
 

 

Abstract—Achieving thermal comfort with minimum energy 

consumption is the main requirement in designing an air-

conditioning system. This research study about the variable 

compressor speeds to increase energy efficiency with better 

temperature control. The usage of on/off controller consumes 

large energy as the compressor is working at the maximum 

speeds, and it turns on and off when it achieved the 

temperature setting, causing high-energy usage. Variable-

speed compressor controller will constantly vary the 

compressor speed to reach the temperature setting. The 

experiment is done in a thermal environmental room for a 

controller system to implement the controller algorithms with 

temperature setting of 23 and 24°C with internal heat loads of 

1000 W. Data acquisition system is implemented to monitor of 

the room temperature, energy consumption, energy saving and 

coefficient of performance. The proposed variable-speed 

compressor system indicates more energy savings with better 

temperature control compared to on/off controller system. 

 
Index Terms—Split unit air conditioning, coefficient of 

performance, variable speed, energy efficiency, fuzzy logic 

control. 

 

I. INTRODUCTION 

HERE are different types of air conditioner (AC) in the 

market nowadays namely windows AC, split, tower, 

cassette and cube AC. These ACs installed in various spots 

in the room that need to be cool, for example, at windows, 

on ceiling and some space on the floor. The application of 

AC has expanded through the years. Not only AC in the 

house, but nowadays it being used in a larger area like 

building, and big lecture hall. All of these usages come to 
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one objective that is to provide a comfortable condition to 

stay in by adjusting to the temperature setting. 

Conventional split AC system operates at constant 

compressor speed to achieve a desired temperature. Thus to 

achieve this it turns the compressor off and on repeatedly 

and will be leading to wasteful energy consumption. Most of 

AC systems used in countries like Malaysia operated at 

constant compressor speed. The selection of this type of AC 

is mainly based on capital cost of the equipment and the use 

of the control system to save electrical energy is not the 

main objective [1]. 

The use of the variable-speed drive (VSD) on AC is a 

development from the conventional AC. By using this VSD, 

the speed of compressor can be control depending on the 

heat load and this will result in less energy consumption. By 

changing the frequency of the motor that drives the 

compressor, the systems with variable-speed compressor 

(VSC) able to control the room-temperature [2-4]. 

 A VSD functions by converting the incoming electrical 

supply of fixed frequency into a variable frequency output. 

The driver can control the incoming frequency to control the 

way of the compressor operates – a low compressor speed 

runs at low frequency, and a faster compressor speed runs at 

higher frequency. Furthermore, the output can also be 

changed to enable the compressor to generate variable 

torque as required. In other words, it matches the amount of 

energy of the compressor need to the amount of work that 

being done. The compressor can turn into a suitable speed 

depending on the workload. 

Heating, ventilation and air conditioning control system 

helps to ensure the desired temperature is achieved with 

relative humidity as well in some applications with lowest 

energy usage and cost effective. Various types of 

conventional and intelligent control strategies have been 

used to achieve these goals studied by many researchers. 

These controllers are PID controller [1, 5, 6], rule based [7] 

and fuzzy controller [8-12]. The most widely used is PID 

controller because of its simple structures while offering 

good control system performance at a reasonable cost. The 

VSC provided enhanced load-matching capability, energy 

saving and thermal comfort for application in AC system 

using PID controller [13]. By proper selection of 

proportional (P), integral (I) and derivative (D) gain for the 

controller, temperature setting of the room with better 

energy saving has been obtained from his experiment. 

However, PID controller is very difficult to design for 

complex and nonlinear system. Fuzzy logic controller 
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(FLC), on the other hand, has the potential to address the 

non linearity of AC components, allowing the system to be 

described in the same heuristic conditions of the occupant in 

describing the comfort level [14]. Fuzzy logic is a popular 

control method for AC system [8-12]. 

In this study, a split unit AC system with VCS controller 

is proposed. Its simple installation with higher-energy 

saving have been the advantages of the proposed system. 

The usage of the FLC in controlling compressor speed to 

maximize energy saving in split unit AC system has been 

focused in this study. The results for FLC will be compared 

to the existing on/off controller. 

II. FUZZY LOGIC CONTROL ALGORITHM 

The major component in designing FLC is shown in Fig. 

1. The components are input and output variables, 

fuzzification, inference mechanism, fuzzy rule base and 

deffuzication [15]. The FLC received the input signals 

which are the reference input for the controller after that the 

signal is converted to the fuzzifier or fuzzy variable. The 

input fuzzy variable is related to an output variable by fuzzy 

control rules, which are called fuzzy associate memory 

(FAM), and after that defuzzifying to obtain crisp values to 

operate the system (defuzzifier) [1]. Basically, the FLC has 

two inputs variables corresponding to the error, e is the 

reference and measured temperature and the error 

difference, De is the rate of change of the difference 

between the present error and the previous error, and one 

outputs variable DZ is the voltage signal to the compressor. 

