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Impedance matching research on power line carrier applied to shipboard electric network
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Abstract: Shipboard electric network is an independent mobile electric network with all forms of loads and power transformation
devices. This paper proposes the power line carrier (PLC) application to shipboard lighting network in the first place, because lighting
network is of less harmonic wave, simple load, accessible pulse noise and widespread distribution. Considering the skin effect, we
calculate the lighting cable parameters including AC resistance, AC inductance and line-to-line capacitance. The relation between the
frequency and the characteristic impedance and input resistance is deduced according to the Microwave Transmission Theory. And
we can realize two kinds of impedance matching between PLC coupling circuit and lighting cable: one is conjugate match in
transmitting terminal, which can achieve maximum transmitted power; the other is impedance match in loading terminal, which can
achieve maximum received power. At the same time, we give the parameter design of the coupling circuit suitable for shipboard
electric network.
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Fig. 1 Typical shipboard regional lighting network
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Table 1 Network calculation of typical shipboard lighting network
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o |t | s [ oam | e [ am [ osm | ame | ams | oaw
i N ww | RE | A | ww | ®E | WA | sw | RM
1 1.091 240 1 9.091 2000 0.6 13.88 3055 0.55
2 1.091 240 1 4.364 960 0.75 — — —
3 1.091 240 1 — — — — — —
4 1.091 240 1 — — — — — —
5 1.091 240 1 — — — — — —
6 1.091 240 1 — — — — — —
7 1.091 240 1 — — — — — —
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Table 2 Current rating PVC insulation cable with conduction

whose maximum temperature is 60°C (ambient temperature

45°C)
. N SNz
PR A/ CEWEN L
5 Py
mm
i/A
1 8 7 6
1.5 12 10 8
2.5 17 14 12
4 22 19 15
6 29 25 20
10 40 34 28

%3 MRA=THRS% S BEAMBRE (1=+20C,
f=50Hz)
Table 3 DC Resistance and inductive resistance of shipboard
three-conductor cable (£ =+20C, f=50Hz)

B R HLBH R/ &L X/
FRFR A I /mm
(Q/km) (Q/km)
1 18.4 0.128
1.5 12.2 0.120
2.5 7.36 0.117
4 4.60 0.109
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Fig. 2 AC resistance of shipboard lighting cable versus
frequency
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Fig. 3 AC inductive resistance of shipboard lighting cable

versus frequency
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Fig. 4 Framework of shipboard three-conductor cable
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Fig. 5 Electric field vector of shipboard three-conductor cable
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Table 4 Media characteristics

AR I HE SR FE S
i 1.00 0
YRR LI 1.20-1.30 <0.0001
W R LK 1.50 0.004
3N 3.2~7.0 0.008~0.05
VUG L) 2.10 <0.0002
RAK LI 2.50 —
RN 7.0 —
EH L O 4.00 —
R B 4.60 —
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Fig. 6 Input resistance of shipboard lighting cable versus
frequency
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Table 5 Characteristic parameter value range of shipboard

PLC channel
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Fig. 7 PLC coupling equivalent circuit
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Table 6 Parameters range of coupling equivalent circuit
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Fig. 8 Amplitude frequency response of PLC coupling
circuit
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