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ABSTRACT

We have been working on the development of a global vending machine capable of operating in environments
with an ambient temperature of 40°C and relative humidity of 75% in consideration of the maximum temperatures
and humidities of the major cities in China. In addition to achieving our goal of supporting increased ambient tem-
peratures, we have also developed an efficient operating control technology, as well as a heat insulating and cooling
technology for efficiently cooling increased heat loads. With regard to the impact of frost that forms on evaporators in
high-temperature and high-humidity environments, we have focused on evaporation temperature setting levels based
on the result of observing the frost formation process, and by readjusting the setting levels we have been able to con-
trol the amount of frost formation. These measures have enabled us to achieve a reduction in the required cooling ca-
pability and a shorter initial cooling time even in high-temperature high-humidity environments.

1. Introduction

According to a survey conducted by the Japan
Vending Machine Manufacturers Association, there
were 2,568,600 beverage vending machines installed
at locations throughout Japan as of the end of 2014,
which is a 0.9% decrease from the previous year.
Major reasons for the decrease of installations include
a reduction in sales due to price increases following
the increase in consumption tax, as well as a reduction
in sales of canned coffee resulting from the increase
in popularity of coffee beverages sold at convenience
stores. On the other hand, subway stations, office
buildings and factories in major Chinese cities have
seen an increase of about 70,000 to 80,000 installa-
tions, and it is expected that this number will continue
to rise in the future.

Fuji Electric has developed a global vending ma-
chine for installation in high-temperature high-hu-
midity environments to support the development of
growing overseas markets such as China. This paper
describes the unit’s cooling technology.

2. Development Background

In major Chinese cities, such as Shanghai,
Hangzhou and Guangzhou, maximum temperatures
get as high as 40°C annually, making these high-
temperature environments even hotter than that of
Japan. Japan has its high-temperature environmental
condition set at 32°C and, as a result, has convention-
ally never had the need to verify operations in high-
temperature high-humidity environments exceeding
40°C. The low-temperature environmental condition
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(temperature of 5°C) is the same as Japan, and thus
verification has already been completed for this opera-
tion specification.

Development of vending machines for expansion
into global markets such as China requires specifica-
tions that take into consideration high-temperature
high-humidity environments.

3. Development Goals and Challenges

3.1 Challenges related to high-temperature high-humidity
environments

The cooling capacity of vending machines is evalu-
ated by the amount of thermal energy absorbed from
inside the storage unit per unit of time. The amount
of thermal energy is determined by the difference be-
tween an ambient or product temperature and a target
temperature. A larger difference in temperatures indi-
cates a larger amount of absorbed thermal energy, and
as a result, requiring a high cooling capacity.

Furthermore, since thermal energy is proportional-
ly distributed based on the time it takes until product
cooling is completed, shorter target times for comple-
tion will result in higher cooling capacity required per
unit of time.

Figure 1 shows the relationship between the time it
takes for cooling to complete and the required amount
of cooling capacity. In Japan, a period of 24 hours at
an ambient temperature of 32°C has been established
as the standard for completion of cooling when cooling
from the initial state, in which ambient and product
temperatures are equal. A change in ambient temper-
ature from 32°C to 40°C to accommodate the Chinese
market will require an increase in cooling capacity of
1.4 times as a result of the increase in thermal energy
due to the temperature difference.

Moreover, in consideration of the cooling that is
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Fig.1 Relationship between completion time and required
cooling capacity

required to restore the system to its stable state of op-
eration after replenishing the unit with new product
(restoration of cooling after replenishing), it is demand-
ed that this restoration time be as short as possible to
prevent loss of sales owing to the unit being in vending
standby mode while it cools the replenished product.
The Chinese market is requiring that the time neces-
sary for the restoration of cooling after replenishing
all of the unit’s product be within 14 hours, which is
10 hours shorter than the 24 hours required by the
Japanese market. In order to shorten the time for
completing cooling by 10 hours, a cooling capacity of
1.3 times is required to implement initial cooling under
the same ambient temperature conditions.

As a result, a restoration of cooling after replenish-
ing that takes 14 hours at an ambient temperature of
40°C requires a cooling capacity 1.8 times greater than
the standard used in the Japanese market. Operation
under the high ambient temperature results in de-
creased efficiency for the refrigeration unit, and this,
in turn, causes a decline in cooling capacity. In order
to secure high-efficiency cooling, measures need to be
properly implemented with respect to heat loads.

