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Abstract. Vegetable oils are found as the feasible alternative for conventional minerals oils. There has been
many environmental and health issues which are spotted with the use of conventional cutting fluids. There has
been a great demand for developing new environmentally friendly vegetable based cutting fluids to reduce these
harmful effects. In this present study, vegetable based kapok oil is used as a cutting fluid during milling to study
its consequences over other conventional oils. The process parameters such as spindle speed, depth of cut and
feed rate were optimized with respect to the flank wear (Vb) and surface roughness (Ra) respectively with the use
of central composite design in response surface methodology (RSM). Further an attempt has been made to
monitor the tool condition by measuring the cutting force, vibration and sound pressure simultaneously. Three
different tool conditions such as dull, fresh and working were analyzed and their consequences were also
reported. Also, the performance of the kapok oil is compared with the palm oil and mineral oil (SAE 20W 40).
The feed rate has the major contribution for surface roughness and flank wear. It is found that the cutting force
(F), sound pressure (p) and vibration (V) increases with the tool wear.

Keywords: Cutting fluids / kapok oil / surface roughness / flank wear / tool condition monitoring / RSM

1 Introduction

Milling is the basic machining process which tends to have
high metal removal rate and mostly used for complex
machining shapes. Cutting fluids have been used in the
machining process to improve the tribological character-
istics of the work piece and tool involved [1]. Cutting fluids
assists in carrying away the heat produced and debris
ejected during machining [2]. These aspects will help to
diminish the tool wear and energy consumption during
machining [3]. Cutting fluids improves the efficiency of
machining process by enhancing tool life, surface finish of
the workpiece, reducing cutting force and vibrations.
Conventional mineral, synthetic and semi-synthetic cut-
ting fluids involved in the ecological cycle with air, soil and
water and their toxicity leads to environmental pollution
[4]. Many research works have been undertaken on the
application of vegetable based cutting fluids for machining
applications and most of them were used as a straight
cutting oils [5,6]. It is reported that 320 000 ton per year of
metal working fluids were consumed by European Union

alone of which at least two-third need to be disposed as
wastage into the environment [7]. The disposal of waste is
expensive and also it affects the environment. Cutting fluid
processing involves waste treatment as well as pre-
treatment. The cost for the treatment of fluid is higher
than purchasing of new cutting fluids in most cases [8].
Thus, to reduce the mass usage of conventional mineral oil
cutting fluids and also to minimize their effects on
environment and operators, several alternatives are being
extremely explored such as solid lubricants, drymachining,
cryogenic cooling, minimum quantity lubrication (MQL)
[9] technique and also by the application of vegetable oils
[10–12]. Vegetable based cutting fluids minimizes the
health and environmental effects as compared to the
petroleum based oils which are biodegradable [13]. They
possess good lubrication capability as compared to other
conventional oils.

The effect of vegetable based cutting oil on cutting
forces and power shows that they were equal or dominant
than conventional mineral oil [14]. Vegetable based oils are
considered as environmentally friendly because they are
renewable, less toxic and holds high biodegradability.
The vegetable based cutting fluids have been used for
various mechanical processes such as drilling, turning,* e-mail: shankariitm@gmail.com
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Abstract: This paper aims to predict wear of hard zirconia-on-hard alumina 
ceramic hip bearing couple for 20 years of lifetime by considering a realistic 
wear coefficient. Past studies in hip wear prediction have considered a fixed 
wear coefficient determined for a shorter sliding distance and used this for 
long-term wear prediction. In this study, pin-on-disc test between the zirconia 
and alumina bearing materials for a sliding distance of 60 km has been 
conducted in a dry and lubrication condition to determine friction and wear 
coefficient for initial ‘running-in’ and subsequent steady-states. Finite element 
method has been employed to compute cumulative linear and volumetric wear 
of implant for 20 million cycles using the calculated wear coefficient values. 
Wear prediction showed lesser cumulative linear and volumetric wear for 
steady state wear coefficient when compared with running-in wear coefficient. 

