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ABSTRACT

The expansion and popularization of beverage vending machines in markets outside Japan has required stable
power supply voltage that is not affected by different power supply voltages and unstable power conditions in some
areas. To comply with the law and regulations without being affected by power conditions, Fuji Electric has adopted
a low DC voltage power supply for the product-dispensing mechanism. It can supply sufficient drive energy at a low
voltage by utilizing the configuration that combines a DC gear motor with a cam-linkage mechanism for the drive
source used in the product-dispensing mechanism. Furthermore, we have greatly reduced the number of purchase is-
sues that arise during the vending cycle by developing a sold-out detection structure compatible with various product
shapes, as well as a malfunction detection function with detection switches.

1. Introduction

Although beverage vending machines have spread
widely throughout Japan with approximately 2.56
million machines installed, these machines are on the
cusp of widespread proliferation overseas. Expansion
to the overseas market will contribute significantly to
the vending machine sector in the future.

Due to the unstable power conditions and power
supply voltage differences in each region, in expand-
ing overseas it is necessary to use high-capacity trans-
formers and other such devices to stabilize power
supply voltage by raising and lowering voltages. It
is also necessary to adhere to standards defined by
the International Electrotechnical Commission (IEC).
A policy to revise paragraph 2 of the “Electrical
Appliances and Material Safety Act” ordinance in
2016 has been suggested in order to comply with TEC
standards in Japan. To comply with laws and regula-
tions without being affected by power conditions, Fuji
Electric has started developing low voltage DC load
devices. This paper describes our global efforts to de-
velop a low voltage DC product-dispensing mechanism
(vending mechanisms) ahead of other companies.

2. Development Background

Vending machines store products at ideal tem-
peratures for drinking, and dispense and sell products
selected by purchasers. Vending machines are com-
posed of a variety of parts, such as the housing, freely
opening/closing door, the vending unit that stores and
dispenses products and the cooling/heating unit that
heats and cools products (see Fig. 1). The vending unit
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Fig.1 Vending machine product structure

is composed of a rack in which products are replen-
ished and stacked on their side in each lane (column),
and a mechanism installed on the lowest part of the
rack that receives vending signals and electrically
drives the vending mechanism to dispense products
(see Fig. 2).

Figure 3 shows how the vending mechanism works.

Vending mechanism flapper

DC gear motor

Pedal
+ Slider: The part that couples (interlocks) the linkage and vending mechanism
flapper/pedal

Fig.2 Vending mechanism
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Vending mechanism flapper

(a) Product standby (b) Product dispensed/next (c) Next product
product retained standby

Fig.3 Vending mechanism operation

A number of products are stacked up vertically.
Among them, only the product at the bottom is reli-
ably sold, with an average load of approximately 5 kg
exerted. For this reason, the vending mechanism is re-
quired to have a drive performance capable of reliably
and quickly operating components such as the vend-
ing mechanism, flapper and pedal. AC solenoids that
have been used as drive sources conventionally have
a comparatively long operation stroke, making it easy
to ensure the starting torque, holding torque and re-
quired operation speed. When an AC solenoid is used,
however, high-voltage wiring is installed to support
commercial power supplies such as 100V AC in the
mechanism, and this requires an insulation structure
that complies with IEC standards. If the drive source
of a vending mechanism that supports low voltage di-
rect current can be achieved, an insulation structure
that supports high voltage will no longer be required.
Furthermore, there would be no need to prepare drive
sources for commercial power supplies with differing
voltages in each country and region.

3. Development Goals and Challenges

3.1 Ensuring of drive energy while changing to low volt-

age DC

A high direct current voltage of approximately
80V DC is required for a DC solenoid to simply en-
sure the same performance as a 100V AC solenoid.
However, a new power supply will not need to be pre-
pared if sufficient drive energy can be ensured by using
a low voltage 24 V DC power supply equipped to drive
the control system of a vending machine.

