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Introduction:

Noise spikes have been observed in servo data files from severa antennas. It
IS believed that these are aresult of friction within the elevation drive
systems hardware. These have become evident because of the improved
performance of the elevation servo system and its housekeeping data. We
can’'t say whether thisis anew problem or has been there all along, but
unnoticed. The elevation drive system hardware was reviewed to find the
source of these noise spikes. Also to understand possible causes of the
performance problems with antenna 8's and problems experienced while re-
furbishing antenna 2's lead screws. This review has centered on the:
Bearing selection, bearing lubrication, the assembly process and the drive
systems alignment to the reflector weldment.

Bearing analysis.

The Elevation drive assembly is described on SMA drawing number

10151760000with its parts listed on Bill of Material number{10151760001.

It is assembled using SMA procedure number|40151760000.

Thereisaset of FAG bearings number 29422E used to position the
elevation drive screw. These bearings are used to carry al the resulting loads
for Reflector positioning. The bearing type is a Spherical Roller Thrust
Bearing. This type bearing is rated as having excellent axial load carrying
capacity with poor radia capacity.


http://sma-www.harvard.edu/private/doc_view/10151760000.pdf
http://sma-www.harvard.edu/private/doc_view/10151760001.html
http://sma-www.harvard.edu/private/doc_view/40151760000.pdf

Bearing data:

Dimensions. ID = 110 mm, OD = 230 mm, Ht. = 73mm

Load specifications: Cyyn = 212,000 Ibs. Cgaic = 630,000 Ibs.

Number of rollers = 15, Roller diameter = 33 mm, Roller length = 41.9
Pitch circle = 194.092 mm, Contact angle 50 degrees

Operating speeds.

Slew speed: 2 degrees/sec resulting in ashaft rotation speed @98 RPM
Sidereal speed: 15 arc-sec/sec resulting in a shaft rotation speed @L.2
deg/sec (0.205 rpm).

The expected bearing loads (Ibs) are:

L oad sources: Top bearing: Bottom bearing:
Preload 1500 1500
Reflector unbalance 1569 (20°) 359 (zenith)
Mis-alignment 42 42
Temperature (Ibs/F°) 3268 3268

Totas ~ 63791bs. — 5169 1bs.

The worst-case load occurs in the top bearing and therefore is the basis for
the bearing analysis. The load per Roller is 6379/15 = 425.3 | bs.

The load calculations are as follows:

Mis-alignment cal culation:

The alignment specification (40551680000) allows + 0.25mm when the
drive nut is closest and = 0.50mm when away from the motor. The distances
to the nut center from the pivot rotation center for these conditions are 531
and 1536 mm respectively. The 1536mm is for an elevation of 80 degrees,
which is the angle usualy sited during alignment. The worst-case angle
results when the nut is closest to the drive and is 2.69x10 degrees. This
angulation results in alength change between the bearing centers of

4.9 x 10" inches. The net spring constant (K) of the bearings, shaft, housing
and shaft/nut threadsis 8.6 x 10" Ibs/inch (dominated by the threads).



http://sma-www.harvard.edu/private/doc_view/40551680000.pdf

Therefore the expected mis-alignment load is:
Load =K x DL or (8.6x 10") x (49x 107) = 42.14 Ibs
The expected temperature load per degree difference can be computed by:

DL = Lox DT x CTEsrer.
DL =45x (1) x 84 x 10°
DL =.000038 inches/deg F

This length change per degree produces an increased load (or reduction) in
the bearings of:

Load = (8.6 x 107) x (3.8 x 10°) = 3268 |bs/°F

For analysis, a positive 1-degree difference is used. However, severd
degrees of temperature difference are possible. Thisis afault in the present
design because no temperature accommodation is present. A Belleville
spring design will be tested on Antennas' 2 and 3 lead screws, which are
presently at Haystack. Thiswill guard against the bearings becoming un-
loaded should a temperature difference cause expansion of the shaft relative
to the housing. The Belleville will be compressed to its solid height,
therefore offering no temperature compensation for the reverse case. It will
aso alow usto apply a known preload.

