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Study of Machinability Characteristics of SAE AMS4413B Aluminum Alloy Using
Ethylene Glycol as a Coolant
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Abstract: To understand the efficient machining of aerospace materials and achieve high-quality machining, the application of coolants is
essential and depends on several factors, including the types of machining process, workpiece material, tool nose radius, coolant
concentration, and cost. With the right coolant, the performance of machining applications and the attributes of responses such as surface
roughness and HAZ can be improved. An attempt is made here to study machinability and optimize the process parameters. This paper
presents an approach to optimize the machinability studies on SAE AMS4413B alloy using Ethylene glycol as a coolant. The input
parameters selected include Cutting speed, Feed, depth of cut, coolant concentration, tool nose radius on Surface Roughness (Ra) and
Heat Affected Zone (HAZ). A DOE-based technique is applied to study the response variation using the Central Composite design (CCD).
The CCD design is a type of Response Surface Methodology used to design the matrix. The experiments were conducted at a confidence
level of 95%. R2 predicted for Ra and HAZ are 95.26% and 95.51%, respectively. As per the experimental analysis, it is evident that the
individual effects of Cutting Speed, Feed, Depth of cut, tool nose radius, and coolant concentration exist for the Ra and HAZ values. The
optimum values of Ra and HAZ are 0.21 pm and 20.3 IACS. The Coolant concentration for Ethylene Glycol should be in the range of 8-10%.

Keywords: Aluminum Lithium alloy - SAE AMS4413B, Ethylene Glycol, Central Composite Design (CCD) - Response surface methodology
(RSM), Surface Roughness (Ra), Heat affected Zone (HAZ)

1. Introduction

Lightweight materials play a prominent role in the aerospace
industry, a sector that has been a pioneer in adopting innovative
materials and production technologies. Approximately four
decades ago, aluminum emerged as a dominant aerospace
material, constituting up to 70% of an aircraft [1]. Over time, the
aerospace and space industry has been a catalyst for the
development of new material systems and manufacturing
methods. The primary drivers for these advancements include the
need to reduce weight, enhance application-specific
performance, and minimize costs [2]. The historical shift from
wood to aluminum alloys as the main frame material dates back
to the early 1920s [3]. The appeal of aluminum lies in its cost-
effectiveness, lightweight nature, ability to achieve high strength,
and ease of fabrication. This combination makes aluminum alloys
an attractive choice, with their cost-efficiency often directly linked

to their ease of fabrication [3] The initial development of Al-Li

highlighted the features of third-generation alloys, aligning with
contemporary trends in transportation industries, especially
aerospace, which emphasize enhancing performance, fuel
efficiency, system lifespan, and environmental sustainability to
create added value. The Pioneer Aviation companies, such as
Airbus, Lockheed, Martin, Mikayan, Gurevich, Tupolev, and
others, aim for improved technology using lightweight materials.
Considering their strength and density (Figure 1), it becomes clear
why aluminum and titanium alloys are the classical lightweight

aerospace alloys.
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alloys can be traced back to research initiatives conducted by both 4
the United States and the Soviet Union during the Cold War era. )
A notable outcome of these programs was the creation of the
AA2020 alloy, patented by Alcoa in 1958 [4]. Thomas Dorin [5] 00 5 10 15 20 25
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Fig. 1: Graph of weight savings and property improvement [6]
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Al-Li alloys of the third generation are used for aviation
applications, as shown in the table below [7]. Alloys 2195, 2196,
2297, 2397, 2198, 2099, 2199, 2050, 2060, and C99N were
researched and developed for space and aircraft applications, and
they are referred to as 3rd-generation Al-Li Products [8]. The next-

generation Al-Li alloys offer better weight savings and are less
expensive to manufacture, operate and repair. The improved
material properties enhance damage tolerance. Al-Li alloys offer
improvements in the fracture processes [9-10].

