Technical paper

KOMATSU TECHNICAL REPORT
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Toshiyuki Iseki
Masaharu Amano

Takeshi Taka

Komatsu has been making efforts to reduce machine downtime by controlling oil leakage from hydraulic
cylinders due to corrosion of cylinder rods, which occurs frequently in severely corrosive environments causing
salt damage. In this report, we like to introduce our activities made for the cylinder rod, which is one of the
critical components for the service life of the machine, to develop a highly anticorrosive cylinder rod made by

the HVOF thermal spraying method.
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1. Introduction

Komatsu has been making efforts to reduce machine
downtime by suppressing oil leakage from hydraulic cylinders
due to corrosion of cylinder rods, which is often the case with
installations operated in severely corrosive environments
causing salt damage.

This report introduces our activities for improving the
corrosion resistance of sliding parts of cylinder rod that is one
of the critical components in regard to the oil leakage and
having decisive influence on the service life of the machine,
and for developing a highly anticorrosive cylinder rod made
by the HVOF thermal spraying method.

2. Operation Site in a Salt Damage Area and
the Aim of This Development Project

An example of worksite in a severely corrosive
environment exists in Australia (Fig. 1). The soil and sand of
this site contain a high content of chloride ion, which is mixed
with lake water and are highly corrosive to metals.

Fig. 1 A machine operating in a salt damage area
(Dump Truck HD 465)
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An actual case of rusting on cylinder rod sliding parts
operating in Australia is shown in Fig. 2. Usually, the sliding
area will not corrode even if operated for more than 10,000
hours, but cases of rusting occurring in only 1,000 hours
resulting in oil leakage are reported. If this happens, it is
unavoidable to remove the machine from service, and the
productivity is degraded. Accordingly, we developed highly
anticorrosive cylinder rods by using the HVOF thermal
spraying method with the objective of suppressing the oil
leakage resulting from rusting of the cylinder rod sliding area.

Fig.2 Rusting ofa

Fig. 3 HVOF thermal-sprayed

cylinder rod cylinder rod

HVOF thermal-sprayed cylinder rods were installed as
steering cylinder rods on HD 465 and HD 785 machines
respectively to evaluate the durability in a salt damage area. A
cylinder rod in an operating state is shown in Fig. 3, and the
operating hours until oil leakage occurs are shown in Fig. 4.
As a result of the installing the rods on three machines (two
rods per machine), their durability was 5,000 hours or more in
average, indicating their intensely excellent corrosion
resistance.

Currently, the HVOF thermal-sprayed cylinder rods are
shipped for users in Australia.
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Fig. 4 Durability of HVOF thermal-sprayed cylinder rod
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3. HVOF Thermal Spraying Method and Its
Advantages

HVOF thermal spraying (Fig. 5) refers to the High
Velocity Oxygen-Fuel (HVOF) thermal spraying process for
generating a high-velocity flame derived from the theory of
jet engine, where a powdery mixture containing metallic or
ceramic particles is sprinkled into a flame and allowed to fly
and collide with a target substrate to be laminated to form a
coated film. Compared with other thermal spraying methods,
the HVOF thermal spraying has the following general
advantages:

(1) Its relatively low spray temperature prevents the process
material from being degraded; and

(2) its supersonic velocity allows the work material to form a
highly dense coated film (Fig. 6).

The powdery material for thermal-spraying was designed
to consist of one or more carbides and metals (binder) having
an adequate composition, formulating proportion, particle size
and particle size distribution (Fig. 7). By controlling the
optimum thermal spraying conditions (oxygen/fuel ratio,
thermal spraying distance, powder feeding rate, etc), a highly
dense coated film was successfully formed (Fig. 8).

Compressed air

Thermal spray

Powdery material
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Fig. 5 [Illustration of the principle of HVOF thermal
spraying process
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Fig. 6 Comparison of thermal spraying methods
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4. Characteristics of Thermal Spray-coated
Film

Table 1 summarizes the characteristics and evaluation
methods required for the coated film of cylinder rod sliding
parts.

The following describes the advantages of HVOF thermal
spray coating in comparison with a common hard chromium
plating:

Table 1 Demand characteristics and evaluation methods

Evaluation method
Abrasion test with
included foreign matters
Falling weight test

Demand characteristics

Abrasion resistance

Impact resistance

Corrosion resistance CASS test
Adverse effect on seals Cylinder assembly
leakage test

4.1 Abrasion resistance

We conducted a reciprocating sliding test simulating a
case where soil and sand are included in the contact area
between a cylinder rod and seals. While the test conditions are
as given in Table 2, Fig. 9 and 10, the test as such that the test
piece consisting of a curved butting end having a radius of
R35 is allowed to depress the NBR plate.