Furthermore, even when relative humidity is the
same, there is a greater amount of water vapor in the
air when the ambient temperature is higher. As the
temperature inside the storage unit decreases, water
vapor condenses and this generates dew and frost.
This dew and frost attaches to the surface of the fins
of the evaporator (heat exchanger for cooling), and this
reduces cooling efficiency. As a result, there needs to
be some measures for preventing the adverse impact of
this phenomenon.

3.2 Goals

In proceeding to develop a global vending machine,
we had to establish design values for high-temperature
and high-humidity ratings capable of meeting the en-
vironmental conditions of an ambient temperature of
40°C and a relative humidity of 75%, which is an in-
crease over the Japanese standard of an ambient tem-
perature of 32°C and relative humidity of 65%, while

at the same time aiming to complete the restoration of
cooling after replenishing within 14 hours, and work-
ing to improve cooling performance during initial cool-
ing and restoration cooling. To accomplish this, we set
forth the following 3 tasks:
(a) Establishing heat load assumptions, and secur-
ing insulation and cooling performance
(b) Reduction in initial cooling time based on opti-
mized operation control
(¢) Measures against frost

4. Characteristics of High-Temperature High-
Humidity Environment Technology

4.1 Establishing heat load assumptions, and securing
insulation and cooling performance
The required cooling capacity for the vending ma-
chine is determined by Formula 1.
Required cooling capacity =
outside invading heat + product heat load™ ...(1)

To increase the required cooling capacity, a larger
compressor or heat exchanger could be used, but since
this will increase power consumption, it is not a desir-
able option. On the other hand, if the cooling heat load
of the “outside invading heat” and “product heat load”
is properly controlled, the required cooling capacity can
be reduced, and this will make it possible to achieve a
more efficient cooling system. We will now introduce 2
specific measures.

(1) Measures against outside invading heat

Figure 2 shows measures against outside invad-
ing heat. Heat that invades the storage unit from the
outside increases in proportion with the difference in
temperature inside and outside the storage unit. If an
invading heat of 32°C is taken as a base equal to 100,
raising the ambient temperature from 32°C to 40°C
will likewise increase invading heat by 28%.
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Fig.2 Measures against outside invading heat

*1: Product heat load: This refers to the sum total of ther-
mal energy that needs to be absorbed when cooling prod-
ucts inserted in the storage unit in order to reach the ap-
propriate temperature for dispensing.
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Fig.3 Overview of zone cooling

Our current development makes use of vacuum
insulation material for the heat insulation structure,
resulting in a 20 point improvement in the heat insu-
lation effect under a 40°C environment. As a result,
the increase in invading heat due to changes in ambi-
ent temperature is suppressed between 8% and 28%,
and this, in turn, has suppressed the required cooling
capacity.

(2) Zone cooling based product heat load measures

Figure 3 provides an overview of zone cooling. The
required cooling capacity can be reduced by only cool-
ing the portion of beverages subsequently available for
purchase instead of the entire storage unit.

Our analysis of sales patterns in the Chinese mar-
ket showed that it is possible to maintain proper cool-
ing for beverages by cooling up to the 4th beverage in
queue.

Our current development circulates cooling air in
a limited zone that includes up to the 4th beverage in
queue from the bottom. Zone cooling minimizes the
product heat load to limit the number of products ap-
plicable for cooling, and this effectually reduces the
required cooling capacity needed in the cooling system.

4.2. Reduction in initial cooling time based on optimized

operation control
(1) Recovery shift cooling

Figure 4 provides an overview of recovery shift cool-
ing. On-off control for the cold-storage operation has
conventionally implemented cooling control based on
the air temperature inside the storage unit as the cold-
storage temperature level, and not based on the actual
product temperature. This type of implementation
initially cools the air temperature inside of the stor-
age unit as opposed to the product temperature, and
as a result, on-off control takes place before products
reach their cold-storage temperature. Since secondary
cooling is initiated during intermittent operations, the
rate of product cooling is delayed, and the time it takes
for products to reach their cold-storage temperature is
prolonged.

Recovery shift cooling aims to reduce the time
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Fig.4 Overview of recovery shift cooling

required in lowering product temperature to the cold-
storage temperature by adding a control function for
shifting down the on-off control temperature level dur-
ing primary cooling when cooling begins. This type
of control deliberately delays the detection of the off
control when lowering the air temperature, enabling
primary cooling to continue, and thus shortening the
amount of time required in reaching the product cold-
storage temperature. Recovery shift cooling reduces
the time for reaching the cold-storage temperature to
2 hours and 20 minutes, which is an improvement over
the conventional time of 3 hours.
(2) Shortening the defrosting period

Figure 5 shows a psychrometric chart. Assumed
environmental conditions include a high-temperature
high-humidity environment with an ambient tem-
perature of 40°C and relative humidity of 75%. The
difference of the amount of water vapor between this
environment and a stabilized cooling environment
of 3°C/95% is nearly twice that of the conventional
standard of 32°C/65%. A sufficient drop in internal
temperature results in the water vapor inside the stor-
age unit becoming frost that adheres and grows on the
evaporator, instead of being discharged as drain water.

