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Abstract :

As austenitic stainless steels have an adequate combination of mechanical
properties, conformability and resistance to corrosion they are used in a
wide variety of industries, Such as the shipping, food, transport, nuclear
and petrochemical industries. Among these austenitic steels, 316 stainless
steels have attracted prominent attention due to their excellent mechanical
properties. Sea fastening welded structures, body making, maintenance
and repairing, heavy vessels, dry docks using the technique of gouging for
variety of purposes. Mainly most of the workers in this industry using
gouging as a metal removal process, but it is using mainly for weld
removal. Conventional cutting is a common method of metal removal and
cutting. Evaluate the effectiveness of welded specimen after gouging and
Conventional cutting by considering the mechanical properties, the surface
topography and carbon deposition content. To verify which method is
fruitful over chosen marine grade steel. , so we are taking AISI 316
stainless steel using in marine applications and gouging technique to find
the best effective method over 316 stainless steel.

Keywords: Gouging,316 stainless steel, mechanical properties, CHN
analysis , MMA Gouging.

Introduction

Gouging is a method used to melt or fuse metals in a narrow groove. There are four
common gouging methods. They are mechanical, oxy-fuel, plasma arc and air carbon
arc. Mechanical gouging is done through grinding and hand-milling and is widely
used in metalworking shops. Oxyfuel gouging is performed using oxygen and fuel
gas, while plasma arc gouging is an adaptation of plasma cutting. Indian shipping
industry is heavily using this technique of gouging for various aspects. The main aim
of gouging technique is the removal of welds. The gouging techniques mainly
adopting in the shipping field are manual metal arc gouging and air carbon gouging.
The removals of metals are commonly accomplished with the help of this technique.
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The common cutting technique employed in our workshop and mechanical industry is
conventional cutting. [1]

Types of Gouging
There are mainly four types of gouging
e Manual metal arc gouging(MMA)
e Air carbon gouging(ACA)
e Oxy fuel gouging
e Plasma arc gouging(PAC)

2.1 Manual Metal Arc Gouging (MMA)

As in conventional MMA welding, the arc is formed between the tip of the electrode
and the work piece. MMA gouging differs because it requires special purpose
electrodes with thick flux coatings to generate a strong arc force and gas stream.
Unlike MMA welding where a stable weld pool must be maintained, this process
forces the molten metal away from the arc zone to leave a clean cut surface.

The gouging process is characterized by the large amount of gas which is generated
to eject the molten metal. However, because the arc/gas stream is not as powerful as a
gas or a separate air jet, the surface of the gouge is not really as smooth as an oxyfuel
gouge or air carbon arc gouge. [2]

Materials and Methods

3.1 Material Selection

316 stainless steel of the required dimensions and size prepared.The chemical
composition of 316 stainless steel by (wt %) is given as Follows C-0.8, P-0.045, S-
0.030, Si-0.75, Mn-2.00, Ni- 10-14, Cr-16-18 and N-0.10.

3.2 Preparation of Test Specimen

The test specimen for analysis of different mechanical and wear properties like
toughness, hardness CHN analysis, micro structure evaluation, weld ability
determination were prepared as per ASTM standard.

Mechanical properties results

4.1 Toughness Test

The test is conducted for the three welded samples of stainless steel previously cut
using gouging and conventional cutting. The test consist of measuring the energy
absorbed in breaking a 10mmx>10mmx>55mm ASTM standard notched specimen by
giving a single blow by swinging hammer. The specification of charpy machine used
for the toughness test of present work is as follows.

