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1 .0  INTRODUCTION
Under the sponsorship of NRC through the Industrial Research Assist-

ance Program, Dominion Engineering Works Ltd., Lachine, Québec, has
developed a computer program to calculate fluid film bearing characteristics
including the prediction of dynamic stiffness and damping coefficients.
This program has been made available to NRC for internal research purposes
and has been adapted to suit the NRC computer system. The program output
has been further modified to conform to the coordinate system and non-
dimensional parameters adopted in References 6 and 7.

Several other Canadian industrial companies are developing or adapting
programs for the same purpose and have expressed an interest in a mutual
comparison of performance prediction results. Such a comparison will help
the participants to confirm the range of accuracy and reliability of their
own calculation methods. With NRC as a clearing house for this information,
interested industries will be aware of the existence and availability of
calculation procedures at other locations in Canada. Furthermore, the com-
parison will determine if significant areas of discrepancy exist and thus
will outline any need for corrective work or experimental confirmation.
The results of this comparison are reported separately, Reference 8.

This report is a discussion of the numerical experimentation which
was necessary in order to understand the effects of the various parametric
options available to the user of this program. Thus, the memorandum serves
as a guide to future NRC use of the program. The numerical experimentation
to be described was carried out with the kind assistance of the original
program compiler at the Research Division, Dominion Engineering Works Ltd.,
see References 1 and 2.

It should be pointed out that no attempt was made to dissect and
understand the computer program in the fullest sense. It was approached as
a black box for which only an understanding of the required inputs was
necessary. Many of the input options were never investigated. Only three
types of fluid film journal bearings were considered, viz. full circular,
partial arc and tilting pad, and only a brief sampling of those results are
presented here as examples. This memorandum then does not replace the
engineering report which accompanied the program, Reference 1, but is
intended to complement that report and to give to the user a better per-
spective on the accuracy and logical structure of the program. A copy of
Reference 1 is appended to the original copy of this memorandum with the
intention that an NRC user refer to them concurrently.
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2 .0  DISCUSSION OF INPUT VARIABLES AND OPTIONS
The necessary inputs are out l ined on pages 13 to 22 of Reference 1.

Several errors have been corrected in the appended Engine Laboratory copy,
thus when fo l lowing pages 13 to 22 i t  is best to refer  to the example input
and output forming Appendix I of this memorandum and not the example given
in Reference 1.

Several input parameters were found to be of primary importance to
the operation of the program and in some of these cases an invest iga t ion
was made of program sens i t i v i t y  to input magnitudes. These points w i l l  now
be discussed.

2.1 OPTION 12 - LOAD OR ECCENTRICITY INPUT

Of the 15 program contro l  options ava i lab le ,  number 12 is one
of the most important since i t  contro ls the choice of program out-
put in terms of bearing load carry ing capaci ty.  I f  th is option is
defaul ted,  i . e .  not chosen, then the program ca lcu la tes ,  for a given
eccen t r i c i t y  r a t i o ,  the load capaci ty ,  f i lm thickness, etc. appropriate
to that eccen t r i c i t y  r a t i o .  Several eccen t r i c i t y  ra t ios  may be
speci f ied at input time providing an output l i s t i ng  g iv ing the load-
clearance charac te r i s t i c  for the bearing. This could be deemed the
normal operating mode of the program.

I f  the eccen t r i c i t y  ra t io  for a given load is desired,  to f i l l
in a point on the above curve for example, option 12 must be
exercised, load then becoming an input .  However, two estimates of
eccen t r i c i t y  must also be given at input time since the program finds
eccen t r i c i t y  at the given load by ca lcu la t ing  loads for the estimated
eccen t r i c i t i es  in the normal mode and then in te rpo la t ing  to f ind the
desired eccen t r i c i t y  ra t io  for the input load. (Note that not more
than two input estimates of eccen t r i c i t y  may be used with this op t ion ! )
In the f igures which fo l low to i l l u s t r a te  the operation of th is program
the darkened symbols represent ca lculat ions u t i l i z i ng  this option
while the open symbols represent calculat ions by the normal mode, i . e .
with option 12 defaul ted.