Keywords: alumina; zirconia; wear coefficient; hip prosthesis; FEM; wear. 
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Experimental and submodeling technique to investigate the wear of silicon 
nitride against Ti6Al4V alloy with bio-lubricants for various gait activities 
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A B S T R A C T   

The present work focused on analyzing the wear and friction coefficients of Si3N4 against titanium alloy grade 5 
material using ball-on-disc tribometer for a sliding distance of 20 km with five different bio-lubricants. Later 
using finite element submodeling technique, post implantation wear is predicted for 2 years considering four 
different gait activities which includes normal walking, stairs down 25 kg, carrying 25 kg and lifting 40 kg. The 
friction coefficient value is found to be least for sesame oil. The increase in percentage difference in friction 
coefficients for phosphate buffer saline (PBS), distilled water, Ringer’s solution and saline solution are 77.27%, 
81.81%, 84.09% and 86.36% when compared with sesame oil. The percentage difference in reduction in wear 
coefficients for sesame oil, saline solution, Ringer’s solution and PBS are 36.49%, 48.81%, 56.11% and 84.36%. 
The linear and volumetric wear is found to be quite low for all gait activities for PBS bio-lubricant. Overall the 
least linear and volumetric wear are obtained for normal walking gait activity followed by Stair down 25 kg, 
Carrying 25 kg and Lifting 40 kg gait activity.   

1. Introduction 

Implant failure occurs mainly due to the generation of wear particles 
which results in implant loosening leading to revision surgery. This 
forces surgeons and engineers to develop new biomaterials that could 
resist against not only wear and also should be highly biocompatible as 
well as biodegradable. Most commonly used polyethylene material 
UHMWPE (ultra high molecular weight polyethylene) against metallic 
and ceramic femur heads like CoCr (cobalt chromium), Alumina (Al2O3) 
and Zirconia (ZrO2) generated large amount of wear particles [1,2]. 
Ceramic-on-Metal (C-o-M) combination was proposed as an alternative 
to metal-on-polyethylene (M-o-P) and metal-on-metal (M-o-M) [3]. The 
titanium alloy (Ti6Al4V) known for its high biocompatibility and better 
corrosion resistance proposed as an alternative material to joint 
replacement. Similarly, silicon nitride (Si3N4) was found to be a better 
alternative over metallic implants due to its high fracture toughness, 
better bio-compatibility, no cytotoxic effects and resistance to crack 
propagation [4,5]. Moreover, the ion concentration of titanium and 
Si3N4 in cell culture medium were 0.11 � 0.05 and 0.27 � 0.04 mg/L 
and showed no cytotoxic effect [6]. Many experimental tests were 

conducted to analyze the wear of titanium alloy and silicon nitride for 
the purpose of artificial implantation using bio-lubricant. The vast 
adopted experimental test setups mainly used for wear analysis of bio-
materials include hip simulator and pin-on-disc (POD) tribometer. The 
titanium alloy against Si3N4 ball was tested using ball-on-flat style wear 
test rig for different bio-lubricants for a constant load of 9.8 N. The ti-
tanium alloy exhibited lesser wear rate under lubrication conditions [7]. 
Though synovial fluid should be a preferred lubricant for tribological 
testing of biomaterials, many literatures focused on the effect of alter-
nate bio-lubricants like distilled water, sesame oil, ringers solution, 
0.9% NaCl (saline solution) and phosphate buffer saline(PBS) [8–12]. 
These bio-lubricants had significant reduction in friction and wear co-
efficient based on different parameters like load, sliding distance and 
velocity tested using POD tribometer and hip simulators. These 
bio-lubricants exhibited better tribological behavior by developing a 
tribofilm in reducing the wear and friction between the biomaterials. 
Though POD tribometer was used in estimating the friction and wear 
coefficient of bio-implants, several other parameters like radial clear-
ance, gait activities, cup inclination angles and femur head diameter also 
influences the wear of bearings. 
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Sexena et al. combined an Armox 500T 
steel pair using the shielding metal arc-
welded (SMAW) method. Welding is per-
formed in a multi-pass way with an austen-
itic stainless steel welding electrode as a 
welding wire. They examined the wear be-
havior of the sample utilizing the weld 
seam area [12]. Saleh et al. evaluated the 
ballistic performance of ARMOX 500T 
steel, examining the residual stress results 
and comparingtheir results with an exist-
ing ballistic limit diagram.

