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ABSTRACT

Rapid mixing is an operation by which the coagulant is rapidly and uniformly dispersed throughout the
volume of water and creates a more or less homogeneous system. Hence, attempts were made to improve
the mixing process. Two kinds of devices viz., a circular disc and cross vanes were used as aids to free jets, to
inject coagulants into the mixing chamber. The study had indicated that there is no significant improvement
in the mixing process.

Keywords: Rapid mixing, hydraulic behaviour, detention time, mixed flow, and dead space

1. Introduction

In many water and wastewater treatment processes, mixing is required to blend one substance uniformly
with another. Depending on the objective of the unit process and physical set-up mixing of liquids can be
accomplished by a number of methods. In rapid mixing, chemical additives must be blended with
receiving stream to form a homogenized mixture. This process differs significantly in purpose and
criteria from the subsequent stirring process or flocculation, which is accomplished over a longer period.
A combination of mixing and agitation that produces aggregation is called 'flocculation’, even though

more specific terms such as coagulation and flocculation are commonly used.

The primary function of rapid mixing is to instantly and uniformly disperse chemicals in the total
volume of water. A rapid mixing device should be simple, practical, and relatively inexpensive and

should not create appreciable head losses.
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Designers traditionally select residence times for characterization of rapid mixing, flocculation, and the
settling basins. They reflect the provision of appropriate volumes for achieving the related functions.
The selections of residence time may be based on experience gained from jar tests conducted at the plant
site. The important factors influencing the residence time are the dead space, plug flow, and the mixed

flow.

2. Objectives of the study

In a rapid mixing chamber one would wish to get as high a value as possible for the mixed flow.
Therefore, it was felt that this could perhaps be improved by suitably changing the inlet conditions into
the chamber. Hence, it was decided to study the hydraulic behaviour of the tanks to assess the increase in
the percentage of mixed flow with the two simple devices shown in Fig.1 and Fig.2. The description of

these devices is given below:

1) cross vanes of 75 mm x 25 mm long with nominal thickness : these vanes were installed in the influent
pipe leading to the rapid mixing chamber. This was to generate more shear in the jet for ensuring better
entrainment and mixing. The vanes were kept 50 mm (twice the nozzle diameter) ahead of the jet inlet

into the rapid mixing chamber.

"
|

25mm

FIG.1 DETAILS OF CROSS VANES

i) a circular disc of 75 mm diameter : this was kept to act as a jet deflector at a distance of about half of the
nozzle diameter (12.5 mm) from the jet outlet. The diameter of the disc was three times the nozzle
diamter. On conducting some initial runs it was observed that the zone just behind the circular disc was
not taking part in the mixing process. Hence, to overcome this problem a concentric opening having a
diameter slightly less than the jet diameter (keeping in view of the practical limitations) was made in the

circular disc.
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FIG.2 DETAILS OF A JET DEFLECTOR

The aim of the present investigation was to examine the hydraulic behaviour of proposed devices to aid
the rapid mixing. Therefore, it is essential to see that there is least physical restriction to the flow stream.

Moreover, it should be convenient to handle for operation and maintenance purposes.

A free jet for mixing purposes plays a dual role. It inserts a relatively small quantity of the fluid to be
mixed, and also acts as a mixer. This stirring action by jet results in an increase in the homogeneity of the
fluid. Rapid mixing through free jets does not involve any kind of mechanical components. Hence, the
system is free from all the troubles associated with mechanical equipments. Therefore, the maintenance

cost of these systems could be negligible.

In rapid mixing, the intensity of mixing is dependent upon the mean velocity gradient G. This is defined
as the rate of change of velocity per unit distance normal to a section (Camp and Stein, 1943).

Mathematically it is expressed as,

1/2
G - (i] 1)
pv

G =mean velocity gradient, P=total inputpower, u=absolute viscosity of water

V =volume of water to which power is applied
3. Description of experimental set-up

Complete details of the experimental set-up are shown in Fig.3 and Fig.4. The mixing chamber was

fabricated out of acrylic sheets for viewing purposes. Raw water stored in a tank was pumped to the
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mixing chamber with the help of a pump. The required flow rate was obtained by adjusting the valve 1,
while the surplus water was diverted back to the raw water tank through valve 2. The inlet to the mixing
chamber was a submerged jet emanating from the influent pipe. The outlet was a suppressed sharp
crested weir whose crest level could be adjusted. The rate of flow entering the mixing chamber was

measured volumetrically in a collecting tank.

To obtain the total energy on the up-stream side of the mixing chamber, pressure tappings were provided
on the pipe leading to the chamber. To know the head over the outflow weir a pressure tapping was
provided in one of the adjoining sidewalls of the chamber. All pressure head measurements were made

with reference to the centre line of the influent pipe to the mixing chamber.

The jet size selected was 25 mm in diameter and velocity of the efflux section varied from 3 to 4.5 m/s.
The flow rates corresponding to the detention times of 40, 50, 60, and 90 seconds were 2.21, 1.767,
1.473, and 0.9817 lps respectively. The plan shapes of the mixing chamber chosen for the present
investigation were square, circular, triangular (equilateral), and pentagon for the same plan area of

1963.5 sq. cm., and a liquid depth 0450 mm.

It has been recommended that in case of tanks provided for the sole purpose of mixing the liquid level in
the tank should be less than 1.25 times the diameter of the tank. Otherwise it may require either multiple
impellers or excessive power for proper mixing (Holland and Chapman, 1966). According to
Maruyama (1986), for mixing by a horizontal jet the optimum depth of submergence of the nozzle is
three quarters of liquid depth, when the depth is equal to the tank diameter. When liquid depth is smaller
than the tank diameter, the nozzle should be located at mid depth. For horizontal position of the nozzle

the mixing time was less than that obtained by tilting the nozzle at different angles of inclinations.

In the present study the liquid level in the tank was kept less than the diameter (or the length of the
sidewall as the case may be) of the tank. Hence, the jet was injected at 50% of liquid depth.

4. Tracer studies

Tracer studies are conducted to mixing, flocculation, sedimentation or other processes in which

residence time needs to be evaluated or controlled. There are two ways of applying tracer substances to

obtain residence times in treatment plants. They are pulse / slug dosage and step dosage.
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FIG 3 - LAYOUT OF THE EXPERIMENTAL SET-UP
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FIG 4 - DETAILS OF A JET FLOCCULATOR

In the present investigation, sodium chloride was used as a tracer to know the residence time
distribution. Tracer solution was injected into the chamber through a vertical seamless stainless steel
tube of 3 mm diameter just after the jet exit from the nozzle. In another arrangement, the tracer solution
was injected into the influent pipe line as a co-current axial jet just before the main jet enters the rapid
mixing chamber. The degree of mixing was observed to be the same in both these cases. The former
arrangement is superior to the latter one from the maintenance point of view. However, in the present
study the latter arrangement was used for the convenience of experimentation. Tracer studies were

conducted in the selected plan shapes to examine the efficacy of proposed devices for rapid mixing.

After the injection of salt solution, its concentration near the outlet of the chamber was determined
initially for every 10 seconds and subsequently at every 15 seconds intervals after the injection of tracer
solution. The sampling was continued till the tracer disappeared from the collected samples. The sodium
concentration in the samples was measured with the help of a digital conductivity meter. Experiments

were repeated three times to examine the repeatability of the tank behaviour.
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Tracer studies were conducted to observe the hydraulic behaviour of the above two devices in different
plan geometries. A typical flow-through curve is shown in Fig.5. The dimensionless exit age distribution
function (E) is plotted against the reduced time (). From Fig.5 it is clear that, both the devices have
showed almost the same kind of hydraulic behaviour. A material balance check was carried out to verify
the recovery of the tracer material added. In the present investigation this error ranged between +1.5%

and +4.5%. This error could be because of experimentation.