Table 1: Chemical composition of Al-Li alloys [11]

Al Li alloys Li Cu Zn Mg Mn Fe Si Cr Zr Ti Others
2050 0.7-1.3 3.2-3.9 0.25 0.2-0.6 0.2-0.5 0.1 0.08 0.05 0.06-0.14 0.1 0.2-0.7 Ag
2090 1.9-2.6 2.4-30.0 0.1 0.25 0.05 0.12 0.1 0.05 0.08-0.15 0.15

2098 0813 3238 035 0.25-0.8 0.35 0.15 0.12 0.04-0.18 0.1 0.25-0.6 Ag
2099 1.6-2.0 2.4-3.0 0.4-1.0 0.1-05 0.1-0.5 0.07 0.05 0.1-0.5 0.05-0.12 0.1 0.0001 Be
2199 1.4-1.8 2.0-2.9 2.0-09 0.05-04 0.1-0.5 0.07 0.05 0.05-0.12 0.1 0.0001 Be

Machining is an essential part of any manufacturing industry to
achieve desired components with accurate shape, size, and
surface finish through adequate cooling and lubrication [12].
Aluminum is an essential material used in aerospace applications
[13]. The machining of lightweight alloys has gained importance
in recent years [14-27]. The study of coolants during machining to
improve surface finish and HAZ will be required for establishing
the results and analysis of the effect of machining parameters.
Therefore, there is a need to implement a sustainable
cooling/lubrication system that improves the machinability of
lightweight alloys [26]. The application of coolants depends on
several factors, including the types of machining processes,
workpiece material, cutting tool, and cost [27]. Many authors
have presented their work using various cooling and lubrication
methods. In brief, the different available cooling and lubrication
methods. Fig. 2 represents the possible cooling/lubrication

strategies.
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Fig. 2. Coolant strategies and methods for lightweight alloys [28].

A good microbial growth medium requires a balanced supply of
macro- and micronutrients. Primary growth-promoting elements
include carbon and nitrogen, while trace elements such as sulfur,
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phosphorus, and various vitamins serve as vital micronutrients. In
a laboratory setting, fungal growth is strongly influenced by the
nutrients available in the media, which are essential for their
growth, viability and reproduction (Laurie et al., 2015). Microbial
culture media are crucial for the enrichment, isolation, and
cultivation of microorganisms. Numerous fungal growth media
are derived from staple crops that are vital food sources for
humans, including corn, malt, oats, and potatoes. A prominent
example is Potato Dextrose Agar (PDA), which consists of potato
extracts, dextrose, and agar, making it one of the most widely
used growth media for fungal cultivation. However, powdered
PDA is relatively expensive and relies on potatoes, potentially
reducing their availability in the market (Hasanin & Hashem,
2020). The rising cost of microbiological media has driven the
development of novel formulations that prioritize both efficiency
and affordability (Sawiphak et al., 2021).

In response to these limitations, recent research has increasingly
focused on utilizing agro-industrial residues and naturally derived
plant-based fluids as viable alternatives to conventional synthetic
media. Examples of such substrates include tomato juice (Aliyu et
al., 2017), coconut-malt extract (Evangelista et al., 2021), soybean
(Malik et al.,, 2022), Papaya fruit (Oktari et al.,, 2023), and
watermelon peel extract (Hasanin & Hashem, 2020). These
materials are typically rich in carbohydrates, minerals, and
bioactive compounds that can support microbial growth.

Tender coconut water (TCW), the sterile liquid endosperm of
immature coconuts (Cocos nucifera L.), presents a promising
alternative medium due to its unique nutritional composition and
availability in tropical regions. The use of coconut water in
microbial culture was first documented in the 1960s, when it was
found to support the growth of Acetobacter xylinum, the
bacterium responsible for producing bacterial cellulose in “Nata
de coco” fermentation (Alaban, 1962). Coconut water is naturally
sterile within the unopened fruit, reducing the risk of initial
contamination when used in microbial cultures (Tuyekar et al.,
2021). Coconut water contains simple sugars (glucose, fructose,
and sucrose), amino acids, vitamins (B-complex and vitamin C),
minerals (potassium, magnesium, calcium, and phosphorus), and
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a small amount of protein. Its slightly acidic pH and presence of
essential growth factors support the growth of various
microorganisms (Rethinam & Krishnakumar, 2022). These
nutrients provide carbon and micronutrient sources essential for
fungal growth. Furthermore, TCW is a natural source of amino
acids, vitamins, and plant hormones such as cytokinins, which
may enhance fungal development and metabolic activity. Its high
water content creates a favourable environment for fungal
growth, while its chemical composition may offer comparable
nutrient support to synthetic media in some cases (Burns et al.,
2020). In developing countries, the necessity of creating culture
media from locally sourced materials has become increasingly
significant. Traditional media are often either difficult to access or
prohibitively expensive, posing challenges for researchers and
laboratories.

