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Abstract: Hard facing is a process of depositing a layer of material on the base metal or substrate either to develop the
surface features like corrosion resistance, Hardness, Toughness & Strength of the material etc. or to get the required
size of dimension or to repair worn out products. Taguchi technique is applied for the optimization. Oxy-Acetylene gas
welding process and Mild Steel material is used for hard facing. In this project a detailed experimentation is done in
which the Electrode speed is primary component which impact both bead width and depth of penetration & the Hard
Faced specimen absorbs more energy than that of the specimen before hard facing and Hard Faced material is 114 BHN
harder than the normal gentle steel and Micro-Structural test shows the specimen before hard facing, uniform structure
pattern of light Ferrite and dark Paralyte and after Hard Facing shows the structure pattern of Temper Marten site.
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I. INTRODUCTION

Hard facing is defined as the hard material is deposited
over a soft material or ductile material to enhance the
Hardness and Strength of the material. When the layer of
material deposited for corrosion resistance then the
process is known as cladding. And sometimes the parts
which are damaged are built up to the required size so that
they can be put back into service. Hard facing is one of the
most helpful and economical ways to advance the
performance of components submitted to severe Hardness
& wear condition. Hard facing is commonly in use method
to advance the surface properties of farming tools,
components for mining operation ; soil preparation
equipment’s & earth moving equipment. An alloy is
homogeneously deposited int0 the surface of an sOft
material (usually low or medium carbon steels) by welding
with the purpose of increasing the hardness withOut
considerable loss in ductility and toughness of the
substrate . It is estimated that more than 30% of wear &
corrosion related cost can be reduced by developing and
using better techniques of controlling wear and corrosion.

The Hardness, wear and corrosion related problems can be
minimized mainly by two method and are By using
expensive wear and corrosion resistant alloys better than
the Existing low cost ones and By improving the hardness,
wear and corrOsion resistance of the existing metals and
alloys by applying certain modifications to the surface .

1. Work Material:

The mild steel (E250 Grade-BR) having the size of
200mmx100mmx10mm (LxBxT) is utilized for the
experimentation with the electrode and for Hard Facing
the work material. Material since it has loads of favourable
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circumstances such as it has more predictable hardness,
Wear Resistance and expanded elasticity and the electrode
which is chosen for the specimen is ER70S-6. In which
ER stands for filler electrode and 70 stands for weld
strength in Mild steel, weld has lowest of 70,000 pound
tensile strength / square inch of weld. And S — solid rod
and 6 shows the quantity of cleaner added to the wire to
maximise the weld quality.

S | e
Fig 1.2 Cutting Sections of the Hard Faced Plates
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Il. EXPERIMENTAL SET UP

The following tests were conducted in research work;
» Impact Test
» Brinell Hardness Test
» Micro-Structural Test

The experimental plan according to L9 array and the
responses of Bead width & Depth of penetration is shown
in table number 1:

Table No.1: Experimental Plan.
SL Gas Welding | Electrod | Bead | Depth of
No | Pressure Speed e Speed | Width | Penetrat
(psd (mm'mi | (mm/mi | (mm) ion
) ) (mm)
1 300 33 300 3.39 212
2 300 36 400 4.36 262
3 300 39 500 5.27 361
4 340 33 400 3.13 321
5 340 36 500 4.33 341
6 340 39 300 225 225
7 380 33 500 3.67 3.09
8 380 36 300 2.69 231
9 380 39 400 239 282

I11. EXPERIMENTATION & CALCULATIONS

3.1 CHARPY TEST:
The chosen work piece having the size of 200mmx100mm
(L*B). To test the vitality consumed by the material.