FAG specifies aminimum bearing preload for proper operation as
determined by the formula below.
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Where:
C isthe static load capacity (630,000 Ibs)
A isaFAG specified value for this bearing (0.0021)
Dg isthe bearings Outside Diameter (230mm)
H isthe bearings height (73mm)
N isits maximum operating speed (98 RPM)



This results in aminimum load of 1220 pounds. We have specified a preload
of 1500 pounds and therefore meet the minimum recommended pre-load.

FAG formulafor bearing life.

10
Life = [%}[ i }
Where:

C isthe static load capacity (630,000 Ibs)
Pisthe axial load (6379 Ibs)

This resultsin an expected life of 4.6 million cycles.

The Hertzian stresses created at the roller/raceway contact points were also
calculated to complete the bearing analysis. Figure 1, shows predicted
Hertzian stresses over arange of roller loads. The Hertzian stress for our
projected worst-case load (6379) is extremely low and therefore not a
concern. All loads shown on Figure 1 are within acceptable Hertzian stress
levels.

Bearing Summary:
Analysisindicates that the FAG bearings are well within their static and

dynamic operationa range and will provide long life, provided that they are
properly assembled, lubricated and maintained.
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L ubrication analysis:

The present lubrication is a FUCHS hydraulic compressor lubricant PAO
HO 32. The question is whether thisis a good selection based on the
projected loads, operating temperature and rotational velocities for the
Elevation drive screw when operating on the summit? The data for this
lubricant and a Mobil [ubricant are given in the table below.

L ubricant Properties

Property Fuchs Mobil Units
PAO HO 32 SHC 320
API gravity 32 30.1
SAE Grade 10 90 Heavy
SO Grade 36 320
Viscosity
@40 C 32 320 centistokes
@100 C 34.6 centistokes
Spec. Gravity
@40C 841 857
Viscosity Index 135 155

The analysis follows theory provided by FAG Bearings Inc. in their
technical publication number WL 81 115/4 EA. Itsrelevant pages are
provided in Appendix A as areference. Its formulas and units were placed
into MathCAD software for computational purposes. Calculations were
made for both the present lubricant (FUCHS PAO HO 32) and Mobil-SHC
320. Caculations are shown in Appendix B for both lubricants. The analysis
results are shown in tables 1 and 2 for comparison purposes.

The worst-case film thickness occurs when the lubricant rises in temperature
(absolute viscosity thins) and operating at low speeds. The film thicknessis
relatively insensitive to load because the viscosity rises with increasing load.
Therefore, the analysis is based on aload of 6379 pounds, an operating
temperature of 20 degrees Celsius and the rotational velocities associated
with tracking at sidereal rate. The operating temperature was chosen based
on recorded Antenna motor temperature measurements.
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Film thickness versus Temperature-degrees C
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Temperature-degrees C

Film thickness versus Temperature-degrees C
Mobil SHC 320
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Tablel

Comparison of lubricant properties at tracking speed

ltem Fuchs Mobil Units
Absolute viscosity 0684 8816 N*s/M*
Kinematic viscosity 80.3 1010.1 mm‘/s
Film thickness 0.014 0.081 Microns
Load Independent moment 0.01 0.06 Ft-Ibs
L oad dependent moment 1.32 1.32 Ft-lbs
Total moment 133 1.38 Ft-lbs
Table?2

Comparison of lubricant properties at dew speed

Note: Viscositiesremain as above

[tem Fuchs Mobil Units

Film thickness 17.9 107.4 Microns
Load Independent moment 0.7 3.8 Ft-1bs
L oad dependent moment 1.32 1.32 Ft-lbs
Total moment 2.02 5.12 Ft-1bs

The Mobil SHC 320 lubricant has EP additives where the present Fuchs
lubricant doesn’t. EP additives provide extra wear protection (lubricity) by
combining with the bearings metallic components. Bearing manufacturers
encourage their usein heavy load and/or slow speed applications.