Regular Issue
2. Literature Review

The literature review covers 2" generation aluminum alloys [29-
41]. Various studied the machinability
characteristics of Al 7075 alloys. The responses evaluated suggest

authors have
the use of cooling strategies for surface roughness, cutting force,
temperature, chip morphology, etc. [42-48]
examined 3" generation aluminum alloys. Various authors

The authors

discussed machinability studies using cooling strategies, for
responses such as surface roughness, chip morphology, etc. Table
4 lists the authors [49-53] who used ethylene glycol as a coolant
for machinability studies.

Extensive experimental studies have been done on 2n
generation materials. From the literature review, in the field of 37
generation materials, responses of surface roughness and heat-
affected zone using ethylene glycol as a coolant are still at the
experimental stage. In this investigation, a DOE-based RSM
technique is employed to assess the output parameters.
Conventional wet cooling was used for machining third-
generation alloys to study the machinability characteristics of SAE
AMS4413B.

Table 2: 7075 Aluminum Alloy 2"d generation material

Ref. Workpiece Cutting Machining Parameters Remarks
Environment evaluated
Responses
31 AA7075 Dry, MQL  Turning CF, Cutting Feed component affected by cooling
Cryogenic Temperature, chip techniques.
Morphology, Tool MQL and cryogenic led to lower temperature
Wear Cooling techniques affected the lesser Tool
wear
32 AA 7075-T6 Dry, MQL HPAJ, Turning Microstructure, Analytical model for fatigue life prediction
Cryogenic Surface Roughness cryogenic  technique led to lower
(LN2)(air, and temperature
vegetable oil
emulsion)
33 Al7075 Dry and Cutting Drilling Tool wear, Burr Cutting fluid resulted in lower tool wear
fluid using Gate Measurement Cutting fluid resulted in 20%lower burr rate
ECM 1
34 Al 7075 Dry Turning MRR, SR, Optimization of multiple outputs
Cylindricity error, Increase in speed increased the CF also
circularity error increase in SR and Circularity and cylindricity
35 Al 7075 Dry Milling Temperature, Behavior of different tool geometries and
coatings
36 AA 7075 Dry, wet and Boring SR, Temperature, Cryogenic leads to less Cutting force,
cryogenic Force temperature, Surface roughness
Direct application of coolant recommended
37 Al 7075 -T6 Dry, MQL, Turning Tool wear, SR, MQL, RHVT, and Compressed air, for
Cryogenic and Micro  hardness, improvement in SR and Tool wear
Compressed air Force, Chip Absence of Crater wear due to coolant
Morphology conditions
38 Al 7075 -T6 Coolant not Milling SR, Nose radius and depth of cut significant for
specified minimizing the Surface roughness
39 Al 7075 Wet and LN2 Turning SR, Temperature, Use of LN2 reduced the temperature, forces
Force and surface roughness
66 DOI: https://doi.org/10.22452/mjs.vol45n03.8
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40 Al 7075 MaL, Milling SR, MRR e Speed and Feed rate was the important
Compressed Air parameter that affected the SR
e Less viscous the coolant is effective
41 Al 7075 -T6 Dry and MQL Turning SR and Chip e Chip formation is dependent on feed rate, CS
using Mecgreen formation and Lubricating conditions
550 Lubricant ® SR mainly dependent on feed rate
42 Al 7136-T6511 Blastocut BC 35 Miilling SR e CSis the factor that Affects the SR.
SW
43 Al 7075-T6 Nano Silver and Milling SR, CF and Chip e Tribological Performance of Borax and nano
Borax additives formation Silver added EG
with 95% e Nano Silver particles will improve the SR and
ethylene  glycol solution prepared with EG has an industrial
(Suspension usage.
form)
Table 3: 3 generation aluminum alloys
Ref. Workpiece Cutting Machining Parameters Remarks
/Tool material Environment evaluated
Responses
44 AA2024-T3 Dry, Base Fluid Turning Surface o Surface Roughness was better with NFMQL
(Mineral Qil) MQL, Topography, than dry and MQL because of MoS2
NFMQL Temperature ® BUE is less with NFMQL
MoS2
45 AA2050 Soluble oil Tapping Machining e Optimization of Machining time
emulsion Distortion e Low values of distortion from the geometrical
MRR tolerances
46 Al2050 Dry and WET Milling Chip Morphology e CS assists in reducing the chip size
Emulsion e Reduction in rake angle reduces the chip
Quakercool 7000 thickness
ALF 8%
47 2A 97 Dry Milling Chip Morphology, e Cutting Speed played an important role for
Ra chip edge
e Convenient for replacing the Conventional Al
alloys for aircrafts
48 Al 8112 Vegetable oil  Milling MRR e Increase in depth of cut increases the MRR
(Copra Qil) as base o Helix angle plays an important role for
oil, nano fluid improving the MRR
49 Aluminum alloy Dry Milling Ra and Rz e Uncoated and polished flute cutters perform
24345 far better coated cutters
e Rz and Sdr give a better picture of the actual
surface from the functionality point of view
50 Al 2024-T3 Dry Drilling Hole Deviation and o Burrs were less with uncoated drill bit

