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FOREWORD

This svpplemental final report is preparsd by the Aerojet-General Corporaticn,
Cacrarmento, California, in sccordance with the requirements outlined in AFSCM
310-1B, 8-17-12.0-1, Technical Report, and describes the results of the program
conducted to develop a turbopump gearbox lubricant for the Titan family engines.

This technical report has been reviewed and is approved.
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ABSTRACT

The develersent of & tirbopump gearbox lubriecant for the
Titen I1 family enginss was underteken to formulate a new lubricant,
vhich would replsce presently used Bryco 880 Conojet (MIL-L-T7808D(1))
oll. Haphtheniec mirerel oil was gelected for the base because it
has excellent storage 1ife end propsllant compatibility. Beveral
additives vere admized to provide oxidation stability, good eeraticn
characteristics, and & high losd-carrying capacity. The task was
completed with the selection of Humble 3156 gear lubricant, which
is being proposed for engine qualification testing. Specificatiocns
iculars of this new lubricant have been

covering all the partd
vritten end are atisched to this report. The development progran

acompassed the following tesks:

%a‘\- Swtind.

1. Belection of basic cendidates,

2. ptimicstion of sdditives

<

L

Selection of final candidste lubricant
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I.

INRODUCTION

Turbopump gearboxes for Titan rocvet engines are presently lubricated with
a di-ester ludbricant formulated by the Bray Oil Company, Los Angeles, California,
to meet a nov-obsolete military specification (MIL-L-7808D(1)). This synthetic
ludbricant wvas initially selected for the Titan II Weapon System (WS10TA) in 1956
bicause its load-carrying ab!lity was slightly higher than other available lubri-
carts having acceptable viscosity limits. However, several problems associated
vith the use of this oil have motivated the Air Force and Aerojet-General Corporation
to seek an improved lubricant. These problems are:

(1) Soap-like deposits are formed by lubricant-propellant incompatibility.
These deposits which necessitate turbopump disassemdbly and cleaning are found in
a cavity formed by the pump and gearbox dynamics seai.

(2) A gum-like substence is formed as a result of incompatibilities of
ludbricant-gas generator gases;this gummy substance plugs the lubricstion oil filter
causing high pressure losses and results in marginal lubrication.

(3) Incipient gesr teeth scuffing is caused by the lack of load-carrying
capacity under certain severe operating con’'tions.

(4) Logistics problems result from “he short storege life of esters:; the
quality of this lubrizant i{s difficult to coanirol becsuse its composition is not
knovn and the ludbricant {e supplied by a single scrce and is formulated in accord-
ance with an cbsolete specification.

In a previous program (Ref 1), commercially available lubricants potentially
useful for this application wvere screened and found to be incompatiblie with the
Titan system propellants and gzas gZeneratsor products. At the conclusion of this
earlier program, three prcspective additive formulations in a propelliant-compatible
nineral base o0il were shovn to be worthy of further developmeni. These formulations
differed in the type of load-carr ‘inzg additive exployed and are descrided delow:

Candilate
No. Load-Carrying Additive Oxidation Inhibitor Anti-Poam Additive
1 0.25% Didodecrl Phosphate  0.5% Fthyl 702 0.01% Mcnsanto ®C-12kk
2 0.50% Dirresyl Phosphate 2.5% Tthyl 702 2.01% Mopsanto PC-1244
3 2.20% Ortholewm 162 C.5% Ethyy 772 2.01% Monsantc PC-124k
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I, Introduction {cont.)

The purpose of this report is to present the ,esults of a nrogram couducted
to (1) >ptimize the concentrations of the above additive formulaticne, (2} evaluate
each carndidste by laboratory and cormponent teating, and (3) select the best candidate
for poseidle qualification in the TPA.

Specific program oblectives are as Zfollows:

(1) Joad Capacity: Ryder Gear test value of 3000 1b/in. of toocth vidth.
Good rharacteristics of boundary lubricati{on arl "break-ir" parformance. i

(2) Compatibilitv: Nc reaction with Ae=roZINE 50; nn sciid sludge forming a
precipitate vith H2Oh or turdbine hot gases; and no reaction with the present
lubricant.

