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Abstract: This paper focuses on systematic design about the membership ranges of the main design

factors such as control error, control error rate, and sampling time for the fuzzy logic control of the

variable speed drive refrigeration cycle. The upper and the lowest limit of the membership ranges are

set up from the data of static characteristics obtained by experiments. Three kinds of membership ranges

on the control error and the control error rate are tested by experiments. Especially, an effect of

sampling time on control performance is also investigated in the same way. Experimental data showed

the control error rate and the sampling time strongly effected on the control performance of the

refrigeration cycle with a variable speed drive.
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Table 1 Control methods for variable speed refrigeration system

Model based control Al technique
PID LQR, LQG Fuzzy Logic Control

¢ independent on system model

e suitable for non-linear system

® strong robustness against
model uncertainty and
disturbances

e suitable for optimum control

e suitable for decoupling
control

e suitable for MIMO system

® simple control logic
Benefits | ® good control performance
® low cost control equipment

. . e complicated modeling process
e complicated acquisition for oy .
for building state equation

transfer function model e difficulty for precision
® unsuitable for MIMO model control
Drawbacks | system ® needs for decision of many ® long size of control algorithm
}.] system parameters . £ . . & .
e difficulty for robust control ¢ insufficiency of information
e difficulty for decoupling on system dynamic behaviors

control

e complicated control algorithm
® high cost control equipment
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PLC(Programmable Logic Controller)7} AH8-% 1T},
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Fig. 2 Statistic characteristic data by experiments
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Fig. 3 Membership functions for the FLC
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Table 4 Specifications of the test unit

Item Type/Spec. Value Unit
Compressor Vertical 1.5 kW
Condenser Fin-tube 4 kW
Evaporator Fin-tube 0.71 kW
Chamber 1200x700x1650 mm
EEV drive In/Out DC 12/1~5 'V

I\ AL
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| Stepping

m ] B
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Fig. 4 Control block diagram for experiments
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Fig. 5 Experimental system
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Table 5 Ranges of design factors for experiments

Item t, e ee etc.
10 +1 +0.0125 -
o 30 +3 +0.025 standard
50 +5 +0.0375 -
10 +1 +0.025 -
T, 30 +3 +0.05 standard
50 +5 +0.075 -
40
__— %5 .3
30 TR
g 20 \ g,
e +1 R
10 )
% 500 1000
Time [s]

Frequency [Hz]

500

Time |[s]

1000

(a) Chamber temperature and its control input
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(b) Superheat and its control input

Fig. 6 Effects of e membership range by experimental results
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(a) Chamber temperature and its control input
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(b) Superheat and its control input

Fig. 7 Effects of ee membership range by experimental results
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(a) Chamber temperature and its control input
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Fig. 8 Effects of sampling time ¢, by experimental results
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