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Editor's Message

The Indian Journal of Tribology is coming out after a longer gap than usual.
My apologies for this. While a lot of excuses can be given, nothing is going to
matter. VWe do hope to get issues more regularly. For this the help of the
tribology fraternity of India is required. This can happen when quality papers
are submitted. | once again request you to have a look at the templates given
in the website of the Tribology Society of India and follow the instructions for
writing papers.

One of the developments that will be taking place this year is the hosting of
IndiaTrib 2019 at the Indian Institute of Science, Bangalore. The event will be
from the |I* to 4" of December 2019. The event will have |8 Plenary and
Keynote speakers. More than 220 abstracts have been received by the
deadline that was the end of July. This event is a packed event and will see
some of the best tribologists around the world present their work. All of you
are requested to come for this event andgive publicity to this event among
your colleagues and contacts. This is possibly a once in a lifetime event to
meet many of the well-known tribologists from around the world.

Raising the standard of tribology research in India and this research having
an impact on sustainable development is the goal that we need to achieve.
Please help us in the endeavor.

Satish V. Kailas
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ABSTRACT

Al 8011alloy has been reinforced with 6 vol. % of
auminum diboride (AIB,) particles by in-situ synthesis
process to prepare 8011/AIB, composite.Composite was
characterized by XRD, Optical microscopy, Scanning
Electron Microscopy (SEM) hardness and wear studies. AlB,
particles were identified by XRD analysis. Microstructural
studies reveal the morphology and distribution of AlB,
particles. Enhancement in hardness was observed dueto the
presence of AIB, particles inthe matrix. Wear resultsreveal
that composite has lower wear rate than unreinforced aloy
sliding under same sliding conditions. Worn surfaces
examined under SEM reveals the mode of wear involved.

1. INTRODUCTION

Aluminum matrix composites (AMCs) are widely used
because of high stiffness, high strength to weight ratio, low
coefficient of thermal expansion and good wear resistance
as compared their conventiona alloys [1]. In-situ technique
is mostly used to prepare AMCs as it offers some
advantages over ex-situ process such as finer particle,
homogeneity, isotropy, better thermal stability and smpleto
adopt [2].

Some studies are done in past by using Al8011 aloy
as matrix and Al B, as reinforcement materia's to improve the
properties of alloy. Vembu and Ganesan [3] synthesized
Al8011/15% SiCp composite through stir casting and
optimized the aging parametersto obtain maximum strength
and hardness. Karthik kumar et al. [4] also reported
improvement in mechanica properties with the addition of
B,C andred mud particlesinto Al 8011 alloy. Deppischet al.
[5] prepared high purity AIB,, fl ake rei nforced aluminum matrix
composite by melting. In-situ liquid heat treatment was
applied to produce Al B, flakesin the matrix. In another study
Deppisch et a. [6] and ysedthe crystalization and growth
behavior of AIB, flakesin aduminum matrix. Ficici et al. [7]
studieddry diding wear behavior of in-situ AIB(z)/AI metal
matrix composite. Koksa et a. [8] developed wear rate
predi ction model for wear using Taguchi’s technique in terms

of wear parameters sliding velocity, normal load, diding
distance and reinforcement ratio. Moldovan et al. [9]
developed 3 wt % AIBx (x=2,12) /AAGOG60/AIB,, and AAS083
composite through in-situ technique using KBF, powder.
Developed composites show higher resistance to crack
initiation than unreinforced aloy. Recently Radhika and
Raghu [10] studied the mechanical and abrasive wear
behavior of functionally graded Al/AIB, composite by
centrifugal casting.In the present study an effort is made to
prepare the Al/AIB, composites by in-situ technique and to
study its microstructure and dry diding wear characteristics.

2.EXPERIMENTAL DETAILS

Al 8011dloy (Cu 0.001%, Mg 0.04%, S 0.67%, Mn
0.002%, Zn 0.0028%, Pb 0.001%, Fe 1.01%, rest a uminium)
and potassium tetra flouro borate (KBF,) having purity of
96% st are used as raw materids to prepare AI8011/AIB,
aluminum matrix composite. In-situ reaction takes place at
850°C between aluminum and KBF, as per Equation (1).
Required amount aluminum and salt were meted at 850°Cto
form 6 vol. % AIB, particles. Composite melt was stirred
intermittently to get uniform distribution of AIB, particles.
After degassing the melt was poured into preheated (200°C)
steel mold and kept to solidify naturaly.

XRD (Rigaku), Optical microscope (Leitz Metallux-3)
and SEM (ZEISS), modd EVO 18, are used for phase and
microstructure examination. Vickers Hardnessteser (LIECA)
is used to measure the hardness of prepared samples. Siding
wear test was conducted on pin-on-disc apparatus
(DUCOM) at ambient temperaturefor different applied loads
10, 20 and 30N at fixed diding distance and dliding velocity
2.7 Kmand 1.5 m/s respectively.

3Al + 2KBF, —> AIB, + 2KF + 2AIF (1)
3. RESULTSAND DISCUSSION
3.1 XRD and Microstructural Examination

XRD pattern of prepared composite is shown in Fig.1,
in which AIB, diffraction peaks are identified. Presence of
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AlB, pef_aks isthe ponfi rmation of formation of particlesin
the d umi num marix.
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Fig. 1: XRD pattern of prepared composite

Optical micrograph (Fig. 2) of composite shows AIB,
particles present in the matrix. In order to have adetail idea
about morphology and distribution of AIB,, SEM
examination is carried out. AIB, particles are distributed in
the matrix and observed in flakes and hexagond shapesin
the sizerange of 2.5 mmto 10 mm. (Fig. 3a-b),
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Fig. 2: Optical micrograph of 8011/AIB, composite

3.2 Hardness M easurement

Vickers’s hardness is measured at 1 Kg load and 10
seconds dwell time. Hardness of composite was observed
to be improved by 19.5% as compared to base dloy. Thisis
attributed to the presence of hard particles in the soft
a umi num matrix.

AlB; particles
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Fig. 3: SEM micrograph showing (a) distribution and
morphology of AIB, particle

3.3 Wear Characteristics

Figure 4 shows variation of weight loss with applied
load for base dloy and Al 8011/6 vol. % AIB, composite. It
is observed that weight loss increases with increase in
applied load for both the alloy and composite. The possible
reason for increased weight loss may be due to increase in
contact area between the two surfaceswith increase in load,
which resultsinto generation of large amount of frictiona
heat.Frictiona heating leads to softening of the pin sample
and therefore hard asperities penetrate deeply into soft pin
surface and weight loss increases [2].

However the weight loss of composite is lower as
compared to aloy. The reduced weight lossis attributed to
AlB, particles which enhanced hardness and strength of
composite.
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Fig. 4: Variation of weight loss with applied load
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Figure 5 a-b shows the worn surface morphology of

aloy and composite at 10 N load after diding 2.7 km at
diding velocity of 1.5m/s.At low loadworn surface shows
relatively smooth areas with shallow grooves, on the both
the samplesand wear mode is oxidative but as the load
increaseto 30 N oxidative mode changesto metal licand wear
surface exhibits deep grooves, severely damaged areas, and
delamination which leads to the increased wear 10ss
(Fig. 6 &hb).

Fig. 5: Worn surface of (a) base alloy (b) Al8011/6 vol.
% AIB, composite at 10 N load

2

B

=T
W D s ' mET

Fig. 6: Worn surface of (a) base alloy (b) Al8011/6 vol.

% AIB, composite at 30 N load

4. CONCLUSION

In-situ process has been successfully employed to
prepare the Al 8011/6 vol. % AlB, composite.

XRD anaysis confirms the presence of AIB, particles
inthealuminum matrix.

AIB, particles are observed in hexagona and flakes
morphology with greyish color in the size range of 2.5
mmto 10 mm.

Vickers hardness of the composite is improved by
19.5% when compared to base alloy.

Weight loss of composite is less as compared to base
alloy operating under same diding conditions which
concludes its reduced wesar rate.

Vii.

Oxidative wear mode is dominated at low load and
converted to metdlic as the load increases.

Worn surface morphology is in agreement with the
wear results.
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ABSTRACT

The tribologica use of Mg-aloys can be promoted in
many applications by protecting them against corrosion and
wear. Localized protection of contacting surface helps in
reduction of wear and corrosion as they are surface related
phenomenon. Present study deals with the devel opment of
ceramic based coatings on AZ91 aloy using thermal spray.
The ALLO, and Al,O, doped with CeO, were deposited on
AZ91 dloy using D-gun spray and contribution of ceriain
enhancement of tribological and mechanical properties is
investigated. The surface and subsurface characterization
was done prior and post experiments usng SEM/EDS.
Further, the metalurgical characteristics of coatings were
recorded using the X-ray diffractometer and tribological
responses were studied using tribometer. The scratch
resistance of the coatings was tested under the ramp load.
The CeO, doped Al,O, coated AZ91 alloy showed better
properties as compare to the bare and AlLO, coated AZ91
aloy. The improvements can be attributed to the refined
microstructure and increased hardness. It can be suggested
that ceria plays an important role in enhancing the lubricity
of coating and tribological properties.

