
"-TD-HC-23-1837-71

• FOREIGN TECHNOLOGY DIVISION
THIS IS AN UNEDITED ROUGH DRAFT TRANSLATION BY

JOINT PUBLICATIONS RESEARCH SERVICES

DESIGN AND TESTING OF HYDRODYNAMIC JOURNAL
FRICTION BEARINGS WITH PARTIAL CAPTURE

ANGLE WITHOUT RADIAL CLEARANCE

by

Ye. I. Kvitnitskly, Yu. D. Pojtavskiy

B

Approved for public release;Distribution unlimited.

NATIONAL TECHNICAL •-L_,,.
INFORMATION SERVICE



DOCWuT CONt0 DATA ;t & D

3-s0 IREP•OT SECUR:TY CLASPFiCATION

Foreign Technology DivisirNnAir Force Systems Commiand
U. S. Air Force I
DESIRE AND TESTING OF HfYJPODYNFAM *1TOUILNAL FRICTION BEARINGS
WITH PARTIAL CAPTURE ANGLE WITHOUT RADIAL CLEARANCE

a. Ogcu1v OE 1.• • ,, • ,-, Mhu .,..j

[= Translation

eKvitnitskiy Ye. ; Poltavskiy. Yu. D.

0REPORT DAY6 .Y.D

_ September 1970 74 TOTAL N. OF Vases9 -6. HOOFM "

1 ON T ACT On GRANT NO. 0 41*16116ATOR's REPORT UmsE"caa

OFTD-HC-23-1837-71

aO. ,m O ERnP O.T N.. (A M SA M VM eeg 008 MW A* &*ai

Approved for public release; distribution unlimited.

I I. UPPLMENTRY mves PONSOMIS &MI.TARY *8,6 VI?,tI Foreign Technology Division. T TWright-Patterson AFB,

/

In theoretical analyses of the operation of friction bearingswithout radial clearance published to date, the authors have
assumed zero pressure in the minimum and naximuim.clearances

'--in determining the distribution of hydrodynamic pressures.
l:b hi"-article, the theoretical and experimental data for
bearings of this type are supplemented by considering the
curvature of one of the boundaries of the load bearing area ofthe lubricant layer, observed with capture angles of over 60
degrees. In the calculation of bearings performed in this
article, the load is considered to operate in one direction
only, the surfact,; of the bushing and journal are considered
cylindrical and without skew, and the flow of the lubrioatirg
liquid is considered isothermal.: Test stand experiments were
performed to chock the results o e calculations, show-ng
hood correspondenceo . [AP1O18. ] ,
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DESIGN AND TESTING OF HYDRODYNAMIC JOURNAL FRICTION BEARINGS WITH PARTIAL
CAPTURE ANGLE WITHOUT RADIAL CLEARANCE

jArticle by Ye. I. Kvitiitskiy, Yu. D. Poltavskiy; Moscow, Mashinovedeniye,
Russian, No 5, 1970, pp 100-106]

friction bearings without radial clearance are used in many branches
of machine building. Moreover, many bearings operating under conditions of
frequent startups and shutdowns, also achieve a stated geometry of contact
between the insert and shaft during the process of break-in and wear
[1, 6, 7], and the new geometry alters the initial hydrodynamic character-
istics of the friction bearing. The existing literature contains a few
theoretical solutions of bearings of this type, done by Kingsbury [8],
Pinkus [9], Tipey [6]. These authors, in determining the law of distribu-
tion of hydrodynamic pressured, used the condition of equality of the
pressure to zero in the'minimum and maximum clearance. It is presumed
essential to supplement theoretical and experimental calculation data for
this type of bearing with consideration of the curvilinearity of-one of
the boundaries of the bearing region of the lubricant layer, which occurs
in the case of aigles of capture of the journal by the insert greater than
600.

