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Introduction: 
 
Noise spikes have been observed in servo data files from several antennas. It 
is believed that these are a result 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 this is a new 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 
10151760000 with its parts listed on Bill of Material number 10151760001. 
It is assembled using SMA procedure number 40151760000. 
 
There is a set of FAG bearings number 29422E used to position the 
elevation drive screw. These bearings are used to carry all the result ing 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 radial 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
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Bearing data: 
 
Dimensions: ID = 110 mm, OD = 230 mm, Ht. = 73mm 
Load specifications:  Cdyn = 212,000 lbs.  Cstatic = 630,000 lbs. 
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 a shaft rotation speed ≅ 98 RPM 
Sidereal speed: 15 arc-sec/sec resulting in a shaft rotation speed ≅ 1.2 
deg/sec (0.205 rpm). 
 
The expected bearing loads (lbs) are:  
 
Load sources:    Top bearing:  Bottom bearing: 
Preload          1500    1500   
Reflector unbalance      1569 (200)        359 (zenith) 
Mis-alignment                   42         42 
Temperature  (lbs/F0)   3268      3268 
Totals     6379 lbs.   5169 lbs. 
 
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 lbs. 
 
 

The load calculations are as follows: 
 
Mis-alignment calculation: 
 
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 usually sited during alignment. The worst-case angle 
results when the nut is closest to the drive and is 2.69x10-2 degrees. This 
angulation results in a length change between the bearing centers of  
4.9 x 10-7 inches. The net spring constant (K) of the bearings, shaft, housing 
and shaft/nut threads is 8.6 x 107 lbs/inch (dominated by the threads).  
 

http://sma-www.harvard.edu/private/doc_view/40551680000.pdf
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Therefore the expected mis-alignment load is: 
 
  Load = K x ∆L or  (8.6 x 107) x (4.9 x 10-7) = 42.14 lbs 
 
The expected temperature load per degree difference can be computed by: 
 
  ∆L = Lox ∆T x CTESTEEL 

  ∆L = 4.5 x (1) x 8.4 x 10-6 

  ∆L = .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 10-5) = 3268 lbs/ oF 

   
For analysis, a positive 1-degree difference is used. However, several 
degrees of temperature difference are possible. This is a fault 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. This will 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 
also allow us to apply a known preload. 

 
FAG specifies a minimum bearing preload for proper operation as 
determined by the formula below. 
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 Where:  

C is the static load capacity (630,000 lbs) 
A is a FAG specified value for this bearing (0.0021) 
Dg is the bearings’ Outside Diameter (230mm) 
H is the bearings’ height (73mm) 
n is its maximum operating speed (98 RPM) 
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This results in a minimum load of 1220 pounds. We have specified a preload 
of 1500 pounds and therefore meet the minimum recommended pre-load.  
 
FAG formula for bearing life. 
 

Life
C
P
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Where:  
C is the static load capacity (630,000 lbs) 

  P is the axial load (6379 lbs) 
 
This results in 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 a range 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: 
 
Analysis indicates that the FAG bearings are well within their static and 
dynamic operational range and will provide long life, provided that they are 
properly assembled, lubricated and maintained. 
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Lubrication analysis: 
 

The present lubrication is a FUCHS hydraulic compressor lubricant PAO 
HO 32. The question is whether this is 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 lubricant are given in the table below. 
 

Lubricant Properties  
 
Property   Fuchs     Mobil  Units 
     PAO HO 32   SHC 320 
API gravity   32    30.1 
SAE Grade   10     90 Heavy 
ISO Grade   36    320 
Viscosity 
  @40 C   32    320  centistokes 
  @ 100 C           34.6  centistokes 
Spec. Gravity 
  @ 40 C   .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. Its relevant pages are 
provided in Appendix A as a reference. 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. Calculations 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 thickness is 
relatively insensitive to load because the viscosity rises with increasing load.   
Therefore, the analysis is based on a load 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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Table 1 
Comparison of lubricant properties at tracking speed 

 
Item Fuchs Mobil Units 

Absolute viscosity 0684 8816 N*s/M2 
Kinematic viscosity 80.3 1010.1 mm2/s 

Film thickness 0.014 0.081 Microns 
Load Independent moment 0.01 0.06 Ft-lbs 
Load dependent moment 1.32 1.32 Ft-lbs 

Total moment 1.33 1.38 Ft-lbs 
 
 
 

Table 2 
Comparison of lubricant properties at slew speed 

Note: Viscosities remain as above 
 

Item Fuchs Mobil Units 
Film thickness 17.9 107.4 Microns 

Load Independent moment 0.7 3.8 Ft-lbs 
Load dependent moment 1.32 1.32 Ft-lbs 

Total moment 2.02 5.12 Ft-lbs 
 

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 use in heavy load and/or slow speed applications. 
 
 
Lubrication 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. Figures 2 & 3 
show temperature performance for both lubricants. Clearly, the Mobil 
lubricant is better suited for our application. It increases the film thickness 
be a factor of 5.7 with a resulting total torque increase of 2.5. Although, we 
didn’t achieve the 0.1-micron thickness at 20o C it is achieved at 15.8o C.  
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Technical summary: 
 
The Elevation drive system requires precise alignment and assembly to 
operate properly. The alignment 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 frictional torque. Elevation drive 
mis-alignment was reviewed in 1997, where a translational over-constraint 
was revealed. Mis-alignment will also cause the motor and tachometer rotors 
to tilt within their stators. This tilt 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 essential to its proper operation. Tolerance 
studies have revealed 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. This is a possible cause of 
antenna 8’s elevation “banging noise”. Another problem is that the assembly 
procedure calls for the oil reservoir to be partially 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 lubrication 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. 
This will 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 this is also supported by a Fuchs analysis 
of an oil sample taken from Antenna 3’s elevation drive, where bearing wear 
(metallic) particles are present.  
  

http://sma-www.harvard.edu/private/doc_view/40171760000.pdf























