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FOREWARD

This, Volume II of the report, '"High Speed Cylindrical
Roller Bearing Analysis," details information required to use
the design and analysis computer program CYBEAN. All efforts
involved in the .generation of the code were sponsored by the
NASA-Lewis Research Center of Cleveland, Ohio,.under the admini-
stration of the Bearing and Gear Analysis Section. The techni-
cal monitor was Mr. H. Coe. The work was performed under
Contract No. NAS3-20068 at SKF Industries, Inc., King of Prussia,
Pennsylvania, during the period September, 1976 through July, 1978.

Technical project leadership was executed by Mr. R. J.
Kleckner, with contributions from: Drs. V. Castelli and J. Pirvics,

Messrs. W. J. Crecelius, M. Ragen and Ms. M. M. Dinon.
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HIGH SPEED CYLINDRICAL ROLLER BEARING ANALYSIS

I. INTRODUCTION

CYBEAN (CYlindrical BEaring ANalysis) has been created
to detail radiallylloaded, aligned and misaligned cylindrical
roller bearing performance under a variety of operating conditions.
Emphasis has been placed on detailing the effects of high speed,
preload and system thermal coupling. Roller tilt, skew, radial,
circumferential and axial displacement as well as flange contact
have been considered. Variable housing and flexible out-of-round
outer ring geometries, and both steady state and time transient
temperature calculations have been enabled. The complete range
of elastohydrodynamic contact considerations, employing full
and partial film conditions have been treated in the computation
of raceway and flange contacts.

Volume I of this report describes the models and associated
mathematics used within CYBEAN, The user is referred to the
material contained therein for formulation assumptions and algo-
rithm detail. The material present in this, Volume II, is
structured to guide the user in the practical and correct imple-
mentation of CYBEAN. Input and output architectures containing
guidelines for use and a sample execution are detailed in the
matter which follows.

II. INPUT DATA

CYBEAN requires the preparation of input data which in
general describes the bearing geometry, properties of the mater-
ials used, and specifies the imposed operating conditions.

With these inputs defined, optional solution procedure control
may be selected.
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The input architecture has been formulated to impose mini-
mal initial demands on the user. Data is segregated into
CATEGORIES which individually address specific characterization
of the configuration addressed. Any single data set item
required by the program falls into one of ten distinctly iden-
tified subsets or categories (Table 1). Category "ROLLER",
for example, contains all roller geometry data. Category '"CAG"
details cage information. Items detailing operating parameters
such as load and speed are entered into input categories "OPERS"
and "LOAD".

All "data required by the basic program are accepted in
free NAMELIST format and default values are hardcoded to mini-
mize the demands on user judgment. Special input data, required
when the program options are used, is in 80 column card image

format.,

In each category, the user has the freedom to specify
all, part, or none of the data. If an item of data is omitted,
a default value is assumed. A list of these default values
is shown in Table 2. Failure to include basic data, e.g., ring
radius, load, speed, etc. results in a diagnostic abort message.

Data comprising a category is specified in free format,
with the restrictions that (1) column one of any card is not used
and * (2) all pieces of data in any category are separated by
commas®. No specific sequence of data is required within each
category. A minimum of two cards is needed to specify a complete
set of data within a category.

10n.some computers the comma must follow the last significant
digit of an input variable. It is suggested that this restric-
tion.be observed to avoid the inconvenience caused by compiler
peculiarities.
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As an example, consider the category "IRING'". Three items
are needed. Using the nomenclature of Figure 1, they are:

1. RIG - The groove radius of the inner ring

2. FLGALI - The flange layback angle of a flanged
inner ring-on the left side,

3. FLGARI - The flange layback angle of - a flanged

inner ring on the right side.

An example of free format data is illustrated. for the
category "IRING" in Figure 2. In this case the user wishes
to describe the geometry of a flanged inner ring. Three cards
are required. The first card contains a Dollar Sign ($)'in column
2 followed by the category mname "IRING". The second card is
used to specify values of input data. Note that free format
is used throughout and that all pieces of data are separated
by a comma. The third card contains a Dollar Sign (§)'in column
2 and the word END in columns 3 through 5 signifying the end
of data for the category. Column 1 is never used in specifying
data or category.

Each data category is used to describe a particular aspect
of either program use or the bearing configuration. Categories,
in turn, must be arranged in the sequence noted in Table 1 before
they can be used to transmit data to the program.

The following paragrephs will list, in their proper order,
all categories and the data they contain. In certain cases
where, at the user's option, categories can be omitted from
the set, these options are made clear. Likewise, it is also
clearly indicated when a category must be included in the set,

regardless of execution options. .If the user wishes to omit a

category of data, he must still include the two caxrds:
$CATAGORY NAME
$END

Different computers may allow or require a different symbol.

3
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CATEGORY 1 - SOLUTION CONTROL PARAMETERS |,

CATEGORY NAME: SOLV

DATA

CATEGORY DESCRIPTION:

Computer program CYBEAN uses a Newton-Raphson
iterative schéme to compute values for-the governing
equilibrium equation set. The user may wish to over-
ride existing solution control parameters. Those,
which are permitted as input by the user are con-

tained within this category.

ITEMS: DEFAULT

ITMAX - maximum number of iterations to be used in the 15

Newton-Raphson iteration scheme,.

NPR - debug output print flag. Allows the user to see cal- 0
culated results at intermediate steps of solution. NPR
may be input with the following values:

NPR = 0 No intermediate output printed

NPR =1 Divergence messages, intermediate
equation residues (see Volume I) and
roller-raceway loads are printed

NPR = 2 All output contained in NPR=1 plus

the corrections of the variable values
(see Volume I) as calculated in the
linear equation solver

NPR = 3 All output given for NPR=2 plus the
solution algorithm used in this par-
ticular execution

I}
=~

All output given for NPR=3 plus the
matrix of partial derivatives.

4
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DATA ITEMS DEFAULT

CONVER - convergence criterion used to halt the iteration

procedure. Solution is said to be obtained when

N
( T EQ.)/N < CONVER (1)
i=1  *
and
100

N
5 BECBG 1 - 1B 1T/ Eey | M < 2 (2)
1=

Here, k is the iteration index and EQi is the i-th equation
residue.
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CATEGORY NAME: LOGIC

CATEGORY DESCRIPTIOQON:

Within this category, the user is permitted to specify
values for logic used in a given program execution. User

provided values dictate the program options.

All variables in this category are "logical', and
have either of two values, .TRUE. or .FALSE. eg.,
MPROP = ,TRUE.

In many cases, additional data will be required from
the user as a consequence of selecting a specific program
option. Descriptions of this extra input are found in the
section "SPECIAL INPUT DATA", starting on page 20.

DATA ITEMS: DEFAULT
PLTRNG -~ Allows the user to obtain a line printer plot of F
the inner and outer ring profiles along their axial effec-
tive length.

PLTROL - Allows the user to obtain a line printer plot of v
the roller profiles along their axial effective length.
ECHO - Allows the user to echo check the input data. This F

option invokes routines which print the data immediately

after it has been read.

Special Prog}am Option Logic:

The following seven data items permit the user to
invoke certain special program options. All items require
the user to include additional data (see “SPECIAL INPUT DATA™) .

6
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DATA ITEMS DEFAULT

COEF - Allows the user to input the influence coefficients F
for the housing or other outer ring support structure.

MPROP - Allows the user to input material properties for

the rings, rollers, cage and housing.

OVREND - Allows the user to input values of roller and
Ting radii at the last 3 positions across the effective
length. These values will overwrite values computed in
the program.

SYMY - A .TRUE. value indicates that the roller and rings
are symmetric about their respective y-axis. If SYMY 1is
.FALSE., the non-symmetric roller and race profiles must
be read in.

EVSLIC - The program uses a slicing technique (see Volume I)
to compute the roller-raceway loads. Bf default all slices
are of equal width. In many cases it may be advantageous

to specify that these slices are of uﬁequal width. Unequal
slice widths may be included as part of the input data by
specifying EVSLIC = ,FALSE..

FITS - Allows the user to use the clearance change portion
of the analysis, Default is no fit calculation, and a
flexurally rigid outer ring is assumed,

THERM - A ,TRUE. value allows the user to use either the
steady state or time transient temperature calculating
routines,
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|CATEGORY 3 - ROLLER GEOMETRY DATA-|

CATEGORY NAME: ROLLER

CATEGORY DESCRIPTION

Within this category the user must describe the
geometry of the rolling elements within the bearing
complement, This category is always included.

(See Figures 3 and 4, all lengths are in mm.)

DATA ITEMS DEFAULT
ROLLD - Roller maximum diameter None
RTL - Roller total length None
RCR - Roller Crown Radius None

SPHR - Roller end sphere radius on the right side of-roller zg7 mm

(see Figure 3).

SPHL - Roller end sphere radius on the left side of roller 381 mm

RFL - Roller flat length None
ELO - Effective length of the roller outer ring contact!? None
ELI - Effective length of the roller inner ring contact' None

XL, XR - The x-coordinate of the roller end sphere origin None

(see Figure 3)

'The effective contact length refers to the longest possible
length which can be used to transmit load between the roller
and raceway. Typically, this is the roller total length less
corner radii. -If, however, the raceway undercuts are excep-
tionally large so that the track width is less than the roller
effective length then the track width should be input.

8
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DATA ITEMS DEFAULT
EPLAYO - Roller end-flange end play for a bearing having 0.

a flanged outer ring Gseé Figure 4).

EPLAYI - Roller end-flange end play for a bearing having -0
a flanged inner ring (see Figure 4).

DIACL! - Bearing diametral clearance (see Figure 4). 0.

KLUE - Roller geometry flag having the following four pos- 1.
sible values:

KLUE

1; The roller active profile is either fully
flat or crowned with a flat. Symmetry about
y is assumed. (KLUE=1 is applicable to the
roller shown in Figure 3.)

KLUE

]
(S
-

; The roller active profile is fully crowned
and symmetric about y.

KLUE

1]
[®)
L

; The roller active profile is symmetric about
the y-axis but will be read in by the user
(see "SPECIAL INPUT DATA").

KLUE

i
=

; The roller active profile is non-symmetric
about the y-axis and will be read in by
the user (see "SPECIAL INPUT DATA™).

NUMROL - Total number of rollers in the complement. None

NS - Number of roller raceway slices used in the analysis. 5
Note: If the user specifies syémetry about the roller

y-axis then NS is the number of slices per symmetric half.

If the user specifies no symmetry then NS is the total

number of slices.

Calculations with out-of-round components require DIACL to
be calculated. See Option 2, page 22.
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DATA ITEMS DEFAULT

PHI1 - Angular location of the first element in -the  comple- 0.
ment, In the nomenclature of Figure 5, the angle is measured

CCW positive from the bearing y-axis. This input is in
degrees,

10
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CATEGORY 4: OUTER RING DESCRIPTION

CATEGORY NAME: ORING

DATA

CATEGORY DESCRIPTION:

ORING is used to describe the geometry of the
outer ring. Specification for lobing of the outer
ring is made through the input of special data and
will be discussed later. ORING is always included
with input. Ring geometry is defined in Figure 1.
Lengths and angles are to be specified in millimeters
and degrees respectively.

ITEMS DEFAULT

ROG - Groove radius of the outer race 0.(flat)

FLGALO - Flange angle of the flange located on the left No flange
side of the outer ring

.FLGARO - Flange angle of the flange located on the right No flange

side of the outer ring. If either FLGALO or FLGARO 1is
left unspecified, then the outer ring is considered to
be without flanges.

DM ~ Pitch diameter None
KRING -~ Used to define the geometry class of rings. 1
KRING=1; Both raceways have a flat profile (i.e.

RIG=R0OG=0) and ring geometry is symmetric
about the y-axis.

KRING=2; Both raceways have a fully crowned profile
(i.e. RIG#0 and ROG#0) and their geometry
is symmetric about the y-axis.

11



KRING=3;

KRING=4;

AL78P023

Both raceway profiles will be read in as.
user specified input, symmetry is assumed
{see "SPECIAL INPUT DATA", Option 8, page 29).

Both raceway profiles will be read in by user
specified input, no symmetry is assumed (see
"SPECIAL INPUT DATA', Option 10, page 31).

12
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CATEGORY 5 - INNER RING DESCRIPTION

CATEGORY NAME: IRING

CATEGORY DESCRIPTION:

Category IRING is used to describe the geometry
of the inner ring. IRING is always included with
input data. Ring geometry is defined in Figure 1.

DATA ITEMS DEFAULT
RIG - Groove radius of the inmer ring 0.(flat)
FLGALI, FLGARI - Flange angles. See FLGALO and FLGARO No flange

in category ORING.

13
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CATEGORY 6 - CAGE DESCRIPTION

CATEGORY NAME: CAG

CATEGORY DESCRIPTION:

The data items contained within this category
are used to describe the geometry of the cage. This
set of data must always be included. All lengths
are in mm {see Figure 6).

DATA ITEMS DEFAULT

IRIDE -~ Cage type flag +1

IRIDE 1; the cage is inner ring land riding

IRIDE =-1; the cage 1is outer ring land riding

IRIDE = 0; the cage is rolling element riding
RLDC - Rail-land diametral clearance None
SRW - Single rail width None
RLD - Rail-land diameter None
CPCLR - Cage pocket radial clearance None

14
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CATEGORY 7 - OPERATING CONDITIONS

CATEGORY NAME: OPERS

CATEGORY DESCRIPTION:

" Bearing oﬁerating conditions and operating tem-
peratures are given in this category. Outer ring,
inner ring and flange temperatures are used to evai-
uate the properties of the specified lubricant at
these locations. Bulk temperature (BULKT) is used
to evaluate the properties of the specified lubricant
contained in the free space of the bearing cavity.
This information is subsequently used in the calcu-
lation of the viscous drag force acting upon the
rolling elements. Data for this category must always
be included. All temperatures are specified in degrees

Celcius.
DATA ITEMS  (See Figure 7) DEFAULT
S8 - Shaft speed - RPM None

BULKT - Average temperature of lubricant in bearing cavity 100.

TRE - Rolling element temperature 100.
THSG - Housing temperature 100.
TSHFT - Shaft temperature 100.
TOR - Outer ring temperature 100.
TIR - Inner ring temperature- 100.

TFl through TF4 - Flange temperatures as shown in Figure 7 100.

15
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CATEGORY 8 - LUBRICATION DATA

CATEGORY NAME: LUBE

CATEGORY DESCRIPTION:

Within this category the user specifies lubri-
cant properties and other data which relate directly
to the lubricant or to the definition of friction

related processes.

DATA ITEMS DEFAULT

NCODE - The user may specify particular lubricant proper- 1
ties or simply select a value of 1 through 4 for NCODE.

The latter selection obtains lubricant properties from

a precoded table. Specific values of NCODE and associated
lubricant properties are shown in Table 3. The user may

input lubricant properties not in Table 3 bf specifying

NCODE=0.

ZTO, ZTI - Lubricant replenishment layer thickness! at the 7'.621(10_4
outer and inner rings, respectively., (mm) 2.54)4:10—4
ZTFO, ZTFI - Lubricant replenishment layer thickness at 1.27}{10_4
the outer and inner flanges, respectively. (mm) 1.27x1074

At the present time the magnitudes of the inner and outer reple-
nishment layer thicknesses have not been correlated with flow
rate, particular lubricants or bearing speed. The user is re-
quired to establish proper values of the replenishment layer
thickness. The following guidel?nes are suggested:

1) To avoid starvation, replenisﬁment layer thickness
should be 1 or 2 times the EHD film thickness.

2) Because of centrifugal force, intuition suggests the
outer be thicker than the inner replenishment layer.

16
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DATA ITEMS
XCAV - Percent of lubricant occupying the bearing cavity?
0. < XCAV < 100.

FRK - Lubricant friction coefficient, used in the Allen [3]°?

traction model. Typical values lie in the range
0.05< FRK < 0.08.

AKN - Computer program CYBEAN uses a model deveioped by
Loewenthal [2] to compute EHD film thickness in point and

line contacts. The term AKN, the lubricant film thickness

coefficient, appears in that equation. Typical values
are 18. < AKN < 50,

XMUCG - Coulomb friction coefficient used at the cage po
pocket-rolling element contact. If ZTO=ZITI=0, XMUCG is
applied.

