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An experimental investigation of the performance aiflubricated
partially herringbone- grooved journal bearing (HBS) which have a
beveled-step groove profile have been carried dbe bearing groove
parameters (groove angle groove width ratigs , groove depth ratid’)
have been optimized for a wide range of bearingaipey conditions in
search of the best stability characteristics. Hytinsamic lubrication unit
with some accompanying apparatuses are used touredise pressure
distribution, attitude angle, Eccentricity, contaatd friction torque. The
optimized values arex(= 26.78,  =0.55, I" =2.2). The test results are
compared to experimental results for the completgiyoved bearing
which have the same beveled-step groove profile,dhd rectangular
groove profile . In comparison of the previous wdHe introduced
grooved configurations showed high radial stiffnes&l load capacity,
low friction torque and better stability charactstics.

KEYWORDS: Hydrodynamic lubrication; herringbone grooved,
partial grooving; load carrying capacity; pressudsstribution; stiffness;
groove profile.

1. INTRODUCTION

The journal bearings introduce viscous damping #dd in reducing the amplitude of
vibrations in operating machinery. The dynamic atadic characteristics of fluid-film
bearings have a very significant effect on the aVelynamics of rotating machinery.
These stability characteristics are greatly afféd¢te plain journal bearing especially
at concentric operation and the load capacity efghain journal bearing approached
an asymptotic value with increasing speed [2]. Asliwas the self-induced
nonsynchronous vibration phenomenon (whirl), margarimg types have been
developed to improve the stability. Herringboneoyexd journal bearings (HGJBs) are
the better alternatives. In (HGgBhelical grooves can be machined on the surface of
the shaft or bearing housing, also it can be machon stationary or rotating member.
The grooved surface can be completely or partidyringbone grooved as shown in
Figs. 1 and 2. The inward pumping action of theséichl grooves in which the
pressure distribution significantly changes witliire bearing as shown in Fig. 3,
generally improves load carrying capacity and rsti§is.

Several theoretical techniques have been appliaddtyze the performance of
HGJBs. These techniques use two basic theoretigdlematical models:
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1-

The narrow groove theory (NGT) which has been meskby Whipple (1958) and
used by Hirs [3], Muijderman [4], Chow and Vohr [$Jamrock and David [6],
Bootsma [7], Kawabatat al [8], and Yoshimoteet al [9]. This theory presented
an equation which is based on the limiting casarofdealized bearing for which
the number of grooves approaches an infinite nurabdrthe flow is 2-d laminar
flow. The result is a differential equation for theverall” pressure distribution
around HGJBs. The theory reduces the sawtoothmiferential pressure gradient
into an averaged, overall pressure by assuminfjubiations in pressure between
the narrow grooves and ridges to be negligible. Umerical solution to the
differential equation is obtained which is basedagperturbation i, and is valid
for small eccentricities. This theory is known teegyfairly accurate characteristics
of gas lubricated HGJBs [10].

NOMENCLATURE
C Radial clearance at concentric X,Y ,Z Coordinate system fixed to the
position, m bearing
D Journal diameter, m Greek Symbols
S P o« Groove ange deg
— . _ y _ B Groove width ratio
F Dimensionless radial stiffness r Groove depth ratio
Hg Groove depth, m A Groove length ratio
Hr Qil film thickness in ridge € Eccentricity ratiog =e/c
region, m 0] Bearing attitude angle, degregs
L Bearing length, m u Lubricant viscosity, N.s/fm
Lg Groove length in the 0 Angle measured from the
circumferential direction, m location of the maximum oil
Lr Ridge length in the film thickness in the direction
circumferential direction, m of journal rotation, degrees
Ng Number of grooves C) Bevel angle of the groove,
P Hydrodynamic oil film degrees
pressure, N/fm ® Journal rotational speed, rpm
P Dimensionless pressure @ Angle measured from the
Pa  Ambient pressure, Pa=1.0 bar negative Y axis and in the
R Journal radius, m direction of rotation
T, Bearing friction torque, N m D= 9 0.
T Dimensionless friction torque A Bearing numbir,
W Load carrying capacity, N A= GNW(BJ
W Dimensionless load carrying Pa \C
capacity
2- The Reynolds equation in its various forms whiclelides the mathematical

