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Measurement of Hydrogen Gas Emission from Battery-Powered
Passenger Cars and Light Trucks During Battery Charging

a.
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emissions from the aqueous battery system of a battery-powered passenger car or light‘truck.
this procediire is to determine what concentrations of hydrogen gas an electric (vehicle {
charger will
sequence

operational
required when a particular electric vehicle and its associated battery . and* charging syster
residential

These are t
expected th
that great c3

The Scope
However, it
batteries wil
would be difficult.to-control and the test results would not be reproducible.

Rationale—This Recommended Practice deflnes a procedure for measuring gaseous nyd
from the aqueous battery system of a battery-powered passenger car or light truck. The purpose of this
procedure is to determine what concentrations of hydrogen gas an electric vehicle together with its charger will
generate while being charged in a residential garage. Hydrogen is generated from aqueous batteries during
charge. Today's use of aqueous batteries is limited to Neighborhood Electric Vehicles or special military
vehicles.

SAE Recommended Practice describes a procedure for measuring pgas

enerate while being charged in a residential garage. Gaseous emissions are me

f vehicle tests and laboratory tests that simulate normal and-(abnormal c
se. The results of this test may be used to determine whether or not forced
arage.

Gadeous emissions are measured in an enclosure during.¢harging cycles at tempe

eous hydrogen
The purpose of
ogether with its
asured during a
pnditions during
air ventilation is
n are used in a

rature extremes

simyllating garage charging at the manufacturer's recommended upper and lower operating limits of

the pattery under test.

To prevent damage of the battery under normal operating conditions due to ignition of
battery by an external spark or flame, battery\systems that are vented shall be
suitable flame arresting system. A flame arrestor may be provided either for each ing
the putlet of a battery venting system.

Becpuse certain failures in the charging system could cause gassing to be many t
rate} the measurement of hydrogen during the test should include appropriate abn
such as single point failures in the_charging control subsystem.

sts of the charging systéem which may involve components both on and off the v,
bt there will be a wide:variety of designs to accomplish battery charging. It is th
re be exercised in the detailed execution of these tests so that their intent is pres

of this doecument is intended to cover all battery conditions which may ma
does not(include the testing of batteries at their end of life. It is generally acg
emit more gas while charging and the achievement of the aged condition by ac
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3.1
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5.1

5.2

5.3

SAE J1718 is not relevant to the new fleet of general purpose electric or hybrid electric vehicles that are being
developed with advanced battery technology, which are sealed battery systems with a different chemistry that
does not produce hydrogen on charge. Aqueous batteries don't have sufficiently high energy density or
specific energy to be competitive with today’s advanced battery technologies that will be used in the new
vehicles under development. Furthermore, procedures that address hydrogen safety in fuel cell vehicles are
addressed elsewhere.

References

Applicable Documents—The following publications form a part of this specification to the extent specified
herein. The latest issue of SAE publications shall apply.

SAE PuBLlcATIONS—Available from SAE, 400 Commonwealth Drive, Warrendale, PA 15096-0001.

SAE J163#—Electric Vehicle Energy Consumption and Range Test Procedure
SAE J171b—Electric Vehicle Terminology

NFPA PugLicATION—AVvailable from National Fire Protection Association, Batterymarch [Park, P.O. Box
9101, Quincy, MA 02269-9101.

NFPA 30-+Flammable and Combustible Liquids Code

UL PuBLIgATION—Available from Underwriters Laboratories, 333 Pfingsten Road, Northiqrook, IL 60062-
2096.

UL 1989—Standard for Standby Batteries

Definitions1—The following definitions apply to the.terms used:

Flame Arrestors—Devices located at the outlet(s) of a battery venting system designed to pregvent damage of
the battery $ystem from an external spark;or flame that could ignite gases within the battefy system under
normal opergting conditions. A Flame(Arrestor must prevent propagation of an external flamg into the battery
system whgn tested in accordance with the Flame Arrestor Vent Cap Tests described|in UL 1989 or
comparable jprocedures. It is accepted that flame arrestors may also be incorporated within g battery system
to prevent internal propagation offexplosions. However, their testing lies outside the scope of|this procedure.

Adequate Vlentilation—As defined in NFPA 30, ventilation is considered adequate if it is sufficient to prevent
accumulatiop of vapor-air mixtures in concentrations over one-fourth of the lower flammable limit (LFL).

Power Control and Charger

The vehicle he manufacturer

or the equipment must be as specified by the vehicle manufacturer.
Test Facilities and Equipment

Provisions must be made for controlling the environment of the vehicle, cooling the vehicle, and charging and
discharging the battery system. All temperatures have tolerances of +5 °C unless otherwise stated.