1.INTRODUCTION

AZ91 Mg alloys are being preferred over the other
Mg alloys due to their good castability, cheap prices and
suitable mechanical and corrosion properties under room
temperature conditions. They are widely used in the form of
die casted thin components which can be operated in the
range of 110-125°C due to their limited corrosion and wear
resistance [1], [2]. Therefore, there is need to improve the
wear and corrosion properties of the alloy so asto extend its
use, beyond limitation, in various industrial applications.
Many efforts have been made by various researchers to over-
come the limitations [3]—[6]. There are various methods
which can be explored such as alloying, surface treatment
and heat treatment to impart favorable properties to the Mg-
alloys [7]. One of the method to enhance the mechanical and
tribological properties of the material is surface coatings.
Surface modification of Mg-alloys can be done by deposit-
ing or producing various coatings or layers of either similar
or dissimilar material. Surface coating technologies such as

chemical vapor deposition (CVD) [8], [9], physical vapor
deposition (PVD) [8]-[10], electro-deposition [11], [12],
micro-arc oxidation [3], [11], thermal spray [13], [14], cold
spray [14], [15] have been developed to extend the use of
Mg-alloysin different industries. The surface properties can
be altered by developing the coating with high hardness,
refined microstructure, high adhesion strength etc. and can
be achieved by thermal spray techniques such as HVOF,
plasma spray etc. [16].

In recent years, rare earth elements (REE) have been success-
fully employed to enhance the wear and corrosion resistance
by influencing the microstructure [17]. Zhang et al. [18] de-
veloped rare earth metals and Ni-based coatings using su-
personic plasma spray technique. They observed that the
addition of rare earth elements resulted in increase of wear
resistant.

They explored the surface microstructures and suggested
that it was more compact and less porous. Rare earth, being
possession of purifying and refining properties they also
exhibits excellent tribological and mechanical properties
and hence, suitable for engineering the surfaces[18]. In an
investigation made by Wang et al. [19]it was observed that
deposition of ceramic coating on Mg alloy gives rise to in-
crease in hardness and anticorrosion properties Sharma [16]
carried out a study by depositing CeO,doped Ni/WC based
coating via HVOF technique and observed that there is an
improvement in wear resistance. They found that addition
of CeO, played an important role in enhancing the wear
resistance by increasing the hardness of coatings. Liu et al.
[20] also investigated the effect of CeO, addition in HVOF
sprayed WC-12wt. %Co coating. They reported that the
CeO, doped coating was the less porous than undoped ones
and the mechanical properties were improved.

In this study, tribological behavior of bare and coated AZ91
alloy is investigated by depositing the D-gun spray. Al O,
and Al,0,+0.4% CeO, coatings are deposited on AZ91 al-
loy. The scratch resistance and friction behavior of the coat-
ings wererecorded under tribometer. The samples were char-
acterized using microhardness tester and SEM/EDS respec-
tively. Further, contact angle measurements and surface en-
ergy of the samples were also recorded to comment on the
nature of the surfaces.
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2. EXPERIMENTAL
2.1 Methods and Materials

The base materials selected for study were cast
magnesium aloy AZ91 (Mg-9wt.%Al-1wt.%Zn) and near
eutecticAl-11.3%9 (Al-11.3wt.%S-0.7wt.%Fe-1.8wt.%Cu-
0.2wt.%Mn-0.6Wt.%Zn-0.2wt.%Mg) aloy. The cas AZ91 Mg
alloy was procured from XI’anYuechen Metal Products Co.,
Ltd. China. Wheress, the near eutectic Al-11.3% aloy was
supplied by Ye Chiu, Maaysia.

The sampl es havingdimensions 10 mm x 20mm x 50 mm
were cut from the as cast AZ91 Mg dloy block. The near
eutectic Al-11.3%S dloy sampleshaving dimensons20 mm
X 40 mm x 6 mm were cut from the as cast shaft. All the
samples were cut using e ectro discharge machining (EDM)
wire cut. These samples were further polished using 400,
600, 800, 1000 and 2500 grit size emery paper followed by
the cloth polishing with Al O, having particle size 1 um.

TheAlO, and Al O, doped with 0.4wt.%CeQ, coatings
were deposited onAZ91 Mg aloy using D-gunthermal spray
technique. The coatings were deposited at SV X ‘M’ Surface
Engineering, Noida, India. The parameters of spray gun were
kept constant as shown in Table 1.

Tablel. D-gun processparameters

Gases Pressure (MPa)
Oxygen 02

Acetylene 014

Nitrogen 04
Consumption of powder per shot | 0.05-0.02 g/shot
Water consumption rate 15-25 liter/minute
Firingrate 3 shot/s

Coating thickness per shot 2530um
Spraying distance 165mm

Prior to coating, the powders werebal milledfor 8 hin
order to achieve the homogeneous dispersion. The rpm of
the ball mill was 70 (approximately) and kept constant. The
samples were grit blasted prior to coating deposition to
increase the surface roughness and hence increase the
substrate — coating adherence.

3. RESULTS AND DISCUSSION
3.1. Microstructure

The as sprayed morphology of Al,O, and
Al,O,+0.4%CeQ, coatings are shown in Fig. 1. The CeO,
doped Al O, coating (Fig. 1b) shows more intact, uniform
and dense microstructure as compare to pureAlLO, coating.
The intactness and refined microstructure of CeO, doped
coating can be attributed to the rare earth effect; which alters
the microstructure by repositioning of Ce sites.

=M

Fig. 1. SEM micrograph of assprayed (a) Al,O, and (b)
Al,0,+0.4%CeO, coating respectively

Fig. 2 and Fig. 3 shows the SEM micrograph of polished
Al,O,and ALLO, + 0.4wt.% CeO, coated AZ91 aloy adong
with their corresponding X-ray mapping.

Fig. 2: SEM micrograph of polished Al,O, coated AZ91
alloy along with corresponding X-ray mapping

Fig. 3showstheX-ray mappingof Al,O, + 0.4wt.%CeO,
in which the uniform distribution of CeO, can be observed.
Also, the CeO, doped coating (Fig. 3) contains less porosity
and defects as compared to the undoped (Fig. 2) one.

Fig. 3: SEM micrograph of polished Al,O, + 0.4wt.% CeO,
coated AZ91 alloy along with corresponding X-ray
mapping

CeO, plays an important role in controlling the
microstructure of the coating by the mechanism of site
occupancy a grain boundary [21]in large amount and more
grainformationas well.
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3.2 Hardness

The microhardness of both the coating was recorded
and is summarized in Table 2.

Table. 2 Microhardness at various regions

Region Microhardness, GPa

Al,O,Coating AlLO,+0.4wt.

% CeO, Coating

Top surface 14.2+0.30 15.8+£0.63
Coating (Cross-| 886+0.26 104+ 044
sectional)
Atinterface 6.3+ 0.29 6.7+ 0.64
At substrate 0.82+0.06 0.81+0.03

It can be observed from the Table 2 that the top surface
have attained the high hardness as compared to the cross-
section of coating. The reduction of hardness from top to
the cross-sectiona coating can be justified by the layered
structure of the coatings (Fig. 4). This can be further
explained by the slipping phenomenon that might have
occurred between the inter layers.

On the other hand, the increase in hardnessdue to CeO,
doping can be attributed to the microstructura refinement
and the segregation of the CeO, at the grain boundary[21]
which led to generate stresses at the boundary and ultimately
leading to the increase in hardness and hence imparting the
mechanica and trlbologlcal propemes aswell.

P

F|g 4: SEM mcrograph showing layered structure of the
(@) AlLO, and (b) AlLLO,+0.4%CeQ, coating respectively

3.3 Scratch test

The scratchtest of AlLO, and Al O,+0.4%CeO, coating
was performed on tribometer, under therampload of 5-25 N.
Theramp load wasapplied for the 30 s. The SEM micrograph
of the scratched coatings is shown in Fig. 5. Fig. 5 shows
that the scratch resistance of both the coatings was high as
no peding or compl ete delamination observed under the load
range of 5-25N. Although, Al O, coating (Fig. 53) exhibits
the little bit high damage as compared to Al,O,+0.4%CeO,
coating (Fig. 5b).

