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INTRODUCTION

The OU Regerrch Institute, during the contract year 1963, worked
on three gneral vrodlems and eight specific problems under the above
project, The generel or continuing problams were (A) the development
of & petrpleum base lubricant for #A~97 and B-50 aircraft turbosuper-
chargers with immroved viscosity-volatility end viscosity-temperature
characteristics, (B) development af imoroved turbosuperchargers
storago oreservatives, (C) testing of synthetic lubricant (principally
MIL-L-78"8 currently being used in the constant speed drive system,)

The specific oroblems which were suaccesfully completed and on
which final remorts were submitted wero (A) suitability of grade
1100 aviation oil after conteminatien with aviation gasoline, (B) deter-
mination of @ suitable lubricant fer uso in ram air turbines, (C) deter-
mination of a suitable lubricant for lead screws of missile attitude
stends, (D) inspection of J79/F1JL Teloflex box boarings, (E) engineering
study of ball boarings P/N VI-22L4248, (F) inevection of bearings from
air turbine essembly P/N 202280 and 202290, (G) investigation of pour
noint of refrigerator compres:or mls; (H) vrevention of freezing in
an ovenorative heat exchanger by using constant boiling mixtures,
(I) determination of a suitable high temperature lubricant for swivel . j
joints in the hot air bleod line of KC~97 superchargers,

The vrogress made in each of these areas is surmarized in the mein
body of the renort and a complete discussion is included in a suitable
apnendix, either as a final repnrt or as a year end summary of the

progress to dnte,
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STATUS REPORT ON GINERAL PROBLEMS

A, The develomment of a petroleum base lubricant for KC-97 and B-SO air-
craft turborunerchargers with improved viscosity-volatility and viscosity-
temmerature characteristics,

This problem wag e continuation of a specific problem wcrked on
during FY 1962 and arose from the fact that Grade 1065 aircraft engine
oil was recuired to furnish satisfactory lubrication to the anti-friction
bearings and nump drive gears at the operatiig temperature of 300 F,

The use of lower viscosity oils tende to decrease the life of the
turbosupercharger bearinge markedly, However, this heavy Grade 1065
0il will not permit the turbosupercharger to start without extermal
heating at subzero temmeratures, Therefore a lighter Grade 1010 oil is
required for cold starting with a consequent loss in bearing life of
these units during winter months, It was therefore decided to dowelop

a petroleum base lubricating oil which would have shear stability enough
to maintain its viscosity during service and a viscosity index suffici-
ently high to enable it to match the viscosity of 1065 at the 300 F
operating temmerature while still approeching the viscosity of Grade 1010
material at O to -10 F,

An additional vroblem in this area is with the MIL-5606 hydraulic
fluid used in 3000 pesi hydraulic systems which shows excessive shear
breakcown reducing the base oil viscosity by 30 to LO per cent and
allowing excessive wear of hydraulic pumps snd valves, A hydraulic fluid
of the equivalent viscosity-temperature characteristids but not subject
to shear breakdown is exvected from this program,

While conventional refining procedures will not produce petroleum
base lubricants of these charadteristics, the Standard 0il Company (Ohio)

has a pilot nlant utilizing a process known as thermal diffusion which

-




has produced exverimental lubricants from paraffinic base stocks bich
are of 1L0 viscosity index, A contract was entered into with Standard
01l (Ohio) Research Department to renovate their test column snd operate
i1t so as to orocuce moderate ouasnities of test lubricants of various
viscoeity and volatility characteristics utilizing base =tocks and
wpocducing finished vizcosities as enecified by our neede, (See /ippendix I
for listing of oils vrocured,) Meanwhile, another lubricant supplier
furnighed a material of Grade 1010 viscosity but included an EP
ingredient of high thermal stability, Bench evaluation of this material
indicated t-at it showod no improvement over baze petroleum oils in
increasing the loasd carrying ability of bearing races, Therefore, this
lubricant wae not recommended f~r service evaluation,

Using the thermal diffusion oils furnished by Sohlo, a mixture was
compounded which meets the Grade 1065 aircraft engine oil specification
at 300 F and has a10,070 centistoke rating at -30 F, This compounded
0il was then tested for shear stabilit& at 5,000 psi for 100 hours, No
significant breakdown in the viscosity was noted at the end of this
period, This nil then will be recommended for further colc weather testing.
Detsils regarding this development aro included in /ippendix I,

As a related nart of this general nroblem a hydraulic fluid not
subject to gheer breakdown waa exnmected to be developed as mentioned
previnusly, The oroblem ‘n this srea arose during the current year as
a result of relatively short life being exneriencecd by Vickers rotary
cam onerated niston type hvdraulic pumps, Several renorts furnished by
Dr., Cushmmof OURI nointed out deficiencies in the bearing design on the
mein shaft of this nump, In discussion with the manufacturer, Vickers

admitted that the numn wag critical with regerd to these bearings and

~3-
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stated that bearing distress woulc? te exmected if the viscosity of the
hyeranlic ~il was less then that snecified by the MIL~-5606 specification,
i. e,, 10 centietokee at 130 F, Since MIL-5606 is admittedly not a shear
statle lubricent, some fiold saemnles of lubricating oil were obteined
from operating aircreft and showed materially reduced viscosity, ranging
from 6,8 to 8 centistokes,

It was therefore arranged to utilize a hydraulic ground cart at
OC/MA and have the engineering test section run a sample of new MI135606
lubricant for a period of time in order to determine the equivalent shear
breakdewn in service, Tho hydraulic circult for this experiment consisted
of a 3,000 psi pumo, & relicf valve which dissipated the 3,000 pound
pressure to atmospheric, a heat exchanger to sbsorb the energy input
and maintain the oil at 130 F with return t~ the suction of the hydraulic

runm,  Utiliring thie tect circuit, new MIL-5606 oil, “aving a viscosity

of 10,3 centistokes, shrwed a decresse to 7 centistokes in 36 operating
hours,

To dctermine whether this was an inherent characteristic of the
lubricating oll ~r was due to the viscosity index improving polymeric
thickener, straight mineral lubricating oil was obtained from Mid-Continent
stocks poesessing a viscosity index of 97, Although this material possessed
too high a viscosity at sub-zero tempcratures for use in aircraft service,
the lubricant was matched in viacosity at the operating point, being
10 centistokes at 130 F, The circulation of this test oil for 36 hours
produced a nominal viscosity decrease to atout 9,5 centistokes, It is
believed that most of this viscosity decrease was due to polymeric
material left in the test stend from previous runs, since it 1s impossible

to comletely cloan one of thase stands before awitching to a new test

material,

-
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Therefore, it wes concluded that the difficulty was due to the use
of the polymeric VI improver necessary to obtain viscosity tempersture
characteristics required by the MIL-5606 specifiocation while using
normally refined base stocks, It is therefore considered desirable to
obtain an oil having a high natural viscosity index and it is expected
that some of the stocks to be obtained from Sohio under the development
nrogram mentioned uncer Specific Problem 3 will be materials which have
viscosities in the same range as present hydraulic oils,

Meanwhile & smaller shear breekiown avparatus was developed by the
Engineering Test Laboratorics OCAMA so that additional materials could
be evaluated, A test rig was also built by the OURI Lubrication
Laborstory., The OURI test rig consists of a hydraulic pump with built
in heat exchenger suitable for circulating oils through s restrictor
valve at oressures up to 10,000 psi and at controlled temperatures,

This pressure is substantially above that currently used in USAF aircraft
so that it should be able to evaluate materials under more severe condi-
tions then imposcd by current or prospective aircraft requirements,

To date seversl tests have beoon accomplished utilising the test
rig, both in calibrating its performance versus MIL-5606 type materisl,
and in evaluating the improvement to be expected from thermally diffused
natural high VI products,

Detailed results are included as Appendix II of this report., In
summary, these are:

1. The OURI teet stand Auplicates the treakdown history of the
OCAMA field-stand when the results are compared on a basis of equal

energy added ner nound of system fluid,

-5-




2, The rate of bdreakdown is controlled not only by the total amount
of energy absorbed by the oil, but also by tho rate of energy absorption,
Thus, the smeller nil systom stornge cepacitics and higher systom pres-
sures arc still further anproaching into MIL-5606's already merginal
capability,

3, Under test conditions of equal severity, thermally diffusecd
olls showed negligible shear breakdown. When blended to eaual viscosity
at maximum system operating tomperatures of 300 F, the untreated oils
showod slightly inforior low temperature properties, Means of alleviating

‘108e characteristics are discussed in Appendix IT,
B. Development of improved turbosupercharger storage preservatives,

This projoct is a contimuation of work done during the FY 1962 con-
tract where it was found that corrosion of the anti-friction bearings
was occurring during long time starage of turbosuperchargors. This
corrosion was acidic corrosion rather than rusting and the damage was
attributed by the OURI group to scidic corrosion from oxidation of the
rust nreventive lubricant comounda, .Although this was originslly
doubted by other investirators, it was found to be the correct conslusion
by the end of the 1962 nroject, .. =uzpcstion wes made by the supplier
of the corrosion nrotective compound that the addition of an anti-oxidant
additive known as Parabar LLl obtained from the Ennjay Division of Humble
0il and Refining Company, would prevent the oxidation and eliminate or
minimize the resulting corrosion, The addition of 0,2% of this matcrial
was therefore rocommended to the turbine overhaul contractors, Gencral
Electric Company, Ontario, California,

Base stock lubricating oil and rust preventive compound used in the
material furnished GE were obtaincd by OURI, and a series of sample oils

were prenared, Theso included untrested lubricant base, pure corrosion

.
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preventive commound, untreested corrosion provemtive blend and corrosion

oreventive blend utilising various porcentages of the anti-oxidant

material, In addition, an oxidation resistant corrosion preventive
compound, MIL-L-21260, wae obtained for comparison purposes., Semples

of each of these lubricants were used to coat a full-scale turbine

bearing such as those used in the turbosuverchargers, These bearings

were units which had been rejccted for mechanical defects by the Bearing

Inepoction Compeny, but which were not corroded, /fter being coated

with the various lubricating meterials, tho bearings were half immersed

in the test lubricant and were then stored in an atmospheric pressure

oven at 160 F, Aftexr thirty days of this test, the following observa-

tions wore madec:
Tho axidation sensitive material is the corrosion preventive
compound rethor than tho base oil, Little change in lubricant
characteristics and no corrosion are otserved in the base lubricating
oil even though no anti-oxidant hes been used, Heavy deposits
includirg corrosion nits have been observed in both the pure
corrosion orevemtivo material and in the 75/25 blend. The use of
Parabar Ll as of thirty accclerated test service minimized oxida-
tion and denosits and ossentiolly eliminated the corrosion pits
shown in the untreated specimen,

After fifty-eight deys of this test the following observations were made:
1. Previous comclusions were confirmed in that the rust inhibiting
compound is tho oxidation sensitive material which furnishes acidic
corrosion in the blend, Although material oxidation was observed
in the base lubxricating oil without anti~oxidant, no corrosive

substances were formed,
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2, Heavy corrosion and marked lubricent deterioration were found
both in besrings treated with the pure corrosion rreventive and in
bearings troated with tho 75/25 blend of oil and corrosion preventive,

3. The 75/25 blend treated with various quentities of Parabar Ll1

showed materially roduced oxidation rates, In neither caze was

any acidic corrosion observed on tho bearings,

L. An oxidation inhibited corrosion preventive oil available under '

Military Spccification, MIL-21260, also prevented acidic corrosion

of the parts and oprosumadbly would also be suitablo as a rust

vreventive comnound, It is not known whether this material would

be suitadble for uee in aircraft reciprocating engines as well as

in turbosuncrchergers,

A test, utilizing 52100 eteel counons in place of the full-scale
boarings and with =till lower amounts of Parebar LLl, to determine the
minimum troatment level at which protoction 1s obteined was also made.

