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Abstract

The journal bearing test rig is used for experimental research to evaluate the effect of various speeds and
loads utilizing two distinct fluids, SAE 30 and Ferro Fluid. The effect of lubricant mobility on a loaded
journal bearing is investigated, and metrics such as coefficient of friction, load capacities, and bearing
pressure are calculated to better understand the nature of both lubricants. Three distinct loads are
introduced to the setup at three different rpms: 500, 600 and 700. A thorough tabular form is created to
compare each load bearing capacity. The comparison results suggest that a proper ratio of nano particles
added to a lubricant can boost load bearing ability and might carry away most of the temperature created
due to friction.
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1. Introduction

A journal is known as machine component which upholds another machine component which is known
as bearing. It manages the movement between the contact surfaces of the individuals, while conveying
the heap. Because of the general movement between the interlinked surfaces, a specific measure of force
is gone futile in defeating frictional opposition and in the event that the scouring surfaces are in direct
contact, there will be quick wear. To lessen frictional opposition and wear and at times to divert the
intensity created, a liquid known as lubricant might be used. The lubricant used to isolate the journal and
bearing is typically a refined mineral oil from petrol, likewise vegetable oils, silicon oils, lubes and so
on, can be utilized. f all plain bearings, journal bearings are the most popular. It is made up of a sleeve
with a shaft rotating inside of it and a thin lubrication coating preventing further contact. They are used
in almost all types of hardware and are very common design components.

Any mechanical equipment's performance may be evaluated using a test rig. This experimental setup can
be used in labs to find the important parameters like pressure distribution, coefficient of friction, critical
pressure, Sommerfeld number and heat generated and dissipated by the bearing. Journal bearing has its
wide range of utilities in different sectors of engineering. The bearing that is guiding the shaft has to be
strong, load-bearing, and have appropriate thermal qualities. To obtain excellent power transfer, there
should be less friction between the bearing and the shaft. Since it will harm both the sleeve and the shaft,
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it is best to avoid making direct contact between the two. Between the moving surfaces, a thin
lubrication coating is produced to lessen friction. According to the pressure distributions, the load
capacities in the journal fluctuate. Higher bearing load causes the shaft and sleeve to come into close
contact with one another, damaging both surfaces. To prevent damage to the bearing, the maximum
pressure for each bearing should be established such that it never exceeds the limitations when
operating.

Laboratory apparatus was created in this effort to ascertain the varied journal bearing settings at various
RPMs and load circumstances. The designed experimental apparatus can be setup in any labs without
any disruption between the shaft and motor. To begin with the design, analytical calculation is done by
performing an experiment on an existing equipment. Later, the setup's component elements are
designed. The work includes a planned methodology between hypothetical computation and iterative
steps towards design and doable arrangement to test journal bearing apparatus. A detailed tabular
methodology is followed to note down the observation values for practical calculations. The values are
represented in a graphical format for understanding the variation in pressure distribution due to load
varying capacities. A prototype model is fabricated to demonstrate the designed test rig which is built on
Solid Works design software.

2. Methodology

Design of journal bearing test rig, is carried out using reverse engineering process by referencing
stranded text books and math calculations are performed to calculate diameter of the journal, bearing
width, radial clearance and power required for variable speed motor. The making of real time test rig is
carried out to test two different oils such as SAE 30 oil and nanofluid (Ferro Fluid under 15%
concentration). The design is carried out using solid works and fabrication is done with respective to
design.

Figure 1: Final Model of Test Rig in Solid Works
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2.1. Experimental Approach
Figure 2: Experimental Flow Chart

Measuring panel

j56) Qiltank

Sleeve and shaft unit

Figure 3: Fabricated Test Rig

2.2. Specifications
e Diameter of the journal = 2r = 55 mm,

e Diameter of bearing (with 16 radial tapings) = 2r = 70 mm,
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e Bearing width (L) = 15 mm,

e Radial clearance (c) =3 mm = 0.0025 m,

e Weight of the bearing with attachment = 1.7 Kg,

e DC Motor = 0.5 Hp, 1500 rm variable speed,

e Dimmer stat is provided for speed variations (Varied from 100 to 120),

e There is a manometer board with 16 tubes, an appropriate scale, and an adjustable oil tank.
e Oil used by us for experiment is SAE 30 lubricating oil.

e Power supply required is AC, 1 Hp, 230 v, stabilized.

e Experiment conducted on Journal Bearing Test Rig.