.3) Operational Characteristics: Good coolant capacity {(minimum acration)
and a maximm visccsity of 4 centistokes at 210°F.

(k) Storability: Ten-year storage life without corrosivensss to meials
or .z in basic oil properties.

(5} Quality Assurance: Detailed composition specification.

The work to accompli‘sh tne above ctjectives sus performead in zccordance with the
folloving progra= plan: (1) select basic choices of fcrmuiations from previous work,
(2) establish the optimum concentration of additives in each formule ior, {3) selest
a final choice of lubricant, (4 perform comprehensive ladoratory and comp.nent
evalustions of the final cardidate relative to the present lubricent, and (5) establish
test objectives for new lubricant qualification programs (¢ a promising candidate is
developed

Yor the convenience of the ~eader vho is not fam‘liar with the requirementes
of the ludbricant, the first par*t of the technical Af-cussion ccntains a ceserivtion
of the Titan gearbox lubrication system. The rcmairing pertion of the technical
dimscuision presents the results ¢f the vrograz.

s i 2




Hoport 88D-TR-65-161-1

i

et s s

nids
v s %

e usg 4
boratory end component tests, The quality of this

ot ;‘;'} ]
v
&.—l
(43
-4
}_l
[w™
]
o
-]
3
0
|
*y
[¥4
e ]
i
3
o)
[+3
LS
(1.3
[£]
(34
[N
<
(v
]
s

vae fournd that thez extreze pressure additive (alkyl ecid phosphate) reacts
stoels {except stainless steels) to form an iron phosphate coating. This

pears a8 o light gray tarnish in the absence of water and is a gray-black
the pressnce of 0.2% water {the present oil specification limit). The

za oot affect the dimensicns of the steel parts and is expected to be =

ubricant for bearings end a nild antirust film for all steel parts.

sugh the Ryder Gear rating objective of 3000 1b/in. was achieved in
Byder Gear tests, it was found that when black iron oxide {currently used
n geara) is placed on the gears as a coating, the load capacity of the
i3 reduced from 3000 to approximately 1500 1b/in. To better understand
of this dets, the following discussion is devoted to a summary of black

I v T T 4
Iy (’&2 o S
B

[
L3
ok (B
[

[¢]

o
[
(;’. .
b

®

©

[

Bleck oxide was originelly coated on gears to provide a mild rust inhibition
and to siightly inzrease loed cspecity. The load capacity of the present di-ester-
type lubrizant depznds on the formation of oxides and is therefore assisted by
the presence of & black oxide coating and the presence of an oxidizing environment.
The leed cepacity of the new lubricant is provided by the acid phosphate edditive,
vhish reasts with the iron surfaces, apparently indepepdently of the environment,
t5 form irom phosphate. Thie iron phosphate is known to possess a low shear strength
ard, thoreby, prevents asperity welding {scuffing). The presence of a black oxide
coating prevents the beneficial action of this additive. The acid vhosphate coating
iz epprozinmately 30% more effective than the oxide formation with respect to load
czpacity and about esuel in corrcsion inhibitien.

Ryder Gear test results have shown that the load cspacity of the present
iubricant iz degreded when the oxygea in the gearbox is displuced by gas generator
products {a turbine seal l2akage) or zn inert atmosphere. The load capacity of the
present lubricant as measured by a Ryder Gear test, decreased from 2200 to 1400 psi
whon oxygen wes repleced by gasecus nitrogen in +he Ryder Gear tester. The new
lubricant, however, was not affected by the exclusion of oxygen; this is understanuable
hecau=z tha furmation of iren phosphate does not depend upon the presence of oxygen.

Page 3
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1I, Sumaary (cont.)