L ubrication summary:

The goal was to achieve FAG' s recommended minimum film thickness of
0.1 microns for our worst-case operating load, temperature and speed, while
not excessively increasing the (lubricant) viscous torque. Figures2 & 3
show temperature performance for both [ubricants. Clearly, the Mobil
lubricant is better suited for our gpplication. It increases the film thickness
be a factor of 5.7 with aresulting total torque increase of 2.5. Although, we
didn’t achieve the 0.1-micron thickness at 20° C it is achieved at 15.8° C.



Technical summary:

The Elevation drive system requires precise aignment and assembly to
operate properly. The aignment tolerances are achievable; however require
that the alignment procedure(40151760000|be followed. Mis-alignment
causes stresses to be created in both the drive nut; drive screw and elevation
drive bearings resulting in an increased frictiona torque. Elevation drive
mis-alignment was reviewed in 1997, where atrandationa over-constraint
was reveaed. Mis-alignment will also cause the motor and tachometer rotors
to tilt within their stators. Thistilt is not a problem if alignment tolerances
are achieved; however if contact occurs then damage will result. Precise
alignment then is extremely important to the proper operation to the
Elevation drive system.

Elevation drive assembly is essentiad to its proper operation. Tolerance
studies have revedled that it is possible for the shaft to extend beyond the
motor side bearings face. If this condition exists, then the bearings will not
be preloaded by the torquer’ housing, as designed. Thisis a possible cause of
antenna 8's elevation “banging noise”. Another problem is that the assembly
procedure calls for the oil reservoir to be partialy filled (@45%). The
bearings lubricant coverage therefore varies between 30 to 70% over the
elevation range. At Zenith, the top bearing is @30% covered and the motor
bearing is @70%. These ratios approximately reverse at 20 degrees
elevation.

The elevation drive bearings are operating well within their design criteria
and should provide excellent performance over the lifetime of the project.
However, they require proper [ubrication and maintenance to ensure this.
Mobil SHC-320 gear lubricant testing is plan for Antenna 1. It will be
installed the week of March 23-28, 2003. Antenna 1’ s servo performance
will be monitored thereafter to determine if improvement has been
accomplished. Also we will measure the lubricants operating temperature.
Thiswill aid in subsequent work should the servo noise spikes persist and/or
bearing wear particles be observed in the lubricant. Analysis verifies that the
present lubricant is insufficient and thisis also supported by a Fuchs analysis
of an oil sample taken from Antenna 3's elevation drive, where bearing wear
(metalic) particles are present.

10
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Lubricant in Rolling Bearings
Functions of the Lubricant in Rolling Bearings

1.1.2 Lubricating Film with Oil Lubri-
cation

Main criterion for the analysis of the
lubricating condition is the lubricating
film thickness between the load transmit-
ting rolling and sliding contact surfaces.
The lubricant film between the rolling
contact surfaces can be described by means
of the theory of elastohydrodynamic

(EHD) lubrication. The lubrication ur-

der sliding contact conditions which

exist, e.g. between the roller faces and lips
of tapered roller bearings, is adequately
described by the hydrodynamic lubrica-
tion theory as the contact pressure in the
sliding contact areas is lower than in the

rolling contact areas.

The minimum lubricant film thick-
ness h,,, for EHD lubrication is calculat-

ed using the equations for point contact
and line contact shown in fig. 2. The
equation for point contact takes into ac-
count the fact that the oil escapes from
the gap on the sides. The equation shows
the great influence of the rolling velocity
v, the dynamic viscosity 7 and the pres-
sure-viscosity coefficient & on h_,,,. The
loac ( has little influence because the
viscosity rises with increasing loads and

2: Elastohydrodynamic lubricant film. Lubricant film thicknesses for point contact and line contact