1.00 3

++++% CROSS VANES
ik aaass CIRCULAR DISC
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0.25
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FIG.5 TRACER TEST RESULTS IN A SQUARE TANK

The important residence time characteristics viz., plug flow, mixed flow, and dead space were

determined making use of the procedure given below (Rebhun and Argaman, 1965):

B 1 t
1-F(t) = exp- [m]{T p(l m)] @)

F(t)=fraction of the applied dosage measured in samples at basin outlet, for each value of time t
T =detentiontime =V/Q

Q=rate offlow

p =fraction of active flow volume acting as plug flow

1-p=fraction of active flow volume acting as mixed flow

m = fraction of total basin volume that is dead space

1-m = fraction of total basin volume that is effective

Correspondingly, 1- F(t) represents the fractional part remaining longer than t. The degree of mixing
was evaluated from the percentage of mixed flow. Residence time distribution of the tracer material with

the proposed devices in a square tank is shown in Fig.6. The results of present study could not be
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compared with any other data because no information is available on the hydraulic behaviour of tanks
for rapid mixing. The important residence time characteristics and other flow parameters are given in
Tablel. It is seen that the degree of mixing is almost the same regardless of the plan shape of the reactor

for both the devices.
5. Results and Discussion

A higher value of mixed flow indicates that there is more uniform mixing of fluid, which is required in
rapid mixing. In a chamber containing dead pockets the tracer may diffuse into these regions during the
early stages of the run and might ooze out slowly in the latter stages. Hence, the time-concentration
curve recession limb may become unduly elongated in the form of the long tail. This might also result in

the shift of mean residence time about the centroid of the flow-through curve.

w < -
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- - =]
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ez
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RESIDENCE TIME RATIO, t/T

FIG.6 RESIDENCE TIME DISTRIBUTION IN A SQUARE TANK
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Table 1. Results of tracer studies

Cross vanes Circular disc

Deseription D'etention Plug flow | Mixed flow | Dead space |Plug flow| Mixed ;Zi(i

time ('s) (%) (%) (7o) (%) | flow (%) %)
Square 31.96 68.04 23.42 29.00 | 71.00 | 26.62
Circular 27.80 72.20 18.21 31.35 | 68.65 | 26.00
Triangular (e) 40 31.06 68.94 25.05 29.33 | 70.67 | 26.28
Pentagon 30.87 69.13 26.52 30.71 69.29 | 2543
Square 25.75 74.25 15.79 22.04 | 77.96 18.12
Circular 29.00 71.00 18.66 2648 | 73.52 17.31
Triangular (e) 50 29.38 70.62 21.91 28.09 | 7191 15.46
Pentagon 24.56 75.44 17.69 23.48 | 76.52 19.42
Square 27.61 72.39 22.02 20.00 | 80.00 | 15.88
Circular 20.08 79.92 20.13 28.52 | 71.48 14.95
Triangular (e) 60 26.38 73.62 17.43 26.23 | 73.77 | 19.36
Pentagon 23.14 76.86 26.56 2291 77.09 | 29.59
Square 26.6 73.4 34.33 26.80 | 73.20 | 32.38
Circular 29.87 70.13 28.80 22.19 | 77.81 | 2745
Triangular (e) 90 29.64 70.36 29.04 29.64 | 70.36 | 29.04
Pentagon 25.69 74.31 36.89 2476 | 75.24 | 37.68

From the Fig.6 it is evident that, the data can be best fitted in the range of t/T = 0 and 2. After t/T =2 the
best fit becomes curvilinear. This shift in the slope of the line could be because of the above mentioned
phenomenon i.e., the slow release of the tracer material from the dead zones present in the chamber
resulting in the longer recession limb of the flow-through curve. Almost the same trend was observed in

all the experiments of the present investigation.

The percentage of mixed flow values lied in the range of 72 to 82 for various plan shapes in the selected
detention times (Suresh Kumar, 1997). From the results of Table 1 it is evident that, for both the cross
vanes and a circular disc the percentages of mixed flow ranged between 68 and 80. Further, they have
increased the dead space fraction considerably (10 to 20%). In a rapid mixer a high percentage of dead
space would lead to less effective utilization of coagulant and this will be reflected in the flocculator with
a poor efficiency in the removal of suspended solids. Hence, a nozzle without any contraction is more

effective from both hydraulic and maintenance point of view.
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6. Conclusions

From the results of tracer studies it was observed that, the cross vanes and the circular disc have
indicated almost same kind of hydraulic behaviour for the selected plan geometries. Further, these
devices have increased the dead zones significantly (10 to 20%) in different plan geometries. Therefore,
a jet without any contraction is simpler in arrangement and superior in performance over the proposed

devices.
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ABSTRACT

A few areas of watershed are responsible for the high amount of water discharge and sediment flow.

Providing the water conservation structures in these areas will be helpful in maintaining the desired flow
requirement by reducing the total water and sediment yield. In this study, Jonk River, a tributary of
Mahanadi basin has been selected to assess the impact of conservation structures. The outlet of Jonk River
is located near Rampur in Chhattisgarh. Total area of the watershed is computed as 3424 km’. Soil And
Water Assessment Tool (SWAT) has been used to calculate the discharge and sediment flow on daily and
monthly basis for the year of 2001 considering two case scenarios i.e. with and without ponds as

conservation structure. For both the cases, the SWAT model has been setup with the observed precipitation

and other global weather database available at SWAT website.

The simulated discharge and sediment flow data (Case-1) has been compared with the observed data and
the correlation coefficient is found to be 0.84 & 0.77 respectively. The annual discharge and sediment flow
value in “with pond scenario” has been detected to be reduced by 69.27 % and 64.10 % respectively when
compared to “without pond scenario”. The results observed in the present work can be used for site
suitability analysis of soil and water conservation structures in the areas those are prone to soil erosion and
floods. The study also reveals that the SWAT model can be use efficiently for the selection and application of
best management practices (BMP).

Keywords: Watershed, SWAT, sediment flow, Discharge

Introduction

Water is an essential element for survival of living things. It is vital factor for economic development
and increasing growth of agriculture and industry. To deal with water management issues, one must
analyze and quantify the different elements of hydrologic processes taking place within the area of

interests. A watershed is comprised of land areas and channels and may have lakes, ponds or other water
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flow of water on land areas occurs not only over the surface but also below it in the unsaturated zone and
further below in the saturated zone[1]. The development over remote sensing (RS) techniques and
Geographic Information System (GIS) capabilities has improved the expanded use of watershed
models worldwide. GIS is a suitable tool for the efficient management of large and complex database
and to provide a digital representation of watershed characteristics used in hydrological modeling. It has
improved the efficiency of modelling process and ultimately increased the estimation capabilities of
hydrological modeling [2]. Hydrological models such as MIKE-SHE, TOPMODEL, HEC-HMS,
VIC, IHDM, WATFLOOD and SWAT, are capable of simulating spatio-temporal variations in
hydrological processes. Many previous studies have demonstrated the ability of SWAT in detecting the
impacts of landuse and climate change on hydrological components in different areas [3], [4], [5], [6],
[7]. SWAT model is physically based, efficient and capable of continuous simulation for a long period.
Therefore, SWAT model has been chosen to simulate or estimate the changes in runoff and sediment

yield overdaily, monthlyand annual time scales.

In the present study SWAT Model is used to assess the impact of small water conservation structures
over discharge and sediment yield. Jonk watershed, which is a part of Mahanadi basin has been selected
as study area. The model has been run for two case scenarios i.e. watershed with pond as conservation
structures and watershed without ponds or any conervation structure. The study has been carried out for

the year 2001. However more emphasis was given to the monsoon season.

Study Area

The Jonk watershed is selected as study area which lies between geographic latitude 20° 28'to 21°44' N
and longitudes 82°20' to 83° 00' E. The river Jonk originates from Nuapada district of Orissa at an
elevation of 700 m from MSL (Fig. 1). It merges with Seorinarayan, upstream of Hirakud Dam after

travelling the distance of 182 km having a drainage area of 3424 km’.

The climate of the area is characterized by hot summer except during southwestern monsoon. The
watershed receives about 90% of the rainfall during monsoon which is active from middle of June to the
end of the September. Normal maximum temperature is 43° C and minimum temperature is 10° C
(CWC). Geologically, the watershed consists of gneiss rock formation. The sub-basin comprises of

alluvial formation of various thickness.
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Fig 1. Jonk Watershed

Material & Methods
SWAT is semi-distributed, partially physically based, data driven model and requires several types of

data such as rainfall, temperature, land use, soil, wind velocity, etc. [9]. Data has been collected from

various sources and the post-processing have been carried out on the datasets as mentioned below.