Under the action of a load, constant with respcct to direction in
constructions of the examined type of bearing, as in bearings with
different journal anG insert radii, oil pockets are usually filled. The
!ubricant located within them at the moment of startup, accumulating on
the shaft, penetrates into the journal between the shaft and bearing
surface of the insert, with the result that "he center of the insert, to
which is imparted lateral displacement, occupies a position different from
the center of the insert. As a certain rate of rotation is reached a
wedge-shaped clearance is formed, within which forms the fluid friction
regime.

In the case of action of a load that varies in terms of 3irection,
separation of the center of the shaft from the center of the insert is
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facilitated and such bearings can be made structurally as multisegmented.
bcarings with self-adjusting inserts-.

For calculation of bearings under the action of a load constant
with respect to direction, we will make the following assumptions: 1)
the surfaces of the journal and insert are cylindrical and are adjusted
without mutual .play; 2) the flow of the lubricating liquid is isothermic.

For the calculation we will introduce the following symbols: r is
the radius of the journal and insert with consideration of capture Q; e is
eccentricity; h is variable thickness of the lubricating film in the
direction of flowing angle 4; P is load; p is pressure in the lubricating
film; %0 is the angle of the load; y is the direction of length of the
insert 1; X = Z/2r = lId is the relative length of the bearing; V is the
viscosity coefficient of the lubricant.

The arbitrary working position of the journal and insert, is depicted
in Figure 1.

p

Figure 1. Position of journal and insert.

Neglecting the value LOAO1, we will determine the clearance h from
the equality

h = e cos q. (1)

As the journal rotates with angular velocity u the distribution of
pressures in the clearance is described by the Reynolds equation

1An eýcample of such constructions are guide hearings of vertical hydroturbine
shafts manufactured by K•TGZ [Khar'kovskiy turbogeneratornyy zavod im.
S. M. Kirova; Khar'kov Turbogenerator Plant in. S. M. Kirov]; certain types
of journal bearings of metal cutting mills of the "Fil'matik" type of
the Cincinnati firm, among others, are also examples of this type.
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rTY ayy (2)

Converting to tht! new variables: y = y/r, h = h/e, p = pe 2/puWr 2 , we repre-
sent equat.on (?I in dimensionless form

"3 'P+ As"! (3)

We will replace the continuous field of integration with rectangular
region R with net pitch m and n and write the finite-difference form of
equaticn (3)

. = &,p_, + b.,p.+,. , + C,1,. ,+, + 4 P, ,_, + Il,,(4+ + (4)

where

m'(3nsinqa + 2 cas qpa) m'(Z cosip 1- -J sinn Q)
4 cos T,.(m• + n*) ' aco (m= i)

Ii 3 sin qkman*
2 ~ ~ l (M )Cos -,% M2+ n1)

The boundary conditions are written in the form

0, (6)
P 0o_ ,; • - .'a (7)

Condition (7) indicat.,s curvilinearity of the boundary of formation
of the bearing region of te lubricant f.ilm in the direction of length of
the beqring and absence of a zone of negative pressures in the range oi
the solution.

Solving the bounda•y problems (4)-(7) by one of the numerical
methods', we obtain the required working characteristics of the bearing.
Tihus the load factor is expressed in the form

P(elr)=

'The method proposed I- tBuliyev j2] is u:.-d in this work.
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"" __1 .' -- Figure 2. Dimensionless character-
•q istics of bearing as funct•ion of

for various capture angles Q and

S[relative length X: 1 -- I/d = 0.5;211'- -- d = ...

For the purpose of checking the calculatio data obtained we made

nn experimental study on. a stand [S], the test specimen for which was a
hydrodynamic bearing with the dimensions I = 270 mm, d = 250 mm and
Q = 1200.

The directions of the action of the load were changed and fixed
relative to the ends of the insert.