Line contact according te Dowson
by = 2,65 - US7 . GO . W23 R [m]

with U =mg v/(F'-R)
G =a E
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minimum lubricant film thickness in the area of
rolling contact )
speed pararmsler
material parameter
load parameter for point contact
ioad parameter for line contact
e = 2,71828..., basc of natural logarithms
k = a/b, ratio of the semiaxes of the contact areas
pressure viscosity coefficient
dynamic viscosity
v = (v + v2)/2, mean rolling velocity
v = rolling element velocity
vz = velocity at inner ring or outer ring ¢ontact
E' = E/[1 - (1/m)7], effective modulus
of elacticity
E = modulus of elasticity = 2,08 - 10*! [N/m?]
for steel
1/m = Poisson’s ratio = 0,3 for steel
reduced eurvature radius
R, =1, + rp/{r) + 12} at inner ring contact
R, =ry - rp/(ry - 12} at outer ring contact
ry =rolling element radius [m]
r; = radius of the inner and outer ring
raceways [m]
roller load
gap length or effective roller length

Appendix A-1




the contact surfaces are enlarged due to
elastic deformation.
The catculation results can be used to
check whether a sufficiently strong lubri-
[ _ cant film is formed under the given con-
= ditions. Generally, the minimum thick-
« ness of the lubricant film should be one
tenth of a micron to several tenths of a
W

wea amwfe.

micron. Under favourable conditions the
film is several microns thick.
The viscosity of the lubricating oil chang-
*“es with the pressure in the rolling contact
area.
n="g- eoP .
m  dynamic viscosity at pressure p [Pa s]
dynarnic viscosity at normal pressure
[Pas)

R e i

fereEs
-]

Lubricant in Rolling Bearings
Functions of the Lubricant in Rolling Bearings

e (=2,71828) base of natural
logarithms

o  pressure-viscosity cosfficient [m2/N]

p  Pressure [N/m?]

The calculation of the lubricating con-
dition in accordance with the EHD theo-
ry for lubricants with a mineral oil base
takes into account the great influence of
pressure. The pressure-viscosity behavi-
our of a few lubricants is shown in the di-
agram in fig. 3. The a,; diagram shown in
fig. 7 (page 7) is based on the zore a-b for
mineral oils. Mineral oils with EP-addi-
tives also have a values in this zone.

If the pressure-viscosity coefficient has
considerable influence on the viscostty ra-
tio, e.g. in the case of diester, fluorocar-

bon or silicone oil, the correction factors
B1 and BZ have to be taken into account
in the calculation of the viscosity ratio x.
*gz=%-B,-

% viscosity ratio for mineral oil

(see section 1.1.3)

correction factor for pressure-
viscosity behaviour

B,

= Oymoede o L S —]
(et values, see fig. 3)
correction factor for varying density
= Py matunic ol Prrnaca o
The diagram, fig. 4, shows the curve
for density p as a function of temperaturs
for mineral oils. The curve for a synthetic
oil tan be assessed If the density p at 15°C
is known.

B,

3: Pressure-viscosity coefficient o as a function of kinematic viscosity v, for pressures from 0 to 2000 bar
L 4: Density p of mineral oils as a function of temperature t
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Lubricant in Rolling Bearings

Calculation of the Frictional Moment

1.2 Cajculation of the Frictional
Moment

The frictional moment M of a rolling
bearing, i.e. the sum total of rolling fric-
tion, sliding friction and lubricant fric-
tion, is the bearing's resistance to motion.
The magnitude of M depends on the
loads, the speed and the lubricant viscos-
ity (fig. 15). The frictional moment com-
prises @ load-independent component My
and a loed-dependent component M,
The black triangle to the left of the dot-
dash line shows that with low speeds and
high loads a considerable mixed friction
share Ry can be added to My and M, as
in this area the surfaces in rolling contact
are not yet separated by a lubricant film.
The zone to the right of the dot-dash line
shows that with a separating lubricating
film which develops under normal oper-
ating conditions the entire frictional mo-
ment consists only of My and M.