Table 2 Energy absorbed by Mild Steel before Hard

Facing
Sl Initial Final Energy absorbed
No. Reading | Reading | (Kg-m) (I.R.-F.R)
(Kg-m) | (Kg-m)
1 25.90 24.60 13
Calculation:

1] Energy Absorbed =
Initial weight — Final weight
=25.90 - 24.60 = 1.3Kg-m

Table No. 3 Experimental Values of Hard Faced Samples

Sl Initial Final Energy absorbed
No. | Reading | Reading (Kg-m)
(Kg-m) (Kg-m) (.LR.-F.R))
1 25.90 22.00 3.9
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2 25.90 23.20 2.7
3 25.90 21.30 4.6
4 25.90 23.10 2.8
5 25.90 22.60 3.3
6 25.90 21.80 4.1
7 25.90 24.30 1.6
8 25.90 22.20 3.7
9 25.90 22.60 3.3
Calculations:
1. Energy absorbed = I.R. - F.R.
=25.90 - 22.00 = 3.90 Kg-m
2. Energy absorbed = I.R. — F.R.

=25.90-23.20 = 2.70 Kg-m

3.2 BRINELL HARDNESS TEST:
Formula for Calculations:

BHN =

P
rpID ~ (VD = )]

Where,

P = Load (Kg)
D = Width of Bar enter (2.5mm)
d = Diameter of Indentation (mm)
t = Time in seconds (10 sec)

Table 4 Hardness of work piece before Hard Facing

SI | Material | Dia.of | Load | Time| Dia.Of | BHN
No.| Used Bar (Kg) | (O |Indentation
Penetrate (sec) | (d) (mm)
(D) (mm)
1| Mild 25 187.50 | 10sec 115 17039
Steel
Calculations:
187.5
1] BHN = =170.39
3.927[2.5-(V6.25-1.3225))
Dia. Of Dia. Of
51 DMaterial Bar Load Time | Indentation | BHN
No. TUsed penetrate | (Kg) (] (d) (mm)
D) (mm) (Sec)
1 Mild 25 187.50 10 1.1 187.23
Steel sec
2 Mild 25 187.50 10 1.05 206.52
Steel sec
3 Mild 25 187.50 10 0.95 254.60
Steel sec
4 Mild 25 187.50 10 1 22876
Steel sec
5 Mild 25 187.50 10 1.1 187.23
Steel sec
5] Mild 25 187.50 10 0.95 25460
Steel sec
7 Mild 25 187.50 10 0.9 28485
Steel sec
8 Mild 25 187.50 10 1 22876
Steel sec
9 Mild 25 187.50 10 1.1 18723
Steel sec

Table 5 Experimental Values of Hard Faced Samples
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Calculations:

_ 187.5 _
1] BHN = 3927[25-(V625-121)] 187.23
2] BHN = 1975 = 206.52

3.927[2.5—-(V6.25-1.1025))|

3.3 MICRO-STRUCTURAL ANALYSIS:
Micro-Structure of the hard faced work samples was done.
It is clear from the structure that the normal sample shows
the uniform structure pattern of light Ferrite and dark
Paralyte before Hard Facing and has the grain size 4.5 and
Hard Faced samples shows the structure pattern of Temper
Marten site. The samples 2, 3, 4, 5, 6, 8 and 9 has the grain
size 6.5 and the grain size of 1st sample is 6 and the
sample 7 has the higher grain size value of 7. The Hard
faced micro-structures of the samples are shown below

Fig 3.8 Hard Faced Sample 8

Fig 3.4 Hard Faced Sample 4 Fig 3.9 Hard Faced Sample 9
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IV. RESULT & DISCUSSION

4.1 BEAD WIDTH:

Fig 4.1 shows the main effect plot for bead width in which
it shows the effects of parameter on bead width
individually. The optimum range of parameters which
effect on bead width are gas pressure at 300psi, welding
speed at 36mm/min and electrode speed at 500mm/min.