Circularity

e CS is also the significant parameter for
geometrical parameters

67
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Table 4: Ethylene glycol as coolant

Ref. Workpiece Cutting Machining Parameters evaluated Remarks
Environment Responses

51 SUS 304 Cellulose Turning Thermal Conductivity e Thermal conductivity increases as
nanocrystal Analysis, cutting tool concentration increases
ethylene glycol and chp  thermal

analysis,

52 AISI 1018 Ethylene glycol as  Turning Temperature, SR Thermal Analysis was studied along with
base fluid, TiO2 SR
and Al203
nanoparticles

Al 3303 Water ethylene Corrosion study e Corosion properties
glycol mixture

53 AlSI 304 Ethylene glycol Milling Tool life, tool wear e Tool life decreases with an increase in
TiO2 nano cutting speed
particles e Showed better performance with water

soluble coolants in terms of tool life.

54 AA6061-T6 Ethylene glycol Milling SR, MRR e Suitable alternative and compatible
mixture with TiO2 with the use of the hybrid nano-coolant
and ZnO hybrid
nano coolant

55 Fe304 Ehtylene  glycol Thermal Conductivity, e Thermal Conductivity enhancement

nanofluid and a water- Effect of temperature

based mixture

3. Experimental Setup

All machining was carried out on a DMG MORI 3-axis CNC milling
machine. Machining was undertaken using three varying cutting
parameters: cutting speed, feed rate and depth of cut, and
10%, and 12%. Suitable
combinations of the cutting parameters were used to develop the

coolant concentration of 8%,

design of experiments using the CCD method with three factors
and five levels Table 5. A total of 156 experimental combinations
were performed. The process parameters are listed in the table
below [57]. Milling was carried out with 100% engagement and in
a 30x30 mm area on the specimen Fig. 2. Aluminum Lithium alloy
SAE AMS4413B (Fig. 2) slabs were used for experimentation. The
size of each block was 50 x 50 x 20 mm. The chemical composition
of the workpiece material and the properties are shown in Table
6. The milling inserts (Fig. 3) were SECO uncoated tools, signature
[59][58]. An uncoated insert was XOEX10T304 standard water-
soluble ethylene glycol coolant (Table 8).
Table 5. Process parameters