Latoratory gearbox tests conducted at Western Gear Corporation show that the
nev lubrizant performs satiafactorily in gearbores contsining bdlack oxide coating
gears at extanded test durations and at loads up to 137% of the normal value. The
nevw lubrican? produced slightly mcre abrasive wear than the present lubricant, dut
this is no’ considered to be a problem within the life requirements of field units.
These tests were conducted at lubrication oil jet pressures in excess to 20 psi.

. 8 & result of the above test data, a reduction ir the lubricant load capacity
requicenents of tre Titan first-stage gearbvex wae made., It has been determined that
the most severe geerdbox scuffing conditions occur at low oil pressure and with the
gea:;hox pressurized with gas generstor exhaust products. Under these conditions, the
new ludbricant is expected to perform at least as well as the present lubricant in
the preserce of black oxide costing. Previously, it had been assumed that scuffing
iook piace with an oil that had a load-carrying capacity of 2000 ppi at the time thsat
scuffing occurred.

The conclusion reached is *hat the loed-corrying requirements are significantly
lower than ;reviously estimated. The present couclusion regarding scuffing conditions
is supported by the absence of scuffing in tests performed with the present lubricant
under extreme loading conditions, low oii pressure, and an oxidizing environment, as
well as the pressure of scuffing con & unit subjeet to nominel load, low 0il pressure,
and an environment containing exhsust preojucts.

The relative performance of these cils under the severe scuffing conditicn
dessribed sbove is needed before the new lubricant is used in production units
conteining dlack-oxide-coated gears. In new gearboxes where the black oxide can be
caitiad, excellent antimouf{ performance at all gearbox conditions is predicted from
laroratory tests.

The follocwing is a summary of program cbjectives and sccompiishments:

Objcctives Accomplishments

Gesr ioad-carrying sbility of More than 4000 ppi at EPPI Precision Inc.;

30C0 1b/in. of tooth width as 2590 and 2900 ppi at Southirst Research

weasured ty the Rylzr gear test. Institute; 3040 ppi at Alcor Laboratcries
Ine.

No resction with AerolINE 50. No reaction with Acro2INE 50 in a 50-50%
mix after T2 hr.

¥o sludge forming or solid No sludge forming or solid precipitate

precipitate with K0, . with §,0, in a 50-50% mix after 72 hr.

Page 4
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17, Summary {cont.)

Objectives Accompl ‘ “hments
Ko sludge forming or solid No sludge forming or s0lid precipitates
precipitate vhen exposed to gas when exposed to NH3 and water (active con-
generator producte. stituents of ges generator products) at

, concentrations and exposure times exceed-
ing an engine firing. Ko detectadle filter
plugging under conditions simulating those
vhich solidly plug the filter with the
present lubricent.

Equal performance to present Load-carrying ability, filter plugging.
lubricant when conteminated with propellant compatibility, and other
2% of the present lubricent. laboratory teste indicate performance

equal or better than the present iubricant.
A color chenge from yellow to blue-graen
catalyzed by ultraviolet light has no
effect on performance.

10-yr storsge life. Data on each constituent of the new lubri-
csnt blernd shov that at least s 10-yr
storage life in plastie-lined containers
can be expected. A blend containing the
same add’‘tives at nearly the same con-
cantra*ions shows no degradation after
- 2 yr.

No corrosion to gearbox parts. No corrosion of gearbox parte except
tarri_aing of non-stainless-steel parts,
such .s AISI 52100 bearings and AISI 1025
be.ring sleevesn.

Pass zeration test by a clearing Bubbl=g clear in 39 gec.

of bubdbles in 4 min after viclent ;
egitation for 1 min in a Vering f
Blendor.

Aeration performance equal to New lubricant equals present lubricant.
preaent lubricant as measured by

bearing temperature rise irn a

L40-gec gearbox test.

Passe ASTM foaming test. Pass ASTM foeming teat.

Maximum viscosity of L centi- Three centistokes at 210°F,
stokes at 210°F.
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I1I.