2.3. Experimental Procedure

Fill the oil tank to the necessary level with the SAE 30 lubricating oil that is being tested (up to 1.5 litre
oil). Manometer tubes should all be drained of air before using a supply level indicator to verify level
balance. Verify whether there is any oil leaking. For cooling purposes, oil leakage from the sleeve is
essential. While increasing the motor's speed, monitor the shaft's speed. Once the oil in the bearing has
warmed up, set the speed and let the journal run for about 30 minutes. Then, verify the steady oil levels
at different tapings. To maintain the horizontal level positions, add required loads and adjust the
balancing weight on the road. once the manometer values have stabilised, for circumferential and axial
pressure distributions take the pressure distributions readings on manometer tubes. Try it again with
different loads and speeds. Set the dimmer to zero and turn the main supply off when the test is finished.
Maintain the oil tank in the lowest position possible to prevent leaks during the idle period. Loads such
as 100 gm, 150 gm, 200 gm, and RPMs 500, 600, 700. The dimmer stat is at 100.

2.4. Calculations
The maximum pressure (Pa - Ps) is occurred at radial angle i.e., 70.1 cm.

2.4.1. Finding Length of the Bearing
Diameter of the journal (d) is 55 mm

[
We know from design values of journal bearing, the ratio of P for journal varies from 1 to 2.

Let’sus take [ /d=1.6.
[=1.6d=1.6x55 =88 mm

2.4.2. Bearing Pressure
w _ 20.59

-_w _ =0.004254132N / mm®
I -d 88x55

Note: Load on the bearing:

Total load on the bearing at N rpm = Dry weight of bearing + Weight of the balancing load + Weight
added

=1.7+2x0.150+0.10

=2.1Kg=20.59N

2.4.3. Bearing Modulus
Absolute viscosity of SAE 30 oil at temperature 38° C is taken from Table 2,
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Absolute viscosity (Z) = 0.078,
and N =500 rpm,
P =0.004254132 N/ mm?,

N _ 0.078x 500
Therefore, 2=

=———=0167.55
p 0.004254132

2N _g 16 x 10°
p

We consider the operating value from Table 3,
ﬂ =28
p

The lowest bearing modulus at which the oil film will facture is obtained by:

3k:ﬁ
P

In light of this, Bearing Modulus at Minimum Friction,
k:l(ﬂ):l x28=9.33
3\ p 3

The bearing will operate under hydrodynamic conditions, when the calculated value of the journal
bearing characteristic number is above 9.00.

Clearance ratio from Table 3: (¢/d) = 0.0013

From our specifications,
clearance ratio, (c/d) = 3/55 = 0.0545

2.4.4. Coefficient of Friction

a2
108\ p J\c

Where, bearing characteristic number (Z) is in kg/m-s,

bearing pressure (P) is in N/mm?
k = factor to correct for end leakage.

The ratio of the bearing's length to its diameter determines the end leakage factor (k). (i.e., 1/d).
k =0.002 for 1/d ratios of 0.75 to 2.8,

33 3 1
=35 (9.16x10 +0.002
H 08( )(0.0545)
§=0.0658.
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2.4.5. Sommerfeld Number

2
Sommerfeld number = ﬁ(i) R
p \C

For design purpose, its value is taken as

2
2Y(i):msxm‘i
Pl\c

But for ZN/P = 9.16 x 10° and (d/c) = 1/0.0545 we get,
Sommerfeld number = 30.83 x 10°

2.4.6. Heat Generated in the Bearing

Q,=pwvwatts VN —m/s

Where, y=2.17882x 10 >, and

W = load on the bearing in N,

= bearing pressure in N/mm? x area of the bearing in mm* = p (I x d)
W=P(Ixd)