XMURC - Dry coefficient of friction at race contacts. If
ZTO=ZTI=0, XMURC is applied.

XMUFL - Dry coefficient of friction at the flange contact.
If ZTFO=ZTFI=0, XMUFL is applied.

The following data must be included if NCODE was specified

as zero:
VISl - Viscosity of lubricant (CENTISTOKES) at 100°F.
VISZ2 - Viscosity of lubricant (CENTISTOKES) at 210°F.
RHO60 - Density of lubricant (gm/cms) at 15°C.

G - Thermal coefficient of expansion (1/C°)

COND - Thermal conductivity (watts/M-Deg C)

?As with replenishment layer thickness the amount of free lubri-
cant should be correlated with the operating parameters. At
this time such correlations do not exist. XCAV values of less
than 5 percent are recommended.

SNumbers in brackets designate References listed in Section 6.

17
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CATEGORY 9 - BEARING APPLIED LOAD

CATEGORY NAME: LOAD

CATEGORY DESCRIPTION:

All bearing applied loads, either forces or
misalignments are specified in this category. This
data set must always be included (see Figure 5).

DATA ITEMS DEFAULT
FY - Radial load in Y direction (Newtons) 0.
FZ - Radial load in Z direction (Newtons) 0.
THETAZ - Misalignment about the z-axis (degrees) 0.
THETAY - Misalignment about the y-axis (degrees) 0.

18



AL78P023

CATEGORY 10 - SURFACE FINISH AND FATIGUE LIFE DATA

CATEGORY NAME: LIFE

CATEGORY DESCRIPTION:

Self-explanatory. This category must always
be included.

DATA ITEMS

RMSROL - The RMS surface roughness of the roller (micromns)

DEFAULT

.2032

RMSIR - The RMS surface roughness of the inner ring (microns) .254

RMSOR - The RMS surface roughness of the outer ring (microns) .254

CIR - Life correction factor! for the inner ring

COR - Life correction factor! for the outer ring

!The numbers input for CIR and COR are used to account for
improved materials by multiplying the raceway fatigue lives as
calculated by Lundberg-Palmgren -methods. Typical 1ife factor
values for modern steels are in the range of 2 to 3.

In the ASME Publication Life Adjustment Factors for Ball and
Roller Bearings, the Material Factor D and the Material Process
Factor E should be used multiplicatively as inputs for CIR and
COR,

Additionally, if the user 1s accustomed to using a lubricant
life multiplier he must also multiply the material factor by
the maximum lubricant life multiplier or the "multiplier used
for ideal lubrication'. The program will derate for lubricant
life effects.

19
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ITI. SPECIAL INPUT DATA

The user activates extended program capabilities by invo-
king up to a maximum of eleven options. Logic used to activate
an option was detailed in the preceding material, and is summa-
rized in Table 4.

The user may employ as many options as necessary in a single
program execution. The only restrictions are found in the input
data sequence shown in Table 4 and in the use of specific input
formats (Appendix A),

All options require the user to specify additional infor-
mation. This data follows immediately after the basic catego-
rized data.

20
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IIT.1 QPTION 1: USER SPECIFIED MATERIAL PROPERTIES

The user may specify the material properties of any bearing
component. This is done by setting the logical variable
MPROP = .TRUE. The appropriate properties are entered according
to the card férmat shown in Figure Al. Unspecified variables
{i.e., those set to zero or left blank) are assigned the following

values:

Modulus of Elasticity 204083 N/mm?
Poisson's Ratio .3

Coefficient of Thermal -4 .
Expansion 0.1124 x 10 per °C
Density 7.806 gm/cm®

21
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III.2 OPTION 2: FIT CALCULATIONS

This option enables the- user to analyze cylindrical roller
bearings manufactured with out-of-round outer rings. The user
is given.complete flexability in specifying the geometry by
which preload is induced. The four most popular methods for
genération of the latter with noncircular outer rimngs are shown

in Figure 8. Input card format is specified in Figure AZ.

Variables which describe the shape 6£ the noncircular com-
ponents follow:

MEAN RADIUS -~ This variable is defined in the nomenclature
of Figure 9 and Figure 10 as

Ryean =

It is to be noted that the mean radius must be specified
for the raceway profile, outer ring-outer surface profile

and the housing profile (Figures 9 and 10).

ECCENTRICITY RATIO - This variable is defined in the nomen-
clature of Figure 9 and Figure 10 as

2D
g = MAX -1

(Dyax * Pyrn)

This variable is used to describe the magnitude of out-of-
roundness manufacture into the raceway, ring outer surface
and housing.
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LOBE ORIENTATION ANGLE - The lobe orientation angle, 9,
is the angle measured clockwise positive from the bearing
y-axis to the first lobe (Figures 9 and 10). Input is in
degrees.

NUMBER OF LOBES - Although most bearings which are manufac-
tured out-of-round are made with 2 lobes, the user may

input any number of lobes greater than or equal to zero.

NOTE: Bearing diametral clearance under this option must

be specified as follows:

DIACL={(MEAN RADIUS OF OUTER RACEWAY) - (RADIUS OF INNER
RACEWAY SURFACE) - (ROLLER MAXIMUM DIAMETER) }x 2
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IT1.3 QPTION 3: USER SPECIFIED INFLUENCE COEFFICIENTS

In the fit analysis described in Section ITI.2, it was
assumed that the housing was rigid, therefore, all deformation
was experienced by the outer ring. In some instances the user
may wish to treat the outer ring support structure (the housing)
as a deformable body. In this case, he must supply the "influ-
ence coefficients"?! for the housing. The influence coefficients
completely describe the deformation of the housing and are typi-
cally obtained by using a finite element analysis.

The user is required to input one coefficient per roller.
Coefficients are evaluated at each roller location. Note that
if the coefficients are not input, default is a rigid holising.
The card image’ input format is shown in Figure A3.

!The influence coefficients, Ci, are defined as the outward radial
deformation of the housing at the i-th roller location due to
a unit load at roller location 1. (mm/N)
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111.4 OPTION 4: USER SPECIFIED SLICE WIDTHS

CYBEAN uses a slicing technique (Ref. 6 §& Volume I of this
report) to compute 1uﬁricant traction at the outer and innerx
ring roller contacts. Ordinarily, the slice widths are assumed
equal, however, 1n some instances, it mé& be advantageous for
the user to specify their individual and varying extent. It
may, for example, De desired to obtaln greater'detail at the -
roller extremities.

This optiom is invoked by specifying SYMY = . TRUE. and
EVSLIC = .FALSE. Since symmetry 1s assumed, the slice widths
need only be input for a symmetric half of the roller. The
numbering scheme used is one where the first slice 1s encountered
at the roller centerline, the last at the roller end (Figure 11).
The card format shown in Figure A4 is used for input data.
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IITI.5 QPTION 5: USER INPUT OF SYMMETRIC ROLLER GEOMETRY.

The specification of roller crown radius and flat length
is sufficient to describe the geometry of the roller. If the
user feels this to be insufficient, he may input values for
the roller radii at specific locations along the roller
effective length. The input sequence is shown in Figure 11.

Note that the number of radii to be read in is equal to
the number of slices plus one. Card formats are given in Figure
A5. The specific example of logic used is SYMY = .TRUE. and
KLUE = 3..
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ITI.6 QPTION 6: OVERWRITE CALCULATED. (ROLLER) END RADII-
NITH USER SUPPLIED VALUES

In cases where the roller effective length extemnds for
nearly the complete roller length, it would be convenient for
the user to specify the last 3 roller radii. In doing so, this
would account for the blend radius in the specification of the-
roller geometry. Again, note that symmetry is assumed, and

the user need only specify the last 3 end radii on a symmetric
half of the roller.

The format of the input cards is shown in Figure A6, logic
used is SYMY = .TRUE. and OVREND =. .TRUE.

This optiond also invokes Option 9.
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ITI.7 QOPTION 7: USER SPECIFIED, COMPLETELY VARIABLE
ROLLER GEOMETRY

e —

The user may specify the complete detail of roller geometry
as input by using the options:

1t

SYMY .FALSE. and

i
-+

KLUE
When employing this option, the user must specify roller
radii and slice widths across both the outer and inner ring
effective lengths. Note that the number of slices input corres-

ponds to the total number of roller raceway slices (Figure 12).

Card formats for data input are shown in Figure A7.
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ITI.8 QOPTION 8: USER SPECIFIED SYMMETRIC RING GEOMETRY

As with the roller geometry, the user is given the option
of supplying the program with the symmetric ring geometry. The
ring line of symmetry lies in the y-z plane of the .bearing and
divides the ring effective length into two equal parts.

The data required when exercising this option is shown
in Figure 13, input card formats in Figure A8, 10gib used 1is
SYMY = .TRUE. and KRING = 3.
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III.9 OPTION 9: OVERWRITE CALCULATED (RING) END RADII
WITH _USER.: LTED VALUES

This option is similar to-Option 6 except that the user
specifies the last 3 ring radii instead of the last 3 roller

radii. Note that when Option 6 is invoked, this option is also
invoked,

The format of the input data cards is .shown in Figure A9,
logic used is SYMY = ,TRUE. and OVREND = .TRUE,
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I1T.10 QOPTION 10: USER SPECIFIED, COMPLETELY VARIABLE
RING GEOMETRY

The user may specify the ring geometry as input by using
the options

SYMY = ,FALSE. and
KRING = 4

When using this option the user must specify all of the
ring radii across both effective lengths. Note also, that the
number of slices that are input corresponds to the total number

of roller raceway slices (Figure 14).

Card formats for data input are shown in Figure AlO,
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ITT.11 QRLION 1l:  TEMPERATURE CALCULATIONS

CYBEAN may be used to compute either the time transient
or steady state temperature distribution within a system defined
by the bearing and its environment. Logic used requires
THERM = .TRUE.

The temperature portion of CYBEAN is designed to produce
temperature maps for an axisymmetric mechanical system of any
geometrical shape. The mechanical system is first approximated
by an equivalent system which consists of a number of elements
having simple geometric shape. Each element is then represented
by a node point characterized by 2 mass, surface area, and having
either a known or an unknown temperature. The envirtonment sur-
rounding the system is also represented by one or wmore nodes.
With the ncde points properly selected, heat balance equations
are formulated by the pregram for the nodes of unknown temper-
ature, These equations hecome non-linear when there is radia-
tion between two or mors of the node points considered.

The success of the approach depends largely on the realistic
physical subdivision of the system., If the subdivision is too
fine, there will be a large number of equations to bde solved.

If the subdivision is too crude, the vesults are likely to be

inpaccurate.,

The present thermal simulation is restricted to the treat-
ment of axially symmetric physical systems. Bearing rings for
exampie, fall into this catsgory and can be represented by amn
element of uniform temperature. For a component or medule which
is not axially symmetric, the user must represent it with an
equivalent axially symmetric element of approximately the same
surface area and material volume.

This section is based upon work presented in [41].
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With input -data prepared as described in the following
paragraphs, CYBEAN will solve the heat-balance equations for
either the steady state or the time transient conditions and

produce temperature maps for the physical system.

INPUT DATA FOR TEMPERATURE CALCULATIONS

Card formats for data input are listed in Figure All.

Card 1

Card 1 is a control card and contains input for both steady
state and transient thermal analyses. it is not intended how-
ever, that both analyses be executed with the - -same run.

Item 1: Highest Node Number (M). The temperature nodes
must be -numbered consecutively from one (1) to the highest node
number. The highest node number must not exceed one hundred (100).

Item 2: Number of Unknown Temperature Nodes (N). It is
required that all nodes with unknown temperatures be assigned
the lowest node numbers. The nodes which have known temperatures
are assigned the highest numbers.

Item 3: Common Initial Temperature (TEMP)°C: The temper-
ature solution iteration scheme requires a starting point, i.e.,
guesses of the equilibrium temperatures. Card 2 allows the user
to input guesses of individual node temperatures, however, when
a node is not given a specific initial temperature, the tempera-
ture specified as Item 3 of Card 1 is assigned.
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Item 4: Punch Flag (IPUNCH): If thePunch Flag is not
zero (0} of blank, the system equilibrium temperatures along
with the respective node numbers will be punched according to
the format of Card 2. This option is useful if, for instance,
the user makes a steady state run with lubrication, and then
wishes to use the resultant temperature as the initiation point
for a transient dry friction run in order to assess the conse-
quence of lubricant flow termination,.

Ttem 5: '"Output Flag" (IUB). If the "Output Flag" is
not zero the bearing program output and a temperature map will
be printed after each call to the bearing solution scheme. This
printout will allow the user to observe the flow of the solution
and to note the interactive effects of system temperatures and
bearing heat generation rates. Since the temperature solution
is not mathematically coupled to the bearing solution the pos-
sibility exists that the solution may diverge dr oscillate.’
In such a case, study of the intermediate output produced by
the "Output Flag' option may provide the user with better initial
temﬁerature guesses that will effect a steady state solution.
Two levels of Bearing output are permitted. If IUB is 1, the
Trolling element output is not required. If IUB is 2, full
bearing output is obtained.

Item 6: "Maximum Number of Calls to the Bearing Program"
(IT1). 1IT1 is the limit on the number of Thermal-Bearing iter-
ations, i.e., the exﬁernal temperature equilibrium calculation.
The user must input a non-zZero integer such as 5 or 10 in order
for CYBEAN to iterate to an equilibrium condition. If IT1 is
left blank or set to zero {0) or 1, bearing performance will
be based on the initially.guessed temperatures of the system.
Temperatures printed will be based on the bearing generatedheats.
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It 1s unlikely that an acceptable equilibrium condition will

be achieved. However, the temperatures which result may provide
better initial guesses for a subsequent run than those specified.
by the user.

IT1 also serves as a limit on the transient temperature
solution scheme, by limiting the number of times the bearing
solution scheme is called. Each call to the bearing scheme will
input a new set of bearing heats to the transient temperature
scheme until a steady state condition is approached or until
the transient solution time-up limit is reached.

Item 7: "Absolute Accuracy of Temperatures for the Exter-
nal Thermal Solution" (EPI). In the steady state thermal solu-
tion scheme, each calculation of system temperatures occurs
after a call to the bearing scheme which produces bearing gene-
rated heats. After the system temperatures have been calculated
for each iteration, using the internal temperature solution
scheme, each node temperature is checked against the nodal tem-
perature at the previous iteration.

If {t(NJi - t(N—l)i}<EP1 for all nodes i then equilibrium
has been achieved and the iteration process stops.

Item 8: "Iteration-Limit for the Internal Thermal
Solution" (IT2). After each call to the bearing program, the
internal temperature iteration scheme is used to determine the
steady. state equilibrium temperatures based on the calculated
set of bearing heat generation rates. If IT2 is left blank
or set to zero (0], the number of internal iterations is limited
to twenty (20).
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Item 9: "Accuracy for Internal Thermal Solution" (EP2).
The use of EPZ is expldined in Volume I. If EP2 is left blank
or set to zero (0), a default value of 0.001 is used.

Item 10: '"Starting Time" (START) is a time at which the
transient solution begins, TS; usually set to zero (0).

Item 11: "Stopping Time™ (STOP) is the time in seconds
at which the transient solution terminates, Tf. The transient
solution will generate a history of the system performance which

will encompass a total elapsed time of
(Tf - TS) seconds

Item 12: '"Calculation Time Step' (STEPIN). The transient
internal solution scheme solves the system of equations (sece
Volume I):

Ax T
t = t, *
P
T = STEPIN

The user may specify STEPIN. If left blank or set to zero
(0), CYBEAN calculates an appropriate value for STEPIN using

the procedure described in [4].

‘Item 13: "Time Interval Between Printed Temperature Maps"
(TTIME) seconds. The‘user must specify the length of time which
will elapse between each printing of the temperature map. The
interval will always be at least as large as the "calculation

timestep" (STEPIN).

Item 14: "Time Interval Between Calls of the Bearing
Program" (BTIME). BTIME will always have a value larger than

or equal to (STEPIN) even if the user inadvertently inputs a
shorter interval. Computational time savings result if BTIME
is greater than STEPIN, however, accuracy might be lost.
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Card 2

In the steady state analysis this card is used to input
initial guesses of individual nodal temperatures for unknown
nodes as well as the constant temperatures for known nodes, such

as ambient air and/or an oil sump.

