Publishing House
AKAPIT

= COMPUTER METHODS IN MATERIALS SCIENCE

Informatyka w Technologii Materiatéw

Vol. 7, 2007, No. 2

INFLUENCE OF FORGING PARAMETERS ON TOOL
TEMPERATURE IN HOT FORGING

AKIHIRO MINAMI', YASUO MARUMO*, HIROYUKI TANAKA?, LIQUN RUAN?, HIROYUKI SAIKI*

! Department of Mechanical Engineering, Ariake National College of Technology,
150 Higashihagio, Omuta, Fukuoka 836-8585, Japan
? Department of Mechanical System Engineering, Graduate School of Science and Technology, Kumamoto University,
2-39-1 Kurokami, Kumamoto 860-8555, Japan
* marumo@gpo.kumamoto-u.ac.jp

Abstract

The evaluation of the temperature distribution in the tool surface layer has been strongly required to enable the accu-
rate prediction of the tool life in tool design. The variation in the maximum temperature of a forging tool during hot forg-
ing was examined with respect to friction shear factor m, chamfer angle 6, corner radius R and contact time 7c, by finite-
element analysis. Friction shear factor m greatly influenced the variation in the maximum temperature. In particular, the
temperature rise at 80% reduction in area was considerable at m = 0.0-0.2. When the reduction in area exceeded approxi-
mately 80%, it was necessary to control the shear friction factor to less than 0.3. When the radius of the corner became
more than 2 mm, the rise in the maximum temperature was effectively prevented. This effect was more marked when [J=
0o than when €= 30°. The maximum temperature of forging tools can be controlled by selecting the friction shear factor
(lubrication or surface modification), the chamfer angle and the corner radius appropriately. A guideline for selecting ap-
propriate conditions in forging process design was presented on the basis of the obtained results.
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1. INTRODUCTION

The demands concerning hot forging tools, such
as accuracy improvement and cost reduction, have
become more severe in order to achieve precise hot
forging processes for manufacturing net-shaped
parts and complex shaped parts. In hot forging, large
deformation is possible and beneficial effects such
as material improvement are expected. Therefore,
hot forging is widely used for manufacturing ma-
chine parts. In hot closed-die forging, tools are sub-
jected to heavy mechanical loads and elevated tem-
peratures as a result of the contact between the tool
and the hot workpiece. The contact conditions of the
tool-workpiece interface greatly influence tool tem-
perature, material flow, deterioration of forging tools
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and tribological characteristics (Carslaw & Jaeger,
1959; Kellow & Bramley, 1969; Lange & Meyer-
Molkemper, 1997; Dean & Silva, 1979; Saiki. et al,
2001; Saiki. et al, 1989; Dadras & Wells,1984; Sad-
hal, 1981; Im, 1984; Saiki et al, 2006; Altan et al,
1982). The forging tool is deformed slightly, and
wear and adhesion occur easily in the punch corner
where large thermal load and frictional slide are
generated and the contact pressure is high. There-
fore, maintaining a high accuracy of forged products
becomes difficult. The flow stress of the forging tool
decreases when the temperature of the forging tool
increases, and plastic deformation is easily induced.
In order to obtain an effective strategy for the im-
provement of the tool life, the optimization of the
process design, the working conditions and the tool
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conditions on the basis of the evaluation of thermal
load applied to the forging tool is required. In this
study, the effects of hot forging conditions, includ-
ing process parameters and tool geometrical parame-
ters, on tool temperature were investigated.

2. TEMPERATURE ANALYSIS

2.1. Analysis conditions

Figure 1 shows the axisymmetrical model used
in the finite element analysis for the evaluation of
the temperature distribution in backward extrusion.
The Gelerkin method was adopted to formulate the
finite element program that was developed in our
laboratory. Isoparametric elements with quadrangu-
lar four nodes were used in the finite element pro-
gram. The number of the elements was approxi-
mately 700 for the punch and 1300 for the work-
piece. The thermal analysis was conducted with the
forging cycle divided into six stages: i.e., free resting
of the workpiece on the lower tool, forging, ejecting,
natural cooling, forced cooling (water-mist cooling
by spraying), quasi-forced cooling (weaker cooling
than forced cooling in duration between forced cool-
ing stage and free resting stage). In the analysis, the
effects of friction shear factor m, chamfer angle 6,
corner radius R and contact time tc on the maximum
temperature were examined. Table 1 shows the
analysis conditions. The tool and workpiece materi-
als were assumed to be JIS-SKD61 and JIS-S45C,
respectively. The conditions adopted in the thermal
analysis were as follows: contact time, fc =

Regions (1)-(4) are the contact boundary, regions (5)
and (8) are the convection boundary, region (6) is
the temperature boundary, and region (7) is the adia-
batic boundary. In the analysis, the contact between
punch and workpiece was repeated. An old work-
piece was replaced with new one in every contact.
The boundary (7) in the bottom and the right of
workpiece was not influenced thermally in every
contact. Thus, the boundary (7) was assumed as
adiabatic boundary.