M =M, +M, [N mm]

M [N mm] total frictional moment
of the bearing

M, [N mm]} load-independent compo-
nent of the frictional
moment

M; [N mm] load-dependent component
of the frictional moment

Mixed friction can occur in the race-
way, at the lips and at the cage of a bear-
ing; under unfavourable operating condi-
tions it can be very pronounced but hard
to quantify.

In deep groove ball bearings and pure-
Iy radially loaded cylindrical roller bear-
ings with a cage the mixed friction share
according to fig. 15 is negligible. The fric-
tional moment of axtally loaded cylindri-
cal roller bearings is determined by means
of the equations given at the end of sec-
tion 1.2.

Bearings with a high sliding motion
rate {full-complement cylindrical roller
bearings, tapered roller bearings, spherical
roller bearings, thrust bearings) run, after
the run-in period, outside the mixed fric-
tion range if the following condition is
fulfilled:

FAG | 14

n-v/ (P/C)* > 9000

n  [min"'] speed

v [mm?%s| operating viscosity of the
oil or grease base oil

P [kN]  equivalent dynamic load

C [kN] dynamic load rating

The load-independent component of
the frictional moment, My, depends on
the nperating viscasity v of the lubricant
and cn the sprad n. The operating viscos-
ity, in turn, is influenced by the bearing
friction through the bearing temperature,
In addition, the mean bearing diameter
d,, and especially the width of the rolling

contact areas — which considerably varies
from type to type — have an effect on M.
The Ioad-independent component M, of
the frictional moment is determined, in
accordance with the experimental results,
from

Mg =f5- 107 - (v-m)?3. 4 3 [N mm]
where

Mp [N mm] load-independent compo-

nent of the frictional
moment

fo index for bearing type and
lubrication type
(tabie, fig. 16).

15: Frictional moment in rolling bearings as a function of speed, lubricant viscosity

and Joads.

In ball bearings (except thrust ball bearings) and purely radially loaded
cylindrical roller bearings the mixed friction triangle (left) is negligible,

i.e. RM == (),

]
=
H
:
E . 2
% o o
5 74
z Y

Frictional moment components:

speed n - viscosity V

lubricant friction Mg,
EHD - friction in raceway,
+HD - friction at the bip } M,

mixed friction in
raceway and at the lip Ky,

11
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v [mm?/s] operating viscosity of the
oil or grease base oil

fig. 5, page 6)

n [min] bearing speed

d, [mm] (D +d)/2 mean bearing
diameter

The index f; is indicated in the table,
fig. 16, for oil bath lubrication where the
il level in the stationary hearing reaches
the centre of the bottommost rolling ele-
ment. Fj increases — for an identical d, -
with the size of the balls or with the
length of the rollers, i.e. it also increases,
indirectly, with the size of the bearing

Lubricant in Rolling Bearings

cross section, Therefore, the table indi-
cates higher f; values for wide bearing se-

ries than for narrow ones. If radial bear-
ings run on a vertical shaft under radial

load, twice the value given in the table
(ﬁg. 16) has to be assumed; the same ap-
plies to a large cooling-oil flow rate or an
excessive amount of grease (i.e. more
grease than can displaced laterally}.

. The £y values of freshly greased bear-

ings resemble, in the starting phase, those
of bearings with cil bath lubrication. Af-
ter the grease is distributed within the
bearing, half the f; value from the table

Calculation of the Frictional Moment

(fig. 16) has to be assumed. Then it Is as
low as that obtained with oil throwaway
lubrication. If the bearing is tubricated
with a grease which is appropriate for the
application, the frictional moment M, is
obtained mainly from the internal fric-
tional resistance of the base oil.

Exact M, values for the most diverse
greases can be determined in field trials.
On request FAG will conduct such tests
using the friction moment measurement
instrument R 27 which was developed es-
pecially for this purpose.