In the transient analysis, Card 2 is used to input the
nodal temperatures of all nodes at time = Ts’ i.e., at the ini-

tiation of the transient solution.

Card 3

With this card, node numbers are assigned to the components
of the bearing. With this information the proper system temper-
atures are carried.into the respective bearing analysis. The
inner race and inner ring node numbers may or may not be the
same at the user's discretion. Similarly, the outer race and
outer'ring node numbers may or may not be the same. The flange
numbering scheme is shown in Figuxre 1.

Card 4

The bearing analysis accounts for frictional heat generated
at five locations in the bearing, i.e., the inner race, the
outer race, between the cage rail and ring land, the bulk lubri-
cant due to drag and at the flanges. The heat generated at the
cage-rolling element contact is added to the bulk lubricant.
This card allows the heat generated to be distribuﬁed equally
to two nodes. For instance, the heat generated at the inner
race~-rolling element contact should be distributed half to-the
rolling element and half to the inner race. The heat developed
between the cage and inner ring land may be distributed half
to the inner ring and half to the cage if a cage node has been
defined otherwise, half to the  bulk lubricant.
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Card 5

This cafd specifies the node nmumbers and the heat generation
rate at those nodes., This card is used to specify where heat
is generated at a constant rate such as at rubbing seals or
gear contacts,

Card 6

This card type is used to input the numerical values of
the various heat transfer coefficients which appear in the equa-

tions for heat transfer by conductivity, free convection,

forced convection, radiation and fluid flow. Up to ten coeffi-
cients of each type may be used. Separate values of each type

of coefficient are aésigned an index number via card 6 and in
describing heat filow. paths (Card 7 below) it is necessary only
to list the index number by which heat transfers between node

pairs.

Indices 1-10 are reserved for the conduction ccocefficient

A, 11-20 for the free convection parameters, 21-30 for forced

convection, 31-40 for emissivity and 41-50 for fluid flow (pro-

duct of specific heat, density and volume flow rate).

As an example, for heat transfer by conduction with coeffi-
cient A of 53.7 waffs/M°C one could prepare a card 6 with the
digit 1 punched in column 10 and the value 53.7 punched in the
field corresponding to card columns 11-20., If a conduction
coefficient of 46.7 were épplicable for certain otﬁer nodes in
the system one could punch an additional card assigning index
No. 2 to the value A = 46.7 by punching a "2" in card column
10 and 46.7 anywhere within card columns 11-20.
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Rather than inputting constant forced convection coeffi-
cients, optionally, these coefficients can be calculated by the
program in one of three ways., If the calculation option is
exercised a pair of cards is used in place of a single card
containing a fixed value of a.- The contents of the pair of
cards depends upon which of the three optional methods are used.

Option 1) o is independent of temperature-but is calcu-
lated as a function of the Nusselt number which
in turn is a function of the Reynolds number
Re’ the Prandtl number Pr as follows,. (cf.[5]):

a = (Ag;1/LIN,

_ wp@ b
N, = KR, P,
where'hoil is the lubricant conductivity, L is

a characteristic length (with the units of meters)
.and K, a and b are constants.

Option-2) a is 'a function only of fluid dynamic viscosity
and viscosity is temperature dependent.

_ d
6= C 7

Option 3) o is a function of the Nusselt, Reynolds and
Prandtl numbers and viscosity is temperature
dependent.

Appendix B has been included to aid the user in data pre-
paration and calculation of heat transfer coefficients.
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Card 7

This card defines theheat flow paths between pairs of nodes.
Every node must be connected to at least one other node, i.e.,
two or more independent node systems may not be solved with a
single program execution.

The calculation of heat transfer areas is based on lengths,
L1 and L, input- using card 7. Additionally, the type of surface
for which the area is being calcuated is indicated by the sign
assigned to the heat transfer coefficient index. If the surface
is cylindrical or circular the index should be positive, if the
surface is rectangular the index should be input as a negative

integer.

In the case of radiation between concentric axially symme-
tric bodies, L3 is the radius of the larger body. For radiation
between two parallel flat surfaces or for conduction between

nodes, L3 is the distance between them.

Fluid flow heat transfer accounts for the energy which the
fluid transports across a node boundary. Along a fluid node
at which convection is taking place, the temperature varies.
The nodal temperature which is output is the average of the
fluid temperature at the output and input boundaries., If the
emerging temperature of the fluid is of interest, it is neces-
sary to have a fluid node at the fluid outlet. At this auxili-
ary node only fluid flow heat transfer occurs and the fluid
temperature would be constant throughout the node. Thus the
true fluid outlet temperature.will be obtained.

Conduction of heat through a bearing is controlled by index
51. The actual heat transfer coefficient which contains a con-
ductivity, area and a path length term is calculated in the
bearing portion of the program. - The term is based upon an aver-
age outer race and inner race rolling element contact.
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Card 8

This card inputs data required to calculate the heat capa-
city of each.node in the system. This card type is required
only for a transient analysis.
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IV. OUTPUT DATA

CYBEAN output is structured to present an immediate defi-
nition of the problem addressed by the intended computation
prior to detailing the actual calculation results. The perti-
nent thermal characterization of the system is noted first.

This is followed by optional line printer plots of raceway and
roller geometries and a complete category by category itemization
of the user supplied data set. All default values generated
within data subsets are displayed.

The computed data representing the analysis performed is
presented after the termination of this initial display. The
first item of design interest is the fatigue life of the bearing.
Depending upon the input data this value may have been computed
by incorporation of user supplied values for life modification
factors. The bearing life display is followed by roller raceway
contact load distributions and inner ring resultant reactive

force moment and displacement vectors.

The solution to be computed, in general, stipulates that
a given cylindrical rolling element beéring is subject to a
constant set of speed, load and position vectors. The analysis
is requested to generate a set of reaction vectors such that
equilibrium of forces is achieved. A satisfactory solution is
characterized by the simultaneous individual equilibrium of rings,

rollers and cage.

Several computation procedures, and thus several opportu-
nities, exist for econmomic calculation of the reaction vectors.
For ekample, iteration algorithms may be constructed to elimi-
nate all user interaction or conversely, integrate the user in
énQpn line interactive computation mode. The first alternative
reflects a desire to solve all unknowns simultaneously. Equi-
librium is sought by automated Newton-Raphson iteration of the

complete field equation set,
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The computation expense of this approach becomes evident
when it is recognized that the field équation set addressed
in this context typically requires inversions of matrices con-
sisting of 93,000 elements. The second extreme opposite, com-
putation strategy would depend heavily on operator experience and
extensive contingency software to generate a rapid solution.

CYBEAN, in this first edition, has been structured between
these two extremes. It has beenm written to ‘take advantage of
user experience which relates to the selection of solution
starting values but avoids the trap of having computation success
depend on user ingenuity. Specifically, CYBEAN is structured
so that multiple executions bracketing a particular operating
parameter are performed with inspection of intermediate results
available for the user. Instead of solving for the complete
set of unknowns, the field equation set is partitioned to seek
initial equilibrium between the inner ring resultant reacting
vector and the given bearing operating condition vectors. Having
obtained ring equilibrium, its position is fixed in space and
equilibrium is established for the rollers and cage.

Equilibrium is always attained for the roller set but not
necessarily, depending on the asymmetry of the imposed operating
vectors, simultaneous equilibrium with the rings.

Characteyistically, a solution is obtained which quickly
defines a reactive operating vector which is not far remcved
from the one initially posed. Resubmission with altered oper-
ating vectors allows quick design bracketing, gains intermediate
results, 1llustrates effects of changes in 0perat1ng vector com-
ponents and arrlves at specific information more economically
than would be possible with other methods., A simplified example .
follows.
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STAGE 1

INPUT LOAD VECTOR - BY = +1000 N
FX = 0
FZ = 0

OUTPUT REACTIVE VECTOR- FY = -900 N

FX =0
FZ =0
STAGE 2
INPUT LOAD VECTOR FY = 1200
FX =10
FZ =0

OUTPUT REACTIVE VECTOR- FY = -1050
FX
FZ

1] H]
o o

We are now within 5% of the desired solution which yields

a reactive vector component of FY = 1000,

Specifiec details-of the computation algorithm are presented
in Volume I of this report.

CYBEAN output has been structured to be self-explanatory.
The lubricant data evaluated at calculated steady state opera-
tion is presented first and 1s then followed by geometric and
fit information. Cage forces.gnd speed information precede the
detailed maximum contact stress and lubricant £ilm thickness
values computed for raceway and flange interactions.
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Finally, angular roller rotations detailing tilt and skew
are displayed before a temperature distribution for the complete
nodal network which simulates the complete system.

To detail the program capabilities noted above, a sample
problem was executed using CYBEAN. The program options employed
are:

PLTRNG = .TRUE,
PLTROL = .TRUE.
MPROP = .TRUE.
THERM = .TRUE.

IV.1 SAMPLE PROBLEM DESCRIPTION

The cylindrical roller bearing used for demonstration is
specified in Table 5. The bearing operates at approximately
2.4 million DN (bore diameter in mm x rpm).

The system modelled incorporates a flexurally rigid magne-
sium housing, an integral steel shaft-spur gear, ambient air,
0il sump and a dummy ball bearing with the cylindrical roller
bearing., Elements represented by the 30 nodes used .in the
steady state temperature analysis are identified in Table 6.

IV.2 SAMPLE PROBLEM OUTPUT DESCRIPTION

The complete sample problem output is presented in
Appendix D. -

Output contained on the first page informs the user of
the program version and references the most current program
operation manual. User invoked program options for this execu-

tion are also noted on this first page.
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Pages Z thru 7 are an organized listing of the user speci-
fied special input data needed-for system temperature calculations.
This data completely defines the thermal simulation.

Pages 8 thru 15 show line printer plots of the roller and
raceway active profiles.

Pages 16 and 17 present an organized list of the basic
categorized input data.

Page 18: The bearing fatigue life as well as individual
L10 fatigue lives of the outer and inner rings are presented.
The bearing life represents the statistical combination of the
two raceway lives. The raceway lives in turn reflect the com-

bined effects of the user input material factors and lubricant
film thickness factors. Life modification for materials other
than basic steel is considered.

The film thickness to surface roughness ratio is used in
the calculation of the lube life reduction factor. Detailed

information for this calculation is given in [6].

Pages 19-20: The roller-raceway contact loads for the
i-th roller at the outer and inner rings are defined in the
R coordinate frame, illustrated in Figure 16. These forces
include both elastic and lubricant traétion effects. Rollers
are numbered in ascending order beginning with the roller lying
on the bearing y-axis and proceeding counter clockwise.

Page 21: The innexr ring applied forces, moments and dis-
placements constitute system loading information specified by
the user. The calculated inner'ring reactife forces and moments
result from the vector sum-of all roller-inner ring contact loads.
"Both elastic and friction forces are included.
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Pages 22 and 23 are the flange induced roller loads. Num-
bering scheme is identical to the one used for roller raceway

loads. These loads are defined in the R coordinate frame of
Figure 16.

Page 24 displays the sliding speed magnitude at the roller
end-flange contact.

The lubricant data shown on the same page 1s self-explanatory.
Temperatures at which properties are evaluated correspond to
the calculated steady state operating conditions. Note that
the bearing specified in Table 6, used for this example, has
flanges only on the inner ring. Referring to the output table
of lubricant properties, although properties at four possible

flange locations are shown, only those pertaining to the case
at hand are used in the analysis.

Page 25: Output contained on this page is for the most
part, self evident. Note that since the fit analysis was not
executed outer ring deflections are zero. If the fit option
were specified, output would show the combined effects of out
of round and elastic deflection, the sign convection assumed
is positive inward.

Cage pocket normal force is that force experienced by the
roller due to interaction in the Z direction with the cage
web., A negative sign indicates that that roller is pushing
the -cage.

Epicyclic speeds, printed along with the calculated speeds
for the user's reference, are those sPeedé assumed by the bearing
components in the absence of slip. These are -useful in assessing
roller skid.

Page 26: The Hertzian contact stresses represent maximum
values for the line (roller-raceway) and point (roller end-flange)
contacts.

47



AL78P023

Page 27: The lubricant film thicknesses represent minimum
values for the line (roller-taceway) and point (roller end-flange)
contacts. Dry contact was assumed at the flange in this sample
problem, therefore, films are zero at this contact.

Page 28: C(Calculated roller skew and tilt is presented
to the user as measured in two distinctly different reference
frames., '"Absolute'" refers to the rotation the roller experiences
relative to its initial position. ''Relative'" refers to the
rotation the roller experiences relative to the inner ring
position. The following example illustrates the two conventions.

Consider a bearing whose four rollers are "frozen'" in their
position cf zero absolute skew and tilt. Assume rollers to be
located at 90° intervals, two being on the Y-axis and two on
the Z-axis. The inner ring is now rotated about the Z-axis.
With the ring in its final position, roller still have zero
"absolute" skew, however, the rollers which lie on the axis of
rotation appear skewed when viewed from the "relative'" reference

frame of the inner ring.

Page 29 summarizes the bearing heat generation rates.
This data is self-explanatory.

Page 30: Final operating femperatures of the bearing, as
calculated under the temperature calculating program option,
are shown for all nodes. These steady state temperatures are
in degrees Celcius.
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V. PROGRAM LIMITATION AND SPECIAL CASES

CYBEAN is a design tool. As with any tool, successful

use requires awareness of intended applicability and inherent
limitations.

A. LIMITATIONS

The user must conform to the following geometric and oper-
ating restrictions:

1)

2)

3)

4)

5)

6)

The bearing complement may contain no more than
fifty (50) rollers.

Flanges may be specified on the outer or inner
ring, but not on beth simultaneously.

Given a cylindrical roller bearing operating
with specified misalignment, and/or no geometric
symmetry, one ring {either the inner or outer)
must be flanged.

This edition of CYBEAN does not accept externally
imposed axial loads.

Extremely light radial loading’ wherein a single
roller interacts with the inner ring, will cause
error termination.

Use of the fit option (i.e. FITS = .TRUE.), requires
the mean radius of the outer ring outer surface to
be less than the mean radius of the housing.

A current estimate used to determine the minimal radial load is

Pmin = C/50.

Here, C is the basic (AFBMA) dynamic capacity and P_. is the

minimum radial ioad,.

min
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SPECIAL APPLICATIONS

Some special applications of CYBEAN are:

1)

2)

3)

The user may approximate the bearing heat generation
rate by specifying ITMAX=1. Heat generation rate
computations under this option are based upon a single

iteration of the initial guess independent variable
values.

The initial guess variable values are obtained by
solving the governing equation set for the equilibrium

of elastic forces.

Through the use of the symmetric ring and roller geo-
metry program options, the user can use the cylindri-
cal roller bearing program to analyze a single Tow

spherical roller bearing. When doing so, ring misa-

lignment must be set to zero.

The user may, when making several steady state temper-
ature program executions, use the card punch option
(IPUNCH#0) to obtain the temperatures in 80 column
card format., These provide an economic initial guess
(see: Temperature Calculations, Card 2) for subsequent
TUnS .
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1)

2)

3)

4)

5)

6)
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FIGURE 7: TEMPERATURE NODE TDENTIFICATION SCHEME.
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CYBEAN - COMPLIANT QUTER RING

__—  \

ROUND 0.D. ELLIPTICAL O.D. 3 LOBED 0.D.
ROUND I.D. ELLIPTICAL I.D. ROUND I.D.= ELLIPTICAL I.D. 3 LOBED I.D.

| | | | |

(NO PRELOAD)

USER SPECIFIES: USER SPECIFIES: USER SPECIFIES: USER SPECIFIES: USER SPECIFIES:
RN RN RN RN RN
I I I I I
RO, RR, RH RO, RR, BH RO, RR, RH RO, RR, RH RO, RR, RH
EI EO EO, EI EQ, EI
o1 % b 91 bgs O1
NI=2 No=2 No= No=
NI= NI=
NOMENCLATURE :
RN - radius to neutral axis of outer ring
I - outer ring cross section moment of inertia

RO, RR, RH - mean radii of ring 0.D., ring I.D. and housing, respectively.
EO, EI, BH - eccentricity of ring 0.D., ring I.D. and housing, respectively

¢0, $ps Oy - lobe orientation angle of ring 0.D., ring I.D. and housing, respectively

N , Ny, N, - number of lobes on ring 0.D., ring I.D. and housing, respectively

o’ "'R?