Comparing FE results with a new ver-
sion of the Forrestal-Warren model which 
showed excellent performance, and thus 
providing one more method for faster veri-
fication [13], Fattahpour Moazzez et al. in-
vestigated thermoelectric, air cooling sys-
tems. To this effect, they determined the 
cooling amount of smaller size, lightweight, 
and less liquid functions in the thermoelec-
tric system. Thus, the air cooling system 
was first designed and modeled with AN-
SYS CFX and the outcome was compared 
with experimental results [14]. Karimi et 
al. analyzed the influence of nanoparticles 
on the heat transfer coefficient in heat dis-

pressure. The chemical composition of the 
filler metal, welding electrode wire, and 
protective welding powder has been ana-
lyzed in previous works [6-8]. Kumar et al. 
prepared a 3D model for simulating the 
temperature profile along with the slope by 
combining similar and dissimilar metals 
via laser welding. They developed a finite 
element code with the help of ANSYS APDL 
software which takes into consideration 
the thermal and mechanical properties of 
the joining material pairs [9]. SAW is also 
often used to join the thick materials. In 
the SAW welding method, an electric arc is 
formed between the welding electrode 
(wire) and the metal parts to be welded 
(workpiece). The arc that occurs under the 
welding protective powder attains the 
unique characteristic of the SAW welding 
process [10]. 

Using SAW, Nezamdost et al. welded API 
X65 s steel with S2MO wire 3.2 mm Ф at 
400 A energy input and investigated ther-
mal distribution using a Goldak model. The 
2D and 3D finite element (FE) models were 
formulated from the results of heat transfer 
equations using an ABAQUS package [11]. 

Ramor 500 steel plates are produced ac-
cording to specific methods to be able to 
resist tough impacts (tension, compres-
sion, bending, etc.). They are especially 
used for dressing automotive and armored 
vehicle applications in the form of thin 
sheets 2 to 30 mm in thickness. The appli-
cations in question, such as concrete mix-
ers, abrasive load-bearing trucks, or light 
armored vehicles, are manufactured using 
these thinner and lighter steel Ramor 
plates which provide more dynamic effi-
ciency as well as saving fuel [1]. A finite 
element tool, i. e. ANSYS, is mainly used 
before the prototype production prepara-
tion stage after modeling [2-4] in order to 
analyze its load-bearing capacity and ther-
mal efficiency. The fatigue resistance of the 
ballistic applications in the weld seams is 
meant to be higher in both light as well as 
heavy vehicles [5]. The SAW (submerged 
arc welding process) is one of the melting 
welding methods and has various applica-
tions in the manufacturing sector. Through 
the SAW welding process, controlled weld-
ing speed and high welding power can be 
achieved easily without applying much 

Ramor 500 steel plates are used as a ballistic material due to their 
greater hardness and strength properties. This steel can be produced 
with a 2-30 mm thickness sheet which may attain 505-590 HV hard-
ness. In the present work, Ramor 500 steel pairs are joined using a  
submerged arc welding (SAW) process and taking various parameters 
into consideration. An austenitic additional wire is used for the welding 
process which contains Cr, Ni, and Mn. The source model prototype was 
developed using ANSYS software and considering a time-dependent 
three dimensional thermal model with source cooling. The highest  
tensile stress voltage value was determined in the sample applying a 
constant current of 250 A, 25 V and 30 cm × min-1 welding speed. It was 
observed that the welding seam width increases as welding tension 
grows and that welding height and depth increase and decrease more or 
less in tandem. A ANSYS thermal cooling analysis revealed that welding 
tension grows with heat transfer which increases 15 mm from the main 
center of the welding area.

Ali Kaya Gur, Semih Taskaya,  
Subramaniam Shankar and  
Thangamuthu Mohanraj, Elazig, 
Turkey, India

FEA of SAW penetration of  
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Abstract

Non-renewability and damage caused to the environment while using mineral based and
synthetic based lubricants become the greatest concern of this century. Disposal issues
initiated a global trend to utilize vegetable based lubricants in industries. Vegetable oils are
environmental friendly, have low toxicity and highly biodegradable in nature. The main
objective of this work is to improve the viscosity and reduce the friction and wear rate of
Kapok oil using boric acid as an additive. The tribological properties of kapok oil with three
different concentrations (1, 3 and 5 wt%) of boric acid is evaluated and compared with pure
kapok oil using pin on disc tribometer. The worn out surface of the pin are analyzed using
the optical microscope after the wear test. The viscosity and thermal properties of kapok
oil with 5 wt% of boric acid possess the better performance compared to other samples.
Boric acid particles suspension exhibits reduction in friction and wear when compared
with pure kapok oil. Overall, the kapok oil combined with 5 wt% of boric acid acts as the
better bio lubricant oil which would help to reduce the global demand of petroleum-based
lubricant sustainability.