As a rosult of these preliminary teets, Parebar LL1 was recommended as

an anti-oxidant for use in prevonting storage acidic corrosion in the

use of MIL-6529C preservative oils, Simultaneously, & modified bench
tost was commenced to determinc whether anti-oxicants more effective

than Paraber LL1 were available, Dctails of testing procedure and
completo rosults are shown as Appendix ITI, They may be summarized as
stating that the use of either Ethyl Corporastion Anti-oxidant 702 at

0,2% concentration or the use of EI duPont Ortholeum 30L et 0,2%
concentration nlus the uso of 0,1% duPont Metal Suppressor, will give
protection for aonroximetoly double tho 1ife of that shown by Parabar Lhl,
The uee of Ethyl 702 =oemes indicated since it has already beon extensively
field tested by AF for usc as an enti-oxidant in MIL~7808 lubricants,

afa=
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Test superchargers with the Parabar LL1 anti-oxidant were stored
at Onterio, California, for flcld tosting, These units were to be
ingoected after four to six months and overy two months thereafter
until such time as corrosion nits and oxidiszed oil deposits are observed
to oocur, An inspection after five months time revealed no ovidence
of acidic corrosion, Neither from aprearance nor odor did the lubricating
oil give any evidence of oxidation having occurred., It was concluded
that the current treatment levol of 0,2 ¥ Parabar L4l could be considered
as suitable for a minimum of five months storsge at bases in the Los
Angeles area, The next time interval for examination of a field stared
unit will be after termination of this contract.

C, Testing of synthetic lubricant (prin.ipally MIL-L=-7808 currently
being used in the constant aneed drive system,

The work on this genoral problem was concentrated on (1) determining
the desirability of single source procurement for MIL-L-7808E lubricant
for use in CSD units and (2) tho testing of candidate lubricants on the
OURI wear tester, Each of theso will be discussed below,

A single source proourement was originelly suggested by SAC and was
discussed at length by representatives from ASD, OCAMA and the OU Research
Institute at two meetingas held at Wright-Patterson Air Force Base, The
conclusion arrived at by the two conferences were as follows:

1, There is no indication from field service that any lubricant

currently on the MIL~-L~7808E apnroved list is better than any

other lubricant for use in constant speed drives,

2, It 1s iumossible at the present time to interpret differences

in physicel properties whown in the inspection tests in terms of

varible performence in the constant speed drives,

-9-
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3. The veriation botwoen two batches of MIL-L-7808E oil from a
single menufacturer is at least as great as the variation between
vroducts obtained from different menufacturers,
k. Field exveriences from the Sundstrand Compeny's test stand has
been develoved using chiefly a single source of supply; therefore,
these total test hours do not lernd themselves to interpretation as
regards to the effect of lubricating oil quality,
5. Therefore, it is impossible at the present time to recommend
a single source procurement of MIL-L-7808E on the basis of physical
tests,
6, It was; therefore, recommended that the test program be designed
to evaluate the effect of changing physical specifications on
performance in constant speed drive units, This test program
would require correlation of various physical test results on a
variety of oroposed candidste lubricants and their actual test
results in CSD units in order to determine a unit rating on the
lubricent for comverison with a reting determined from physical
inspection dete, It wea recommended that this drive testing be
done at ASD,

7. In view of the narrow range of variability set by the MIL-L~7808E

specification, it wes recommended that the attempt to procure a

satisfactory CSD lubricant not be restricted to require conformity

with the MIL~7808E specification,

The OU Reseadch Institute concurs with the recommendations made at
the meeting, As a result of this, ASD has circulated to various engineering
groups a questionnaire on quality of MIL-L-7608E lubricants., The OURI
comments on this cuestionnaire are included as Appendix IV,

~lfe




Progress in testing of candidate lubricants om’ the OURI wear
tester has proceoded along two avenues, - Initially, testing was suspended
in order to inveatigato bettor means of determining the useful life
of the test pieces on a basis othor than friction and noise levels,
Since torque meter readings did not vrove semsitive enough, an attempt
was made to utilisze vibration measurements, Due to the fact that the
tost rig is overatod at 300 F, it has so far proven impossible to find
a vibration pickun which will give an adequate electronic output
continuously at temmeratures of 300 F and above, DBecause of the
difficulties with the torque meter readings and vibration pickup readings,
the testing was continued basing uscful life on noise and friction energy
measuroments, Information collocted regarding these candidate lubricants
led to the conclusion thet the test mechine did have value in predicting
the load carrying ability of the lutricant, It was noted that the same
lubricant tested under the same conditions repcated its results with
reasonable accuracy considering the many variables that are involved,

It 18 emmhasized that this test machinc shovld be used only to differ-
entiate the load carrying abilitiecs of lubricants undergoing the same
standard test under identical conditions, This is a valuable test in
that it is economical to operate and it gives conclusive results of the
wear properties of the lubricants being tested,

In the initiel testing with the Ethyl Corporation additive AWA 29,
an increasse wes found in the antiwear properties of bearings tested on
the OURI tostor, Subseoucnt test with different MIL-L-7808 oils and
the AWA 29 additive gave antiwear properties which were worse than the
lubricant without any edritive, It was therefore decided to discontinue
testing with the AWA 29 additive,

-11-
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Of the candidate lubricants eveluated on the OURI wear tester, the
Socony Mobil XRM~1394 type II oil proved to be of superior quality in
load carrying ability, Its rating on tho tester was very significantly
higher than the standard MIL-7808 oil. On this basis, the Socony
Mobil type II oil was placed in the CSD test stand at Tinker and a
special drive evalusted using this lubricant, This special drive had
had the bearing racos coated with Molybdenum Disulfide and was run in
conjunction with type II oil. The test drive ran epproximately 3l hours
at loads up to 81 kilowatts at which timec it waes disassombled and inspected,
The beerings which were costed with the Molybdenum Disulfide showed very
1little scuffing, The drive wi'a subseauently reassembled and run for
approximately six more hours at londs of 130 KW at which time the drive
failed due to mechenicsl deformation in the drive due to the overload,
On the basis of this test, it was recommended that the Socony Mobil
tyve II oil be ueed in the CSD tost stands because of its superior
performance as a lubricant,

In addition to the testing of lubricants, an analysis was made by
Dr, Cushmen of OURI on the deeign and finishing of the several raceways
and pistons, Specificelly, threc quality and design deficiencies were
found which will minimize racoway life: (1) Inadeauate beering contact
surface, (2) poor raceway finish and poliehing pits, and (3) the black
oxide coating intended to prevent scuffing on the run-in but which
constitutes a dirt contemination of the lubricant, %The complete report
is included as Apnencix IV,

=l2a
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SPECIFIC PROBLEMS

In addition to the nrevious problems which represent continuing
areas of resnonsibility to the Air Force, the OURI group worked on
several svecific problems which were successfully concluded during the
fiscal yeer and on which final reports made to the Air Force are included
as apnendices to this final'renort on the project. Summaries of these
are given below:

A, Investigation of the suitability of Grade 1100 aviation oll after
contamination with aviation gasoline,

This svecific oroblem aroge from the deeire of the Strategic Air
Commend to extend the 1ife of reciprocating eircraft lubricating oil,
It is the policy of SAC in winter to cdilute the oil in the lubricating
system with anni‘oxhnately 12% of aviation gascline, These engines are
then ground run after being started for a sufficient length of time to
evanorate the gasoline, Tech orders recuire that at least every third
such encgine start should be accompanied by flight to onerating altitude
30,000 feet so as to fully warm the engine and evaporate the gasoline,
At the present time the orders require discarding the lubricant after
three such flighte, It was recuocsted that we determine if the remaining
traces of gasoline dilution were causing deleterious effects or whether
possibly four such orerations could be considered,

A laboratory bench test was set up for a sample of new Grade 1100
aviation oil diluted with 12% gasoline, The results show that none of
the chenges in the vhysical smecifications are considered to be harmful
t» the function of the lubricating oil and the comparison of results
betwoen one cycle and the three cycles indicates that continued
deterioration iz not to be feared, On the basis of these results,

~l3-
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a fourth onerstional cycle was rccommoended, Tho camnlete revort
including the recommendati~r: are included as Appendix V,
B. Determination of the oronor lubriceant for use in rem air turbines,

This problem arose as a result of sticking of the pitch control
mochanism in blades of ram air turbincs, This pitch control is
maintained by a set of interlocking gears held in place by ball bearings
The bearings stuck from rust corrosion due to condensation and ambient
moisture, A review of the operating conditions and the requirements
which the lubricant should meot was mede, As a result a military
apnroved lubricant, MIL-G-1092LB, automotive and artillary grease, was
recommonded a8 a satisfactory lubricant for the nurpose, The final roport
on this spocific problem is included as Appondix VI,

C. Detormination of a suitetle lubricant for lcad screws of missile
attitudo stands,

This nroblem arose whmn the North American Aviation Company specified
a vronrietary lubricant for lubrication of lead screws which control the
attitude of the missilc chuck out stend built by them and which had
ghown excessive wear whcn lubricatod with conventional lubricants,

Thoir recommendation was that a matorial referrcd to as Torko Grade
SAE SO motor oil, supplemented with an additive known as Torko Red-top
or Torko Blue~-top additive. Procurement of these materials represents
a supply problem in many parts of tho United States.