NOTE: IN THESE EXAMPLES THE HOUSING IS ASSUMED CIRCULAR IN PROFILE.

FIGURE 8: USER SPECIFIED INFORMATION REQUIRED FOR FOUR MOST
POPULAR MODES OF INDUCING ROLLER PRELOAD.



This Profile May Be
1) Raceway Profile

2) Outer Ring Outer
Surface Profile

3) Housing Profile

Y

FIGURE 9: VARIABLES USED IN DESCRIPTION
OF A 2-LOBED PROFILE.
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This Profile May Be
1) Raceway—Profile

2) Outex Ring Outer
Surface Profile

3) Housing Profile *

FIGURE 10: VARTABLES USED IN DESCRIPTION
OF A 3-1LOBED PROFILE.
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FIGURE 11: OPTIONAL SYMMETRIC ROLLER GEOMETRY INPUT DATA
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OPTIONAL ROLLER GEOMETRY INPUT DATA.
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USER NOTE:
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Line of
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USER NOTE:

THE NUMBER OF RADII EQUALS
THE NUMBER OF SLICES PLUS ONE.

Line of
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effective lengt
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=

11b) Inner Ring

FIGURE 13: OPTIONAL SYMMETRIC RING GEOMETRY INPUT DATA.
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Quter Rin

Effective
Length

RADII: 1I{ 2] 3} |4 5] 6
K it}
Y
12a) Outer Ring
USER'S NOTE:

Inner Rin

A Fffective

Length f
| i
|, fone

I Ring Eff. Length
“.M\\ |
i I A_% -

RADITI: 1| 2| 3 4} 5| 6

12b) Inner Ring

THE NUMBER OF RADII INPUT IS EQUAL TO THE NUMBER OF SLICES PLUS ONE.

FIGURE 14: OPTIONAL USER INPUT RING GEOMETRY.
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FLANGED INNER RING

FLANGED OUTER RING.

FIGURE~16. ROLLER COORDINATE FRAME. ?

67



TABLE 1
ORGANIZATION OF INPUT DATA CATEGORIES

CATEGORY” CATEGORY
NUMBER NAME CATEGORY DESCRIPTION NECESSARY
1 SOLV Solution Control Parameters No
2 LOGIC Program Control Logic No
3 ROLLER Roller Geometry Data Yes
4 ORING Outer Ring Description Yes
5 IRING Inner Ring Description Yes
6 CAG Cage Description Yes
7 OPERS Operating Conditions Yes
8 LUBE Lubrication Data Yes
9 LOAD Bearing Applied Loads Yes
10 LIFE Fatigue Life Data Yes
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TABLE 2

DEFAULT VALUES FOR UNSPECIFIED VARIABLES

“CATEGORY | VARIABLE DEFAULT CATEGORY VARIABLE DEFAULT
NAME NAME TYPE ! VALUE NAME NAME TYPE } VALUE
SOLV TTMAX I 15 IRING RLG R 0.0 (flat)
NPR 1 0 FLGALI R NO FLANGE
CONVER R 1 FLGARI R NO FLANGE
LOGIC COEF L FALSE CAG IRIDE I +1 (Inner Ring Riding)
MPROP L FALSE RLDC R .-
OVREND L FALSE SRW R .-
SYMY L TRUE. RLD R ‘-
EVSLIC L . TRUE. OPERS as 2 .
FITS L FALSE .
BULKT R 100°C
PLTRNG L FALSE )
TRE R 100°C
PLTROL L FALSE .
THSG R 100°C
ECHO L FALSE TSRET X T00es
THERM L FALSE
~ - TDR R 100°C
ROLLER ROLLD R --- DIR R 100°C
RTL R --- TF1 R 100°C
RCR R --- TF2 R 100°C
SPHR R 381.mm(15 in.) TF3 R 100°C
SPHL R 381.mm(15 in.) TF4 R 100°C
Ao x " LUBE NCODE I 4 (MIL-L-23699)
Il \ T ZT0 R 7.620x10" "% MM
L ) o 7TI R 2.540x10" " MM
o 5 T ZTFO R 1.270x107 ", MM
A AYO R 5 ZTFI R 1.270x107" MM
] XCAV R 53
EPLAYI R 0.
FRK R 0.07
DIACL R 0 o A 0’0
KLUE T :
oL : b XMUCG R L0175
NS : : XMUFL R L0175
PHI1 R . 0. LOAD ALL VARIABLES | R 0.0
ORING ROG R 0.0 (flat) ['{ LIFE RMSROL R .2032 MICRONS
FLGALO R NO FLANGE RMSTR R .254 MICRONS
FLGARO R NO FLANGE RMSOR R .254 MICRONS
DM R - CIR R 1.
KRING I 1 COR R 1.
ITYPE REFERS TO VARIABLE TYPE, i.e., I = INTEGER VARIABLE, EXAMPLE: TTMAX = 20
, R = REAL VARIABLE, EXAMPLE:  CONVER = .01
L = LOGICAL VARTABLE, EXAMPLE: COEF = .TRUE.
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TABLE 3

PROPERTIES OF FOUR LUBRICANTS

KINEMATIC DENSITY THERMAL
VISCOSITY (cs) €15.56°C THERMAL COEEF. OF FILM
LUBRICANT 37.78°C 98.89°C (60°F) CONDUCTIVITY EXPANSION THICKNESS
NUMBER LUBRICANT (100°F) (210°F) gm/ cm? W/m/°C 1/°C 10 ° COEFF.
{NCODE) TYPE (VIS1) (VIS2) (RHOG0) (COND) (G) AKN*
1 Mineral 0Qil 64.0 8.0 0.88 0.116 6.336 ---
2 MIL-L-7808G 17.8 3.2 0.95 0.152 7.092 18.2
3 Polyphenal 25.4 4,13 1.20 .119 7.470 24.9
Ether
4 MIL~L-23699 28.0 5.1 1.01 0.152 7.452 18.2

*Not part of NCODE information. AKN is input separately in. LUBE category.
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TABLE 4

ORGANTZATION OF SPECIAL INPUT DATA

INPUT CARD FORMAT
SEE FIG. BELOW

SEQUENCE PROGRAM OPTION LOGIC USED TO INVOKE OPTION IN APPENDIX I

1 User Input Material MPROP = .TRUE. Al
Properties

2 Perform Fit Calculations FITS = .TRUE. AZ

3 User Input Influence COEF = .TRUE. and A3
Coefficients FITS = .TRUE.

4 User Input of Slice SYMY = .TRUE. and Ad
Widths EVSLIC = .FALSE.

5 ROLLER GEOMETRY

ta User Input of Symmetric SYMY = ,TRUE. and AS
Roller Geometry KLUE = 3 '

5b Overwrite Calculated SYMY = .TRUE. and Ab
End Radii OVREND = .TRUE.

5¢ User Input of All SYMY = .FALSE. and A7
Roller Geometry KLUE = 4

6 RING GEOMETRY

6a User Input of Symmetric SYMY = .TRUE. and A8
Ring Geometry KRING = 3 .

6b Overwrite Calculated End SYMY = .TRUE. and A9
Radii OVREND = .TRUE.

6¢c User Input of ALl SYMY = ,FALSE. and Al0
Ring Geometry KRING = 4

7 TEMPERATURE CALCULATIONS THERM = .TRUE. All




TABLE 5
ROLLER BEARING SPECIFICATIONS

Inner Race

Bore Dia. mm (in) 118 (4.6457)
Raceway Dia. mm (in) 131.66 (5.1834)
Flange Dia. mm {(in) 137.47 (5.4122)
Width mm (in) 26.92 (1.060)
Groove Width mm (in) 14.59 ( .5746)
Flange Angle .6 deg.

Outer Race

Outer Dia. mm (in} 164.49 (6.4760)
Raceway Dia. mm (in) 157.08 (6.1842)
Width mm (in) 23.9 ( .942)
Rollers
Diameter mm (in) 12.65 ( .4979)
Length - overall mm (in) 14.56 ( .5733)
- effective mm (in) 13.04 ( .5133)
- flat mm (in) 8.40 ( .3307)
Crown Radius mn (in) 622,.3 (24.5 )
End Radius mn -{in) 381.0 {15. )
Number 10
Cage
Land Dia. mm (in} 137.95 (5.4312)
Axial Pocket Clearance mm (in) .020 { .0008)
Tangential Pocket Clearance mm (in) .221 ( .0087)
Single Rail Width mm {in) 4.6 ( .18 )
Operating Conditions .
Shaft Speed 20,000 rpm
Bearing Radial Load 4450 N (1000 1b}
0il Inlet Temperature 366.5K (200°F)
Misalignment of Races 15 min.
Luﬁricant MIL-L-23699
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TABLE 6
NODE DICTIONARY

NODE ITEM
1 Shaft
2 Input Pinion
3 Shaft
4 Inner Ring
5 Ring Flange #3
6 Ring Flange f#4
7 Rollers
8 Quter Ring
9 Cage
10 Housing
11 Housing
12 Housing
13 Shaft
14 Housing
15 Shaft
16 Dummy Ball Bearing
17 Housing
18 Housing
19 Housing
20 Internal Air
21 Lubricant Entering Bearing
22 Lubricant in Bearing Cavity
23 Lubricant Entering Bearing
24 Lubricant Entering Dummy Bearing
25 Lubricant Entering Dummy Bearing
26 Lubricant in Dummy Bearing Cavity
27 Lubricant Entering Dummy Bearing
28 Lubricant
29 Lubricant in Sump
30 Air, External to Housing
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SPECIAL DATA INPUT CARD FORMATS
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Notes: Four cards requived. All data items

need not be specified, Those Ieft
blank will be set at the default
FIGURE Al: USER INPUT MATERIAL PROPERTIES CARD FORMAT values .-
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FIGURE A2; -FIT CALCULATION USER INPUT CARD FORMAT (PAGE 1 oF 2)
CARD 1

|234557semnhommmwmama»m4amwnawmﬁ“unum

laalsaiaom 1243 R4S 45"-47 45'-:9 eple |e2 53]54 ss[ss s'rlsa £9160(31 e2lealsaleslee s sa|.39 707t |72i73l7al08 f7s |17 reisn

Juiilo Elijol.lo »
SOLUTION COMTROL

RGN | R

NOTES: 1) ‘CYBEAN’ USES Aft ITERATIVE TECHNIQUE TO OBTAIN' THE DEFORMED SHAPE OF THE OUTER RING. THE NUMBER OF FIT JTERATIONS REFERS TO THIS SCHEME
IF LEFT BLAWK A PRESET MAXIMUM OF 10 ITERATIONS WILL BE PERFORMED.

2)  SOLUTION ACCURACY REFERS TO THE CONVERGENCE USED IN (L), IF THE MAXIMUM CHANGE IN DEFORMED SHAPE IS LESS THAN THE SOLUTION ACCURACY,
THEN THF CIRRENT DEFORMED SHAPE IS TAKEN TO BE A SOLUTION. IF {EFT BLANK A VALUE OF (1/ROLLER DIAMETER) X 10°3 1S ASSUMED.

y ' !
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FIGURE A2: FIT CALCULATION USER INPUT CARD FORMAT (PAGE 2 of 2)
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FIG. A3: USER INPUT OUTER RING INFLUENCE COEFFICIENTS CARD FORMAT
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FIG. A4: USER INPUT SLICE WIDTH CARD FORMATS
CARD 1

1|2t2 4|2

o
-3
o

' - T - 1 T N e de e 1 ‘. -!
g it ji2 ] [1as 16117 18 3 [aoiz Teetasiaaizsinelaragian 150t [a2la3 abs 3s 7 3e 3014 cta biztas e alastacien laalialealsr Js2lealadluslos]sr [salssleols alaa'sses ue lbrlsaisalroym [72l7size 7 jmerrire

Fllol do “rlagel dd .

6L

SLICE WIDIH ACROSS SYMMETRIC HALF OF OUTER RING EFFECTIVE LLENGTH (USE AS MANY CARDS AS NEEDED, mm)

WIDIH OF SLICE WIDTH OF SLICE ETC
NO, 1 NQ. 2 '
CARD 2

. : : T -
12121405 |17 8 9 il |i21o lis|is 1617 ke i3 eo'zl l2oianiae | 26iaslz0zates 3oy [azlaaiaahs belarpeastac

;
si[azlazlealssice 27fsaleslaoini [s2lsasass ssior [saisaleolel [p2radlests ks eTieera|70 71|72 7a|reasjreinrlin

y

ti1lalilao Flrial.lo ) .
SLiCE WIDIHS ACRQSS SYMMETRIC {IALF OF INNER RING GFFECTIVE LINGTH {USE AS MANY CARDS AS NELDED, mm)

WIITH OF SLICL WIDT OF SLICKH Gre
NO. 1 NO.2 r




FIG. A5: USER INPUT SYMMETRIC ROLLER GEOMETRY CARD FORMAT
CARD 1

112faje]s[s17 8|9 jiou [i2]m jis]i5 |16 )17 6 i3 jaciz: tanianasiasiae'ztlon 29301y {azhajachs el iae'sslectu lazas s alastac s aleaisoter [s2lea |sadss s |se[salsslecls atealsetes e eriaehis 7071 [727af7a 18 ot 0

Filio|.]0 EFl1jo].] 0

SYMMETRIC ROLLER RADII AT SLICE ENDS ACROSS OUTER RING EFFECTIVE LENGTH (USE AS MANY CARDS AS NEEDED, mm)
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SYMMETRIC ROLLER_RADIE AT SLICE ENDS ACROSS ENNER RTNG EFEECTIVE LENGTH (USE AS MANY CARPS AS NEEDED. mm)
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FIG., A6: USER INPUT END-SLICE ROLLER RADII
Card 1
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FIG., A7: USER INPUT ROLLER GEOMETRY CARD FORMATS
. CARD 1
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FIG. A8: USER INPUT SYMMETRIC RING GEOMETRY CARD FORMAT
CARD 1
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SYMMETRIC RING RADII AT SLICE ENDS ACROSS OUTER RING EFFECTIVE LENGTH (USE AS MANY CARDS AS NEEDED, mm)

£
RADIUS NO. 1 RADIUS NO. 2 ETC.
CARD 2 .
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SYMMLTRIC RING RADIiI AT SLICE ENNS ACROSS THE INNER RING EFFECTIVE LENGTH (USE AS MAMY CARDS AS NEEBED; mm)

RADIUS NO, 1 RADIUS NO. 2 ETC.
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FIGURE A%: USER INPUT END SLICE RACEWAY RADII

.. CARD 1
th21sals fair ate folu [i23 |ra)is o7 e o tzcla lazzaniza 2sio6i2r'2e |20 1303 |32a3paalas e a7 e salacise [42lad L arasiac-17|an s lsoys [s2ea |salns ssfor [saisalenta laz 3585 66 '7|eela |70zt [rzi7a(T4 Ta|rain7|7alna el
Flilol.lo Filin].l0 F 110, 10
User specified values for last 3 slice end vadil, across
puter ring effective length (mm}
RADIT 3, at end of
RADII 1 RADIT 2 raceway effectave
lenpth
CARD 2 .
z2345av#gmuwmmmmwma#aduammbmﬁwmnmmmRMwMmem“%mmwmbmwhﬂanwmnm@hauuwmwm@wWﬁuﬁﬁﬂnﬂm
) ]
Fiilet 1o 1Pilied.io SOl o
Usar <pecified values for last % silce end radli, across
inner ring effective length (mm} ,
RADII 3, at end of
RADII 1 RADIT 2 raceway effectaive
length




FIGURE Al0: USER INPUT RING CEOMETRY CARD FORMATS
CARD 1
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CARD 1 - TEMPERATURE CALCULATION CONTROL CARD