(i) Land use database:

The land use map has been derived from the FCC image of Landsat 8 using maximum likelihood

method under supervised classification. The image was re-projected using ArcGIS software.

(ii) Soil database:

Soil dataset has been downloaded from FAO (1981) website [8]. The necessary input information
required by the SWAT model was extracted from the same database for each soil type, namely soil

texture, Hydrological Soil Group (HSG).
(iii) Weather database:
SWAT requires daily values for precipitation, maximum and minimum temperature, solar radiation,

relative humidity and wind speed for modeling of various physical processes, soil and rainfall being the

most important. Daily meteorological data was collected from Indian Meteorological Department.
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(iv) SWAT project:

Firstly, ASTER dem (resolution: 30m) was converted from geographic coordinate system to projected
coordinate system (UTM, datum: WGS84). After this, it has been imported to SWAT project to start
watershed delineation. After importing to SWAT project, stream are defined based on the drainage area
threshold. The outlet for the whole watershed has been defined near Rampur and watershed delineation
has been done. After delineation, sub basin parameters are calculated with locating the positions of the
reservoirs. For each sub basin land use data and soil data are defined. As the runoff depends on the actual
hydrologic conditions of each land cover and soil present in the watershed, therefore impact of each
landuse is considered. HRU is defined as 20% for landuse, slope and soil class for each sub basin. One of
the main sets of input for simulating the watershed in SWAT is climate data. Climate inputs consist of
precipitation, maximum and minimum temperature, solar radiation, wind speed and relative humidity.
The daily precipitation records of 2001 were used which were analyzed to develop the climate-input

files required for the model.

After addition of all the above data, the SWAT model is set up and run on the basis of daily and monthly

simulation. Whole process of the above method is explained in the flow chart below.

In this case study, the main emphasis is to detect the reduction of discharge and sediment flow in the Jonk
watershed by addition of ponds as water conservation structures. In SWAT, runoff volume is estimated
from daily rainfall using the modified SCS-CN (Curve Number Method, Eq. 1) and Green-Ampt
methods. The SCS-CN equation is:

(Raay~Ia)*
= ——— 1
Where, Q
commonly taken as (0.2*S), S is the retention parameter which is given as S =(25400/CN) - 254

is accumulated runoff, R, is rainfall depth for the day, I, ia the initial abstractions

surf

The discharge is calculated with the help of rational formula which is written as:

CeixA
Qpeak = 54 (2)

Where, Q,,1s the peak runoff rate (m?/s), i is the rainfall intensity (mm/hr.), C is the runoff coefficient, A

is area of the subbasin area (km’) and 3.6 is the unit conversion factor.
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Similarly, the sediment flow is obtained from the modified universal soil loss equation (MUSLE) which

is givenas:

Sed = 11.8 * (Qsuf * Qpeak * Areapy )¢ * Kuste * LSuste * Custe * Puste * CFRG  (3)

Where, Sed is the sediment yield on given day (metric tons), Q_, is the surface runoff volume (mm/ha),

Q, . 18 the peak runoff rate (m’/s), Area,, is area of HRU (ha), K, .is the USLE soil erodibility factor,

LS, 1s the USLE topographic factor, C, . is USLE cover and management factor, P, . is USLE land

practice factor, CFRG is coarse fragmentation factor.

The methodology followed for the study is given is Fig. 2.
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Figure 2. Methology Flow Chart

Figure 3, 4, 5 & 6 shows the drainage network map, landuse/landcover, HRU and slope map of the

watershed.
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Results

A physically based SWAT model has been used for assessment of the impact of small water
conservation structures on hydrology of a watershed and the results obtained are quite satisfactory.

Here, the results are shown for the period of July to October i.e. only for monsoon season.

Fig. 7 and Fig. 8 shows the maximum daily discharge and sediment flow in jonk watershed is found to be
2.97 cumecs and 1.937x10” t/ha/yr respectively for the year 2001 when there was no pond as water
conservation structures and the same is reduced to 1.984 cumecs and 0.29x10’t/ha/yr. due to presence of
pond . The maximum monthly discharge and sediment flow is also observed to be decreased from 2.13
cumecs to 1.25 cumecs and 5.05x10’ to 1.22x10’ t/ha/yr respectively, due to addition of pond as water
conservation structures as shown in fig. 5. The comparison of different parameters with the both case

scenarios is shown as the table below
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Figure 7. Simulated Discharge for Case-I and Case-I1

Journal of Industrial and Mechanical Engineering (Volume-09, Issue - 2 May-August 2025) Page No 15



——pond_sed

Daily Sediment flow
——no_pond_sed

= a
Ln (=] Ln

ey

=]
n

Sediment flow(10%)

=

{

[=]

%
o,

2,
%
o

7,
%

A A o ] 3 +d o e N 1 o X o

] k) Ly B DT B S RN 2 b R & R

W R R R R R o o oF
Date

-2:_‘/_
e
o
5
-

Fig. 8. Simulated Sediment Flow (t/ha/yr) in both scenarios

Annual water balance components are shown in Table 1. In the table, it is clear that seepage
increases with the effect of ponds or small water conservation structures, hence deep aquifer

recharge is increased.

Table 1. SWAT model Standard Output Parameters

Without pond With pond
FRECIF= TE2.7 MM FRECIF= 7887 MM
LATERALSOILO = 23.31MM LATERALSOILQ = 30.84 MM
GROUNDWATER [SHAL AQ} Q= 0.00 MM GROUNDWATER [SHAL AQ) Q.= 0.18 MM
GROUNDWATER [DEEP AQ) Q= 0.22 MM GROUNDWATER [DEEP AQ) Q = 0.88 MM
DEEFAQ RECHARGE= Q32 MM DEEP AQ RECHARGE= 1.5 MM
TOTAL AQ RECHARGE = 7.58 MM TOTAL AQRECHARGE = 3125 MM
TOTAL WATERYLD= 106.72 MM TOTAL WATER YLD = 130.25 MM
PERCOLATION OUT OF SOIL = 7.85 MM PERCOLATION OUTOFSOIL= 32.35 MM
TOTAL SEDIMENT LOADING = 1455 T/HA TOTALSEDIMENT LOADING = 1.453T/HA

Discussions

SWAT model was calibrated for the Jonk watershed, with reasonable accuracy for monthly and daily
discharge processes for one year. The study shows that the SWAT model is reliable for estimation of
discharge and sediment flow. SWAT tool is compatible for watershed analysis and water management
practices. The reduction in monthly discharge due to addition of water pond as water conservation
structure is found to be 41 - 89 %. The reduction in monthly sediment flow due to addition of water pond

as water conservation structure is found to be 32 - 88 %. Due to addition of the water conservation
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structures, the flow of sediment is reduced which results in less soil erosion and also the capacity of
reservoir will increase. Deposit of sediments will increase the percolation of the water in the ground
results increase in ground water recharge. The reduction in discharge of water due to pond construction
will be helpful during non-rainy days. The results observed in the present work can be used for site
suitability analysis of soil and water conservation structures in the areas which are prone to soil erosion

and floods.

Conclusion

The annual mean reduction of the discharge due to water conservation structures such as pond is found
to be 69.27 % while mean reduction in sediment flow due to construction of pond is found to be 64.10 %.
From the above study, it can be concluded that construction of small water conservation structures may
be very helpful in controlling the discharge which can cause floods and controlling the sediment flow

which causes the sedimentation of the reservoirs.
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ABSTRACT

Centrifugally cast high Cr steels are widely used in petroleum and chemical industries as reformer tubes. In
this paper, creep behavior of HP40Nb microalloyed tube steel has been examined at temperatures in the
range of 1073 K — 1173 K at different stress levels. The creep deformation behavior follows the Dorn law
equation. The constitutive creep equation was obtained using the data obtained from the accelerated creep
tests. Following the Orr-Sherby-Dorn parametric technique, the creep life of the material at a service

temperature of 1273 Kwas 10.7 years at a stress of 10 MPa.

Key Words: HP40Nb steel, Creep, Activation energy, Orr-Sherby-Dorn parameter, Creep life.