CONCLUSIORS AND RECOMMENDATIONS

This secticn is divided into three subsections: 'general conclusions,"
"specific conclusions,” and "recommendations." Following each specific conclusion,
a reference is given to portions of the technical discussion vhere verification
of this statement is given. The conclusions presented in this section are besed
upon the results of laboratory and component tests which comprise Phase I of the
nev oil development. Phase II consists of qualification testing under actual engine
opersting conditions.

A. GPNERAL CONCLUSIONS
The followiug general conclusions were made:

(1) Laboratory and component testing have shown the following new
lubricant to be the best of several candidates considered:

Base 0il: 3-centistoke viscosity (at 210°F)
naphthenic base mineral oil

Extreme pressure agent: 0.3% Ortholeum 162

Oxidatiocn inhibitor: 0.5% Ethyl 702
Antiserstion agent: 0.1% Monsanto
Corrosion exhibitor: 5C¢ ppi Ortholeum 535

(2) A comprehensive evaluation of this lubricant relative to the
pre2ent Bray Oil used has shown that the new lubrican*t is superior in many areas
and, *herefore, warrants the further testing under a>tual turbopump opereting
conditinns, Such a program could be structured to scrve as s qualification
program. (Advantages and disadvantages of the newv lubricant are listed following
these conclusions.)

{3) The must severe gear scuffing conditions for current production
gearboxes with the presernt lubricant are low oil pressure and the diaplacement of
oxygen by gas  enerator exhaust products Under these conditions and with bleck-
oxide-coated gesrs, the new lubricant should perform at least as well =s the present
lubricant. The new lubricant will provide double the losd-carrying capacity in
nev gearboxes where the black oxide coating is not appl‘sd to the gear teeth
surfaces, In Tit'n II standard production gearboxes previously run with MIL-L-T808D(1)
lubricant, convereion to the new lubricant should provide equal or better perform-
ance to the MIL-L- 208D(1) lubricant.

(k) A sp cific qualification program is not presented in this report.
Program planning crite-ia are present, hovever, which outline possible problem areas
that should be explored under conditions simulating those of engine firing. It {s
concluded that the planni. g philosophy for qualificetion programs should not dbe one
of atatistical selection o1 random gearboxes, but one in which the selection of test

-

Page 7
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III, A, General Conciusions (cont.)

gearboses is made on the basis of unit hiatories which stree= the lubricant in
a manner desired.

(5) An Aerojet-General compositicn-type lubricant specification has
been prepared definire e base stock and additives of the nev lubricant formulation.
Variation limits in the composition of the extreme pressure additives (Ortholeum
162 by DuPont) have been explored by Aerojet-Genersl and LuPont, and no differences
in performance were noted. DuPont agreed to perform special quelity control tests
on batches of this additive supplied for Aerojet-General to ensure that subseguent
batches fall +sithin the limits of the batches tested. Laboratory tests will certify
the quality of each batch.

The advantages and disadvantages of nev cil are summarized as folilows:

auvantages Dissdvantages
1. No filter plugging 1. Cost of qualificatlion program
2. No seal cavity deposits z. Exhibits characteristics with

unknown effects:
3. Logistics
a. Gray tarrish on AISI

e, Known composition 52100 and soft steel
(guaranteed future duplicate rarts in absence of
composition and performance) water

b. Greater than 10-yr container b. Gray-black tarnish on
siLorage life AISI 52100 and sof*

steel parts in precence
' Twice the losd capacity in sbsence of water
of black oxide coating on gears
) ' ¢. Formation of white
5. Loa? c;gacity i? n:t degraded emulsion at vater
by inert gaseous atmosphere concentrat!ons
5. Prevention of rust on steel in atove 0.2%
presence of wvater 3. Omly #qual load capacity for
bl ia ted
7. Less lacquer formation on bearings production black oxide coste

gears

L, Speciai plastic-lined oil
cans are required
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I1I, Conclusions and Recommendations (cont.)

B. SPECIFIC CONCLUBIONS
The following specific conclusions were made:

(1) Laboratory test results indicate that the rev lubricant warrants
further testing under actual turbopump operating conditiona. Such a program could
be structured to serve as a qualification progran.