Figure 1 is an example of a fu l l  c i r cu la r  journal  bearing while
Figure 2 is for a pa r t i a l  arc bearing, again at L/D equal to 1. Note
that some deviat ions from the smooth curves occurred when option 12
was chosen, due probably, to the error involved in the in te rpo la t ion
procedure. This is not considered a s i gn i f i can t  problem however since
the normal mode of program operation is the most l og i ca l  choice for
design purposes.
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2.2 CONVERGENCE CRITERION, C0A(K,18)

This is one of three items con t ro l l i ng  the accuracy of computa-
t ion .  Of the other two, one is a constant value bu i l t  into the
program, the other ,  COJ(l),  w i l l  be discussed in the next sect ion.

K0A(K,18) is appl icable only to the t i l t i ng  pad journal bearing
case. I t  governs the error tolerance on the calculated t i l t i ng
moment of each pad.

Several t i l t i ng  pad bearing geometries were examined and in each
case a value of 0.001 for C0A(K,18) was found necessary to achieve
stable r esu l t s .  One set of comparative resu l t s  is shown in Figures
3 to 9. For C0A(K,18) set at 0.1, Figures 3 to 7, the pi tch angle
curves are far from smooth and the t i l t i ng  moment curves osc i l l a t e
v i o l en t l y  about zero, the desired resu l t .  Figures 8 and 9 i l l u s t r a te
how the computed resu l t s  se t t l ed  down to smooth curves when C0A(K,18)
= 0.001 was used. T i l t i ng  moment curves are not shown because they
collapsed to extremely small values as expected.

I t  should also be noted that the load capac i ty -eccent r ic i ty
ra t io  curve was also af fected by the change in C0A(K,18). In Figure
8 the load capacit ies at low eccen t r i c i t i es  are 20% less than those
of Figure 3.

For al l  the other examples t rea ted ,  a value of C0A(K,18) equal
to 0.001 was found to be sa t i s fac to ry .

One problem encountered when reducing C0A(K,18) is that the
program becomes very sens i t ive to the s ta r t i ng  value of pi tch angle.
I f  that i n i t i a l  value is not reasonably close to the f i na l  value,
numerical i n s tab i l i t y  can resu l t  in aborted computer runs. A
procedure which was found reasonably but not completely successful
was to determine an " i n i t i a l "  pi tch angle by running the program with
a relaxed convergence c r i t e r i on ,  e.g. C0A(K,18) = 0.1. (The input
or s t a r t i ng  p i tch angle for this i n i t i a l  run was vanishingly small
but non-zero.) The resu l t an t ,  i . e .  computed, p i tch angle, Figures
4 to 7 for example, could then be used in a second computer run with
C0A(K,18) = 0.001. As s ta ted ,  this procedure was not always success-
ful and some t r i a l  and error  adjustment of input p i tch angle was
necessary from time to time. More d i f f i cu l t y  was encountered in this
regard when running the program using option 12 than when running in
the normal mode.
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I t  should also be noted here that changes were made to the program
operation by Dominion Engineering Works Ltd. a f ter  the p r i n t i ng  of
Reference 1. From the operational viewpoint the most s i gn i f i can t
change was the addi t ion of another input card, 22b. The parameters
entered on this card are described in a handwritten erratum opposite
page 19 in the copy of Reference 1 appended to this memorandum.
C0A(K,18) is one of these parameters.

2.3 CONVERGENCE CRITERION COJ(l)

This c r i t e r i on  appears to contro l  the accuracy of the i t e ra t i on
process when the var iable v i scos i t y  option is chosen. This option
was not exercised during this t es t i ng .  A value for COJ(l) = 0.01 was
found to be sa t i s fac to ry .

2.4 PERCENT RELATIVE DISPLACEMENT COJ(l l)

Percent r e l a t i ve  displacement, COJ( l l ) ,  is defined as ΔΧ/C,
where ΔΧ is an a rb i t r a r i l y  imposed displacement of the journal center
around the s ta t i c  equ i l ib r ium po in t ,  and C is the rad ia l  clearance.
This term af fects  only the s t i f f ness  coe f f i c i en t  ca lcu la t ion ,  not the
damping coe f f i c i en t  ca lcu la t ion .  I t  was found that values of COJ(l l)
in the range 1% to 5% resul ted in stable values for the s t i f f ness
coe f f i c ien ts  (References 2 and 3).