Weight of hammer = 21kg

Angle of hammer strikinge = 300 degree

Radius of curvature of striking edge = 2 mm
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TABLE 1.
Toughness at Room Temp (N/m)
Metal s/n MMA Conventional
KJ/cm? cutting
KJ /em?
AISI 316 |1 68.5 x 104 57 x 104
2 67x10% | 52.7x 10*
3 4 4

68.4 x 10 534 %10

4.2 Brinell’s Hardness Test

Hardness may be defined as resistance of metal to plastic deformation usually by
indentation. However the term may also refer to stiffness or resistance to scratching,
abrasion or cutting. Indentation hardness may be measured by various hardness tests
like Brinell’s, Rockwell’s etc. The test is conducted for the three welded samples of
stainless steel previously cut using gouging and conventional cutting.

Applied force P)N = 187.5
Diameter of indenter (D) (mm) = 2.5
TABLE 2.
Brinell’s Hardness Value
Metal Method Indentation | Hardness
Diameter Value
(d)
MMA 228.76
AISI 1.0mm
316
Conven- 1.Imm 187.23
tional
cutting
Abrasive Wear Test

The material considered for this experiment is AISI 316 under room temperature with
dimensions 4.0cm x2.5 cm x 0.5 cm. The materials are previously cut using the MMA
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gouging and conventionally cutting techniques and welded with a 316EL electrode by
arc welding. The test was conducted on a machine called Pin on disc machine. The
sample was mounted perpendicularly on a stationary vice such that its one of the face
is forced to press against the abrasive that is fixed on the revolving disc. Hence it is
the abrasive paper that tends to wear the surface of the samples. When the disc rotates
for a particular period of time, the sample can loaded at the top to press against the
disc with the help of a lever mechanism. In this experiment the test can be conducted
with the following parameters [3]

(1) Load

(2) Speed

(3) Time

RPM - 300

Time - 5 Minutes

Type of Abrasive - Emery, 80 grit size.
Hence wear volume, wear rate and wear resistance can be calculated as follows.

1. Wear volume:-
Wear volume = weight loss / density
Density of specimen AISI 316 =7.99 g /cm3

2. Wear rate:-

It is defined as wear volume per unit distance travelled
Wear rate =wear volume / sliding distance(s)

Sliding distance (s) can be calculated as

Sliding distance (s) =V x time = (2 1 R N / 60) x time
Where, R = radius of abrasive wheel (7.25cm)

N =R.P.M (300)

IT=3.14 (constant)

Time = 5 minute =300 S

3. Wear resistance:-
Wear resistance is a reciprocal of wear rate
Wear resistance = 1 / wear rate.
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TABLE 3.
Wear Resistance of Conventional cut metal
Metal | Conventional cut at 14.7 N
s/n | Weight | Wear
loss (g) | Resistance,
cm2x 1077
AIST |1 0.22 0.248
316
2 0.21 0.261
TABLE 4. 3 0.21 0.261
Wear Resistance of Manual metal arc
gouge
Metal | MMA Gouged at 14.7 N
s/n | Weight Loss | Wear
(2) Resistance
cm2x 1077
AISI 1 0.18 0.303
316 2 o017 0.322
3 0.19 0.288

6.0 CHN Analysis

CHN Analysis is a form of Elemental Analysis concerned with determination of only
Carbon (C), Hydrogen (H) and Nitrogen (N) in a sample. The most popular
technology behind the CHN analysis is combustion analysis where the sample is first
fully combusted and then the products of its combustion are analyzed. Here 3.2 g of
metal powder after three processes being analyzed to find out its carbon percentage,
so that we can easily predict the weld ability nature of these metal after cutting using
Dearden and o’neil table as follows.

TABLE 5.
carbon percentage and weld ability table

0.35 0.35-

0.40

0.40-
0.45

0.45-
0.50

above
0.50
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excellent

Very good | Fair
good

poor

TABLE 6

Carbon & Nitrogen percentage in metal powder

s/ Powder( 3.2 g) Carbon % Nitrogen %

1 | Conventionally | 0.48 | 0.52 | 0.50 | 0.19 | 0.21 | 0.22
Cut welded
region

2 | MMA gouged | 0.34 | 0.37 | 0.36 | 0.09 | 0.12 | 0.10
region

3 | MMA gouged | 0.41 | 0.42 | 0.44 | 0.14 | 0.15 | 0.14
welded region

7.0 Surface Topography Stud
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Fig 4. MMA Gouged welded region

Results and Discussions
8.1 Results of Toughness

1. At room temperature, the AISI 316 has more toughness at manufactures condition
than that of the gouged and conventionally cut pieces.