Variables Levels

-1 0 1
Cutting X1 5000 11000 17000
Speed(rpm)
Feed(mm/tooth) X2 0.04 0.16 0.28
Depth of X3 0.5 1 1.5
Cut(mm)
Tool Nose X4 0.4 0.8 1.2
Radius
Coolant X5 8 10 12
Concentration
(%)
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Fig.2. Sample specimen drawing of size 50 x 50 x 20
mm
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Table 7. Physical properties of third-generation material

Properties Value
Density 270 gm/cc
Melting point 510°C
Tensile Strength 440 MPa
Yield Strength 370 MPa
Shear Strength 260 MPa
Fatigue Strength 125
Elastic Modulus 70-80 GPa
Poison’s Ratio 0.33
Elongation 10%

Table. 6: Chemical composition of workpiece material.

Cu Li Mg Mn Ag Zr Bal.

3.5 0.9 0.40 0.35 0.45 0.12  Rem.

SAE AMS4413B
Solution Heat Treated, Stress Relieved, and Artificially Aged

i ]

*S#

Fig.3. SECO carbide uncoated insert, XOEX10T3

Table 8. Coolant details: Specifications of Ethylene Glycol:
MOLYCHEM

Ethylene Glycol 1,2 Ethanediol

Ethylene Glycol 98%

Molecular formula C2H602

Color A clear colorless, slightly viscous
liquid

Wt. per ML at 20°C 1.112-1.115g

Performance Evaluation

Surface roughness and surface finish are opposite to each other,
and are quantitative parameters. Surface roughness can be
expressed in units of length after its measurement. Measurement
of finely spaced deviations of the actual surface from the nominal
surface (datum) in units of length (um) defines surface roughness.
A lower surface roughness value indicates a better surface finish.
There are two popular methods of expressing the measured value
of surface roughness. According to the “AA” method, surface
roughness is the average of vertical deviations from the nominal
surface over a specified surface length.

Average roughness (AA)
_ imw)
0 Im

Heat Affected Zone: An eddy current meter was used to
measure the HAZ. The portable meter offers a high-resolution
color display and an accurate conductivity range: 0.5% IACS to
110% IACS, 0.28-64Ms/m, and a digital temperature readout. The
following figures show the experimental setup and testing.

Fig: 4. Specimen Before machining

69

Fig. 5. Secimen After Machining
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Surface roughness measurement using 410 Surf test on Sample HAZ measurment using Eddy current meter on Sample specimen

specimen

Fig. 7. Testing of Ra and HAZ using a 410 Surf-test and eddy current meter

4. Results and Discussion
To measure the statistical significance, analysis of variance

(ANOVA) was used, and the results for Ra and HAZ are shown in
Tables 4.1 and 4.2, respectively. The results of the interaction
plots are given in Tables 4.2, 4.3,4.4 and 4.5.

The regression equation obtained for Ra is given below:

Ra=5.605 +5.32 X2 - 1.674 X4—9.02 X22+ 0.0387 X5 2+ 0.000077 X1
* X5 - 2.573 X2 *X4 +0.3649 X2 *X5 - 0.0865 X3 *X4 +0.1102 X4 *X5
HAZ = 24.511 -0.2131X3 -1.599 X4 — 0.582 X5 - 0.0909 X32
+0.583 X42 + 0.02311 X5 2- 0.000063 X1 * X3 +0.000117 X1*X4
- 0.000049 X1 * X5 +1.258 X2 *X4 + 0.1430 X2 *X5 - 0.0788 X3 *X4
+0.03185 X3 *X5 + 0.07090 X4 *X5

Table 4.1. ANOVA (Ra)

Source Ra Ugﬁggsed DF Adj SS 1‘:}_ %jﬁse F-Value P value Slg:éﬁ)crznt
Model 20 37.69580 1.88480 13.70000 0.00000
Linear 5 33.27930 6.65590 479.20000 0.00000
Cutting Speed X1 1 0.06440 0.06440 4.63000 0.13800
Feed X2 1 31.11960 31.11960 2240.51000 0.00000 i
Depth of Cut X3 1 0.00880 0.00880 0.63000 0.35800
Tool Nose Radius X4 1 1.26500 1.26500 91.07000 0.00000 3
Coolant Concentration X5 1 0.82170 0.82170 59.16000 0.67600
Square 5 1.00750 0.20150 14.51000 0.00000 3
Cutting Speed * Cutting
Speed X1? 1 0.02450 0.02450 1.76000 0.18600
Feed * Feed X2? 1 0.12530 0.12530 0.02000 0.00300 3
DOC * DOC X3? 1 0.00000 0.00000 0.00000 0.99900
Tool Nose radius*Tool
Nose radius X4? 1 0.04020 0.04020 2.90000 0.09100