Astheindenter scratches at high load i.e. towards 25N,
the failure of coating along one side of the groove can be
noticed (Fig. 5a), which is absent for Al,O,+0.4%CeO,
coating. The heap of detached particles can be observed in
case of Al,O, coating which is not in the case of

Al,0,+0.4%CeO, coating. Theincrease in scratch resistance
of Al,0,+0.4%CeO, coating can be attributed due to the
combinedeffect of microgructura and mechanical properties
improvement as imparted by the dopingof CeO,.

. Stratch direction

(a)

Grogve =,

* Detached particles

Seratch direction
—

Fig. 5: SEM micrograph showing the scratch on (a) AlLO,
and (b) Al,O,+0.4% CeO, coating under theload of
5-25N respectively

3.3 Contact angle and surface energy

The contact angle was measured using DI (de-ionized)
water with sessile drop method and each drop consisted 2
ul volume with dosing rate of 0.16 ul/s. The ALO, coating
consisted the water contact angle of 55° whereas the CeO,
doped AlO, coating recorded the angle close to 80°. It has
been reported by Azimi et d. [22] thet rare earth oxides shows
hydrophobicity due to their electronic structural
arrangement. The surface free energy of the bare and coated
samples were estimated using Young-Dupre method and
foundto be 33.12mJn¥, 29.47 m¥nv and 29.40 m¥nfor bere,
Al O, coated and CeO, doped Al,O, coated AZ91
respectively. It was aso observed that the reduction in
surface energies was majorly due to decrease in polar
component.

3.4 Friction and wear behavior

Fig.6 shows the coefficient of friction behavior of bare,
AlLQO, and AlLO,+0.4% CeO, coated AZ91 dloy. The effect
of ceria doping can be clearly seen as CeO, doped Al,O,

— Darm AZH
—— ALQ, Caaled AZA1

— ALO+0.4%Ce0, Coated AZSI

0.020

0.015

0.010 .J_,AW _nﬂ. ""v A , V”uv"'l"'"’* Nﬁ”‘[ "M Jr
0.005 = .
3 U 1000 2000 A000 4000

Time (s)

Fig. 6:Variation of coefficient of friction of bare, Al,O,
coated and Al,O,+0.4%CeO, coated AZ91 alloy when dlid
against near eutectic Al-11.3%S alloy under the 20 N
load and 0.05nmVs diding velocity
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coated AZ91 dloy exhibits the lowest coefficient of friction
followed by Al O, coated and bareAZ91 alloy. Thereduction
in coefficient of friction may be attributed to the rare earth
effect by which the CeO, has contributed to increase in
hardness and provide |ubricating effect, since CeO, imparted
the tribological properties.

The improved tribological response of CeO, doped
coating can be attributed to the refined microstructure. It is
reported that the addition of CeQO, led to dense and compact
microstructure [18]. Due to increase in hardness the
penetration depth will be less and hence the formation of
fine groove. Thisleads to reduction in effective contact area
hence reduced coefficient of friction[16]. It hasbeen reported
in literature that the friction behaviour of the tribopair
depends on the wettability of the surface by lubricant[23].
Pawlak et d. concluded that the tribology of the contact
surfaces can be controlled by controlling the surface
energies[24].

As far as wear is considered, the coated specimen
showed nowear under the congant load of 20 N with dliding
velocity of 0.05 m/s. Although, bare specimen recorded the
wear rate of 3.41 x 10* mm#/N-m. On the other hand the
counter surfaces showed the wear rate in the range of (1.04
— 1.8) x 10* mm3N-m when did against bare and coated
AZ91 dloy. The Al O, based ceramic coatings showed better
wear resistance as compared to that of bare alloy.

4. CONCLUSIONS

The CeO, doped Al O, coating showed the better
tribological properties as compared to that of Al,O, coated
and bare AZ91 dloy. The rare earth ceria has played an
important rolein improving the hardness, scratch resistance
and frictional behavior of AZ91 alloy. The following
conclusions can be made from the tribologica study
investi gated:

1 The AlLO, based ceramic coatings can be deposited
on AZ91 dloy using D-gun spray technique.

2 Therareearth oxidei.e. CeO, played important rolein
refining the microstructure of Al O, coatings by grain
growth mechanism.

3 The CeO, doping led to increase the hardness of the
coating and hence controlling the tribology of the
coatings. CeO, doped Al,O, coating recorded the
lowest coefficient of friction.

4, The contact angleand surface/interfacial energies also
plays in controlling the tribology behavior of the
tribopair by decrease in polar component of the
surface energy in CeO, doped Al O, coating.
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ABSTRACT

Present study deals with the utilization of reduced
Graphene oxide (rGO) as additive to grease and recording
their effect on friction, vibration and noise. Nano-composite
grease was prepared by dispersing rGO nano-sheets into
commercia lithium base grease. The continuous supply of
grease to the point contact is evaluated for bal-on-disc
configuration for near rollingand rolling-gliding mixed motion
by varying slide-roll-ratio percent (SRR %) under fixed load.
Frictional response was recorded using € astohydrodymanic
(EHD) rig. Recording of noise and vibration signals was
carried out on EHD rig using sound anayzer and non-
contact type capacitive transducer, respectively. The results
show that thereis an optimum concentrationof rGO at which
the levels of friction, noise and vibration are minimum.
Almost 30 % reduction in friction coefficient was recorded
along with suppression of many noise frequencies and
reduction in level of vibrations.

1. INTRODUCTION

Greases are semi-solid lubricant and are composed of
base oil, thickener and additives. Greases are characterized
by three dimensional network of thickener fibers dispersed
in base oil. The presence of these 3-D networks in
greases enables them to behave more or less like a
sponge (Cousseau, et a. [1]). Grease promptsto release oil
during an application of mechanical stress and this ail is
further reabsorbed on removal of the stresses (Huang, et
a.[2]). Further, these 3-D fibrous structure of grease traps
the additive particles ranging from nano to few microns
insize.

The nanomaterials as additives to lubricants can
significantly improve the tribological performance. Severa
nanomaterials have been exploited as additives for
tribological applications including carbon nanotubes
(Mohamed, & al.[3]), graphitepowder (Zhang, et al. [4]) etc.
It easily shears at the contact interfaces owing to lamellar
structure and reduces the friction. Further, high mechanical
strength of graphene provides excellent anti-wear property
and load-bearing capacity. These few layers of graphene
offer easy shearing. Present work is an attempt to explore
the frictiona response of nano-composite greases and
establish the correlation with noise and vibration.

2.METHODOLOGY

Chrome steel (AISI 52100) was used disc and ball
materid of average surface roughness (Ra) around 0.01 Y4m.
Ball and disc diameter were 19.05 mm and 100 mm
respectively. Nano-composite grease was formulated using
commercia Lithium grease. The nano-composite grease was
formulated by dispersing rGO into gresse. The rGO was
prepared as reported by Mungse, et al. [5]. Prior to
dispersion in to grease, the rGO was first sonicated in
toluenefor 1 hour to ensure the breakage of its agglomerates
and larger sheets. The nano-composite grease was achieved
by drop-wise addition of this dispersion into hot lithium
grease (maintained at 110!) under heavy mechanical stirring.
Mechanical stirring was done through magnetic stirrer for
45-50 minutes. Mixture is alowed to cool down to room
temperature under normal environmerntal conditionsto obtain
desired nano-composite grease.

The structurd features of rGO were probed with with
XRD and HRTEM. The dispersion was characterized using
DLS (Particulate SystemsNanoP usfrom Micromatrics, USA)
and size of rGO distribution was estimated. The tribological
evaluation of grease was done under ball-on-disc
configuration using fully automated EHD rig (PCS
Instruments, London). Experiments were performed by
varying diding speed from 0.3 m/sto 1.5 m/s at a constant
load of 30 N. Therolling conditionwas constrained at dide-
roll-ratio (SRR) of 3% and 27%. Sound pressureleve (SPL)
was messured to estimate the noise under ‘A’ weighting
condition in decibels (dB) using sound anayzer (CEL-500
from CASELLA CEL LTD., UK). The microphone of sound
analyzer was placed near to tribological contact by using
tripod. Vibration signas were recorded using non-contact
type capacitance based transducer aso positioned near
tribological contact. The vibration signals were passed
through amplifier (Accumessure 9000, by MTI Instruments
Inc., USA) to display and storein FFT Analyzer CF-3200 (by
ONOSOKKI Co. Ltd., Japan). The amplitudes of vibration
signals were measured in terms of displacement.

3. RESULTS AND DISCUSS ON

3.1 Characterization

The XRD pattern of rGO nano sheets (Fig. 1a) reveds
very broad characteristic peak (002) centered at 2, = ~24.8°
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owing to its lamellar structure and is corresponding of
interlayer spacing (d) of ~0.35 nm. The ripples and folded
regions ared 0 seenin HRTEM image (Fig. 1b) of rGO nano
sheets. Fig. 1c shows that there are some nano-sized particle
of rGO dong with micron size clusters.