Environment—Appropriate controls must be provided to maintain ambient test temperatures at 43 °C (110 °F)
and —18 °C (0 °F).

Energy Dissipation—A means of dissipating the energy from the battery system must be provided. This
could take various forms such as a chassis dynamometer or electrical load.

2.
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5.4

5.5

5.6

5.7

5.8

5.9

5.10

5.11

Vehicle Powertrain Cooling—A fan of adequate capacity may be needed to maintain vehicle powertrain
cooling if the vehicle is running on the chassis dynamometer.

Battery Operating Temperatures—Batteries are intended to be tested at the extremes of their recommended
operating temperatures. It may be necessary to provide a means of achieving the maximum and minimum
battery operating temperatures specified by the manufacturer, such as soaking, discharging, or heating or
cooling elements as agreed to by the manufacturer.

DC Current, Voltage, and Temperature Measurement—Instrumentation to measure DC current, voltage,
and temperature of the battery system must be provided. If it is not available on board the vehicle, it must be
provided externally. The required degree of accuracy shall be as specified in SAE J1634.

Test Enclogure—An enclosure with internal dimensions of 3 x 6 x 2.6 m (10 x 20 % [8.5 ft) high will
accommodalte vehicles with up to 3300 mm (130 in) wheelbase, and has been found(@onvgnient for testing
most U.S. passenger cars. The foregoing dimensions may be adjusted to accommodate’different size vehicles
without significantly affecting the test results. The enclosure door must allow entry of th¢ maximum size

vehicle. Do
zipper if a flg

Care must b
may be cove
ceiling shou
"blow-out" [
"pbreathing."

A mixing blo

Gas Monit
capable of

The followin

a. Indd
b. 2.00

The sample
305 mm (2t
of the sides
6.4 mm (1/4

or sealing may be accomplished by a resilient gasket, an inflatablg,seal, or a
xible door is used.

e taken to limit the permeation of hydrogen (see Appendix A<forleak check). Perr
red with polyvinyl fluoride sheet of approximately 0.15 min (0.006 in) thickness. Q
d be of flexible material such as 0.15 mm (0.006 in) polyvinyl fluoride sheet to
anel, and to allow for minor temperature changes of the contained gas w

wer is needed for Appendix A tests but is optional for Section 8 tests.

ing Equipment—The enclosure must‘be equipped with a combustible gas m
easuring hydrogen concentrations-reliably in the range of 400 to 40 000 ppm.

) calibration gases are required:

strial-grade hydrogen gas
% hydrogen by volumeiin air (nominal)

b 12 in) inside:the wall and located on the geometric center of the wall opposite th
or below the center of the ceiling. The tubing connecting this tube to the analy|
in) OD_stainless steel or similar inert material and should be as short as possible

Purge Blowler—A blower of adequate capacity is required for purging the enclosure between

pressure sealing

heable materials
ne wall, door, or
provide a safety
thout excessive

bnitoring system

should be withdrawn from the enclosure through a tube of 6.4 mm (1/4 in) ID, tefminating 50.8 to

£ door or on one
zer should be of

tests.

Temperature Measuring Device—Two temperature measuring devices for monitoring the enclosure
temperature should be installed 76 cm (30 in) above the floor and 10 cm (4 in) in from either side, both midway
along the length of the enclosure.

Test Overview—The test method provides for sealing the vehicle in an enclosure during the test. Hydrogen
emissions are determined from the changes in the hydrogen concentrations in the enclosure. The complete
enclosure measurement system should be checked initially and periodically for calibration, hydrogen retention
(leakage), and self emission. Appendix A gives details.
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7.2

7.3

7.4

7.5

8.1

8.2

8.3

8.4

8.5

8.6

8.7

Prior to testing, the battery must be conditioned by charging completely and then discharging to 80% depth of
discharge (DOD) as recommended by the manufacturer. The test must be run with the battery at its lowest
and highest operating temperatures to ensure that the vehicle is tested under the conditions most likely to
produce the maximum amount of hydrogen venting. The test will also be repeated with single point failures
induced in the charging control circuitry. These single point failures should be induced at the operating
temperature shown to produce the greatest amount of hydrogen. Use of a mixing blower inside the chamber
during these tests is optional.

Preparation of Test Vehicle—Preparation of test vehicles should be done at nominal room ambient

conditions, 23 °C + 5 °C.

a-ckall

are—raachforaia

Vehicle ma
Bring battery

Discharge b
tests. Reco

basis for defermining 80% DOD for the battery system.

