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FOREWORD

This report, "High Speed Cylindrical Roller Bearing Analysis,"
details information required to use the design and arialysis of
computer program CYBEAN. The program described in this volume
conforms to the 1978 version of CYBEAN prepared under U.S. govern-
mant Contract No. NAS3-20068 except that the program can now be
executed at four levels of complexity.

All efforts involved in the generation of this new version
of the code were sponsored by the NASA-Lewis Research Center
of Cleveland, Ohio, under the administration of the Bearing and
Gear Analysis Section. The technical monitor was Mr. H. Coe.
The work was performed under Contract No. NAS3-22690 at SKF
Industries, Inc., King of Prussia, Pennsylvania, during the
period March 1981 through May 1981.

Technical project leadership was executed by Mr. G. J. Dyba,

with contribution from Mr. R. J. Kleckner.

SKF TECHNOLOGY SERVICES
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HIGH SPEED CYLINDRICAL ROLLER REARING ANALYSIS

I.  INTRODUCTION ;

CYBEAN (CYlindrical BEaring ANalysis) has been created
to detail radially loaded, aligned and misaligned cylindrical
roller bearing performance under a variety of operating conditions.
Emphasis has been placed con 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. Tlke complete range
of elastohydrodynamic contact considerations, employing full
and partial film conditions have been treated in the computation
of raceway and flange contacts. The program properly directs
roller-to-raceway contact load vectors automatically in those
cases where roller and/or ring profiles have small radii of
curvature,

Volume I [7] of this report describes the models and associated
mpthematics 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 iser in the practical and correct implement-
ation of CYBEAN. Input and output architectures containing guide-
lines for use and a sample execution are detailed in the matterﬁ
whish follows.

II. INPUT DATA

CYBEAN requircs the preparation of input data which in general
describes the bearing geometry, properties of the materials 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 i3 segregated into
CATEGORIES which individually address specific characterization
of the configuration addressed. Any single data wet 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 hasic program are accepted in
free NAMELIST format and defaulc values avre 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
catepgory. A minimum of two cards is needed to specify a complete
set of data within a category.

'0n 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.




AT81D049

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 -~ Fhe 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 ($)'in column
2 followed by the category name "IRING". The second card is
used to specify values of input data. Note that free format
is used throughout and that all pieces of data are separated
by a comma. The third card contains a Dollar Sign ($)'in column
2 and the woxrd 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 paragraphs 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 cards:
$CATEGORY NAME
$END

Ipifferent computers may allow or require a different symbol.

4
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CATEGORY 1 ;JSOLUTIDN CONTROL PARAMETERS

CATEGORY NAME: SOLV

CATEGORY DESCRIPTION:

Computer program CYBEAN uses a Newton-Raphson
iterative scheme to compute values for the governing
equilibrium equation set, The user may wish to over- 1
ride existing solution control parameters. Those,
which are permitted as input by the user are con-
tained within this category,

DATA ITEMS: DEFAULT
ITMAX - maximum number of iterations to be used in the 15

Newton-Raphson lteration scheme,

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

NPR = 0 No intermediate output printed

MPR = 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 &xecution

(14
S

NPR All output given for NPR=3 plus the

matrix of partial derivatives

SKF TECHNC LOGY SERVICES 5
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DATA ITEMS DEFAULT
CONVER - convergence criterion used to halt the iteration 4
procedure, Solution is said to be obtained when

N |
(I EQ;)/N < CONVER (1)
i=l
and :
N .
AR meameyIF - 1sag K hy/img 1y < 2 (2)

Here, k is the iteration index and EQ; is the i-th equation

residue,
LEVEL - Solution control) level: 1
LEVEL = 1:

Inner ring and roller equilibrium is
mutually satisfied through consideration
of the elastic (Hertzian) contact loads
at all ;oller—race contacts. Rollers are
permitted to translate radially and rotate
about their z~axis (roller tilt). The
inner ring may translate in its radial
plane. This execution level will permit
economic calculation of bearing life.
Lubricant and friction related loads are
not considered; epicyclic roller speeds
are assumed.

LEVEL = 2:
Mutual equilibrium of rollers and inner
ring is sought as in Level 1, then used to
evaluate the lubricant related forces (EHD,

SKF TECHNOLOGY SERVICES
SKF INDUSTRES, INC: {
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DATA ITEMS

HD, drag, and cage pocket). This level of
execution permits an economic estimation

of hearing generated heat., Epicyclic roller
speeds are assumed.

LEVEL = 3:°
Two solution algorithms are used to evaluate
the bearing performance. The first sceks
mutual equilibrium of inner ring and rollers
by varying the inner ring position and roller
radial, axial and tilt positions. The second
algorithm seeks mutual equilibrium of the
rollers and cage by varying the cage position
and roller skew, tilt and rotational speeds.
This level of execution provides an economic
method of evaluating bearing performance when
there is little or no rolling element skidding,
and can be used to predict the existence of
such skidding, but not its absolute magnitude.
Note that at this level of execution, the
inner ring reactive load may not exactly
equilibrate the applied loading.

LEVEL = 4:
The two algorithms used in Level 3 are repeated
until mutually satisfied. 7This assures equil-
ibrium of the inner ring with applied loading.
This execution level can be used to predict the
presence and magnitude of rolling clement
skidding.
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DATA ITEMS DEFAULT

ITILT - Tilt analysis flag. T

A .TRUE, value permits roller rotation

about its z-axis (roller tilt) by solving the
moment equilibrium equation. This flag is
normally set to .TRUB.. However, in those
cases where the roller tilt is expected to

be very small, the user ean specify ITILT =
.FALSE. to save on executiem time.
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CATEGORY 2 - PROGRAM LOGIC

CATEGORY NAME: LOGIC

DATA

CATEGORY DESCRIPTION:

Within this category, the user is permitted to specify
values for logic used in a given program execution. User
provided values dictate the prougram 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 23.

ITEMS: DEFAULT

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

PLTROL - Allows the user to obtain a line printer plot of
the roller profiles along their axial effective length.

ECHO - Allows the user to echo check the input data. This
option invokes routines which print the data immediately
after it has been read.

Special Program Option Logic:

The following eight data items permit the user to

~invoke certain special program options. All items require
the user to include additional data (see "SPECIAL INPUT DATA"),.

9
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DATA ITEMS DEFAULT
COEF - Allows the user to input the influence coefficients P
for the housing or other outer ring support structure,
MPROP - Allows the user to iﬁput material properties for F \
the rings, rollers, cage and housing.
OVREND ~ Allows the user to input values of roller and F

ring 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 is
.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., By default all slices
are of equal width. In many cases it may be advantageous
to specify that these slices are of unequal 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,

OOR - Used to denote an out-of-round outer ring. Operating
diametral clearance for circular ring bearings may be cal- F

culated with the program by specifying OOR = .FALSE. and
FITS = .TRUE..

10




P

AV e e LSRR i -

AT81D049

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 381 ym
(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
(see Figure 3)

None

'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.

11
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DATA ITEMS © DEFAULT
EMPLAYO - Roller end-flange end play for a bearing having ,
a flanged outer ring (see Figure 4). . 0.
EMPLAYI - Roller end-flange end play for a bearing 0

having a flanged inner ring (see Figure 4).

DIACL1 - Bearing diametral clearance (see Figure 4),

When using the FITS option (option 2) to calculate 0.
circular ring bearing operating clearance, DIACL is the

cold, unmounted diametral clearance.

KLUE - Roller geometry flag having the following four 1
possible values: ‘

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

KLUE = 2; The roller active profile is fully crowned
and symmetric about vy,

KLUE = 3; The roller active profile is symmetric about
the y-axis but will be read in by the user
(see "SPECIAL INPUT DATA").

KLUE = 4; 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 (maximum
permitted value = 50).

None

1Calculations with out-of-round components require DIACL to

be calculated. See Option 2, page 25,

12
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DATA ITEMS DEFAULT

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

PHI1 - Angular. location of the first element in the
complement, In the nomenclature of Figure 5, the angle 0.
is measured CCW positive from the bearing y-axis. This
input is in degrees.

13
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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 tﬂrough 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

ROG - Groove radius of the outer race

FLGALO - Flange angle of the flange located on the left
side of the outer ring

FLGARO - Flange angle of the flange located on the right
side of the outer ring. If either FLGALO or FLGARO is
left unspecified, then the outer ring is considered to
be without flanges.

DM - Pitch diameter
KRING - Used to define the geometry class of rings.
KRING=1; Both raceways have a flat profile (i.e.

RIG=K0OG=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.

14

DEFAULT

0.(flat)
No flange

No flange

None




KRING=3;

KRING=4
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Both raceway profiles will be read in as
user specified input, symmetry is assumed
(see "SPECIAL INPUT DATA", Option 8, page 32 ).

Both raceway profiles will be read in by user
specified input, no symmetry is assumed (see

"SPECIAL INPUT DATA", Option 10, page 34 ),

15
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CATEGORY 5 - INNER RING DESCRIPTION

CATEGORY NAME: TIRING

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

RIG - Groove radius of the inner ring

FLGALI, FLGARI - Flange angles. See FLGALO and FLGARO
in category ORING.

16

DEFAULT

0.(flat)

No flange
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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

IRIDE - Cage type flag

IRIDE = 1; the cage is inner ring land riding
IRIDE =~1; the cage is outer ring land riding

IRIDE = 0; the cage is rolling element riding
RLDC - Rail-land diametral clearance
SRW - Single rail width
RLD - Rail-land diameter

CPCLR - Cage pocket radial clearance

17

DEFAULT

+1

None
None
None

None
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CATEGORY 7 - OPERATING CONDITIONS

CATEGORY NAME: OPERS

CATEGORY DESCRIPTIOM:

Bearing operating conditions and operating tem-
peratures are given in this category. Outer ring,
inner ring and .flange temperatures are used to eval-
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 categoTry must always
be included, All temperatures are specified in degrees
Celcius. '

DATA ITEMS (See Figure 7)

SS§ - Shaft speed - RPM

BULKT - Average temperature of lubricant iiy bearing cavity
TRE - Rolling element temperature

THSG - Housing temperature

TSHFT - Shaft temperature

TOR - Outer ring temperature

|

-3
-~

IR - Inner ring temperature

l,

3

Fl1 through TF4 ~ Flange temperatures as shown in Figure 7

|

18

DEFAULT

None
100,
100,
100,
100.
100.
100.