relationships between load, speed, clearance aedfltid properties of the
lubricant. The equation has been solved by manhemaatical techniques which
are satisfying the appropriate boundary conditiéisite element method (FEM) is
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used to solve the Reynolds equation to obtain presdistribution, fluid film
reaction forces, friction torque and dynamic caiéfits. This method is used by
Bonneau and Absi [11], Kinouclet al [12], Zirkelback and San Andres [13],
Marco tulio c.faria [14], Jang and Yoon [15,16] alahget al [17], also a finite
difference (FDM) treatment of the Reynolds equati®rused to investigates the
performances characteristics of HG@JB-DM is used by Kanget al [10],
Kobayashi [18], Leet al [19], Hirayamaet al [20], and Cheng-Chi Wang [21]. A
few results of the performance of HGJBave been verified experimentally.
Bootsma and Tielemans [22] had experimentally deterd the operating
conditions at which no leakage occurs for HgJBurton [23] carried out
experiments on a spiral grooved bearing on a lacgée turbulence apparatus. The
test results show how the bearing load capacitiesarith changes in the bearing
clearance.

Fig. 1 Partially (HGJB Fig. 2 FullGJIB;)

pressure bulid-up through bearing circumference
i
]

| pressure bulid-up towards bearing center
M /bearing center
Py T e, /bearing edge
(TR 2,

/ ::. ; <57 A5
groove Grooved member rotation direction
% Grooved member%

Fig. 3 Approximate pressure build-up above groavednber

Groove profile plays a vital role in controllingetiperformance characteristics
of HGJBs. Recently Gad et al. [1] introduced beveled-stepoge profile which
increases the amount of oil pumped inward and dapabincreasing the pressure
recovery at the divergence of the flow over thepsi@nd the performance
characteristics of the beveled-step completely HE3dBs determined experimentally.
But fully grooved bearing designs give maximum higpeed stability but at the
expense of bearing stiffness [25] and load carryapacity of the fully HGJBs are
small at high eccentricity ratios [19].
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In the present work, a combination between paytidkrringbone groove
pattern and beveled-step groove profile for the BKsJdvere introduced. This
combination effectively enhances the bearing loadyig capacity due to higher
pressure development in the bearing area, maximazkal stiffness and maintains the
bearing stability. An optimization of the bearingrameters are carried out and the
characteristics of oil-lubricated beveled-step ipiyt HGJBs are experimentally
investigated for the optimized bearing. After opzation a comparison with
experimental results for the completely groovedibgavhich have the same beveled-
step groove profile [1], and rectangular groovefifg¢24] had been performed.

2. EXPERIMENTAL WORK

Experimental testing was carried out on a 20 grdowe¢ors. The grooves where cut on
the rotor surface and have a partially Herringbpagern and each groove has a
beveled-step geometry Fig. 4-a, 4-b. The inscripedves were cut on a conventional
center lathe as a right and left hand screw usitgsggned high speed steel (HSS) tool,
which has the same beveled-step groove profile4feg.the bevel angle®) was
checked by a profile projector and held constantalb specimens and was equal to
about 30° and the tool tip width (d) was calculdtedh the relation:

D . Cc(r-1
d= ﬁ_s|na’ — ¥
N, tan®©
ZA
oR (Journal speed ) Ridge ,groove
o B
g o NN 5
= = s X
& 2
5 - S
S | 3
g |0 =
NGV L A 4L T RS <,
Circumferential direction ' ——-
4-a. Partially HGJBs Circumferential direction
/ L {
— 417 \fﬁ) B=Lg/(LgtLr)
He I' = (HgtHr)/Hr
: A=L1L
d — 200
Lesin o, ® =30
Section X-X

4-b. beveled-step groove profile 4-c. high speed steel cutting tool

Fig.4 Geometry of groove profile and cutting tool
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The manufactured specimens have a combination batgeove width ratios
(B), groove depth ratiosI'{ and groove anglesu) Table 1 shows the specimen’s
specifications. An optimization for these parameteas done for obtaining the best
stability characteristics.

Table 1. Specimens’ specification

groove width ratioff) | groove depth ratid groove angled)
degree
0.45 2.2 24.4226.78,29.05,31.2
0.50 2.2 24.4226.78,29.05,31.2
0.55 2.2 24.4226.78,29.05,31.2
0.6 2.2 24.4226.78,29.05,31.2
0.55 1.62,20,22,25 26.78°

A hydrodynamic lubrication unit [26] consisting afrigid tubular steel frame
is used. The unit is equipped with a pneumaticaligrated pressurized oil supply, D.C
solid state, and variable speed control unit. Secttenrepresentation of the used
experimental apparatus is shown in fig 5.