16: Index f, for the calculation of M, depending on bearing type and series, for oil bath lubrication; for grease lubrication
after grease distribution and with oil throwaway lubrication these values have to be reduced by 50 %.

Bearing type Index £ for Bearing type Index fy for
Series oil bath lubrication Serles oil bath lubrication
deep groove ball bearings 1.5.2 needle roller bearings
NA48, NA49 5..5.5
self-aligning ball bearings
12 15 tapered roller bearings
13 2 302, 303, 313 3
22 2.5 329, 320, 322, 323 45
23 3 330, 331,332 6
angular contact ball bearings, stngie row spherical roller bearings
72 2 213,222 35.4
73 3 223,230,239 45
231,232 5,5..6
angular contact ball bearings, double row 240, 241 6.5..7
32 35
33 6 thrust ball bearings
511,512, 513, 514 1.5
four point bearings 4 522,523, 524 2
cylindrical roller bearings cylindrical roller thrust bearings
with cage: 811 3
2,3,4,10 2 812 4
22 3
23 4 spherical roller thrust bearings
J0 2,9 Z9ZE 2,3
full compiement 293E 3
NCFz9Vv 6 204E 33
NCF30V 7
NNC49V 11
NJ23vH 12
NNF50V 13

Appendix A-4
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Appendix B
Fuchs PAO HO 32 Lubricant
Tracking speed Analysis

Analysis is base on present FUCHS lubricant PAO HO 32 operating at 20 degrees C,
15 arc-sec/sec speed operating in FAG bearing number 29422E.

Determine the reduced curvature Ry = 0.0165m R, := 0.097m
radius, R,
Ry= roiler radius, 16.mm
R, = bearing pitch radius, 194 mm R = Ry R,
" Ry + Ry

R,=0.014m
Determine the effective Youngs E, := 2.08-(10)" N Mg= .3
modulus, E, m’

p is possion's ratio

E is Young modulus E

Values from FAG catalog E.:= '[—2
- (7]

B, =2286x 10" X

2
m

A tracking speed of 15 arc-sec per sec. is used as the basis for calculation. The change in lead
screw length per degree of elevation change (averaged over the range from Zenith to 20 degrees
elevation) is 16.4059 mm/degree. Drive screw lead is 20 mm/revolution, therefore 15 arc sec of
elevation change equals 1.2304 degrees of screw rotation. Also, the bearing race is assumed
lock to the shaft.

Determine the speed parameter, U v = u.z.Rs.(]'Bm).l v, = 2.083 x 1022
7, is the oil's absolute viscosity 360 /s s
v are the component velocities
R, m
Viis | Ve v, =0.012—
Rb §
VetV
vi= —— v=7164x 1072
2 5
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o is the oil's absolute viscosity
at 20 degrees C calculated from
Mobil data

Determine the material parameter; G
a is the pressure-viscosity coeff.

E is the effective modulus

Note: FAG catalog and their lubrication
publication WL 81 115/4 EA lists the

Ng = .()6!‘54--1:]-:E

m2
U:= (11 O-V)
(E<R)
U=152x10""

1.9 .86
B:= (2—2;](?) B =0.854

LX)

a=1672% 10782
N

exponent as +8, | notified FAG and they

agree it is in error, should be -8 as shown G= (&'Ee) G = 3.708 x 10°
(6379-4.4482)
Determine the load parameter, W Q= —15-——--N Q=2943x 10°N
6379 is the estimated axiai load in Ibs cos(50-deg)
Q is the load normal to surface
L is the spherical length of roller L= .0421-m
Q -5
Wi= ——— W=216%x 10" -
(EeRrL)

Determine the minimum oil film
thickness: hyin

- 2.65-(U0'7)-(G°'54)-(W"”)-R,

m

(10°)

microns ;=

hpmin = 9-C14 microns

Appendix B-2



Calculate the frictional moment (torque) values and M values are N mm

Determine the load independant f, ;= 00000033
moment, My
where: f; taken from table 16 i 208

v is oil kinemetic viscosity

nis rpm e }E67 3
d,,, is pitch diameter My := fy{v-n) (den)