3.2 Sold-out detection that is not affected by product

shape

Conventionally, actual machine testing was car-
ried out to confirm whether products with various
shapes could be sold, according to the guidelines es-
tablished by each customer in Japan. However, as we
expand overseas, it would be physically impossible
to carry out actual machine testing on all products.
Additionally, conventional vending mechanisms de-
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tect sold-out products by shape; thus, kinds of vending
products have to be confined. Ensuring sold-out detec-
tion performance even for uncertain product shapes
and expanding the range of products that can be sold is
one challenge in expanding overseas.

3.3 Jammed product detection

We have implemented a variety of mechanical
measures to prevent products from getting jammed to
ensure that products can continue to be dispensed from
the vending unit. However, actual vending machines
handle products of varying shapes, and there are nev-
ertheless cases where products get jammed and cause
problems. In addition to our efforts to improve the
mechanism for preventing product jams, we have add-
ed a new way of preventing problems during purchase.
We have implemented a structure where the product
selection button of the vending machine will show that
a product is sold out if a jam is detected in order not to
inconvenience purchasers.

4. Features and Technology

4.1 DC gear motor system

We have developed a new structure that combines
a cam-linkage mechanism with a DC gear motor. It
serves as a low voltage DC drive source that operates
at low voltage and can allow for quick round trip op-
eration. Figure 4 shows how the driver source works in
the new structure.

(1) Cam
rotates

(2) Linkage lifts

(a) Standby

B

(b) Lifting

|

\ (Cam rotates)
(3) Linkage released

(d) Opposite side linkage passage

(c) Retaining

Fig.4 Drive source operation
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In contrast with a conventional AC solenoid out-
put of approximately 700 W, the DC motor has one-
fifteenth the output of approximately 48 W due to con-
straints on space within the structure. First, we use a
gear motor, which utilizes a gear to slow down a small,
high-speed rotating motor, in order to ensure the re-
quired lifting power. The gear motor ensures a neces-
sary reduction gear ratio in the limited space by using
a worm gear while ensuring the required lifting power
through obtaining an output torque approximately 25
times greater than the motor output. Next, we use a
cam-linkage mechanism to ensure operation speed. We
finely set the linkage contact surface angle to ensure a
certain stroke amount, and ensure the required opera-
tion speed by obtaining the stroke required at the fine
cam rotation angle.

In this mechanism, the vending mechanism flap-
per (see Fig. 3) operates to ensure that only the product
at the bottom is sold and also other products stacked
up are not accidentally sold. In order to perform this
reliably, the mechanism is structured to increase the
lifting speed of the linkage during the lifting opera-
tion shown in Fig. 4 (b). We also designed the structure
so that the linkage is retained in the outer periphery
of the cam, in order to ensure stable retention power
without relying on drive power when held (see Fig. 4
(c)). With this structure, the retention status is main-
tained even if the power supply is shut down when
held, allowing vending to continue once power is re-
stored.

Although these structures ensure speed and reten-
tion power, the vending mechanism also needed to sup-
port a wide variety of vending product shapes, materi-
als and sizes. With conventional AC solenoids, even if
the lifting operation of the vending mechanism stopped
without reaching sufficient speed for products with
large diameters or square shapes, the product would be
retained without causing any errors such as locking at
the position it stopped. However, with a DC gear motor
system, an additional mechanism was required to pre-
vent the motor from locking.

We therefore used a plastic linkage to design a
mechanism that uses part deformation caused by
elasticity. Depending on the shape of the product, the
mechanism may appear to come close to stopping dur-
ing lifting operation. However, the linkage rotation
shaft separates from the cam due to elasticity, allowing
the cam to rotate. This allows the lifting operation to
function properly where it would otherwise stop.

4.2 2in 1 drive system

It is desirable for operators to use vending ma-
chines capable of carrying a wider selection of products
that can be sold, as well as higher numbers of individ-
ual products. For this reason, the vending mechanism
was conventionally installed so that it was interlinked.
The drive sources were embedded in a limited and nar-
row space, with each drive source driving one column.

DC gear motor

Front column :
(Mechanism and drive source)

Rear column
(Mechanism only)

Fig.5 1 motor, 2 column drive system

If the DC gear motor was placed in the same location,
it would not be able to secure the space required to
gain a sufficient gear reduction ratio and cam radius.
We leverage the interlinked structure to drive 2 col-
umns with a single motor, ensuring the space that was
needed (see Fig. 5).