Repeat step)

Discharge b
reach the cuy

Test Procedlure—The test procedure consists of three phases intended to simulate vehig

maximum a
minimum re

fo vy a+pahvahbialaawkhicekh. atakbl Baratian
CTaCTOTC TS STTaAT STUPPTYy VeTTNCIC S winoTT arc Toauy 1o StTaioTc- OpTTatorT

btteries using the C/3 rate to the cut-off voltage as defined by the manufacturer pr
d the discharge current and the elapsed time required to reach the ¢ut-off voltage
7.2.

atteries to 80% DOD using the C/3 rate. Dischargelthe battery for 80% of the

t-off voltage as described in 7.3.

mbient and maximum recommended battery operating temperature, the minim
commended battery operating temperature, and under abnormal conditions ari

to 100% state-of-charge by charging battery according to manufacturer's reéeommendations.

or to conducting
This will be the

time needed to

le usage at the
im ambient and
s5ing from single

point failure$ in the vehicle or charger charging control. The intent is to obtain the charging gonditions which
will cause the battery system to produce the greatest amount of hydrogen gas.

Before beginning tests, the complete system should be checked and equipment calibrated|as described in
Appendix A.

If at any tim¢ during the course of.a‘test the hydrogen concentration exceeds 50% of the LFL, the test should
be discontinbed immediately.

Prepare test

Bring enviro
than 43 °C.

vehicle as described in Section 6.

hment t6-43 °C or the highest charging temperature to produce maximum gassin
Maintain throughout test run.

g but not higher

Bring batter

) " " — o1 Lo r 40 ol ok 44 PO 2 Y " = o
LU UIT IeTiperaidic Ul 0. Uy SUARITTY TOUT TO T1T DTTUTTS 1S stalt Ul 1Cot. ITICTIT

systems can be used only if supplied as standard equipment.

Position veh

icle in the enclosure and connect all sensors.

Zero and calibrate gas analyzer.

al management

Close and seal enclosure door. Activate the hydrogen measurement equipment. Wait until a stable hydrogen
reading is obtained before beginning the test. Record enclosure interior air temperature, battery temperature,
barometric pressure, and background hydrogen concentration.

Begin charging vehicle. This is to be done using the manufacturer's supplied or specified equipment and is to

be conducte

d in a manner recommended by the manufacturer.
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8.8

8.9

8.10

8.11

8.12

8.13

8.14

8.15

8.16

8.17

9.1

9.2

Record enclosure hydrogen concentration, enclosure interior air temperature, and vehicle data (battery

temperature

, current, and voltage) at 1 min intervals.

Continue charging the vehicle until the charging is complete as determined by the vehicle charging system.

Once charging is complete, the batteries may continue to vent hydrogen.

Monitoring the hydrogen

concentration should continue for an additional 1 h or until the hydrogen level has stopped increasing.

Record hydrogen concentration at the end of the test run and subtract initial from maximum reading to
determine the net concentration of hydrogen. Check the analyzer zero and calibration points to insure that
they have not drifted.

Open enclo

PETSPN ba oo

ntinued until the

hydrogen co
Return vehig
Discharge v

Bring enviro
than —18 °C

Bring battery
can be used

Repeat Step

Repeat tests

will cause the battery system to emit the greatest amount of hydrogen gas.

manufacturg
maximum g
Perform the

steps 8.4 thijough 8.13.

OPTION—If

Information
Appendix B.

Information

Tes

The opixraina—ai-tha-acnaolociie aharld
e PuOrgntyg— o aic CTorosStrc— oTotiu— oC— OO

ncentration returns to its pretest value.
le and enclosure to nominal room ambient conditions.
bhicle to 80% DOD.

hment to —18 °C or the lowest charging temperature to produce maximum gassi
Maintain throughout test run.

to the temperature of 8.14 by soaking for 16 h beforestart of test. Thermal mang
only if supplied as standard equipment.

s 8.4 through 8.13.

under Single Point Failure (SPF) conditions. The intent is to produce the chargi
Induce §
r's guidance) which could include denying feedback of voltage, current, and ter
hssing phase. SPFs can include failures in the vehicle or charger as explaineg
SPF tests at the appropriate”temperature for the environment and batteries th

shut-down occurs reintialize and then induce next single point failure.

and Data Recorded—Details are listed on the sample data sheets (Figure

identification

hg but not lower

gement systems

ng condition that
PFs (based on
nperature during
in Appendix C.
rough repeating

5 B1 to B4) in

Tes

PoO0T®

Cha

o5 1 bl . o
<o MCTTUTITITU al'lu UUbbllptIUII

Vehicle description
Battery description

rging system description

Data to be Collected

oo

Car

Temperatures
Barometric pressure
Hydrogen concentrations

enclosure method records
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9.3 Presentation of Data

