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Abstract. This study examines conductive noise in long distance cables in a
subsea environment. The conductive noise was caused by impedance mismatch
between cables and appeared in the form of transient voltages. In particular, it is
important to analyze the characteristics of transient voltages for different subsea
temperature changes. To analyze the transient voltages, the effects of L, R, and
C for different temperature changes were investigated. Among the analysis
factors of L, R, and C, the capacitance C was identified as the factor that
influences conductive noise the most. As a result, a design guideline was
proposed in this study to reduce the conductive noise that occurs in the subseacable design stage.
Keywords: Subsea, Long cable, Inverter, Conductive noise, FEM (Finite
Element Model)

1

Introduction

Recently, the use of cables for transmitting electrical energy has gradually increased
in various fields. Accordingly, research on designing a cable that reduces electrical
power loss at offshore plants for obtaining ocean resources is being actively
conducted.
Offshore plant systems for operating induction motors consist of a three-phase
power source, inverter, and long distance umbilical cables [1]. Furthermore, to
smoothly control the speed of the induction motors, the PWM (pulse-width
modulation) method is applied using IGBTs (insulated gate bipolar transistors), which
facilitates high-speed switching [2]. However, the transient voltages generated by
high-speed switching greatly affect the dielectric strength, life, and reliability of
induction motors [3].
Conventional studies focus mainly on transient voltage analysis through changes in
drive frequency and voltage rise time [2]. In addition, the transient voltage
phenomenon was analyzed modeling the changes in the cable length using equivalent
circuits. The results indicated that the transient voltage increases as voltage rise time
decreases [3]. However, because few studies on the analysis of electrical parameters
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considering subsea temperature changes have been performed, one must analyze and
design cables while considering temperature.
Consequently, in this study, electrical parameters were analyzed using FEM
analysis of subsea cables for different temperature changes. Based on our results, the
effects of temperature changes on both the electrical parameters of the cables and the
conducted noise were analyzed.

2

Effects of Temperature on Capacitance

As shown by Eq. (1), the electrical characteristics of cables are expressed by the
impedance (Z), and, as the cable length increases, the resistance (R) increases.
However, the inductance (XL) can be ignored because it shows smaller changes than
the resistance. Furthermore, in the case of capacitance (XC), as cable length increases,
the mutual capacitance (Cm) between the three-phase cables has a greater influence on
the overall impedance (Z). Moreover, as the temperature increases, the distance
between the conductors (and, therefore, the mutual capacitance (C m)) decreases.
Consequently, the cable’s capacitance (Xc) has a large influence on the occurrence of
conductive noise. The relationship between the capacitance and temperature is shown
in Eq. (4) [4].
Z = R + j(XL + XC ) .
XC =

1
2  fC

(1)
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Here, T is the temperature (°C) and C is the capacitance (pF). Given that the
capacitance for different temperature changes in a vacuum is considered in this study,
the capacitance value is the same when the pressure is 0. When the capacitance
increases owing to significant changes in the cable, the reactance and conductive
noise will decrease.

3

Simulation and Results

Fig. 1 illustrates the finite element method (FEM) analysis process on the three-phase
four-wire cable, and the resulting data. In this study, the simulation focused on the
derivation of the R and C parameters as a function of temperature. Results showed
that the structure of the three-phase cable significantly influences the reactance.
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Fig. 1. Process of FEM analysis

Fig. 2 shows the changes in impedance versus temperature. As shown in Fig. 2, the
impedance does not change with temperature. This is because the changes in
resistance and reactance are inversely proportional to each other. In other words, if the
resistance increases, the reactance decreases, and vice versa. Fig. 3 shows the
reactance versus temperature. The reactance is the sum of the inductance (L) and
capacitance (C). If the reactance is negative, it indicates that the reactance is
capacitive. This means that as the absolute value of the capacitive reactance increases,
the value of capacitance also increases.

Fig. 2. Impedance variation in cable

Fig. 3. Reactance variation in cable

Figs. 4 and 5 show the resistance and the capacitance of the cable versus temperature,
respectively. As shown in Figs. 4 and 5, as the temperature increases, the capacitance
decreases. Therefore, it can be inferred that the cable shape changes as the volume
expands because of increased temperatures. Therefore, it was confirmed that
reactance part plays a major role in the capacitance increase or decrease.

292

Copyright © 2014 SERSC

Advanced Science and Technology Letters
Vol.47 (Electrical Engineering 2014)

Fig. 4. Resistance variation in cable

4

Fig. 5. Capacitance variation in cable

Conclusion

In this study, the electrical parameters of long distance cables as a function of
temperature were analyzed. The results of deriving the parameters verified that both
resistance and capacitance decreased as the temperature increased. The resistance and
the capacitance appeared to be affected by the change in the distance between
conductors that occur at increased temperatures. Because the conductive noise of the
induction motor can be estimated by identifying the cable resistance and capacitance
in advance, based on these findings, a more reliable electrical drive system (compared
to conventional systems) is expected to be developed.
For a future study, the conducted noise due to an increase in the cable length with
varying temperature will be analyzed as well as the capacitance change due to the
rising time of noise, and the noise reduction effect will be studied.
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