(2) The lubricant load-capacity requirements of 7 tan first-..age
geirvoxes are significantly lower than nreviously estimated:

(e} Gear loads 3T% grester than normsl su- aine” for 4700 sec
will not produce scuffing with either the newv oil or present ~ii with black-sxide-
coated gears. With black-oxide-coated gears, the pres=nt oil :ates 2330 pp!. cnd
the nev oil rates 1500 to 2300 ppi in the Ryder gear tests.

(b) In an inert gaseous atmosphere (zim.lating a ‘urtine sea
leak), the present lubricant rates only 1400 ppi ir the Rydar Cear test.

fc) 1In en oxidizing atmosphere, the reduction in lucricant flow
to increase the scuffing tendency resulted in a structural failure (overheatine)
of the pinion teeth rather than a scuffing failure.

(d) A gear tooth profile change (tip rei.=f) accomplished in
1960 has virtusllv eliminated scuffing at normal lubrication jet pressures.

{e) A combdination of low lubricatizn jet yressures and & turbine
stil leak 1s regquired to produce moderate scuffing in a 200-sec tegt. This ir the
most severe geer-scuffing rcondition.

(3) The load capacity of the new lubricant is nct deg»uled by an inert
atmosph.re because its boundary ludrication properties depend upon the frrmat’on
of irx.2 phosvhate, wlich does not require an oxidiszer.

{k) Blsck-oxide-coated gears are detrimental to the lsai-—carrying
capacitly of the nev ludricant because the oxide coating prevents the formation
of iron phosphate; in standard Ryder Gear tests, a drop from more than L(0C to
150C pp. wu3 cbserved: in Ryder Gesr tests with Titan I1 gear materials, a drop
1o 2300 ppl was observed.

(5) Rlack oxide coating increases the Ryder Cear rating of the present
ludricant from 2100 to 230C ppi in an oxidising atmosphere.

Fage 3
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111 B, Specific Conclusions (cont.)

(6) Ortholeum 162 is the best extreme pressure additive of the three
asuitivis considered; .'‘dodecyl phosphate proved to be insoluble at low tempera-
tures in concentrotions required to produce a Ryder Gear reating of 3000 ppi;
dicreayl pi.~ephate gave poor Ryder Gear results.

(7) Extremes in the composition of Ortholeum 162 do not affect the
Tyder Sear rating.

(8) Contamination of the new lubricent or present lubricant with
v.2% water and 0.1% AercZINE 50 does not affect their performance in the Ryder
Gear test.

(9) The usefulness of the Ryde~ Gear test in predicting the load
~apacity of experimental lubricants is limited oy poor repeatability; the Ryder
Gear rating of the nev lubricant varied from 2590 to more than 5200 vhen it was
extensively tested by three different latoratories.

{10) The new oi)l will not cause filter plugging; the present oil reacts
with products from the gas generator to form ammonium agelate vhich quickly plugs
geardox filters.,

(11) The aeration and foaming characteristics of the present and new
oils are equal.

(12) The preservative properties f the present and nev oils are equal,
but both are poorer than thoze of preservative oils (such as oils meeting Specifications
MIL-C~8199C and MIL-H-6083B).

(13) The newv oil produces no sclid precipitates vhen exposed to
propellants, gas generator prcducts, oil meeting Cpecificetion MIL-L-7808D(1),

or water.

{14) The long-term storage of the nev oil is estimated to be greater
than 10 years, compared to 18 months for MIL-L-7808D(1) o1l.

Page .C
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111, Conclusions and Recommendations {cont.)

C. RECOMMENDATIONS
The following recommendations wvere made:

(1) The mineral base lubricant developed in this program should be
qualifiel for all Titan engine applications by perform.ag turbopump asaembly gearbox
tests under conditions producing (1) & maxisum tendency to plug filters, (2) s
severe scuffing propensitity, ana {3) maximum contamination by foreign substances.