100l
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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- 4

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 by specifying
NCODE=0,

4

ZTO, ZTI - Lubricant replenishment layer thickness® at the 7.62x10'4
outer and inner rings, respectively. (mm) 2,54x10 7 |

ZTFO, ZTFI - Lubricant replenishment layer thickness at 1.27x10'4}
the outer and inner flanges, respectively. (mm) 1.27x10'4§

'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 guidelines are suggested:

1) To avoid starvation, replenishment 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.

19
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DATA ITEMS DEFAULT
XCAV - Percent of lubricaa% occupying the bearing cavity? 5.

0. < XCAV < 100.

FRK - Lubricant friction coefficient, used in the Allen [}]° .07 N
traction model. Typical values lie in the range
0.05< FRK < 0,08.

AKN - Computer program CYBEAN uses a model developed by
Loewenthal [2] to compute EHD £film thickness in point and 50.
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

pocket-rolling element contact. If ZTO=ZTI=0, XMUCG is . 0175
applied.
XMURC - Dry coefficient of friction at race contacts., If .0175

2TO=1ZTI=0, XMURC is applied.

XMUFL - Dry coefficient of friction at the flange contact. .0175
If ZTFO=ZTFI=0, XMUFL is applied.

The following data must be included if NCODE was specified

as zero:

VIS1 - Viscosity of lubricant (CENTISTOKES) at 100°F. None
VIS2 - Viscosity of lubricant (CENTISTOKES) at 210°F. None
RHO60 - Density of lubricant (gm/cm>) at 15°C. None
G - Thermal coefficient of expansion (1/C°) None
COND - Thermal conductivity (watts/M-Deg C) None

2As 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.

'Numbers in brackets designate References listed in Section 6.
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CATEGORY 9 - BEARING APPLIED LOAD

CATEGORY NAME: LOAD

CATEGORY DESCRIPTION:

AT81D049

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

EY - Radial load in Y direction
FZ - Radial load in Z direction

THETAZ - Misalignment about the

THETAY - Misalignment about the

21
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CATEGORY 10 - SURFACE FINISH AND:FATIGUE LIFE DATA

CATEGORY NAME: LIFE

CATEGORY DESCRIPTION:

Self-explanatory., This category must always
be included.

DATA ITEMS DEFAULT
RMSROL - The RMS surface roughness of the roller (microns) .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 correcticn factor' for the inner ring . 1.

COR - Life correction factor® for the outer ring 1.

!The numbers input for €IR and COR are used to account for
improved materials by multiplying the raceway fatigue lives as
calculated by Lundberg-Palmgren methods, Typical life 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. '

The Lubricant Life Factor FL is calculated directly in the
program and applies to both the inner and outer rings.
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III. 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 i
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 fequire the user to specify additional infor-
mation. This data follows immediately after the basic catego-
rized data,
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IIT.1 OPTION 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 format 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/cm3
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ITI.2 QPTION 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
generation of the latter with noncircular outer rings are shown
in Figure 8. Input card format is specified in Figure A2,

Variables which describe the shape of the noncircular com-
ponents follow:

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

Pwax * D

4

MIN

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
e = MAX -1

(Dyax * Pun)

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, ¥,
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 nmust
be specified as follows:

DIACL={ (MEAN RADIUS OF OUTER RACEWAY) - (RADIUS QF INNER
RACEWAY SURFACE) - (ROLLER MAXIMUM DIAMETER) }x 2

NOTE: The above calculations are with OOR = ,TRUE.. Option 2
can also be used for calculating the operating diametral clear-
ance for circular ring bearings when OOR = .FALSE.. The input
card format is specified on figure A2-A and the data cards
would be placed in the same position as the OOR fit analysis
cards, Definitions of items indicated for input card formats
on A2-A are shown in FRiguve 11.
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ITI.3 OPTION 3: USER SPECIFIED INFLUENCE COEFFICIENTS

In the fit analysis described in Section III.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 housing.
The card image input format is shown in Figure A3,

'The influence coefficients, Cj, 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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I11.4 QPTION 4: USER SPECIFIED SLICE WIDTHS

CYBEAN uses a slicing technique (Ref. 3 § Ref. 7 of this
report) to compute lubricant traction at the outer and inner
ring roller contacts. Ordinarily, the slice widths are assumed
equal, however, in some instances, it may be advantageous for
the user to specify their individual and varying extent. It
may, for example, be desired to obtain greater detail at the
roller extremities.

This option is invoked by specifying SYMY = .TRUE. and
EVSLIC = ,FALSE. Since symmetry is 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 is encountered
at the roller centerline, the last at the roller end (Figurel2),

The card format shown in Figure A4 is used for input data.

28
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IIT.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 12.

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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II1.6 N 6: OVERWRITE CALCULATED (ROLLER) END RADII
WITH USER SUPPLIED VALUES

In cases where the roller effective length extends 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
rollér geometry. Again, note that symmetry is assumed, and
the user need only spécify 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 option also invokes Option 9.
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ECIFIED, COMPLETELY VARIABLE
ROLLER GEOMETRY

II1.7

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

SYMY = .FALSE. and

KLUE = 4

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 13).

Card formats for data input are shown in Figure A7,
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I11.8 QPTION B: 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.

L

The data required when exercisiug this option is shown
in Figure 14, input card formats in Figure A8, logic used is
SYMY = .TRUE. and KRING = 3,
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II1,9 QPTION 9: OVERWRITE CALCULATED (RING) END RADII
JITH USER SUPPLIED 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.

4

The format of the input data c¢ards is shown in Figure A9,
logic used is SYMY = ,TRUE. and OVREND = ,TRUE.
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111,10 OPTION 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 15.

Card formats for data input are shown in Figure AlO,.
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I11.11 QPTION 11: 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
haQing simple geometric shape. Each element is then represented
by a node point characterized by a mass, surface area, and having
either a known or an unknown temperature. The éenvironment sur-
rounding the system is also represented by one or more nodes.
With the node points properly selected, heat balance equations
are formulated by the program for the nodes of unknown temper-
ature. These equations become non-linear when there is radia-
tion between two or more 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 be solved.

If the subdivision is too crude, the results are likely to be
inaccurate.

The present thermal simulation is restricted to the treat-
ment of axially symmetric physical systems. Bearing rings for
example, fall into this category and can be represented by an
element of uniform temperature. For a component or module 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 [4].
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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,

ITtem 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) or 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,

Item 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 tempesrature solution
is not mathematically coupled to the bearing solution the pos-
sibility exists that the solution may diverge or oscillate.
In such a case, study of the intermediate output produced by
the '"Qutput Flag" option may provide the user with better initial
temperature guesses that will effect a steady state solution.
Two levels of bearing output are permitted. If IUB is 1, the
rolling element output is not required. If IUB is 2, full
bearing output is obtained.

Item 6: "Muximum Number of Calls to the Bearing Program'
(IT1). IT1 is the 1limit on the number of Thermal-Bearing iter-
ations, i.e., the external temperature equilibrium calculation.
The user must input a non-zero 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 generated heats.
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It is 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(N)i - 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" (EPZ):
The use of EP2 is explained 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 trarnsient solution terminates, Te. 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 (see
Volume I):

A

C.V
P

teer T *

"

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 = T
tiation of the transient solution.

g» i.e., at the ini-

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 ur may not be the same. The flange
numbering scheme is shown in Figure 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 distributed 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 ringand half to the cage if a cage node has been
defined otherwise, half to the bulk lubricant.

40




TS S S A T

AT81D049

Card S

This card specifies the node numbers 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

[l

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 assigned an index number via card 6 and in
describing heat flow 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 coefficient
A, 11-20 for the free convection parameters, 21-30 for forced
convection, 31-40 for emissivity and 41-50 for £luid 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 watts/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 applicable for certain other 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 b
exercised a pair of cards is used in place of a single card
containing a fixed value of o. 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
Rg» the Prandtl numbgr Pr as follows, (cf.[5]):

a = (Agi1/LIN,

b

_ ppd
Ny ® KRe Pr

where A ;; is the lubricant conductivity, L is
a characteristic length (with the units of meters)
and K, a and b are constants.

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

Option 3) a 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 P

This card defines theheat flow paths between pairs of nodes.
Every node must be crianected 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,
L, 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, L, 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.

e b o A g g

Conduction of heat through a bearing is controlled by index
51. 7The 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 data is structured such that all user supplied
information, e.g. bearing geometry and operating conditions, are

printed first. Default values assigned for unspecified input
parameters are also displayed. Computed data resulting from
the bearing analysis are then presented. Two examples are
it sl 2d representing solution levels 2 and 3 to illustrate typical
program output. The applicable cylindrical roller bearing
geometry and operating conditions are specified in Table 5.

The following program options were used in the sample

executions:

PLTRNG = .FALSE.
PLTROL = .FALSE.
MPROP = .TRUE.
THERM = .FALSE.
FITS = .FALSE.
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IV.l SAMPLE PROBLEM OUTPUT DESCRIPTION

A. Output at Solution Level = 2

The output generated at solution level 2 is presented in
Appendix D. Output contained on the first page informs the
user of the program version, and references the latest user's
manual. User invoked options for this execution are also noted
on this page.

Pages D1 and D3 present an organized list of the basic
categorized input data. Roller and ring geometry are listed
on Page D4,

Cage geometry, material properties and friction data are
listed on Page D5 along with bearing component temperatures.

