Journal of the Korea Academia-Industrial
cooperation Society
Vol. 14, No. 4 pp. 1568-1575, 2013

http://dx.doi.org/10.5762/KAIS.2013.14.4.1568

A Study on the Simulator and Trouble Prediction Monitoring
Methodology of the Automotive Air Conditioner

II-Moon Son' and Hyo-Yean Kwak®
lDept. of Automotive Engineering, TongMyong University

’Dept. of Industrial Management, Suwon Science College

Z718] AEdClH B 2AAS BUER 7|zl ¥

A5} &

Abstract There has been an increasing interest in the market of vehicle maintenance and repair equipments to
decrease air pollution. However, most of the existing air conditioning system equipment in Korea have poor
performance as well as non-protection against air pollution. The purpose of this paper is to develop the monitoring
technology of recovering and recharging refrigerant for air conditioning system, and also to develop its related
diagnostic system. This technology and system can supply the exact amount of refrigerant from the charger to
the air conditioning system by precisely diagnosing and monitoring their statuses. This technology can also
control recovering and recharging of refrigerant exactly by altering the recovering pressures of refrigerant

according to circumstance temperatures.
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1. Introduction heating systems, but also have air ventilation systems that

keep the indoor air clean by shutting out harmful air coming

For better fuel efficiency, R&D must be performed to  in from the outside.

improve the functionality of not only the engine, but also In other words, these systems automatically prevent

accessories such as air conditioning system driven by the
power of the engine[1,2,3].
Also, recent air conditioning systems in vehicles are fully

automatic systems. They not only serve as cooling and

harmful outside air from coming inside, and removes
harmful air generated inside, thereby always keeping the
air in the comfortable state, and automatically controlling

the temperature, ventilation, purification and humidity of
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the indoor air by means of electronic control[4].

In case a problem occurs in the automotive air
conditioning system, the cooling and heating system may not
function properly, and as a result, energy efficiency and the
convenience of the driver may deteriorate[5,6].

Accordingly, this study is going to develop an automotive
air conditioner diagnosis system equipped with the air
conditioner refrigerant recovery/recycling/charging system
necessary for not only checking the refrigerant inside the air
conditioning system, but also the maintenance and inspection
in case of trouble in the parts related to the air conditioner
refrigerant.

In addition, this study intends to develop, as a means of
analyzing the state of the refrigerant inside the air
conditioning system, an automotive air conditioner
monitoring system that can analyze the state of the refrigerant
on a real-time basis and predict trouble when the air
conditioning system of the vehicle develops electrical or

mechanical trouble.

2. Experimental Apparatus and
Methodology

2.1 System Configuration

Fig. 1 illustrates the schematic diagram of the system used
in this study. The system developed in this study largely
consists of the air conditioner refrigerant recovery/recycling/
charging system, automotive air conditioning simulator,
monitoring system, diagnosis system, analysis system, and

control system.

Refrigerant recovery /
recycling / charging
hardware system

Car air condition
system simulator

Monitoring system

Diagnosis system

Control system

[Fig. 1] System schematic diagram

2.2 Air Conditioner Refrigerant Recovery
Recycling Charging System

Fig. 2 illustrates the configuration of the air conditioner

refrigerant recovery recycling charging. The air conditioner

refrigerant recovery charging system consists of compressor,

condenser, vacuum pump, accumulator, oil separator,

refrigerant tank, solenoid valve, pressure switch, pressure and

Vacuum
pump

temperature sensor, and oil exchanger.

Pressure
switch

Accumulator
& Compressor

_ Oil separator
| Air condition Soleno®

valve Oil drain
system
| block Pressure bottle
- switch

Pressure
&
Temperature

sensor New oil
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Condenser

Refrigerant
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[Fig. 2] Composition of Refrigerant Recovery/ Recycling/
Charging System

[Fig. 3] Refrigerant Recovery/Recycling/Charging System

Fig. 3

conditioner

shows the photograph of the actual air

refrigerant recovery recycling charging
system. For real-time measurement of the pressure and
temperature at the high-pressure and low-pressure lines of
the automotive air conditioning system, the pressure

sensor and the temperature sensor were installed.
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The amount of the refrigerant in the refrigerant tank
can be measured by means of the load cell, and 9
solenoid valves and 3 pressure switches were installed on
each line.

Meanwhile, the air conditioner refrigerant recovery/
recycling/charging system was installed inside the air
conditioning simulator, and for the initial test, an
additional analog pressure gauge was installed on the

high-pressure and the low-pressure lines respectively.