1-D.C drive motor

)

T (s) 2-Belt drive
A Nt (7) 3-Ball bearing
~ ‘ N . .
% % s () 4-Rear drain ring
T N\ % () 5-Bearing housing
- \ | % P 6-Front drain ring
- @7 ; ~Y 7-Herringbone center
o) N ﬁ 8-Journal
i 9-Partially herringbone grooves
! Applied load 10-Air nozzle

Pressure profiles around the grooved bearing wstienated using pressure
distribution apparatus Fig. 6, which consist of aafing housing with 12
circumferentially, distributed drilled and lappexiad passages with step angle of 20
degrees between for measuring of oil pressure tinegrooved bearing surface .Each
axial passage has five pressure taps distributethénaxial direction. For ease of
manufacture the bearing housing is made in twodsalVhe pressure measurements is
made using a pressure probe consisting of a bouut®ngauge mounted in accurately
lapped spool which is used to traverse the drillimthe bearing block. Five markings
on the spool shown the position when the probeiigectly aligned with the pressure
taps in the axial direction, thus the pressure massured on 60 points over the
bearing circumference. Because the bearing howsisgmanufactured as two halves it
was difficult to measure the pressure near thefatte between the two halves. As a
result of such consideration the pressure at thelmited holes (7, 8, 9, 16,17and18)
was obtaining by linear interpolation between theasured values. The bearing is
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supplied by oil of pressure from 0.5 to 1.2 barsoading to the loading conditions.
After oil is flowing through the bearing the deadight is applied to the mass hanger
and the rotational speed is increased gradualgvtod oil film rupture. By using the
provided contact meter a contact between the bganm journal checked to insure
that there is no surface contact so a stable hydesdic film is formed and the
apparatus ready for pressure measurements. Themeowes used to measure the oll
outlet temperature at the start and end of expetisrend the average temperature was
determined in order to determine the average sdosity during the experiments.

1- Partially herringbone Grooved
1. journal.

2- Partially beveled-step grooves.
3- Oilinlet hole.

4- Axial passages for Pressure
2. measurement.

5- Bearing housing (bottom half).
6- Oil tap.

7- Contact meter lead.

8- Clamping stud.

9- Bearing housing (upper half).
10-Contact meter set screw.
11-Mass hanger location.
12-Bearing latch location.

Fig. 6 Pressure distribution apparatus

Eccentricity in X, Y directions and attitude anglere measured using the
apparatus shown in Fig.7.The bearing bush is fitiedde inner diameter of bottom and
upper halves no. 2, 3 of bearing housing. The stdtiz pad is fitted to the outer
diameter of the upper housing half no. 3. The agiparconsists of a pair of calibrated
orthogonally air nozzles schematically shown in.&igere located in the same radial
plane and outboard of the bearing. These air nezuievided a non contacting method
of detecting radial displacements of the bearirfte ozzles were provided with two
pressure gauges with air regulating valves and ameter calibration fixture. The
variation of the gap size between the rotating nalirand the nozzles causes a
corresponding variation of nozzle pressure, thengtp size in X and Y directions can
be determined, so the bearing center can be knodratitude angle and eccentricity
in X and Y directions can be determined.

Friction torque which is produced by frictional ¢ées and opposes rotational
motion has an important influence on the power irequin a bearing drive system.
Friction torque is measured using the friction t@@pparatus, Fig. 7 in conjunction
with a torque transducer. The torque transducpositioned in the unit frame and the
torque wire is positioned horizontally over thequee pin no. 7, thus any displacement
of the bearing, caused by friction torque can beadly measured.

A calibration process for all used instruments Ktaneter, torque meter,
contact meter, pressure gauges, and air nozzlas) eaeried out and the oil viscosity
at various temperatures was checked using Redwotdmeter.



CHARACTERISTICS OF OIL-LUBRICATED PARTIALLY...... 031

1-Front drain ring

2-Bearing housing (bottom half)
3-Bearing housing (upper half)
4-Clamping stud

5-Hydrostatic pad location
6-Contact meter lead
7-Torque pin

8-Torque plate

9-Rear drain ring

10- Y nozzle location

12- X nozzle locatio

Fig. 7 Friction torque, contact and attitude memguapparatus

bearing housing L
° £ | Y-Direction air nozzle
Journal \
‘ X-Direction air nozzle
i

Fig.8 X-Y directions air nozzles.