 

 

Fig. 1 Split unit AC control structure 

 

Fig. 2 and Fig. 3 depicted the membership function (MFs) 

in which H, N, C, NE, NO, PO, SL, NM and FT represent 

the fuzzy sets (Hot, Normal, Cool, Negative, Normal, 

Positive, Slow, Normal and Fast respectively) associated to 

each input and output variable, where the universe of 

discourse is normalized into e is –2
o
C to +2

o
C, e is –2

o
C to 

+2
o
C, and Z are 0 to 5 Vdc according to the thermal 

comfort and voltage from data-acquisition card range. The 

MFs are defined by triangular functions for each variable 

involved due to the fact give a good controller performance 

and easy to handle [16 - 17].  
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Fig. 2 Membership function of the input variables e
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Fig. 3 Membership function of the output variable Z 

 

The rule set of FLC will be three by three, containing nine 

rules, which governing the input-output relationship of the 

FLC and this adopts the Mamdani-style inference engine 

[15], and the centroid method to realize defuzzification 

method gives a stable steady-state result [18], yield superior 

results and less computational complexity [19] and the 

method should work in any situation [15] is used. The rule 

set is shown in Table 1.   

 
 TABLE 1 

FUZZY RULE SET 

Z 
e 

H N C 

e 

NE SL SL SL 

NO SL SL SL 

PO FT NM SL 

 

III. AIR CONDITIONING SYSTEM PERFORMANCE  

The coefficient of performance (COP) is commonly used 

to express the efficiency of an air-conditioning system. The 

main purpose of AC system is used to remove heat from the 

evaporator (Qe) and the energy required at the compressor 

(Wcom) to accomplish the refrigeration effect. Thus, the COP 

is expressed as: 
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where h1, h2 (kJ/kg) are the enthalpy at the compressor inlet 

and outlet respectively, h4 (kJ/kg) is the enthalpy at the 

evaporator inlet, Qe (kJ/kg) is the refrigerating effect, Wcom 

(kJ/kg) is the compression work. 

 The energy consumption is the power (P) multiplied with 

time operation (t) of the split unit AC system. Whereas the 

energy saving is calculated based on the difference between 

energy consumed with the existing system split unit AC 

system and energy consumed by variable-speed drive using 

FLC. The equation is given as: 
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where I is the current (Ampere), V is voltage (Volts), and PF 

is power factor. 

IV. EXPERIMENTAL SETUP 

The schematic diagram of the experimental rig as is 

shown in Fig. 4.  The temperature and pressure of the split 

unit AC system and insulated room were measured by 

thermocouple sensors (K Type) and pressure gauges 

(Bourdon tube gauges). The refrigerant flow (R-22) is 

measured by mass flow rate and located before entering the 

expansion valve. The energy consumption of the split unit 

AC system is measured by a power meter. The VSC system 

consists of an ICs temperature sensor (LM35DZ) was placed 

in the insulated room and FLC installed into the computer, 

an inverter (Optidrive E2 Single Phase Input and Output) 

and split unit AC system (700 W hermetically sealed rotary 

compressor type).  Data from the split unit AC system and 

insulated room were collected using the USB TC-08 

thermocouple data logger and USB-4716. However, 

pressure, mass flow and energy consumption was directly 

reading on the instruments. 

 

 

Fig. 4 Schematic diagram of the experimental rig 

 

The insulated room temperature is monitored by 

temperature sensors, which emitted the electrical signal to 

be supplied to the controller and computer. The output 

signal which is a function of the error between temperature 

setting and room temperature is then produced to vary the 

compressor speed. The frequency supplied to the motor is 

directly proportional to the control signal. By varying 

frequency of electricity supplied to the inverter, the 

compressor speed can be varied depending on the 

temperature monitored by the sensors. This means that the 

speed of compressor is directly proportional to the 

frequency of electricity supplied to the motor. 

The experiment was conducted on the constant speed 

compressor system.  This is to analyze the performance 

running under one-fixed compressor speed without any 

capacity control.  The compressor tests with different 

frequency setting, which is a requirement to study on VSC 

systems (15, 20, 25, 30, 35, 40, 45, and 50 Hz).  

