
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Fig.12 Comparision of simulation results between

machining size and 3D printing size
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Fig.13 Framework of waveguide switch
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Fig. 14 The simulation model of switching time
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Tab.6 Conformity of technical indicators of

3D printing switch

Tt H WiHE SENME et

T AES5 B/ GHz 7~9 7~9 \V
i AL/ dB <0.1 <0.09 \V
b RE/ dB =66 =62.96 \V
IEUE <1.2 <1.18 vV
R i 6%/ dBi < -65 < -74 vV
Jik i 5 B/ ms <600 600 vV
L) Hsf ]/ ms <1000 <590 vV
TAHRIREE/C -25~+75 -25~+75 vV
JRtR/g <325 322.5 VvV

S AEGEUHON T BT AT LU X, e 7
Fg), al LA 3D FTERR T 5 B S A B 5 B
BN A I A 2, O 5C H 6 B AR, D48 i) ] W]

®7T RESFBKFXBEARIERIE
Tab.7 Comparision of R-type waveguide switch specification

I 3D %T‘EIHEF% %ﬁﬂaﬁ%ﬂé
(A (SEMAE)
TAES B/ GHz 7~9 7~9
i AL/ dB 0.06 ~0.09 0.05 ~0.08
b B 2/ dB =62.96 =73.3
IEU 1.13~1.18 1.10 ~1.14
F o itk 7% / dBi -74 ~ -83 -75~ -85
Jik 1 55 B/ ms 600 600
Y4 B 6]/ ms 240 ~590 885 ~ 1280
TARIRE/C 25~ +75 25~ +75
/g 322.5 389.5
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