N.] H TEMP IPUHCH U8 1Tt £ 12 EP2 START STor STEP (N TP Lt
1 o
Halslefssf7[a ]9 hofu]zrafehisfis |z g [zolar [22]22.24 |25 26127 (28 |29 [20151 [32 3354 sejze]s7i|se Mo s Az a2 | vajashes 4=i4£|w aolsi sz [saise|ssfse|57|sels7|eo|or |eelezionles jsajoT|En &7 TE 1A
ils stisl Foixlels|. ol xliis x{1ls 21l s xirlsl . lobx] 1is x| 15 st.io| x| § s|. Jo{x| F|s|.|of x| Fi 5} .40| X| F{ 5§ -} 0] X} Ff 5] .| 0] X
CEIERAL SIEADY SITA'I'E oY TRANSIENY ONLY
HigHESy {115~ 4 Cormaa Punen QurPut HAx MU ARSOLUTE |TERATION fAccuraoy STARTING SToPPING CaLCULATICN Tine Tire
Koog Ynraain TRt LaG, LAG, Ho, oF ACCURALY L1, UsuaLLy T Tire Tive STEP. INVERVAL INTERVAL
lioHseR Heoe TEMPERATURE USUALLY USUALLY OALLD OF oF JE“P- USUALLY LEFT BLAKK, BETRELN BETWLTN
HUMRT Ry o IERD, TERD, THE ERATVRES LIFT BLAKK . I\F LEFT PRIKTED CALLE OF
SAFE A% LLCTED BEARINC * BLANK, THE TERR,
HUMGER TE! PERATURES Ir#0 I 0 PRUGRAM, PROCRAH MAPE, SE4RIND
oF Ah EE L BEARIAG MILL CALCU= PROCRAM,.
UNTHOMN CIVER DIFFCA- | TEMPEWATURES | GUTPUT LATE A THE {NTERVAL | Atha¥s aY
NOLES ENT INITIAL WILL BE ARG A SUTTABLE WILL LEAST EQUAL
VALULS USTHG | PUMCHED TEHPERATURE STEP, ALMATE OF T0 THE CALO,
CARD 2 ACCORDIRG AP MILL AT LEAST TIFE $TER,
70 TIE BE PRINTED IF SLANK TQUAL e
FORPAT OF EVERY TIME PRE-SEY THE 0ALQ,
CARD 2° THE LIKIT 18 TIME 6TEP,
THEN, THEY BE;RING UEED
tAN BE PROGRAM
READ 1N HAF BLER
AS THITIAL SALLED,
YEMPERATURER
IN A LATER
RUN,

ITEM 1 ITEM 2 ITEM 3 ITLM 4 ITEM § ITEM 6 ITEM 7 ITEM 8 ITEM 9 ITEM 10 ITEM k1 ITEM 12 [KTEM 13 ~ ITEM 14

FIGURE All: INPUT DATA. CARD FbRMATS FOR TEMPERATURE CALCULATION.
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CARD Z - NODL INITIAL TEMPERATURES
USE AS MANY CARDS AS NEEDED FOLLOWED BY A BLANK CARD.

|E3+béh59mnmBMﬁmﬁmwmaaﬁha%huymyhﬂhyunmwwmuuuw%ﬂ%%%mR%%ﬁ%mﬁwmm&mmﬁ&wewmnmwﬁﬁnnwWR
X n b
---------------- e fal
Node Initlal {Etp, ==mmmeeccccccc oo cme - . — - ———— i e e b B B i r Node Init
Mumbe r Temperature ' I Number | Tomperature
i - | | |

. |
FIGURE A1l (CONTINUED): INPUT DATA CARD FORMATS FOR TEMPERATURE CALCULATION.
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CARD 3 - BEARING NODE NUMBERS-

la14-59169IOH12131";-15“:\"TIBl?aaal22335435252738291531'523534355657 B|3% |+ 41421.3.4454&474-5 935153535155565*5‘-’559605\&? Hes o6 ot ER [0 T 731’3{74157677751.?“
X K X X X X X x X E
OUTER | INNER BULK FLG, FLG. FLG. FLG. CAGE | SHAFT INNER | ROLLING | OUTER
RACE RACE oIL 1 §2 13 4 RING | ELFMENT | RING HOUSING
o
Ex-
5 2
3
o
" | 23
FIGURE A1l (CONTINUED): INPUT DATA CARD FORMATS FOR TEMPERATURE CALCULATION. = %
. — o
| )
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CARD 4A - NODES WHERE BEARING HEAT IS GENERATED.

2131415 (8|7 ]899 pHOlH 2113 [1aHS 16117 118 9 |20]21 [22|23124 268126127 |28 (23 balal 132.35[34]38 (3637 |3alas|dotu -3243%44 4545“47 4349'50 S 52‘53 5455[56 47 (58 (59|60KI1 k}.’ 64165 66 (67 GBL'I“? TOI? | T2| 737417876
b X e X % X X X X X
OUTER  RACT INNER RACE DRAG CASE - ROLLING CAGE-LAND

HALE TIL | [TALF THE
HEAT I8 HEAT IS
GENLRATED, GENERATED
AT THIS | AT IS
NODE NODL

THE ABOVE TWO NODE

UMBERS CAN BE THE .

[SAME NUMBER.

CARD 4B
v . ,
1|z2|a{4fs |67 |ate ojn liz{o ialis 16l |18 |10 [eoler e2|2atza|2s|z6 arlealeaisolar [32.33}34l2s [36 17 {3a]30|a0tat | zleateal ss[asarlaa saisors) [82[s3l5an5 186 57 lso|so|60le! 162 |6al6alss 66 |67 66183 70l71 [72iralralzs
% x X X A X % X X
FLANGE #1 FLANGL #2 ' FLANGLE 43 FLANGE #4

USER NOTE: THE FLANGE NUMBERING SCHEME (FLGl, FLG2, etc.) IS SHOWN IN FIGURE 4,

FIGURE All (CONTINUED): INPUT DATA CARD FORMATS FOR TEMPERATURE CALCULATION.
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CARD 5 - NODES THAT GENERATE HEAT
USE AS MANY CARDS AS NEEDED, FOLLOWED BY A BLANK CARD

12a]4]s]el7 [a]s |10l liz|io [safis |16 )iz |8 |10 |2c]a [22]es]ea|2s]26(27(aslas oty [32:33]s4]as 56127 [aalas]40]i [s2|aales ssaalar|anbis ale |sajaa|salss]ss|sr [salsalsota kalealsalsnfesler|sefssl7dl7i [72]ra
x| x x| x X{x X} X x|z x| x e

NODL POWER

NUMBER (WATTS)

USER NOTES: 1) HEAT GENERATION RATE MUST BE CONSTANT,

A

H0.
O:

FIGURE All (CONTINUED): INPUT PATA CARD FORMATS FOR TEMPERATURE CALCULATION.
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CARD 6 - HEAT TRANSFER COEFFICIENTS
ONE OR TWO CARDS/COEFFICIENT, AS MANY AS NEEDED, FOLLOWED BY A BLANK CARD,

tle |3 15167 (5]7 hojnjie [iahafis he vt |isite [zofz [22)aziza [asfes ot loa oo laefas Foalsalzalzsize|sr faalsslaolai laz 431 s lesfac izl sefsr Iszlss'sabsfsalso|selse|sofer [selonajagios [stleclisretn 72| o) 4] 1526
' -

LULITE

lHATR FOR LATER
FOEXTIFICATHON &F
THE KiIT TR,

CULEF |E1CNT

B g = A/ fat (6ERDUOT IV FTY Wi et
bi.20 % = wA AT™ {rnce gowv, ne,) oS {1 7 sLakK = 1,25)

220" oo wAATt [Fororn eonv, wo,) '

ot g =&k (T | iemssvire pses ) £ - s

- -] .
50 FLUID FLOW Pecp¥ (wfocd (@ 1o oensiry, Ka/M |, cp spECIFI0 HEAT, MsEe/wc®t M Youwm ruow M face,
THE FonczD CONZETION KO, SCCAN BE CALGUEATED EY THE PROGR,M FRO THE FORMOLAS O 2 Aot /LNG o WHEREZ Ny = K- Rc* , Re= (U-L:£)/M, Pov ('?\'t-p”}.,n.) T coNSTANT, COR
P= 7 [1ErP], 9= DIMARIC VISCOGITY, ThEn THE FOLLOWING DATA HUST BC GIVEL AKD A SECOND'CARD PUST tMayBraTERY FOLLOW, J5E nm: oF tre 3 orTHONS,
X.s 1

21220 == g K 2 ’ L reren utulse) o1l Srtiom 2
2130 =c t ] ) BLAKE BLLRK BLARK BEANK arFT

21-30 L:.\ ,,ﬁ:;’)> X A .- 8 1 METER u o1l CrTioN 3

| 4 -; als|ef7]ale hafu e hiafahs i hahaliglze rje2)az(24 a5z 27‘35?.933'5{ 2|35 3435|3537 353"!‘0‘4!42--\341 +5 (44| 47|58 [a9158|51 |52 53[54'55 56|57 5815950161 [62 6"5&4655&67&'&9?0 A (T2 T3 T4 TR (TS
- . o - -
_ -
3 | o1
HAMIC Viscos hd DENB Seecirie Heat (we/xete) BLrak Bamx BLank BLARK orYio
. B Wjnts ) ;Km[tm“ ! BAE ‘ Lo TER, 'I °g DYKRMIS YISCOSITY AT T, Ktan Temp, T {9 6} OTiAMIC VIGEORITY AT ¥ |y AR §n
MK DERSITY . EPECIFIC NENT F DYMMKIC Y1EGOEITY oT 1l_ i u DYNAHIO ¥ I£006ITY AT'T 0 &
1 L} [N

FIGURE A1l (CONTINUED): INPUT DATA CARD FORMATS FOR TEMPERATURE CALCULATION,
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CARD 7 - HEAT FLOW PATHS; USE AS MANY CARDS AS NEEDED, FOLLOWED BY A BLANK

CARD
t]2{a{a]sfe|7 [ ]s|icin izl fiahs ie)ir i fia 20!z [22izalea|25las 29[z a0 5ola 1323 3faabas e b7 [aalae]solur sakats alsslaeler]salsolealsr [szjsa[salss s [ur [sass|soler bzlealealsslos ov]eals rolm [r2ralralms|rs|rr|ralio
XX X| X X|x
INDEX NODE i ° | NODE j
(INDAB = IINDEX|)
1 < INDAB < 10 NODE i NODE j L L L CONDUCTION BETWELN 1 AND j. AREA = 201, La.
= = * S e B 2 3 ™M IF _INDEX <0 AREA = L Lg. DISTANCE i-i = La,
- NATURAL CONVECTION BLTWEEN i AND 3.
11 € INDAB < Z0 NODE 3 | NODE §  |L; L, BLANK AREA = 2L, L,. IF INDEX<O AREA = L,Lg.
21 < INDABR £ 30 NODE 1 NODE 3 ["1 LZ BLANK FORCED CONVECTICON BETWEEN 1 AND j.
ARLCA AS ABOVL. IFN(&), 1 IS .
. . RADIATION BETWELN i AND j. AREA AS ABOVE
51 < INDAB < 40 NODE 1 {NCDE 3 by Ly (L3) TGR DESCRIPTION OF Ly, SEE USER'S MANUAL. -
41 < INDEX £ 50 NODE 1 | NODE j |INDEX OF FLUID BLANK BLANK FLUID FLOW FROM NODE 1 TO MODE j. FIRST INDEX IS INDEX
FLOW NODE 2 TO 3, . ' OF FLUID FLOW AT NODT 1. SECOND INDEX REPRESENTS FLUID
4] < INDEX £ 50 ) FLOW GOING FROM NODE i TQ NODE j. 3
RACEWAY FLAG FACTOR,USUALLY=T.
INDEX = 51 NODE 1 NODE j 1, INNER RACE IF 1 OR j IS A NODY
CONTACT IN TN OIL BETWEEN| CONDUCTION THROUGH A BEARING
2,0UTER RACE THE CONTACTING SUR-
CONTACT FACLS, THE FACTOR
3, FLANGE CONTACT#LIIS 0.5
4,FLANGE CONTACTEZ
5,FLANGE CONTACT#3
6, FLANGE CONTACT#4

FIGURE A1l (CONTINUED):

INPUT DATA CARD FORMATS FOR TEMPERATURE CALCULATION.
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CARD 8 - NODAL HEAT CAPACITIES (USE ONLY FOR TRANSIENT CALCULATIONS) ONE CARD PER NODE

t|z|a{alsa{7|e s fioln lizl [iahs jielir e .o |2otet [aafaalea |2s|asterias|oa o'y [3232]3alas s lav {aelan]sclujszlaa aalsslselir[aalsaluals [szfsalsalss[se sz salsaleoler loz|oalssles s evjeekialrotrt ralralra
X X
. Volume at Node = L L L .
Node Number i 2 3 Density (KG/M3) Specific Heat
If it 1s given WS/KGoC

without a sign, Ll i LZ T L3 nm
rotational
symmetry 18
assumed and the
volums 15 '
multiplied by 2,
If it 15 negative
the volume 1s not
changed.

.

FIGURE A1l (CONTINUED): INPUT. DATA CARD FORMATS FOR TEMPERATURE CALCULATION.



APPENDIX B
HEAT TRANSFER COMPUTATION NOTES



B.1 BASIC EQUATIONS*

B.1.1 Heat Conduction

The rate of heat flow Aoy j(Wj that is conducted from node
’
i to node j may be expressed by,

As SA- L
q . . = _“..l_ﬂ_ (t_ - t_)
ci,] L.. 1 ]
1]
ty and tj are the temperatures at i and j, respectively, As j the
b
area normal to the heat flow, (mz) Lij the distance (m) and Aij

the thermal conductivity between i and j, (W/m°C).

Assuming that the structure between point i and j is com-
posed of different materials, an equivalent heat conductivity may

be calculated as follows:

>//
7
)

>
/“’/
Z

Fig. B-1
A A

1]

ij 1

N \\GJ/

PN

N \
AN
0

ZAN

iq V >\2\CBJ Fig. B-2
/ /\ V— %15
Y L VA TR
bgm by o+ 8,

The calculation of the areas will be discussed in Section B.1.5.

*This Appendix is based on the material present in Reference 4.

94



B.1.2 Convection

The rate of heat flow that is transferred between a solid
structure and air by free convection may be expressed by

) 1.25 )
Wi,j =g o a3t Yl SIGN (t; - tj)
where
1, if (t. - t.) >0
SIGN = { g
-1, if (t5 - t5) <0
in which
2.5 « 1072 w/m? - (degc)1'25 for hot surfaces facing
upward and cold surfaces facing downward
uij =4 1.4 » 10-2 W/m2 - (degC)l'zs for hot surfaces facing
downward and cold surfaces facing upward
1.8 - 1072 W/m; - (degC)l'25 for vertical surfaces

For other special conditions, aij must be estimated by referring
to heat transfer literature.

The rate of heat flow that is transferred between a solid
structure and a fluid by forced convection may be expressed by

Gni,i = %4,5 A4, (8

in which aij is the convective heat transfer coefficient.

Now, with a = a. introduce the Nusselt number

ij? ‘
_ oL
Ny = =%
the Reynolds number
R - UL
e v
and the Prandtl number
C
= pv P
Pr A
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where

L

is

a characteristic length which is equal to the diameter in

the case of..a cylindrical surface and is equal to thé plate

length in case of a flat surface (m).

is

a characteristic velocity which is equal to the difference

between the fluid velocity at some distance from the surface

and the surface velocity (m/sec).

is
is
is

is

the fluid thermal conductivity (W/M°C)
the fluid kinematic viscosity (Mz/sec)
the fluid densiéy (kg/ms)

the fluid specific heat (J/kg°QC)

For given values of Re and Pr the Nusselt number Nu and

thus the heat transfer coefficient may be estimated from one of

the following expressions:

"N = 0.3 Re

Laminar flow along a flat plate: R, < 2300
= .3
N, = 0.323 /Re /Pr
Laminar flow of a liquid in a pipe:
= 3 . D
N, = 1.36 v R, Pr(f)
where D is the pipe diameter and L the pipe length

Turbulent flow of a liquid in a pipe:

_ . 0.8 |3
N, = 0.027 + R /P

Gas flaw inside gnd outside a tube:
0.57

u

Liquid flow outside a tube:

0.5 0.31
T

Nu = 0.6 R.e - P
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Forced convection from the outer surface of a rotating
shaft

2 0.35

N, = 0.11 [ 0.5 Ry

- P ]
T
where the Reynolds number Re is developed by the shaft
R = LT D2
e v
in which @ is the angular velocity (rad/sec)

D is the roll diameter (m)

The average coefficient of forced convection to the lubri-
cating 0il within a rolling contact bearing may be approximated

by, _ _

N D 3 1/3
o= 0.0986 ¥ [1+ ——EP%H-I—(—BQ—]}ZMPTJ /
using + for outer ring rotation

- for inner ring rotatiom

in which N is the bearing operating speed (rpm)
D 1is the diameter of the rolling elements (mm)
dm is the bearing pitch diameter (mm)
B 1is the bearing contact angle; zero for cylindrical
roller bearings (degrees)

B.1.3 Fluid Flow

The rate of heat flow that is transferred from fluid node

i to fluid node j by fluid flow is
= oV.. t, .
pV13 Cp. (t; 3
V.. is the volume rate of flow from i to j. It must be observed

1]
that the continuity of mass requires the following equation to

qfi, 5

be satisfied
provided the fluid density is constant. The summation should be

extended over all nodes i within the fluid which have heat
exchange with node j by fluid flow.
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B.1.4 Heat Radiation

The rate 'of héat flow that is radiated to node j from

node 1 is expressed by

4 4
.. = 8. . t. + 273 - (t, + 273
Wi,y = 81,5 (8 S )

where

T.
J

T;

tj + 273,16

t, 273.16

and the value of the coefficient.$§. i, depends on the geometry and

the emissivity or the absorptivity of the bodies involved.