3. RESULTS AND DISCUSSION

Experiments were carried out to the study the efiéwarying the groove parameters
(o, B, T') on the performance of partially beveled-step H&JBable 2 shows the
geometrical and operating conditions of partiallGHBs which were used in
experiments to optimize the groove angl@ &nd groove width ratiopj that give
maximum radial force and maximum radial stiffneBsrough these experiments the
groove depth ratiol{) and groove length ratid.\ was held approximately constant and
equal 2.2 and 0.67 respectively. The number of \gre(l,) where cut on the journal
circumference are 25 groove therefore the narrmeg theory (NGT) can be applied
according to Chow and Vohr[5].

Bearing load capacity, stiffness, radial and tatigeforces are directly related
to the pressure distributioance the pressure distribution is obtained, theadtaristic
parameters of the bearings can be derived. Thendimeess pressure over the bearing
surface was measured and equal to:

2
5:i(9)
Hw\ R
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Table 2.Geometrical and operating conditions ofigily beveled-step HGJB

Grooved rotated member
Numbers of grooves, Ng
Journal diameter , D
Bearing length , L
Nominal clearance , C
Groove width ratiof
Groove angle ¢
Rotational speedg
Applied load

Oil viscosity ,u

Ambient pressure pa

Journal
25 groove
50.47 mm
44.5 mm
0.075mm
0.45, 0.50, 0.55, 0.60
24.42 ,26.78 ,29.08 , 31.2
1000 rpm
200 N
0.02 pa.s
1.0 bar (1.013 x105 N/ m2)

Figure 9 shows the dimensionless pressure profileural the bearing
circumference at the axis of bearing symmetry alodecto the bearing edge .The

pressure was measured for different groove anglégeoove width ratios.
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Fig. 9. Dimensionless pressure distributions. (edh& axis of bearing symmetry. (b)
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From Fig. 9, it's clear that in addition to highepsure values in convergent
region a positive pressure appears at the divergagibn. This positive pressure
diminishes in the case of plain journal bearin@®][Ihis result also agrees with the
foregoing literature result in [1, 11 and19] .Thppearance of this high pressure in the
convergent region and the positive pressure inrgem region is a result of pressure
build up due to beveled-step grooves pumping effidith reducing the side leakage
as well as increasing the stability of the beasygtem.

Figure 10 shows the variation of dimensionless sunass through the bearing
axial direction at the angleb) of 200° which measured from negative Y axis and i
the direction of journal rotation at various groaviglth ratios. It can be seen from this
figure that there is large pumping action in axi@éctions too.

L 3 T

L U
I |
i : \.

05 F g B\ S

() 2.5 C T

> E —o— B=0.45
@ 2 | —o— B=0.50"
S E —»— p=0.55
@ 15¢ —— B=0.60
Q

c

.

0

c

(O]

E

a

0 7.4167 14.8334 22.2501 29.6668 37.0835 44.5002

Axial distance from bearing edge, mm
Fig. 10 Variation of dimensionless pressure throtinghaxial direction at the angl@®)
of 200°, groove angler) = 26.78°.

The angle measured between the applied load lidettaa line of centers is
known as attitude angle, the large attitude anglesindicative of large tangential
destabilizing stiffness in the bearing. Fig. 11w&dhe variation of bearing attitude
angle ) with groove angled) at various groove depth ratios. The figure shtved
the attitude angle reaches its lower values fooggowidth ratios of 0.55 and 0.50 at
groove angle of 26.78°, and groove angle of 2%@5§roove width ratios of 0.60 and
0.45. The low value of attitude angles for 0.55 andx = 26.78° is due to minimum
tangential force at this parameters.

Through this research a dimensionless radial s&fif- rwhich introduced by
[24] and used by [1] has been also used to optithegroove parameters that gives
maximum load carrying capacity, maximum radial éand radial stiffness. The
dimensionless radial stiffness is calculated as:-

_ 278N cosg
F3
WhereW is dimensionless load carrying capacity and expikss:

Ml D\ R

T
py)

=
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Fig.11 Variation of bearing attitude angtg (vith groove angled) at various groove
depth ratios antl = 2.2.

Figure 12 shows the variation of radial stiffnebgwith groove angle at various
groove width ratios. It is shown from the figureatithe radial stiffness reaches its
maximum value for all groove width ratios at groaegle ofa = 26.78%nd” = 2.2
.The maximum radial stiffness occurs at groove eagt 26.78° an@= 0.55.
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Groove angled)
Fig. 12 Variation of radial stiffness with groovegde at various groove width ratios
andl’ = 2.2.