Furthermore, the systems were conducted on existing split 

unit AC system running with thermostat and VSC using 

FLC to analyze the actual working performance, energy 

consumption and potential energy saving.  The experiments 

were performed for one hour and were conducted in 

temperature setting 23 and 24
o
C and internal heat loads of 

1000 W condition. 

V. RESULTS AND ANALYSIS 

A. Constant Speed Performance 

A number of experiments on the variable-speed system 

have been conducted at different frequencies setting from 15 

to 50 Hz. The effect of various frequencies of the room 

temperature and energy consumption at steady-state 

condition during a test period is shown in Fig. 5. When the 

motor frequencies reduced the room temperature will 

decrease due to the refrigerant flow rate slightly into the 

compressor and consequently, the energy consumption 

required at the compressor will also the reduction to cause 

the evaporator cooling capacity is decreased and vice versa. 

 

 
Fig. 5 Steady state room temperature and energy consumption at various 

frequencies 

 

B. Existing System Performance 

The thermostat controller is an existing split AC system 

which is widely used nowadays. The term of the thermostat 

is meant that the system only allows two conditions 

operation either compressor motor is on or off.  

Fig. 6 shows the room temperature at various temperature 

settings. Initially, the motor compressor turns on the motor 

at the maximum speeds of 50 Hz. When the room 

temperature has reached the temperature setting, the 

compressor turns off, the process will occur during the 

temperature setting is achieved. In the thermostat controller 

mode, the motor turns off when the room temperature at the 

upper limit setting temperature, and this led to discomfort in 

the room. 

 

 

Fig. 6 Room temperature responses with thermostat 
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The disadvantage of the existing split unit AC system 

where the room temperature in accordance with the 

temperature setting is not accurate. This is due to the 

position of temperature sensor of the existing split unit AC 

system which is located inside the evaporator. Eventually, it 

makes the sensor to sense different temperature than the 

actual temperature inside the room and take longer time for 

the compressor motor to turn back on. 

The COP was calculated using equation (1). The results 

show that the average actual COP of 2.76 for internal heat 

loads 1000 W. The value of the actual COP represents the 

motor run at the maximum speeds of 50 Hz. When the 

motor is off, the actual COP is zero due to the compressor is 

not working. 

C. Variable Speed with FLC Performance 

Fig. 7 shows the temperature responses at various 

temperatures setting using FLC. The inverter was used to 

enable the compressor motor to run at the variable speeds. In 

order to let the motor automatically runs at the different 

speeds to achieve the setpoint temperature, FLC is used. 

Initially, the compressor motor runs at the maximum speeds 

of 50 Hz and will decrease when the room temperature 

reached at the setpoint temperature. The controller 

minimizes the error between the room and setpoint 

temperature. Besides that different setpoint temperature 

effects of the motor speed and room temperature in terms of 

time taken to reach the required temperature. After around 

three to six minutes, the room temperature has reached at the 

setpoint temperature, furthermore, the FLC will control the 

motor at the slow speeds to maintain the room temperature, 

and its consequences use less energy.  

 

 

Fig. 7 Room temperature responses with FLC 

 

The COP was calculated using equation (1). The average 

value of the actual COP is found to be 3.07 for all 

temperature settings. The higher of the value of the actual 

COP is the slower the compressor speed. A Small COP at 

the higher frequency is mostly due to higher compressor 

power consumption and vice versa. When the actual COP 

increases, the compressor speed and power consumption 

decreases.  

D. Energy Analysis 

Fig. 8 and Fig. 9 shows the energy consumption and 

energy saving between the existing split AC system in 

relation VSD, using FLC.  The figures show that energy 

consumption at different temperature setting and internal 

heat load of 1000 W.  The energy consumption is improved 

with increasing the temperature setting. For one hour period 

continuously running of the experiment, energy saving 

achieved at internal heat loads 1000 W and various 

temperature settings of 23 and 24°C are estimated to be 

between 31.82 to 37.9%. 

VI. CONCLUSION 

A series of experiments were conducted to study the VSC 

application on the impact of various frequencies from 15 to 

50 Hz. The energy consumption and cooling capacity of the 

system will affect the temperature, speed depending on the 

frequency of the motor. The application of VSC in split unit 

AC systems offer higher-energy saving with better energy-

efficiency. The higher frequency at higher thermal load (and 

vice versa) for the inverter-driven compressors motor to 

control room temperature will increase the efficiency of the 

system with better thermal comfort. FLC offers higher-

energy saving with better control system, as compared to the 

existed thermostat controller.   

 

 

Fig. 8 Energy consumption comparison between existing split unit AC 

system with VSD using FLC 

 

 

Fig. 9 Energy saving comparison between existing split unit AC system 

with VSD using FLC 
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