Objective of test

Description of system under test
Conclusion from the test
Discussion of the test and system
Test tabulation or plots

©PoOoT®

PREPARHD BY THE SAE ELECTRIC VEHICLE BATTERY SYSTEMS STANBARDS COMMITTEE
AND THE SAE ELECTRIC VEHICLE FORUM COMMITTEE

CANCELLED BY THE SAE HYBRID COMMITTEE
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APPENDIX A
VEHICLE ENCLOSURE SYSTEM CHECKOUT
A.1 Calibration—Use hydrogen calibration gas to calibrate the gas monitoring equipment.

A.2 Hydrogen Retention (Leak Check)—Inject adequate hydrogen into the enclosure to obtain approximately
30% LFL. Record enclosure hydrogen concentration.

Allow the enclosure to remain sealed for 4 h without sampling interior gases. The mixing blower should
continue to operate throughout this period.

Read final hydrogen concentration. The difference between initial and final concentrations shquld indicate less
than 4% mags "leakage".

A.3 Emission Qheck—lt should be demonstrated that a new enclosure structure does 'nbt contairl materials which
will themselyes emit hydrogen.

Seal the englosure after thoroughly purging. Read hydrogen concentration at the beginning fnd end of a 1 h
period without sampling during the interim. Change in hydrogen concentration should be negligible, but in any
case should|be less than 400 ppm to be considered acceptable.
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B.1 This Append

APPENDIX B
SAMPLE DATA SHEETS

ix contains sample data sheets for:

a. Preparation of Test Vehicle (Figure B1)
b. High-Temperature Test (Figure B2)

c. Low-Temperature Test (Figure B3)

d. Single Point Failure Test (Figure B4)

Date
Elect
Batte
Batte
Reco
Cut-o

Charg

Charge Current

Final

Time
Batte
Time

[to Reach Cut-off Voltage

mmended Charging Conditions
ff \Voltage

Charge Battery

e battery to 100% state of charge according to manufacturer’s recommendations.

Charging Time

Battery Voltage

[y Voltage

Recharge Battery

Rechprge battery to 100% state of charge according to manufacturer’s recommendations.
Charge Current, (. ). ... ...... ... ... ... ... ChargingTime ..........................
Final BatteryNMoltage .........................

Discharge Battery o 0% DOD
Discharge battery for 80% of the time used to reach the cut-off voltage.
Time ..o DischargeCurrent .......................
Time
Battery Voltage

FIGURE B1—PREPARATION OF TEST VEHICLE
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Electric Vehicle TYpe ... o e s et e e e e
Battery TYpe . . ..
Battery High Temperature Operating Limit .. ........ ... ... .. . . . . .

Initial Hydrogen Concentration ........... ... .. . . . . ..

Time

EnclosurgA
Temperagture
Battery Temp.

Current

Voltage

Hydrogen Concentration

Time

Enclosurg Air

Temperj;ure
Battery Temp.

Current

Voltage

Hydrogen Concentration

Time
Enclosurp Air
Tempergture
Batteryimp.
Current
Voltage

Hydrogep Concentration

Maximurr Hydrogen Concentration . .......... ...

FIGURE B2—HIGH-TEMPERATURE TESTS



https://saenorm.com/api/?name=3830397daa8914e3698a32c30b7d8178


<<
  /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 /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Preserve
  /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 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /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 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /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 true
  /CheckCompliance [
    /PDFX1a:2001
  ]
  /PDFX1aCheck true
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <>
    /CHT <>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF che devono essere conformi o verificati in base a PDF/X-1a:2001, uno standard ISO per lo scambio di contenuto grafico. Per ulteriori informazioni sulla creazione di documenti PDF compatibili con PDF/X-1a, consultare la Guida dell'utente di Acrobat. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 4.0 e versioni successive.)
    /JPN <>
    /KOR <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die moeten worden gecontroleerd of moeten voldoen aan PDF/X-1a:2001, een ISO-standaard voor het uitwisselen van grafische gegevens. Raadpleeg de gebruikershandleiding van Acrobat voor meer informatie over het maken van PDF-documenten die compatibel zijn met PDF/X-1a. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 4.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents that are to be checked or must conform to PDF/X-1a:2001, an ISO standard for graphic content exchange.  For more information on creating PDF/X-1a compliant PDF documents, please refer to the Acrobat User Guide.  Created PDF documents can be opened with Acrobat and Adobe Reader 4.0 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 /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /HighResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