This phenomenon of frost formation obstructs the
air-flow passage and decreases the heat-exchange
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Fig.5 Psychrometric chart
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Fig.6 State of growth in frost formation on evaporator

efficiency of the evaporator, resulting in a state in
which a sufficient cooling capacity cannot be attained.
Furthermore, if freezing continues due to blockage cre-
ated from frost located between the fins, the evapora-
tor will stop functioning and this will prevent cooling
inside the storage unit. Moreover, the amount of time
required to stop cooling to implement defrosting by
melting the frost is extended in proportion with the
growth of the frost, and since the compressor will be
stopped during this period, cooling will not be imple-
mented inside the storage unit.

In order to suppress the amount of frost formation,
the interval between defrosting operations had to be
adjusted to shorter cycles, which means that defrosting
will take place more frequently. By doing this, it has
become possible to suppress growth in frost formation
and prevent evaporator blockages due to frost, thus en-
abling stable cooling operations for the unit.

4.3 Measures against frost
(1) Verifying the growth in frost formation

We found that severe growth of frost formation oc-
curs not on the exhaust side of the evaporator, but on
the air intake side. Thus, we decided to install a com-
pact camera for observing the state of the air intake
side at all stages of operation including initial opera-
tion and stabilized operation. Figure 6 shows the state
of growth in frost formation for the air intake side of
an evaporator.

We learned that frost consistently forms on the
upper portion (near the refrigerant inlet) even when
the temperature inside the storage unit during initial
operation is relatively warm (15°C or higher). This is
because frost begins to form when the surface tempera-
ture of the evaporator drops below freezing.

With regard to the evaporator, the lowest tempera-
ture occurs in the upper portion near the refrigerant
inlet, and in contrast to this, temperature increases
while moving toward the lower portion outlet. When
both the temperature inside the storage unit and the
temperature of the intake air are high, heat exchange
is implemented and a state of high overheat™ will oc-
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cur, resulting in frost formation being limited to only
the upper portion.

We were able to verify that lowering the tempera-
ture inside the storage unit to reduce overheat will
cause the surface temperature of the evaporator to be-
come gradually uniform with respect to the upper por-
tion, and this temperature change is directly related
to the expansion in the range of growth of frost forma-
tion. When frost is pervasive over the entire air intake
surface, air flow will decrease. This also further accel-
erates the forming of frost, leading to blockage.

Once a state of blockage occurs, air circulation will
be lost and heat exchange will not be implemented
until defrosting takes place. During defrosting when
the frost is being melted, the temperature of the
evaporator will be maintained at 0°C. The duration
of the melting is proportional to the amount of frost
formation, and recovery of operation is therefore de-
layed and temperature rises inside the storage unit.
Furthermore, when the refrigeration unit is forced to
stop due to defrosting, the frost will melt. However,
not all of the melted frost will become drain water to
be discharged to the outside of the storage unit dur-
ing stabilized cycle operation, and a portion of it will
remain in the storage unit as water vapor. In addi-
tion, we observed that this water vapor will freeze as
the temperature of the evaporator decreases after the
restart of operation, causing the former state to occur
again.

(2) Lower limit control of the evaporation tempera-
ture

#2: Overheat:
tor absorbs heat and successively changes to the state

The refrigerant flowing inside the evapora-
of evaporation. During this process, flow continues
with fluid and evaporation being mixed, while tempera-
ture remains constant at the evaporation temperature.
When all is evaporated, saturated vapor is generated,
and as heat absorption continues, the temperature will
rise once again. The value indicating the temperature
rise from the evaporation temperature is referred to as
overheat.
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As mentioned in the previous section, we observed
that the formation of frost on the evaporator that ac-
companies a decrease in the circulating air tempera-
ture inside the storage unit will grow from the upper
portion to the bottom portion and eventually result in
blockage, and that defrosting alone is insufficient to
limit the amount of frost formation.

In general, the most effective method of imple-
menting heat exchange for the evaporator is to utilize
latent heat, and it is desirable to have stable opera-
tions in a state of small overheat. Therefore, it is ef-
fective to implement cooling inside the storage unit at
an evaporation temperature that does not cause severe
growth in the formation of frost, and it is considered
that the most important factor in determining the
growth of frost formation is the adjustment in the level
of the evaporation temperature of the refrigerant.