The load on the insert varied from 120 to 5,000 kg, the rpm from
60M to 1,50n. Grade 22 turbine oil was-used as the lubricant.
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Duri,,g the tests we used: thickness of lubricating film at ends of
insert, determining the mutual position of the centers of the shaft and
insert, distribution of pressures in the lubricating film, temperature of
the lubricating film at bearing inlet and outlet, shaft rpm.

For measuring the thickness of the lubricating film we used four
smali-scale inductive sensors with a fl-shaped core [3]. The placement of
the sensors mad-- it possible to monitor the thickness of the film both on
an arc ane, on r.iu generatrix of the insert bearing surface.

Fi.ttings .iith an av.ial channel (1.5 mm in df'iieter), connected to
a cylindrical sheath, to the wall of which was attached the working
resistance strain gauge, were inserted for measurement of the hydrodynamic
p.-essures at six :-dividual points of the i.Psert. Deformation ef tile
sneath walls under the influence of pressure. transmitted through the mass
of the hydraulic layer in iP cavity and axial channel, caused the measure-
mcnr'bridge of t!.'ý circuit to go out of balance. The hydraulic layer was
used as 'n incompt.'ssible substance capable of transmitting a signal of
the "'easu-ý pressure with,-it distortion. The arrangement of the sensors

,,ade it pi-sif-e to measure pressure 'n the arc of the insert at its mid-
.)in* .#,id 'ý'c h length in one of the cross sections.

T . -wve-described sensers operated in combination with the
standard .p;.aratus: 8ANCh-7M amplifiers and N-102 loop oscillographs.

Furthermore, we measured continuous diagram of pressures, which
en,.,. id us to analyze qualitatively and quantitatively the hydrodynamic
process of lubrication, determine the boundaries of the bearing region of
t•;e oil f;im. For this purpose, in contrast to the known measurement
schemes using cL-ntact and mercury terminals, -.e developed a procedure for
measuring pressures based on the use of a capacitance sensor and.contact-
less terminal device of the induction type [4].

The design of the capacitance pressure sensor, installeI in a
radial boring of the shaft, is simple and represents a capacitance formed
by a mutually insulated steel membrane (active diameter of 8 mm, 0.1 mm
thick) and electrode.

SThe space between the membrane and the electrode is c'ontrolled and
selected as a function of the measured pressure. The pressure that
deforms the menbrane alters the capacitance of the sensor, which is
recorded by the measurement instrument. In it the measured capacitance
enters the contour of the master high-f-equency generator, operating urder
conditions of resonance or close to it. As the capacitance changes, the
resonance breaks down, which leads to a change of the other characteristics
of the circuit. For transmission of the !.ignal from the master generator
a contactless induction terminal, represeu.ting a transformer, one of whose
windings is rotated along with the sensor and makes with it a parallel
resonance contour, and the other of which is connected to the stationary
measurement apparatus, was-used for transmitting the signal from the
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where

44/S • 441SQ

-42 %(,, -t/2 9

Hers 02 =ff + IT, where B determines the position of center line O0. V Thus

t = t (01 , A ).

The load angle 0 at wbich the system is in equilibrium is determined
from the expression

P,q•= arctg-•-,.

The force of friction on the journal and bearing is

r

where

c ( Cos'T 2 O-
.--io) OS 6p)

is the coefficient of resistance to rotation.

We will express losses to friction as the dimensionless function
fm/(e/r) = CfjI/C, where f. is the coefficient of friction on the journal.

The amount of lubricant flowing through the bearing is

Q a8 P L rd T = qw/de,

where q is the dimensionless coefficient characterizing the lubricant
flow rate.

The charactc.ristics 1 (Figure 2,a), fi/(e/r) (Figure 2,b), and q

(Figure 2,c) are represented in Figure 2 as functions of 6 for various
typical dimensions, determined as a result of calculations on the M-20
electronic digital computer.
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master generator. Between the windings is a strong inductive connection,
thanks to the equal length of their winding and concentric arrangement
with a diametral clearance of 1.5 mm.

The sensors were calibrated directly in their operating position.