3.2 Frictional response of greases

The differencein level of friction between rolling (3%
SRR) and diding-rolling (27% SRR) contact canbe explained
with thelevel of rubbing of surfacesinvolved dueto diding
(Fig. 2). The level of diding induces rubbing between tribo
pair with increase in diding velocity, which results an
incresseinfriction. Thebending of 0.4% (W/w) rGO registers
minimum friction coefficient in both the cases.

3.3 Noise and Vibration

The overall noise and vibration level are suppressed
by blending of rGO to the commercia lithium grease. These
parameterswereminimum for 0.4% (w/w) rGO inbase grease.

The optimality of rGO concentration in grease can be
explained withfollowing arguments (i) a lower concentration
there is a starvation of rGO into contact and (ii) at higher
concentration, the rGO is present in the form of micro-
agglomerates, which are not able to enter the contact zone.
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Fig. 1: (@) XRD pattern, (b) HRTEM and (c) DLS of rGO
nano sheetsin toluene.
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4. CONCLUSION

Potentid of rGO as additive to greaseis explored and
commercial grease is modified. The results show that the
blending of optimum amount of rGO can improve the
tribologica, noise and vibration responses, al together. The
blending of 0.4% (w/w) rGO to grease leads to dmost 30%
reduction in friction under both rolling and rolling coupled
with dliding tribologica contact. The friction seems to be
controlled by the lamellar structure of the rGO and its
concentration. At optimum concentration of rGO, overal
noise and vibration level were also at their minima
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ABSTRACT

This work demonstrates the method for correct
prediction of contact parameters by accounting the
asymmetry in summit height. The contact parameters are
calculated for high value of plagticity index. The Isotropic
Gaussian rough surface is generated using 2D FIR (finite
impul se response) technique with fast Fourier transform. The
spectral moment and summit identificetion (SID) methods are
used to determine the summit parameters. On comparison,
significant difference in summit parameters are found. The
contact parameters (total rea contact area and total normal
load) for isotropic Gaussian surface are cal cul ated assuming
Gaussian and non-Gaussian distribution of summit height.
Theresultsind catethat, asymmetry in summit height should
be considered for correct prediction of contact parameters
for isotropic Gaussian rough surfaces.

INTRODUCTION

Many engineered rough surface are random, anisotropic
and non-Gaussian.But it is equally known that some
machined rough surfaces are also isotropic and Gaussian.
Previous reported workg 1- 4] showed that most of the effort
has been made for characterization of rough surfaces,
statigtical and numerical contact modeling of rough surfaces.
In all these reported works, numerical simulations are
performed for very low valueof plagticity index. High value
of plasticity index is achieved in many tribological
applicationsi.e. gears, cams, sedl s, rolling bearings, to name
afew. Kogut and Etsion [4] devel oped aFEM based el astic-
plastic model for rough surfaces. They increased the
plasticity index up to 8 considering Gaussian distribution of
asperity heights. The literature showed that, the dastic-
plastic contact model of isotropic random Gaussian rough
surface containing asymmetry in summit height for high
value of plasticity index have not been reported earlier. In
this work an attempt is made to fill this gap. The isotropic
random Gaussian rough surface is generated using 2D filter
technique, proposed by Hu and Tonder [5]. Summit
(asperity) parameters are calculated and compared using
both spectral moment and summit identification methods. To
demonstrate the significance of asymmetry in summit height,
a rough surface contact simulation is made for polysilicon
surfaces. Normalized Weibull distributionis usedto account

the asymmetry in summit height. Contact parameters (red
contact areg, total normal load) are calculated for Weibull
distribution of asperity heights and compared with those
obtained by assuming Gaussian distribution of summit
height.

METHODOL OGY

Numerical Generation of Rough Surface

The isotropic Gaussian rough surface is generated by
using the method proposed by Hu and Tonder [5]. Overall
procedure for generation of isotropic Gaussian rough surface
can be summarized asfollows:

1  Generate random input sequence of order NxM, n
(1, J) which follows the properties of Gaussian
distribution i.e. mean (m = 0), standard deviation (S,
=1 pm).

wherel=0,1,2,3,4......... N;J=0,1,2,3,4......... M
and N and M are total number of sampling points.

2 Specifythenegativeexponentia form of autocorrelation
functionR_exp (k,1) [3].

5 2705
: k 1
Rexp(k,l) = 02 xexp — 2. (—J +| —
Bx) | By
wherek=0,1,2,3,4............. ,N/2;1=0,1,2,3,4......... ,

M/2; B, and B, are the correlation lengths in x and y
direction respectively.

3. Obtain the power spectra density S, (o, a)y) of
negativeautocorrel ation function by takingtheinverse
fast Fourier transform.

n m

1 —

n - |
Sc_‘;p((!)_‘g(!)y)z ﬁ ZZ: ZRHP (k! l)e—jkmxe—ﬂm},

k=—"1 ==
2 2

4. Obtain power spectra density by takingthefast Fourier
transform (FFT) of arandom input sequencen (I, J).
Computationa expression (in MATLAB 2014) for
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obtaining the power spectral density can be expressed
asfollows:

Sylo.oy )= abs gshift (@2 ((x,y)xconi. (12 (n(x.y))) /(Nxm)

where, Sﬂ is spectral density of input sequence which
will beaconstant value (C) for arandom sequenceof a
white noise type.

5  Thefilter function H (w,, (oy) in frequency domain is
generated by the formula

6. Thefilter function in spatia domain is by taking the
inversefast Fourier transform of H (o, o)y).

7. Thefilter functionh(k, ) and modified input sequence
n(l, J), numerical rough surface can be generated by
taking the convolution of n(I,J) and h (k, I).

H(o,,0, )= oo @0 )

Fig.1 Surface map of numerically simulated random
isotropic Gaussian rough surface. The rough surface
consists of 200 x 200 sampling point with 1lim sampling
interval in both x and y directions. The correlation lengths
in both x and y directions are taken same (B, = B, = 10um)
for getting the isotropic surface.

4. .. Y nhﬂr l' fd {i

"".,’f‘,,l,l

§o~ '
N

200

Fig. 1. Surface map of numerically simulatedisotropic
Gaussian rough surfaces

CALCULATION OF SURFACE TOPOGRAPHY
PARAMETERS

Summit ldentification Method (SID): Surface
topography parameters such as mean summit radius of
curvature; summit density aretwo most important quantities
extensively used for statistical contact modeling of rough
surfaces[3]. Inthiswork, surface topography parameters are
calculaed using summit identification (SID) method. Summit
identification method is based on identifying the summits
(axperities) within nomind (sample) aea(A ). Inthismethod,
asummit isconsidered as local maximawith height greater
than its eight nearest-neighbor point. Identifying all the

summits (N_, ) inanominal area, summit density (n =N,/
A.) can be obtained by dividing total number of summit to
nominal area (sample area). To obtain summit radius of
curvature (R), summit curvature for each i summit is
calcul ated in  two orthogonal directions

2 2
_d/ d _d77 . .
K_ .= ~ an K. .=
X,1 dx2 v,i /dyz using central finite

difference formula andthen, summit radius of curvature (R)
of eachsummit ‘i’ can be obtained by taking the inverse mean
of x,, and x, [3]. Mean summit radius of curvature is
caiculated by taki ng the arithmetic mean of al individua
summit redii.

Spectral Moment Method: Calculation of spectrd
moments from power spectrum is difficult because correct
estimation of lower and higher cut—off frequency is also
difficult due to its dependency on sampling length and
resolution of ingruments. For digitized dataof rough surface,
center finite difference formula is another way to calculate
spectral moments approximately [3]. Advantage of this
method is due to its dependency on only two parameters
namely (i) three adjacent value of surface heights (ii)
sampling interval. In this work even order (m;, m,, m,)
spectral moments are cal culated using center finite difference
formula[3]. Spectral moments (m;, m,, m,) are calculated over
200 cross sections in both the direction i.e. in x and y
direction and average value of spectral moment is used in
thiswork. For isotropic Gaussian rough surfaces, only three
surface moments (M0, m2 and m4) are required to determine
the surface topography parameters [3].