Semples of Torko motor oil were obtainod and analyzed for phyeical
and chcmical propertics, From the results of tho teat, two Military
Spocification lubricants wore recommended, The same or improved
cheractoristics should be obtained by tho use of Military Spccification
lubricent MIL-L~18L86 or by the Fodoral Specification W-L-768, With

-1! oo
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this recommendetion, the initial project on this specific prodblem was
cloeed,

The same protlom was rooponed at a later dete to have QURI furnish
consulting scrvices for the testing of the recommended alternate lubri-
cants, At the end of the project year the testing of the proposed alter-~
nato lubricants had not been completed.

et peemy P ey g

The finnl report on tho first phasc of this specific problem is
included as Avvendix VII,

b—-‘{

D, Investigation of the scrviceability of the J79/F10L Teoleflex box
bearings,

P §

This problem arose whon it becamc necessary to dotermine the
sorviceability of the J79/F10L T-leflex box bearing, /ifter analysis of
the besring asscmbly tho recommendation was madec that the bcarings be
machine tested on the Tinkcer bearing test machine before installation
into the Teleflex box, Thie bearing test, togcther with the washer
lubrication wore the only rccommendations madc in changing the assembly

of this unit, The completc engincering report is included as Appendix VIII,

E, Engincering study of ball bearings P/N VI-22L2L8,

This problem arosc when the ball boarings P/ VI-22L2L8 used in
the Vickors hydraulic motor model NR EA 1010-145-2. doveloped a roughness
after a few hours of operation, It was suspected that this is one of

the major causes of the motor failurcs, Assistance was requested to make

a full analysis of the subject boaring and recommond corrective action,
Of the five bearings subtmittod for inspection, four wore found to be
defective using the McKnight /nalyzer and DuMont LO3 oscilloscope teat
machine, The problem hore scoms tobe one of manufacturing quality which
can only be cured by ocuality tosting at the factory. The complete

Engincering report on this snocific prohlem is included as Appendix IX,

el ey
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F., Insvcction of new bearings from eir turbine repair kits S/N 1660-571~-
9158.

This problem arose when tho Air ..ccossories Repair soction
experionced difficulty in passing an air turbine sssembly P/N 202280
and 202290 due to excessive vibration, A number of new bearings were
routed to the boaring shop for inspection and were found to be defective
for various ressons, It was requested that OURI meke an engineering
analysis of several boarings to detormino if they met manufacturing
toloraences, Of the four New Departurc JOLO20 bearings submitted,
three were found satisfactory and onc was rejected es being marginal,
The comnlete remort on this spccific problem is included as Appendix X,
G, Invostigation of pour point of refrigcretion compressor oils,

This problem arosc from tho desire to util’ o e convetional vapor
compression refrigeration system in placo of air heat cxchanger cooling
for olectronic goar in cortein spccial airplancs, In viow of the fact
that the refrigeration would not be continuously required, it was
bolieved that an oporational requircment on the refrigeration compressor
would be that it be required to start at an ambicnt temperaturc of LO
to L5 below zero F, as a conscquence of having been cold soaked at
altitutde for 2 to 5 hours vprior to being called on to furnish a cooling
load,

Since the ecuipment was to be procurcd from Dunham-Bush Company of
Hertford, Connecticut, inquiry was made to their Engincering Department
regarding tho cold soak starting charactcristics of thoir comprossor,
They informed that they could not guarantee the oporation of their unit
bolow ~10 F ambiont unlcss proprietary compressor oils were utilized,
Those included Suniso Oil from Sun 01l Company, and Capella A Oil from

«lbe
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Texaco, Inc, With those oile thoy were able to operate at -35 F, but
were not certain of the ability to start at any lower temperature since
they had never utilized the unit at such temmeratures, The compressors
had been onerated at -55 F, but this was done by cooling the ambient
temmerature with the unit omerating, end with the use of Suniso 0il,

This informstion was furnished to OCAMA, At this point, the Cuban
emergency alert occurred and the project was suspended, To date, no
resumotion of the oroject has been given us, It is, therefore, believed
that the special problem is concluded and. this consitutes a final report
on the problem, |
H, Prevention of freezing in an evaporative heat exchanger by the use
of constant boiling mixtures.

This problem involved a heat exchanger which cooled blaed air by
boiling of water, The heat exchanger is in the B-58 aircraft and
trouble occurs in cold weather when the water in the heat exchanger
freezes, The trouble arises when LOO F bleed air from the engine melts
ice next to the heat exchanger tube eand then vaporizes it before the
main body of ice melts, This develops sufficient pressure to collapse
the heast exchanger tubes and destroy the exchanger,

The anelys=ie of the oroblem led to the recommendation that a
mixture of Cellosolve/water and Methyl Cellosolve/water mixture be
evaluated for inflammebility hagards, The final report on this specific
problem is included as Apoandix XI,

I, Determination of a suitable high temperature lubricant for the swivel
Joint in the hot air tleed line of KC-97 supercharger.

This problem arcse when the swivel joint in the hot air bleed line

to the KC~97 supercharger would become corroded by the action of the hot

17w
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exhaust gases passing through the duct, resulting in freezing of the
joint and subseouent breskage of the supercharger housing, It was
reauested that OURI participate in the solution of this problem by
snecifying a suitable high temperature lubricant.

By the very rature of the swivel joint, and the fact that high
temperatures up to 1700 F are involved, a coating of some sort which
would nossess lubricating cualities seemed to be the answer, Investi-
gations by NASA have shown that some inorganic compounds possess
Jubricating properties when introduced at the interfane hetween sliding
metal surfaces, In testing these compounds at temperature to 2,000 F
the compounds were considered in the renge for effective boundary
lubrication under extreme conditions if these friction coefficients
were below 0,2, Coatings which have shown considerable promise are
lead monoxide bonded to stainloss stcels with lead silicate (good to
1,250 F) and calcium fluoride coatingsbonded to nickel basc alloys with
a ccbalt oxide;, barium oxide, or boric oxide binder (good to 1,500 ¥),

The neceseary materials for mixing and applying the lead monoxide
base coating to the supercharger swivel joint were procured and a joint
was coated, The end of the fiscal year contract pericd cccurred before
further exmerimenting and tegting could be made with this coated
swivel joint,

The seerch for the Lish temperature lubricant revenlcd that in
addition to the MASA develomnments, there were two cammercially available
compounds which reportedly would be sufficient to prevent seizing, One
compound is made by the Texncone Company, Dallas, Texas, and 1s qualified
under Pratt and Whitney specifications, Another high temperature lubri-

cant is sold by Felt Products Manufacturing Company, Skokie, Illinois.

-18-
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APPENDIX 1

The Develooment of 8 Tur*osuvorcharger Lubricent from Thermally Diffused
Stocks

As mentioned in the firet nart of this renort, snecial refining
methrds known as thermal diffusion make it possible to produce pure
vetroleum stocks of higher than normslly obtainable viscosity index,
with the volatility and shear stability of the base materials,

In view of the need of improved low and high temperature character~
istics in turbosuncrcharger lubricants, the Sohio research laboratories
wore commissioned to produce a serics of thermally diffusod materials,
the resulting test lubricants being listed in the attached table,

As can bo scen from the attached viscosity temperature curves,
Grade 1010 materisl has oxcellent viscosity cha:acteristics at -30 F,
Howover; its viscosity at full oncrating temporature is of the order of
1 cs (anoroximately that of water) , thoreby being ineffective in
vreventing oxcessive bosring wear,

Mennwhile; Grade 1065 material, which has an effoctive viscosity
of L cs at 37 F, ie much too viscous at low tcmmeratures, General
mminion of lubrication engincers is that effective bosring lubricanton
and suitable oil ~umming characteristics ceacses et viscosities above
10,070 cs (about 50,000 SUS), & condition which is attained at 5 F,

The thermelly diffused SEB 78 material obtained from Sohio is
secn to be esscntially identical to Grade 1065 at high temperatures, but
decroases the minimum operating point to -13 F,

A blend of a LOZ mixture of SEN-100 (a lighter grade of thermally
diffused material) with 60% of SEB-78 produced a material which still
had a viscosity of 3 cs at the operating temperature of 300 F, This is




satisfactory for bearing lubrication since ASD has successfully completed
high temperature besring onorating tosts using thormally stable lubricants
whose viscosity at the tost temperature was between 2 and 2,5 os, The
low limit of 10,000 cs is ~30 F, with borderline operation perhaps as

low as ~L4O F,

The viscosity index of this product is approximately 129, and is
obtained purely by refining and blending, Shear stability of the product
is excellent as is shown by a test coﬁducted on the OURI shear stability
stand at 5,00C nsi for a cduration of 50 hours, This test involved an
energy dissipetion to the 0il of ap~roximately 10;000,000 ft. 1b, of
work ner vound of oil in the system, and resulted in a decrease in
viscosity of 0,58f., This slight decreaso is less than can be plotted
granhicaelly on this V-T curve,.

Therefore, it is recommended that & samwle of lubricating oil made
to theso specifications be tested in full scale eauioment either in

flight or in an environmental hangmr to determine if the proliminary

evalustion is accommlishod in actual sorvice.-




PROPERTIES OF THERMLL DIFFUSION OILS

Citcon 91106
Ton fraction from thermal diffusion column,
Sohio Number 2132-37C

Vix, at 100 F = 84,41 cs
st 210 F = 10,40

V.I, » 113
R.I. = 1,4766 et 20 C

SEB-78
Top fraction from thermal diffusion column,
Sohio number 2132-37D
Vis, at 120 F = 76,72 cs
" at 210 F = 10,25
{ V,I. = 120,5
R,I, = 1,L745 2t 20 C
5/22/63
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PHYSICAL PROPERTIES

2132-L5B ~- Urea Troated. 1% Enjay 628 and 0,L% Acryloid 710 added.

Vis, at 100 F = 18,1) cs
at 210 Fa 3097

V. I, = 135
Refractive Indox at 20 C = 1,L668
Pour Point = ~35 F

2132-L9B ~ 1,0% Enjay 628 and 0.L% Acryloid 710 added.