The bearing fatigue life, as well as individual LlO fatigue
lives of the outer and inner rings are presented on Page DG.
The bearing life represents the statistical combination of the
two raceway lives. The raceway lives in turn reflect the
combined effects of the user input material factors and the
computed lubricant f£ilm thickness factors. The film thickness
to surface roughness ratio is used in the calcul..tion of the
lubricant life factor. Detailed information for this
calculation is given in [6].

Pages D7 and D8 list the roller raceway contact loads at

the outer and inner ring contacts as defined in the R coordinate
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frame, illustrated in Figure 16.‘ These forces include both
elastic and lubricant traction effects. Rollers are numbered
in ascending order beginning with the roller lying on (or nearest)
the bearing y-axis and proceeding counter clockwise. On Page D9,
the inner ring applied forces, moments and displacements, which
constitute the system loading information supplied by the user
are displayed. The calculated "inner ring reactive forces and
moments" are the‘resultant of the vector sum of all roller-inner
ring contacts. Load values are included with the output to
assess the degree of convergence at the lower solution levels.
In this LEVEL 2 execution, the user specified applied load was
4448N in the radial Y direction. 'The program arrived at a solution
of:

Y = 4450 N

1.69 N

]

Z

The theoretigally correct solution requires 2 = 0, and the 1.69N
residual represents only 0.04% deviation from the applied load.

The lubricant data shown on the same page is self-explanatory.
Output contained on Page D10 is for the most part self-evident.
The roller orbital and rotational speeds printed are epicyclic
since at level 2 they are not solved for. The pocket loads are
estimated from rolling element Z equilibrium force equation
residues.

The Hertzian contact stresses provided on Page D1l represent
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maximum values for the line (roller-raceway) and point (roller
end-flange) contacts. At this solution level flange-roller
contact is not analyzed. The lubricant film thicknesses on
Page D12 represent minimum values for the line (roller-raceway)
contacts. On Page D13, roller skew and tilt are presented to
the user as measured in tw¢ distinctly different reference
frames. [Note: At LEVEL 2, roller skew is not calculated.]

Calculated rnller 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 of 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, the rollers still have zero
'""absolute'" skew, however, the rolleis which lie on the axis of
rotation appear skewed when viewed from the "relative" reference
frame of the inner rving.

Heat generation rates are displayed on Page D14 for

bearing components. These data are self-expianatory.
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B. Output at Solution Level = 3

The output generated at this solution level is presented
in Appendix E. Data listed on Pages El through E8 are displayed
in the same manner as for solution level 2, described in
Section IV.1 A. |

On Page E9, in addition to applied and calculated inner ring
reactive forces, misalignment of the inner ring was considered.

At LEVEL 3 flange-roller contact can be analyzed. Flange
induced roller loads are listed on Pages E10-El1l., The numbering
scheme is identical to the one used for roller-raceway loads.
These loads are defined in the R coordinate frame of Figure 16.
Page E12 displays the sliding speé¢i magnitude at the roller end-
flange contact. The lubricant data is also represented on this

page. At level three the roller speeds are computed using the

roller equilibrium equations considering friction forces and
moments.

On Page E13, the calculated roller speeds are provided.
Epicyclic speeds are printgd for the user's reference.

The cage pocket normal force listed is that force experienced
by the roller due to interaction in the z direction with the
cage web. A negative sign indicates that the roller is pushing
the cage. All pocket loads are computed such that the rolling

elements and cage are in equilibrium, =
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'
{

Maximum Hertzian stresses are displaye&/on Page E14 for
the roller-raceway and roller-end flange contacts. The lubricant
film thicknesses printed on Page K15 represent minimum values
calculated for both raceways and the flange-roller contact,

Page E16 lists the roller tilt and skew angles. Roller
skew is calculated at this level (LEVEL 3). Roller tilt was
not considered in this particular analysis (ITILT was set to
.FALSE.). Thus,vthe tilt values presented on this page are not
calculated, rather they are estimated Uy the program.

Page E17 provides the heat génerated at the rolling element-
flange contacts in addition to the other bearing heat generation

rates.
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PROGRAM LIMITATION AND SPECIAL CASES

CYBEAN is a design tool. As with any tool, successful
use requires awareness of intended applicability and inherent
limitations.

LIMITATIONS

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

1)

2)

3)

The bearing complement may contain no more than
fifty (50) rollers. However, this version of

CYBEAN has been dimensioned to accommodate a

203 x 203 array of partials [COMMON/BIGC/C(41209)].
This corresponds to only 28 rollers. The rest of |
the program is structured to accept up to 50 rollers.
To execute CYBEAN with more than 28 roliers, the

C array needs to be expanded. The equation to

use in computing the array size is:

DIMENSION = [7 X NUMROL + 712
NUMROL = NO. OF ROLLERS

The /BIGC/ common appears in the following subroutines:

PARDA, PARDER, SOLV14, SIMQA, WRITC,
MINT, CINT, RINT, RINFIT
Flanges may be specified on the outer or inner
ring, but not on both 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.
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4) This edition of CYBEAN does not accept externally
imposed axial loads.

5) Extremely light radial loadingl, wherein a single

roller interacts with the inner ring, will cause

error termination, '

6) 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 (for OOR = .TRUE.)

B, SPECIAL APPLICATIONS
Some special applications of CYBEAN are:

1) 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.

2) 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 row

1o current estimate used to determine the minimal radial load is

Pmin = C/50. i

Here, C is the basic (AFBMA) dynamic capacity and P is the
minimum radial load.
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3)

4)

AT81D049

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.

The program is capable of properly directing roller-

to-raceway contact load vectors automatically, in those

cases where roller and/or ring profiles have small
radii of curvature,
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This Profile May Be
1) Raceway Profile

2) Outer Ring Outer
Ssurface Profile

3) Housing Profile

-l

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

2) Outer Ring Cuter
Surface Profile

3) Housing Profile v

FIGURE 10: VARIABLES USED IN DESCRIPTION
OF A 3-LOBED PROFILE.
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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 ROLLEk Roller Geometry Data Yes
4 ORING Outer Ring Description Yes
5 IRING Inner Ring Description Yes
6 CAG Cage Description Yes
7 OPERS Opqrating Conditions Yes
8 LUBE Lubrication Data Yes .
9 LOAD Bearing Applied Loads Yes
10 LIFE Fatigue Life Data Yes

. T N TR
. o

72



?

RS RS SUNDIPS S

<y
-
L=
a “gNEL° = 430D TTANYXT ‘ITIVIMVA TVDION0OT = 1
b T0° = YFANDD HIANVY T ‘HTIVINVA IV = ¥
g G7 = XVKLI :9T7dWVX3 “ITIYTIVA JI94INI = I € °o°T ‘ddAL ITAVINVA Ol SYdddd IdAL;
T M ¥0D ) | T 1 INTEX
| ‘1 q ¥1D --- q na
SNOMDIN tSE” ¥ JOSINY gONVTII ON q o4V
SNGUDIN #SZ° b IS JONYII ON I 01v914
SNOYOJIN Z£0Z~ q T0USIV EAN (3e1¥) 0°0 q 904 ININO
0°0 a4 SHTIVIUVA TIV avol ‘0 b TIHd
. S I SN
SLTO q 9INX
. T 1 anTy
0°0S i XY )
. 0 d TIVIA
£0°0 q b b1 .
0 q IAvV1dd
%S A AVOX ‘0 q OAVTdd
MW ,_0IX0LZ°T q 1417 o 1 X
RN ,_0IX0LZ°T d 0117 L % b
KN ,_0IX07S°Z d 117 o q ITa
KK ,_01X0Z29°L d 01z L 4 01T
(669SZ-T1-1IN) ¥ I JA0IN 14901 L b b
00,001 A AL (*ut ST)uu-T8E d THAS
Jo 001 d €A1 (~ut gT)uw-Y8¢ d WHdS
ke 3,001 B ZaLl -—- b 404
nnmw 20,001 a4 141 -—- A 1IN
u< D,00T | g d1d o= ah a110d AITION
<3 J.00I A qal L ISTVA 400
a gs1vd 1 W THL
0,001 q ILAHSL . )
- % 4STVd T 0HDH
< J.00T d JSHL -gSTVa" 1 T04LTd
mm. 3,001 q AL -q ) .
© O X STVd 1 9NYLTd
o 0,00T q ng oo
® w o X SS SHI0 4s1vd T SLId
o0 ~ANdLe 1 DITSAT
- q aTy “gIMmiL° 1 AWAS
_——— d MiS ~dSTVI" 1 aNTIAO
-——= 3 2aTd *gSTVd " 1 dOu dis
(Burpry Sury IoUUL) T+ I A 141 9vV3 ~gSTIva” 1 190D 319201
JONVTI ON q TYVOTd "HRIL 7 e
JONVTI ON q ITV9Td ‘ - d HIANOD
( (3e13) 070 q 91 INT4I & 1 xyigely A0S
INTVA = E TNVN IWYN anIvaA IdAL INYN JIWVN
110vaad TTIVIEVA X0991LVD 1I0vaag ITIVINVA | A4099LVD

STTAVIUVA (II4103dSNO 04
7 919vVL

SHNTVA 1Tavidd




.-

2r
w
2s 2
oo 2
iz =z
4 [ >
] ‘
m..nru. *A108931®2> g4NT ur A1s3eredos indur ST NJV “UOTIBRWIOJUT JA0ON Fo 3xed 30N,
2°81 rA3 A ZST°0 0°1 1°S 0°82 669€Z-T-TIN 14
191y
6"tz 0Ly L 6TT"0 62°1 €TV ¥-sz TeuaydAtoq €
: 8T 2602 ZST°0 S6°D A 8°LT 9808, -T-TIN z
- 9c€ g STI"0 88°D 0°8 0° %9 TTO Texsuly T
v SNV (9) (@N02) (o90HY) (zS1A) (Is1A) ddAL (4a0DONJ
! *4330D 5 OT Jo/T Jo/E/M gu2 /u3 (5,012) (d.001) INVO TN ENT YIINAN
M SSANNDIHL NOISNVAXT ALTATIONANOD (d,09) D,68°86 Do8L°LS INVOTYENT
WIIZ 40 °4130D TV IHL 3.95°sTa (s2) ALIS0DSIA
TVIRIFHL XLISNHa OILVHANIX