Equations for determining equivalent bandwidth
parameter (cr), mean summit curvature (x, ) or summit radius
of curvature (R=1/x ), skewness (c_) of summit height [6]
and standard deviation (c_) of summit height can be written
asfollows[3,6]:

_ my,m,

2
m,

K, =1.5048,/m, ,%m

5 0.8968
oi=|1-——

o

2
JmOO , um
0.2199
(00— 0.8968)"

Gsk -

Table 1 shows the comparison of surface topography
parametersdetermined using both summit identification (SID)
and spectral moment methods. The bandwidth parameters
(o) is calculated by using expression, developed in Ref. [1].
It canbe seenfrom Table 1 that thereis asymmetry in summit
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height (c, = 0.164), and it is necessary to include this
asymmetry in contact modeling of Gaussian rough surfaces.
Table 1 Comparison of summit parameters calculated
from spectral moment and SID methods
Parameters SID method Spectral moment
method
M (L/um?) 561x102 5.13x102
o, (um) 757%10% 7.87x10%
R (um) 7.27x10% 6.09x<10%
c 3.635x10? 3.1x10?
S, 164x10* 120<10*
B, 314 3005
o N/A 23909
¥ 8 8

RESULTS AND DISCUSSION

To demonstrates the effect of asymmetry in summit
(asperity) height, a contact rough surface ssimulation is
performed by considering the properties (young modulus,
poison ratio, hardness) of polysilicon surfaces [6]. The
elastic-plastic rough surface contact model devel oped by
Zhao et ad.[2] isadopted for contact modeling. The equations
for determining the real contact area and total normal load
developed in Ref. [2] can be re-written as follows:

] &
L yS+1t

A= | |a’z +278 w*qﬁ*lz* "
. 2 ;
-¥ fr Y+t
* k¥, 3. 2
b Yo+, m*-mT m*—mT NP,
b # l 31-250*-(0* B W] ¢ 5 | o
L A VN
h*— :+w¥ .
W-‘—4,B|o— 1;'32;;6|’ dz$+2:rd.’ﬁ (G ¢*- »x|
—1: CHyge)
Wyt 8. i+ ad 2
s 7 1 Inee —Ineo W o' ¥
J _. kl %] *“2 — l +3[ 1 wqﬁ‘]z*dz’*
£ it A

where, A", = A/A | is the dimensionless total red
contact area, W', = W/(EA,_ ) is the dimensionless total
normal load carried by asperity, B is the constant which is
product of summit density, summit radius of curvature and
standard deviation of surface height, ="(z") the normalized
distribution of summit heights, H isthe hardness of material,
h* is the normalized separation between mean of rough
surface and rigid smooth plane, o* is the normalized
deformation of summit height, E is the equivalent Young

modulus, A isthe nomina area of the surface, which is
200x200 um?in this work. It should be noted that, al
parameters are normalized with standard deviation of summit
height (c).

DISTRIBUTION OF SUMMIT HEIGHT

(i) Weibull distribution:

The expression for normalized Weibull distribution [6]
used in this work for accounting the asymmetry in summit
height, can be written as:

ay ey L
(P\\-'(;):[iw'(Bl } Zt\/Bz B] )3“- l\fBz Bie i)

where, B_ is the Gamma function can be written as:

B, = r[1+—J
B\\.

The skewness (¢ ) of summit height is used to
determine the B, .

B, - 3B,B, + 2B}
(B,-B%)"

Gsk =

(i) Gaussian distribution

For comparison purpose, the contact parameters are
calculated assuming Gaussiandistribution of summit height.
The expression for normalized Gaussian distribution can be
written as:

*

Qg (z* ) = ﬁ exp(— 0.55*2)

Fig. 2 shows the non-dimensional load variation with
normalized surface separation (h"). It can be seen that, load
carried by asperity increases with decrease in surface
separation. As the surface separation decreases, more
number of asperity coming into contact which required
higher load to deform the asperities. The difference in
prediction of total norma load assuming Gaussian and
Weibull distribution of asperity height can bealso seen from
Fig. 2. For aparticular value of surface separation, tota
normal load required for deformation of asperities is higher
for Weibull case.

Fig. 3 shows variation of total real contact area (A”")
with normdized surface separation (h"). From Fig.3 it canbe
seen that, real contact area decreaseswith increasein surface
separation. For a particular value of surface separation,
predicted total red contact area is higher for Weibull
distribution.
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OBSERVATIONS

Inthiswork, new results are presented considering SID
with Weibull distribution of asperity heights for high value
of plasticity (¥ = 8) index which was not discussed in Ref.
[4]. It can be seen from Fig. 2 that; total norma contact load

is higher for a particular value of surface separation (h')
considering asymmetry (Weibull distribution) in asperity
heights. Fig. 3 presents variation of non-dimensional real
contact area withnormalized surface separation (h) for high
valueof pladticity index ¥=8, considering both Gaussian and
Weibull distribution of asperity heights. Large rea contact
area obtained for Weibull distribution of asperity heights
resulting in lower the contact stress between asperities and
rigid flat. From thiswork, itis dear that asymmetryin asperity
heights should be considered even for random isotropic
Gaussian surface for obtaining the better results as obtained
with assuming Gaussian distribution of asperity height.
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ABSTRACT

Theinfluence of surfacetexture geometry onthe steady
state characteristics of hydrodynamic step-dider bearing has
been investigated. A single dimple located on the stationary
surface of thefinite step-dider bearing has been considered.
Three cases of dimple locationnamely the lower step, higher
step and on both steps have been studied. Both negative
(recessed) and positive (protruding) dimples have been
considered. The dimple geometries modeled are rectangle,
Triangle and Trapezoid. The parameters considered are
dimple depth to film thickness ratio, distance of the dimple
from the nearest edge along its length to the length of the
dimple, distance of the dimple from the nearest edge aong
its width to the width of the dimple and density ratio (area
of dimples to the tota pad area). The governing Navier-
Stokes equations considering incompressible fluid for an
isothermal case have been solved by the finite volume
method using ANSY SFLUENT. Theload carrying capacity,
friction force and coefficient of friction have been cal cul ated
and normalized with smooth case. It has been observed that
anegative dimple onthe lower step resultsinareductionin
the coefficient of friction whereas a positive dimple on the
higher step gives significant reduction in coefficient of
friction of the bearing. The magnitude of reduction in
coefficient of friction is not uniform and varies with the
texture geometry, texture density and film thickness ratio.

INTRODUCTION

Surfaces with textures also called as dimples on a
stationary surface of a bearing have shown to generate
pressure and carry load. Thesetextures have shownto reduce
coefficient of friction. Textures can be created using lasers,
chemical etchingand machining [1]. The encouraging results
led to further studies by creating textures on surfacesof face
sedls to minimize leskage and friction, in piston rings of
internal combustion engines to reduce friction and thrust
bearings to increase load carrying capacity and step dider
bearing’s [1-4]. Experimental and CFD studies on
performance of thrust bearings with textures have been
reported [5,6]. In a CFD study the influence of surface
texture geometries on the stationary surfaces of astep dider

hydrodynamic bearing was performed to determine the
steady state characteristics of the bearing. The open pocket
texture on the bearing surface was found to give higher load

carrying capacity[6].

In this study the influence of surface texture on the
performance of step dider bearing has been done by solving
the Navier-stokes equations using computationa fluid
dynamics method (CFD). The CFD based modeling approach
provides us with a detailed information on the bearing
texture region which would not have been obtained by the
solution of Reynolds Equation. The steady state properties
of the step-dider bearing have been evaluated. Different
texture geometries have been created on the stationary
bearing surface to evaduate their influence on the reduction
of coefficient of friction.

METHODOL OGY

Gowerning Equations:

Considering the flow to be laminar and assuming
isothermal conditions, the mass conservationand momentum
equations can be written as [6].

V.V=0 ()

VYV = JAP+E9y (2) @

where V isthe velocity vector, P the static pressure, p
the fluid density and p the viscosity. The above equations
(1) and (2) are solved using the finite volume method with
the second order scheme as adopted by commercia package
ANSY S FLUENT asdescribed in [6].

Geometries, Boundary Conditions and Parameters Sudied:

A typicd Step dlider bearing considered in this study
isas shown in Fig. 1. The smooth bearing geometry data
for step dlider bearing used is from earlier reported work
[7,8].

The surface texture consists of a single dimple of
rectangular, triangular, trapezoidal geometries on either the
lower step or the top step and both the steps. Both positive
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and negative dimples are considered in this study. Positive
dimples are protrusions on the surface whereas the negative
dimples are recesses. A typica step slider bearing with
negative dimple isshownin Fig. 2 and with positive dimple
in Fig. 3. The geometries considered in this study are
rectangular, triangular and trapezoidal are shownin Fig. 5.

Simulations have been done for different dimpledepths
and the maximum depth considered is limited to less than
twice the minimum film thickness. The texture density,
defined as the area of the texture to the pad area, is varied
between 4.75% and 11%. The texture density is varied by
changing two parameters (zeta and beta). Zeta is the length
ratio and beta is the width ratio. The length ratio is defined
astheratio of distance of the dimple from the edge of the
bearing in length direction to the length of the dimple. The
width ratio isdefined asratio of the distance of dimple from
the edge of the bearing in width direction to the width of
the bearing. A zeta and beta of 1 gives a density ratio of
11.11%. Similaly azetaof 1 and betaof 2 resultsinadendty
ratio of 9.5% and azetaof 1 and beta of 3 resultsin density
retio of 4.75%.