(2) The dlack oxide should 2 omitted on the gear tooth surfaces of
all vew production gearboxes to realite th+ full potential of the nev lubricant.

(3) Although Ortholeum 162 is s satisfactory losd-carrying addiiive
for this application, research should be continued to isolste an acid phosphate
compound, or mixture of acid phosphate compounds, vhich provide the optimum compromise
between load-carrying ability and corrosiveness. It appears that both mono-acid and
di-acid alkyl phosphater are needed. The molecular structure of the alkyl group
should be larger than C12 to avoid problems of insclubility at low temperatures.
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Iv.

TECHNICAL DISCUSSION

This section contains the following subsections: (1) description of gearbox
lubrication system;{2) selection of the basic prospective fcrmulation; (3) optimiza-
tion of additives; (4) selection of a final choice of prospective lubricant; (5)
eveluation of the final choice of oil; and (6) future qualification requirements for
the nev 0il. Detalled data is given on all candidate oils considered in corder to
document informaticn of value to the science and art of gearbox lubricant development.

A.  GEARBOX LUBRICATION SYSTEM

The lubrication system used for cooling and lutricating the load carrying
elements in the gearbox consists of a lubricction pump iocated in the oi! reservoir,
0il passages to the lubrication cil jets within the gearbox and to an oil cooler
coupled to the reservoir (Figure 1). The reservoir is mounted to the accessory drive
pad on the gearbox input side (turbine side) and the lubrication pump is driven by the
pump gear off the accessory drive pinjon. A sectional view of the first-stage turic-
pump showing this arrangement is shown in Figure 2.

The ludbrication oil pressure pump identified by Number 11 Figure 1 dis-
cherges oil through Port 5 to the lubrication oll passages of the gearbox. 0141 jJetis
within the gearbox direct lubrication oil to the unmeshing teeth of each gear mesh.

A drain cover, locuted on the lower part of the input housing and o!l drain passages
direct oil “o the lubrication pump scavenge elements through Ports 2, 3, 6, and 7.

The scavenge pumps circulate the drain oil through the o0il cooler to the lubricaticon
0oil reservoir where it flows, by gravity, through the L0-micron filter element (screer)
15 to inlet 13 of the lubrication oil pressure pump 11.

B. SELECTICN OF BASIC PROSPECTIVE FORMULATIONS

1. Introduction

A previous AFIP oil progrem was concluded with the selection of a
L certistoke naphthenic lubricaat designated Humble 2155 {Rc? 1). The shortcomin
of this lul.icani were excess..e aeratiorn arnd marginal corrosivensss. Subdseq: °nflv
=ver, tvc alternative lgad-rs~-ving capacity additives have been synthesized,
which showed a promising reducticn in corrosiveness. New praospactive olls haviog
these two additives plus tne Huzmble 3155 forrulation modifiel with an ixzproved ant:-
aeration additive were prorcsed as new candidates. Thesr three i{nitial candidsates were
as follows:

Candidate No. 1: lbecentistoke naphthenic base lubrican:
C.25% didodecyl phosphate {Monsanto)
0,58 Btuyl T0: {
:‘.C;‘ Monsants PC-12us
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87 -5 TURBOPUMP ASSEMBLY (CUTAwWAY VIEW)

1. OXIDIZER PUMP ASSEMBLY (REF) 12 TURBINE
2 FUEL PUMP ASSEMALY (BEF) ~ ABSEMBLY .
3 FUEL GEARBOX SEAL ASSEMRILY 13 TURBINE (INPUT) SHAPT
4 FUEL iOUTPUT) SHAFT 14 ROLLER BEARING (TYPICAL)
5 GEAR (FUEL SHAFT) 15 GEARBOX (INPUT) HOUSING
6 ACCESSORY GFAR (LUBRICATION In DRIVE GFAR
OIL PUMP) 17 GEAR (OXIDIZER SHAFT;
7 OIL COOLER N GEARBOX (OUTPUT) HOUSING
R FILTER SCREEN 19 BALL BEARING (TYPICAL)
§ LUBRICATION OIL PUMP 20 OXIDIZER (OUTPUT) SHAFT
10 LUBRICATION OIL RFSERVOIR 21 LrARING RETAINER (TYPICAL)
11 IDLER GEAR T OXIDIZER GEARB( { SEAL ASSEMBLY

