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Design of Excitation Control System of Synchronous Generator on Board Ships
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Abstract: This paper provides experimental results of an excitation control system of the synchronous generator on board ships
in accordance with rules of classification society to make sure its performance. The experiment compares and reviews control
results between PID control and fuzzy logic control applied to change of loads of the generator in order to make sure to sat-
isfy the rules of classification society. Both of them are written by Labview program. In case of PID Control, this paper firstly
adjusts the gains by ultimate sensitive method and the gains is more tuned by engineer's experience. And the fuzzy logic con-
troller uses Mamdani method to make membership function for error between reference voltage and measuring voltage, differ-
ential error rate and output voltage. This paper is to make sure the experimental results of the proposed excitation control sys-
tem applied to actual small synchronous generator with PID control and fuzzy logic written by using Labview program and it
is proved on stability and improvement through experiments.
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Figure 1: Configuration of Excitation System of Brushless

Synchronous Generator on board ship[12]
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Figure 2: Basic structure of general Fuzzy Logic Controller
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Figure 6: Test System of FUZZY Logic Controller
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Table 2: Specifications of Experimental Synchronous Generator

Equipment Parameters Values
Output 7.5 [kVA]
Rated Voltage 220 [V]
. Rated Current 28.6 [A]
Prime
Phase 3
Mover
Speed 1800 [RPM]
Frequency 60 [Hz]
Pole 4p
Output 28.8 [kVA]
Rated Voltage 220 [V]
Rated Current 75.5 [A]
Rated Voltage of Exciter 50[V]
Generator Rated Current of Exciter 25[A]
Phase 3
Speed 1800 [RPM]
Frequency 60 [Hz]
Pole 4p
Output 17.5 [kVA]
Voltage 200 ~230[V]
Frequency 50 ~ 60 [Hz]
Input
CT 443 [A]
Current
Inverter VT 54.7[A]
Voltage 200 ~230[V]
Frequency 0~400 [Hz]
Output
CT 46 [A]
Current
VT 74 [A]
Voltage 12 [V
Encorder £ V]
Pulse 1000 Pulse
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Table 3: Specifications of Loads

Loads Parameters Values
Output 0.75 [kVA]
. Rated Voltage 220 [V]
Induction
Rated Current 3.5[A]
Motor
Phase 3
Frequency 60 [Hz]
Output 3.7 [kVA]
) Rated Voltage 220 [V]
Induction
Rated Current 14 [A]
Motor
Phase 3
Frequency 60 [Hz]
Rated Voltage 220 [V]
Heater Rated Current STA]
Phase 1

Table 4: Specifications of NI Compact DAQ

Module Parameters Values
Number of Channels | 3 analog input channels
Operating Voltage AC 300 [Vims]
Input - -
Sampling mode simultaneous
module - -
IADC Resolution 24 bits
Input impedance 1 [MQ]
Number of channels 4 analog input channels
Output Voltage DC +10[V]
Output B
Current drive DC £20 [mA]
module
DAC Resolution 16 bits
Output impedance 0.1[L]
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Figure 8: Characteristic curve of V-I Conversion Amplifier
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Figure 11: Field Current and Terminal Voltage under different sudden loadings with PID Controller and FUZZY LOGIC Controller
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