Table 2 Test conditions

Areas marked red

Load 1Dkgf + Chromium plating
+ Thermal-spray
Speed 0.m/s coated film
Stroke 60mm
Qil temperature  [Room temperature 15
fg:a sand grain 10um
Testing time 12H 20 25

Fig. 9 Shape of test piece

Load Coating

Hydraulic oil +
Silicasand

Reciprocating J
motion m——)

Fig. 10 Test method

NBRplate
/
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Fig. 11 Abrasion test with included foreign matters

Fig. 11 gives the test results. The HVOF thermal
spray-coated product apparently has an excellent abrasion
resistance as 1.4 times as high as a hard chromium plated

piece.

4.2 Impact resistance

While a construction machine is in operation, the sliding
area of its hydraulic cylinder is often hit by flying gravels or
stones. The thermal spray-coated member is required to have
adequate impact resistance. Accordingly, we verified the
impact resistance of thermal spray-coated film by conducting
a falling weight test. Its test method is schematically
illustrated in Fig. 12. A ¢20 steel ball was allowed to fall on a
test piece that is placed with an inclination of 45 degrees, and
the cracks or the dent formed on the coated film was
examined. Fig. 13 gives the test results. The limit height was
defined at the point where the surface of coated film was
cracked or dented. The limit height of HVOF thermal
spray-coated piece was found to be 9 times as high as that of a
hard chromium plated pieces, substantiating the favorable

impact resistance.
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Fig. 12 Falling weight
test method

Fig. 13 Falling weight
test results
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4.3 Corrosion resistance

Assuming that the site was in a salt damage area, we
employed the CASS test that was known to include a
particularly strict pH value among a number of applicable JIS
standards. For the evaluation after testing, a relative
evaluation based on the time elapsed from rating number
denoting the corrosion area factor to rusting was employed
conforming to the JIS standards.

As shown in Fig. 14, while red rust was observed on a
hard chromium plated piece after 48 hours of exposure, the
HVOF thermal spray-coated piece showed similar red rusting
after 96 hours. These results indicate that the corrosion
resistance of HVOF thermal spray-coated product is twice as
high as that of the other, and thus the new product can be
destined to salt damage areas.

Corrosion test results
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Fig. 14 Corrosion test results

4.4 Adverse effect on seals

It is required that the hydraulic cylinder should not
excessively attack sealing members. The test method is
schematically illustrated in Fig. 15. The reciprocation shaft of
hydraulic cylinder was horizontally held above the floor, and
the sample was allowed to perform a reciprocating motion in
full stroke for a specified period of time.

Fig. 16 indicates the test results. The tightening
allowance for the seal could be maintained at 0 or more and
favorable results were obtained without any fault or abnormal

dimensional change and discoloration during the sliding.
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Fig. 16 Variation in seal tightening allowance

5.  Conclusion

To achieve the objective of improving the corrosion
resistance of hydraulic cylinder rods operating on site in a salt
damage area, we have developed the cylinder rods by
applying the HVOF thermal spraying method and introduced
them for the actual services in the field.

Results of characteristics evaluation of the HVOF
thermal spray-coated film are as follows:

(1) Against a common hard chromium-plated product, the
subject film gives 1.4 times of abrasion resistance, 9 times of
impact resistance and two fold of corrosion resistance.

(2) The subject has no adverse effect on sealing members.

(3) The evaluation of an on-site machine gave 6.5 times
as high durability as that of conventional products.

In response to the above-described results, we have
introduced the rod having the HVOF thermal spray-coated
film to the cylinder of dump trucks operated in Australia,
specifically in salt damage areas where the corrosion of

cylinder rods are causing troubles.
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|A comment from the author]

In this report, we have introduced the durability of
hydraulic cylinder operating in the severe environment
particularly in salt damage areas. Further, we would like to
continue the development of new technologies for minimizing
the customers’ LCC by paying attention to not only this case,
but also machines that are deployed and operated in the global
marketplace.

2016 VOL. 62 NO.169 Highly Anticorrosive Cylinder Rods by using the HVOF Thermal Spraying Method

757




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /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 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /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 true
  /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

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  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 /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /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 [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