The bearing geometry has been meshed completely
using Multi Zone hex mesh. The geometry can be
subdivided for meshing into two parts, the step-slider
bearing and the dimple. The edge meshing option has been
used to mesh the step slider bearing and the dimple. The
edges along the width have been divided into 200-250
number of divisions. The edges aong the length have been
divided independently till the step, thus the number of
divisions for each step along the length is around 100-125.
The thickness of the fluid at inlet is dso meshed using the
edge option with 10-15 number of divisions. This resultsin
about 250 divisions aong the length and breadth and 10-15
layers across the height. With these settings there are
approximately 4,00,000-5,00,000 elements. A meshed step
dider being is shown in Fig. 4. The bearing with dimple is
meshed in a similar manner. Depending upon the geometry
and the area density of the dimple, the number of divisions
along its length, width and height are decided. About 50-75
number of divisions dong the length and width and 4-6
number of divisions for the thickness of the dimple. The
complete meshed model contains about 5,00,000-8,00,000
elements present in it.

A mesh independency study to find out the optimum
number of e ements required has been performed. This is
done by plotting a graph between the load carrying capacity
(W) versus the number of e ements (N). In this study further
refinement of mesh is limited when a change of less than
1% is seenin the load carrying capacity with the changein
number of eements. For a smooth bearing it is observed to
be about 4,50,000 elements and for bearing with dimple on
the surface the number of elements are around 5,50,000.

The lubricant is assumed as incompressible and
isothermal conditions have been considered. The lubricant

pressure has been assumed to be higher than vapor pressure
of the lubricant hence cavitation has not been
considered. The pressures at the inlet and outlet boundaries
of the bearing are set to atmospheric pressure.Half-
Sommerfield type of boundary conditions for calculation of
load capacity has been used and the negative pressures are
made equal to zero [6]. At wals, no dip conditions are
assumed. The pressure staggering option (PRESTO in
FLUENT) is used for pressure calculation. The pressure
distribution obtained by solving the governing equations
is integrated to calculate the load carrying capacity. The
friction force and coefficient force are a'so calculated.

Simulations have been done for different geometries
and varying dimple depths. Results are plotted as load
carrying capecity ratio (ratio of load carrying capacity of
bearing with a dimple to the smooth case) with change in
filmthickness raio (ratio of the dimple depth to the minimum
film thickness). The corresponding friction force ratio and
the codficient of frictionratios are plotted with the variation
infilm thicknessratio.
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Fig 1: Geometry of the Step slider bearing
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Fig. 4. Meshed Step Sider bearing

Table 1: Dimensions of step dider bearing [8]
Length of bearing 0mm
Width of bering 0mm
Initial Step length 25mm
Inlet film thickness 002-004mm
Outlet film thickness 002mm
Runner velocity 5m/s
Viscosity 0.02 kg/m-s
Density of lubricant 900 kg/n¥

VAL IDATION OF THE CFD MODEL

The validation of thesmooth case of Rayleigh step
bearing model was done for two diding vel ocities of 10m/s
and 30m/g7]. A typical mid plane pressure distribution
obtained isshown inFig 6. The maximum pressure compares
within 1% of the reported results.

Using the data from Table 1full 3D CFD analysis has
been performed. The load carrying capacity is plotted with
variation in h1/h2 and b1/b2 as shownin Fig 7. Thisis done
by a trial-error procedure to obtain the optimum height by
fixing the minimum film thickness at outlet and varying the
thickness at inlet. After fixing the height, the width ratio is
varied to obtain the optimum bearing geometry based on
maximum load carrying capacity.The optimum ratios thus
obtained are h1/h2 =1.68 and b1/b2=1.26 asshowninFig. 7.
These two results are within 1.1% and 5% respectively of
the reported results[8].

RESULTS AND DISCUSSION

The dimple geometries have been created on the
bearing geometry with optimum width ratio.A single dimple
either negative or positive texture has been considered on
the lower step, top step and both steps.

A typicd 3-D pressure distribution and the pressure
contour for a step slider bearing with rectangular dimple at
the lower step is shown in Fig 8. The pressure distribution
and contours for other geometries considered was similar in
nature. However the magnitude of the maximum pressure
varies.

The steady state characteristics of step-dider bearing
with a rectangle dimple with varying density ratios are
shown in Fig. 9. The load carrying capacity increases up to
afilmthicknessratio of 0.4, correspondingly thefrictionforce
ratio decreases and consequently the coefficient of friction
decreases by about 1.1% compared to the smooth case.

Pressure plot at 10m/s
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Fig 6: Mid Plane pressure distribution of smooth step
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In case of the trapezoidal dimple with the smaller base
facing outlet and an area density of 11% on lower step
demonstrated areduction of coefficient of friction of about
1.76% and an increase inload carrying capacity by 1.53% at
film thickness ratio of 0.4. In the triangular dimple with its
base facing outlet on lower step with a film thickness ratio
of 0.4 and at the area density of 11.11%, areduction in

coefficient of friction by 1.70% was observed. For the
trapezoida dimple with smaller base facing inlet on lower
step and at the same film thickness ratio and area density,
the coefficient of friction dropped by 1.52% and the load
carrying capacity increased by 1.28%. Sight increasein load
carrying capacity and drop in coefficient of frictionwas noted
for triangular dimple with its base facing inlet on lower step
a same film thickness ratio and area density.

Of al the geometries considered, rectangular dimple on
lower step demonstrated a greater reduction in coefficient
of friction of about 1.7% with significant incresseintheload
carrying capacity of 1.55% at the film thicknessratio of 0.4
and areadensity of 11.11%.

Thereduction in the Coefficient of frictionis primarily
due to the increase in the load carrying capacity and aso
dueto reductionin thefriction force compared to the smooth
case. The dimples with higher density ratio show a greater
influence on reduction in coefficient of friction[9].

The decrease in load carrying capacity ratio after film
thickness ratio of 0.4 can be explained by studying the
velocity vectors in the negative dimple located on lower
step. It is observed that a strong flow recirculation occurs
at film thickness ratio greater than 0.4 (Fig. 10).This
contributes to reduction in the pressure generated and hence
the load carrying capacity. This observation isin line with
earlier reported studieq10,11].

In case of negative dimples at top step and both steps
of the step dlider the load carrying capacity decreases and
the friction force increases. As aresult the coefficient of
friction increases. This behavior could be due to a flow
reversal observed on the bottom step which causes a drop
in pressure, thus decreasing the load carrying capacity. The
flow recirculation observed in Fig 10 is also observed for
bearing with surface textures on both the steps.
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ratio — negative rectangle dimple on bottom step
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In case of step dlider bearing with positive dimple on
top step significant improvement in load carrying capacity
has been found. A typical 3-D pressure distribution with
contours for positive triangle dimple with base facing outlet
located on the top step is shown in Fig 11. Thereis a
significant increase in the load carrying capacity due to
increase in the peak pressure. However at the exit region
negative pressures were observed. These have been equated
to zero while cdculating the load carrying capacityas
explained in literature [6]. Negative pressures are however
not observed for positive dimples on lower step and aso
when the dimples are located on bothbottom and top steps.

In case of atriangular dimple with base facing the outl et,
thereductionin coefficient of frictionis about 23% at afilm
thicknessratio of 0.75 and areadensity of 11.11%. At afilm
thickness ratio of 0.625 and area density of 4.75, the
rectangular dimple on top step demonstrates a reduction of
coefficient of frictionof 17.85%. At afilm thicknessratio of
0.75 and areadendty of 11.11%, the trapezoidal dimplewith
smaller base facing inlet on top step reduces the coefficient
of friction by 15.71%. At same film thickness ratio, area
density and location, trapezoidal dimple with smaller base
facing outlet reduces the coefficient of friction by 11.67%.
The triangular dimple with base facing inlet ontop step at a
filmthicknessratio of 0.75 and areadensity of 4.75% reduces
the coefficient of friction by 6.75%.

The increase in load carrying capacity in positive
dimples on top surface could be due to their location being
close to the maximum pressure region as has been reported
in earlier studies [10]. We a so observethe magnitude of
increase in load carrying capacity and friction force varies
with film thickness height. This causes the coefficient of
friction to have amaximum and aminimum point as shown
in Fig 12(c).At higher film thickness ratio there is flow
reversdand increase in shear stress.
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CONCLUSION

Presence of dimples on the surface of the step dider
bearing has influence on the steady state characteristics of
the bearing. The change in coefficient of (increase or
decrease) depends on the geometry type, the density of the
dimple, dimple geometry orientation and the film thickness
ratio. A reduction in coefficient of friction is observed when
using a negative dimple on the lower step and a positive
dimple on the top step of the step dider bearing. Negative
rectangular dimple on bottom step and positive triangle
dimple with base facing outlet on top steps exhibit the
highest reduction in coefficient of friction.
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ABSTRACT

Biodiesal, defined as themono-alkyl esters of vegetable
oilsor animal fats, is an “alternative” diesel fuel that is
becoming accepted in a steadily growing number of
countries around the world. Since the source of biodiesel
varies with the location, it is important to possess data on
how the various fatty acid profiles of the different sources
caninfluencebiodiesal fuel properties. The properties of the
various individua fatty esters that comprise biodiesel
determinethe overal fuel properties of thebiodiese fud. In
turn, the properties of the various fatty esters are determined
by the structura features of the fatty acid and the acohol
moieties that comprise afatty ester. Structura festures that
influence the physical and fuel properties of afatty ester
molecule are chain length, degree of un-saturation, and
branching of the chain [10].