The temperature of the lubricating film was measured wit.. the aid
of chromel-kopel thermocouples, attached to the entrance and exit edges
of the bearing. At the points of build-up of the surrounding metal the
thermocouples were thermally insulated with glass fiber permeated with
phenolformaldehyde resin. The emf of the thermocouples was measured with
a KP-S9 potentiometer.

-44
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Figure 3. Value of e and h m as function of n with

direction of load lagging behind entrance edge of insert
by 890.

The rpm was measured with an induzction sensoy of the design described
above. The sensor was fixed rclative to the ends of the bearing.

As a result of the tests we obtained a complex interrelation b6tween
the investigated parameters, which reduces to the dependence of h min and e
on the dimensionless characteristic of the mode of operation

P

The theoretical curves and experimental data plotted in the form of
individual points for one.of the fixed load directions are shown in
F:igure 3. The dependences that are represented, both theoretical and
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master generator. Between the wind:..:s is a strong inductive connection,
thanks to the equal length of their winding and concentric arrangement
with a diametral clearance of 1.5 mm.

The sensors were calibrated directly in their operating position.

The temperature of the lubricating film was measured with the aid
of chromel-kopel thermocouples, attached to the entrance and exit edges
of thýe bearing. At the points of build-up of the surrounding metal the
thermocouples were thermally insulated with glass fiber permeated with
phenolformaldehyde resin. The emf of the thermocouples was measured with
a KP-59 potentiometer.

hot

Figure 3. Value of e and hmin as function of n with

direction of load lagging behind entrance edge of insert
by 890.

The rpm was measured with an induction sensor of the design cescribed
above. The sensor was fixed relative to the ends of the bearing.

As a result of the tests we obtained a complex interrelation b6tween
the investigated parameters, which reduces to th.- dependence of h . and e
on the dimensionless characteristic: of the mode of operation mn

* 11=Id.
P

The theoretical curves and experimental data plotted in the form of
individual points for one. of thi fixed ioad directions are shown in
F:igure 3. The dependences that are represented, both theoretical and
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cxperimental, are of parabolic character, and in the lightly loaded regime
the discrepancies between them are maximal, reaching up to 25%, which is
explained by possible deviations of the process from stationarity and
general error of the experiment. The stated discrepancies did not exceed
12% in the other loading regimes.

Additional illustration of the comparison of the theoretical and
experimental data is seen in Figure 4, where the dimansionless functions
P(p) are presented for the same load direction, as well as the mutual
location of the line: of centers and loads. In this case the operating
mode corresponded to n = 0.8 (P = 2,385 kg, w = 83.73 sec"2, 1 = 2.37 x
x 10-3 kg.sec/m2 ). In Figure 4, 1 are theoretical data; 2 are experimental

data, and the curve P(ý) is plotted with the aid of the capacitance sensor.
The point.s here represent the results established by individual pressure
sensors. The origin of the bearing region of the lubricating film for all
loading angles was located in the diffuser section of the clearance, i.e.,
prior to joining, where h hm, which indicates the validity of boundary
condition (7). max

12

I. -

o 40O

Figure 4. Distribution of pressures around
circumference of insert aiod mutual distribu-
tion of lines of centers (a) and load (b).

The presence of an oil pocket in the exit end of the bearing has an
effect on the breakaway of the bearing region of the lubricating film,
which, judging by the pressure diagram, even though pronounced, reaches
values P = 0 beyond the edge, where h = hin ..

This fact is explained by the small angle of diffisivity of the oil
pocket cross section beyond the edge of the minimal clearance, with the
result that the clearances, symmetrically taken relative to the stated edge
on a 5-70 segment of the arc or both sides of the shaft rotation, are
commensurate.

FTD-HC-23-1837-71 &
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As a whole the theoretical dependences presented above rpvealed
sufficient agreement with experimental research data, which permits them
to be used in engineering practice.
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