Introduction

HP40Nb microalloyed steel is used as reformer furnace tubes in chemical and petroleum industries for
continuous production of hydrogen gas by catalytic reaction of hydrocarbons and steam [1-2]. The
operating temperature of these tubes are generally in the range from 1073 K to 1273 K with an expected
design life 10° h. Degradation of the microstructure resulting from the prolonged service exposure at
high temperature and stress, many a times, results in premature failure of the tubes. This leads to forced
shutdown of the plant and severe economic loss for the industry. A clear understanding of the creep

behavior of the steel is required for a proper design of the components for the intended service life.

Material behavior during creep deformation is often complicated. Correlation between the applied

stress(o), test temperature (7) and minimum creep rate g, are often expressed by

m>
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constitutiveequations [3]. A number of different creep constitutive relationships have been proposed for
modeling creep deformation behavior of metals and alloys [4]. Among the various constitutive

equations, the widely accepted relationship is Dorn law [5] expressed as:

e, —Aexp o exp — L (1)

whereA and S are constants, o is applied stress in MPa, Q is the activation energy for creep in J/mol, R is
gas constant (= 8.314J/ K-mol) and 7'is the absolute temperature in Kelvin. The constitutive parameters

i.e. A, p and Q is determined from the creep test data.

Padilha et al. [6] studied the effect of precipitation behavior of 316L(N) stainless steel during creep test.
Latha et al. [7] compared the creep properties of alloy D9 and 316 stainless steel in which alloy D9
exhibited higher creep rupture strength than 316L steel. The time independent plasticity and creep
behavior of 316 stainless steel at 823 K was investigated by Hayhurst et al. [8] and the constitutive
equation for creep deformation was obtained. Tahami et al. [9] compared creep behavior of cold
drawn304L stainless steel using two different constitutive equations. Sawada et al. [10] predicted long
term creep curve and proposed constitutive equations for various stainless steels. Damage
characterization of HP40ND steels after 10 years of service exposure at 1223 K was reported by Alvino
etal. [11]. To the best of our knowledge, study related to creep behavior of the microalloyed HP40Nb

reformer steel based on constitutive equation have not been reported.

Various creep rupture parametric techniques have been developed to predict the long-term creep life of
high temperature components. These are mainly by Orr-Sherby-Dorn parameter [12], Larson-Miller
parameter [13], Manson-Haferd parameter [14], Manson-Succop parameter [15] etc. Among these,

Orr-Sherby-Dorn parametric (P, ,) technique is an accepted model and is expressed as:

Q
Po_s—p =logioty = 55 (2)

where 7, is the rupture time in hours.

The present work is aimed at investigating the creep behavior and predicting the creep life of HP40Nb
microalloyed steel by P, ¢ , technique. Accelerated creep tests were carried out for various combinations
of temperature and stresses. The data obtained from these experiments was used to develop the

constitutive equations for creep deformation behavior.
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2. Material and methodology

Material and specimen preparation

Material used for investigation was centrifugally cast reformer tube. The inside diameter and thickness
of the tube are 106 mm and 15.3 mm, respectively. The chemical composition of the steel analyzed by
optical emission spectrometer is shown in Table 1. Flat tensile creep specimens of 25 mm gauge length,

6.5 mm width and 3 mm, were machined by wire-cut electric discharge machining. The axis of the

specimen was kept parallel to the longitudinal axis of the reformer tube.

Table 1. Chemical composition of the steel in wt. %.

C Si Mo Cr Ni Nb Ti Fe
0.4 1.3 0.037 23.6 34.9 0.8 0.037 | Balance

2.2 Creep test

Nine tensile creep tests were carried out at various combinations of stresses (47 MPa, 68 MPa and 80
MPa) and temperatures (1073 K, 1123 K, and 1173 K). The specimen was heated to the test temperature
by an impedance heater. The temperature of the specimen was measured by an Infrared pyrometer and
controlled within an accuracy of = 3 K till failure of the sample. A high definition video camera was used
for on-line recording of the specimen gauge length extension during the creep test. The digital frames
extracted from the video recording were used to determine the time dependent creep strain by
imageanalysis technique. The minimum creep rate ¢, for various combinations of temperatures and

stresses were determined from the creep curve.

3. Resultsand discussion

Minimum creep strain rate

Fig. 1(a) and (b) show the semi-logarithmic plots of ¢, vs. temperature and g, vs. stress, respectively.
The figures show that the value of ¢, increases with the increase in temperature and/or stress. In both the
figures (Fig. 1(a) and (b)), the lines are the best least squares fit to the data points. From the figures, it can
be seen that a linear relationship exists between the logarithm of ¢,and temperature or applied stress. The
maximum and minimum &, values are 5.05 x 10" s and 6.25 x 10" s" at 80 MPa/1173 K and 47

MPa/1073 K, respectively.

Journal of Industrial and Mechanical Engineering (Volume-09, Issue - 2 May-August 2025) Page No 20



Rupture time

Fig. 2(a) and (b) show semi-logarithmic plots of creep rupture time t, vs. test temperature and applied
stress, respectively. The figures reveal that the rupture time of the steel increase with decrease in
temperature and/or stress. The lines in Fig. 2(a) and (b), represents the best least squares fit to the data
points. The maximum and minimum rupture times are 441728 s and 197 s at 47 MPa/1073 K and 80
MPa/1173 K, respectively.
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Fig 1. Plot of minimum creep ratevs. (a) temperature and (b) stress.

Constitutive equation

The values of ¢, obtained from creep curves were used to determine the constitutive parameters
viz.constants 4 and S, and activation energy for creep O, of Eq. 1. The constitutive parameters
were determined by the least squares by minimizing the functional error e,, between the experimental

and predicted values of ¢,,. The error e, was defined by
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¢
e; = In(e, )_lLlA—ﬁJ‘FE (3)

where i is the number of observations. The three unknown parameters, 4, B and Q of Eq. 1 was
determined by minimizing the error. The values obtained for 4, B and Q by the optimization technique

is1.05x10"s",0.52 and 468.5 kJ/mol, respectively.
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Fig 2. Variation of the rupture time with (a) temperature and (b) stress. Substituting these values in
Eq.1, the constitutive equation for creep deformation within the domain of experimental conditions

is expressed as:

468500

g, =105 % 107 exp 0520 exp 4)

RT

The reported value of activation energy for lattice diffusion in austenitic steel is 270 kJ/mol [16]. In the
present investigation, the activation energy for creep is found to be 468.5 kJ/mol. Higher activation
energy obtained for the present material is due to the presence of carbides particles in the matrix which

impedes the dislocation motion during the creep deformation.
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The predicted minimum creep rate &, for combination of stresses and temperatures were determined
using Eq. 4. Comparison of minimum creep rate obtained from the experiment &, and by Eq. 4 for 68
MPa and 80 MPa stresses are shown in Fig. 3. Experimental and predicted minimum creep rates at 68 MPa/1173
K are foundtobe 1.38 x 10™s" and 1.15 x 10*s”, respectively indicating a good agreement between experimental

and the predicted values.
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Fig. 3. Plot of minimum creep rate vs. temperature of experimental data and predicted data.

The semi-logarithmic plot of ¢,vs. o for experimental data and calculated values for constant test temperatures are
shown in Fig. 4. Predicted and experimental minimum creep rate values at 80 MPa/1073 K are 4.76 x10°s™ and
2.87 x10° s, respectively. Fig. 4 indicates good agreement between both experimental and calculated values of

minimum creep rate.
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Fig. 4. Plot of minimum creep rate vs. stress of experimental data and predicted data.
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The percentage error between In(&°, ) and In(¢”,, )was calculated. The maximum percentage error is found to be
14%, which is obtained for creep test at 47 MPa/ 1123 K. The result shows that Eq. 4 is indicative of the creep

deformation behavior of the material within the domain of present experimental conditions.
Creep life prediction

Rupture time obtained from the accelerated creep test was used to calculate the Orr-Sherby-Dorn parameter P, ..
In this technique, the activation energy for creep (Q = 468.5 kJ/mol) obtained from the constitutive model was
used for the analysis. Fig. 5 shows the semi-logarithmic plot of ¢ — P,, ; ,, master curve for the investigated steel.
The average value of P, ¢, for each stress levels was used to plot the master curve. In Fig. 5, the continuous line
represents the trend line fitting the data points with a coefficient of determination R* = 0.988. The trend line was

used for the extrapolation of P, ; ,, values corresponding to a stress of 5 Mpa.
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Fig. 5. Plot of stress vs. Orr-Sherby-Dorn parameter for the investigated steel.

