Journal of Ceramic Processing Research. Vol. 23, No. 5, pp. 617~624 (2022)
(Received 25 February 2022, Received in revised form 19 June 2022, Accepted 25 June 2022) .
https://doi.org/10.36410/jcpr.2022.23.5.617 Ceramic

Processing Research

Experimental investigation of frictional force and co-efficient of friction for brass,
titanium and steel employed under several lubricants

N. Sangeetha™*, V.M. Brathikan®, Devairakkam Gideon® and B. Sangeethkumar®
“Senior Associate Professor, Kumaraguru College of Technology, Coimbatore 641049, India
bAssociate Lead Innovation, Kumaraguru College of Technology, Coimbatore 641049, India
“Student, Kumaraguru College of Technology, Coimbatore 641049, India

Friction is important in almost all the material removal operations for higher accuracy and surface finish. Depending on the
application and the specifications of the final product, almost in all the mechanisms, lubrication properties contribute to the
success or failure of the process. Depending on the application and the specifications of the finish product. In the present
investigation the coefficient of friction is determined for several materials. The effect of friction on metal was studied by pin
on disc wear testing machine. Cold rolled steel, Brass, titanium, Mild steel, Stainless steel and Teflon are considered in this
work and the frictional force and coefficient of friction is considered for all these materials under several lubricants and it is
analysed. The relation between the properties of lubricants such as flash point, coefficient of friction, density and density of
the material for selecting the efficient lubricant is also investigated. The wear test was performed for the above-mentioned
metals considering the lubricants and the wear rate were analysed. Castor oil performed well by reducing the coefficient of
friction when compared to the other lubricants used in this experimental analysis.

Keywords: Wear testing, Lubricants, Coefficient of friction, Pin on disk wear testing machine.

Introduction machining and to maintain the surface roughness and
tolerance limit of the job [6, 7].

The ratio of the friction force and the normal force is Lubricants are used in the deep drawing process to
given by the dimensionless number called co-efficient decrease friction between the tool and the workpiece.
of friction. This determines the relationship between Tool life and forming limit promoting the better
two objects in terms of normal force required to keep product quality and surface finish is enhanced because
them together. Lubricant is an additive agent added in of the usage of lubricants decreases steps and forming
between two rotating or sliding objects which is in energy. In this the detail study is done about how the
contact may generate heat while doing work. It is used lubricant and its affects (or) changes on the material [8,
to improve the working efficiency by observing the 9].
heat and reducing the induced stress and reduces the The friction wear characteristics of silicon carbide
rate of wear acts on the object while in motion [1]. To ceramics heat treated at high temperatures are analysed
avoid unwanted damage, to attain smooth surface [10]. The elastic wave characteristics from friction and
finish which in turn reduces the noise due to friction it wear of Si3;N, are discussed and its effect depends on
is advised to select the recommended lubricant of the amount of silicon dioxide nano-colloid present [11].
based on its chemical and physical property [2, 3]. The experimental investigations of the wear properties

It improves the life span and prevents the system of mullite and aluminium titanate added porcelain
from damages caused due to heat generation in the ceramics are discussed and it is reported that the wear
system. Based on the applicants the lubricants are properties are reduced these inclusions [12]. The
selected in solid, semi-solid and liquid variants [3]. For additives such as silicon oxide and titanium oxide are
some continuous elative motion, the liquid lubricants added to silicon nitrate composites to study wear
are used and for some rotary motion the semi solid properties and bending strength of the composites [13].
lubricants are used. These are selected based on the The calcium oxide, magnesium oxide added stabilized
work, environment condition and requirements [4]. zirconia ceramics produced by different pressing
Most commonly the lubricants are used to minimize methods are investigated for the wear properties [14].
the tool mark obtained on the work piece while The cutting performance and wear mechanism of

tungsten carbide and cobalt ultrafine cemented carbide
*Corresponding author: are investigated while machining gray cast iron [15].
Tel : +91 9443779513 The process parameters optimization are investigated
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Table 2. Lubrication Properties.