The influence of load carrying capacity of bevestep partially HGJBon the groove
angle at various groove width ratios dne 2.2 are shown in Fig. 13. The maximum
load carrying capacity occurs at groove angke 26.78°, groove width ratip = 0.55
andl’ = 2.2,

From the previous results of radial stiffness avatll carrying capacity, it can
be concluded that the optimum groove angle andwgraddth ratio are 26.78° and
0.55 respectively.

Different groove depths have been investigated.leTdbshows the tested
groove depth ratios and Fig. 14 shows the nonditorakpressure profiles at various
groove depth ratios. The pressure increases watinttrease of groove depth ratio until
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the maximum pressure at the valuel'of 2.2.after that the pressure decreased with
increasing in groove depth ratio. The optimum valtigroove depth ratio for beveled-
step partially HGJBis aboutl” = 2.2.

)

0.9
085 -
0.8 F-----
0.75 F--- -7 ——7
07 -5
0.65 F-——-
0.6 F----—//—--
0.55 F--—/ h-mmopmmm oo
05 £-%-- :
0.45
| 24 25 26 27 28 29 30 31 32

Dimensionless load carrying capacit

Groove angled)
Fig.13 Variation of load carrying capacity with gke angle at various groove width
ratios and” = 2.2

n
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T
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T
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Dimensionless pressure,

o
o

0 40 80 120 160 200 240 280 320 360
Angle (@) circumferential direction

Fig. 14 Dimensionless pressure distributions agathe of symmetry around beveled-
step partially HGJBfor various groove depth ratioseat 26.78° ang = 0.55.

4. COMPARISON BETWEEN BEVELED-STEP PARTIALLY
HGJB, BEVELED-STEP COMPLETELY HGJB AND THE
COMPLETELY RECTANGULAR HGJB.

To study the influence of journal groove geometnytioe performance of the grooved
journal bearing and to check the validity of thetabted experimental results a
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comparison between the introduced partially beveteg HGJB, experimental results
on completely beveled-step HGJB introduced by [bp a&heoretical results on
completely rectangular HGJB obtained by [24]wengied out. Figures 15, 16, and 17
show the variation of radial stiffness with the @we parameterg,  andI". Using the
optimal values in each case. From these figuresdiimensionless radial force for
partially beveled-step HGJB has higher value thampetely beveled-step HGJB and
completely rectangular HGJB.The maximum value afetisionless radial stiffness in
case of partially beveled-step HGJBs is about 238atgr than completely beveled-
step HGJBs. This increase is due to increase inethdtant pressure at the convergent
and divergent regions. From Fig 15, the optimunueslfor Groove angle that gives
maximum radial stiffness are 26°729.05 and32.8° for partially beveled-step HGJB,
completely beveled-step HGJB and completely rectamgHGJIB respectively. From
Fig.16, the optimum groove width ratio of partiabgveled-step HGJB is 0.55 and 0
.50 for both completely beveled-step HGJB and cetep} rectangular HGJB. Fig.17
shows the optimum value of groove depth ratio &far partially beveled-step HGJB
and 2.0, 2.1 for completely beveled-step HGJB aoehpletely rectangular HGJB
respectively.

LL
v
v
a
c
£
g
z
g
v
v
g
< L
5 25 E partially beveled-step HGJB(=0.55]'= 2.2)
E Tk fully beveled-step HGJB§ =0.50]'= 2.0)
< 2 £ fqlly rectangular HGJ( B =0.5CI'= 2.1)
= 15 C L I L L L L L L L L L L L L I
C
22.5 25 27.5 30 35

Groove angled)

Fig. 15 Variation of the dimensionless radial forgea for partially and completely
beveled-step HGJB and completely rectangular HGiiB groove angled

Figures 18, 19 and 20, show the variation of begaatiitude angle with the
groove parametera, p andI'. Fig. 18 shows that the attitude angle for pdytial
beveled-step HGJB has lower values until groovdeanfy28°. Then the completely
beveled-step HGJB have a lower value than bothalisgrbeveled-step HGJB and
completely rectangular HGJB .A relatively equaltadte angle for both partially and
completely beveled-step HGJB at groove angte28.

In Fig. 19 the completely beveled-step HGJB haveinmmim attitude angle at
groove width ratios 0.45 and 0.50 and equal atitatd0.55 for both partially and fully
beveled-step HGJB. Figure 20, shows that at thtu@ddt angle for partially beveled-
step HGJB the attitude angle is less than theud#itor completely beveled-step HGJB
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and completely rectangular HGJB at all values ajoge depth ratio. The lower
attitude angle is indication for lower tangentialde component and this leads to better
stability.