Vie, at 100 F = 1},68 cs
at 210 F = 3,47

VoI, =131
Refractive Index at 20 C = 1,682
Pour Point = <30 F
2132-504 ~~ 0,5% Enjay 628 and 0,2% Acryloid 710 added,

Vis, at 100 F = 1,12 cs
at 210 Fe 3019

V.I, = 90
Refractive Index at 20 C = 1,4771

Pour Point = 0il st111 fluid at -65 F

2092-7]1 ~~ Synthetic 041 -- Trans-cidecyl indimerata (didecyl-l,?-cyclobutane
carboxylate)

Vie, et 100 F = 12,74 cs
at 210 F = 3,25

V.I, = 153

Preezing Point = 4O F
Specific Oravity = 0,52920
Boiling Point = 428 F (1mm)

Flash Point (Pensky-Mertins closed cup) = LOS F

Sohio Research ~ 6/1L/63




THFRMAL DIFFUSION OILS ~ PHYSICAL PROPERTIES
(Produced for Oklahoma Resocerch Institute)

Pennaylvania Constent Temmerature Bath 01l No, 90 (Top Fraction)
Sample Numbor 2132-52A

Vis, at 100 F = 12,33 cs
et 210 F = 3,05

v.I. = 119
R.I, at 20 C = 1,45%91

Pour Point = 20 F
l Contains 0,5% Enjay 628 and 0,2% Acryloid 710
HVI-60 (Bottom Fraction)
i Sample Number 2132-17A
Vis, at 100 F = 14,54 cs
at 130 F = 8,5
at 210 F = 3,19
V.I. = 88,5
R,I, at 20 C = 1,4772
Pour Point = «65 F
Conteins 0,57 Enjay 628 and 0.2% Acryloid 710
SEN-100 (Ton Fraction)
Sample Number 2132-17A

Vie, ot 100 F = 1},09 cs
at 210 F = 3.73

V.I, = 122
j R.I, »t 20 C = 1,4680
. Pour Point = 10 F

6/2L/63
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PHYSICAL PROPERTIES

Nection 37 (Top Fraction)
Samnle No, 2132-6LA

Vis, at 100 F = 9,035 cs
at 210 F = 2,166

vnIo - 10705
R.I, at 20 C = 1,L621
Pour Point = 40 F

Humble Hydraulic 0il (Mail Fraction)
Semnle No, 2132-60B

Vis, at 100 F = 14,62 cs
at 210 F = 3,228

v.I, = 93,6
R.,I, = 20 C = 1,1653
Pour Point = =30 F

Humble Hydreulic 0il (Top Fraction)
Samnle No, 2132-55A

Vis, at 100 F = R,72 cs
et 210 F = 2,58

VoIo - 1h305
R.J, at 20 C = 1,L45%0
Pour Point = 25 F

H m*le Hydraulic 0il (Bottom Fraction)
Samule No, 2132-56B

Vis, at 100 F = 26,56 cs
at 210 F = L,201

vOI. - ,-‘005
R,I, at 20 C = 1,478

Pour Point = still flowing at -SS F




Humble Hydraulic Oil (Too Fraction -~ Feed ratio for this run one part
through top to sixteen parts
| through bottom)
t Samvle No, 2132-60A

> Vis, at 100 F = 8,93, ce
i st 210 F - 2.6h9

: voIo - 1“9
R.I. at 20 C = 1,4521
Pour Point = 20 F

Humble Hydraulic 0il (Drained from the column after the run was gompleted)
Sample No, 2132-61B

Vis, et JOO F = 10,66 cs
at 120 F = 2,818

VI, = 12h.5
R, I, at 20 C = 14572

Sohio Research - 8/16/63
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APPENDIX II

The Interacti~n of Baso Stocks and Pol%:lc Materials on Viscosity,
Viscosity Index end Vo 11ty,

In general, aircraeft lubricsnt and hydraulic systems require the

material to be fluid enough that cold starting is permissible without
epecial equipment under arctic conditions, while reteining sufficient
viscosity to be of lubricating valuc at elevated temperatures ranging
from 300 F, At those t-mporatures, most petrolcum base materials possess
an anpreciable vavor pregsure, so that tho relative volatility of the
lubricant is important, This is ospecially important in aircraft
operation where low ambient atmospheric pressuros accontuate the
evanoration probloem,

MIL-H-5606 and similer lubricating type hydraulic fluids obtain
their finali characteristics by emnloyiny a blend consisting of a
relatively small percontage of oil-soluble synthetic polymer in a base
blend of conventionally rofincd nctroleum base lubricante,

These nolymers aro usually of the acrylic type, and of very high
annarent molecular weirht rs commnred to the vetroleum nroduct, having
molecular weighte of 15,000 to £0,000 as compared to 350-800 for the
base oil, They are therefore of extremely high viscosity. The blend
therefore consists of an extremely high percentage of the petroloum
material; which contributes relatively slightly to the total viscosity,

together with a small percentage of polymer which contributes half or

more of the blended viscosity. Thus typically a 5606 blend is required

to be 10 cs at 130 F, Tt will bo blended of about 95% petroleum oil
having a viscosity of 2,5 to 3,5 cs at this same temperature, the remaining

viscosity being duc to the 5% or less of dissolved polymer,

L R o B S
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The advantage to this scheme is that the polymer edds only slightly
to the viscosity at sub-zero temporatures, thus allowing the blend to
aporoach (although not attain) the low viscosity of the lighter base
stock, while contributing strongly to the viscosity at eleveted tomp-
eratures, This property is measured normally by the Viscosity Index,
and the addition of the polymer typically increases the VI from 95 to
200 or over,

The disadvantages are two in number. Firet, tho volatility is
materially decreased, the flash point being reduced to 230 F, as
dompared to 350 or abovo for a straight hydrocarbon material of
ecuivalent 130 F viacosity; and an ovaporation loss of over 90% in 6
hours at 350 F, wheroas the eauivalent hydrocerbon would show less than
10%,

An even more sorious dissdvantape occurs in that the very high
molecularweight of the nolymers arc attained by an esscntially linear
molecular structure, Such molccules are oxtremely sensitive to size
degradation throurh mechanicel shearinr or internal vibration either from
prossure waves or thormnl agitation, This decrease in molecular size
causes a decreese in the viscosity of the polymer thereby materially
reducing its lubricating velue,

Thus, a standard shear stability tost may show a L6% roduction in
viscosity as compared with a 2-3% reduction in viscosity with conventional
potroleum stocks of tho samo viscosity at 130 F, This seme type of
degradation occurs in aircraft hydraulic systems to the extent of 30-35%
viecosity reduction during normnl service life,

The purnose of thermal diffusion methods is to attain these higher
VI vproducts by means of seolccting the sheme of the molecule without

-30-
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appreciably affecting the asize and molecular weight, Thus when an oil
is thormally diffused, ite viecosity (at the 100 to 210 P renge) is
decreased, and its Viscosity Index increased, without apovreciably
changing its volatility. The degree of success sttained today is that
Viscosity Index numbers of 130 to 1LO have been obtained, This is not
sufficient to obtain procducts whose viscosities at extremely high and
low temperatures oxactly match those nominally obtained with the polymer
blends,

Two courses are then omen, Onec ie to relax the viscosity speci-
fications either at high or low temperature to those obtainable by
thermel diffusion, thus taking full advantage of the increassed stability,
and the decreased volatility so obtaincd,

Anothor course is to utilize the highor base VI and lowcr volatility
in the TD oils as a basc stock for nolymer blends, Preliminary estimates
are that a hydraulic fluid could be made which matched 5606 viscosity-
toemoerature characteristics cexactly, utilizing a basc stock with aporoxi-
mat .ly 5 c8 at 130 F viscosity, and reruiring only about half as much
volymer in the blend, Such a basc stock would hsve over 300 F flash
noint (poseibly 330 F), thus rcducing cviporation at 350 F to a point
where at lesst some lubricating power would be retained over an
appreciable time. The shear stability would be inferior to those

atteined by the bese oils, but far superior to those of conventicnal 5606,
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APPENDIX III

To: OCAMA
From: OURI

Final Report on Oven Test Uti’]’.‘:zi: Tost Specimens to Determine Corrosivity
of Tre 53 ﬂfm&q:gz.

Based on the success of nreliminary teats on oven aging methods
of predicting acidic corrosivity of MIL-C=6529 and similar rust preventive
ICE lubricant and preservative compounds, it was decided to extend the
acope of the testing, Since the relatively large number or full scale
bearings required for the program were not cbteinable, & bench type
test was devised utilizing the following procedure.

Tost specimens consisted of samples vut from 7/8" 52100 bar stock
approximately 1/2" long. Theso samples were heat treated by oil quenching
followed by temporing in accordancc with standards for bearing race heat
treatment in order to insurc the metallurgical identity of the test
spocimens. Rockwell hardnoss tests indicated the finished specimens
to be in the normal range for bearing raceways.

After henttreating, the tost soccimens were ground and hand polished,
the final nolishing boing with 6/0 emery polishing paper, polishing
Seing continued until all orevious scratches from tho L/0 paper had been
polished out, This striated surfoce made it casy to determine the onset
of corrosive attack. The finished specimens were then cleaned in
petroleum solvent, driocd and stored in a dessicator until use,

The following oil samples were prepared for test

1, MIL-6529C concontrate

2, MIL-L021260 ICE ruet preventive finished blend

3. MIL-L-6082 OGrede 1065 base stock

L. 3/1 blend of base stock and concentrete

5, 6, and 7. 3/1 blend plus same ratios of Ethyl

8, 9, and 10, 73 lagf:qogigﬂ: same ratios of Ethyl 702

. sntioxidant

‘- 324




The first 3 samples consisted of matorial received from Bray 0il
Company as representative of the product they were furhishing to GE,
togethor with an oxidation inhibited rust preventive material for
comparison, Tho remaining materials were prepared by weighing out a
large betch of the 3/1 blend, heating to 200 F with stirring to insure
adequatoe mixing, and then adding to portions of the dlend the various
additives as indicated. After adding the snti-oxidant, ench small batch
was reheated to 200 F with stirring to insure full solution of the
antioxidant,

Each oil samole was placed in a non-catalytic aluminum cup, with
a corrosion test smecimon avnroximately half immersed in the oil, the
remeining nortion being o0il coated and exposed to air, All test spoci-
mens were placed in a froe convection atmosphoric oven maintained at
180 F,

The following results wore obtained, Corrosion followed tho
same corrosion mechanism as in the turbosuvercharrer storage ceclls,
corrosion being associated with oil darkoning; an oxidized odor and
formation of & resinous coating, Sample No, L was the most sensitive
to corrosion, being worse than eithor the base lubricating oil or the
undiluted concentrate, First corrosion depoeits were found between 25
and 30 days, indicating the safe protective life to be of the order of
20 days at these tost conditions, Both the base oil, the MIL-21260,
and all oxidation stabilized samples were untouched at 36 days test.