70 DOI: https://doi.org/10.22452/mjs.vol45n03.8

Malaysian Journal of Science 45(3): 64-80 (September 2026)



Malaysian Journal of Science Regular Issue

Coolant

Concentration*Coolant

Concentration X53 1 0.17500 0.17750 12.78000 0.00000 W
2-Way Interaction 10 3.40900 0.34090 24.54000 0.00000

Cutting Speed*Feed X1 *X2 1 0.01360 0.01360 0.98000 0.32400

Cutting Speed*Depth of

Cut X1 *X3 1 0.00520 0.00520 0.38000 0.54100

Cutting Speed*Tool Nose

radius X1 *X4 1 0.03700 0.03700 2.66000 0.10500

Cutting Speed*Coolant

Concentration X1 *X5 1 0.20310 0.02031 14.63000 0.00000 o
Feed*Depth of Cut X2 *X3 1 0.08780 0.08780 6.32000 0.01300

Feed*Tool Nose radius X2 * X4 1 1.46420 1.46420 105.42000 0.00000 o

Feed*Coolant

Concentration X2 *X5 1 0.73640 0.73640 53.02000 0.00000 &
Depth of Cut*Tool Nose

radius X3 *X4 1 0.11500 0.11500 8.28000 0.00000 W
Depth of Cut*Coolant

Concentration X3 *X5 1 0.00000 0.00000 0.00000 0.96000

Tool Nose radius*Coolant

Concentration X4 * X5 1 0.74660 0.74660 53.75000 0.00000 o
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Table 4.2. ANOVA (HAZ)

Un- -
Source HAZ Coded  DF Adj SS Adj MS F-Value F-Value P value Significant
Factors
Values
Model 20 9.62100 0.48060 143.51000 0.00000
Linear 5 7.87910 1.57583 470.55000 0.00000
Cutting Speed X1 1 0.04055 0.10547 31.50000 0.00000
Feed X2 1 0.02100 0.02104 6.28000 0.01300 &
Depth of Cut X3 1 6.93690 6.93686 2071.40000 0.00000
Tool Nose Radius X4 1 0.62510 0.62510 186.66000 0.00000 &
Coolant Concentration X5 1 0.19070 0.19067 56.93000 0.00000 t
Square 5 0.33000 0.06739 20.12000 0.00000 t
Cutting Speed * Cutting
Speed X12 1 0.00230 0.00229 0.68000 0.40900
Feed * Feed X22 1 0.00000 0.00002 0.01000 0.94000 t
DOC * bOC X32 1 0.06140 0.06137 18.33000 0.00000 &
Tool Nose radius*Tool
Nose radius X42 1 0.06460 0.06460 19.29000 0.00000 t
Coolant
Concentration*Coolant
Concentration X53 1 0.06350 0.06345 18.95000 0.00000 &
2-Way Interaction 10 1.39600 0.13960 41.68000 0.00000 t
Cutting Speed*Feed X1 * X2 1 0.00140 0.00139 0.41000 0.52100
Cutting Speed*Depth of
Cut X1 * X3 1 0.03470 0.03469 10.36000 0.00200 t
Cutting Speed*Tool Nose
radius X1 * X4 1 0.01880 0.01884 5.63000 0.01900
Cutting Speed*Coolant
Concentration X1 * X5 1 0.08140 0.08138 24.30000 0.00000 t
Feed*Depth of Cut X2 *X3 1 0.00310 0.00309 0.92000 0.33800
Feed*Tool Nose radius X2 * X4 1 0.34980 0.34981 104.46000 0.00000 t
Feed*Coolant
Concentration X2 * X5 1 0.11310 0.11309 104.46000 0.00000 &
Depth of Cut*Tool Nose
radius X3 * X4 1 0.11310 0.11309 33.77000 0.00000 t
Depth of Cut*Coolant
Concentration X3 * X5 1 0.38950 0.38951 116.31000 0.00000 &
Tool Nose radius*Coolant
Concentration X4 * X5 1 0.30880 0.30883 92.22000 0.00000 t
Interaction Plots for Ra
Surface integrity (Ra) Vs Cutting Speed and Coolant Concentration Surface integrity (Ra) Vs Feed and Tool Nose Radius
Hold Values Hold Values
Feed 0.16 Cutting Speed 600
Depthof Cut 15 Depth of Cut 15
Tool Nose radius0.8 Coolant Concentration 10
/77
1.0 :{::""’i‘""’””’:’?’"il’ili 15
Rainpm 0o S ’",’ Rainpm | ,z':"f
08 By 12 o 12
! zooo " Cootant conentt 004 % ool Nose radius in
comssin o
4.1a. 4.1.b
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Surface integrity (Ra) Vs Feed and Coolant Concentration