For radiation between large, parallel and adjacent sur-

faces of equal area, A, . and emissivity, €. ., 8. . is obtained
1,:] 1’3 1’J

from the equation

Gl,j = ei,j O'Ai,j .

where o, the Stefan-Boltzmann constant, is
G =5.76 « 10°° W/mz/(degK)4

For radiation between concentric spheres and coaxial

cylinders of equal emissivity, €; 5 Gi 3 is given by the
equation ? ’
_ €i,5 91,5
813 A, -
1+(1-8; gl
ok i,]
where ¢ is as above A . is the area of the enclosed body and
A*i,j is the area of the surrounding body, i.e. Ai,j < A*l i

Expressions for Gi . that are valid for more complicated
2
geometries or for different emissivities may be found in the
heat transfer literature.
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B.1.5 Calculation of Areas

In the case of heat transfer in the axial direction Ai j
3
is given by the equation (Fig. B-3)

Ai,j = ZHrm s AT

Referring to the temperature calculation input instructions,
card 7, but recalling L must be input in mm not m.

L,

I
=4
=

1l
a]

B2

]

in)
-

In the case of heat transfer in the radial direction,

Ai 3 is obtained from the expression
3

A; o o= 2Mr - H; Ly = 7

i3 1 3 Ly = H

m* T2

and similarly for the radiation term above

& = A
A i,j ZHr“mH
LS = rwm

L2 = 2H

in which H is the length of the cylindrical surface; where heat

is conducted between i and j, T 1s given by the same equation

as above (Fig. B-4 (a)); where heat is convected between i and j,
T is the radius of the cylindrical surface {(Fig. B-4(b)); where
heat is radiated between i and j, T is the radius of the esnclosed
cylindrical surface and rm* the radius of the surrounding cylin-

drical surface (Fig. B-4(c¢)). -
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Fig. B-3

B.2 TRANSIENT ANALYSIS

Fig. B-4(a)

For the transient analysis all of the data pertaining to
the node to node heat transfer coefficients must be provided by

the input.

each node is required.
However, when fluid flow is being considered there is

forward.

no easy way to approximate the fluid nodal velume in a free
However, through use of CYBEAN

space such as the bearing cavity.
the user's ability to make appropriate estimates will improve.

Fig.B -4(b)

1060

H

L LG L L

- 51

Additionally, the volume and the specific heat at
For metal nodes this input -is straight-

ol
NN ANNANTIX

.Fig. B -4(c)



APPENDIX C
CYBEAN FLOWCHART
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PEAD/WRLIE DATA
SET GROMEZRIC & LOGICAL DEFAULTS
CHFCK DATA - ABORT IF ERRORS

CALL PROPST

LUPROP

F X
EVALUATE TZRMS TI'AT ARE COHSTANT THROUCHOUT ANALYSES

¢ ROLLER GEOMETRY
« RING GEOMETRY
= HERTZIAY SPRING CONSTANTS

—  ——  —— = —
S, J—
COMPUTE THE DEFORMED SHAPE OF Th.& CCIPOSITE RIWG/HOUSING

OBTAIN ROLLER LOAD DISTRIBUTION 1HRU CONSEIDERATION
OF ELASTiC FORCES AND I.ATEZT DEFORMED SHAPE

HWITH “HLSE ROLLER LOADS HELD FIXED, COMPUTE THE
REING/HOUSING DEFORMATION

COYPARF PREDICTED DEFORMATIOR WIM ONE OBTAINED IN
PREVIOUS ITERATION = ARE THCY WITHILi~.0l% OF EACH OTHER?

HO:

YES

COMPUTE LUBE PROPERTIES

PRF.‘SSL‘RB' VISCOSITY

1
VISCOSITY CORFPICIENT

I
DERSETY

@

THITIAL GUESS FCR BEARIMG ANALYSIS

INPUT CALCULATED

ASSUME VALUES FOR INDEPEYDENT VARIABLES BASED
UPON APPLIED LOADING,SPEEDS,GEOMETRY & CLEARANCE
P |

CORRECT VARIABLES
FER NEWTON-RAPHSON

»

EVALUATE INNER RISNG EQUILIBRIUM & ROLLER RADIAL
EQUILIBRIUM CONSIDERI™NG ONLY ELASTIC LOADS

HAS EQUILIBRTUM BEEN ACHIEVED?
I

B Sk

‘.!ES—+

O

INTERACTION

QUTER RING ROLLING ELEME'IT
.

COMBUTE THE FROLLER

AND RING LOADS

ANALYSIS

INNER RING K?LEIHG ELEMENT

.

ELASTIC LOADS,SLIDING SPEEDS ,HERTZIAN
STRESS ,CONTACT SIZE & LOCATION

FPRICTION MODEL

FRECTIOR FQORCES

EEAT GENERATION RATE
N

ROLLER END-FLANGE

CONTACT LOATS

-~V
CAGE ANALYSTS

RING LAND TORQUE

ROLLING ELEMENT
CAGE POCKET FORCES

t
Y
EVALUATE ALL EQUATIONS
ROLLING INNER RING CAGE
ELEMENT .

!
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!

ESTABLISH EQUILIBRIUM

IRKER RIHNG
HAVE WE ESTABLISHED AN EQUI-
LI3RIUM POSITIOH FOR THE

TIER RINGY | FREEZE ALL INDEPEMDENT VARIASLES EXCEPT THE INNER

WO RING POSITION AND ROLLER RADIAL POSITION.

YES ARZ THE ROLLTES SIMULTANEOUSLY IN RADIAL EQUILIBRIUM
WITH THE DINER RING?2

no CORRECT O'ILY THESE
‘ | 4 —==—— VARIAELES PER i
vES NEWTON-RAPHSON
HAVE WE ESTABLISHED

1, F
FOLLER EQUILESRIUN? FIX THL INWER RING IN THIS POSITICN FOR REMAINDER
. OF AMALYSIS.

NO

3» ROLLERS
YES

FFEEZE ALL INDEPENMDENT VARIABLES EXCEPT THE ROLLER
RADIAL, AXIAL,SKEWED AND TILTED PCSITIONS.

ARE THE ROLLERS IN AXIAL,RADIAL & MOMENT EQUILIBRIUMZ

CORRECT OHLY THESE
VARIABLES PER
NEWTON=RAPHSON

NO

v

HAVE WE ESTABLISHED
CAGE FQUILIBRIUM? FIX THE ROLLER SKEW, TILT & AXIAL POSITION FOR

REMAINEER OF ANALYSIS.

n‘.sI

NO > CAGE
YES
FREEZE ALL INDEPENLENT VARIABLES EXCEPT ROLLER
FADIAL POSITIOHY, ROLLER SPEEDS & CAGE POSITION.
ARE THE ROLLEKS SIMULTANEOUSLY IN EQUILIBRIUM
WITH THE CAGE?
Ho CORFECT ONLY THRESE
VARTABLES PER
HEWTOW—-RAPHSON
YES
4
SOLUTION
COMPUTE DERIVED OUANTITIES
HEAT GEMERATION RATES
] ] l I 1
CAGE CAGE R.E. R.E. R.E.
R.E. LAND DRAG FLANGE RACES
r By o FATIGUE LIFE :
h/r HATERIAL MODULUS EFFECT INPUT LIFE
HMULTIPLIERS
3 RACEWAY-R.E. CONDUCTIVITY
FLANGE -R.E. CONDUCTIVITY
STEADY STATE TRANSEENT

SOLVE TEMPERATURE DISTRIBUTION FOR
TRANSIENT TIME STEP £ WRITE RESULTS

SOLVE TEMPERATURE DISTRIBUTION
FOR STEADY STATE FOUELIRRIUM
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APPENDIX D

SAMPLE QUTPUT
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I RN PR (i - N Y Y- i B SR TEVANUTLULY JTVESTUN SRF TTUULTRIES 18U » CTHLEAN/SNASA

CYREAN/NASA = VERSION NUNBER 1 (ORIGINAL)
USE THIS VERSION WJITH THE FOLLOWING USER"S MANUALS ~

- VOLUME 1 REVISTON 04 DATED & //7/7% s kK F REPORT 0. ALTBPO2 %
~ VOLUME 2 REVISION 0y OATED &G # T 70 sk F

S01

PROGRAM OPTIONS INEFFECT

SYJAMCTRIC ROLLER AMD RING
EQUAL SLICE YIDTHS

PLOT RING PROFILE

PLOT ROLLER fPROFILE

GEﬂ@gTRIES ABOUT Y-AXIS

USER INPUT MATERIAL PROPERTIES™ *° =7 ~ ™7~
TEMPERATURE DISTRIBUTION WILL BE COMPUTES
ALL OATA PRESENTED IN METRIC UNTTS

LENGTH

FILM THICKNESS
YASS

FORCE

COEF. OF THERMAL EXP.
DENSITY

STRESS

MAACNT

TEAPERATURE

PRESS e VISs CIEF.

SPELD !

HEAT 5E'. RATES
REPLEWISHs LAYER THICK.

ENGLISH

INCHES

TICHES

SLUGS

POLNOS

1/DEGREES F
LBS./INCHES CUBED
PSI

I:CH=POUNDS T
JLGREES F |
LA=-INCHES SQUARED
RPM -
WATTS

INCHES

Sampnle Outoput

REPORT Na.. AL PO2D

METRIC

HILLIMETYERS
HICRONS
KILOGRAMS
NEWTONS

" 1/DEGREES™C" ™" ~

HTS«/HH CU3ED
MTSe/Md SQUARED
UH=-NEITONS *
DLGREES C

NT=MM STUARED
RPYM T
WATTS

HICROWS

Pare 1
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AT L Y8 ¥ AN SN NS R TEURNOLUGT BIVISIUN Sk INUUSTRIES TNUC . CYBEAN/ZNAGSA

STCADY STATE TUMPERATURE CALCULATIONS ITERATION LIMIT= 5 ABSOLUTE ACCURACY = 2.000EGREES
NODE POIVTERS

0.RACE I.RACE BULK DIL FLNGW1 FLNGe2 FLNGsS FLNG«4 CAGE SHAFTY I«RING ROLL4ELs O«
] ] .6 . b -

NG HS6 .
4 22 -] 8 -

I
. ‘gT o vmryge

NODES WHERE BEARING HEAT IS GENERATED

JUTER RACE INJER RACE  ReE.DRAG  GAGE=ReCe  CAGE= LAMD FLNG1=RE ~ FLNG+2-RE™FLNGT3RE™ "FINGI4=RE™

7-8 41 o2 1-9 5-9 78 7-8 5-1 67
CONSTANT GENLCRATE HEATS
NDDE  SEN. HCAT NONE  GEN. HEAT NODE ~ GENs HEAT ' T NODE GEN. HEAT NODE ™ GEN. ARAT
2 309.00 I8 ° 300400 16 1400.00 ° TTTUIT 380.00

4 40

u00e
1970

Tl

i

e

AL
Vg 98

_ Sample Output - Page 2
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T TrTd kXN 7TNASA

TEEE T e A T ATy AR

HEAT TRANSFFR COEFFICIFNTS

' TYPE INDEX
CONDUCTION 1
CONDUCTION 2
CONDUCTION 3
FORCED CONVECTION 21
FORCED CONVECTIONM 22
FORCED CONVECTION 23
FLUD FLOW 41
FLUID FLOW 42

TLURNOTUGY DIVEISTUN —axF

COEFFICIENTS

46.7000
53.7000
S0.0000
3468400
14%.100
37.0000
97.5000
119.000

THUUSTRTES ™ IRCy F

Sample Output - Page 3
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** x CYBEAN/ZNAS

DESCRIPTION OF THE GEQUMETRY AND INOICATION OF THE TYPES AND PATHS OF HEAT TRAQS{E@ »

&% TTECHNOLOGY™ BIVISTON TSKF™ ™ " INDUSTRIESTINCY %~ CTY BE AN /"N A5 A~

ALL LENGYHS ARE "IN MILLIMETERSs A NEGATIVE SIGN OF THE INDEX MEANS NO ROTATIONAL SYMMETRY

TYPE OF HEAT TR

CONDUCTION
CONDUCTION
CONDUCTION
CONDUCTICGN
conNpucTION
CONDUCTIOY
CONDUCTION
CONDUCTION
CONDLCTION
CONDUCTION
CoNOUCTION
CONOUCTION
CONDUCTION
CONDUCTION
CONDUCTION
CONTLUCTTION -

FORCED
FORCED
FORCED
FORCED
FORCED
FORCED
FORCED
FORCED
FORCED

CONYECTION
CONVECTION
CONVECTION
CONVECTION
COMVECTTON
CONVECTION
CONYECTION
CONVECTION
CONVECTION

TNOEX HOne

1 BETWEEN
1 BETWEEN
I BETWEEN
1 BETYELEM
1 SETYEEN
1 BETWEEN
1 3JETHEEN
1 BETUEEN
2 BETWEEN
3 BETWEEN
2 BETHEEN
2 BETUEEN
2 BETWEEN
2 BLTwEEN
2 BETMEEN
3 BETWEEN
22 BETJEEN
22 S8ETMEEN
22 BETMEEN
22 BETWEEN
22 A3ETHEEN
22 BETWLEY
22 BETUEEN
22 3BETHEEN
22 BETYHEEN

HOOE

AND 2 20.0000
AND 3 R40000
AND 4 2692040
AND 6.8300
AND B 6.8300
AND 13 B.0000
AND 15 840000
AND 16 1.0000
AND L4 5.0000
AND 10 23,9000
AND 17 5.0000
AND 18 5.0000
AND 19 440000
AND 11 4s Q000
AND 32 5.0000
AND 177 T1.0000°
840 20 55.0000
AND 20 69.0000
AND ° 20 51.0000
AND 20 510000
AND 20 51,0000
A4l 20 85.0000
AwD 20 990000
AND 20 10%.0000
AND 23 B2.2000
Sample _Qutput - Pa

18T LENGTH

2ND LENGTH JRD LENGTH

52.0000
55,0000
590000
62.4000
62440100
S5.0000
55400090

0.1091
B4.7000
82.2000
84.7000
84.7000
T0.0000
99,0000
113.0000

0.1337
35645000
38.6009
65.8000
B6. 3000
178000
27.8000
2B.6000
35.0000
40,0000

TgLt000
3345000
75000
“1044000
l0.4000
465000
43.0000
160000
46.5000
T ha480p
43.0000
350000
30.0000
28+0CU0U
24.0000
l4.0000

20

H
H

d 30

NED
]

i

VRO E;EOG

]

A

I} FOYd

X
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¥4 % CYBEAN/NASA®*> TECHNOLOGY DIVISTON SKF _

. INDUSTRIES INC. * CYOEAN/NASA

DESCRIPTION OF THE GEOMETRY AND INDICATION OF THE TYPES AND PATHS OF HEAT TRANSFER

ALL LENGTHS ARE IN MILLIMETERSes A'NEGATIVE SIGN OF THE INDEX MEANS NO ROTATIONAL "SYMMETRY™

TYPE 0

FORCED
FORCED
FORCED
FORCED
FORCED
FORCED
FORCED
FORCED
FORCED
FORCED
FORCED
FORCED
FORCED
FORCED
FORCED
FORCED
FORCED
FLUID
FLUID
FLUID
FLUTIO
FLUID
FLUID
FLUID
FLUID

F HEAT TR.