This test was concluded at 50 days, at which time the concentrate

showed extensive donosits and corrosion, the base oil showed slight

corrosion with no demosits, and MIL~21260 indicated some darkening
although thore was no corrosion or deposits,

The Parabar LLl treated specimons also had darkened apprecisbly

=33~
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vith the two lower concentrations of antioxidant slso showing corrosiony
the 0,125% concentration showed s1ight doposits, The 0,5% concentration
showed protection on 2 of the 3 specimens with.corrosion being indicated
on the third, It is thereforo believed that 50 days represents the
bordorline trertmont for Paratar L)1 at a somewhet advanced concentration
over that used at GE, Since untrcated oils showed deterioration and
corrosion at the 7 to 8 month level, Parabar LL1 treatment could be
assumed to be adequate for aporoximitely 1 year,

Tho Ethyl 702 ndditive showed much bettor color stability, the oil
darkening being only ebout half s intense, At the 50 day termination
of the toat; the 0,2 and 0,25% trentment levels showed perfect protection,
with tho 0,125% level showing 1ight corrosion with no deposits,

In view of the excellont corrosion protection obteined, it was
felt worthwhile to investigate othor types of antioxidant materials,
Therefore a socond sot of tcst specimons were prepared, utilizing the
following materinls, Lthyl 702 and Parabar Ll for comparison purposes;
"dilly-dap" from Carlisle Chemical Company, a sulfur containing organic
alkanes Santonox from Monsanto; a8 hindered phenol similar in structure
to 702 and LL1, but containing sulfur; Ortholcum 304 from DuPont, an
amine type (both with and without the addition of a motal deactivator);
Butyl simate and Vanlube 76 from R, T, Vanderbilt, the former being a
metal carbamate and the latter a prorrietary antioxident and rust
inhibitor of unknown composition, A1l samples were tested at 0.2,

O.L4 and 0,6% concentration, Failure by corrosion occurred at the
following times,

Parebar LLl, a1l samnles betweon 35 and LO days, This extension
of time is attributed to the absonco of oxidized oil fumes from the
uninhibited specimens,
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Sentonox samnles failed nt 30-35 dnys, end dilly-dav at LO to LS
days, being woree than Parabar or not significantly better, They are
therefore eliminated from further consideration,

The test was concluded after 100 days, Materials showing no
corrosion at this period are considered to be the equivalent of 18
months to 2 years container storage fife, Test was discontinued at
this time due to excessive evaporation of oil, so that there was
escentially no material left to cover the test specimens,

Tho best materiel from an overall standpoint was Ethyl 702, which
coneistently mrintained better color to the oll showing only about
helf as much darkening es did competitive materials, The Ortholeum
304 showed slipht corrosion at 55 days on the 0,2% treatment level,
but nassed the 100 day tost when reinforced with 0,1% metal deactivator,
0ils were very dark in all cases.

Vanderbilt Butyl simrte also nassed the test, with oil darkening
intermediate botwoen that of the Ethyl and duPont materials. However,
the proprietary miterial showed corrosion at 30 to 35 days even when
the treatment level was carried to 1,0%. Presumably these disappointing
results are due to the material being presoent in solution rather than
as 100% active ingredient as is the case with other test materiels,

Test oils were analyzed for viscosity and acidity increase, All
showed such increasses but the amount of increase at point of first
corrosion was quite varied, indicating that these tests could not be
used for detormining a danger voint in the oil,

It is8 therefore concluded that tho desired safe sborage time could
be obtained with a vorioty of oxidation inhibitor troatments at the
0,2% level, with Ethyl 7172 being first choice due to its color maintenence




properties, and its previous succossful use in Jet Engine oils where no
oporational difficulties wore found when the oils were used in engine
service, Since thesc same stornge conditions preveil in reciprocating
engine storapge, it is further recommended thet the Air Force investigate

i
i
§
the nossibility of adopting this treatmont to all MIL-6529 lubricant %
grades. ;




LPPENDIX IV

Tos Commandor
Oklahoma City Air Material Area
Tinker iir Forcc Base, Okla,
Attention: OCNE
From: Paul A, Cushmen
CURI
Norman, Oklahoma
Subject: Contract Number 3kL(601)-1L089
Order Number 3L~601-63-4
OURI Project No. 138L-L
Re: OURI Problem Number 63-5
*inker Project Reference
Thie nrojnct wus submitted by Waltor Kline 7-25-63 and reported thus
far on 8-14-A3, I* is a racewny study of the following two wobbler
racoeways, Onc raco is Stock Numbor 1650 739-0825 of immer motor wobbler
Part No, 689411, etchcd H-689L11 betwoen raceways, The other race is
Stock Number 1650 739-1839 of roller pump wobbler, Part No, 689068,
etched E-689068 botween racoways, Both are made by Sunstrand, The first
is about 6 11/16" OD ard has two chamfered raceways 1/2" wide, 7The
second is sbout 6 7,/8' OD end has two chomfored raceways 9/16" wide,
Both chambereé racewaya ere nerfectly straipht across, with curva-
tvre only in tho annular dircction. These races are scheduled to last
1000 hours, None make better than 100 hours before fatigue develops in
the raceways,
The nath of contact is about .030" wide in each raceway of Part No,
689411 inner motor wobblor, This is found by measuring the width of
the bright metallic line of the path of contect, This flat, straight
line, contact forms a *otrlly insufficient bearing area between the pin
and raccway, The desipn utterly disrogerds the ball bearing law, that
when a ball rolls in a raceway the diameter of the raceway must exceed

the diameter of the ball by exactly LF and nevor much more., The




computation must be made as follows.

The curvature of tho rolling contact pins is approximatsly 1,75"
diamoter, This oin surfaco curvaturo must be held at exactly 1,75" in
morufacture, Adding 1,75" plus .04 x 1,75" gives 1,8207, which must be
tho curvature in the racoway, This curvature cen alone provide suffi-
cient area of contact betwecn pin surface and raceway surface according
te the boaring mrufacturers' rule, The pin surface curvature of 1,75"
dinmoter provides the equivalent of a 1,75" diameter ball roteting on
a chamferod surfacc as at presont designed, The asmall contact area
botween nin surface and raceway nrovides insufficient curved area of
contact for frictionlees vin rotntion, The small contact area botween
nin surface »nd raceway oroduces thc narrow rrnceway path of ,030",

whichshould not be less than ,160" to ,130" of width, The surf:ice in

which the oins rotntc must be an rnnular sphorical scat instead of an
enmylar chamfered surface,

The wobbler nction will poesibly vary the design from L¥ slightly
but vory little Poseibly L,125% mirht prove a better figure than L%,
That would have tn be proven by experiment.

Expcrimentation would be required to confirm any variation of the
L% law to such as 4,125% for this application to pin rolling contact,
The angle of 8 degrecs chamfer selected in this design makes compli-
cations which only oxporiment can determine, The angle of this race-
way with the axis could require change to make the sphorical seat work
out correctly. The right combination will be thot which gives raceway
contact paths of arounc .160" to ,180" widths, This contact width is

the crucisl factor which controls the design., The angle of the sphericel
soat must certrinly bo designed with respect to the axis so that the
angle of contact ie not much above 10 degrees, 4 large scale drafting
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layout would prevent excessive angle of contact., The quoted per cent
curvature rule may become 1.125%, L%, or in between as found necessary
whon apnlied to wotbler Cesi¢m to attain the necessary width of contact
pathway. In mossuring the width of contact path, only the bright metal
rinn in the racoquy mist be scaled. It is not only ,030" wide, which
distinctly ie the errex n3 row layed out,

Theve L2 n thick black oxide coating giving an apparent width of
over ,C30%, bul :nwrh ndditionel width is not metal contact, It must
not be considaral e ~n ar2e of support for the pins,

another dlffizculty of th? rravest importance is thrt the chamfered
raceways contsin onlisting hsat pits of ,00L" to 10" diameter. DBy
scraning off & cne inch lenrih of the black oxide, we studied the original
surface of H-6R9411. Th:re rre os many as twenty hect polishing pit holes
in this one inch lensrth, which aro visible with an eyenicce at 6X magni-
fication, This is extoptionnlly noor racowny grinding, Even one heat
nit hole in thic one inch longth would bo sufficient couse for rejec-
tion of this bteorin,,

Th~re are ere: s wi%: a scalioped, or smeckled, cppearance in the
atove mentioned cnd inch langth. There are many valleys and many semi-
polished ridpes in ihns 1/2' wido by 1" long surface, Two polishing
hent pit holes are ,010" dinmeter. These are circled in ink., It is
urusual to find two pit holes over ,007" diameter in a one inch length,
Tho twonty-odd in the on» inch length can be clearly seon at 6X and 10X
magnification with a 1uc-oscope, The microscope greatly excels the
oyenicce for tnis wiwk :

Tho polishing lnnv pit holeos are snots of metal wenkness whore

fatigue holes bogin to sot up in two to twenty hours of opcration, There

is a discharge of stoel powder from thesc polishing heat pit holes, This
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powder sots up dirt not marks in the raceways, caused rapid wear and
dynemic vibrations in thuso two wobblers, The holes in the raceways

woere mnde by the rercewny nolishors, They used the wrong kind of polishing
notorinl, excoicive pressure on the polishing wheel or polishing cloth

and ewcnigive 3303C of rotetion, Particularly, three to four pounds

nf ~tossure Aurlng polishing 1s e great plenty,

Wiero a stronz {low of light No, 10 oil prevails during bearing
robrtien; tho dirchrrged cirt can be washed oway from the bearing somewhat,
This washing can nenlong 1ho life of a defective bearing slightly, and
somotimes conciderenly, There is not such effcctive flow of oil in
these wobblers:, Tic polishing hoat pit holos thorcfore completely
destro; wobhler racoways in 100 hours, Woar begins in ten to twenty hours,

An oscillosconc will chow very bead dynemic effects of progrossively
increasing violence in evrry ball bearing contezining polishing hest
pit holes. Those holes will bo observed to grow gradually larger and
bocome fatigue snots when ncriodic checks of raceway wear are ottempted,
It 18 gbsolutcly esscntianl for cvery roceway to be visually studied.
Rejection is required of svery raceway which shows the least sign of
such a defect as polishing heat pit holes, annular rideges in the race-
wny, annular valley<, scrrtches, corrosion, and impuritics, any of
which can be seen at 6X magnification, Of these raceway flaws polishing
hnat nit holes may bo the most destructive of bearing life,