Lubricant Density (kg/m®)  Flash point (°C)
Coconut oil 924.27 177
Sesame oil 923.7 315
Tectly press 105 859 210
Tectly press 106 820 218
Tectly press 181 811 151.7
Tectly press 163 856.4 210
Golf ep-01 863 <185
Golf ep-02 910 <150
Fig. 1. Pin on disk wear testing machine. Golf mp-03 950 <200
Castor oil 959 145
Ep-220 890 274
technique, TOPSIS etc., and these techniques can be Ep-90 900 215
employed for all manufacturing processes [16, 17]. Lube-22 862 =200
. Based on the survey, the main objecti\_/e of this .work Figureite grease 270 235
is frgmed as to st}ldy the.effect of various lubricants Silicon grease 1000 300
and its properties in reducing the friction between two
Golf lithium grease 893.6 160

surfaces. This work identifies the appropriate lubricant
for the materials by experimental process using pin on
disc wear testing machine. From this experimentation
process the wear rate of the material used and
effectiveness of the lubricant used during the process
could be found.

Several optimization techniques are followed for the
assessments of machinability of the manufacturing
process and these optimization techniques are helpful
in determinization of the optimum machining process
parameters [18-24].

Specimen Specification

In this experiment seven different materials were
used, and their mechanical properties are listed on the
Table 1. Here the tensile strength was highest for
titanium metal and lowest for cold roll steel 1S513.
Likewise, the yield strength was highest for mild steel
lowest for brass.

Lubrication Specification

The lubricants used for experimentation are listed in
the Table 2. In this experiment sixteen different
lubricant out of which six semi-solid lubricant and ten
liquid lubricants were used based on their properties. A

Table 1. Properties of metal.

lubricant helps to improve engine efficiency and helps
to reduce fuel consumption. Lubricant protects the
mechanical parts against wear and corrosion and
guarantees long life and efficiency of the engine. In this
work the density is highest for silicon grease and
lowest for tectly press 181. Flash point is highest for
silicon grease and lowest for castor oil.

Experimental Analysis

The pin on disk (POD) wear tester machine produces
the relative motion between the specimen which is
connected on the pin holder and disk that generates the
shear direction, due to this the frictional force is
generated. The specimen is placed perpendicular to the
plane motion. The motion is circularly translating
between the stationary (or) fixed specimen and a
moving (or) rotating disk. This makes the specimen to
wear some particles. This tester can control precisely or
monitor the force, speed, frequency, and temperature.

Then the POD is configured manually with a
constant speed of 250 rpm, the normal load of 1kg is
set, and the specimen is placed perpendicular in
between the disk and pin holder. Then the test timing
of 30 minutes is manually set on the POD computer.
Then each specimen and lubricant matrix are changed,

Material properties Cold rolled steel IS513 Brass Titanium Mild steel Stainless steel
Diameter (mm) 10 10 10 10 10
Length (mm) 25 25 25 25 25
Density (kg/m®) 7800 8730 4429 7870 8000
Tensile strength (MPa) 350 360 1100 440 540-750

Yeild strength (MPa) 210 140 240 250 230
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Fig. 2. Specimens -brass, titanium, mild steel, stainless steel,
aluminum and teflon.

and test is carried out in room temperature.

The wear testing with specimens and disks in contact
are both in relative motion and the specimen connected
with load and Linear Variable Differential Transformer
(LVDT) which displays the total vertical linear wear
produced. By doing this, the output of total resisting
force induced by the specimen and to avoid more
frictional losses the lubricant is added into the chamber.
The temperature of the pin can be increased by the
thermistor setup and the readings can be noted by the
thermal sensor reading. Each specimen and disk are
cleaned before taking a new reading and the used
lubricant is drained completely. After competing each
test, the weight and the area is tested.

After each wear test, the data are documented in
computer, the important dataare physical dimensions,
material name, lubricant used, temperature are to be
noted. Each data has a various or slight change in
friction values, sliding distance, sliding frequency,
sliding velocity, and etc.... are recommended to store
the data in 4 to 5 decimals.

Record the wear results for the total weight loss of
the pin and the average pin surface roughness Ra,
which reflects the material properties. The weight loss
of specimen is adjusted to the fluid absorption during
the test and the following is noted. And at certain
interval the initial weight and the final weight are
measured at each test. The initial phase of a wear test is
called “running-in wear,” which is a no steady-state
phenomenon that occurs for many materials starting
from 0 cycles to as high as 1 Mc. Data within this
range may be collected since they provide some
information about the material’s behaviour, but they are
ignored later when analysing and presenting the study’s
main results for steady-state wear.

The coefficient of the friction can be calculated by
the frictional force induced by the shear movement that
happened on the disk by the specimen by the normal
load applied on the string which is connected to the
pin. The Coefficient of friction (p) is calculated by
using the formula p = Frictional Force/Normal Force.
The total net force is calculated by F,=ma, where
‘m’ is the mass of the specimen, ‘a’ is the acceleration.
The applied force on the specimen, F applied, which is
the pull from the string caused by the weight of the

Table 3. Constant Parameters.