The front and rear columns use the same gear
motor and the sold-out detection drive source, as de-
scribed later, making it possible to design a vending
mechanism that collects all the electric driving parts
on a single side, achieving improved maintainability.

4.3 Sold-out detection

Figure 6 shows the sold-out detection structure.
In this structure, a detection switch detects whether
vending products are applying a load to the pedal. The
rear column sold-out detection switches are all brought
to the front column in order to improve maintainabil-
ity. Furthermore, since the detection switch detects a
pedal movement it can detect the dispensing state in

Rear column

Front column

(a) Separate

Detection linkage (rear)

Detection switch |

Detection linkage "-,I_.Vendmg product
(front) 3

Pedal

(b) Interlinked

Fig.6 Sold-out detection structure
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addition to whether a product is sold out. Detecting er-
rors such as jammed products allows for more detailed
support based on actual circumstances.

Conventional sold-out detection mechanisms set
vending products as sold out when the last one of a
product still left in the machine. This new mechanism
can detect the last product remaining. This means
that vending products can be sold to the last item. This
increases the number of products that can be sold by
an average of 7%, reducing lost sales opportunities.
In addition, conventional detection mechanisms used
shape detection method, and they sometimes were
unable to detect products with large dented shapes.
The new mechanism adopts weight detection method.
Since there are no restrictions on shape, operators
have much more freedom in choosing the shape of
products they sell. Finally, the new mechanism direct-
ly detects vending products. This allows it to accurate-
ly determine that products are in the standby position
and to prevent erroneous product detection.

4.4 Jammed product detection and payment refunds

Figure 7 shows a comparison of processing when a
failure occurs. The DC gear motor system and the new
sold-out detection mechanism detect when mechanical
vending operations are complete, making it possible to
detect column failures. Product jams can be identified
when motor rotation stops and the origin switch of the
gear motor does not detect that it has returned to its
original position.

Conventional vending mechanisms were not able
to detect product jamming. Consequently, there were
troubles in some cases when a purchaser occasion-
ally intended to purchase a product even though the
product could not be dispensed or there was a column
failure. We have developed status detection for this
mechanism, which allows it to refund payment or have
the purchaser select a different product if a product
becomes jammed. Additionally, separating a defective

Purchase —
product jammed!

Purchase —
product jammed!

Product jammed in Product
vending mechanism jammed
flapper in pedal

Payment
refunded

Displayed as
sold-out

Another product
selected

(a) DC gear motor system

(b) AC solenoid system
(new) (o

Fig.7 Comparison of failure handling processes
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Table 1 Vending mechanism performance

I New Conventional .
tem . . Comparison
mechanism | mechanisms
Drive voltage | 24V DC 100V AC Low voltage
rive
Error Able to detect
detection Yes No errors
Refund/ Prevents selec-
Failure selection Unable to tion of unavail-
response of different detect able products
product
Defective Able to Prevents prob-
separate Unable to .
column - lems during
. —Vending separate
separation purchase
stopped
Defective Display Confirmation Serviceability im-
column by remote by actual roved
confirmation control vending p
Operating
noise (dB) 70 73 -3dB
-7%
Sold-o_ut Zero One product Reduced sales op-
etection remaining A
portunity losses
0,
Product Im ri%'g;) free-
detection 169 35 b :
range (mm) dom in choosing
g package shape
Power
consumption 17 175 ~90%
(W+s per
item)
Power con- 0
sumption (W) 48 700 -93%

column allows purchasers to prevent from selecting
products that cannot be dispensed, drastically reducing
problems during purchase.

5. Results

Table 1 lists the performance gained as a result
of developing this mechanism. As an added benefit,
reducing power consumption also made it possible to
reduce the volume and capacity of batteries used with
disaster response models by 40% compared with con-
ventional products.

6. Postscript

This paper described a product dispensing mecha-
nism for vending machines in the global market.
Developing this mechanism has allowed us to build
technology to achieve low voltage DC drive sources.
We will promote technology expansion based on this
technology, in order to provide global support for drive
sources in vending machines. We will continue our re-
search and development efforts with a focus on provid-
ing added value to our customers.

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


