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Abstract

During design and construction of the SLAC polarized LEED (PLEED) system, a
search was made for a dependable gear, bearing, and lubrication system for the
computer-controlled Faraday cup used to measure diffracted beams. Components
must be nonmagnetic, bakeable to 250° G and at room temperature must oserate at
pressures in the 10-* to 10-1°Pa range. A test system was constructed which incor-
porated a meshed pair of dissimilar pitch diameter spur gears, ope of which was
confined ta (by bushings) and rotated on a fixed shaft, while the other gear was driven
by & commercial rotary motion feedthrough which was rotated by a servo motor
driven in sine fashion with a direction reversal cvery six turns and peak speeds of
50 rpm. The criterion for a successful pair was ~105 turns, the life rating for the
feedthrough. Pairs had actual turn counts from less than 110 93, 000. Materials for
gears included stainless steel, beryllium copper, and aluminum alloys. Lubricants
used singly and in concert were MoS,, WS,, Ag, hard chrome, and 2 MoS,-graphite~
sodium silicate mixture. The successful geax pair was Ag-plated A¢ alloy and MoS,-
graphite-sodium silicate-coated Be-Cu. Subsequent performance in the PLEED sys-
tem after repeated bukecuts will also be discussed.

1. Introduction

During design of the SLAC polarized low energy electron diffraction (PLEED) system
{1}, it became apparent that a critical choice was to be made in material selection for
the gears, bearings, and lubricants used in the computer-controlled Faraday cup mo-
tions. The matcrials and lubricants had to be 1) UHV (10~1¢ Pa range) compatibie
and bakeable vepeatedly to 250¢C, 2) rigorously nonmagnetic because stray fields
would not only deflect the electron momentum but alter the polarization as well,

3) outlast the commercial motion feedthroughs used to drive the gears, and 4) be ca-
pable of volerating witkout damage both tne continuous and stepping type motions found
in this typc of experiment.

Our previous experience using 300-series stainless steel worm gearing with MoS; lu-
brication in a Mott polarization analyzer indicated that we ought to avoid using gear
pairs with like surfaces, and gears which incorporated slding iriction between teetb.
Both of these situations encourage cold weld of the teeth. We chose spur gears and
rack and pinion sets using unlike materials ae being most suitable {n these respects.

A small UHV test system was set up to test various materials and lubricants in a
purely technical sense. A range of materials and lubricants were chosen which were
Imown to satisfy I) and 2); tests would shovr which saticfied 3) ard 4).

2. Experiment

The test chamber was an 8#/scc ion-pumped cylinder of 2, 52 voliine with 2 window en
one end wid motjon feedthrough on the other. After bakeout to 250° C with gearing in
place, the pressure was < 10-? Pa, as indicated by the pump current. No pressure
gauging was used and the actual pressure was probably considerably lower thon this.

Test gearirgs consisted of spur gear pabrs of 8, 125 and . 628 inch pitch diameter, 24
diametral pitch, 20° pressure angle, The lavger gear was mounted free vetating on 2
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shaft fixed to the flange and constrained to the shaft by bushings. The smaller gear
was fixed to the rotary motion feedthrough.and set in mesh with the larger gear.

. .Spacing between the pairts teeth wes set for minimum backiash without binding (gen-

- rerally . 03 mm).

i

The rotary motion feedthrough was sine-function driven by a servo motor and speed
reducer. The driver gear made r direction reversal every six revolutions with 0,6
Hz average and 0. 83 Hz peak frequencies, Gear pairs were run semicontinuously un-
] gear or feedthrough failure occurred.

Gear condition such as chatter, tooth damage, and cold welding could be observed via
telescope, during runbing, through the window. The materials tcsted are given in

Table 1.
Table I. Material and Zubricant Combinations Employed

Test Set Large Gear Small Gear Shaft Bushtngs

1 Al +Electro+MoS, At+Elcetro W+ MoS, Be-Cu+ MoS,,
Be-Cu+Ag

2 Al+ Ag At+Electro+MoS;  Mo+MoS, Be-Cu+ McS,,
Be-Cu+ Ag

3 A+ Ag At+Electro Mo+ MoS, Be-Cu+MoS,

4 AL+WS, At Electro+77S, W+WS, Be-Cu+Ws,

5 Af+Ag 303 St.5tl. +MoS,  W+WS, Be~Cu+ WS,

6 Al+Ag 303 SL. Stl. +811 W+MuS, 304 St.Stl. +
MoS,

7 At Ag Be-Cu+811 W+MosS, 304 St. Stl. +
MoS,

8 A+ Ag Be-Cu+MoS, W+MoS, 304 St, stl, +
MoS,

9 Cu-Ni Cu~Ni Mo+ Ag Be-Cu+MoS,

Notes:  Af - 24 ST aluminum atloy
Be~Cu ~ copper alloy #UNS-C17200
Ag - . (03 am plate
WS, - air lwpact sprayed {2} (Ref. 2)
MoS, - air fmpact sprayed {3
811 - Everlube 811 {4}
Electro - hard chrome coating {5}
Cu-Ni - AP4 alloy {6]
St, Stl, - stainless steel

3. Results

The results of the varicus paix tosts are piven in Table I, Failures of the 1aeshed
teeth »esulted {rom a Lreakihrough of the lubricant aller which (ke metals welded to-
gether. Material was subseguaently torn from a tooth and carried acound the geur,
therchy dannging further teoth. The resulling tooth appearance is shown ta Fiy. 1a.

Two gear seis outlusied their respective feedthroughs, although onc of these feed-
throughs fuiled prematurely.  These aoar pairs aetually ran more easily after bake-
out than before, ‘the Sverlube 51l compeund had a dietinctly soci-like pppaarance
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Table I Summary of Results

Test Set  Total Revolutions Resulis

1 42K Tooth gougea and chips after 100 turns, cold welds
at failure; moderate wear on Be-Cu+ Ag bushing.

2 20K Gouges on small gear after 250 turns, vibratjon
after 1400, cold welds atfallure; severe wear on
Be-Cu+ Ag bushing.

3 27K Gouging and ckips from small gear after 2K turns,
cold welds at fatlure; shaft and collars in good con~
dition.

4 3.BK Gouging and chips after 25 turns; severe damage to
both gears at termination,

5 5. 4K Some gouging on small gear; insufficlent WS, on
bushings caused uneven motion; feedthrough failure.

6 31K Even wear on all parts without signs of damage;
feedthrough failure,

91K Little wear; feedthrough faflure,
8 6K Couges on small gear, breakthrough of MoS;.
9 0.25 Bare metals cold weld teeth.

after application, the exvoss of which came off afler a shoxt running period. The
cozting redistributed continmally during ronning, thereby assuring that bare metal
was never exposed to welding.

4, Conclusions

1. Pnir materials should be as dissimilar in hardness as is practically
possible.

2, Iubrfcants should be non-brittle to prevent flaking, MoS, co.tings are best
on hard materials, Ag an softest.

3. Lubricants which redeposiied during rtnuing protected gear teeth from cold
welding (MoS,, Everlube 813).

Fig. 1. Tooth nppearance et test complobion: (a) Test 4, (b} Test 7.
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A spur gear pair and rack and pinion set based on Test Set 7 were used on the cup
mechanism which hae been installed on the PLEED system for two years, crcom—
passing three one-week long bakeouts and operation in both continuous and stepping
motion without sign of failure or binding. In that time, the external bearings of the
commercial motion feedthroughs have had to he relubricated twice,
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