SINYOTHENT ¥N0d 40 SATLIIJ0Nd

74



e B o SEEEEE

IV "ML = WYFHL SNOILVINDTYD TENIVITIWTL L
¥ = ONIYX A130u09y Jury
0TV pPue -gSTvi" = AWAS TIV Fo 3Indujl xasf 29
@ | "EMIL" = QNTHAO TIpEY
S 6V Pue  ~d0dl° = INXS Pug pPaleIndTe) 9ITIMIAAQ q9
—t
o ¢ = 9NIX £Lx13swo9y 3uty
> 8y : Pue  “dniL" = XINAS dtx3suudg yo nduy xasp ®g
LIN0T9 INTIY 9
¥ = 907X A139w09) IVTTOY
Ly pue  -gSIvVi- = XNAS TITV Fo 3nduy zasp o5
oy "ML = ONTIAD TIpeYy pug
nnmm oY Pue  “IMIL" = XWAS Po31BINDTB) SITIMIAN(Q qs
(T]
=3 ) ¢ = dNTx A139wo9y 193TTOY
MR, Sy pue  INIi- = ANAS d1x3ouudg yo nduy xasf) 2g
- ,
mm A1IN0I9 ¥ITTI0U S
.
85 : “ASTV4A" = JI1ISAd SUIPTM
1A Pue  “INYL - = AWAS 92TTS Fo Indul xasq 14
"ML = SIId SIUSTDOTIFF30D
£V ~ PU®B  “IMIl" = 430D ssuentyul 3Induy xasp g
Yev "9S7WET = Y00 “TAMILT = SIId SUOTIBINDTE) 9DUBIEIT) ULIOFISF BZ
A4 *gngL-= YOO ‘"IMIL" = SILId SUOT3IBTNOTR) 3ITJ WIOFIdJ z
) sot13xadoxg
‘ v ‘ML = dOYdN TeTIale 3Induy Iasf 1
¥ XIANTddV NI NCILdO TIOANI OL @IS 21901 NOILdO WVI90ud IoNINOIS
MOT9g "9I4 g4S
LVIRIOd Q¥v) INdNI

YIVG LOANI TvVIoddS 40 NGILVZINVOUO
¥ GTaVL

75




o e BRI LR S A e e

AT81D049
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 (0.,5746)
Flange Angle .6 deg.
Outer Race
Outer Dia. mm (in) 164.65 (6.4760)
Raceway Dia. mm (in) 157.08 (6.1842)
Width mm (in) 23.9 (0,942)
Rollers
Diameter mm (in) 12.65 (0.4979)
Length - overall mm (in) 14,56 (0.5733)
- effective mm (in) 13.04 (0,5133)
- flat mm (in) 8.40 (0.3307)
Crown Radius mm (in) 622.3 (24.5)
End Radius mm--(in) 381.0 (15.0)
Number 28 |
Cage ‘ i %
Land Dia. mm (in) 137.95 (5.4312) §
Axial Pocket Clearance mm (in) .020 (0,0008) i
Tangential Pocket Clearance mm (in) .221 (0.0087) !
Single Rail Width mm (in) 4.6 (0.8 ) i
Operating Conditions 'é
Shaft Speed 20,000 Tpm 3‘
Bearing Radial Load 4450 N (1000 1b)
0il Inlet Temperature 366.5K (200°F)

Misalignment of Races 0 deg. and 0,0833 deg.

Lubricant MIL-L-23699
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B,1 BASIC EQUATIONS*

B.1.1 Heat Conductioy

The rate of heat flow qci'j(W) that is conducted from node
b4
i to node j may be expressed by,

oy N
ti and t, are the temperatures at i and j, respectively, Ai 5 the
L)
area normal to the heat flow, (mz) L;s: 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:

///,ﬁ)j Fig. B-1
A + A
A

R e M
/ * Ai
A‘ . = %ij
. , 1] zi/xl + zz/xz
! 2
i e > L,. = % + R
ij 1 2

The calculation of the areas will be discussed in Section B.l1l.5.

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

B:1
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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 R
1,25
* * . t - ta 4 . hod 0
qu,J = ai,j' Ai,j l i J! SIGN (tl tj)
where
' 1, if (t, - t.) 20
steN = ¢ T LT
"'1, 1f (tj = ti) < 0
in which

a2 1.25° .
2,5 « 10 " w/m” - (degC) for hot surfaces facing
upward and cold surfaces facing downward

d55 = 1.4 - 102 W/m2 - CdegC)l'zs for hot surfaces facing
downward and cold surfaces facing upward
2

1.8 « 10 W/mz - (degC)l‘zs for vertical surfaces

. must be estimated by referring

For other special conditions, %5

to heat transfer litezr ture.

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

5

is the convective heat transfer coefficient.

Yi,j = %,j A5 (51 - ¢

in which aij
Now, with a = G350 introduce the Nusselt number

.. oL
Ny, = =%
the Reynolds number :
R = y_li :
e v 5.
and the Prandtl number 5
P = pv’p
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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 the plate
length in case of a flat surface (m).

U 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).

A is the fluid thermal conductivity (W/M°C)

v 1s the fluid kinematic viscosity (Mz/sec]
is the fluid density (kg/ms)

C. is the fluid specific heat (J/kg°C)

"3

For given values of Re and P the Nusselt number Nu and
thus the heat transfer coefficient may be estimated from one of
the following expressions:

Laminar flow along a flat plate: R, < 2300
N, = 0.323 /R, . /P

u
Laminar flow of a liquid in a pipe:

- 3 . D
N, = 1.36 /R, + PL(D)

where D is the pipe diameter and L the pipe length

Turbulent flow of a liquid in a pipe:

. .n0.8 3
N, = 0.027 - R; /P‘;

Gas flow inside and outside a tube:
- n z p0.57
Liquid flow outside a tube:

; 0.5 , 50.31
N, = 0.6 R P

G
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Forced convection from the outer surface of a rotating
shaft

] 2, p 10,35
N, = 0,11 [ 0,5 R * P.]°

where thezReynolds number R, i1s developed by the shaft
w Wr D
Re Y
in which o is the angular velocity (rad/sec)
D is the shaft diameter (m)

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

by,

D COSmS 8! ] };i;\(pr) 1/3

Hs

o = 0,0086 (X [1 3

using + for outer ring rotation
- for inner ring rotation

in which N 4is the bearing operating speed (rpm)
D is the diameter of the rolling elements (mm)
d is the bearing pitch diameter (mm)

m
B is the bearing contact angle; zero for c¢ylindrical

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

Ugi,5 " PViy Gp (g - tg)
vij is the volume rate of flow from i to j. It must be observed
that the continuity of mass requires the following equation to
be satisfied .

EVij = 0
provided the fluid density is constant. The summation should be
extended over all nodes i within the fiuid which have heat

exchange with node j by fluid flow.

B:4
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B.,1.4 Heat Radiation

The rate of heat flow that is radiated to node j from
node i is expressed by

Ari,i = 81,3 {(t; + 273)" - (tj + 2737}

1y]
where
T. = t. + 273,16
) ) 75.1
T, =ty 273.14
and the value of the coefficient §; . depends on the geometry and

the emissivity. or the absorpt1v1ty of the bodies involved.

Fo,» radiation between large, parallel and adjacent sur-

faces of equal area, A i and emissivity, €y 5 Si j is obtained
’ y
from the equation
§. . = €, . CA. .
1,] 1,] i,)

where o, the Stefan-Boltzmann constant, is
o = 5.76 « 10°8 w/m?/ (degr)®

For radiation between concentric spheres and coaxial
cylinders of equal emissivity, €4 §. . is given by the

Ly 8y
equation ’ &
RS O i
§4j A, -
1+(1l-e, .)KTLL_
1,] i3
]
where 0 is as above Ai 3 is the area of the enclosed body and
»
A*. . is the area of the surrounding body, i.e., A, . < A*
i,j 1,) i,j°

Expressions for 9, that are valid for more complicated

i,]
geometries or for different emissivities may be found in the

heat transfer literature.
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B.1.5 Calculation of Areas

is

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

Ai,j = anm + AT

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

A,

i,j

L

I

5 = Ar = r2 - rl

In the case of heat transfer in the radial direction,
is obtained from the expression

A, . = znrm *Hy Ly = v 3 L

1,] 1 m’ H

2

and similarly for the radiation term above

in
1s
as

T
m

* = TrH
A*, ., 21 mH

which H is the length of the cylindrical surface; where heat
conducted between i and j, T
above (Fig. B-4 (a)); where heat is convected between i and j,
is the radius of the cylindrical surface (Fig. B-4(b)); where

is given by the same equation

heat is radiated between i and j, r_ is the radius of the enclosed

cylindrical surface and T,

m

n* the radius of the surrounding cylin-

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

B:6
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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
forward.