The creep life of the steel was estimated from the master curve plot. P, ;, values for the steel at stresses 5 MPa, 10
MPa, 15 MPa and 20 MPa were obtained by drawing horizontal lines corresponding to these stresses to meet the
extrapolated curve and subsequently projecting to the P, axis. The respective values of P, for the above
stresses obtained are -13.92,-14.17, -14.43 and -14.67. The creep life #, of the steel for various temperatures were

determined by substituting the P, ¢, values in the equation:

_Q
Pp—s—p+

t.= 10 2.3RT (5)

Fig. 6 shows the plots of creep life vs. temperature for the steel at different stresses. The plot indicates that the
creep life of the steel increases with the decrease in temperature and /or decrease in stress. Life of the steel for a

designed hoop stress of 10 MPaand at 1273 K is found to be 10.7 years.
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Fig. 6. Plot of temperature vs. life at different stresses of the steel.

The result of the study indicates that the material can be safely used at 1273 K/10 MPa for 11%: years. However,

extreme caution should be taken so that the service conditions are not exceeded during the application.

4. Conclusion

Accelerated creep tests using constant stress creep setup have been carried out to analyze the creep behavior and

to predict the creep life of the steel. Conclusions of the present investigation are summarized as follows:

» Minimum creep rate increases non-linearly with the increase in stress or temperature. Rupture time increases
non-linearly with the decrease in stress or temperature.

» Dorn law equation provides an acceptable result to predict minimum creep rate. The value of 4, f and Q are
obtained as 1.05 x 10"s™,0.52 and 468.5 kJ/mol, respectively, for the investigated steel.

» Dislocation creep is the dominant deformation mechanism of the steel at higher temperature and stress.

» The creep rupture life of the steel has been evaluated by using the Orr-Sherby-Dorn parameter. A creep life of

10.7 yearsat 1273 K and 10 MPa was predicted by P . , technique.
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ABSTRACT

An electron Green's function has been taken to develop the theory. Fourier transformed electron Green's
function has been evaluated with the help of equation of motion technique of quantum
dynamics and Dyson equation approach.The response function has been provided the electron phonon
linewidth and electron phonon shift from this technique. The perturbed mode energy has been dependent on
electron band energy and electron phonon shift. The linewidth has been contributed by harmonic part,
localized part, cubic, and quartic anharmonic parts. This study concludes that spectral density function
has been contributed by harmonic part, electron part, defect part, cubic and quartic anharmonic parts. It
has also been obtained that spectral density function shows a different delta function peaks which are
affected by temperature and electron phonon coupling constant. It has been found that intensity of peaks
have got sharper response when phonon frequency approaches to perturbed mode energy. The different
excitations have been created in the form of exciton, polaron, combination, and difference bands. These
have been responsible to broaden the delta function peaks. The different limiting cases of excitations have
been undertaken, and their effect on intensity of spectral density function has been investigated in presence
of impurity and anharmonicity. The effect of force constant change parameter and atomic force constants
has been undertaken to investigate the present property.

Keywords: Electron, Phonon, Phonon - phonon interaction, Electron Green's function, Electron phonon
coupling constant, Semiconductor, Spectral density function,
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List of symbols used in equations:

1. &« = pi

P = Star

3. o = alpha

4. B = beta

5 £ = epsilon

6. h = hcross

7. = = Arrow

38 @ = omega

a. A = delta

10. E'.‘q = cap over &,

11. 5“ = Kronecker delta function
12. 8( ) = Dirac delta function
13. ;}k = cap over M

14. @ = theta

15. # = eta

16. T = gamma

17. n, = double cap over n;
18. Z = summation

1. Introduction

The dynamics of the crystal is known by their dynamical constituents. The work on monolayer [V-VI
semiconductors and magnetic semiconductors EuO (Averyanov et al., 2015: Liu et al., 2015) has been
done by the researchers to promote the semiconductor technology. The different types of
semiconductors such as diamond structure, zincblende structure, wurtzite structure are being applied in
many fields. Real semiconductor crystals contain electron, phonon, impurity, and anharmonicity. In
harmonic approximation, normal mode of vibrations are independent to one another and forces between
atoms is a linear function of displacements (Callaway,1974). But in real crystal, the harmonic nature is

destroyed in presence of impurity and anharmonicity. The presence of impurity creates localized mode
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(Indu,1990). An anharmonicity can not be neglected even at 00K. An anharmonicity comes into an
account by taking cubic and quartic terms beyond the quadratic term of Taylor series expansion of
potential energy. This results in a formation of phonon-phonon interaction (Madelung,1978). In
present case of semiconductor crystal, phonon- phonon interaction is taken to extract the information
through excitations of electron. An electron moves in localized and anharmonic fields to create
dynamical system in semiconductor crystals. An electron Green's function is taken to investigate the
study of spectral density function through electron phonon linewidth. This property is well understood
by obtaining Fourier transformed electron Green's function with the help of Hamiltonian. This type of
Hamiltonian is contributed by harmonic part, electron part, electron phonon interaction part, defect part,
and anharmonic part. This study is done on the basis of sections. These are formulation of the problem,
evaluation of electron phonon linewidth, effect of phonon-phonon interaction on spectral density

function, and conclusion of the work.
2. Formulation of the problem

Electron and phonon are the main constituents of semiconductor crystals. Spectral density

ggqfunctionJ  (kqgQ) is taken as (Zubarev, 1960: Pathak,1965)
J ; kq0)==ep(fhe) +1] G (e) 1)

In eq.(1), Im.G,, (¢) indicates the imaginary part of Fourier transformed electron Green's function
Gqq(¢). This Fourier transformed electron Green's function G, (¢) is to be obtained from equation of

motion technique of quantum dynamics.
3. Evaluation of electron phonon linewidth

The Fourier transformed electron Green's function can be evaluated with the help of many body
approach. This approach is processed by taking Hamiltonian. This Hamiltonian H containsharmonic
part /,,electron part /,,, electron phonon interaction part /1, , defect part /,,, and anharmonic part //,as
(Maradudin etal., 1971: Frohlich, 1966 : Fan, 1987 : Feinberg etal., 1990 : Mahanty and Behera, 1983 :
Behera and Mishra, 1985 : Ziman, 1969 : Sharma and Bahadur, 1975 : Sahu and Sharma, 1983 : Pathak,
1965 : Indu, 1990).

H=H,+H,+H,+H,+H, (2)

Where,
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H,= %;ﬁ [Ak*“lk +B;Bk] (3a)

H —iyess (30)
q
H, =ghY b,b,B, (3¢)
kg
Hy =13 D%, 4, 4, — (k.. )8, B, | (3d)
bk,
~ 6 & &
74 _hg_s kl-kg.._kg X (kl'kzm k'Sl‘Ikl Akzm Aks e
where .
4, =a,+a, =4, :B, =a,—a, =-B, @:?\tﬂ—@ (4)

The notations op, oe, ep, D, and A of egs.(3a-3¢) denote harmonic part, electron part, electron phonon

interaction part, and anharmonic part of Hamiltonian respectively.

(creation) operators, phonon annihilation (creation) operators, electron band energy, phonon
frequency(in energy unit), electron phonon coupling constant, force constant change parameter, mass
change parameter, and Fourier transforms of atomic force constants respectively which are defined in
references ( Maradudin et al., 1971: Frohlich, 1966 : Fan, 1987 : Feinbergetal., 1990 : Mahanty and
Behera, 1983 : Behera and Mishra, 1985 : Ziman,1969 : Sharma and Bahadur, 1975 : Sahu and
Sharma,1983 : Pathak 1965: Indu, 1990). The Fourier transformed electron Green's function G, (¢).
can be obtained with the help of Hamiltonian eqs.(3a-3e) by applying equation of motion technique of
quantum dynamics, and Dyson equation approach as( Zubarev,1960 : Sharma and Bahadur, 1975 : Sahu

and Sharma, 1983 : Indu,1990 : Painuli etal., 1993 : Srivastava etal. 1996)

G, (6)= ["Sq% J[ (e-¢, )+ i, (kq0.€) I (5)

In eq.(5), perturbed mode energy fq is given as
g =¢,+A,_(kqO.€) (6)
An electron phonon linewidth 1—'EIJ (R‘qQ. 6‘) and electron phonon shift A_ (kqQ. 6‘)

of eq.(5) and eq.(6) are related through response functionPEp (kqQ. a)) as

P, (kq0.0)= A (kq0.5)—-iT(kq0.&). @ —0" (7)
This technique gives electron phonon linewidth 1_;? (ﬁqQ. é‘) as
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I (kg0.5)=T,_(kq0.5)+ T (kgQ.2)+T (kgQ.2)+T,(kg0.£)+ T, (kgQ.5)+

I, (kg0.£)+T, (kgQ.)+T, (kg.£)+T, (kg.£) (8)
Where.

