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The Study on Improvement of Performance about PIM at Shape and
Mechanical Interface of Waveguide Flange

=41.# A ST 1 1 S|A2
LS, B2, YWE, 01F, 0l31

oo ,

Sang Hyun Kim'#, Soon Hyeong Kwon', Byung Jun Kim', Jeung Lee', and Hwee-Seung Lee?

1 LIG YAR 7|AHFA (Mechanical Engineering R&D Lab, LIG Nex1 Co., Ltd.)
2 2efnfStATIA (Agency for Defense Development)

# Corresponding Author / E-mail: kimsh1207@lignex1.com, TEL: FENSEESAAR Ay 82 31-8026-7084

KEYWORDS: Passive intermodulation ($~SAXMNSEHZT), Waveguide (=12, Flange (E2HX]), X-band (XCHH), Satcom (R[SAl)

Recently, with the development of the IT industry, technology for satellite communication network systems using multi-
channel, high-capacity data is getting increasingly popular. Especially in the field of defense, experts emphasize the
necessity for research and development (R&D) to improve communication quality in order to facilitate Network-Centric
Warfare (NCW) and increase mission efficiency through the use of satellite communication network systems. High power is
required for the implementation of this technology, and its quality is greatly affected by Passive InterModulation Distortion
(PIMD). In order to improve PIMD levels, the leakage characteristics of the system were analyzed with knowledge of the
strong influence of the state of the flange joint that has been confirmed by years of experience and previous studies. In
this paper, we analyzed various problems from the mechanical point of view in order to improve the radio frequency (RF)
performance by minimizing PIMD in the X band, which is used for the satellite communication. Based on our findings, we
propose the flange shape to achieve the test result of -150 dBm, which is an improvement from the existing PIM
performance and reference level.
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1. NE

NOMENCLATURE
F|E IT Abefo] xdeto]] whel FHishe JRE s thAjs)

NCW = Network-Centric warfare

IM = Intermodulation

PIM = Passive intermodulation

PIMD = Passive intermodulation distortion
RF = Radio frequency

OMT = Orthomode transducer

g = Gravity accelerationa

Copyright © The Korean Society for Precision Engineering
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Wave Guide 1

Flange 1

Flange 2 \

Wave Guide 2

Fig. 2 Contact nonlinearity

RF Leakage

HPA ﬁpp\
>——{wwems |

Feeder

Rx W/G Assy.
<ij

LNA

—> Components progressing along the surface

---+ Radiated Components

Fig. 3 Path of RF leakage
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Table 1 Empirical factors and improvements about flange

Factor From To
WR-112 Flange CPR-112 flange
Hex. Nuts Nut plates

Poor align

Improvement of

Contact area General surface

flatness
Contact pressure Undesignated Designated
Designated of torque
Balance of torque Undesignated and symmetric
assembly
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Fig. 8 Improved CPR 112 flange

(a) Case #1 : M5 screw is adopted

(b) Case #2 : M6 screw is adopted

Fig. 9 Improved CPR 112 flange stress on crew size

Table 2 Calculative verification of analysis results

Items Values
Calculation 68.4 MPa
Case #1
Analysis (Average) 64.65 MPa (V 5.5%)
Calculation 103.3 MPa
Case #2
Analysis (Average) 95.3 MPa (V 7.7%)
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Washer

Screw head

Waveguide

Flange

Gasket

Fig. 11 Diagram of flange assembly

Table 3 Case of research for improvement

Case Sc.rew Screw Scre'w Inner max.  Std. deviation
size count position  stress (MPa) (MPa)

#3 Center  150.4 (55.7%) 28.8
#4 8 EA Inner 156.8 (58.1%) 30.7
#5 MS Outer  144.2 (53.4%) 28.3
#6 Center  175.9 (65.1%) 323
#7 I0 EA  Inner 184.6 (68.4%) 34.7
#8 Outer 166.3 (61.6%) 324
#9 Center  222.0 (82.2%) 42.0
CHI0 8EA  Inner  231.8 (85.9%) 44.6
#11 M6 Outer  214.8 (79.6%) 41.1
#12 Center  260.7 (96.6%) 475
#13 I0EA  Inner 271.8 (100.7%) 50.5
#14 Outer  250.3 (92.7%) 475

Fig. 12 Result of analysis (Case #9)
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(a) Shape of specimen (b) Reference flange

(c) Type 1 (Rear Brazed) (d) Type 2 (Both Brazed)

Fig. 14 Flange shapes for PIM test
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Fig. 15 Block diagram of PIM test setup
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