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ABSTRACT- Weld hardfacing is mainly employed for . INTRODUCTION

improving wear, corrosion and heat resistant properties
under high pressure and high temperature condition. The
service life of the hardfaced component is increased by
achieving the desired surface hardness which is
identification to get the abrasive wear resistance. The
macrohardness is generally influenced by welding
process parameters such as welding current, welding
speed, powder feed rate, plasma gas flow rate and
oscillation frequency. Therefore, it is essential to develop
mathematical models for the selection of appropriate
welding process parameters that can predict the desired
weld macrohardness. This paper mainly focuses the
development of mathematical models using five factor,
five level factorial technique to predict macrohardness in
hardfaced gate valve. Analysis of variance was used to
check the adequacy of the developed models. Also the
empirical models developed were checked by conducting
confirmation experiments. The effects of welding
process parameters on the macrohardness are presented
as graphs.

KEYWORDS - Plasma Transferred Arc Surfacing
Process, Stellite 6, and Macrohardness.
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Weld hardfacing is a process of depositing a powder
material on the surface of carbon and low alloy steel base
metal in order to improve the wear resistance. Gate
Valve used in Qil and Natural Gas Corporation (ONGC)
Ltd. India, are subjected to heavy wear and tear, resulting
in reduced service life requiring frequent replacement.
The replacement could be either through the whole
material removal or coating the existing with superior
wear resistant material. Therefore an extension of service
life through coatings by a process called hardfacing [1],
has significant cost savings. The quality of hardfaced
gate valve is mainly influenced by macrohardness which
is the basic identification to find the abrasive wear
resistance of hardfaced overlay. It mainly depends on the
volume fraction of carbides present in hardfaced overlay
[2]. An increase in the volume fraction of carbides leads
to a corresponding increase in the macroscopic hardness
and for the wear resistance of the cobalt based alloy [3].
The macrohardness of the hardfaced overlay can be
achieved by controlling the important PTA process
parameters. Therefore, the main objective of this paper is
to develop mathematical models to study the main and
interaction effects of PTA process parameters on
macrohardness of hardfaced overlay.
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1. EXPERIMENTAL WORK

The low alloy steel gate valve (Fig. 1) of size 200
mm x 88 mm x 50 mm has 2 mm groove on either sides
on which Stellite 6 is deposited by PTAW hardfacing
process. The gate valve is preheated to 450°C for one
hour in an electric furnace before hardfacing alloy in
order to remove moisture, avoid cold crack, and
entrapped hydrogen as well as to minimize the residual
stress induced [4]. The available area for depositing
Stellite 6 on the rectangular side is 110 mm x 70 mm and
annular area having inner and outer radius of 21 mm and
35 mm respectively on the hole side. Initially, the first
linear bead was deposited for 110 mm length. At the end
of first bead, second bead was deposited with 20 %
overlap. Similar procedure was followed for depositing
the remaining two weave beads with same overlap. After
completing all four weave bead depositions on one side,
a similar procedure was repeated for the other side also
immediately. Fig. 2 shows a typical hardfaced gate valve
having four linear overlay beads only. After all linear
bead hardfacing, the gate valve was kept in an electric
furnace at 450°C for an hour before depositing Stellite 6
on the annular area in the hole side. After soaking for an
hour, the gate valve was taken from the electric furnace
and was hardfaced with Stellite 6 material to a width of
14 mm in the annular section with 10° overlap. Similar
procedure was repeated for other side. After linear and
circular weave bead hardfacing of gate valve, it was kept
in an electric furnace to post heat at 630°C for two hours
in order to prevent crack formation and to minimize
residual stresses and distortion. Table 1 shows the levels
of PTA process parameters used for depositing circular
bead hardfacing.

Figurel Gate Valve

After hardfacing the gate valve, the specimens of 10
mm thick were obtained by sectioned transversely using
a wire cut Electric Discharge Machine (EDM) to
examine circular overlay macrohardness. The samples
were ground to a thickness equivalent to about 10 to 20%
of the height of the reinforcement of hardfaced metal
from the top surface to provide a sufficient flat area for
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macrohardness measurement. The Rockwell hardness
testing machine was used to

Figure 2 Typical Hardfaced Gate Valve having
Linear and Circular Overlay
Beads

take macrohardness at five different points on the top
surface of specimen with a load of 150 kg and a loading
time of 5 seconds and averaged these values. The
estimated average macrohardness values of all the
specimens are presented in Table 2.

1. DEVELOPMENT OF
MATHEMATICAL MODELS

The regression equation in coded form to predict the
macrohardness of the weld metal is given in equation (1).

Macrohardness, HRC = 39.544 — 0.579l,, + 1.271S,, +
0.787F, — 0.321G, — 0.063H, — 0.0571, + 0.143S,” +
0.031F,” + 0.068G,” — 0.094H,” - 0.0061,,S,, — 0.094l,,F,
+ 0.1311,G, + 0.1061,H, — 0.319S,F, + 0.031S,G, —
0.0948,,H, — 0.056F,G,, — 0.006F ,H, — 0.006G,H,

€]

Insignificant coefficients were eliminated and the
final model was constructed using only those significant
coefficients. The models thus obtained are given in
coded form in equation (2).

Macrohardness, HRC = 39.503 — 0.579l,, + 1.271S,, +
0.787F,—0.321G, + 0.147S,” - 0.319S,,F, 2

The above model in natural form is given in equation
@).