Hold Values
Cutting Speed 600
Depthof Cut 15
Tool Nose radius0.8

15 [/

Rainpm 19 ‘

Feed in mm/tooth

4.1.c

Surface integrity (Ra) Vs Tool nose radius and Cool

12
/ 10
— Coolant Concentratic
— 78
1

4
0 08

Tool Nose radius in mm

4.1.e

Surface integrity (Ra) Vs Depth of Cut and Tool Nose Radius

Hold Values
Cutting Speed 600
Feed 0.16
Coolant Concentration 10

Rim* |

/12
08
Tool Nose radius it
04

25
Depth of Cutin mm

41d

ant Concentration

Hold Values
Cutting Speed500
Feed 0.16
Depth of Cut 1.5

Fig. 4.1. a) Surface plot of CS and Coolant concentration b) Surface plot of Feed and Tool nose radius c) Surface plot of Feed and Coolant
concentration d) Surface plot of Depth of Cut and Tool nose radius e) Surface plot of Tool nose radius and Coolant concentration

Fig. 4.1.a - 4.1.e shows the surface plots when ethylene glycol is used as the coolant at 8%, 10%, and 12% concentration. The figures represent

the effect of input parameters on the Surface Roughness (Ra). The Surface plots i

n Fig. 4.1.a indicate a sudden decrease and an increasing

trend for cutting speed and coolant concentration, whereas Figs. 4.1.b and 4.1.c indicate an increasing trend for interaction between feed
and coolant concentration as well as tool nose radius. Interaction plot 6.d indicates a decreasing trend of Ra with tool nose radius and depth
of cut. Fig. 4.1.e shows a decreasing trend, indicating higher values of tool nose radius and coolant concentration of 8-10%.

Contour Plots for Ra
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Contour Plot of Ra vs Tool Nose radius, Feed
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Contour Plot of Ra vs Coolant Concentration, Feed Contour Plot of Ra vs Tool Nose radius, Depth of Cut
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Fig 4.2. a) Contour plots for Cutting speed and Coolant concentration b) Contour plots for Feed and Tool nose radius c) Contour plots for
Feed and Coolant concentration d) Contour plots for Depth of cut and Tool Nose radius e) Contour plots for Coolant concentration and
Tool nose radius

Fig. 4.2.a — 4.2.e represents the contour plots of the interaction between cutting speed, feed, depth of cut, tool nose radius, and coolant
concentration on Surface Roughness (Ra). Fig. 4.2.a shows the simple maximum pattern of the contour plot for the hold values of speed
11000 rpm, 0.16 mm/tooth feed, and a Depth of cut of 1.5mm, with Ra values less than 0.75um. Fig. 4.2.b-4.2.d represents the stationary
ridge pattern and 4.2.e the rising ridge pattern on the contour plot with Ra values less than 0.50 um, 0.90 um, respectively, with the following
values of speed 11000 rpm, 0.16 mm/tooth feed, and Depth of cut of 1.5mm. From the above surface and contour plots, it is observed that
cutting speed between 11000 rpm and 17000 rpm can be considered with a lower feed of 0.04 mm/tooth and a larger tool nose radius and
coolant concentration.