Dimensionless radial stiffness,

3 g partially beveled-step HGIBE 26.789'=2.2) —=—
2.5 £ fuly beveled-step HGJB¢= 29.034'=2.0) -
2 E fully rectangular HGJBG= 32.8%'= 2.1)
1.5 c L L L L L L L L L L L L
0.4 0.45 0.5 0.55 0.6

Groove width ratiop

Fig.16 Variation of the dimensionless radial forge;for partially and completely
beveled-step HGJB and completely rectangular HGidB groove width ratioff)

4 o | | |
£ 6 F0 4 N R b
= 55 N - S N
< 5 g ***************************
g 4.5 " fffffffffffffffffffffffff
o 4 e N
Q 35 F A o
< 3k -7 O i
Q F
2 25 L7 partially beveled-step HGJBE 26.78°3 =0.55) . _ _ _ _ _ _ |
g 2 B fully beveled-step HGJB{ = 29.05% =0.50)
= E = 03 =
3 15 C fully rectanqular HGJ( o = 32.&8 =0.50)

15 1.75 2 2.25 25 2.75

Groove depth ratid;

Fig. 17 Variation of the Dimensionless radial stda‘ﬁs,ER for partially and
completely beveled-step HGJB and completely rectiamgiGJB with groove depth
ratio(l).

Friction torque which is produced by frictional ¢ées and opposes rotational
motion has an important influence on the power iregun a bearing drive system. In
hydrodynamic bearings, friction is a function obtlicant viscosity and shear rate.
Friction torque is measured at various rotatiopaksls and applied loads.
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Fig.18 Variation of the bearing attitude angpg for partially and completely beveled-
step HGJB and completely rectangular HGJB with gecangle ¢).
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partially beveled-step HGIBE 26.789= 2.2)
10 Ffuly-beveled-step HGIB{=29.03%=2.0) - - - - -1 - —— - - —————

|
fully rectanqular; HGJIBG= 32.801&‘ 2.1 ;

0

Bearing attitude anglep) degree

0.4 0.45 0.5 0.55 0.6

Groove width ratiop
Fig.19 Variation of the bearing attitude angp for partially and completely beveled-
step HGJB and completely rectangular HGJB with geoweidth ratio f§)

Figure 21 shows that the dimensionless frictionquer for beveled-step
partially HGJB is smaller than of beveled-stepyfUGJIB until eccentricity ratio of
0.43, after this ratio the friction torque for palty beveled-step HGJB increased but
with small amount than fully beveled-step HGJB. sTimay be attributed due to
decreasing in oil film thickness at high eccentyicatio. Dimensionless friction torque

is expressed as:
— T C
T r r ﬂaR4
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Fig. 20 Variation of the bearing attitude angp® for partially and completely beveled-
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4. CONCLUSIONS

An experimental investigation of the performancearelteristics of partially beveled-

step HGJB was carried out. The main conclusionsigcied from the experimental

results as follows:

1- There is a positive pressure that appearseatlittergence region between journal
and bearing in addition to high pressure valueimvergent region.

2- The optimized values of partially beveled-steiG(Bs) parameters were found to
be @ = 26.78, B =0.55,I" =2.2)

3- Partially beveled-step (HGJBs) have large pmgaiction in both circumferential
and axial directions.
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4- Dimensionless radial stiffness in case of plHytibeveled-step HGJBs is about
23% greater than completely beveled-step HGJBs

5- Partially beveled-step (HGJBs) have attitudglemn the range of fully beveled-
step (HGJBs) and lower than fully rectangular (H&J& the optimized values for
groove parameters.

6- Radial force and carrying capacity of groovearing can be improved by partial-
grooving, provided with beveled-step groove profile

7- At high speed and small eccentricity ratios (neancentric position) partially
beveled-step (HGJBs) have low friction torque.
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NOMENCLATURES

C Radial clearance at concentric position, m
D Journal diameter, m

d Tool tip width, m

e Journal eccentricity

F

R Dimensionless radial stiffness
Hg Groove depth, m
Hr Qil film thickness in ridge region, m
L Bearing length, m
Lg Groove length in the circumferential directiom,
Lr Ridge length in the circumferential direction, m
Ng Number of grooves
P Hydrodynamic oil film pressure, Nfm
P Dimensionless pressure
Pa Ambient pressure, Pa=1.0 bar
R Journal radius, m
T, Bearing friction torque, N m
T, Dimensionless friction torque
W Load carrying capacity, N
W Dimensionless load carrying capacity

X,Y ,Z Coordinate system fixed to the bearing
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