R-region

Hp=60mm

Workpiece

Fig. 1. Analysis model used in the temperature analysis in
backward extrusion forging.

Table 1. Analysis conditions.

Tool material JIS-SKD61
Forging material JIS-S45C

Initial workpiece temperature (°C) 1150

Tool base temperature (°C) 150

Contact time (s) 0.05,0.11,0.15
Forging cycle time (s) 35

Cooling time (s) 1.1

Punch stroke (mm) 25

0.05s,0.11 s and 0.15 s, which correspond to
the tool initial velocities of 500mm/s,
227mm/s and 166mm/s, respectively; forging
cycle time tcy = 3.5s; contact thermal con-
ductance Kc¢ =36.1 kW/(m’K); forced-
cooling heat-transfer coefficient .., =2.0
kW/(mzK); cooling time f.,, =1.11 s. For

Boundary conditions
(1)>-4):

Contact boundary
(). (8):

Convection boundary
(6): Temperature boundary
(7): Adiabatic boundary

/Workpiece

simplicity, the average values that were ob-
tained from our thermal model experiments
were used as contact thermal conductance
and forced-cooling heat-transfer coefficient
in this study. An influence of lubricant layer
and scale layer was also taken into consideration for
the value of thermal contact conductance.

The initial temperatures of the workpiece and the
tool base were 1150°C and 150°C, respectively. The
tool stroke and chamfer diameter D, were 25mm
and 10 mm, respectively. The boundary conditions
used in the analysis region are shown in figure 2.

Axis of axisymmetry

Fig. 2. Boundary conditions in the analysis region.

2.2. Results of analysis

Figure 3 shows the temperature variation at a
certain point in the R-region shown in figure 1 dur-
ing forging cycles. When the forging cycle is re-
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peated up to a certain number of times after the start
of forging, the periodical temperature variation of
the forging tool reaches a steady variation. Figure 4
shows the periodical temperature variation during
one forging cycle under steady variation. The maxi-
mum temperature, which occurs in the R-region
under the steady temperature variation, was exam-
ined regarding friction shear factor m, chamfer an-
gle #and corner radius R.

1000
O
= 300
o 800
§ A
z N
£ 200 F“
@

U 1 1 1
0 50 100 150 200
Time (s)

Fig. 3. Periodical variation in temperature of the forging tool
(punch) during forging cycles.

— Maximum temperature

=

(1) free resting of the

time becomes long is seen with both 60% and 80%
reductions in area. However, with 80% reduction in
area, there is no difference in maximum temperature
between the three contact times when the friction
shear factor exceeds approximately 0.5. With short
contact time, frictional heat generation in the punch-
workpiece interface more strongly influences the
temperature rise.

Figures 7(a) and (b) show the variation in the
maximum temperature with corner radius R for 8=
0° and 30° when D., = 10mm, #c = 0.11 s and m =
0.3. For @ = 0°, the maximum temperature increases
gradually as the corner radius becomes small, and
increases rapidly for all reductions in area when the
corner radius becomes less than 2 mm. The thermal
influence becomes significant as the radius of the
corner becomes small. The similar trend is seen for
6= 30°. It is found that the increase in the maximum
temperature is effectively prevented by setting the
corner radius to be more than 2mm. This effect is
more marked when 8= 0° than when 6= 30°. When
the corner radius is larger than 2 mm, the maximum
temperatures when 6=
30° are higher than those
when 6= 0°. The thermal
influence is significant
when the chamfer angle

workpiece on the
lower tool

(2) forging
(3) ejecting

)
)

(4) natural cooling

\w,f—« (5) forced cooling
)

(6) quasi-forced cooling

is large. Figures 8(a) and
(b) show the temperature
distributions of punch for
R =1 mm and 6 mm. For
the small radius R =
Imm, the high tempera-

/
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Fig. 4. Periodical variation in temperature of the forging tool (punch) during one forging cycle

under steady temperature variation.

Figure 5 shows the variation in the maximum
temperature of the punch with friction shear factor m
at 60% and 80% reductions in area. Here, the punch
has D.,= 10 mm, R = 3 mm and &= 30°; the contact
times (duration) are 0.05 s, 0.11 s and 0.15 s. The
temperature increases with increasing friction shear
factor. The temperature rise at 80% reduction in area
is marked in the range of m = 0.0-0.2. It is found that
the friction shear factor greatly influences the in-
crease in the maximum temperature. This trend is
also seen in the temperature distributions shown in
figure 6. When the reduction in area exceeds ap-
proximately 80%, it is necessary to control the fric-
tion shear factor to less than 0.3. The tendency for
the maximum temperature to increase as the contact

ture region concentrates
in the corner region.