2. MMA gouged welded pieces, has more toughness than that of the conventionally
cut welded pieces.

3. AISI 316, the increase in room temperature may decrease the toughness value.

4. As from the Charpy results, the heat flow over the AISI 316 through various
processes like metal cutting, welding, notch producing can decrease the toughness
as compared to the manufactures condition.[4]

a0 4
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MMA  Conventional cutting

Fig 5. Toughness comparison of AISI 316
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8.2 RESULTS OF HARDNESS

1. Hardness of the 316 stainless steel when welded after MMA gouging and
conventionally, so from this it is concluded that the MMA gouging process has high
hardness value

2. MMA gouged and conventionally cut welded metal shows a little higher hardness
values than that of base metal.

3. MMA gouged welded metal having good resistance over deformation from
indentation, scratching, cutting or bending

BHN- Value

P AN Comyventon alky cut Haze mete

Fig 6. Hardness comparison of AISI 316

8.3 RESULTS OF CHN ANALYSIS

1. Determination of carbon in 3.2 gm of MMA gouged metal piece ranges from
30-40% & conventionally cut welded piece ranges from 45-55% for AISI 316 as
from Dearden and O’Neal formula; the carbon ranges have a better control over the
weld ability of materials.

2. For manual metal arc gouging, the carbon percentage ranges from 30-40% the
metal piece can produce good weld, may be an excellent weld.

3. MMA gouged welded piece of AISI 316 is in a range of getting good weld

4. Low levels of nitrogen can produce porosity in weld metals. Conventionally cut
welded region have more nitrogen% than that of the MMA gouged and MMA
Gouged welded pieces.

4. If the carbon percentage is over 50%, the weld cannot be considered as a
permanent nature. In conventionally cut welded pieces, the weld defect can occur in
the form of incomplete penetration and blow holes usually due to the heavy
percentage of carbon content, which may be up to 70% in most of the cases of
various classes of steel.

5. For conventionally cut welded pieces, the carbon percentage ranges from 45-
55%, the metal piece can produce fair weld, may be a poor weld.



258 VISHNU DETH K J and RAMU RAJENDRAN

Excellent weldability of MMA gouged AlS 316

Carbon porceivtaze

saripls 1 sampla 2 sampla3

MALA gomged metal powder

Figure 7. Excellent weldability of MMA gouged 316

8.4 RESULTS OF ABRASIVE WEAR TEST

1. Weight loss is maximum in abrasive test is for conventionally cut welded 316 and
is lowest for Manual metal arc gouged

2. Temperature has also a great influence over the abrasive wear rate [5].

3. The wear rate is heavily depending upon the load applied, as the load applied
increases, the wear rate increases linearly. Here to find out the optimized cutting the
load is taken as 14.7. [6]

4. Manual metal arc gouged AISI 316 has higher wear resistance over emery, 80
grit size abrasive paper on the pin on disc apparatus.

5. From all the details, AISI 316 give the best results of wear resistance and
Manual metal arc gouging gives the best wear resistance nature.

WEAR RESISTAMNCE OF MMA GOUGING —AISI 316
033
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Figure 8. Wear resistance of MMA gouged AISI 316
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Figure 9. Wear resistance of conventionally cut AISI 316

8.5 RESULTS OF SEM IMAGES

1. The low magnified SEM images of conventionally cutting, shows porous gaps,
cracks at the heat affected zone. The magnification at high levels showing the
incompleteness in the metal cutting at the root level like non uniform metal edges
segregates at the root level.