*

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

. —

s ;

B:

Additionally, the volume and the specific heat at
For metal nodes this input is straight-
However, when fluid flow is being considered there is
no easy way to approximate the fluid nodal volume in a free

However, through use of CYBEAN

7

i H —
LLLLELLLL .
\\\\%\\\\

r Tm
1

— —

Fig. B -4 (c)
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APPENDIX E
SAMPLE OUTPUT
SOLUTION LBVEL = 3

SKF TECHNOLOGY SERVICES
SKF iNDUS TIIES. ING.2




AT81D049

ORIGINAL PAGE 1S
OF POOR QUALITY

S+ JUSWLEOET = 13
ZLAIUCHLEOL T = Y
T+ 300l 66SE" = TN
CC+300GO0THE™ = IS
SU+300000THE" = ol ds g
ch+30000EECY " = U3y
2H+302%T9GHT" = LY
20+309998921° = ooy
HWITIGH
SHOYIIN SIHINL *HIIHL YIAVTI *HSINIId3Yu
siiva sLiva SHivH *H3IS 1V3H
MdY udy 0319S
QIYVALS WH-1N A3YvNUS SIHINI-4 *4303) *SIA °S$SS34¥a
2 S33da3a 4 $33y930 JUOLVEIALS L
~ SHOLMNIN-WH SONNTd=-HINT IH3WOK
QIUVYNLS HH/*S1H 1Sd SSIULS
a34n3 kH/Z°SIN g38nJ S3HIN1/°SH1 A1Isnic
3 §33us30/1 4 S3a3a/1 =dX3 TYWYIKL 406 *430D
SHoLRIN SuNnud 33804
SkYUHSOIN syn1s SOV
SHOYIIR SIHIN] SSINNIIHL LI
SHUILIWITVIIN SIHINI H1SN3Y
JT¥L3W HS119N3
uuuuu —
i siien m “
. £

SISAIYNV 3HL NI G3¥2IGISNOD 10N SI L1L
T€  I3A3T 1V GIINI3XI KVEIOU

SLIKO 31813k NI G31HM3S3¥d viva v

G3S0t S311¥3d0N¥d IvIY¥3ILlvW 03002

SkigIr. 3217S wvAl3

SIXy=A 1No8Y S3IYi3W039 Suly aliv U3ITTI0¥ JIYLIWHAS

13344351 SKOILdG wVHsOYd

GYOQTSIV °ON 1H0d3¥ 4 % S *TysG 03LV0 *T NOISIAZY E 3WAT0A -
2204T8Y “ON L¥04TY 4 ¥ S ¢ §//0 03ivo %0 HOISIAIE T IWAI0A -
STITANVH S, ¥3ISN 9NIAGTI0S IHL HLIN NOISH3A SIHML 3SN

2 YIAULNAN NOISYIN ~ VSVN/NV¥IHAD
¥YSYNsuv 38 2AD »

*aNI S3julsnani ANS  HOISIAIQ XA4¢070nHI31 « VL ¥ h / L ¥V 3 8 A D v »s



$G=3CH0TLGLH® = 11z
L G~3C00LHS0R™ = 012
y 10-306000C2T° = SYaHX
g 00+3000612 1" = GNOD
~ ) T0-30000TSHL" = q
, T0+300020107T" = ggony
y 10+00G600TS" = ZSIA
3 o : 20+300000082~ = ISIA
: < be = 3003
3 2 38073
mw aNTs

o0
= Z0+300060€SE” = ydl
= < 204300000556 = cdl
ZU+3J00VU00ESE" = 241
20+30006GOSTC = 141
. 26+300000556" = HIy
. 20+300C005T6° = el
20+300C00556° = 14HSL
Z0+30000055¢" * 9SHL
29+300000556° = qpl
20+3600605SC0" = INIfU
So+30C600008° = ss
BUI40T
s
T+ = a¢Iyl
- 00+3C0066022° = ¥i2dd
00+3000092HS " = 3078
. T0+300002L5h" = KHS
N m £0+324HTSELET " = a7y
o - 5y3%
; Mnu |A— CHYt
‘ M w 00+306000009° = Inwved
80+300000609° = Iv31d
=5 30+306000600° - 1Y
=0 aH1¥ie
Gl s

M.u\ +

m W I+ = OIL¥Y
- CO+ITCYICLHT® = wa
. 20+300000059" = O¥vO1d
26+300000C0%8" = pIved
< 09+3G00G0RG0" = 90H
9M140%
LR ]
10-3J00000KES* = 1AVd3
00+30C000G0C* = CAVId3
O+ ILBULYSLE~ = v
CO+IALBRLYSLE® = 1%
U0+3000000G0° = TIHd
S+ = aH
yz+ = 0wk
1+ z anx
00+30060002E1" = IovIe

B:2




AT81D049

™
. jaa]
ot -
—nbu z chat
< D
o O 10+300UG0NCOT" - N
A 10+3C8000C0T" = )
=L O 00+3000G%cct = HISEYH
Zz 0 00+3000052G1° = NCSHH
©% 0G+300002CuT* = 6MSKY
EA S 231
o0 a7
- 10-30005ESSE" = Zeiay
. 06+362060000° = Aviang
00+30000060C" = 24
b0+ 3006ERELY = A3
YOI
un 3L
. 19-32000C0005° = s0MY
0+ 3d000A0EH T = NAY
10-300000621° = ganuY
1o-390000007 = %y
1t+300nan0eTe = 1¥Ix
£0~3000u4Y0H" = 1317
. £e-36008%5ah" = 0417

|
1
]



AT81D049

ORIGINAL PAGE IS
OF FOOR QUALITY,

cg+p0000002* (hd¥d) 023dS 9NIY ¥3INNI googcaooe (¥d¥) 033d4S SNIY ¥3IL1NO

069"~ 3a1S 1H91Y ) [1]13- R 361IS 14371
(S3IIW9IGISNIB HINNI Q3ISNYI3 w03 2T9Mv 3skvld

<+
(SNYIQYYE-Z)hGeI00" (SNvigvi-1)ocaocoo® SINIWNGSIIWSIK 0314123dS mm
69T 68T YALIWVICQ EIlle
000" ¢*u*133UNLVAUND IOVH 1)1110g (*u=C)3¥ALVALND 3IVY

vive ShIY¥ B3NNI ONv H3LING

8T S$33I1S AVAIIVE-¥3T10H 40 ¥ISWAN IVIOL g2 SH3TI0E 40 BIELNN
gogieT” 33638V31D Ivul3Rvia :
150° (*¥°I) AVid OK3 600" (*¥°0) Avid OK3
g0G-TES (1HITYH) SAIAVYY 3IUIHLS ON3 E0°TEE (143 SAIGVY 3IYIHLS ON3
- . 181100 SSYH ¥IT0Y
£=229 SNIQVYE NAMOY3J oowet H1SNIT L1v1d
gep*sl  (*¥°I) HI9N3T 3IAILI3343 9¢a*CT  (°¥*0) HISN3IT 3AI123443
r49°21  ¥313nvia WAWIXVR ¥3ITI0M 296 &1  HLON3T Tviol ¥3ITNGH

vivg 43108

vYySYH/sZRY3IEAD »  *3NI S3IwiSNaNI 4NS NOISIATQ AS0IONH23L = ¥ S Y N/ NV 38 A3 = ==



S N

e

e

s i . st el b P

AT81D049

OHIGINAL PAGE IS
g? POOR QUALITY

B N

bt

LTEel o 66l £ Ehl L hel &l 6° 661 Sl TR CrECT LR T 671

Tt ¥ape 2hISndn I SVYHE & A2HYN: € ashyly € 3TRYIa U 320%74 SHITIGE <Y ¥3ING ShI¥ L3UNI

(£ S334930) IIRVREGALIS INI¥YIG 01 INVAITIY L3uNiveIcRil

oTD" ALIAVI 9KI¥v3g N1 JANT 40 NOTLOvYd

002 €T “MOLIVS SSINHIIHL WITJ IENT YSv A

eLo0" IN3IDI44300 NOTLDINS SHILINIT vevh
. 00+30%* 3aNVI4 *H-I 00+90%° 3IGNYVIL *¥eC
00+30%°  30vY H3INKI 00+%0v° . JIv¥ ¥3IIN0

SSIMNJIHL BIAvT INSHHSIN3Z1A3YL

vivao MOILDERJ

10+l - To+gre 10+8L° 10yl 10«62 AlIstia MM w
. B0-I1* ®0-11° Y0-11° »0-11° LY L & S zc~w2<nxu TVHYIHL 40 * 3300
oge ag- 0z (1} 9 og- 0ilvy S«hOSSIUd

90+02" 90+02" S0eg2* 90+02*> 90+02" ALIDILSYII 30 SNIN0G. ;

*9SH *3~y *y¥*1 *y*0 e L3 | |

S3I1¥3dCGUd IvI¥aLlvwW

" SL10* INOILIDIY¥L 40 IN3IDI34303 L3I¥d0d 39va
. 0092HE* JIDNIWVVIID W¥IInYIQ ghv Tivy
EL5* & H1GIR IvY 319NlS €GB LST ¥ILBRVIG GNYT vl

e B

gog* 149136 3£vD
oop-. € d0¥S A¥IINMGIS IINIUYITI 13NIcd 3€yd
122" 1 dNO¥I K¥IBKGIS IINILYITD 13¥3cq 3av)

SRIGEY GRYT 9KIY¥ YINMI-IdAL

Vivo 34v)
¥YSEVYHN/Zav3Igio *  *INI S31¥ISNGNT d¥S  NOISTIAIQ AS0I0KHIIL + ¥ SYR/RBRYVYIHLI &

(R



st anid

AT81D049

¥YS¥R/AHYIEAD

»

