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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.

요  약  자동차의 유지보수 및 수리를 위한 장비에서 환경오염에 대한 관심이 증대되고 있음에도 불구하고, 국내 자
동차 공조시스템에 대한 대부분의 이러한 장비는 환경오염에 대해 무관심뿐만 아니라 그 기능도 뒤떨어진 것이 사실
이다. 이 논문에서는 자동차 공조시스템의 냉매의 회수 및 재충전을 위한 모니터링 기술과 진단 시스템을 개발하였
다. 이러한 개발된 기술과 시스템은 냉매상태의 정확한 진단과 모니터링을 통하여 자동차 공조시스템에 정확한 냉매
량을 충전가능하게 해준다. 또한 이러한 기술은 주변 온도에 따라서 냉매의 회수압력을 조절함으로서 냉매의 회수와 
충전에 대한 정확한 제어를 가능하게 해준다.
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1. Introduction 

 For better fuel efficiency, R&D must be performed  to 
improve the functionality of not only the engine, but also 
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 

heating systems, but also have air ventilation systems that 
keep the indoor air clean by shutting out  harmful air  coming 
in from the outside.

In other words, these systems automatically prevent 
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.

[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 
temperature sensor, and oil exchanger.

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

Charging System

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

Fig. 3 shows the photograph of the actual air 
conditioner 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 1] Solenoid Valve Movements 

Classification
Recovery 

and 
Recycling

Waste 
Oil

Vacu
um

New 
Oil

Char
ging

Diagn
osis

High pressure
solenoid valve

On Off On Off Off On

Low pressure
solenoid valve

On Off On Off Off On

Recovery
solenoid valve

On Off Off Off Off Off

Vacuum
solenoid valve

Off Off Off Off Off Off

Oil drain
solenoid valve

Off
On →Off

(3x)
Off Off Off Off

New oil
solenoid valve

Off Off Off On Off Off

Charge
solenoid valve

Off Off Off Off On Off

Recycle
solenoid valve

Off Off Off Off On Off

Air purge
solenoid valve

On →Off
(3x)

Off Off Off Off Off

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 inHg
- 20 
inHg

- 30 
inHg

- 30 
inHg

5 bar

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 

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/㎠, and the high-pressure sensor can 
measure -1~35kg/㎠  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

[Fig. 5] Verification Analysis of Sensors
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2.4 Automotive Air Conditioning Simulator

2.4.1 Air Conditioning Simulator Motor and 

Heater Temperature Controller (A in 

Fig. 6, Fig. 7)

[Fig. 6] Automotive Air Conditioning Simulator

[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 

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℃, and such values 
correspond to the temperature value of the water temperature 
sensor.

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.

[Fig. 8] 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 (30㎏/㎠). 
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.

[Fig. 11] Scheme Diagram of Mechanical Trouble System

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

Trouble No. Sol 1 Sol 2 Sol 3 Sol 4 Sol 5 Sol 6

Normal

Compressor

Condenser
Intermi-

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.

[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.

[Fig. 13] Refrigerant and Connection Condition Change 

Graph Construction and Diagnosis Program

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.

[Fig. 14] Pressure Data in High Pressure Line 
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[Fig. 15] Pressure data in Low Pressure Line 

[Fig. 16] Result Data by Temperature Change

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. 

 

Postscript

The authors owe great thanks to the parties concerned 
of the Research Institute attached to Asia Power Engine 
Co., Ltd. for their help with the development and research 
of the system used in this paper.

References

[1] S. Y. Yang and Y. K. Song, "Design Technology of 
Automobile Air Conditioning System", Transaction of 
KSAE Vol.18, No.6, pp.46～61, 1996.

[2] M. Y. Lee, C. W. Cho, H. S. Lee, and J. P. Won, 
“Performance Characteristics of the Electrical Air 
Conditioning System for the Zero Emission Passenger 
Vehicle”, Journal of the KAIS, 12 (12), 2011.   

[3] M. Y. Lee, J. P. Won, D. Y. Lee, and C. W. Cho, 
"Study on the Performance Characteristics of the Roof 
Mounted Electrical Air Conditioning System Using 
Inverter Scroll Compressor", Journal of the KAIS, 12 
(10), 2011.

[4] C. W. Kim, Theory and Practice of Automotive Air 
Conditioners, Published by Mijun Science, 2006.

[5] Goen Ho Lee, Jong Dae Jeong, Gyu Hwan Choi, Jeong 
Yeol  Yoo, "Experimental Study of the Performance of 
Automotive Air Conditioners According to the Change 
in Refrigerant Amount," SAE. No.98370041, pp203~211, 
1998.

[6] D. S. Jung, Development Trend of New Alternative 
Refrigerant, KRAIA, Vol.25, No.6, pp.479-488,1996.

Il-Moon Son                 [Regular member]

• Feb. 1986 : Dong-A Univ., Dept. 
of Industrial Engineering, MS

• Feb. 1994 : Dong-A Univ., Dept. 
of Industrial Engineering, PhD

• Mar. 2006 ~ current : TongMyong 
University, Dept. of Automotive 
Engineering, Associate Professor

<Research Interests> 
Automotive Ergonomics, Safety Engineering of Transport, 
Automation and Control, Engineering Education



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

1575

Hyo-Yean Kwak             [Regular member]

• Feb. 1992 : Dong-A Univ., Dept.
of Industrial Engineering, MS

• June 1999 : Dong-A Univ., Dept.
of Industrial Engineering, PhD

• Mar. 2002 ~ current : Suwon 
Science College, Dept. of Industrial
Management, Assistant Professor 

<Research Interests>
Factory Automation, Industrial Ergonomics, Safety & 
Health Management, Job Stress, Engineering Education



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