L, kgQ.e)=4m N, {E—w:XME{JrF[EJrEk}_ £ Xiy ()B(E—£,)+2¢,5,
(62 -3¢ |, Fole-e,) ) (9a)

T, (kq0.c)=-mg"s, [4542 r?,r+ 45, 6,7, +5,'n, +?EZ|I"-5:'{EI__E: __—E]:nh n, +384
b

3 |I;:4]{;|:.‘1__E!__E3 —ﬁ:]: X My, My M, +152|D{E1,—Er”1, ]P_L ¥
Ky

Ky ok
Xou® 1 X () 8(e +28,) - X () (e - 25, - 25,
5k 3 <+ 2ig ! kg k !

X, X, (#) d(e+e,)-X, (Ol —e, ) (93)

I (kgQ.g) = @:[4.5'#! -":ﬁ 4s &7, +£°n, +?12|F["‘{f]_.f: _.—Erﬂhﬂt: +384

ey

Z |V"4]{E],E:,E3 _Er <, My 1, +lﬁZ|D{:El___E]:ﬂtl ]
3 .

By S

{£q+.s?}'![5[{s'—sq]— le + EE,}] (9¢)
Fn(kgg E} =16HEENQ §|D{E] -_‘Er[ Xt,g:[_}S{E_'_Ei, }_Xt,g:{"‘j&(f_ Sy, } ] [Qd}
I, (kg0.c) = m.agwgsqgﬂ{ﬁ | g (x,F ole-e,) (0¢)

I, (kgQ.£)=36gN, §|F[’]{E1, k,—k ]3 mlS. . e+ e )- X (D(e—e.u )}

+ S le+ o)X (le-2) }] ©7)
Lu (£9Q €)= 148 Noe, 7Ky F | (SutraX e’ +505.X 0 Ble—5,)  (98)

L,,(kg0.c)= 323:}"?@*"2:* |F[“}(E]=E:=ES _E}:’E [S+z {X+,@:(+F{E+E-p)_*¥+;(_j
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Sle—e.,5) 138 4o (ole w2, )- X 5 (ole-2,) } ] (on)

L. (kg0.£)=128¢° Nz, 3 P9k K., ,—.Fr';]: M(Ssa6.5X 05" +35065X 5 Ple—s,)
&, ey b,

(1)
The various svmbols in above eqs.(%9a-%) are given in the following equations as
£ ) o -
= (Be) s m=(BB) < me=(474) - Y L T
Etk; = skl—s 2+ o5k (10a
Ny =(8,'8,) im, = )::fum| A/ ?,] (108)
521 =.ﬂt: in_tl - 3:1 —li?‘i'*:?‘i'*i +.i"l*.2ﬂt_. iﬁ'*._??*: {10‘:‘]
=E*|E*1'"E*|_‘ o s 'X:+= n =12 i=kk tatf : =
T A.Exz---ﬂ. - ) %s,in'sj)h e e
X =k, i\ :n =14 [ l=kkiatf Q0 ;. m=k, 104
A R

An electron phonon linewidth of eq.(8) represented by (oep ,oep*) ,(D,De), (3A,3Ae), and (4A,4Ae) are
contributed by interaction of electron with harmonic field , localized field, cubic anharmonic field and

quartic anharmonic field respectively.
4. Effect of Phonon-phonon Interaction on Spectral Density Function

The spectral density function J,. (kgQ) can be obtained by substitution of imaginary part of eq.(5) into
eq.(1) through eqgs.(9a-91) as(Painuli etal.,1993: Srivastavaetal.,1996)

7, (kqQ) =T, *(kqQ)+J " (kqQ)+J  *(kqQ)+ J " (kqQ)+ T " (kaQ)
W.“ (kqQ)+J **(kqQ)+ J'W."“ (kg0)+ ,rw.**“ (kqQ) (11)
Each terms of eq.(11) are given as

J . T (kgQ)=8g kst NTX {.s_h H+dole+ e ) -, Xy (F)o(e - 5, )+ 26,5,
" —aszX;_:fa[g-gg} } (12a)

7. [kq@]l=—Eg"kﬂﬁ"}'sj}fq[iisqz jr:fjt+4==:{|I g i, +&.°n, +?12£|F[3:'1;i'-].§: .—EF mn, +

iy
n, [4'55' il e

184 Z |PH:I{'E['-'EZ"E3 _Erx”*.”hﬂh +IEZ|D(:‘F:]._—E}2 f o

ko ey

F
i< e %o i
f/g.ﬁfm (+)5( + 28, )- Xy, Y- 2s, }} e XQ,,I
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I #ele+5)-X, 2 ol —e,)f (125)

P

T *(kqQ) = zgfk,,ﬁ'lir[:tzf n -+ de,2,7, +2,'n, + 125 [OF,.F, K ]-nkl n,, +384
s

X |VH}1;E~:1- -IE: k,— ‘E]: e + lﬁZ|D{'EL'_‘Er ¥, ]{E-f *E& )_2
L

& ek

X, |6(s - e }—15(5+£Q )l (12¢)
7, (kqQ) =32g*k,h™TN, ; DI},_—ﬂ X [ x, 2 6le+re, )-x, 00-2)]  24)

J . " kgQ)=128g "k i " TN &, Z|D(k'. K _r{-:*l x, lx, 2 )sle—e,) (12¢)
J'I
J-i"i"l“ [kg{_?}= ?zgzﬁr‘-} '.T_]E_:kﬂ :-T::i:‘f Eﬂj} {k] =-'E: ’_'Er I:'gt. _l + E.t:_l ,]‘Xﬂf ’?] [;(—m;: [+}
§[£+£_H}—X_m:{—_]:$[£—£_a}l (125)
'}.g,?':'“ {kf_'i'gj = EEEglgqf\TQ xRk, 3_?'212*-‘ F-ﬁ:*}{;fl ,ﬂ.‘: ,_k‘]‘}?lﬁ.ﬂ Xﬂe: rlEJr. ks & = }X._Miﬁllé‘— e, }
(12g)
Jﬂ_’m (kqQ)= ﬁqg:‘h’rﬂﬁ_lﬁ_akﬂjfs YR E R, _k] {Ei._l'gi:_l 5 Ei:_lsi-_-] TiE _Lgi._l}
'y

Xam, [Xhﬁ.l: I+ ],¢5'|[,5- +Eyp .}_ X—.ﬂ;: () ‘5{"5—' e 3+:,]'] (12h)
o RaQ)= 2568’6, Non 7k T” 7, VOE K ] me X, (e e 45, e

v, e, X o2, (124)

where,
-2 -zff 13)

5. Conclusion

The present study is based on different interactions as of electron with harmonic, localized and
anharmonic fields. This many body approach based on electron Green's function gives various
contributions to spectral density function. It is found that cubic and quartic anharmonic parts are
depended as T” and T’ on temperature in comparison to T dependence on temperature due to harmonic
part, electron part, and defect part. One phonon bound state, two phonon bound state, exciton state are
found in harmonic field, exciton state, polaron state are found in electron electronfield, two phonon
combination and difference bands g, , exciton state are found in cubicanharmonic field, three phonon
combination and difference bands €, ,exciton state are occurred in quartic anharmonic field. When one
phonon bound state, two phonon state, localized state, two and three phonon combination and difference
bands are approached to the exciton state, the intensity of peaks of perturbed spectrum increases
asymptotically. It is also known that threephonons and four phonons are participated to form a exciton.