0561 11 2 A
.M.H .w.m

LH3IRITI SNINTIOY G30v0T ISIAAVIH HOS
0I1vY SSANHINO0E 3Iv4¥NS (L SSIRMNITHL KILd

000°T . 000°% AR 6251
wxe] “¥*0 *¥*1 “Yy* o

SUIITAILINN 33517 LALNI ¥3sn SUGLdvd KOLIDNGIE 3417 3enT
BOHT* 34171°309TLvd ENI¥V3E

o461 ONIN¥YIH KO 3ISHIS

D2y aNIYH ¥3ENL

gG+IC SAIY Y3IN0

¢SHHISIAIT 3M91ivd 0T-1

=9NI SITVISAONT 43S NGISIAIQ AS0IGNHIIL

« VS YR/ NV3IUEgAD

E:6




AT81D049

i

: , 00+REC*® goo* 204964 10+G8E" ho+l12L* pp+2eic~ Ve
: 10-128° g803a* 204981~ 10+9L8" €0+pege" 10-THI"~ Ie
o c0o0* pgoe goo* ~ 000* 000" 800 52 #
- m [ihh 2 062" 000" coo" gogG* oego* &e
TS gog* pGa* ggo* . cooe seoe coce %2
O d gog-~ gege go0e pgo* oceo* 00" e
<D S00° 260° goo* 600< coce 200° &
o 0oy Gaue sgo- GOGe o0g° uoo*® e o~
. a06- 3Ga* odd- cese acge caas ae E
=< o oog*e 580° - 300 Gac* tGo* Leee &1
=0 aca- 335 sog* aso- 030" a06"* =1
o Gacs . Goo- 3ao0- 006" 433" puae L1
: X w HIvh s Goo. 300" 608G 0c0-° J00° 51 =
| o0 G<ce GGo- GGo* co0- ThEiad sos* 51
; Joge HTh L hhl 000" A Q06" iyl
gace Gag* GGo* 20G" 005" 8350- 1
aG9- Suu® 300 caue TR r9oe ¢l
0o0" Bon* aGe* 860" GOG" ooce it
; aage eoGe 0uoe u3oe 600" G6oQ-. 31
' eco* i 600° aot- 0G0~ gcee ¢ ‘
626" gag* 600° oao- oco- 369 g
gou* gu* 800" cgo* oGo* 200" L
29G* 960 oco* UG ocse c¢8o° 9
ooo* eG9" 800" udo0" 000" so0° 5 i
000 0to* gco* goce gce* aoo- 5 ;
10+691° 10-242°- - cU+L8T~ T0+L0%" £0+€6E" po+sGeL” Yy b
10+502°* 10-£65° 20+22E~ 10+199° 20+0cT" I0+bgio— 2 M
10-2e%* goo* 2U+0bL >~ E9+G€1° £04GCT" ooe- 1 ]
Z-% A=w X-H 2-4 A= ; X-d ¥37170d

) ONIY ¥3INND JIHL 1lv SQVO0T 1JvINOD AVIM33vY ¥3TICY

; ¥S Y RrRsNY3IF A2 = “JNI S31¥lsngui AXS  NOISIAIG ASCGIGNHI3: » ¥ S YV N 7 RV I 8 AT » =~



AT81D049

ORIGINAL PAGE IS
OF POOR QUALITY

10+€L8°~
T0+9¢€¢*~

UL R
g00*
gog*
300
ago*
g00°
goo*
agae
gGoe
gag*
80&-
063°*
gee-
auoe
ago*
goge
gog*
gco-*
Gae*
gog*
vooe*
goo*
1111 g

CO+1ST"
To«0LT"
Te-9LL"

pAd

\!

T0~T25*~

t0a*
goa*
goa*
goo*
82110
0GJd*
0ga*
308"
1111 2y
ggo*
L1 L0 R
oca*
goo*
geas
gou*
aga*
0Gl*
gco"
gooe
ceas
gon*
00G*
goo*
00J*

00+2ET"
00+2cIé~

géa-

A=k

VSYN/ZHNVY 3IHAID

¥ °OJNI S3Iyulsnacni

T0+8LG*~
T0+TTE"-
00+LbH"
g0+00¢€°*~
T0+H6E*~
TOoO«LTIE"
00+0G6°~
TO+LET*
00+CT L~
10+681"
00+229°~
00+g6L"
I0+L31"
10+882*~
0CeTCL"~
00+0LL"~
T0=-CHL"
To+IE s~
T10+L62C°~
T0+L1E°~
00+206°~
00+TLE"~
T0+H52%~
T10+92¢°*~
10+10¢°
T0+65H*
10+01I8°
TI0+89T1°

Z=4

CHI¥ ¥3INC 3HL tv SAQVOT LIVLINOD AVEIOVY ¥31710Y

dMS NOISIAIG A40T0NHO3L

Lo+uT2~
H0+G2T*~
Lo+LC6°~
E0+LE6~
CU+ICE"~
Co0+LE6°~
CO0+LE6°~
CL+LSE~
CO+LE6~
CO0+LER

S0+L86°-

Co+LCE"~
E0+2¢6°~
CO+/CE"~
tU+LE6°~
SO+lEn"-
E0+LEE~
CO0+LER "~
CO+LFE"~
tU+LE6°~
eo+LE6°~
e0+LCE"~
Co0+L€6°~
E€0+LTE~
Ca+l€6*~
Ho+HCT*~
h0+¢1C*~
HhO0+EeHC -

A=d

S

T0+LST*
8C+565°

ogo*
goge
opo*
go0*
ooo"
goo*
0ope
0gg*
00g*
oao*
200
coo-
aop*
oog-
000
000°
goo-
oGo-
coo*
soge
cao*
coo-
ogo*

10+022°~
T0+GGE"
10-221°-

X-d

* VS VYVHN/ZNY I8 LAD

E:8

=N T INWMNA D



ORIGINAL PAGE 1S
OF POOR QUALITY.

AT81D049

(930

gco-

11111 g

€S30) T0-HbEeef”

(23c?

gogaco*

1}

(ZINOIIV1O0Y IVICGYH

(AINOILlVIOY IVIGVH

€0-8C1°- = (ZYNDILVISNYYHL vIGVY CO+E81°~ = (ZILNInCH IVICVY

T0-SL4~ = C(AINDILYISNYYL AvIGvy ZU+£65°~ = C(AMLNIKCH IWIGVY

g00* = NOILVISHYY¥L IViI¥V

S1K3W3IIVISSIC*TLNIWORE S350 SAIL1Ov3Y €NI¥% W3IRNI QZL¥I027¥2

= (Z) IN3abSIIYSIK T7IGVE goooogc*®

= CAYLIM3HE9ITYSIH IVIGYVY ccaecage

]

(Z)1N3KoK IVICYE

(A LNZHOE IVICOVYE

SIN3In3IIVIASICOSINIROHSSIIu0d G3I11dadY oRIY¥ ¥3HMI

7TSVY R /Y3 BAID s  *JHNI S3TEISAGHNI 4¥5  NCISIATCG A4CIACHHZEL

co+yGe -

EOsGhE -

To+eHS = OYOT VIXY

ggooen”

He+LEFERS "

seeeco”

. a
e s e e ke A ek MRS

e o A 4 b b A

(IJICVET AVIOvE

{23050 IVIOwY

€ZIGYCT v IcTY

(pyeve viovy

= CyL7 Wwiyw

Y5 Y S RY 3 82T 2 oy



£
w
¥

AT81D049

s
ORIGINAL PAGE !
OF POOR QUALITY

et o e e Sy

0go*
Goo*
200°
ogo-
goo*
003"
goo*
883*
6oa*
ggo*
363*
goa*
902"
gua-
geas
sog"
a06°
ggoe
goa~
0sa*
pop*
a80°
goa*
coae
ceos

T0+CGI"

0guy-*
ggg*

A4

30IS 1437 *9HIE ¥3INHNI 3HL 1V SGv0 LIVINCI

vt N/ H

*JIRI S31ulsnant

740
ceo*
ogo*
coo*
oce*
aoo*
ogc*
uGo*
c60°*
gGo*
00"
oooe

ogo*

Goa*
GGo*
6Go*
oouG*
oge®
ogo*
cou*
goo*
1] 1 g
oag*
Goo*
500"
uog*
0go0*
agou*

A=3

JONVI4-043 ¥3ITI0%

NOISIAIC A900OMHI3L

£
]
L
9
)
b
¢
4
T

vVSVYN/NVIAZAD

-,

ekl




-

AT81D049

10+L9G"~
10+€2d"~
ogoe
geo*
ag0"
Ggo-*
goo*
ago*
cco-
6go*
gogo*
ogo*
qoe*
goo-
egec*
906
23111 R
geo*
000"
000
agge
.0ao*
a09°
gog-*
eoo°
goo*

OF POOR QUALITY

ORIGINAL PAGE IS

104298~

goo*

- Z-k

g0eBRC -

10-%49L°~
goo-*
¢oo*
ggoe
ogao*
ggas
000"
gees
(13571 0
goa*
goo-
goa*
g0g"~
gon-
gog*
gda-
cogo*
geue
geo*
0o0g.
gog*
0gge
goo-
(L
agoe

GOe¢LGY -~
goJ°

A=4

3015 1HoIY $aNIY

YS Y N/ eI 8AD

»

00+hO1*-

10=-0hg*-
gop-
goo*
630
ggo*
80g0°*
geo*
(11 110y
geo-
gog*
ggo-*
coo*
goo*
goo*
gog*
goo*
goo*
0090
goo-°
000"
ggo*
ego-
goo*
0g0*
ogo*

10-59L°~
gog-*

X-W

10-€52°
eGoe
ggo*
ogo-
oco*
goo*
(1] A
ceo”
000
cog*
000-
ago*
ao0°
ugoe
gop-
0go*
geoe
ggee
goo*
goe*
000
000"
geo-
geo-
eoge
8GOo*
10-2kt*
o0g*

Z-3

BINNI 3HL 1v SGY0T LIYLIKCD

*INI S3fvisnanl

I0-%41*
oco*
ocg*
gogo*
oG9 *
gace
ogo*
ggg*
coGe
goe”
¢og*
(13110
coo*
131115
goe*
GCo*
eco*
1]

000 °*-

gog*
111310
(111310
[s11¥10d
oecp*
06G*
gag*
[
11111

A=d

38hVYI2-GR3 ¥3710Y

XS NZISIAIQ ACCGIOHHIZL

»

vy3Iv L

7/ E

T0+CHT~

00+TLE°-
ape*
600
209
0co*
6go*
000"
eGa°
ceo-
LITE g
Gog-
Gog*
age™
oou-
0go*
]
Jouge
agg-
000°
ogo-
oog-
goo*
900°
066"
cGo-