2.5 VELOCITY, XDOT AND YDOT, C0J(12)

COJ ( 1 2 ) is the ve loc i t y  appl ied for damping coe f f i c i en t
evaluat ion.  Figures 10 to 13 show damping coe f f i c ien ts  as funct ions
of the ve loc i t y  term XDOT and YDOT. Figure 10 is for the case of
f u l l  c i r cu la r  journal  bearings and Figure 11 is for pa r t i a l  arc
journal  bearings. In both of the f igures stable regions are evident
where the var ia t ion  of ve loc i t y  does not have a large ef fect  on the
values of the damping coe f f i c i en t s .  In the present study, values
corresponding to the stable regions were selected, for example, 10' 3
in/sec for the ve loc i t y  term in the case of f u l l  c i r cu la r  journal
bearings.

Figure 12 is of i n t e res t  because i t  i l l u s t r a tes  a misleading
s i t ua t i on  which can arise when the values of d i f fe ren t  input parameters
are improperly i n i t i a l i zed .  Figure 12 could be in terpreted as meaning
that the damping coe f f i c ien ts  were strongly af fected by the input
values of ve loc i t y .  However, i t  was found that by reducing the con-
vergence c r i t e r i on  C0A(K,18) that the apparent ve loc i t y  sens i t i v i t y
disappeared, Figure 13.
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2.6 PRELOADING AND RADIAL CLEARANCE, C0B(6) AND COD(K,1)

There are two inpu t  c learance values which requ i re  add i t i ona l
exp lana t i on .  COD(K,1), re fer red to as the machined rad ia l  c learance
of a rcs ,  is  the r ad ia l  c learance in  the usual sense for  f u l l  c i r cu la r
or pa r t i a l  arc bea r i ngs ,  i . e .  i t  is the d i f f e rence  between the bea r i ng
rad ius  and the j ou rna l  r ad ius .  I t  is  also equal to the ope ra t i ng
rad ia l  c l ea rance ,  COB(6), in  those cases.

For t i l t i ng  pad bear ings  however these two c learances are not
necessa r i l y  the same. In the f i r s t  case, tha t  of no p re l oad ing ,
C0B(6) is equal to COD(K,1). When p re load ing  is employed, C0B(6) the
ope ra t i ng  c l ea rance ,  is dependent on the amount of p re l oad ing  of the
pads. COB(6) is equal to the d i f f e rence  between the rad ius  of the
l a rges t  c i r c l e  which can be drawn i ns i de  the pads and the j ou rna l
rad ius  (Reference 5).  This ope ra t i ng  c learance has been termed the
"c learance  of the p i vo t  c i r c l e "  in Reference 4.

Thus the p re l oad ing  f ac to r :

COB(6)
’ COD(K,1 )m = 1

is equal to zero when COB(6) = COD(K,1), f u l l  c i r cu la r  bear ings or
pa r t i a l  arcs w i t hou t  p re l oad ,  and approaches one when the ope ra t i ng
c learance  C0B(6) approaches zero in heav i l y  pre loaded t i l t i ng  pad
bea r i ngs .

2.7 INITIAL VALUES OF ATTITUDE ANGLE -
PHI, OR PAD PITCH ANGLE, COA(K,15)

As po in ted  out in sec t i on  2.2 p re l im ina ry  runs for  t i l t i ng  pad
bear ing  cases were made wi th  very sma l l ,  but non -ze ro ,  values for the
Pad P i t ch  Angle COA(K,15). The same techn ique was app l i ed  to the
A t t i t ude  Angle,  PHI, fo r  the f u l l  c i r c l e  and pa r t i a l  arc cases. In
some ins tances  the i n i t i a l  t r i a l s  led to smooth, s t ab le  so lu t i ons ,
whi le  at o ther  t imes the i n i t i a l  t r i a l s  served to produce "secondary"
es t imates  of these inpu t  parameters for  f i na l ,  more accu ra te ,  ca l -
cu la t i on .

A t rade -o f f  s i t ua t i on  wi th  the convergence c r i t e r i on  C0A(K,18)
seemed to ex i s t  in  the t i l t i ng  pad case. I f  C0A(K,18) was too
demanding, computat ion f r equen t l y  stopped in m id - run  and i t  was
necessary to res ta r t  using a r ev i sed  inpu t  value for  Pad P i t ch  Angle.