Constant Parameters

Gravity 981N
RPM 250
Track Radius 50 mm
Temperature (30 °C) Room Temperature

Table 4. Coefficient of friction for Aluminium with various
lubricants.

Lubricant Frictional force Coefficient
™) of friction
Dry 2.64745413 0.269873
Tectly press 105 1.51325136 0.154256
Castor oil 2.09581821 0.213641
Tectly press 106 1.58350077 0.161417
Tectly press 181 1.65003219 0.168199
Tectly press 163 0.99810864 0.101744
Ep-90 1.21646943 0.124003
Ep-220 1.24612506 0.127026
Lube-22 1.34934588 0.137548
Coconut oil 1.06121637 0.108177
Gingerly oil 0.532158165 0.0542465
Black grease 3.21303006 0.327526
Golf grease 24371964 0.24844
Silica grease 2.33231769 0.237749
Ep-01 2.32622568 0.237128
Ep-02 1.98272853 0.202113
Mp-03 2.44650609 0.249389

hanging mass, m. The applied force is calculated by
Fapplied = mg. Where g =9.81 meters per second squared,
the gravitational acceleration constant. The normal
force is the weight of the Specimen N =mg. The
difference between applied force and the net force
gives the required frictional force. Thus, the dry and
lubricated specimens, coefficient of friction is investi-
gated in room temperature. The wear test was carried
out by the pin-on-disk friction and wear behaviour. The

Co-efficient of friction

Fig. 3. Coefficient of friction of aluminum vs Lubricants.
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investigated data are summarized for which graphs are
generated which clearly represents the change of wear
and friction produced due to motion.

Table 3 shows the constant parameters for all the
iterations performed, only the metal is changed in each
iteration and the necessary reading were noted.

Table 4 shows the Coefficient of friction for Aluminium
with various lubricants. Here the frictional force &
coefficient of friction was highest for aluminium
without any lubricant and lest when gingelly oil was
used as lubricant.

Fig. 3 shows the coefficient of friction for various
lubricants when aluminium is used as a specimen. The
gingelly oil reduces most of the friction between
aluminium with other material while graphite grease

Table 5. Coefficient of friction for Cold Roll Steel IS513 with
various lubricants.

Lubricant Frictional force Coeﬁ_‘lc@ent
™) of friction
Dry 1.56451842 0.159482
Castor oil 1.80031158 0.183518
Tectly press 105 1.69430472 0.172712
Tectly press 106 1.76041431 0.179451
Tectly press 181 1.60367994 0.163474
Tectly press 163 1.6032483 0.16343
Ep-90 1.50275466 0.153186
Ep-220 1.39965156 0.142676
Lube-22 0.435987988 0.04444322
Coconut oil 1.48766688 0.151648
Gingerly oil 1.54779237 0.157777
Black grease 1.97961876 0.201796
Golf grease 1.62234837 0.165377
Silica grease 1.93449276 0.197196
Ep-01 1.9281555 0.19655
Ep-02 1.91601072 0.195312
Mp-03 1.69806195 0.173095

Co-efficient of friction

0.25

0.2

0.15

0.1

0.05

- 1 F o & &
& & & FEF P W& &
¢ &S SR P S
S ¢ T E g
<& E 4 4

Fig. 4. Coefficient Of friction of Cold Roll Steel vs Lubricants.

Table 6. Coefficient of friction for Titanium with various
lubricants.

Lubricant Frictional force Coefﬁc@ent
™) of friction
Dry 2.01749517 0.205657
Tectly press 105 1.44081432 0.146872
Tectly press 106 1.62960777 0.166117
Tectly press 181 1.59878475 0.162975
Tectly press 163 1.5996186 0.16306
Ep-90 1.09756242 0.111882
Ep-220 0.675670617 0.0688757
Lube-22 1.82649447 0.186187
Coconut oil 1.32641991 0.135211
Gingerly oil 1.31112612 0.133652
Black grease 1.74946635 0.178335
Golf grease 1.57805622 0.160862
Silica grease 1.52868249 0.155829
Ep-01 1.62687078 0.165838
Ep-02 1.64531358 0.167718
Mp-03 1.57216041 0.160261
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Fig. 5. Coefficient of friction of Titanium vs Lubricants.

produces more friction between them.