TO+LTT"~
goo-

X2

23]
S

¥ 3

- )Y N A

#3710k

L4

E:11

LA



10-0€T" 10+246%  TO+69%" Fe ) e v 914
16-€T* TU+2kS*  10+€95° zsee Y € *913
1Tu-ogLe T0+265  TG+698" gse e5e z +o1d
16-051° 16+24G°  TO+E9L* zee* 6 1 e84
10-0ST* T0+265°  TO+E95* 2sL - “Su ing
. . 10-0€T° 104265 TE+E9E* 2see ik cyel M
R ;
o To-05T° T0+295°  T0<46Y5° 2ce. g6 “ue0
= HY-1N 7/
—t
e 2 71 ¢ was
B 4302 tS10d2) (%1523 € /w9) (3 93M)
< *SIA *SS3dd  ALISOISIA  ALISGISIA  SKN3 GH3IL
- 669€2-1-1H - 3dAl JHAT
vive INVIIwend
Gul*0% soo* 000" uope g2
9yT1¢ ogo° poo* uog- L2
v ouo* 0o0* soo- o00* 92
- Jpo- . . uvoo- ooue ooc* (4 o~ i
_.n-u_ M vooe 0oo* 000" voee b2 .u
<> aupe oo poo- BuG*® e m
; oo - Gou* ooe* oca* 000 z¢
pog* ocoe go0* geos z
-l o a0 soo* 060 vuc* 0e
A .
ouu* 000" voo* 000" &
= o 0 ¥
=Y auue poo* aGo* D60 ¥l
m Q00 oeo*" oon* 000* o
206 goG* pooe , 260° 91
o S Jog* ovo* : coo* ouG* g1
| T 000 oooe gou* b1
Jou* go0* gooe 066 * ¢l
avo- goo* oou* ocue 21
) pog* 000" oog* uoo* 11
- aoo* goo~ poo* goo« ot
$og* - geo- gooe aeu- L
uou® gog* L voge 4
nogs Je0° 0og* uoe. L
- pou~ 000 050° uGo* Y
a00* gogs 200" Jooe 5 )
dlye ooo* ogo* - ooL* v ,
. “Qug- gr9-2¢ cou- G0G* s
gs2eIc 000 808 aoo* 2
09 uog* 800 ocae 1
on ,V

b 974 € 9714 c 914 T 974 310 H
(OR0J3S ¥3d SHILIW) LIVINOD -3SHVII-ONI H3TI0L LV SU33dS INILITS :

vVSVH/RYIEAD w  *JORI S3ry¥isnani XS HOLISIALO AGTIOKHI3L +« v S VYV N/ NV I HEAD v se



ORIGINAL PAGE IS

OF POOR QUALITY,

AT81D049

11
gco*
eoo-
coo*
a9c*
¢eoe
gge*
gge-
Rt
i2e] 1
131312
1051 0
6oG*
L3 h
[H i
ago*
aga*
goe*
000"
15711 L
Goo*
ggo-
ago*
Ggg*
eges
{LI1]1 g
cag*
ogo*

1H3HGK
KCI1JIda-A

00+859°~
GC+g8S*
00+GHE~
G0+2EC*~
00+6G6"
po+JBL®
00+288"
00+2LG"
g0+g58¢"
QCG+hlC*
Co+BER"®
gg+p2ee
gd+9ci*®
30+ 5G"
I0+10T°
ga+ceL”
10-EG66"°
00+092C*
q90+08L"
ga+99g"
co+TLC"
00+629°~
ao+cLE"
T0+0TT
CQ+CL9"
I0+2€1°~
T0+LL T~
ID+EHTe- -

30¥0d

[ HidSlele-FLIN
S3J¥CA 13%30d 39¥I

¥SYyY N/ R V¢ 3

To+£0E*~-
T0+1gC"
g0+208°~
10+26T°*~
10+£29°
T0+01%
I0+191°*
T0+2¢C2"
00+4L6°
00+01G*
T0+891*
10+2GH"°
00+94¢
T0+24C*
T0+T€E9"
T0+25¢*
10-¢€29°
Go+09% -
TO+EIH"
T0+T1G"
10+122°
I0+0L2°~
00+GH6"
T0+818°"
10+60%€"
20+8T1°*~
41 LS R TALS
C0+6ET°~

33404
TVHYON

90+62T1*~
9C+42T1°~
ICc+821T° -
30+9211"~
gp+8e21I°~
90+5211*~
90+62TI*~
20+9211°~-
9g+62I1°*~
90+92T1°~
90+62T1°-
9p0+9C11°*-
90+62TT*~
Sp0+G2TT*~
90+821T*~
SO0+H2TT*~
90+L2T1 "~
90+42T1*~-
90+82TT*~
90+€2IT*~
90+8211*-
S0+H2TTI*~=
9046211~
EDHESWA S Sa
30+62TT*~
90+92T11*~
90+EC1T*-
30+62T1°~

0334dS
IVKOILVIOHE
¥37110Y

L0+5806"
v0+T¢06"
hO+H506*
v0+6G0&"
¢ D+BEOE"
40+T206"
4#0+9406"
+0+£¢06°
40 +080E"
H0+CC06"
40+95806°
y0+2%06°
h0+bC0E"
HO+G906°
b0+8906°
v0+3z06°
40+ L506°
vi+1506°
b0+£L06"
H0+1406°
$0+G906°
YC+bE06"
y8+L606"
0+L%06°
§0+1G06"
20+IT06*
@D+CL0E"
20+2L06"

a33ds
Tvliguo
¥371710Y

SHNOILI3T4304SAIU04 1I3VINOJI~-NOKSS033dS ININITI

E- 3 Qe -

*IN1 S3IBLSACAHI

448 . NOISIAIG

90+CTT* 03345 ¥3T108 211342143
40+216° G334S 3€vI J3IT3421d3
o* 2464 TIVWYOk GV 29v]D
heGeh 3INGH0L IKRIATHG 35vI

*BEi6 G33dS 3¢vd G31VIADTIVD

€0+256" oo
e 0+526" coge
£0+526° (11111354
£0+926° 0006*°
£0+2€6° 000"
€6+316° gog~
go+2ce” 006°
£g+126° goo*
co+0ge" 000
c0+12C6" 066"
co+2ee* coo-
$0+3ce* 006"
€0+526* goo*
c0+L26° 060"
co+8Z6° Ga0*®
g0+226° agg*
£0+826"° (11110
€G+CZ6° gage
£a+0C6" oog*
co+CTE" ocG*
cO+LcE" ceo-
c0+126" 11154
Co+ncE" aogG*
co+H¢6" 066 *
Co+426° 006"
£0+516° 0og*
CO+ECE® goce
g0+6C6° oop*
334064 NOIL1J371430
AvIGIIUIR3D EN1¥
¥37176Y ¥3aine

S GNITTI0YW

ASONGNKI3L » VS VvV Ik /s NV 38 A2

¥Z
12
g9c
S

R
o

¥e

NN O N
v e et O OO

2 e N
L o B B I

Lo Rt I (o TR B - ol o

BITI0Y

[



AT81D049

POOR QUALITY

ORIGINAL PAGE IS

OF

20+G621*
co+GEL"

oege
oo
aeo-
aeg*
gog*
1] 1)1 0y
11110
[1]1] 10
goo-
geo-
aee*
aoge
acae
ago*

oco*

gce*
gae*

aoe*

000
goo*
sope
0go0*
_poge
0g0*

CO+CLT®

ogo*

¥ 973

13111 0
goo*
goo*
¢ao*
0go-
880"
Ggo*
ogo*
[1]:11 0
gog*
oog*
goo-
gog*=
61131 0
Qoa*
oo~
ogo*
gao*
ooo*
ago*
0Go*
eua-
13:71 0
aon*
aog"

co+102"

oga*"
aga-

£ 974

ZRY 3I8AD

geo"

goo-

geg-
ogo-*
apo*
gaog*
g0o*
(311
goo*
ggo*
goo-
ooo*
goo*
gag*
(1£1]1Rg
111] 1 R
oco*
oeo-
goo-
goc*
Qoo-°
apo*
geg-
Qoo-
goo*
0go*~
0go*°
gao-

2 9714
1IVINDD 39NVYIJ-ON3 U3ITTI0H ONV 3IvH-UY3ITT0¥ LV SSIYLS LIVINOD Zi¥3H

*INI SIIYISNONT

E 3

ggo*
06y
goe*
aoc*
ago*
ago-°
gao*
egg*
0goe
aco-
ggo0*
cgo*
g0o*
Goo*
ago*
(11 ] i
gog*
ogo-
cge*
111 1he
geco*
(U1} 1 A
gge-
goo~
ggg-
goo°
ggeo-
aoc*

T 974

0+ H5TT*
CO+50e "
co+cce.
€a+¢08"
co+c08"
c0+£CHB"
geecOy"
go+c08"
€0+g0E"
¢d+COY"
c0+¢0E"
co+gogR"
co+C08"
co+¢0E"
¢€0+508"
c€0+gCB"
£oegOY"
cO+gOH"
ce+20E"
co+c08"
sG+goB"
g£0+g08"
CO+5GE"
co+goE"
€0+508"
CO+0CH"
HO+H11"
LO+I2T"

3ovytc

ROISIATQ ASO0TIONHI3L

* ¥V S v k&

CO+1C6"
cp+26%"°

gog*
age*
ogg*"
g0
goo*®
pope
geg*
oecos
goo*
206"
100"
tee*
0o0o*
geg*
ago°
ogo-
L3131 g
eaoe
gug*
Q60"
oQo*
ggee
gog-

$o+8LE"
CO+0E6" » ~~
t0+£01°

3JvdcI

/ NV 3 84D

8¢

-0 MY S UYAD I

¥3ITcy

"y

E:14

|
i



J

X

i 27,4~ g

AT81D049

ORIGINAL PAGE IS
OF POOR QUALITY

10+106" goo- aon* 000° 0o+GHE" 00+08¢" de

To+cEG " 000° oon* 0oo* 00+904° 00+91h* L2
sec* soo* ogop* 500 00+515° voo*" 52
6o0* goo* oon- pog* G0+9T," oco* 5¢
oeo* goa* oo 0oo* 00+51%* goa- ¥2
ocoe 00y oon* 000 00+514° uoo* ge
aoo* 000° aog* 000 00+916° 0Go* ze
ooo* ooo* 00D cooe aG+ST4* - oo0* 12 wn
goge 200" 0o 000* 00+91%* 000" ce i
ooge ogo* - oope ooe* J0+G1h° 600" 51 b