The wobbler rancw~y ctched E689068 shows five polishing heat pit
Zoles in en inked eirele of 3/16" diameter, marked outeide of the pathway,
Thore are huncdred: of nvo¢ polishing holes in this one raceway. On the
opposita raceway r 1,0 x 5/16" parrallelogrem has been marked, also a
3/16" x 3/16" rhomtus. The two scratches to the left of the rhombus

were not made by us, Exsmination of those sreas roveals a quantity of
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heat pit holes, snnular scars, srnuler valleys, and exceedingly poor
racoway finish, which no buaring man of experience could tolerate,

A third, and cerious, ~ifficulty on the 6 11/16" OD race, H-689411,
ariraa from +ho vlace cxida coating of 002" layer thicknoss, This
co~n 1 constivutes - iirt ~zatamination of the lubricent, It scratches
e, N ‘nife rubbingz T--. when the dosign and grinding-polishing errors
r.oeo corrected, this dire ~nnot bo porm’ tted, It is supposed to be a
bl-ck otide, but it has F2.ome gritty and constitutes a harmful dirt,
Tac scers end acratshns ir the ,030" pathway show that this grit and/or
the discharged matellic dust hes been rubbed between the piston surfaces
snd the racoways,

A1l thrce of these ouelity ond dosign difficulties must be eliminated,

Ary one of theso three flaws would be sufficlient to cause very short

raceway life,




To: Commander
Oklehoma City Air Material Ares
Tinker AFB
Oklahoma

From: W, J. Ewbank

School of Mechnical Engineering
University of Oklahoma
Norman, Oklahoma
Sabject: AF 3L4-(601)-1L0B9
OURI Project 13844
Specific Problem 63-L
Contaminati n of MIL-L-7808 Lubricatins 0il in Sundstrand
Drives,
Comments or. Letter from R, W, Wasserman

We would like to mske the following comments on the request by
R. W, Wassermen for sugpesiions as to specific physical properties
required on a fluid to be used for constant specd drive applications,

1. The corstant sneed drive mechanism wes originelly developed
under the concept that it would bo a part of the engine lubricant system,
The question of choice of iubricant was, thercfore, not even considered,
since the CSD was requircd to perform satisfactorily when utiliging the
e1rine lubricant, this matirial having special properties designed to
mtimiew 1ts performance in a jet englne lubricating system,

3. The constant sveed drive is, therefore, using MIL~7808 primarily
for a resson which is no longer vnlid, This lubricant is designed to
improve jet engine performance, Since, so far as we can determine, the
CSD has consistently been lubricated only with MIL-7809 oil, there is
no real basis for deciding whether any particular alteration in its
pronerties would help or harm the operation of the lubricant as a CSD
fluid, Although these comments apply to particular property values, it
soems almost certain that such improvement in lubricant quality can be

obtained once it is decided as to which nroperties affect the actual

machine performance,




L, Tho comments regarcing vnrious physical properties which follow
nre, therefore, Mighly tentative, since it is not believed possible at
tho presont time to set uv any stendnrds on physical proporties which
i will pgunrantec that one lubricant will perform bottor than another,
Rather, it is our feeling that a major goal of the proposed test program
would be to determine which physical proporties, if any have an impor-
tant affect of the quality of lubrication of a CSD as measured by actual

tosts,

5. With regard to the physical tests, we would have the following

comments:

8, Kinematic viscosity - for thooretical resons, we fecl that
materinlly preater scuff resistance in the pump plate and pump
piston area would bc obtained by using oils of higher viscosity,
This is of the utmost importance importance in some newer installa-
tions, As a result, the affcctive viscosity in the nump is
materially reduced, Wo would sugpost that oils be tested having

| viscosity 50 to 100% rrenter than those specified in the MIL-7808

E snocifications in ord.r to prove or disprove this theoretical idea.
5 b, Flash point and pour point will both be incressed when a more
vis cous oil is used, Since flash point is already safely high,
the only purnose of this test ia as a routine insvection to detore
mine possible contamination, The pour point svecification will
need to be relaxed, Our information indicates that actual operation
is not expected to cccur at temperatures lower than ~4S F, There~
fore, a pour noint bolow this value would appesr to be safe,

¢, Although OCAMA has exmorionced difficulty with MIL-7808 oils

of high lead corrosion number, it is well known that the corrosion

results shown in these laboatery-bench tests vary markedly from
i =43~




field exverience and corrrlation is only valid for a particular
tyve of lubricsnt basc stock., We would not, thercfore, recommend
that eny notontlially interesting lubricant be rejected as a test
candidate on the basis of bench corrosion studies,

d, The same comments apoly to synthetic rubber swell characteristics,
since it sermes gbsurd to reject an oil of excellent lubricating
properties because of an adverse affect on the scaling gaskets,
Rather, the gaskot matoriels should be designed so as to permit
the uso of the most effective lubricant,

e, In view of the hirhor temperatures to which newer CSD units

are being exposed, we would believe that the test requirements for
evaporation loss, deposition number and oxidation stability should
bo held at the current values given in MIL-7808, but the tests
should be run at a materially highor temperature (approximately
100 F), In view of the fact that the CSD is a hydraulic transmission,
bulk modulus is an imnortsant design nerameter, However, apparently
the hvdreulic characteristics of MIL~7808 are satisfactory, We
w0uld; therefore, surcest thnt candidate olls be at leest equal

to current MIL-7718 nrocducts, If nossible, a candidate oil of
materially better bulk modulus should be obtrined and tested to
determine whether imnroved drive performance is obtained with a
material which is an improved hydraulic fluid,

f, With regard to load carryin: capacity and lubricity which are
the most important characteristics in view of current operating
difficultios, we have not been able to correlate results obtained
on various batchos of MIL-7808 oil with field performance of these

batches, Perhaps one rcason for such lack of correlation is that

llie




MIL~7808 oils cover a narrow range of these proverties, In any
event, thore sooms to be no way in which to choose either a test

, method or a rango of values for any test method, We would, therefore,
] suggest that all candidete oils bo tosted utilizing the stendard

: load and wear tost methods such as Timken, SAE, Almen, Shell

l L-ball (both seizure and wear test methods), etc,, and that these
results be comnared with performsnce of the candidate oils as
determined by actunl tests in CSD units, With such results, it

ghould be vossible to determine which teet method correlatos best

+- with service verformance and what minimum values should be required
in this test,

6. The heart of this evaluation nrogrem, therefore, resides in

suitably tosting a variety of candidate lubricents in full scale CSD

[ =y

units, since no evidence whatever axists showing that any screening

tost is ablo to predict that a given oil will show actual performance

st #

either better or worse then any other oil,




APPENDIX V

To: Commander, Oklahoma City ilir Mateklal Area

Tinkor Air Force Baso, Oklahoma

Attention: OCNE
From: W. J. Ewbank

Project Director

OURI

Norman, Oklahoma
Subject: Contract Number 34(601)-1L089

Order Number 3L~601-63-L

OURI Project Numbcr 139k-k

Svecial Problem 63-7

Suitability of Grade 1100 aviation 01l after Contamination

with Aviation Gasoline,
STATEMENT OF PROBLEM

This nroblem arose from tho dosire of Strateric Air Cammand to
oxtend the life of rocinrocating eircraft lubricating oil, It is
the policy of SAC in winter to dilute the oil in the lubricating sys-
tom with aprraximntely 12% of aviation rasoline, These engines are
then ground run after being startod for a sufficient length of time to
evanorate the gasoline, In many casos the cngines are started and
ground run without the aircraft being taken off; however, Tech Orders
require that at lesst overy third such engine start should be accompanied
by flight to operating altiiudo of 30,000 foet so es to fully warm the
éngine and eveporate the lubricant, At the present timo the orders
reguire discerding the lubricant after three such flipghte, It was
requested that we determine if the remaining traces of gasoline dilution
wero causing any deleterioua effects or whether nossitly four such
operations could bo considered,
TEST PROGRAM AND RESULTS
A laboratory bench teet was sct un where a sample of new Grade

1100 aviation oil was diluted with 12% gesoline, The resulting diluted
material was then evanorated at 190 to 200 F over a steam bath at

~Li6-




atmospheric pressurc. Aftor two such onorations, the third evanoration
took nlace in a vrcuum flask at 190 F, tho nressure in tho wacuum flask
being mrintained eruivalent to that at 30,000 feet eltitude, These
{ three dilutions ended by a vacuum ro-ovsnoration hereafter referred
to as a cycle, Samnles from the new oil from one cycle and from three
cycles of ovmeration were analyzed by the Chemlical Laboratory, OCAHA,
using an infrared svectro-photomoter and were subjocted to physical

tests and analysis by the OU Research Inatitute.