Table 5 shows the Coefficient of friction for Cold
Roll Steel IS513 with various lubricants. Here the
frictional force & coefficient of friction were highest
for cold roll steel IS513 when black grease is used as
lubricant and least when lube 22 used as lubricant.

Fig. 4 shows that the coefficient of friction is low
when EP-220 used as a lubricant, Gingelly oil produces
more friction with Cold Roll steel.

Table 6 show the Coefficient of friction for Titanium
with various lubricants. Here the frictional force &
coefficient of friction were highest for Titanium
without any lubricants and least when EP-220 was used
as lubricant.

Fig. 5 indicates that the EP -90 produces low friction
on titanium. When titanium is used as a raw material,
EP -90 could be used as a lubrication for reducing the
friction efficiently. In opposite to that dry lubricant will
produce more friction.
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Table 7. Coefficient of friction for Mild Steel with various
lubricants.

Lubricant Frictional force Coeﬂic?ent
N) of friction
Dry 1.72007559 0.175339
Tectly press 105 1.29853008 0.132368
Tectly press 106 1.32815605 0.135387
Tectly press 181 1.5366384 0.15664
Tectly press 163 1.5665589 0.15969
Ep-90 1.56464595 0.159495
Ep-220 0.5845779 0.05959
Lube-22 1.8143595 0.18495
Coconut oil 1.65748779 0.168959
Ginely oil 1.92147489 0.195869
Black grease 1.56831489 0.159869
Golf grease 1.56821679 0.159859
Silica grease 1.8594855 0.18955
Ep-01 1.5681285 0.15985
Ep-02 1.5655779 0.15959
Mp-03 1.8202455 0.18555
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Fig. 6. Coefficient Of friction of Mild Steel vs Lubricants.

Table 7 show the Coefficient of friction for Mild
Steel with various lubricants. Here the frictional force
& coefficient of friction were highest for Mild Steel
when gingelly oil is used ads Iubricant and least when
EP-220 was used as lubricant.

Fig. 6 show that the coefficient of friction will be
more on applying Gingelly oil and silica Grease oils
that leads to increase in work power and produce more
heat. When Mild Steel is used as material EP- 220 will
produce low friction and heat, so the power requirement
is less when working on it.

Table 8 show the Coefficient of friction for Stainless
Steel with various lubricants. Here the frictional force
& coefficient of friction was hight for Stainless Steel
without any lubricants and lest when EP-02 was used
as lubricant.

Fig. 7 shows the friction coefficient is low for all
liquid lubricants when stainless steel is used as raw
material. By comparing the liquid lubricant Tectly

Table 8. Coefficient of friction for Stainless Steel with various
lubricants.

Lubricant Frictional force Coefﬁgient
M™N) of friction
Dry 1.80079227 0.183567
Castor oil 1.50649227 0.153567
Tectly press 105 0.221860998 0.0226158
Tectly press 106 0.437356287 0.0445827
Tectly press 181 0.40551597 0.041337
Tectly press 163 0.238623345 0.0243245
Ep-90 0.26210358 0.026718
Ep-220 0.376022205 0.0383305
Lube-22 0.509699151 0.0519571
Coconut oil 0.276192702 0.0281542
Gingerly oil 0.408731688 0.0416648
Black grease 0.228812364 0.0233244
Golf grease 0.460969938 0.0469898
Silica grease 0.596601036 0.0608156
Ep-01 0.385713504 0.0393184
Ep-02 0.15782328 0.016088
Mp-03 0.279312282 0.0284722

Co-efficient of friction
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Fig. 7. Coefficient Of friction of Stainless-Steel vs Lubricants.

Press 105 and EP -20 will be more efficient.

Table 9 show the Coefficient of friction for Brass
with various lubricants. Here the frictional force &
coefficient of friction was hight for Brass when we use
gingelly oil as lubricant and lest when coconut oil was
used as lubricant.

Fig. 8 shows the coefficient of friction for Brass will
be low when coconut oil is used as a lubricant.
Gingelly oil produces more friction so using Gingelly
oil as a lubricant is not advisable.

Table 10 show the Coefficient of friction for Teflon
with various lubricants. Here the frictional force &
coefficient of friction was hight for Teflon without any
lubricants and lest when coconut oil was used as
lubricant.

Fig. 9 shows the coefficient of friction for Teflon
which is less while using coconut oil. At the same time
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Table 9. Coefficient of friction for Brass with various lubricants.

Table 10. Coefficient of friction for Teflon with various lubricants.