. seoe ogo- oop* oog* 20+914° voo* Wi = ,

cog* . oga* gop* goo* BC+GT6 oog- LT w
gage goo* gop* coo* 00+910° ouo* 51 i
ecoe coa* gon* ooo* 0C+STH® 0go* eT ;
cose oGae oope 006 00+91%° goo* L3
ceo* oo0* oop* 00p* 00+G14° cooe £1
cop* o0D* oope 000 00+916" vog* 21
cogs ogo* ooo* ooo* BO+STH* oco* 11
260 ogu* 0gD* ooo 06+9T4° 600 o1
ceo* cog* oose 8og* 00+STH* goe* 6
soo ooo* agp* 0oo 00+516e 060° ®
ooge 0go° 00p° ogo" 00+GLy*" 0go* L
opo° goa° gap* 00D* 00+9Tb" 06o° Y ;
ooo* oGae gopn* ooge 00+GTe® 0oa® 5 |
oGo ggu*- oo 00G* 00+916" 00C* b u
ooa* T0+GEs* - ooDe goo* L0+90v* 00+81%° 1y :

10+605° oG- goo* 000°* 00+LEE" 00+0kS" e ,
cgoe gog* ooc* (] 08+LLS® GO+TLE® 1
% 974 € 914 2 914 1 934 3JvyH0 3ovyel Y310y

SS3INMIIHL WIId LNVII¥EN

LYSYRsNVY I BRI » *JN1 S3IuiSnail 4RSS  NOISIAIG ASOTONHI3AL + ¥ S VN / NV 3B AD « as



AT81D049

ORIGINAL PAGE 1S
OF POOR QUALITY

90-63¢L" - €n-c8oT" c0-8TH1°~ . S0-61ER® ¥e
g0-LEiT - #0-6¢H9" C0~-T1TET*~ £0~£G69° L
gi-6022"~ Ti-¢gcel*~ C0-LETT"- £0-t906° g
20-¢E0T ~ 1I-8201°~ £0-3906°~ co~LETY" se
60-9512° It-2001" €0-01¢S°~ 28-01I%T" &7
66-06E1%~ T1-2882°= £0-9¢2¢*~ 20-BILT" A
60-GZ94* CI-IG6E" €0-2SCT" C0-HGh1" z2e O
£0~-L596" cI-51£9°~ c0~9gce” co-RILT" 1< ~
g0-g58¢*~- . cI-clel” £0-01¢9° (415018 $ 9 B oc Ww
20-T901°~ cI-TL61%~ £0-8906° 2a-LETT" €1
80-60G1" eI-€IBI~~ 20-LE3T* fu-9906° £1
#5-%1ICT" 2I-%LT2°~ 2e-gicie £6-01¢€9° LT
GTI-G5%EL°~ gi~-g68L" -~ c0-gIeT” £0-98ce” 51
60-9324" Ci<let1*~ 20~4S4 1" £Q~H30&° - &1 .
BI-83¢L*~ go-giL9e - 20-2141" £0-5g2¢°~ 128
g0-H2HT" ci~Bg9ci*~ ¢gd-01¢1" €0-0159%~ £1
80-GI91°~ T1I-9G6G"~ CO=LEIT" €0-H906" %~ et
BU-pzh*~ cI-1061" £8-8906° co-LETT~ 11
10-Q0101° II-CL9b"~ £o-TI89" 2o-0TET*~ (1R
gO-CEo e ei-gcger~ £0-95egc" Ceo-HIHT*~ &
BG-+L68"— cl-tgcee 80-1%06°~ CO=4GHT*~ -
g¢-2301°~ IT-LSL5°~ g0-9gcge"~ 20-gIpT~~ L
LE-%TET" CT-68¢1*~ LR DS SRRl 20~GICI -~ g
B0-SL66"~ ci-68LI"~ £0-8B906"~ CO0-LEXT*~ S
20-1L8%" . ci-y22e" CO-LETT"~ £0-PI06°~ 4
90-98%5°~ 20-8L61°~ 20-TIgT" - . 20-€£9%¢° -~ £
S0-966G°~ eo-1¢21" Z0-4CHT*~ €o~£106° <
g0-G34L° - S0-thle*- Z20-4CHT"~ CO-HuLy*— 1 '
3in10sey 310710SEY ALY 3AI1vI3E .
1L ¥3T0Y E3MS ¥3T70% 1718 Y310 R3NS ¥377cY B30y e

(SK¥Igvy) L1I1 ONv A3NS ¥31ICH

YSYN/HY3IE X2 = *JNI S3IY¥ISngNI 4MS NCISIAIC ASOIOKH3I3L » ¥ 5 ¥ M / L ¥V 3 5 L 2 » =»

A



)

f‘_‘{/

AT81D049

QF POOR QUALITY,

ORIGINAL PAGE IS

E:17

b4 S3iVY¥ *N39 1v3H & *972/1713 9NITICY JC WHAS
¢ S3IVY *N39 JV3H £ *974/7173 9NITTI0¥ 40 WS
*g S31IvY *N39 1V3H 2 *974/7172 SNITGY 40 kNS
*e S31vY¥ *N3I9 LVIH T *914/7113 SNITT0Y dC wOS

*9Gg 3ivY¥ *N39 1v3R QNV 9NI¥/IVY 3S8vD

- “CHe1  S3ILvVY °N39 Lv3H *1iXd 39v3/1713 9NITI0H 40 WAOS
- *6Z0T S3Lvh °N3S L1v3H SVH0Q 1712 SNITI0Y 20 WAS

*g9g9pT  S3ILVH *N39 Iv3H LIVINGD ™“¥*I1/L713 -SNITTLY J0 WS

*I589 S3ILvy *N39 Lv3H LIVINGD “Y¥°O/LT13 EMITIGY 40 NS

S3ivyH NOILVH¥INIY Lv3B 9NIYUV3IG

YVSY¥R/NVYIEAD + *3N1 S3IH1SNONI 4¥S NOISIAYQ A9GTIONHI3L » Y S v H /&4 V3 6§40 * =



	0058A02.pdf
	0058A03.pdf
	0058A04.pdf
	0058A05.pdf
	0058A06.pdf
	0058A07.pdf
	0058A08.pdf
	0058A09.pdf
	0058A10.pdf
	0058A11.pdf
	0058A12.pdf
	0058A13.pdf
	0058A14.pdf
	0058B01.pdf
	0058B02.pdf
	0058B03.pdf
	0058B04.pdf
	0058B05.pdf
	0058B06.pdf
	0058B07.pdf
	0058B08.pdf
	0058B09.pdf
	0058B10.pdf
	0058B11.pdf
	0058B12.pdf
	0058B13.pdf
	0058B14.pdf
	0058C01.pdf
	0058C02.pdf
	0058C03.pdf
	0058C04.pdf
	0058C05.pdf
	0058C06.pdf
	0058C07.pdf
	0058C08.pdf
	0058C09.pdf
	0058C10.pdf
	0058C11.pdf
	0058C12.pdf
	0058C13.pdf
	0058C14.pdf
	0058D01.pdf
	0058D02.pdf
	0058D03.pdf
	0058D04.pdf
	0058D05.pdf
	0058D06.pdf
	0058D07.pdf
	0058D08.pdf
	0058D09.pdf
	0058D10.pdf
	0058D11.pdf
	0058D12.pdf
	0058D13.pdf
	0058D14.pdf
	0058E01.pdf
	0058E02.pdf
	0058E03.pdf
	0058E04.pdf
	0058E05.pdf
	0058E06.pdf
	0058E07.pdf
	0058E08.pdf
	0058E09.pdf
	0058E10.pdf
	0058E11.pdf
	0058E12.pdf
	0058E13.pdf
	0058E14.pdf
	0058F01.pdf
	0058F02.pdf
	0058F03.pdf
	0058F04.pdf
	0058F05.pdf
	0058F06.pdf
	0058F07.pdf
	0058F08.pdf
	0058F09.pdf
	0058F10.pdf
	0058F11.pdf
	0058F12.pdf
	0058F13.pdf
	0058F14.pdf
	0058G01.pdf
	0058G02.pdf
	0058G03.pdf
	0058G04.pdf
	0058G05.pdf
	0058G06.pdf
	0058G07.pdf
	0058G08.pdf
	0058G09.pdf
	0058G10.pdf
	0058G11.pdf
	0058G12.pdf
	0058G13.pdf
	0058G14.pdf
	0059A02.pdf
	0059A03.pdf
	0059A04.pdf
	0059A05.pdf
	0059A06.pdf
	0059A07.pdf
	0059A08.pdf
	0059A09.pdf
	0059A10.pdf
	0059A11.pdf
	0059A12.pdf
	0059A13.pdf
	0059A14.pdf
	0059B01.pdf
	0059B02.pdf
	0059B03.pdf
	0059B04.pdf
	0059B05.pdf
	0059B06.pdf
	0059B07.pdf
	0059B08.pdf
	0059B09.pdf
	0059B10.pdf
	0059B11.pdf
	0059B12.pdf
	0059B13.pdf
	0059B14.pdf
	0059C01.pdf
	0059C02.pdf
	0059C03.pdf
	0059C04.pdf
	0059C05.pdf
	0059C06.pdf
	0059C07.pdf
	0059C08.pdf
	0059C09.pdf
	0059C10.pdf
	0059C11.pdf
	0059C12.pdf
	0059C13.pdf
	0059C14.pdf
	0059D01.pdf
	0059D02.pdf
	0059D03.pdf
	0059D04.pdf
	0059D05.pdf
	0059D06.pdf
	0059D07.pdf
	0059D08.pdf
	0059D09.pdf
	0059D10.pdf
	0059D11.pdf