By verifying growth in the formation of frost, we
learned that the temperature with the most rapid
growth of frost on the surface of the fins of the evapo-
rator (frost formation temperature) is around —4.5°C.
In conventional units, the evaporator is set to —5.5°C,
and thus internal cooling proceeds creating a stable
low temperature for the inside of the storage unit. In
addition, frost forms over the entire surface of the
evaporator fins, producing an even lower surface tem-
perature for the evaporator. As a result of this, we
were able to verify that the surface temperature drops
below the frost formation temperature, thus causing
growth in frost formation to accelerate and eventually
creating a state of blockage for the fins on the air in-
take side.

Conventionally, heat exchange during cooling was
effectively implemented with efficiency proportional
to the temperature difference between the evapora-
tion temperature and air intake temperature, but we
performed an experiment to verify what would hap-
pen when raising the evaporation temperature by
2°C, thus setting the temperature at —3.5°C, which
is higher than the frost formation temperature. The
result of this experiment confirmed that the formation
of frost neither spread throughout the entire surface,
nor caused blockage of the fins. On the contrary, ini-
tial cooling was implemented successfully up to the
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point of stabilized cooling. Furthermore, our results
showed that there was likewise no blockage of the fins
during restoration of cooling after replenishing, and
that the unit was also able to achieve a shorter comple-
tion of cooling time. This result was achieved because
the amount of frost formation was decreased, while the
heat exchange efficiency of the evaporator was compar-
atively increased.

Based on the results of this experiment, we read-
justed the evaporation temperature level to -3.5°C. By
suppressing the lower limit of the evaporation tem-
perature, we were able to reduce the amount of frost
formation.

4.4 Evaluation results

As mentioned thus far, we implemented proper
control of the cooling heat load, optimized operation
control and carried out measures against frost forma-
tion to meet environmental conditions that included an
ambient temperature of 40°C and relative humidity of
75%. We were able to complete the restoration of cool-
ing after replenishing in 13.5 hours, thus beating our
target of 14 hours.

5. Postscript

We have successfully developed a cooling technolo-
gy for global vending machines that is compatible with
the high-temperature high-humidity environments
characteristic of our target overseas markets.

This development enabled us to identify problems
such as the increase in load due to large temperature
differences between the ambient temperature and the
temperature inside the storage unit, as well as the
large impact of the phenomenon of frost formation
generated in high-humidity environments. By taking
appropriate measures, we have achieved our develop-
ment goals.

In the future, we plan to continue our development
efforts, aiming at not only achieving targets for cooling
time under high-temperature high-humidity environ-
ments, but also at attaining further enhancements in
operation stability and efficiency.

FUJI ELECTRIC REVIEW vol.61 no.3 2015



== Fuiji Electric

Innovating Energy Technology

* All brand names and product names in this journal might be trademarks

or registered trademarks of their respective companies.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (Adobe RGB \0501998\051)
  /CalCMYKProfile (Japan Color 2001 Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /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 false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 100
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 100
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 1.30
    /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 false
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 1.30
    /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 false
  /MonoImageMinResolution 300
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 300
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /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 (Japan Color 2001 Coated)
  /PDFXOutputConditionIdentifier (JC200103)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
>
    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e5c4f5e55663e793a3001901a8fc775355b5090ae4ef653d190014ee553ca901a8fc756e072797f5153d15e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc87a25e55986f793a3001901a904e96fb5b5090f54ef650b390014ee553ca57287db2969b7db28def4e0a767c5e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ENU (Use these settings to create Adobe PDF documents best suited for on-screen display, e-mail, and the Internet.  Created PDF documents can be opened with Acrobat and Adobe Reader 6.0 and later.)
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>
>
    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <FEFF753b97624e0a3067306e8868793a3001307e305f306f96fb5b5030e130fc30eb308430a430f330bf30fc30cd30c330c87d4c7531306790014fe13059308b305f3081306e002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b9069305730663044307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200036002e003000204ee5964d3067958b304f30533068304c3067304d307e30593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020d654ba740020d45cc2dc002c0020c804c7900020ba54c77c002c0020c778d130b137c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200036002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor weergave op een beeldscherm, e-mail en internet. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 6.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
  >>
  /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
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions false
        /ConvertStrokesToOutlines true
        /ConvertTextToOutlines false
        /GradientResolution 150
        /LineArtTextResolution 300
        /PresetName <FFFE5B004E4FE389CF50A65E5D00>
        /PresetSelector /LowResolution
        /RasterVectorBalance 0.750000
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 0
      /MarksWeight 0.283460
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /UseName
      /PageMarksFile /JapaneseWithCircle
      /PreserveEditing false
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