[Table 11 Solenoid Valve Movements

5 5 Recovery Waste |Vacu| New | Char | Diagn

Classification and . : . ¢

5 Oil um | Oil | ging | osis

Recycling
High pressure | = off | on | off | Off | On
solenoid valve
Low pressure | Off | On | Off | Off | On
solenoid valve
Recovery On Off | Off | Off | Off | Off
solenoid valve
Vacuum Off Off | Off | Off | Off | Off
solenoid valve
Oil drain off | | of | off | off | off
solenoid valve (3x)
New oil Off Off | Off | On | Off | Off
solenoid valve
Charge Off Off | Off | Off | On | Off
solenoid valve
Recycle Off Off | Off | Off | On | Off
solenoid valve
Air purge 1On 2Off) e | o | Off | Off | Off
solenoid valve (3x)
Compressor On Off On | Off | Off | Off
Condenser fan On On On | On | On | Off
Vacuum pump Off Off On | Off | Off | Off
Pressure 8 bar — | -20 - 30~ 30 5 bar
- 20 inHg| inHg |inHg |inHg

Table 1 shows the movement of the solenoid valves
according to the operating modes of the air conditioner
refrigerant  recovery/recycling/charging system. Each
solenoid valve uses the pressure sensor installed at the
connection between the high-pressure line and the
low-pressure line to control feedback as to whether each
processor is normally working during recovery, vacuum and
charging, and if the normal pressure is reached, the valve
moves to the next process.

When the recovery, recycling and charging process is
completed, the automotive air conditioning system is
activated to detect the refrigerant pressure on the
high-pressure and low-pressure lines, and decide whether or

not the automotive air conditioner is working properly and
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whether or not additional refrigerant needs to be charged and
recovered, and if necessary, it performs the corresponding

process.

2.3 Pressure and Temperature Sensor

Fig. 4 illustrates the pressure sensor and the temperature
sensor installed on the high-pressure and low-pressure lines
of the automotive air conditioning system. The pressure
sensor is exclusively for refrigerant. The low pressure sensor
can measure -1~10kg/ci, and the high-pressure sensor can
measure -1~35kg/cni so that the entire range of changes in the
pressure of the refrigerant in case of trouble can be measured.
The temperature sensor uses a CA-type thermocouple.

Fig. 5 illustrates the result of validating the measurements
of the pressure sensor for monitoring and analyzing the
pressure of the high-pressure line and the low-pressure line.
The range of the output voltage is F.S. 5V, and shows

linearity.

[Fig. 4] Pressure and Temperature Sensors
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2.4 Automotive Air Conditioning Simulator
2.41 Air Conditioning Simulator Motor and
Heater Temperature Controller (A in

Fig. 6, Fig. 7)

Cooling water

Speed controller temperature controller

, Compensaiion

sty

[Fig. 7] Speed Regulator and Heater Temperature Regulator

1) Speed Controller

A motor rpm controller is installed so that a 3-phase
induction motor can be used to implement a compressor
driven by the shaft power of ordinary engine load in a way fit
to the engine load and rpm. This makes it possible to check
the operating characteristics of the air conditioning system,
including the idling state (800rpm) and the acceleration state
(~1800rpm), on the basis of rpm control.

2) Heater Temperature Controller

A device, which enables the air conditioning system to
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control the temperature of the cooling water of the heater
system without actually running the engine, is installed.
Temperatures can vary between 0 and 120 C, and such values
correspond to the temperature value of the water temperature

S€nsor.

2.4.2 Air Conditioner Sensor Output Signal
Controller (B in Fig. 6, Fig. 8)

A device, capable of arbitrarily controlling the changes in
the outputs of the sensor installed in the system, is installed to
enable mode conversion and automatic control of the air
conditioning functions in various modes according to the

sensor output value of the fully-automatic system.

e

Sensor
Signal
Controller

Oulside alr tamperalure

Inside air lemporature - ;:mu alr humidity

it
ot

Down
oft

Tiumination

Cooling water temperature
(@) .

[Fig. 81 Air Conditioner Sensor Output Signal Controller

2.4.3 echanical Trouble Controller of Air

Conditioning Simulator (C in Fig. 6,
Fig. 9)
1) Refrigerant Amount Controller
A control switch can be installed to vary the refrigerant
amount so that it is possible to check the excess or shortage of

the refrigerant due to overcharging and non-charging.

2) Air Conditioner Component Trouble Controller
In Fig. 9, the switch of the trouble system is operated
to open and close the solenoid valve on the line through
which the air conditioner refrigerant flows so that trouble
of main components, i.e. compressor, condenser, and

expansion valve, can be arbitrarily created.
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[Fig. 9] Component and Regulator of Mechanical Trouble

3) Trouble System

To arbitrarily create mechanical trouble of the normally
working air conditioning system, solenoid valves, as shown
in Fig. 10, in necessary places create trouble in the
compressor, condenser and expansion value on the line, and
then the individual valves are turned ON/OFF.