The aim of this work is to study the use of Biodiesd
derived from various oil seeds of different fatty acid
composition. The Pam Qil, Soybean Oil and Dillo Oil
(Caophyllum Inophyllum) taken for this study. The biodiesel
synthesized from these oil's by transesterification reaction
are mixedin different doseswithminera Diesd oil of BSIV
and studied for physico-chemical properties as well as their
lubricity properties in High Frequency Reciprocating Rig
(HFRR) as per international standard test Method. The
availability of these edible & non-edible seeds adoneis not
enough to fulfil the biodiesel demand of the country. From
this study, the mixture of biodiesdls from various oil seeds
isasuitable optionto meet the biodiesdl demand of Country.

INTRODUCTION

Biodiesd is a renewable biofuel that is a viable
aternativeto fossil diesdl. Its use has severa environmental
benefits related to the decrease of CO,emissions as well as
severd other air pollutants such as parti cul ate matter, carbon
monoxide, sulphur and polycyclic aromatic hydrocarbons.
Biodiesel is mainly produced by a trans-esterification
reaction where the oils or fats react with a short chan
alcohol, usually methanol, in the presence of a
homogeneous basic catalyst.

With the adoption of hydrodesulfurization (DHDS)
processinail refineriesfor reduction of total sulphur content
indiesa fuel asper auto fud policy, the diesel fud losesits
inherent lubricity, however certain amount of lubricity of
diesd fuel is needed to save.

Severa engine components from wear and failure.
Though the loss of lubricity of the diesd fud is observed
with the removal of sulfur, it is mainly due to the loss of
nitrogen and oxygen based polar trace compounds which
are also removed in the DHDS process. All diesd fuel
injection equipment has some reliance on diesdl fuel as a
lubricant. The lubricating properties of diesel fud are
important, especially for rotary and distributor type fue
injection pumps. Low lubricity fuel may cause highwear and
scarring and high lubricity fuel may provide reduced wear
and longer component life. Therefore, the lubricity of diesel
fud can vary dramaticdly. It is dependent on a wide variety
of factors, which include the crude oil source from which
the fuel was produced, the refining processes used to
produce the fuel, how the fuel has been handled throughout
the distribution chain, and the inclusion of lubricity
enhancing additives whether done or in a package with
other performance enhancing additives.

The addition of biodiesd, eveninvery small quantities,
has been shown to provide increases in fuel lubricity using
a variety of bench scale test methods. The High Frequency
Reciprocating Rig (HFRR) is commonly used for both the
neat fues and with fuds containing biodiesd.

In this study, biodiesel blends tested by high-frequency
reciprocating rig (HFRR) for wear scar diainmm. This study
found that the biodiesel blends up to 20% with the diesd
fud (BS1V) can effectively reduces both the wear of the
tribo-contact surfaces as well as the friction coefficient in
HFRR. These test results also showed a significant
improvement in lubricity when adding mixture of three
biodiesdls (Padm oil, Soybean oil and Dillo oil) intheratios
of 5%,10% and 20% inBS-1V Diesd Fuel incomparison to
individual FAME of particular oil.
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MATERIALS Table-3: Typical test results of B100 (Biodiesel)
Fatty acid methyl ester of Palm, Soyaand Dilo oilswere  |Properties IS15607-| SOME | POME | DOME
prepared by base-catal yzed transesterification with methanol 2016
in the presence of NaOH as catalyst with constant stirring Appearance & color | C&B C&B |C&B [C&B
a §OC for 1hr duration. These Biqdi&eels (FAME) were Density@15°C, g/cc | 0850-
designated here as SOME (Soybean oil methyl ester), POME 0900 0870 |osms | o080
(Palm oil methyl ester) and DOME (Dillo oil mettl ester) — {emrer e e =17 e 01070 4610 | 47%
and tested for various physico-chemical properties as per 40°C St
standard test methods. = ’Cd
) : . AcidVaue. 050 015 02 028
Table-1: Typical test resultsof raw vegetable oils mgKOH/g, Max.
SNo. | Properties Soybean P:?\Im Di.IIo Water content, 50 110 105 120
Qil Qil Qil mg/kg, Max.
1 | Appearance Clear | Clear | Dark Ester content,% %5 975 |978 | %8
yellow | yellow | green by mass, Min.
liquid | liquid | Tiquid]  I5recGiveeral, % |02 |0012 0014|0018
2. | Density @15°C, g/cc | 0910 0913 0916 by mass, Max.
Kin.Viscosity 3560 4045 32 Totd Glycerol, 025 003 005 010
@40Cc % by mass, Max.
4. | KinViscosity 827 |oam | 776 Pour Poirt, C To report) 6 6 6
@100Ccx Flash Point, °C Min. | 101 164 172 174
5. | Viscosity Index(VI) | 219 25 216 EXPERIMENTAL
6 Toi:;)lﬁ/ud No.(TAN), 040 010 103 Lubricity test of esters and various blends were tested
mg 9 by High-Frequency Reciprocating Rig (HFRR) as per 1SO
7. | SaponificaionVdue, | 189 197 190 12156 at I0C, R&D. TheBS-IV HSD of Panipat Refineryis
mgKOH/g taken for the experiments in this study. HFRR Test carried
8 Pour Point.C 9 9 6 out for SOME, POME & DOME inthe dosesof 5%in BS IV
. Diesdl Fuel individualy ( designated as blend N0.6,7 & 8)
9. | FlashPoint 20 28 23 and Blend of above three FAME mixtures prepared in equal
10. | 1odine value 127 524 eV raiosand fromthis, thedoses of 5%, 10% and 20% of mixture

Table-2: Fatty acid composition of vegetable oils

Fatty acids [ Acronym | Soybeanail | Paimail [Dillo Oil
Pamitic 160 10 435 153
Stearic 180 40 55 153
Oleic 181 230 405 3H7
linoleic 182 530 95 320
linolenic 183 90 10 17

Table-4: Test resultsof Biodiesel blends
Properties Biodiesel blends

BlendNo. |1 5 6 7 8 9 10

Density |826.7 | 8287|8290 | 8293 | 8290 | 897 | 8300

15°C

KV@40°C, |2852 | 3461|3683 | 3798 | 3279 | 3422 | 3707

Flashpt,°C|455 | 470 |480 |485 | 475 | 485 | 505

Sulphur, |41 P B 0 3B D A

ppm

FAMESs ( designated asblend No. 8,9& 10) blendedwith BS-
IV Diesdl Fuel.

The HFRR test is a computer-controlled reciprocating
friction and wears test system. The HFRR test consists of a
ball that is placed on aflat surface. Sample is put into

Fig-1: HFRRteding instrument
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experimental place at 60C temperature. Steel ball is placed
on a holder which is vertically tightly and then it is pressed
on flat surface which is fixed horizontaly with applying
load. While contact surface is completely submerged into
the fluid. The ball is then vibrated rapidly back and forth
using a 1-mm stroke while a 200-g mass is applied for 75
minutes. HFRR testing was performed at Tribol ogy
department of I0C, R&D.

Kinematic Viscosity:

Viscosity isdirectly related to the atomization, [ubricity,
impinging distance, and burning efficiency of aliquid fud.
Biodiesal generally has a higher viscosity than petro-diesdl,
and thus has inferior atomization and spray, resulting in a
larger mean liquid droplet diameter and a longer ignition
delay. Figure 2 shows that the kinematic viscosity of the
biodiesel samples at 40°C is determined and the blends of
biodieselsin different ratios are within the limit of standard
specification D6751. The KV@40°C of individual FAMEs are
a0 within the gpecification limit of 1S15607-2016 sandard.