CONVECTION
CONVECTION
CONVECTION
CONVECTION
CONVECTION
CONVECTION
CONVECTION
CONVECTION
CONVECTION
CONVECTION
CONVECTION
CONVECTION
CONVECTION
CONVECTION
CONVECTION
CONVECTION
CONVECTION

FLOW

FLOW

FLOY

FLOW

FLOW

FLOW

FLOW

FLOW

INDEX

22
22
22
23
23
23
23
23
23
23
21
21
21
21
21
21
21
42
42
41
41
41
41
41
41

BETWEEN
BETWEEN
BETWEEN
BETWEEN
BETWEEN
BETWEEN
BETWEEN
BETWEEN
BETWEEN
BETWEEN
BETWEEN
BETWEEN
BETWEEN
BETWEEN
BETWEEN
BETWEEN
BETWEEN
FROM
FROM
FROY
FROM
FROM
FROH
FROM
FROM

NODE

17
-1
19
10
11
12
14

AND
AND
AND
AND
AND
AND
AND
AND
AND
AND
AND
AND
AND
AND
AND
AND
AND
T3
T0
T0
T0
T0
T0
10
TO

NODE

20
20
29
30
30
30
30
30
30
30
22
22
22
22
22
22
26
21
24
22
23
28
25
26
27

187 LENGTH

B82.2000
75.0000
34.5000
87.2000
101.0000
115.0000
8T7.2000
BT+2000
78.0000
345000
66.0000
64440000
640000
13.0000
T8.0000
72.0000
71.0000

(INDEX
{INDEX
{INDEX
(INDEX
{INDEX
{INOFX
{INDEX

(INDEX

413
411
41)
41)
41)
41)
41)
41}

Sample Qutput -

28D LENGTH © " 3RD LENGTH

24.0000
19.7000°
69.0000
23.0000
4147000
35,0000
4040000
50.0000
29,2000
6940000
1843000
15.5000
15,5000
24140000
27+9000
339000
154.0000

Page 5
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*#e"* 0¥ B E AN S NCASTATE T TECHNOLOGY UIVISTON ™ "SKF™ ™ fNOUSTRIES TTNCY —# T Y B E ANV N AT A
_DESCRIPTION OF THE GEOMETRY_ANQ_INDiCATION OF THE TYPES AND PATHS OF HEAT TRANSFER

ALL LENGTHS ARE IN HMILLIMETERSy A NEGATIVE SIGN OF THE INDEX MEANS NO ROTATIONAL SYMMETRY

TYPE OF HEAT TR. INDEX NODE NODE- 1ST LENGTH 2M0 LENGTH 3RD LENGTH
FLUID FLOW 41 FROM - 27 T0 28 (INGEX 41)
FLUID FLOW 42 FROM 28 TO 2% CINDEX 42)
BEARING CONDUCTION 51 BETWEEN & AND 7 1.0000 1.09000 1.0000
SEARING CONDUCTION 51 BETWEEN 7 AND [:3 1.0000 240000 ° T.0000
BEARING CONDUCTION 51 BETWEEN 5 AND 7 1.0000 5.0000 1.0000
BEARING CONDUCTION 51 BETWEEN & AND T 1.0000 60000 }-0000
oD
"
g =
gz
=+
& U
S5
2l
e
g W

Sample Output - Page 6
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TEMPERATURE H AP

** & €Y BE AN/ NTAS A« TECHNOLOGY "DIVISION ~SKF ™™ "INDUSTRIESTINC ™ # ""CTY B E W N /" NTATSTR "

TEMPERATURES ARE 1H DEGREES CELSIUS: THE FIRST 28 TEMPERATURES ARE CALCULATEDo THE OTHERS ARE_KNOWN °

STEADY S$TATE TEMPERATURE CALCULATIONs INITIAL TEMPERATURES

CALCULATED TEMPERATURES

NODE TEMPERATURE NQDE

1 93,000
6 125.000
11 . 93.000
16 1254000
21 93.000
26 93.000

T2

7
12
17
22
27

KNOWN BOUNDARY TEMPERATURES

NODE TEHPERATURE  NQDE

2% 93.000

38

TEMPERATURE NORE
120.000 3
125.000 8

93.000 13
93.000 18
93.000 23
_93-000 28

TEMPERATURE NODE
244000

TEMPERATURE
93.000°

125,000
$3.000
93.000
93.000

93000

TEMPERATURE |

Sample Output

NODE TEMPERATURE NODE TEMPERATURE
TTT 4 7T 125.00077 7 TSTTTTIRE.0007 T

9 125.000 10 93.000

14 93,000 15 93.000

" 19 93.000 20 33.000

24 35.000 25 93.000
NODE TEMPERATURE ~ NOOE TEMPERATURE’

Page 7
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ROLLER PROFILE PLOT DESCRIPTION

ROLLER SLICE RADII ARE PLOTTED AS A
TFUNCTIOM OF DISTANCE ALONG' THE 'ROLLER" X=AXIS

PLOT IS FOR ROLLER GEOHMETRY GROUP1
LENGTHS SHOWN ARE TN MM*S ~

SLUTCE RADIYT ARE SHOWN BY AN® *S¢

PLOT SHOWN IS ALONG THE ROLLER-OUTER RING EFFECTIVELENGTH ™"

SCALE MULTIPLIER FOR X=AXIS = 0.1000000E 02
SCALE MULTIPLIER FOR THIS PROFILE = 0.9999994E=02

Sample Output - Page 8

ALvn

40,
Ho-

v
3
’

VNS

g T

D Moo

b

sl 139
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SLILE HAUTIT FOR THIG ERUFILL

629.525 529,810  630.095  630.380  630.685  630.950  6£31.235  631.520 631.805 632,090 632,375

bmmmamac A —————— i i e e T - R tomm——— o e e
-0.587 +S - - i e s e e a e [ “euea e e mesngnERY
=0.456 + S + -0.456,»
~0.326 + S + ~0.326
=0.196 + S + ~0.196
~0.065 + S + =0+0635
0.065 + S + __ D.D6S
04196+ TE VT 04196
D326 + S + G326
bed56 + + 0.456
0.587 +8 =Tc ) + Ba587

et e e e e e - L - + ————— +* A iy — -t

: SLICE RADII FOR THIS PROFILE

829525 ° "629VBL0 TU630.0957TTT630LIBLTT 63046657 T630.9507  6FLL235 T €31.520 63178405 532,090 eIEI¥ITTTT T

Sample Output - Page 9
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ROLLER PROFILE PLOY DESCRIPTION

ROLLER SLICE RADII ARE PLOTTED AS A
FUNCTION OF DISTANCE ALONG “THE ROLLER "X=AVIS

PLOT IS FOR ROLLER GEOMETRY GROUPL
T LENGTHS "SHOWN ARETIN MM*S™

SLICE RADTI ARE SHOWN BY AN *§%°

PLOT SHOWN IS ALONG THE ROLLER-INNER RING EFFECTIVELENGTH

SCALE MULTIPLIER FOR X=AXIS = 0.1000000E 02
SCALE MULTIPLIER FOR THIS PROFILE

0.9999994E~D2"

Sample Output

Page 10



STIT

SLILVE HAUTL FUA THIS PRUFILE

629526 629.810 6304095 630.380 6304665 630.%50 6314235 63514520 - 631.805 6324030 632375

~0«%5A7
~0.456
~0.326
=0.196
=0.065
0.065
0196
0326
0+456
D.EB7

e m————— . —-——— T . L AR DL L L Y T LT T L PN e -t iy e — dmme—————— fEme s ——- -

7]

S

mmwmw’w
T R

s

O A

)

h
B T N A —— - fmmmu— .- +

SLICE RADII FOR THIS PROFILE

mmmme .- e e s B e e e b ———————

629.525 " 6£29.810 6305095 7 6304380 6304665 6302950 T631.235 T 631a520 T 631WA0E T 6327090 TUE3I2.375T

Sample Output - Page 11

=D.587
=0+455
~0«326
“-0.196"
=0.065

0.065

© 0.196

04326
Be456
D ISBT
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SCALE MULTIPLIER FOR X=AXIS =

RACEWAY PROFILE PLOT DESCRIPTION

RACEWAY SLICE RAOII ARE PLOTTED AS A
FUNCTION OF DISTANCE ALONG THE RINS X-AX0S

PLOT IS FOR ROLLER GEOMETRY GROUP 1
LENGTHS ARE SHOWN'IN MH'S

SLICE RADITI ARE SHOWN BY AN *S8Y

PLOT

0.1000000£ 02

SCALE HMULTIPLIER FOR THIS PROFILE = 0.1000000E 61 -

Sample Qutput - Page 12

IS SHOWN ALONG THE ROLLER-DUTER RING EFFLCTIVE

LENGTH

cl:i a0
NIDIO

MO
by

+ NG
M Wd

4
i

si 20
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SLIVE "HAYTT FUR THES PROFITE

TdeSS5 784820 79,105 79,390 79.675  79.960 804245 804530  80.815 81,100 81,385

L LY ] -t v e -— SR LELL LT T by - e s s .S - L LR L L Lt v mmm .- - +
~0.652 +5§ + =0.652
0,522 +§ +  =0.522
-0.391 +§ + o =0.391
~0.251 +8 +  =0.261
~04130 +5 + =0+130
~0.000 +3 + __=0.000
04130 +§ 37704130
04261 +8 +  De26l
0.391 +3 + 04391
0.522 45 +° p.522
04652 *§ + 0552

tmmmma '*""'-4'""-'--'-"'-1'-——ﬂ"“'-'"-i---------—+--“------\}---——-----#---l--“""-f‘“""—"----*---------*------“"""0'

: T TUSUYCERADIT FOR THIS PROFILE™ ™™™ =~ R

TB.535 78,820  79.105 79390  T9.675  19.960  B0.285  B0.530  80.815

Sample Output

Pace 13

81.10¢

81.385



81T

RACEWAY PROFILE PLOT DESCRIPTION

RACEWAY SLICE RADTI ARE PLOTTED AS A
FUNCTION OF DISTANCE  ALONG THE RING X~AX0S

PLOT IS FOR ROLLER GEOMETRY GROUP 1
LENGTHS ARE SHOWN IN MHM'S
SLICE RAGIT ARE SHOWN BY AN °*5°

PLOT IS SHOWN ALONG THE ROLLER-INNER RING EFFECTIVE LENGTH®

SCALE MULTIPLIER FOR X-AX1S = 0.1000000E 02
SCALE MULTIPLIER FOR THIS PROFILE = 0.1000000E 01

Sample Output - Page 14
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61T

SLILE RADTT FOR THTS PRUFICE

65.0825 664110 664395 664680 6461965 674250 674535 674820 ERe105 684390 684675
- — ELL LT T - oy hy e aa - e e e S A ey v o e A A At - ———— - e 8 e bl e e e -
-0.652 +5 FTTR0NAS2
~0a522 +8§ + =0.522
-0.391 +§ +  =0.391
-0.261 +3 +7 T-04261
~0.130 +$ +  -0.130
~0.000 +5§ +  =0.000
0.130 +§ 77 04130
0.261 +§ + 0e263
0.391 +§ + 0.391
0-522 +8 + 0.522
0.652 +§ + 0.652
- ———— Tom—mEmn——- T m R E S ——————— trmmmmm——— o - -———— e ———— et mma——-— - — +
- T TTTT T T T gL ICE RADTT FORTTHIS TPROFILE —7° e s —— -
654825 665e110 664395 66.680 664965 67+250 674535 674820 684105 584390 684675

Sample Output - Page 15
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LT Y EANT/HN AS A TECHRULOOY UIVISIUN  "SK¢

TNOOSTRIES NG+

ROLLE; Tg$AL LENGTH 14.562 ROLLER MAXIMUM DIAMETER 124647

EFFECTIVE LENGTH (0.R:2 13.038" EFFECTIVE LENGTH (IsRs) " '.l'.:’nCI:SE!.'I

lFLAT LENGTﬁ Be400 . e CRQ?Q RﬁPIUS §2?:§00 e o
ROLLER MASS 0.001176

END SPHERE RADIUS (LEFT) 38140007

END SPHERE RADIUS "{RIGHTI "381.000
END PLAY (DaRa) Dol

EMO PLAY (IaRs? 0.051
DIAMETRAL CLEARENCE 0.127000

“NUMBER NDF ROLLERS 10 TOTAL NUMBER OF "ROLLER-RACEWAY SLITES™ 107

OUTER AND INNER RING DATA

RACE CURVATURE(OWR) 00 RACE CHRVATURE (T eRe) DeQ
PITCH DIAMETER 1444368 T - T T o
SPECIFIED MISALIGNMENTS 040 (Y=-RADIANS) 04001454 (Z~RADIANS

FLANGE ANGLE FOR FLANGED INNER RING{DEGREES)
LEFT SIDE D600 T RIGHT SIRE ~0.600

QUTER RING SPEED (RPM) B0 =7 ° INNER RING™ SPEED {RPH)'™ 0J719999984E705 ™

_Sample Output - Page 16
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W

T

T E RRNT/NTA SR TELANLDLEULT UIVEISTON LY g TNUUSTRTIES INCe u

CAGE DATA

TYPE~INNER RING LAND RIDING
CAGE POCKET CLEARENCE GEOMETRY GROUP 1 0.221
CAGE POCKET CLEARENCE GEOMETRY'GROUP 2 0.0

CAGE WETIGHT 0.0

RAIL LAND DIAMETER 137.952

. SINGLE RAIL WIDTH #4572
RAIL LAND DIAKETRAL CLEARENCED.482600

"CAGE POCKET COEFFICYENT OF FRICTION: 0.0700

HATERIAL PROPERTIES

CAGE " TTTTTT DLRW Tefa Ratle HSGe.

MODULLS OF ELASTICITY . _D.208 06 0.20E D& (De2D0E 06 0.20E 06 0+20E 06

POISSON'S RATIO 0.30 0430 030 0.30 0430
COEF. OF THERMAL EXPANSTON™""DVLI2E=04 0.12E~04"" 0S12E<04"" 0412E<04" "0312E-04 ™
DENSETY

078E£ 01 0.78E 01 Q.78E 01 0.78E 01 _Da78E 01

FRICTION DATA

REPLENISHMENT LAYER THlunmcans
OUTER RACE +203E 01

INNER RACE +203E 01
0.R. FLANGE ©.0 B

T.Rs FLANGE i} -
HASA LIMITING FRICTION COEFFICIENT 0.070
NASA LUBE FILM THICKNESS FACTOR 50.000

FRACTION OF LUBE IN BEARING CAVITY ™ 0,050

Sample Output - Page 17
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* UCY S5 L ANFNASA

THOUSTRTES THL .

TECANUCOGT UIVISTUR " SRF

7ZT

CY T ERN7NASRKR

L]

L=10 FATISUE LIVES(HRS?