Figure 9 shows the
variation in the maxi-
mum temperature with chamfer angle 8 when R = 3
mm, D, = 10 mm, fc = 0.11 s and m = 0.3. The
maximum temperature increases with increasing
chamfer angle. Figure 10 shows the variation in the
maximum temperature with contact time. The
maximum temperature increases with increasing
contact time. Thermal influence also extends from
the surface to deeper regions as the contact time
becomes longer, as shown in the temperature distri-
butions in figure 11.
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Fig. 6. Temperature distributions of punch (6=30°, R=3mm,
reduction=80%, tc=0.15s)

Fig. 5. Variation in maximum temperature of punch with friction

shear factor.
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R (mm)
(a) 6=0°

Fig. 7. Variation in maximum temperature of punch with corner radius R.
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3. CONCLUSIONS

The variation in the maximum temperature of a
forging tool in hot forging was examined with re-
spect to friction shear factor m, chamfer angle 6,
corner radius R and contact time fc. The following
results were obtained.

1) The temperature increased with increasing fric-
tion shear factor. In particular, the temperature
rise at 80% reduction in area was considerable in
the friction shear factor range of 0-0.2. The fric-
tion shear factor greatly influenced the variation
in maximum temperature. When the reduction in
area exceeds approximately 80%, it will be nec-
essary to control the shear friction factor to less
than 0.3.

2) The maximum temperature increased rapidly
when the corner radius became less than 2 mm.
The thermal influence became significant as the
radius of the corner became small. The increase
in the maximum temperature can be effectively
prevented by setting the corner radius to be more
than 2 mm. This effect was more marked when
6= 0° than when 6= 30°.

3) When the corner radius was larger than 2 mm,
the maximum temperatures when 0=30° were
higher than those when 6= 0°.

4) The maximum temperature increased with in-
creasing chamfer angle when the corner radius
was more than 2 mm.

5) The maximum temperature increased with in-
creasing contact time. Thermal influence also
extended from the surface to deeper regions as
the contact time become longer.

6) It is expected that the maximum temperature of
forging tools can be controlled by selecting the
friction shear factor (lubrication or surface
modification), the chamfer angle and the corner
radius appropriately.
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WPLYW PARAMETROW PROCESU NA
TEMPERATURE NARZEDZI PODCZAS PROCESU
KUCIA NA GORACO

Streszczenie

Analiza rozktadu temperatur na warstwie powierzchniowe;j
rozpatrywanego narzedzia jest niezbgdna w celu doktadnego
przewidywania cyklu zycia narzg¢dzia juz w fazie jego projekto-
wania. Za pomocg metody elementéw skonczonych przeprowa-
dzono badanie odchylenia stempla podczas procesu kucia na
goraco z uwzglednieniem wspotczynnika tarcia, kata fazowania,
promienia zaokraglenia naroza oraz czasu styku. Wspotczynnik
tarcia ma bardzo duzy wptyw na obliczone odchylenie w tempe-
raturze maksymalnej. W szczegdlnosci, gdy warto$¢ gniotu
przekraczata w przyblizeniu 80%, konieczne bylo zmniejszenie
wspoétczynnika tarcia do wartosci ponizej 0.3. Natomiast pod-
czas gdy promien zaokraglenia naroza przekraczal 2 mm, wow-
czas wzrost temperatury maksymalnej byt skutecznie hamowa-
ny. Efekt ten byt zdecydowanie widoczny dla parametru kata
fazowania w zakresie 0°-30°. A zatem maksymalna temperatura
stempla moze by¢ kontrolowana poprzez wybor odpowiedniego
wspotczynnika tarcia (np.: poprzez smarowanie lub modyfikacje
powierzchni), kata fazowania oraz promienia zaokraglenia
naroza. Sposob wyboru tych parametréw przedstawiony zostat
w niniejszym artykule.

Submitted: October 20, 2006
Submitted in a revised form: December 2, 2006
Accepted: December 6, 2006

- 217 -

Ll
Q
Z
=
Q
n
%)
—
<
&2
=
<
=
Z
%]
a
)
T
5
=
e~
=
-
(-9
S
V)





<<
  /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
  /CreateJDFFile false
  /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

  /SyntheticBoldness 1.000000
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002000d>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002000d>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /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 <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002000d>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e000d>
    /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 <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /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