The infrared spectro-photomoter test wes included because this
engine uses Grade 1100 lubrication oil to which 2% syclohexanone has
been added for the purpose of acting as a carbon solvent and softener,
} Preliminary work utilizing samplos of Grade 1100 avistion oil diluted
‘ with various percentages of cyclohcxanone indicated a mood absorption
% peak for this matorial wrich showed a aquantitative correlation with
tho nercontape of cyclohoxanone known to have becn put into the sample,
Briefly, the results of this test showed that even after one cycle,
j no traco of cyclohcxanone wns left, Natuelly, the same rosult was
obteined from the semmle nfter three cvcles of overation. A special

! tecst gamnle of cyclohexanonc~-troated oil without dilution waas exposed

to tho same 190 F test temmcraturc for the same length of time and showed

less than SOf removal of cyclohexenonc, It is thorefore believed that

} the complete removel of cyclohexanone is due to the rather vigorous

| boiling action of the gasoline dilutent on such heating, this action

i causing the stripping of the cyclohexanone similar to the effects of
steam distillation,

i Physical tests of the now oll, the one cycle treated oil and the

) three cycle treated oil are given belows
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Tomt Proceduro New 0411 One Cycle 0i1  Three Cycle 0Oil

2 Viscosity at 100 F,

‘ centistokes 2ls 216 229

| Viscosity at 210 F,

{ centistokos 20,06 18,9 18.9

| Flash point, °F 525 500 LLO (See note 1)
‘ Ash content 0 0,05 0,05

h Note 1, A small flash wrs obteined at LLO F, It was a very small blue

flnsh typicnl of fuel cdilution, The test was therefore continueds
? flash was not obteined at overy 5° intervoning temperature until 490 F
i from which time a flash wrs obtoined at each 50 F, Thorefore, the low
flash is considered to be typical of fuel dilution with the L90 F being
i typical of the lubricoting oil, This was confirmed by the fact that the

fire voint of 580 F is tyoical of undiluted lubricating oil of thie grade,

r—

CONCLUSIONS
j None of tho chances in the physical specification are considered
to be harmful to the function of the lubricatin:- oil and the camparison

} of results between the or.c cycle and the three cycle indicates that
continucd deteriorntion it not to be feared,

3 The worst point found in tho invostigation wns the camplete disap-

pearance of the cyclohcxanonc additive after only onc dilution cycle,

If SAC belicves that thiz meterisl is furnishing a recal service in

; nreventing engine carbon denosit formation, some provision should be
made for a continuous replenishment of the cyclohexanone contont of the

) lubricating oil cduring winter service, Due to the fact that evaporation
is slow in the abscnce of dilution boiloff, it is doubtful that cyclo-

; hexanone replacement 1s nocessary unless dilution rrodedures are being

} followed,




In any event there secms to be no reason why a fourth operatiomal
cy>le should not be norformed by SAC assuming that ongine operesting
conditions are normal and that the cngine lubricant has not been

contaminated from somo outside source,
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APPENDIX VI
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Commander
0CAMA
Tirkor iir Force Baso, Oklahoma
Attontion: OCNE
From: W, J. Ewbank
Projoct Director
OURI
Norman, Oklahoma
Subjoct: Contract Number 34(601)-14089
Order Numbor 3L~601-63-l
OURI Project Number 138L-L
Final Report on Speciel Problem 63-9 (62R76801)
Determination of the Proper Lubricant for Use in Ram
Turbines

1. This oroblem arose as a result of sticking of the piteh control
moobanism in blades of ram air turbincs, This pitch control is main-
tained by a set of interlocking gears held in nlace by ball boarings,
The bearings stuck from rust corrosion due to condensation and ambient
moisture,

2. Investipation of ‘he problem indicated that the use of a rust-
inhibiting lubricant should provent this corrosion and alleviate the
situation,

3, An analysis of tlLo onerating conditions of the bearings showed
that the lubricent recommcnded should be able to mect the following
requirements:

a, It should permit oneretion of the bearings at low ambient temp-
oratures,

b. The maximum tomocraturc in service will be under 200 F,
¢. It should have meximum corrosion (water) resistance,
d. It should nbsorb water into the grease structure without

excessive softening,




ke A military aporoved lubricant which meets these requirements
is MIL-G~1092)B, Automotive and Artillory Grease, which is hereby

rocommendod as & satisfactory lubricant for the nurpose,




APPENDIX VII

™3 Commander
Oklahoma City Air Matorial Area
Tinker Air Force Bnse, Oklahama
Attention: OCNE
From: W, J, Ewbenk
Project Director
OURI
Norman, Oklshoma
Subject: Contract Number 3L(601)-14089
OURI Project Number 138L-L
Specific Problem 63-11
Determination of & Suitable Lubricant for Leoad Screws of
Misaile Attitude Stands
STATEMENT OF PROBLEM
This problem arose when the North Americen iviation Company specified
a proprietary lubricant for lubrication of lead acrews which control the
attitude of the missile chockout stand built by them and which had shown
ocxcossive woar whon lubricated with conventional lubricants,
Their recommendation was that a material referred to as Torko grade
SAE 50 motor oil bo used; supolimented with an additive known as Torko
Rod-Top or Torko Blue~Ton adcditive, These materials are extensively
sold to "hot rod" owners on the West Coest but ropresent a supply
problom in othor varts of the United States,
RESULTS
Samplee of Torko motor oil and Torko Red-~Top additives were
obtained from Clinton-Sherman Air Force Base, Although a sample of
Torko Bluo~Top additive was not obtained, it is belicved that the
enalytical comments apply to it since the instructions from North

Amorican Aviation indicatoes that the two additives are essentially

identical and may be used intorchangeably,




~atio, at which time, the vapor evolving is atill over 90% water, Thus
oseontislly only water evanorates, Asauming that the evavoration is
storvod at this noint, end that water only evenarates, the thermal capa-
city of the system would be of the order of 140,000 Btu, with a reserve
of about 20,000 Btu obteineble by evanoreting the glycol at temperatures
botwoen 250 and 70 F, The latter is thearprcximate boiling point of
pure glycol at 30,000 feet, This sytem would also have the disadvantage
that bofore it ran dry, it would undoubtedly be evaporating a combustible
mixture, although only in the very final stares, If these occurred only
in flight, it is doubtful that sny flammability hazard would incur.

8. The use of methyl or ethyl alcolhol or other low boiling miecible
solvents as snti-freeze is not rccommended. No suitable azootropes are
known, and cue to the relative boiling peints, concentration of the organic
material occurs within the vapor phase, probably leading to an inflammse
tility hazerd, which would be most serious during the early ground run
stares,

9, On the basis of the ahove survey it is recommended that the
Chemical Laboratory OCAMA rua tests to cvalvate the inflammability
hazerd of the "Cellosolve"/4rter and the "Mothyl Cellosolveo"/water mixtures

as well as the freezinpg chavacteristics,
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Freozing point of the 30/70 mixture is between 10 and 15 F, which
28 a material imnrovement, Again, epecific information on this material's
freeczing characteristics is lacking, However, typically concentration of
the higher moiting voint material occurs in the solid phase, thus concen~
trating the anti-frecze effect, Thue the freezing point of a 50/50 mix-
ture is <20 F, Orgaiic fluid-water mixible solutions therefore tend to
freeze to a slush of ice crystals in an unfrozen liouid solution. Such
s material should melt com—letely without building up pressures due to
premature boiling, Incicentally, tymicelly such materials shrink on
freezing thus eliminating prossure build-un due to freezing,

5. If the above systoem is found to furnish combustible vapors, a
lower concentration version is "Methyl Cellosolve"/water in a 17/83 volume
ratio, This also boils st 210 F, and other comments are pertinent,

6. Heat of eolution data have not yot been found, However, for
these systems it ie belicved small, =o that a reasonsble approximation of
thermal cepacity should be obtained by assuming latent heats to be a
summation of individual volues., On this basis, tho "Cellosolve" solution
hns a capacity of about 170,000 Btu, and the "Methyl Cellosolve" solution
about 18h;000 Btu. Those would secm to be ressonable compromises with
canacity.

7. Straight anti-freeze treatment would seem to be inferior to the
above supgestion, but some feasihility, No azeotropes are formed by any
of the common glycols, Tynically, a 39/70 mixture of ethylene glycol
and water will have a freezing noint of S above gero, and an atmospheric
boiling point of 218 F, The first matorial to be evolved will be over
95% water, =0 that a contimious shift towards a higher glycol concentra-
tion will occur, The boiling temmerature at atmospheric preesure remains

below 250 F until the composition has shifted to an 80/20 glycol water

w5l




2, If the minimum roouired capacity is the full 200,000 Btu, the
vrodlem is insoluble, eince water has bY considerable the highest latent
heut of vaporization of any metarial found which boils in the same renge.

Wator 970 Btu/1b

Ammonia 550 Btu/lb

Freon 70 Btu/1b
The variation is due to the high energy of the hydrogen-oxypen bond
togethor with the untynically high boiling point for such a low molecular
welght compound,

3. The only materials which mecot both the combustibility and toxicity
requirements and boil in tho proper ranpe are the Freons, Due to their
large molecular weirht, tiie latent heat per pound is very low. Unless
the system is overbuilt to an absurd extent, the Freons will not be
suitable, Even taking irtv. account their density of about 1,4, the
capacity of 24 ~nllone will furnish an energy availability of only about
25,700 Btu,

L, If a small decre~rc in capacity is rermitted, the most promising
solution seems to bc the fmimation of a constant boillng mixture using
a non-toxic volatile orre.ic solution, First recommendation would be the
use of 30 volume § "Cellosclve", a oroprietary solvent of Union Carbide
Chemicals Comany; and 70 volume ¥ water, Thie material boils at 99 C
(or 210 F) at atmospheric nressure, It ie non-toxic to high concentra-
tions, Although I was not able so far to find combustibility information
on water egolutions, evidence on comperable materials, e. g., alcohol
indicate that 20/70 mixturcs are not combustible, No production of a
more combustible matcrial ies anticinated at any time, since the particular
material is an azeotrone and boils off comnletely at this composition,

Combustibility of the mixture can easily boc checked in the laboratory,

~55=
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Commander
Okleshoma City Air Materisl Area

Tinker AFB

Oklahoma
From: W. J. Ewbank

School of Mechanical Engineering

Univorsity of Oklahoma

Norman, Oklahoma
Subject: Contract AF 31(601)-1L4089

OURI Project 138L~3

Final Report Problem 63-8

Special Coolants for Ebullition Cooling in B-58 Aircraft

This problem involves a heat exchanger which cools bleed air by
ebullition of water, The r:at exchanger is in the B-58 aircraft, and
is charged with 24 gallons of water which must last during the flight
with a satisfactory reservz, Trouble occurs in cold weather when the
water in the heat exehangr: freczes, So far as can be determined,
expansion of water during froeeing does not csuse difficulty., However,
when the engines are startcd, LOO F bleed air melts ice next to the heat
exchanger tube and then vrno—iges it before the main body of ice melts,
Thie develons sufficient rrassure to collepse the heat exchanger tubes
and destroy the excharnger.
RESULTS OF INVESTIGATION TC DATE
1, The exhaust fumes from tho heat exchanper are sufficiently

near the engine exhaust that a definite fire hazard exists with the use
of an inflammable solvent, Toxic materials aleco are not usable due to
the poisoning hazard cduring pround run-up operastions. The exact Btu
capacity needed in tho system has not yet been obtained from SAAMA or
GD/FW, but it prosumably is =something under 200,000 Btu. The end
results should also cause bciling within the same tempersture range as

weter,
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acnsitivities, Distinct peaks anperr in each wave, On disassembly
o find the outer racewny bas amular ridges which are too coarse,
The innor racoway is satisfactory. Although we would reject this
bearing it is not awfully bad, It is on the questionable point where

rejection seems bost,




APPENDIX X

e Coruander
oC uiA
T nkor AFB
2 Attention: OCNE

From: Paul A. Cushman
1 OURI
Norman, Oklehoms
i Subject: Contrnct Number 34(601)-1L089
OURI Projcct Numbor 138Lak
OURI Problem Number 63-16
Four New Departure JOLO20 bearings were suhnittod for inspection,