The presence of N,in each term is the birth of polaron besides electron electron interaction part. The non
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linear dependence on electron phonon coupling constant, force constant change parameter, atomic force
constants are the factors which greatly influenced this property. The non-linear dependence on electron
phonon coupling constant of delta function peaks shows that in semiconductor crystal this type of
response only due to electron phonon interaction. It is concluded that if creation of exciton state is due to
destruction of polaron state, then electron electron interaction field contributes significantly for spectral
density function. When frequency becomes identical with perturbed mode energy, spectral density
function shows sharper peaks of excitations namely harmonic phonon, localized phonon, exciton,
polaron, combination, and difference bands.The study of spectral density function will help in
explaining the different physical properties of semiconductor crystal particularly optical related

properties.
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ABSTRACT

Optimization means to find best value of input. For this Taguchi method gives the best output result. ANOVA
is the most effecting parameter. This parameter affects the most among all the input parameters. Modeling
is done by ANN. It is best network model which gives minimum error between network output and real
output. Prediction is done by both methods. Result of both methods is compared. Best method is used which
gives the minimum error. Milling process is used here because milling is most commonly used in industries.
1t can perform many tasks. D2 steel is used here. Various parameter are considered in this are taken from
the previous papers. Taguchi and ANN methods are used because these are the most famous and developing
methods. Taguchi method is used for optimization. It is done by studying the mathematical relation between
input and output. Signal to noise ratio is basically considered in the optimization process. Signal should be
large and noise should be less. ANN method is used for prediction. It shows that for any value of input data
we can easily predict the output with minimum error.

Keywords: Milling machining, D2 steel, surface roughness, Taguchi, ANOVA, ANN etc.

I.INTRODUCTION

Recent functionality requirements have led to development of components with varying free-form
features. Sculptured surfaces have free-form features with both convex and concave regions that can be
geometrically fitted by ball-end cutter. The parts with free from geometric features are generally
machined using ball-end cutters, which are used to manufacture parts in die/mould, aerospace,
biomedical and automotive industries where both part quality and manufacturing time are metrics for
high productivity. The ultimate goal of virtual machining process research is to identify process related
issues and solve them before the costly physical trials in the shop. Modeling the process mathematically
is necessary to achieve that goal in a Reasonable amount of time and the first step of process modeling is
to model the mechanics of the operation that leads to the prediction of the cutting forces experienced by

the cutting tool and the work-piece.
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2. LITERATURE REVIEW

R. Peres et.al. (1999) proposed that process optimization is a very important subject to several
industrial sectors in confronting the growth on markets competition. However, due to the complexity of
some processes, their optimization is not an easy task; therefore, to accomplish this objective, intelligent
techniques should be used. We are working on end-milling process optimization through combining

analytic and fuzzy techniques.

J. F. Briceno et.al. (2002) proposed that two supervised neural networks are used to estimate the forces
developed during milling. These two Artificial Neural Networks (ANNSs) are compared based on a cost

function that relates the size of the training data to the accuracy of the model.

H. E. Mounayri et.al. (2005) proposed an integrated product development system for optimized CNC
ball end milling is presented. First, the developed model is extended from flat end milling to ball end
milling. Second, the optimization is extended from 2D (speed and feed) to 3 (1/2) D (speed, feed, radial
and axial depths of cut).

K.Kadirgama et.al. (2008) is concerned with optimization of the surface roughness when milling
Mould Aluminum alloys (AA6061-T6) with carbide coated inserts. Optimization of milling is very
useful to reduce cost and time for machining mould. The approach is based on Response Surface
Method (RSM) and Radian Basis Function Network (RBFN).

S.Brevern et.al. (2009) proposed that the world of manufacturing has shifted its level to the era of space
age machining. The purpose of this investigation is to develop Fuzzy based Graphical User Interface

(GUI) for modeling of laser machining conditions.

M..S. Yazdi et.al. (2010) studied that the selection of optimal machining parameters (i.e., spindle speed,
depth of cut and feed rate) for face milling operations was investigated in order to minimize the surface
roughness and to maximize the material removal rate. Effects of selected parameters on process
variables (i.e., surface roughness and material removal rate) were investigated using Response Surface

Methodology (RSM) and artificial neural networks.

S.Moshat et.al. (2010) proposed that End milling is the most important milling operation, widely used
in most of the manufacturing industries due to its capability of producing complex geometric surfaces
with reasonable accuracy and surface finish. However, with the inventions of CNC milling machine, the

flexibility has been adopted along with versatility in end milling process.
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B. S.Reddy et.al. (2011) proposed that Pre-hardened steel (P20) is a widely used material in the
production of moulds/dies due to less wear resistance and used for large components. In this study,
minimization of surface roughness has been investigated by integrating design of experiment method,

Response surface methodology (RSM) and genetic algorithm.

A. K.Gupta et.al. (2011) proposed that the optimum combination of machining parameters has been
analyzed for maximizing the tool life with the constraints of material removal rate (MRR) and surface
finish. To optimize these parameters the correct relationship of process parameters with tool life has
been found. Mathematical relations have been developed for predicting the objectives with different
combinations of parameters under the specified constraints. As there is a variety of milling processes,
cutting tool geometries, cutting tool material, work piece material and machine tool conditions, hence

difficult to develop a single robust analytical relation for tool life.

P.Maurya et.al. (2012) studied on CNC end milling, influence of various machining parameters like,
tool feed (mm/min),tool speed (rpm), tool diameter (mm) and depth of cut (mm). In the present study,
experiments are conducted on AL 6351 —T6material with three levels and four factors to optimize

process parameter and surface roughness

S. Hossain et. al. (2012) proposed that Surface roughness is an index which determines the quality of
machined products and is influenced by the cutting parameters. In this study the average surface
roughness (Ra) value for Aluminum after ball end milling operation has been measured. 84 experiments
have been conducted varying cutter axis inclination angle (¢ degree), spindle speed (S rpm), feed rate
(mm/min), radial depth of cut (feed f mm), and axial depth of cut (t mm) in order to find Ra. This data has

been divided into two sets on a random basis; 68 training data set and 16 testing data set.

A.Behera et. al. (2012) proposed that Plasma spraying technique has become a subject of intense
research in many industrial structural/functional applications because its peculiarity surface properties.
This investigation explains about plasma sprayed copper surface property. Here industrial waste and
low grade ore (i.e. Flay-ash+ quartz+ limonite), used as deposit material which is to be coated on copper
substrates. In many applications, it is found that for structural modification, surface roughness &
porosity parameters are very important. To decrease both surface roughness and coating porosity by
optimizing other necessary properties, different soft computing methods like Artificial Neural Network

(ANN) and Least Square support vector machine techniques used.

Journal of Industrial and Mechanical Engineering (Volume-09, Issue - 2 May-August 2025) Page No 37



III. EXPERIMENTALDETAILS

End Milling

Among different types of milling processes, end milling is one of the most vital and common metal
cutting operations used for machining parts because of its capability to remove materials at faster rate
with a reasonably good surface quality. Also, it is capable of producing a variety of configurations using
milling cutter. In end milling, the cutter, called end mill, has a diameter less than the work piece width.
The end mill has helical cutting edges carried over onto the cylindrical cutter surface. End mills with flat

ends (so called squire-end mills) are used to produce pockets, closed or end key slots, etc.

In end milling an end mill makes either peripheral or slot cuts, determined by the step-over distance,
across the work piece in order to machine a specified feature such as a profile, slot, pocket, or even a
complex surface contour. The depth of the feature may be machined in a single pass or may be reached

by machining at a smaller axial depth of cut and making multiple passes.

Material Used

In this work hardened AISI D2 steel (hardness 50-70 HRC) will be used as the work piece material and
Tungsten carbide preferably coated will be used as the tool material. Because increasing tool life is main
concern of hard machining to decrease the cost of the machining process. A particular amount of
maximum flank wear say 0.2 to 0.3 pm can be used as the tool life failure criterion. Flank wear can be

measured using toolmaker's microscope. The chemical composition of AISI D2 tool steel is given in

below Table 3.1.

Table 3.1 Chemical Composition of Steel

Carbon Silicon Manganese Chromium Molybdenum Vanadium
1.55% 0.30% 0.35% 12% 0.75% 0.90%
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AISI D2 is recommended for tools requiring very high wear resistance, combined with moderate
toughness (shock-resistance). AISI D2 can be supplied in various finishes, including the hot-rolled, pre-
machined and fine machined condition forming Dies, Punches, Forming Rolls, Knives, Slitters, Shear
blades.