Lines and joints, which are the same as those on a real
vehicle, were selected during the design stage, and the
pressure sensor and the temperature sensor were installed to
prevent refrigerant from leaking at the joints and to monitor
the state of refrigerant, thereby making it possible to gather

data on a real-time basis.

[Fig. 10] Mechanical Trouble System

Fig. 11 illustrates the schematic diagram of the air
conditioner trouble system. Piping loss was minimized to
keep it from interfering with the flow of refrigerant, and
solenoid valves for new refrigerant were used to prevent
trouble or any problem rising from the amount of refrigerant
so that they can withstand high internal pressure (30kg/cir).
Also, setup tests and solenoid tests were conducted to check
if there is any cooling loss and solenoid malfunction due to

interference at the junctions. Durability tests and operation

tests were also performed to check for any problem in the

trouble cycle.

Expansion

o
“ Evaporator
5
i

i

[Fig. 11] Scheme Diagram of Mechanical Trouble System

[Table 2] Solenoid Valve Movements (I:Isol.: ON)

Trouble No.| Sol 1 | Sol 2 | Sol 3 | Sol 4 |Sol 5| Sol 6
Normal
Compressor
Intermi<
Condenser
ttence
Expansion al.

3. Diagnosis System and Data Analysis

This system analyzes the pressure and temperature data of
each measured part for self-diagnosis so that performance of
the air conditioner affected by the electrical trouble and
mechanical trouble in case of system trouble, and the
performance of the air conditioner refrigerant recovery/
recycling/charging system can be analyzed.

The trouble system is configured in such a way that the
charging system can diagnose general states of the
mechanical trouble including implementation of normal
state, lack of condensation due to excess of refrigerant,
shortage of cooling water due to gas leak, lack of compression
of the refrigerant due to the trouble of the compressor,
problems caused by the trouble of the expansion valve, and
poor circulation of refrigerant due to the trouble of the

condenser.
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3.1 Analysis Program

The analysis program shown in Fig. 12 samples the
output and control voltage values of the sensor and
actuator for the same input items as the monitoring items,
and graphically represents the changes in the refrigerant
and related conditions according to the operating status of
the automotive air conditioning system for self-diagnosis

and acquisition of data.
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[Fig. 12] Output Data Values of Sensor & Actuator

Fig. 13 illustrates the analysis of the temperature and
pressure measurements under different conditions. The air
conditioning simulator was used to create the normal state
of the air conditioning system, shortage or excess of the
refrigerant amount, compressor trouble, expansion valve

trouble, and condenser trouble.
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[Fig. 13] Refrigerant and Connection Condition Change
Graph Construction and Diagnosis Program
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The air conditioner recovery/recycling/refrigerant charging
system uses the output values of the temperature and pressure
sensor installed on the high-pressure and low-pressure lines
of the automotive air conditioning system to measure
temperature and pressure in each condition, and measure the
temperature at the inlet and outlet of the evaporator coming

from the air conditioning simulator at the same time.

3.2 Examination of the Result of Trouble

Fig. 14, Fig. 15 and Fig. 16 show the resulting pressure and
temperature values measured in each conditions to validate
trouble prediction.

The results suggest that, as temperature and pressure do
not vary much from condition to condition, they can be
utilized as air conditioner diagnosis data. Besides, in the
normal state, the variation in temperature and pressure
appears in a different area than in other conditions.

The pressure was lower near the high-pressure line
than in the normal state when the refrigerant amount
varied, and near the low-pressure line, the excessive
amount of refrigerant led to high pressure distribution. In
case of mechanical trouble, the impact of the compressor
and the condenser seemed to be greater than that of the
expansion valve. The temperature in case of trouble was
lower than in the normal state.

Accordingly, the analysis program can predict the state of
the air conditioner refrigerant in the normal state, or

mechanical trouble.
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[Fig. 14] Pressure Data in High Pressure Line
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4. Conclusion

The developed automotive air conditioner simulator
can be useful in education and research for parts of the
air conditioner system.

And, this study developed a diagnosis and monitoring
system capable of checking the refrigerant of the
automotive air conditioning system on a real-time basis,
and the analysis program for more efficient operation with
validated effectiveness.

But, as future research, it is recommended to study
more strictly on the failure mode and effect analysis and

the reliability of trouble prediction monitoring.
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