2. The conventionally cut welded metal piece at its heavy magnification showing
the elasticity behavior prolongs in all magnification ranges.

3. MMA gouging of AISI 316 seems to be more precise, as from SEM images the
surface roughness from visible eye is better. A few segregated patches of metal
particles are seen on lower magnification. Despite of these facts, MMA gouged
welding is best suited for AISI 316, stainless steel.

CONCLUSIONS

1. Stainless steel cutting can preferable with gouging technique, especially MMA
gouging is the better cutting method as compared to conventionally cut.

2. Conventionally cut metals did not possess better weld as compared to the MMA
gouging, because the carbon deposition percentage over the weld material is
comparatively very high as compared to gouged metal pieces. So a better welding can
be capable by gouged metal pieces.

3. As from the Charpy results, the toughness of MMA gouged cut metals has high
value as compared to conventionally cutting methods

4. A material wear resistance rate is its main property for its prolonged use in various
applications. Here even at a room temperature and for a common load, the wear
resistance is more for MMA gouged and the material loss on the abrasive paper is
less.

5. As from the Brinell hardness test results, the hardness of MMA gouged weld
metals has high value as compared to the conventionally cut weld metal pieces.

6. The roughness and surface predictions of cut metals can be detected form the SEM
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images. A clear and more finished cut is obtained from MMA gouged process.
SEM images of conventionally cutting, shows porous gaps, cracks at the heat
affected zone. The MMA gouging shows a better surface finish than the
conventionally cutting process.

6. As a generalized conclusion, MMA gouging process is a better metal cutting
process than conventionally cutting and from the experimental analysis and
investigation. It can be more preferable to stainless steel grades; AISI 316 shows the
clear indication of this.

References

[1] Campesan, G., Guerra, A., Koga, G. & Bolfarini, C., “Effect of air carbon arc
gouging and submerged-arc welding on the electrochemical properties of AISI 316L
and 321 stainless steels,” ChemRxiv Preprint, 2024.

[2] Huang, H., “Experimental and numerical investigation of a gouging technique on
316 stainless steel—impact strength, hardness & wear resistance compared to
mechanical cutting,” International Journal of Advanced Manufacturing Engineering,
2024.

[3] Vishnu deth k j & Jinto koshy,” Experimental analysis — on manual metal arc
gouging method and comparative evaluation with oxy acetylene cutting. International
journal of industrial & production Engg: & Tech, 2013,ISSN 2249-4219

[4] Koga, G. Y., Ribeiro, M. P., & Bolfarini, C., “Air carbon arc gouging of
austenitic stainless steels prior to submerged arc welding—microstructure,
sensitization and intergranular corrosion analysis,” Materials Chemistry and
Physics, Vol. 278, 2022.

[5] Salim, J. A., Waseem, S. A. & Muhaed, A. A., “Effect of manual metal arc
welding electrode chemistry and heat input on corrosion behavior of AISI 316
weldments in chloride media,” International Journal of Mechanical Engineering and
Technology (IJMET), Vol. 10, Issue 1, 2021, ISSN 0976-6340.

[6] Akdemir A. ,Kus R. and Sim sir M. "Impact toughness and microstructure of
continuous steel wire — reinforced cast iron composite”, Material science and
Engineering, (2009)

[7] Moore M. A. , “Abrasive wear, Materials in Engineering Applications,” 1 (
1978 ) : pp. 97—

[8] Cinnamon JD, Palazotto AN. “Metallographic examination and validation
of thermal effects in hypervelocity gouging”. JPressure Vessel Technology 2010 .
[9]dNicholou,DPapimitiriuo.”Microstructures and mechanical properties after
heating of reinforcing500 MPa class weldable steels produced by various
processes(Tempcore, microalloyed with vanadium and work-hardened”. 2008




<<
  /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

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /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 <>
    /PTB <>
    /SUO <>
    /SVE <>
    /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