The plot shows that as the gas pressure increases the bead
width decreases gradually. The bead width is increases
from welding speed 33 to 36 and it decreases from 36 to
39, the welding speed effect is very less as compared to
Gas pressure and Electrode speed. And the bead width is
higher at electrode speed of 500mm/min and it gradually
decrease as decreasing the electrode speed and from the
responses it has concluded that the electrode speed is
affecting more on bead width followed by gas pressure
and welding speed.
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Fig 4.1 Main effects plot of Bead width

4.2 DEPTH OF PENETRATION:

Fig 4.2 shows the main effect plot for depth of penetration
in which it shows the effects of parameter on depth of
penetration individually. The optimum range of
parameters which effect on depth of penetration are gas
pressure at 340psi, welding speed at 39mm/min and
electrode speed at 500mm/min.

The plot shows that the depth of penetration at gas
pressure of 300psi to 340psi increases and from 340psi to
380psi decrease gradually. The depth of penetration is
decreases from welding speed 33mm/min to 36mm/min
partially and it gradually increases from 36mm/min to
39mm/min, the welding speed effect is very less as
compared to Gas pressure and Electrode speed. And the
depth of penetration is higher at electrode speed of
500mm/min and it gradually decrease as decreasing the
electrode speed. And from the responses it has concluded
that the electrode speed is affecting more on depth of
penetration followed by gas pressure and welding speed.
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Fig 4.2 Main effects plot of Depth of Penetration
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4.3 CHARPY TEST:

We can see that the sample before hard facing absorbs the
energy of 1.3 Kg-m and Hard Faced steel after analysis
which absorbs the energy of 4.6 Kg-m. The difference of
energy absorbed between the normal material before hard
facing and after hard facing (better value) material is 1.3 -
4.6 = 3.3 Kg-m. Hence we can say that the hard faced
material is 3.3 Kg-m more grounded than the normal
material at trial 3. In the results we can see that the
minimum energy absorbed after hard facing is 1.6 Kg-m at
the trial 7 and the maximum energy absorbed after hard
facing is 4.6 Kg-m at the trial 3.

4.4 BRINNEL HARDNESS TEST:

The hardness value of the specimen after hard facing
varied from 187.23 — 284.85 BHN. When we get the worth
for gentle normal mild steel we get the quality of hardness
is 170.39 BHN and we get after hard facing of the
specimens, the better value of hardness is 284.85 BHN at
trial 7. The difference between without hard faced material
and with hard faced material, the hardness value is 170.39
— 284.85 = 114.46 BHN. And, in the results we can
observe that the minimum hardness value 187.23 BHN at
the trials 1, 5 and 9. And the maximum hardness value
284.85 BHN at the trial 7 of the hard faced sample.

4.5 MICRO-STRUCTURAL ANALYSIS:

The normal sample shows the uniform structure pattern of
light Ferrite and dark Paralyte before Hard Facing which
has the grain size 4.5 and The Hard Faced samples shows
the structure pattern of Temper Marten site and The
samples 2, 3, 4, 5, 6, 8 and 9 has the grain size 6.5 and the
grain size of 1st sample is 6 and the sample 7 has the
higher grain size value of 7.

V. CONCLUSION
The experimentation and hard facing of specimen are
studied which shows the effect of factors on bead width,
hardness, depth of penetration and toughness. From
research the following conclusions are made as below
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Electrode speed is most effecting factor compared to
bead width and depth of penetration.

According to Charpy test, the Hard Faced specimen
absorbs more energy than that of the specimen before
hard facing.

According to the Brinell Hardness Test, the Hard
Faced material is 114 BHN harder than the normal
gentle steel.

According to Micro-Structural test, the specimen
before hard facing shows the uniform structure pattern
of light Ferrite and dark Paralyte. And after Hard
Facing the specimen shows the structure pattern of
Temper Marten site. And the trial 7 sample has the
greater grain size value 7.

The project is carried out studying the hardness,
toughness, wear characterization, as the basic aim of
hard facing is to maximise the life of various parts used
across the industry which needs high cost for
replacement of original part and in this project, it has
been concluded that we can progress the life of the
components by Hard Facing process.
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