Lubricant Fricti(gl\?)l force %?efrﬁi‘lccégﬁt Lubricant Frictio(lll\?)l force %(f)i"fiﬁzﬁt
Dry 1.48642101 0.151521 Dry 1.68423966 0.171686
Tectly press 105 0.849981564 0.0866444 Tectly press 105 1.24869528 0.127288
Tectly press 106 0.891237519 0.0908499 Castor oil 1.52974197 0.155937
Tectly press 181 0.622637757 0.0634697 Tectly press 106 1.00260162 0.102202
Tectly press 163 0.791857314 0.0807194 Tectly press 181 0.853135479 0.0869659
Castor oil 1.27825281 0.130301 Tectly press 163 0.94174038 0.095998
Ep-90 1.17439434 0.119714 Ep-90 1.02640068 0.104628
Ep-220 1.07120295 0.109195 Ep-220 0.956310192 0.0974832
Lube-22 0.599807925 0.0611425 Lube-22 116305398 0.118558
Coconut oil 0.170373213 0.0173673 Coconut oil 0.136673901 0.0139321
Ginely oil 1.64353797 0.167537 Ginely oil 1.82787768 0.186328
Black grease 133501347 0.136087 Black grease 1.10613636 0.112756
Golf grease 125151075 0.127575 Golf grease 152893755 0.155855
Silica grease 1.18188918 0.120478 Silica grease 135238698 0.137858
Ep-01 0.492794559 0.0502339 Ep-01 0.44973945 0.045845
Ep-02 1.01858211 0.103831 Ep-02 134211591 0.136811
Mp-03 0.794648259 0.0810039 Mp-03 0.64307493 0.065553

Co-efficient of friction

do"a“’q?é”@o?'&"ﬂ'o‘\o\ B
i '\/ 3 o @ Qp
\e?" & (?:’" & ?fso g \3&/ &S (8,8 <& Qp‘&\

\Q\{_%\ 'b
Q?L' (9\60(3&6}\\(.

alaa? 5\ 3

‘\"'&‘\e‘ ‘\ L4

Fig. 8. Coefficient of friction of Brass vs Lubricants.

gingelly oil will be low efficient on Teflon.

Study on the Properties of Lubricants

Study on the properties of the lubricant such as
density, flash point and the material density with
respect to the coefficient of friction of black grease was
studied. A graph has been generated with all the
materials in relation to the coefficient of friction of the
lubricants used. It is generated in order to understand
the effectiveness of the lubricants reducing the
coefficient of friction with respect to the materials
used. This study helps to find out the influencing
chemical properties of the lubricants and also to find
out the relation between the material density with
respect to the coefficient of friction of the lubricants.
The above-mentioned data has been plotted as graph
with relation to coefficient of friction.

Co-efficient of friction

=
x\é} /\Q&,\QS} x\é}
Fig. 9. Coefficient Of friction of Teflon vs Lubricants.
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mild steel, teflon are investigated in this work. A
comparative analysis for all these materials in terms of
coefficient of friction reveals that the change in density
of the lubricant has no correlated effect on coefficient
of friction which shows that coefficient of friction is
independent of density. Similarly, the coefficient of

friction doesn’t show any correlated variation with
respect to flash point of the lubricant. From the density
test, it is clearly evident that the weight of the test piece
doesn’t impact the coefficient of the friction. This
shows that the coefficient of friction is independent of
material properties like density & flash point and
physical properties like weight of the material in
contact.

Conclusion

Aluminium, Cold Roll Steel, Stainless Steel, Brass,
Teflon, Titanium, Mild Steel were individually tested
with the lubricants like coconut oil, sesame oil, castor
oil, EP-220, EP-90, Lube-22, Figureite Grease, Silicon
Grease, Gulf Lithium Grease, Gulf EP-01, EP-02, MP-
03 & Tectly press 105, 106, 181, 163 using the wear
testing machine. Finally, it is found that lubricants play
an important role in determining a products lifecycle
and healthy manufacturing because it acts as a layer
between the two surface which is in contact with each
other reducing the surface contact resulting in the
reduction of coefficient of friction. The wear test was
also performed for the above-mentioned metals without
using any lubricants and the wear rate were noted.
Castor oil performed well by reducing the coefficient
of friction when compared to the other lubricants used
in this experimental analysis. The friction force was
more when the dry test was performed when compared
to that of with lubricants. It is found that there is no
relation between the lubricant properties i.e., density,
coefficient of friction and with respect to the density of
the material used. Understanding of various lubricants
parameters helps us to select the felicitous lubricants
for suitable applications where understanding of
friction is necessary for positive output.
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