Macrohardness, HRC =26.247 — 0.075l,, + 0.072S,, +
0.782F, - 0.642G, + 0.001S,” — 0.002S,,F, 3)

The R-Sq, adjusted R-Sq and SE of the developed
model were estimated and presented in Table 3. From the
table, it is evident that the regression model is quite
accurate [5]. The adequacy of the model developed was
also tested by using the ANOVA (Table 4). It can be
observed that the calculated values of ‘F-ratio’ are
greater than the tabulated value at 95% confidence level,
and hence the models are adequate.
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The validity of the model is further tested by drawing
scatter diagram as shown in Figure 3. The observed
values and predicted values of the model are scattered
close to 45° line, indicating an almost perfect fit of the
developed empirical models.
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Figure 3 Scatter Diagram for Macrohardness Model

Experiments were conducted to verify the developed
regression equations. Two conformity trial runs were
made using different values of the process parameters
other than those used in the design matrix. Experimental
values of macrohardness were compared with the
predicted values of the macrohardness from the model
represented in Table 5, and it is observed that the error in
the predicted model is £ 1% at 95% confidence level.

IV. RESULTS AND DISCUSSION

A. Effects of PTA Process Parameters on
Macrohardness of Circular Hardfaced Overlay

Figure 4 shows the direct effects of PTA
process parameters on macrohardness of the hardfaced
overlay. It is evident from figure that macrohardness
decreases with increase in welding
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Figure 4 Effects of PTA Process Parameters on
Macrohardness of Circular Hardfaced Overlay

current and plasma gas flow rate. This is due to increase
in heat input with increase in welding current and plasma
gas flow rate resulting in higher dilution. Macrohardness
increases with increase in welding speed and powder
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feed rate which may be attributed to the reduction in heat
input causing lesser dilution. Macrohardness is not
significantly affected by oscillation frequency.

V. CONCLUSION

The experiments were conducted to develop the
mathematical models to study the effects of the process
parameters on macrohardness for stellite-6 hardfaced
gate valve. The following conclusions derived from the
above investigation are:

e  The welding speed and powder feed rate had
positive effect on the macrohardness of the
hardfaced overlay.

e  The welding current and plasma gas flow rate had
negative effect on the macrohardness of the
hardfaced overlay.

e  The oscillation frequency appears to have no
insignificant influence on the macrohardness of the
hardfaced overlay.
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Table 1. PTAW Process Parameters for Circular Bead Hardfacing

. Notatio Factor Levels

Parameter Unit 0 > X} 0 1 >
Welding current Amps Iy 150. | 160. | 170.0 | 180.0 | 190.

Welding speed mm/min Sw 0 0 200.0 | 225.0 0
Powder feed rate g/min Fo 150. | 175. | 30.0 | 35.0 | 250.

Plasma gas flow I/min Gp 0 0 35 4.0 0
rate cycles/mi H, 20.0 | 25.0 | 39.0 | 41.0 | 400
Oscillation n 2.5 3.0 45
frequency 35.0 | 37.0 43.0

Table 2. Design Matrix and Estimated Average Macrohardness

Trial Design Matrix Average
Macrohardness,
No.
lw | Sw | Fp | Gy | Ho HRC
1 o N T T s A I 38.5
2 41| -1(-1]-1]-1 37.0
3 |41 11 -1 41.8
4 +1 | +1|-1|-1]+1 40.2
5 o T T I A A I 41.0
6 +1 | -1 | +1] -1 ]| +1 39.4
7 e O I O O A B 42.5
8 +1 | +1 | +1 | -1 -1 41.0
9 o T T B A I 37.7
10 (41| -1 | -1 | +1 ]| +1 37.0
11 1|+l -1 | 41|+ 40.6
12 | +1 | +1 | -1 (+1| -1 40.0
13 o R I N S R 5 R R 39.8
14 | +1 | -1 |+1|+1| -1 38.5
15 141 +1 |41 -1 42.0
16 | +1 | +1 | +1 | +1 | +1 40.5
17 |2 0] 0|00 39.8
18 ([+2| 0| 0 | 0 | O 38.0
19 0|-2]0|0/|0 37.0
20 0O|+2] 0| 0|0 42.4
21 0|0 |-2|]0/|0 375
22 0|0 (+2]| 0|0 41.0
23 0O/ 0]0]|-2|0 40.0
24 0Ol 0|]0|+2| 0 38.8
25 0| 0|0]|0]-2 39.0
26 0| 0| 0|0 ]|+2 38.5
27 oOo|/0|]0]|0]|O 39.0
28 oOo|/0|]0]|0]|O 40.3
29 oOo|/0|]0]|0]|O 40.5
30 oOo|/0|]0]|0]|O 39.5
31 oOo|/0|]0]|0]|O 39.0
32 oOo|/0]|]O0]|0]|O 39.8
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Table 3. Values of R-Sq, Adj. R-Sq and SE of the Developed Model for Macrohardness

Full Model Reduced Model
Response Adj. Adj.
R-sq R-sq SE | R-sq R-sq SE
Macrohardn | 0.93 0.807 0.67 | 0.91 | 0.89 0.508
€ess 1 4 1 0

Table 4 ANOVA for Checking the Adequacy of the Model for Macrohardness

Degree F-Ratio
Sum of Means P-
Source | s uares of square | Estimated | Tabulated | value Adequacy
q freedom | S0 stimate abulate
Regression | 66.436 6 11.073
Residual 6.450 | 25 0258 | 12857 249 | 0.000 | Adequate
Table 5 Results of Confirmity Experiments for Macrohardness
Macrohardness 0
S Process Parameters ; &
: Measure | Predicte | Error
No d d
lw | Sw | F, | Gy | Ho HRC HRC HRC
1 % 0 110 0 39.8 40.0 -0.50
2 L i L 1|15 38.7 39.0 -0.65
5108 |5 ' ' ' '
Average | - 0.575
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