It is observed, that the greater FAME conversion
corresponds to a lower viscosity. However the viscosity of
each methyl estersis higher than petrodiesel and their blends
with petrodiese increasesto little extent, but remains within
limit of IS 16531-2016 specification

Ester Content:

Ester content is a measure of transesterification
reaction completion. A higher conversion of triglycerides
into methyl esters leadsto abetter engine performance. Ester
content of biodiesel can vary greatly depending on the
different technologies used and the raw materials available.
Indian biod esel standard, 1S15607-2016, setsalimit for the
ester content of at least 96.5% while the American standard
for biodiesal, ASTM D 6751does not specify aminimum for
the ester content [8]. The ester content determined for the
biodiesel obtained by akai methanolysis of Soybean Qil,
Palm Oil and Dillo Oil was determined by gas
chromatography. The resulted data were processed, yielding
a vaue of more than 96.5% ester content, indicating an
amost complete conversion of triglycerides into methyl
esters. Also free and totd glycerin contents are within the
specification limit values. Interference of free fatty acids and
un-reacted glycerides contributes to better lubricity over
neat esters due to their polarity-imparting oxygen atom, but
have negative effect on engine performance. That’s why, the
estimation of free fatty acid and free glyceride contents
essential before lubricity test by HFRR.

Flash Point:

The flash point determines the flammability of the
material. In genera, the flash point value specified by the
quality standards is relatively high, for safety reasons

regarding storage and transport and aso to ensure that the
alcohol is removed from the finished product. Low flash
points may indicate alcohol residue in biodiesd. Studiesin
literature have shown that a methanol content of only 1%
biodiesal can reduce the flash point of 170°C to less than
40°C. Thus, by introducing a quality specification of
minimum flash point of 101°C, the Indian standard
15607:2016 implicitly limits theamount of alcohol at avery
low va ue(<0.05%). Indianbiodiesd standard, 1IS15607:2016,
setsa minimum limit for the flash point of 101°C while the
American standard for biodiesd, ASTM D 6751, sets a
minimum limit for theflash point of 130°C. Alcohol can also
affect fue pumps, seals, elastomers, and can result in poor
combustion properties. The flash point for the biodiese
obtained by akali methanolysis of Soybean, Palm and Dillo
oils were more than 160°C which corresponds to quality
requirementsimposed by the quality standard ASTM D 6751.
Due to the higher flash point of methyl esters, the resultant
flash point of the biodiesd blends gradually increases with
increase of FAME content.

RESULTS & DISCUSSIONS

Thelubricity is defined by the ability to reducefriction
and wear on surfaces under load and relative motion.
Generally, smaler wear scar signifies greater lubricity that
ensures the effectiveness of interfacial lubricant fuel film on
the separating action of these surfaces. This thin film is
formed by adsorption of polar molecules of fuel on meta
surfaces. Lubricity increases somewhat with chain length.
However, the lubricity-enhancing effects of double bonds
are greater than that of extended chain length. The wear scar
vaue of neat methyl linolenate and methyl linoleate islow
incomparison to methyl oleate and methyl stearate. The
methyl palmitate shows higher wear scar valuein HFRR in
comparison to above mentioned esters [11].

From the HFRR wear scar value of neat esters, the
SOME showslow valuein comparison to Dillo and Palm Oil
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Fig-2: Wear scar, mimbyHFRR
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and hence better lubricity. DOME shows lower wear scar
over POME due to presence of more methyl linoleate
content. it shows that the mixture of the biodiesels derived
from these three oils in equal ratios shows better lubricity
value in HFRR datain comparison to the individua esters.
The mixture of the different fatty acids of different oils
contributes towards lower wear scar value as per HFRR test
results.

CONCLUSIONS

In this study, the test results obtained with the high-
frequency reciprocating rig (HFRR) lubricity tester give dear
data concerning such factors as the influence of different
fatty acid composition of vegetable oils on lubricity. The
effects of blending compounds found in biodiesel on
petrodiesel [ubricity observed in the test results of mixture
of fatty ester blend. This concluded that fatty compounds
possess better lubricity than hydrocarbons, because of their
polarity-imparting O atoms. Also, Lubricity improves
somewhat with the chain length and the presence of double
bonds.

ACKNOWLEDGEMENT

Author is gratefully acknowl edging the management of
IndianOil Corporation Ltd, Marketing Division for giving the
permission to present this paper in NTC2016. We sincerely
acknowledge to Sh R Mahapatra, IOC, R&D Scientist for
carry out the required testing of biodiesel samples.

REFERENCES

[1]  Industry Manual on Operation, Quality and safety for
Biodesel B100 & B5-2016.

(2

(3]
4]
(5]
(6]

(8]

(]

(19

(11

Gerhard Knothe et.d “Lubricity of Components of
Biodiesel and Petrodiesel” — Energy & Fuels Vol.19,
No-3, June 2005.

Indian Sandard 1S 16531:2016 — Biodiesel, Diesel Fuel
Blend (B6 to B20) Specification.

Indian Standard 1S-15607:2016 - Biodiesd (B100) Fatty
Acid Methyl Esters (FAME) Specification.

ASTM D6751- “Standard specification for Biodiesel
Fuel Blend Stock (B100) for Middle Distillate Fuels”.

ASTM D6079 — “Standard test method for evaluating
lubricity of diesel fuels by High — Frequency
Reciprocating Rig (HFRR).

Gerhard Knothe “Dependence of biodiesel fuel
properties on the structure of fatty acid akyl esters”,
Fuel processing technology — vol 86, issue-10 june
2005.

Ramargju A et.al. “ Biodiesel Development from High
Free Fatty Acid Punnakka Oil” : ARPN Journal of
Engineering and applied Sciences, Vol-6, No-4,April
201

Rahul K Baware et.d, “ Performance test of CI engine
fueled with Undi oil Biodiesd under variation blend
proportion,compression ratio and engine load”-
International journal of science, vol-3,issue-8,2014.

F.Yasar et.a, “ Comparing the lubricity of different
biodiesel fuels,” — 6" International advanced
Technologies symposium, Turkey.

Joseph PV et.d, “Study of some non-edible vegetable
oils of Indian originfor lubricant application”- Journal
of Synthic Lubrication, vol-34,Aug2007.




The FZG gear test rig is a test machine with a mechanical power circuit. The drive
gearbox and the text gearbox are frictionally engaged by two torque shafts (hereinafter
only mentioned as shafts). For load application a clutch is provided on shaft 1. The
temperature in the test gearbox can be set and controlled. The test rig is driven by an
electric motor. The speed is 1,500 rpm. The variable-speed test rig allows speeds from
100 rpm to 3,000 rpm and two directions of rotation. The load can either be applied by a
weight system or a the tension ratchet or with a automatically load system.

Delivered worldwide to more than 200
reputable customers

Standards: ISO 14635, CEC-L-07, IP

334, ASTM D 5182, ASTM D 4998, FVA

243, FVA 54, FVA 2

Option: Wear at low speed

2 oil units possible

Siemens control with colour LCS

Curve display

Determination of scoring load capacity of oils
Pitting test to determination the effects of
various transmission oils and additives on gears
Micropittings test to determine the effects of
additives and oils on the occurrence of micropittings
Shear stability test to determine the frictional
losses of multi-grade oils

Speed : 100 3,000 rpm

Two directions of rotation

Max. torque: 715Nm (pinion)

Max. oil temperature: 120°C (dip)/90°C
(inject)

Center distance: 91,5mm

Also Available

e Transmission Axle efficiency Test Rig

e Backto Back Planetary Gear Test Rig

e Bearing Test Rig for Turbocharger

e Turbine Wheel / Compressor Wheel Test Rig

e Gear Test Rig for Noise Test
e Clutch Test Rig
e Drive Shaft Test Rig

e Anti-Friction Bearing Test Rig
o Axle Bearing Fatigue Test Rig

e Worm Gear Test Rig
e Bevel Gear TestRig
e Hypoid Ger Test Rig

e Four Square Gear Test Rig for Fatigue & Strength

Testing

e Variable Centre Distance Gear Test Rig

e Endurance Test Rig

Strama-MPS Maschinenbau GmbH & Co. KG

Ittlinger Str. 195 .

94315 Straubing

Product manager FZG Christoph Wolf
christoph.wolf@strama-mps.de

Tel. +49 9421/739-164 . Fax +49 9421/739-200
www.strama-mps.de

For Details Contact :
Tribotech Technologies Pvt. Ltd.
Mobile : +91 9810077557
+91 9810377557
E-mail : ttpl.ttpl@gmail.com



New updates in 2015!

Patented design (approval pending) for
the “best-in-class” Extreme Pressure (EP),
Wear Preventive (WP) & Friction

measurement capabilities

www.ducom.com | info@ducom.com

Ducom Instruments (America) ® Ducom Instruments (Asia) ® Ducom Instruments (Europe)

Printed at: navbarat@gmail.com



	TITLE PAGES 2019.pdf
	Page 1
	Page 2

	Tribology journal cover June 2019.pdf
	Page 1
	Page 2

	Tribology journal cover June 2019.pdf
	Page 2

	Tribology journal cover June 2019.pdf
	Page 1