My = 15.606
Determine the ioad dependant f; := 00033
moment, M,
where; f, taken from table 17 P §379.4.4482
P is axial load (N)
Ml = f]'P'dm

M, = 1.817 x 107

Calculate the total frictional M:= Mg+ M,

Moment, M
M - 1.832 % 10°

Appendix B-3

v = 803

dpy = 194

Mg = 0.01 fi-lbs

M, = 1.32 ft Ibs

M=133ftIbs



Appendix B
Mobil SHC 320 lubricant
Analysis

Analysis is base on Mobil oil SHC 320 operating at 20 degrees C, 15 arc-sec/sec velocity
and FAG bearing number 29422E.

Determine the reduced curvature Ry = 0.0165m R, := 0.097m
radius, R,
Ry= roller radius, 16.mm
R, = bearing pitch radius, 194 mm R, = RoRs

Ry + R,

K;=0.014m .

Determine the effective Youngs E, = 2,03,(10)“ N He=.3
modulus, Eg m?
n is possion's ratio
E is Young modulus E;
Values from FAG catalog Ei= o=

[1 = (“s )]

E.=2286x 10" N
m2

A tracking speed of 15 arc-sec per sec. is used as the basis for caleulation. The change in lead
screw length per degree of elevation change (averaged over the range from Zenith to 20 degrees
elevation) is 16.4059 mm/degree. Drive screw lead is 20 mm/revolution, therefore 15 arc sec of
elevation change equals 1.2304 degrees of screw rotation. Also, the bearing race is assumed
lock to the shaft.

Determine the speed parameter, U Vg 1= n-z-Rs-[ 1'2304]-—1- v = 2.083 x 10'3 Ly
1 is the oil's absolute viscosity 360 /s s
v are the companent velocities
R; m
V= (vs-—J v, =0.012—
r

Rb S

Vi + Vs m

v=7164x% 10°"

[
w |
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Ny is the oil's absolute viscosity Mo = -3316'—.‘2'
at 20 degrees C calculated from m
Mobil data
(nev)
U=
(EcR,)
U=196x 107"
19Y/( .86
=== = 0.854
= (32 (50) ;
l'l'l2 |
Determine the material parameter;, G o= 1.9-(10—3).5-_
a is the pressure-viscosity coeff. N
E is the effective modulus
Note: FAG catalog and their lubrication _gm
publication WL 81 115/4 EA lists the o =1622x 10 N
exponent as +8, | notified FAG and they
agree it is in error, should be -8 as shown .._ (a-E ) G=3.708x 16°
- '3 = I
6379-4.4482
15

Determine the load parameter, W Q= ~—«— 7. Q=2943x 10°N
6379 is the estimated axial load in Ibs cos(50-deg)

Q is the load normail to surface

L is the spherical length of roller L:= 0421-m
Wi —2 W=2169x 107°
(ER.L)
Determine the minimum oil film ho = 2 (U°-7)( °-5‘)( “-‘3)
min = 2.654U%7)(G"**) (W™ 7).,

thickness: hyn

microns ;= ——

)

hpi, = 0.081 microns
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Cailculate the frictional moment (torque) values (N mm)

Determine the load independant fy == .00000033 v := 1010.1
moment, Mg

where: f; taken from table 16
v is oil kinemetic viscosity

nis rpm ey ) 067 3
d,, is pitch diameter Mo = fo(vn) ™ (d,)

n:=.205 dy, = 194

M, = 84.483 My = 0.06 ft-lbs
Determine the load dependant f := .00033
moment, M, .
where: f; taken from table 17 P:= 6375-4.4482
P is axial ioad (N)
Ml = f]'P‘dm
M, = 1817x 10° M, = 1.32 f-lbs
Calculate the total frictional M= Mo+ M,
Moment, M
M =1.901 x 10° M = 1.38 ft-ibs
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