Interaction Plot for HAZ
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Fig: 4.3. a) Surface plot of Cutting speed and depth of cut, b) Surface plot of Cutting speed and tool nose radius, c) Surface plot of CS and
Coolant concentration, d) Surface plot of Feed and Tool nose radius, e) : Interaction plot: Surface plot of CS and Coolant connetration, f)
Surface plot of Feed and Tool nose radius, g) Surface plot of Depth of cut and Coolant connetration, h) Surface plot of Coolant concentration

and Tool nose radius

Fig. 4.3.a - 4.3.e represents the surface plots for the heat-affected zone. The hold values for all the plots are a cutting speed of 11000 rpm,
Depth of cut 1.5 mm, Tool nose radius as 0.8mm and 0.16 mm/tooth feed and 10% coolant concentration. Fig. 6.a indicates better lubrication,
since for all speed values the HAZ shows a decreasing trend with increasing depth of cut. Fig. 4.b indicates that a lower HAZ can be obtained
by employing a 0.4 mm tool nose radius with 10% coolant concentration. Fig 4.c shows a sudden decrease and then an increase in the HAZ
for interaction between cutting speed and coolant concentration. Figs. 3.d and 3.e indicate lower values of HAZ for a cutting speed of 17000
rpm, lower feed, and smaller tool nose radius, along with 8%-10% coolant concentration. Fig.4.f and 4.g indicate that lower values of HAZ
can be obtained with a coolant concentration of 10% for a depth of cut up to 2.5 mm. Fig. 4.6.h shows lower HAZ for a tool nose radius of
0.8 mm and 10% coolant concentration. From the surface plots, a coolant concentration up to 10% and a tool nose radius of 0.4-0.8 mm can

be used.
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Contour Plots for HAZ
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Contour Plot of HAZ vs Coolant Concentration, Depth of Cut
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Fig. 4.4. a) Contour plots for Cutting speed and Depth of Cut, b) Contour plots for Cutting Speed and Tool nose radius, c) Contour plots

for Cutting speed and Coolant concentration, d) Contour plots for Feed and Tool nose radius, e) Contour plots for Feed and Coolant
concentration, f) Contour plots for Depth of Cut and Tool nose radius, g) Contour plots for Depth of cut and Coolant concentration, h)

Contour plots for Coolant concentration and Tool nose radius

Fig. 4.4.a - 4.4.h represents the contour plots for the interaction between cutting speed, feed, depth of cut, tool nose radius and coolant
concentration on Heat affected zone (HAZ). Fig.4.4.a indicates a stationary ridge pattern with HAZ values less than 20.3 IACS. Fig. 4.4.f-4.4.g
shows the minimax pattern of the contour plot for the hold values of speed 11000 rpm, 0.16 mm/tooth feed and depth of cut of 1.5 mm with
HAZ values of 20 IACS. Fig. 3.4. b, ¢, d represents the stationary ridge pattern and Fig. 4.4.e shows the rising ridge pattern on the contour
plot with HAZ values of 20.5 and 20.6 IACS, respectively, with the values of speed 11000 rpm, 0.16 mm/tooth feed, and Depth of cut of
1.5mm. Fig. 3.4.e indicates a rising ridge pattern with a HAZ value of 20.55 IACS.

5. Conclusion

Based on the experimental work, the following conclusions were
drawn:

The individual effects of Cutting Speed, Feed, Depth of cut, tool
nose radius, and coolant concentration exist for the Ra and HAZ
values. The optimum values of Ra and HAZ are 0.21 um and 20.3
IACS. The selection of the Ethylene Glycol concentration should
be in the range of 8-10%. The linear model analysis is well within
the 95% confidence level, with R2 values of 95.27% for Ra and
95.51% for HAZ. The experimental results provide a basis for
future researchers.
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