A number of add i t i ona l  minor po in t s  of c l a r i f i ca t i on  are ou t l i ned
in Appendix I I .
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3 .0  PROGRAM OUTPUT
Several input time options are avai lab le which contro l  the p r in ted

output and these are explained adequately in Reference 1. Some modif icat ions
have been made to the output format in the course of this work and these
wi l l  now be explained. Reference w i l l  be made to the example output in
Appendix I I I .

Modif icat ions were made only to the output format for the dynamic
spring and damping coe f f i c i en t s .  These are now pr in ted  in two columns, one
headed SPRING COEFFICIENTS and the other headed SIGNS CHANGED. The f i r s t
is the o r i g i na l  program output.  The second column p r in ts  the spring and
damping coe f f i c i en ts  in non-dimensional form and with the naming of the X
and Y axes reversed to conform to References 6, 7, and 8. Thus, for example,
the hor izontal  damping coe f f i c i en t ,  K in the system of Reference 1, becomes
K under the NRC coordinate system. xx

J J

0 .0  PROGRAM OPERATIONAL FORMATS
This program, DEJB, may be run in batch mode, using one of the

avai lab le card decks, or in the conversational mode. A card deck backup is
avai lab le  for use with each of the cur ren t l y  avai lab le compilers, TSS FORTRAN
or WATFIV.

5 .0  CONCLUSIONS
A computer program developed by Dominion Engineering Works L td . ,

Lachine, Québec has been adapted to sui t  the NRC computer system. The
program has been fu r ther  adapted for consistency with the non-dimensional
coordinate systems used in References 6 and 7.

Three types of bearings were studied using this computer program,
namely fu l l  c i r cu la r ,  pa r t i a l  arc and t i l t i ng  pad journal  bearings. Options
were res t r i c ted  to constant v iscos i ty  and no misalignment. During these
runs, important parameters re la ted to l og i ca l  s t ruc tu re ,  accuracy, mesh s ize,
e t c . ,  were properly i den t i f i ed .  Their roles and ef fect  on the resu l t s  were
examined and de ta i led  descr ipt ions on those parameters have been given to
complement Reference 1 as an aid to program users.
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APPENDIX I I

COB(l) to C0B(4) Refer to cases t r ea t i ng  misalignment of shaft and
bearing axis. This option was not envisaged.

COB(IO) Use ambient pressure when cav i ta t i on  is of no concern.

COJ (4) This value is ignored when option (12) is defaul ted.

C0J(5) Set to 0.0 unless otherwise spec i f ied .

C0J(6) to C0J(9) Only constant temperature/constant v i scos i t y  option
was used C0J(6) = C0J(8) = 0.0

COJ (7) = COJ (9) = T(constant) .
Also COT(K,1) --------- C0T(K,5) = T.

C0J(13) = C0J(4) = 0.0 except when squeeze f i lm ef fect  t reated.

COJ ( 1 5) Assumed = 0.0 i . e .  pad thickness is zero.

ANGLE(I) I n i t i a l  values = 0.0 found to be sa t i s fac to ry  when
0PTI0N(12) not used.

ARCDEG(I) ALFAPA shown as +a in Figure 4 of reference 1,
measured in the counterclockwise d i r ec t i on  s ta r t i ng
from the 6 o 'c lock  pos i t i on .

C0D(K,2) = C0D(K,3) = 0.0 for these t r i a l s .

C0D(K,4); C0D(K,5) These numbers speci fy the pad gr id point arrangement.
The maximum values are C0D(K,4) = 19 and C0D(K,5) = 39.
Computation time increases with the number of good
points chosen.
NOTE: Full c i r cu la r  bearings must also be given th is
grid spec i f i ca t ions with M rows for the ha l f - l eng th
of the bearing and N columns for the bearing
circumference.

COA(K,1) = C0A(K,12) - 0.0 Hydrostat ic pocket case not considered
during this study.

C0A(K,13) = 1.2 Maintained throughout this study.

C0A(K,14) = 0.0 No compliance in bearing surface considered.

ICOQ(K,1) ------ IC0Q(K,10) = 0 Appl icable only to bearings with recesses;
not considered

CARD 27 Not required when compliance not considered.
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