W =10.004254132 (88 x 55) x 9.81 =20.5899 N.

dN

and v = rubbing velocity in m/s = n6—0
7 x 0.05% 500
V="

Therefore, Q ,=2.17882 x 10"°x20.5899 x 1.308 = 17.38 watts or N-m/s

=1.308

2.4.7. Heat Dissipation

Q,=Cx A(tb —ta) J/sor W

Where C = heat dissipation coefficient in W/m2/°C,
A = Area of the bearing inm? =1x d,

t, = Bearing surface temperature in °C, and

t, = Temperature of the surrounding air in °C,

Average value of C is considered as:
For unventilated bearings (still air): 140 to 420 W/m2/°C

For well ventilated bearings: 490 to 1400 W/m2/°C,

Since our bearing is well ventilated bearing, we take the value as 1232,
Q =cxIxd(t,~t,

Q,=140 x0.08 x 0.05(39 29

Q, = 6.16 watts

2.4.8. Critical Pressure of the Bearing
Critical pressure or minimum operating pressure is,
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__zN  (a4V({_L_ 2
p_4.75x106(C) (d+I)N/mm

:0.078><500( 1 )2( 88

2
4 -75%10°\ 0.0545 55+88) N/mm

p=1.7010 x 10° N/mm?>.

Similarly, the experiments are conducted for 600 and 700 RPMs for loads 100 gm, 150 gm, 200 gm.

Below table shows the calculated values of design parameters for different loads such as 100 gm, 150

gm, 200 gm, and RPMs 500, 600, 700.

2.5. Results and Discussions

Pressure increases in the system when the load is added. The difference in pressure distributions defines
that for different loads and RPMs the performance of the bearing changes. The change in usage of
lubricant from SAE 30 to Nano-particle Ferro Fluid has displayed major changes in the heat dissipated

section of the experiment.

Table 1: Experimental Readings at Load of 100 kg and 500 rpm Speed

S. Radial Pressure | Load in | Speed (N) | Psin | Pain | (Pa-Ps)
No. | Point (Tube No.) | Kg (W) rpm cm cm in cm
1 1 100 500 53 113 60

2 2 100 500 53 114 61
3 3 100 500 53 106 53
4 4 100 500 53 75 22
5 5 100 500 53 50 -3
6 6 100 500 53 38.5 -14.5
7 7 100 500 53 43 -10
8 8 100 500 53 15 -38
9 9 100 500 53 6.5 -46.5
10 10 100 500 53 96 43
11 11 100 500 53 103 50
12 12 100 500 53 123 70
13 A 100 500 53 120 67
14 B 100 500 53 92 39
15 C 100 500 53 116.1 63.1
16 D 100 500 53 123.1 70.1
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Table 2: Experimental Readings at Load of 100 kg and 500 rpm Speed

S. | Radial Pressure | Loadin | Speed | Psin | Pain | (Pa-Ps)
No. | Point (Tube No.) | Kg(W) | (N) rpm | cm cm in cm
1 1 100 500 40 54 14

2 2 100 500 40 60 20
3 3 100 500 40 65.5 25.5
4 4 100 500 40 54 14
5 5 100 500 40 50.5 10.5
6 6 100 500 40 50.5 10.5
7 7 100 500 40 48.5 8.5
8 8 100 500 40 46 6
9 9 100 500 40 43.5 3.5

10 10 100 500 40 42 2
11 11 100 500 40 35 -5
12 12 100 500 40 38.5 -1.5
13 A 100 500 40 65 25
14 B 100 500 40 37 -3
15 C 100 500 40 51 11
16 D 100 500 40 62.5 22.5

Table 3: Calculated Values of Below Mentioned Parameters at Different Speeds and Loads for SAE 30
(W,N) l P C=ZN/P| S Q, | Q P

(100, 500) | 88 | 0.004254 |9.16 x 10> | 0.0658|30.83 x10°|17.38| 6.16 | 1.70 x10"°

(150, 500) | 88 | 0.004355 |6.54 x 10°|0.0456 |22.01 x10°| 12.33| 2.4 | 1.24x 107