Machine Used

Machining was carried out in CNC machine at CTR, Ludhiana.

Figure 1. CNC Milling Machine

Table 3.2 Specification of CNC Milling Machine

Table Size 915 * 356 mm
Table Load 341 KG
Power 3 phase, 60 Hz
Control GE FANUC 211
X Axis Travel 560 mm

Y Axis Travel 406 mm

Z Axis Travel 508 mm
Spindle Speed 100 RPM Direct Drive
Spindle Diameter 65 mm
Spindle Taper ISO-40
Tool Taper BT-40
Magazine Capacity 22 Tools
Maximum Wt. of Tool Holder 50 KG
Maximum Tool Length 254
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Table 3.3 Levels of Input Control Parameters

Factors Levels Factor Level values
Speed (rpm) 3 5,007,501,000
Depth of Cut (mm) 3 0.75,0.50,0.25
Feed (mm/min) 3 75,010,001,250

The optimum condition is identified by studying the main effects of each of the parameters. The main
effects indicate the general trend of influence of each parameter. The knowledge of contribution of
individual parameters is a key in deciding the nature of control to be established on a production process.
Orthogonal Array is a statistical method of defining parameters that converts test areas into factors and
levels. Test design using orthogonal array creates an efficient and concise test suite with fewer test cases
without compromising test coverage. An orthogonal array is a "table" (array) whose entries come from a
fixed finite set of symbols (typically, {1,2,...,n}), arranged in such a way that there is an integer t so that
for every selection of t columns of the table, all ordered t-tuples of the symbols, formed by taking the
entries in each row restricted to these columns, appear the same number of times. The number t is called

the strength of the orthogonal array. The Table 3.4 shows the design matrix used in this work.

Table 3.4 Orthogonal Array L9

Sample No. Spindle Feed Rate |Depth Of Cut
Speed (rpm) | (mm/min.) (mm)
1 1 1 1
2 1 2 2
3 1 3 3
4 2 1 2
5 2 2 3
6 2 3 1
7 3 1 3
8 3 2 1
9 3 3 2

IV.EXPERIMENTALPROCEDURES

» Checking and preparing the Centre Lathe ready for performing the machining operation.

« Firstly, the work-piece was cut according to above mentioned dimension i.e. 100¥100*25 mm by
cutter of diameter 32 mm.

» For developing models on the basis of experimental data three main machining parameters are

considered to predict surface roughness of D2 material using carbide tool. Among the range of
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spindle speed, feed, and depth of cut available possible in the machine the following three levels
are considered as shown in Table 3.3.

» The machining was carried out on end milling machine, the material work piece is clamped on vice
mounted on the table of the machine. The machining process and work tool motion of the end milling
process respectively.

» The machining is carried out by selecting proper spindle speed and feed rate during each

experimentation. Experiment was carried out by varying the depth of cut.

Taguchi's designs aimed to allow greater understanding of variation than did many of the traditional
designs. Taguchi contended that conventional sampling is inadequate here as there is no way of
obtaining a random sample of future conditions. Taguchi suggests a three-stage process:

* Systemdesign,

» Parameter design,

» Tolerance design.

System design is the conceptualization and synthesis of a product or process to be used. In parameter
design the system variables are experimentally analyzed to determine how the product or process reacts
to uncontrollable “noise” in the system; parameter design is the main thrust of Taguchi's approach. The
final step in Taguchi's robust design approach is tolerance design; tolerance design occurs when the
tolerances for the products or process are established to minimize the sum of the manufacturing and

lifetime costs of the product or process.

Taguchi proposed extending each experiment with an "outer array" or orthogonal array should simulate
the random environment in which the experiment would function. Here we use L9 orthogonal array with
3 levels. In this work, L9 Orthogonal Array design matrix is used to set the control parameters to
evaluate the process performance. Taguchi orthogonal array is designed with three levels of turning
parameters with the help of software Minitab. Orthogonal Array design of experiment has been found

suitable in the present work.

V.RESULTSAND DISCUSSION

End milling is one of the most fundamental and commonly encountered chip removal operations
occurring in a real manufacturing environment. In this machining process, the surface finish is a key
factor in evaluating and determining the quality of a part. In practice, a desired surface roughness value

isusually designated, and the appropriate cutting parameters are selected to achieve the desired quality
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of a specified part. The single point incremental forming (SPIF) process is performed on three-axis

CNC machine.

Table 5.1 Measured Surface Roughness

r,
Pieces Speed (rpm) Depth of Cut Feed Rf:gj::zss
(mm) (mm/min)

(um)
/ 500 750 0.75 0.73
2 500 1000 0.50 0.77
3 500 1250 0.25 0.82
4 750 750 0.50 0.72
5 750 1000 0.25 0.49
6 750 1250 0.75 0.63
7 1000 750 0.25 0.42
8 1000 1000 0.75 0.72
9 1000 1250 0.50 0.55

Table 5.2 Measured Roughness Parameters
Pieces R, (um) R ,(um) R, (um) R . (um)

1 0.73 3.94 2.97 1,91
2 0.77 4.22 3,34 2.45
3 0.82 4.46 3.62 2.88
4 0.72 3.87 2.94 1.87
J 0.49 2.14 1.82 1.21
6 0.63 3.41 2.69 1.64
7 0.42 2.02 1.71 1.16
8 0.72 3.89 2.95 1.88
9 0.55 2.87 1.98 1.34

The main objective of the thesis is to optimize the milling parameters (spindle speed, feed rate, depth of
cut and cutting tool grade) to achieve low value of the surface roughness. The experimental data for the

surface roughness values is shown in Table 5.1.

6.1.2 Optimization by Taguchi Method

Since 1960, Taguchi methods have been used for improving the quality of Japanese products with great
success. During the 1980's, many companies finally realized that the old methods for ensuring quality
were not competitive with the Japanese methods. Performance characteristics are first converted into the

S/N ratio using the Taguchi method. Using S/N quantity, optimal performance and minimal variance
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be designed. The SR value is calculated for each trial from the basic data collected . The signal to- noise
ratios of each experimental run are calculated based on the following equation, which are listed in

corresponding tables with the data.

1
SNR =—-10log_  y?
n

T v

Analysis of Variance

ok Rt | Souzce OF Seqg3S Contridution AMdj 35S MjXS F-Value P-Value
= = Fiia peed 2 138738 W60 19,0738 09309 L4E 040
feed 2 09008 24% 0918 04559 000 0.
depth of cut 26,7998 .86 6795 .39 07 0.9
!

B

Cax o>

[T r——

Error 3.5201 0.1 8500 4,760
Total LS 100,008

Figure 2-S/N ratio Table 5.3 ANOVA

Table 5.4 Comparison of Taguchi and ANN

Output Comparison of Taguchi Method and ANN Technique

Error Error
Pi SR PSR (T hi Output (ANN,
ieces (Taguchi) (Taguchi) utput (. ) (ANN)
1 0.73 0.79 0.06 0.73 0
2 0.77 0.81 0.04 0.77 0
3 0.82 0.71 -0.11 0.75 -0.07
4 0.72 0.61 -0.11 0.62 -0.1
5 0.49 0.55 0.06 0.49 0
6 0.63 0.67 0.04 0.63 0
7 0.42 0.46 0.04 0.42 0
8 0.72 0.61 -0.11 0.72 0
9 0.55 0.61 0.06 0.55 0
VI.CONCLUSION
1. The higher the cutting speed, the lower is the surface roughness.
2. The experimental results show that average surface roughness is low at lower depth of cut.
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3. For achieving good surface finish on the D2 work piece, higher cutting speed, lower feed and
lower depth of cut are preferred. The optimal parametric combination for AISI D2 Steel is
speed3-feed1- depth of cutl.

4. ANOVA shows that the cutting speed is the most influencing parameter for surface roughness.

5. Mean Absolute Percentage Error is calculated in Taguchi method is 10.77% and Mean
Absolute Percentage is Calculated in MATLAB is 2.90% so ANN technique gives us better
results than Taguchi method . Error is minimized by ANN technique.

6. Best Model achieved in ANN is with feed forwarded back propagation neural network with

Levenberg-Marquardt training function with three layers.
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