OUTER RING D.13E 03
INNER RING b.76E 02
STNGLE ROW BEARING ~ 0.52E 02 °
BEARING FATIGUE LIFE 0.52f 02
LUBE LIFE REBUCTION FACTORS USER INPUT LIFE MULTIPLIERS
GaRa T«Re OsRe I«Re~
0.526 1.000" 1.000 7

8.620 |

FILM THICKNESS TO SURFACE ROUGHNESS "RATIO ~

FOR HEAVYEST LOADED ROLLING ELEMENT
I.Re™""

T {eRe
* 1la781 l.444

Sample Output - Page 18
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ALY B R AT SRR B E  TECARDCUGY UL VISION . SRE TROUSTRIES INCs  * LT o b ANT NASA

ROLLER RACEWAY CONTACT LOADS AT THE INNER RING

ROLLER F=X F-Y F-Z M=~X ) M=y . A
1 0«140E 02 0«356E 04 B«690E 01 =0.357E 02 “0el&2E 02 D+588E 04
2 ~0es616E 00 0«630E 03 0.482E 01 ° ~0.239E 02 ° =0.526E 01 TOWISTET 03T
3 a0 0.0 0a0 0.0 0.0 0.0
4 0.0 00 0.0 0.0 0.0 D«0
g 040 0.0 b+0 0.0 " 040 0.0
] 0.0 0.0 DeB D0 0+0 0.0
7 Ba0 0.0 0.0 0.0 Da0 0.0
8 0.0 0.0 ° 0.0 ' T 00 D0 “De0
9 Ba0 0.0 0.0 G.0 D0 0.0
18 ~01.32RE 00 D.692E D3 0.348E 01 =0.216E 02 . “Uo?lUE. 01 . 0. 765E D}

Sample Output - Page 19
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L3

*

ROLLER'

[

O DO~z h U P A s

LT B E

FeX

~0+251E
" De236E
041 86E
~0.187€
=D+116E
00
0.110E
0.136E
0.1487E

~0.l46E’

AN N AN 5 A

02
a¢
00
ot
oo

0o
6o
oo
0l

F-Y

=0a449E
=0+ 155E
~0+92EE
=0+522E
=04%22E
-0e916E
=~0+929E
~0.917E
~0+329E
~0.161E

TEUANULULT UIVIGTON

04
04

03
03
03
03
63
03
04

ROLLER RACEWAY CONTACT LOADS AT THE OUTER

£z

D.651€

04269E
~D«333E
~0+130E
~0«353E
~0e135%E
~0.175E
~0.516E
~0«077TE

0.202€E

ShE

01
01
0o
01
00
o1
g0
0o
00
01

TROUSTRIES IR,

M=X

G+458E
0.224E
0e 341K
*0.269E
0.328E
“0+302E
D+441E
0.223E
0.187€
0.183E

02
[}
01
0l
01
138
01
01
01
0z

Sample Output - Page 20

CYEEANFANASA

RING

M-Y

Da465E 01
0. 14%8E ‘01
0. 717E-01
=0« E19E~D1
~0«379E=01
L%
0.395E-01
0e7035E-01
DeE31E=01
=0.3%%E 00

Ner—

0.320¢

04

=0.783E703

=D«507E
Oel16E
0.733E
1 %]
~0+TOSE
“De7B4E
~0.117€
=-0.+776E

01
01
00

0o
01
0l
03

ALTYND ¥00d 40

sl 2Dvd TYNIDIIO
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1
ROV OE LA LS N AT LR TECHITT LU I VTS TTUN SRF THUUSTRTES~THCS bl

LT A M U S B R

INNER RING APPLIED FORCESyMOMENTS+DISPLACEMENTS

AXIAL LOAD = 0.0
RADTAL LOADLY) = 044448208 04 RADIAL HOMENTLY) = 0.0 _RAGTAL MISALTGNMENT(Y) = 0.0
RADIAL LOAD(Z) = 0.0 RADIAL MOMENT(Z) = 0.0 RADIAL MISALIGNMENT(Z) =  0.833333E~01

CALCULATED INNER RING REACTIVE FORCES4MOMENTSyDISPLACEMENTS

TAXTAL LOAD =-.343E 02 AXTAL TRANSLATION =030°

RADIAL LOAD(Y) ‘S~.4B64E 04 RADJIAL HOMENT(Y} ==.10SE 02 RADTAL TRANSLATIONC(Y) =04902E=01  RADIAL ROTATIONCY) =040

RADIAL LOAD(2) =0.750E 01 RADIAL MOMENT(Z) ==.406F 04 RADIAL TRANSLATION(Z) =+~ 323E~-02 RADIAL ROTATIONCZ) =04369€-01

Sample _f_)_gw_:_ggg - Paﬁg_e 21
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RTLUTTHE AN 7 N RS & & JECANOLUGY UTVTISTORN SRE INDUSTRTIES TRC + LT 8 e A N7RRASA

ROLLER END=FLANGE CONTACT LOADS

AT THE INNER RINGs LEFT SIDE -

ROLLER FuX F=Y F=Z M=% . T N=Z T
1 0.111E€ 02 ~0+372E 00 0+720E~01 0.496E 0D D2/fE 02 D+E61E 02
2 0=397E 02 ° " («299E DO 0.196E 01 ° T~0LUSTE 01 “B«208HE 02 Tei9LE™ 0y
3 0.186E 00 0.0 [ Y] =0e343E=0] 0«2:9E 00 0«R3LE 00
4 0.187€ 00 0.0 0.0 ~0.298£-~01 0.225E 00 0v676E 00
5 D«116E 00 0.0 0.0 ~0.161E~0L DL I0DXE 00 D.336E£7 007
[ Be Da0 0a0 0.0 0.0 DeD
T De0 0.0 Oa0 0.0 Q.0 0.0
=8 Dl D.0 0.0 D0 ‘0e0 ™ D0
9 a0 0«0 J.0 D0 0a0 0.0
10 0.110¢€ 01 0.257E~03 _ 0.546E-01 -0.257€ DA 0.294E~01 0.515€ 04
o0
R
g &2
3 2
o
=
OO0
23
E :
T o
D 9%
N, wm.
g B
Bt
oR
09
22
o
,__-_-__rﬂ
P
=<

Sample éutput - Page 22



a

£

ROLLER

[

DO O U N

LT B E

=X

0.0
T «0+393E
.0
0.0
0.0
0.0
=0.110E
-0.186C
‘0-187E
~0+599E

AN T NTA S AT VELANULYGTY UIVISTUR SKF lNUL;h]R.H:.b TRCS * LT E AN AN A S A

ROLLER END-FLANGE CONTACT LOADS AT THE INNER RINGe RIGHT SIDE

" FaY v TFeZ TTTTTOT TSt T ot ey n—a

0a0 0.0 0.0 [ fe0
ga T = De419E "007™" T T 0L198E 0RO A09E SIS T L e L TE f)) Y P & - 1 1 S

040 Ds0 G0 (] 040

0.0 040 040 0a0 0.0

D0 Da0 0.0 : 0.0 T Dt

0.0 G40 0.0 Ga0 0.0
00 0e0 De0 =0 245E~01 -~0+935E=01 ~0+562E 00
00" 0.0 ‘Ba0 T LD 344E-0T" TS0.219E7 00 -0 B29E7070
00 0.0 0.0 ~0.295E-01 =04222E£ 00 ~0«674E 08
(3] 0.0 04293E-01 .. =0.917E-01 ~0e416E 00 =0.185E OI

Sample Output - Page 23
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FEE T e AN TN RS R % JTECHRULUGY NTVISTON™ SRF THNOUSTRIES THNU. —» LYBEAN/ZNASA

SLIDING SPEEDS AT THE ROLLER END~-FLAMGE' CONTACT™ ™ °

ROLLER FLG 1 FLG 2 FLG 3 FLG §
NO
1 GeD 040 1290.224 De0
2 0.0 0+0 798.277 16814283
3 "Ua0 0.0° "1086.5897 TTThe0 T T
4 00 0.0 15084870 0.0
5 0.0 D«0 17834659 0.0
6" 0.0 D0 1917.799° T 0.0 77
7 0.0 D.0 e.0 697.070
8 0.0 0.0 0.0 1109.984
9 0.0 Del 0.0 1485.888°°
10 0.0 0«0 T96.975 1681.320

LUBRICANT DATA

LUBE TYPE'= "~ ""MIL-L-23699"
TEMP DENS VISCOSITY VISCOSITY ' PRESSs VIS.
. T © TTH{CSTHY © 7 " {CPOISYTTTT COEFS T =] )
- =
OeRs 147. 0.912 «245E 01 223 01 «198E 00 ﬁg
TeRa 153. 0.908 ~ «228€ 01 207E 01 «192E 00 Cg EE
=
auLx 133, 0.923 #+294E 01  L271E 01 «211E 00 O %
-w-.:f‘ r——
Fl.Gs 1 147. 04912 v245E 01 #4223 0) «198E 00
. QT
FlLLGe 2 147 0.912 »24SE 01 .223E 01 «198E 00 ““C':"%“'"
FLG« 3 145: 0.914 «251E 01 .229E 01 «200E 0D i
! e ;—— —
FLGs & 142 0916 «260E 01 «238E 01 «202E 00 L y

Sample Output - Page 24
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ROLLER

1

[

W

OB~ U

.

*

. DEFLECTION Y

LY B R AN T HAS AR

OUTER
RING

0.0
00
0.0
0.0
0.0
Gl
Del
0.0
G0
0.0

ROLLE
CENTRIF

...FORCE

0.927€
De914E
0.925€
De916E
0.926E
0+915E
0.926E
04915E
0+926E
0.917€

"CALCULATED CAGE SPEED
CAGE DRIVING TORQUE 2
CAGE LAND NORMAL FORCE

EPICYCLIC CAGE SPEED.912€ 04
EPICYCLIC ROLLER SPEED.113E 06

TECRANGL UG Y TTVISTOR

ROLLING ELEMENT SPEEDS ¢NON=CONTACT FORCESDEFLECTIONS

R
UG AL

03
a3
03
03
03
03°
03
03
03°
03

075
4241
0.0

ROLLER
ORBITA
SPEED

0,9103F
0.9039E
0.3096F
0.9052E
D+3098E
“0492049E
0+9102E
0.9047E
0.9101E
D«9057E

L

04
04
04
04
04
04
04
04
04
04

wkF

ROLLE

ROTATIONAL

___SPEED

=0+1134E
~0+1126E
=0+1131K
“901124E
=0.1132E
"L0.1123E
=0.1132E
~0+1125E
“0W.1131E
‘BcllETE

INGUSTRIES INL. %

R

na
06
06
g6
06
06
06
06
96
06

TTT LAGE POCKET FORCER™

CYBLEAN/ZNAS A

Sample Qutput - Page 25

NORMAL Y=FRICTION ¥~FRICTION
_ __FORCE FORCE MOMENT
~0+114E 02 «0+B01E 00 0.0
=0+650€ 01 0.455E 00 0.0
0.351€ 01 0.246E 00 040
0.403E 01 0.282E 00 D40
0.288E 01 Ue202E 00 0.0
04394E 01 Ue276E 00 040
02686 01 0.188E 00 0.0
0.288E 01 04202€ 00 040
04349E€ 01 0.244E 00 040
~0.329€ 01 $+231E 00 0.0



0¢T

ST N7 F S FF—TECRNUT UG Y DTVTSTONSRF—TRUUSTRTES THC:

ROLLER I+RACE
0.201E 04
0.934E 03
“0+0 "

0«0

0.0

0ad

0.0

0.0

98- 0.0

10 04952E 03

.

@@= hifi AN

LTYBLAONTRNASA

HERTZ CONTACT STRESS AT ROLLER~RACE AND ROLLER END-FLANGE CONTACT

GsRACE

0.187E 04
D«119E 04

“0.800E703

0.797E (3
0.797E 03
0.734E 03
0.800E €3
D.797E 03

0.800€ 03°

0.121E 04

G 1 FLG 2

=1
.
[~

Je0
Ja0
1.0°
1.0
1.0
Jelt°
De0
Jel
3.0
B0

o
-

oo oOoan

Sample Output - Page 26

0«270E 02
D4EI0E 02
T0.920€ 00
0.92¢€ 01
D.7THSE D%
0e130E 0L
O.0
0«0
.07 T
DelBYE 02

FLE &
0.0
02568E 02
ey
0l
0.0
0.0°
B.769E 01
§.920E 01
CT.921ETELT
0.137€ 02

_————

A.,upwng &gﬁo&%.ﬁo
Si 39vVd TTWNIDIMO



LY R AR T ONTAT ST AN T TECHNOCHGY OINISTOn - SRE INDUSTRIES THU.  * LTBt ANJZNADSA

LUBRICANT FILM THICKNESS

TeT

ROLLER T1+RACE 0-RACE . FLG 1 FLG 2 FLG 3 _fLG_Q'

1 0«367E DO B.452€ 00 0.0 0.0 0a0 Qa0

2 0.575E 00 D.600E 00 0.0 0.0 0.0 3

3 0.4 - “0.662E700T 0.07 DL 0.0 o0

4 be0 0.660C 00 0.0 0.0 0a0 0.0

5 0.0 D«£63E 00 Del G0 0.0 00

[ 040 0.660E 00 0.0 0.0 0.0 0.0

7 0.0 0.663E DO .0 0.0 0.0 Oall

8 Dud D.E6GE GO 0.0 0.0 Ba0 0.0

- " 0.0 T0.662E 00 0.0 040 0.0 0.0

10 0.573E 00 0.598E 00 0.0 .0 0.0 D0
oQ
al-
‘g%—
Q =
=
DX
o
= 6
=
ﬂn
< &



AN

FE kL TBERNZHN ISR % TECHRULOGY DIVISTON  SKF TROUSTRIES THCS * T TBEARTITRNETSTX

ROLLER SKEW AND TILT (RADIANS)

ROLLER ROLLER SKEW ROLLER TILT ROLLER SKEW ROLLER TILT"
RELATIVE RELATIVE ABSOLUTE ABSOLUTE
1 ~+8773E-02 ~e237IE~D2 ~«6773E~D2 =W 9244E-037 7
2 Ba777T4E~03 =+5107E-D3 Bbs1632E~02 0+5660E~03
3 »e3954E~03 = 4457E-03 D+9B78E~03 —
4 =« 5058E~03 0.4527TE~03 DW3774E~03 ——
5 =« 2560E~03 bell75E-02 045938E~03 —
& — 0.1455E~02 —_— s
"7 "0«23B8RE-03 T 0.1179€-02 S.6167E~03 —
8 Ge407IE~03 D+4436E-03 =« 9753E~03 -
9 043941E~03 ~«4516E~03 ~«9891E-03 -
10 ~+3018E~-03 "meBlO4E-03 “=e41157E-02 TO566R2E-0F T

Sample Output - Page 28

® ¥ood 0
SI. 3IDvd TUNIDRO

ALITYN



et

L]

£ 3

L*TSLRNTNRBA"

BEARING HEAT GENERATION RATES

8UM GF ROLLING
SUM OF ROLLING
SUM OF ROLLING
SUN OF ROLLING
CAGE RAIL/RING
SUM OF ROLLENG
SUM OF ROLLING
SUM OF ROLLING
SUA OF ROLLING

TELHNULOGT UIVISTUN  SRF INUCGSTRTE Y TTH . L}

ELT/0+Re CONTACT HEAT GENe« RATES 1143,
ELT/I+Re CONTACT HEAT GEN. RATES 339.
ELT DRAG HEAT GEN. RATES 1877.
ELY/CAGE PKT. HEAT GEn. RATES 234,

LAND HEAT GEN. RATE
ELT/FLGe 1 HEAT GEN.
ELT/FLGs 2 HEAT GEN.
ELT/FLEs 3 HEAT GEN.

277.
RATES 0.
RATES [

RATES 5T

ELT/FLGa 4 HEAT GEN. RATES a9,

Sample Output - Page 29

UCTELAN TN AL A



yel

&« + CYBEAN/NASA« TECHNOLOGY OIVISION SKF INDUSTRIES INCe * CYBEAN/NASA
TEMPERATURE KAP

TEMPERATURES ARE IN DEGREES CELSIUSs THE FIRST 28 TEMPERATURES ARE CALCULATEDy THE DTHERS ARE KNOWN

STEADY STATE TEMPERATURE CALCULATIONy FINAL RESULT AFTER 4 ITERATIONS

CALCULATED TEMPERATURES

NODE TEMPERATURE NODE TEMPERATURE NODE TEMPERATURE NODE TEMPERATURE NODE TEMPERATURE

1 268.720 - 2 283.398 ° 3 161780 R 158,296 """ 5777 7 144,489 7
[ 140.870 17 1464088 8 1464260 9 154 .854 10 1464871
11 147.876 12 150.206 13 1954432 14 161.887 15 2364166
16 1104647 17 184,817 18 168344 19 1624429 20 1884439
21 93.000 22 1324411 23 171.821 24 93.000 25 33.000
26 104.769 27 1164537 28 144179

KNOWN BOUNDARY TEMPERATURES

NODE TEMPERATURE NODE " TEMPERATURE" NODE ‘TEMPERATURE "NODE ""TEMPERATURE ~~ NODE™ “TEMPERATURE

29 934000 3p 24.000

Sample Output - Page 30
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