(200, 500) | 88 | 0.004456 | 5.38 x10° [0.0575| 18.1x10° | 15.92| 5.12 [1.046x 10"

(100, 600) | 88 | 0.004254 | 5.6x10° [0.0413| 18.9x10° |13.09| 2.24 |1.046x10°

(150, 600) | 88 | 0.004355 | 4.68 x10°|0.0346| 15.7x10° | 11.23| 3.6 |8.89x10 "

(200, 600) | 88 | 0.004456 | 3.6 x10° |0.0273| 12.2x10° | 9.06 | 3.2 | 7.06 x10*

(100, 700) | 88 | 0.004254 |3.62 x10%|0.0465(12.18 x10°|16.85| 2.8 |6.71x10"*

(150, 700) | 88 | 0.004355 |3.05x10%|0.0412|10.28 x10°|15.59| 42 | 5.8x107*

(200, 700) | 88 | 0.004456 | 2.5x10* |0.0375|15.54 x 10°| 14.51 | 3.84 | 4.88x 10"
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15% Concentration

Table 4. Calculated Values of Below Mentioned Parameters at Different Speeds and Loads Ferro Fluid

(W,N) | L P C =ZN/P T S Q, | Q p
(100, 500) | 88 | 0.004254 | 7.0519 x10* [6.91 x10~*| 23.7x10* | 1.82 | 3.36 | 1.30x10"°
(150, 500) | 88 | 0.004355 |6.8886 X 10*|6.80 x10 °|23.19x10*| 1.83 | 3.361 | 1.30 x 10" °
(200, 500) | 88 | 0.004456 |6.7324 x 10°|6.69x10 °| 22.6 x10* | 1.85 | 5.76 | 1.30x10 °
(100, 600) | 88 | 0.004254 |8.4626 x 10° [7.09 x10 °|28.49 x10*| 2.24 | 2.8 |1.57x10"*
(150, 600) | 88 | 0.004355 |8.2663 x10°[7.09x10 °| 28.5x10* | 2.56 | 4.2 |1.57x10*
(200, 600) | 88 | 0.004456 |8.0789x10°|7.63x10 °| 27.2x10* | 2.52 | 5.12 | 1.57x10"*
(100, 700) | 88 | 0.004254 | 9.8730 x10%|8.88x10 | 33.2x10" | 3.23 | 2.91 |1.83x10"*
(150, 700) | 88 | 0.004355 |9.6440 x10°[8.72x10 °| 32.4x 10" | 3.25 | 3.6 |1.83x10 *
(200, 700) | 88 | 0.004456 |9.4254 x 10* |8.57x 10| 31.7x10* | 3.26 | 5.05 | 1.83x10"*
Figure 4: Pressure Distribution Curve at Circumferential Angles
Pressure Distributions Curve
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3. Conclusions
The following conclusions are drawn based on the present analytical and experimental research work:

1.

Circumferencial angles (Tubes)

—@— SAE 30

Series6 ——@=— FERRO FLUID

To begin with the process of reverse engineering the load bearing capacities and pressure
distributions are taken from the design data book and important parameters are found by performing
practical experiment. Sommerfeld’s Number and different performance characteristics like bearing
modulus, coefficient of friction, heat generate and dissipated are calculated. It is found that for
different load capacities we obtain different pressure distributions.
Experimental approach has been performed by using two different lubricants SAE 30 and Nano-
particle Ferro Fluid. Three different loads 100 gm, 150 gm, 200 gm are added to the setup at three
different RPMs 500, 600, 700. A detailed tabular form is recorded comparing each and every load
carrying capacity. The results after comparing the obtained values explain that usage of an
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appropriate percentage of nano particles in a lubricant can increase the load carrying capacity.

3. After the validation of the two results with analytical and experimental approach a feasible design of
the test rig is drawn using Solid Works software. The design dimensions are found with the help of
practical calculations. An appropriate test rig is fabricated depicting the designed model. The
prototype is presented as a conclusion of the project work.
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