-Thoro are two bearin s in a piece of aluminum foil, Both are

distinctly etched ZH5182J, These are perfect bearings by DuMont 403
Oscilloscope toet on the two highost sensitivities, They are oqual to
our best boaring standarcs which wo use for comparison,

Two bearings are in colophano packages numbered #2 and #12, These

had been studied by the DRorring Brench by microsconc at about 12X

et

mognification. Tho etched lottors on these are ZHS5162J,

4 #2 boaring is not as rood as tho two bearings in aluminum foil,
However it is a well mnco horring., The verticael range of oscilloscope
woves is slipght ond nevar fuzzy, There are many morec ripples per inch
of length of wave than on some of our best standard bearings. However
these waves do not have sharp points at the top and bottom. We are

1 sure that the benring would give reasonably good life, We decided to

study the raceways and have found them to be satisfactory, but not
I oqual to the best which New Departure can manufacture,
#12 is not as pood as #2, It is not es pood as the bearings
i» which we use as quality stundards, We would reject #12, The verticel
, range of the oscilloscope lines 1s too preat on both ,001/X.1 and ,001/x,5
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dcvelovments aftor factory vecknging must be found, There is s deep
ncorrosion spot of twe months accumlation on one of these four inner
raceways,

It{ is impossible to cull bad bearings out of production in a
factory, because tho factory cannot afford to purchase and use all of
the above eouipment, They cannot build or buy sufficient tost machines
to adequately sot up dynamic tests, The process or sorting out good
ond bad bearings is o job for people interested in aircraft bearings.
It is o job for Tinker AFB and other air farce bescs, not a function of
frctories excent to a minor cxtent, Only an air foroe base can gather
the necesanry information about what this VI-22L248 beering must
accomnlish,

Factories crn attomp® to mnke n first sorting and first rejection
of bad beorings; but the weri: must be done apain at some or each air

force base immedintcly pricr to the bearing use.
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Practically none of the ball bearing companies are sufficiently
adent in the use of microscoves and cyepleco magnifying glasses by
which it is necessary to detect ball boaring raceway flaws that cause
vory early bearing wear and detorioration,

The beering company renrcsentetives-over a dozen of them~who have
como to Tinker AFB do not telk with cxperienco about raceway flaws, Thoy
do not u?e high enough megnificetion to locate dynamic flaws in boaringe,
Secondly, none of these men are accustomed to use a suitable variety of
dynamic tost machinos, Only one of the beering representatives has
cver uscd any dynamic test machine, To cxplain bearing flaws to men with
such backgrounds, they must bocome familiar with the following procedure.
PROCEDURES OF TEST

Without both tho McKnlirht inelyzer and DuMont LO03 Oscilloscope with
Rotator test machinc, we wculd be uneable to oither detect the presence
of the flaws of the VI-22!7.8 bearings before dcsassembly or determine
which flaws coused the dynamic impects, The McKnight Anayzer slowly
rotates the outer race, The inner race cen be moved by hand until a
flaw on the inner roncowny nckos o sound, dial record, and oscilloscope
wave all of unsatisfactory magnitude, There is no mistaking the loaction
this flaw,onThis locaotion is mrrked by o scretch, The DuMont LO3
Oscilloscone similarly locatee each distinct flaw in the outer raceway,
Both machines egreed on the reojoction of four bearings.

Both machines dencnd unon good standard bearings for comparison,
The agroement of both machines as to presence of serious flaws, and
comparison of flew mognitudes with the sunerior dynamic performance of
good standard bearings is nocessary on all supnly bearings if these VI-
224,218 bearings are evor to be brought within roasonable and satisfactory

life performence, Manufacturing flaws must be found. Corrosion
- #60=




APPENDIX IX

Dot Cowmander
OCAMA
Tinkor AFB
Attention: OCNE
From: Paul A, Gushman
OURI
Norman, Oklahoma
Subjoct: Contract Number 3L(601)-14089
OURI Projoct Number 13844k
OURI Problem Number 63-15
Five VI 22248 berrings made by Split Ball Bearing Company, Lebanon, N¢ H.
vere submitted for inspection,

There was one good besring emong the five, Four bearings show bad
on both the McKnight Analyzer and DuMont LO3 Oscilloscove Rotator test
machine, These four bearinss would have a very early failure on the
oscilletor sorvice in which they aro used,

The fouwr bad borrings wore disassembled, Three had been markod at
onc or moro aspots of the inner racoway, where flows were indicated by
the McKnight Anelyzer. By visuel inspoction at 6X magnification it was
readily possible to observe that the merked spots were a major cause of
the dynamic defects shown ty both ball beering test machines,. A second
flaw in seversl of these be rings is the presonce of coarse annular
ridges extending throughout the circumforence and width of each outer
racoway., These two classes of racewey flaws can only be soen at LX to
6X magnification, We have LX on micrcscopes in the Bearing Branch at
Tnkor AFB, We use also a 6X magnification eyepiece from a discarded
projector lantern, The 6X mapnificetion is the better and simplor to
monipulete of the two obsorvetions, I recommend that both be used on
every inspection,.never one alone, A Jig is necessery for rotation of

the inner raco,
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APPENDIX VIIX

To: Commander
OCAMA
Tinkar AFB
Attention: OCNE

From: Pau) A, Cushman
OURI
Norman, Oklahoma

Subject: Contract Number 34(601)-~14089
OURI Project Numbor 1384-Y
OURI Problem Numbor 63-13
Tinker Project Reference MIP OC 63-5295R2K

It is dosired to investigato the serviceability of the J79/F10k
Teleflox Box Bearing (MIP CC 5295R2K).

The bearing is notch loaded, a full capacity ball bearing without
& rotainer, and pgroase sealed, It oscillates slowly in service, The
boaring dimensions are .750 boro, 1,186 OD, .2L7 outer width,

A fitting was dovisc” Tor use on the ball bearing test machino by
which bearing dynamic flr.c can be located with a DuMont LO3 Oscilliascope,
Thore wore two unsatisfactory bearings among scvon tested. This is a
very common ratio of bad boorings in suvply lote., It is not practical
to tost tho bearings withcut removal from the housing of the Teleflex
Box, because thcre is coreicerable friction botween the housing and a
washer when any rotation is attempted, It is important that grease or
011 lubricant be uscd on this washer, This has been overlooked. Tost
of the whole asemmbly on the bearing test machinc might also prove
doeirnble when the washor is lubricated,

The bearings should always bo machine testod with the DuMont LO3
Oscilloscone before installation into the Teleflex Box, This boaring
test, togethor with the washor lubrication, appear to bo the only neccssary

changes in the nsombly of this unit, and they should eliminate failures,
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It is understnod that a 1iquid lubricant is required for this
1ubric'at5.ng system. If it could bo adaptod to the use of lubricating
r-oaze, two load nenthonatc bese lubricating groases are available in
military procurement as MIL-L-7645 and MIL-G~1L4L70.

It is believed that any of the sbove specifications plus the
commercial product mentioncd above would give equal or botter porformance
then the Torko ldﬁiicatinrz 0.l plus additive currently recommended by
North Americen Aviation; as wcll as being availnble without logletic

problems,
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CONCLUSIONS

As was found in tosts by North American Aviation, it is expected
that a bare lubricating oil of the Arkansas pale typo fortified with
the Torko Rod-Top additive would show mild extreme pressure character-~
istics, since the base oil is known to possess a minor amount of such
activity and both lead nanthonate and zinc dithiophosphate are. known
anti-woar agents. The major acditive used in Torko Red-Top additive,
i, e,, the polybutene VI improvor, servos no useful purpose,

The seme or improved charecteristics should be obtained by the use
of Military Svecification lubricant, MIL-L-18L86, which is a worm gear
lubricant develomed by Navnl Ordinance for use on heavy duty worms °
onboard ship.’

While no composition recuirements are placed on the material,
ap~roval is bascd both on an cfficiency measurement of a test warm gear
set utilizinr the finished lubricant and on a wear inspection of the
worm and worm wheol after the elficioncy tost,

No straight loed nanthenate pear oils have been found in the Military
Lubricant Spccifications, Such mntcrials are available commercially,
the most availeble probably being the Morona series of gear lubricants
distributed by Toxaco Inc, These matorlels are available in a variety
of viscosity grades and the active apent 1s 7 # lond napthenate soap,

Another Federal Specification lubricant which would probably be
avitablo for thisnurnoesc is the genersl purpose extreme preossure pgear
0il bought by governmert sgencios under the Federal Specification VV-L-768.
The military penoral nurnoso goar lubricent purchesed under MIL-L-2105B
would not be suitahle sinco this matcrial is extremely active and would
probably corrode the bronze parts of this lubricated system.

S




Phyesical and chemical analysos wero performed on the Torko motor
0il and on tho Torko Red-Top additive with thc following rosults,

Lo The Torko motor oil apnoars to be a typical non-additive
straight minoral oil manufactured from South Arksnsas crudss and con~
taining the characteristic high netural sulfur content of these materials
which are roferred to in tho lubricating oil industry as Arkansas pale
oils, Such lubricant stoci.s snow a minor amount of EP activity due to
tho natural sulfur content,

2, The Torko Rod-Too additive appears to be a mixture of this base
lubricating oil plus additivee, A major additive constituant is a
VI improver of the polybutone tyne. This material has no extreme
prossuro or anti-wear effect but 1s normally uced in tho lubricating
oil industry as a Viscosity Index improver and as a means of increasing
the viscosity of the oil #% low shear rates so as to decreasc lcakage,
A socond additivo is lead napthennto soap and zinc dithioohosphate,

Evidence for tho presonce of thecse lettor materials was found by
spoctroscopic annlysis which showod major amounts of lead and zinc,
Evidence for tho nolybutono additive was thephysical appearance of the
0il togothor with the torduncy to precipitate a rubbery material on
honting to a temnornture of ammraximately LOO F,

Finnl confirmation nf the prosonce of theso sdditives was obtained
by mixing a samnle of bneo lubricating oil with additives of this type
end running an infrn-rod snectrophotomcter trace, The infra-~red test
of the synthotically orovarcd material was identical with that of Torko
Rod-Top additive oxcept for one very smell absorption band which is
bolioved duo to tho rod dyd used in the Torko additive to color the

finishod matorinl,