1 INTRODUCTION

Generally, lubricant plays a vital role in industrial and as well as
in the machine components which are used to reduce the fric-
tion between the two contacts surfaces and also used to min-
imize the heat between the two surfaces [1]. The viscosity of
the lubricant has a great influence on the quality of the lubrica-
tion of the machine components [2]. The liquid lubricants are
classified into three types that is, synthetic, mineral and veg-
etable oil. The synthetic oil is the chemical composition of the
artificial made, is manufactured using the chemical reforma-
tion from the petroleum component rather than the complete
crude oil. Mineral oils are mostly used in the motor and engine
applications, which are also obtained from the petroleum-based
crude oil. The mineral oil is harmful to the environment which
causes more toxicity and non-biodegradable [3]. The mineral oil
lubricants have hydrocarbons which cause those effects and the
natural lubricants are obtained from esters [4]. Vegetable oil is
mostly an environmental friendly lubricant, easily biodegradable

This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution and reproduction in any medium, provided the original work is

properly cited.
© 2021 The Authors. Micro & Nano Letters published by John Wiley & Sons Ltd on behalf of The Institution of Engineering and Technology

and non-toxic [5, 6]. Vegetable oil has good lubricant properties
but limited in thermal stability and oxidation stability properties
[7, 8]. While comparing with the mineral oil, vegetable oil has a
high pour point, enhanced better viscosity index, and low evap-
oration loss [9]. In this work, one such vegetable oil (kapok oil)
is considered and its change in properties are studied using boric
acid as an additive. The friction and wear rate characteristics of
kapok oil possess minimum when compared with mineral oil
(SAE 20W 40) and Palm oil [10].

Lot of works were carried out using Nanoparticles and Nano-
materials as an additive with lubricant oil [11, 12]. Depending
upon the characteristics of nanoparticles such as size, shape and
concentration, the friction and wear between the two contact-
ing surfaces were reduced [13]. The lubricating properties of
boric acid (H3BO3) were studied which was commercial avail-
able in the market and environmentally safe [14]. The environ-
mental protection agency act established that boric acid does
not cause any harm or pollution. In order to reduce friction and
wear, various additives were added in the lubricating oil [15].

290 wileyonlinelibrary.com/iet-mnl Micro Nano Lett. 2021;16:290–298.
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Abstract: In the present research work, an effort has been made to explore the potential of using the
adhesive tapes while drilling CFRPs. The input parameters, such as drill bit diameter, point angle,
Scotch tape layers, spindle speed, and feed rate have been studied in response to thrust force, torque,
circularity, diameter error, surface roughness, and delamination occurring during drilling. It has
been found that the increase in point angle increased the delamination, while increase in Scotch tape
layers reduced delamination. The surface roughness decreased with the increase in drill diameter
and point angle, while it increased with the speed, feed rate, and tape layer. The best low roughness
was obtained at 6 mm diameter, 130◦ point angle, 0.11 mm/rev feed rate, and 2250 rpm speed at three
layers of Scotch tape. The circularity error initially increased with drill bit diameter and point angle,
but then decreased sharply with further increase in the drill bit diameter. Further, the circularity
error has non-linear behavior with the speed, feed rate, and tape layer. Low circularity error has been
obtained at 4 mm diameter, 118◦ point angle, 0.1 mm/rev feed rate, and 2500 RPM speed at three
layers of Scotch tape. The low diameter error has been obtained at 6 mm diameter, 130◦ point angle,
0.12 mm/rev feed rate, and 2500 rpm speed at three layer Scotch tape. From the optical micro-graphs
of drilled holes, it has been found that the point angle is one of the most effective process parameters
that significantly affects the delamination mechanism, followed by Scotch tape layers as compared to
other parameters such as drill bit diameter, spindle speed, and feed rate.

Keywords: drilling; carbon fibre reinforced polymers (CFRPs); thrust force; surface finish; drilling
accuracy; delamination; adhesive tape

1. Introduction

Carbon fibre reinforced polymers (CFRPs) bind carbon fibres and polymer matrices
together and possess inorganic and synthetic characteristics. The applications of CFRPs
are in demand, nowadays, for structural and functional components due to their high
toughness, strength, and stiffness [1]. Unlike many other engineering materials, CFRPs
have a wide range of promising applications in automotive and aerospace industries,
benefiting from their lightweight structures. The application areas include, but are not
limited to, telecommunication, automotive, oil and gas, building and construction, sports
and recreation, aviation, biomedical, marine (naval), electronics, defence or military, power
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