Cigure Turteitums daae=niy (Tytisav Yiews
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IV, B, Selectiow of Basic Prospective Forzulations {cont.)

i-centistoke naphthenic base lubricant
0.5% dicresyl phosphate (Monsanto)
0.5% Ethyl 702

0.01% Monsanto PC-12Llk

Candldate Lo. 2:

Candidate No. 3: L-centistcke naphthenic base lubricant
0.20% Ortholeum 162 (DuPont)
0.5% Ethyl T02
0.01% Monsanto PC-12Lk -

The selection of basic formulations involved the choice of the number,
amounts of additives for a mineral base oil. Major effort was directed

selection of the extreme pressure additives, since the proper balencc between

imi%t and lubricant corrcosiveness is of major importance. Tentstive amcunts of

ive in the three nev candidate lubricents wvere selected by Judgement and
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2 Bace Lubricant Selection

Ze

The base lubricant selected is a super-refined naphthenic base mineral
0il made by Humble 0il Company and designated 3153. The mineral base oil provides a
large improvement in chemical compatibility with AeroZINE 50 and nitrogen tetroxide.
This base stock has a proven 20-year storage life and has good low-temperature prop-
erties. This lubricant is manufactured by processes developed at Pennsylvanie State
Unriversity for the U.S. Air Force by Drs. M. R. Fenske and E. E. Klaus (Ref 2).

The term "super-~°fined" refers to additional processing beyond that
normelly employ- 3 in the manutaclisie o7 conventionael lubricant. Super-refining
irproves the physical and chemical propervizs by removing undesirable nitrogen- and
oxygen-bearing compounds and chemically modifying or removing the aromatics. It is
unavoidable that this process slso removes a few Fesirable components, such as natural
cxidation inhibitors and anti-wear sgeuncs, but this is offset by an increased suscept-
ability to desirable additives. As with any mineral oil, a pressurized syster blanketed
with nitrogen will greatly increase the temperature capabilities of the lubricant by

minimizing oxidation and evaporation.

. wnt

The Humble 3153 base stock can be described as the lubricant with a
low viscosity and a low viscosity index. The pour point is about -30°F. It is a high-

temperature-resistant fluid for use in the temperature range of -30 to +350°F. 1Its
properties are as follows:
Specific Cravity at 60°F 0.863 + 0.00% .
Flash Point, COC, °F, min. 325 i
Fire Point, COC, °F, min. 360 '
Water Content, Kari Fischer, £ Max. 0.01
Pour Point, °F Max. -30
Distilled at 330°F, 10-mm Pressure ' 5% Max.
Kinematic Viscosity at 100°F, cstk .2 + 0.7

Page 14
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I¥, B, Selectior of Bazic Prospective ¥ormulations (cont.)

Kinematic V.scoeity at 210°F, cstk 3.10 + 0.15 ,
Viscosity Index Min. &7

Reut. No. 0.03

Molecular Weight 266

Storage Life 20 Years

Corrosiveness Negliginhle

Two different visccsities {2 and L centistokes at 210°F) of this
mineral oil base vere considered. The L-centistcke sase provides slightly better load-
carrying capecity, and the 3-centistoxe hes bettcr anti-seration c~heracteristics. It
vas previously determined that L-centistoke o0il was the maximum viscosity which could
be used in this aspplication because of high oil oump pressure at the start-up in the
gearbox at vempe ‘tures velow + S°F.

3. Selection of Additives

Selection cf additives was & ruther complex problem because the inter-
action of the additives with the gearbox meterisls and propellants must bte considered,
as well ss the performance requirements of high load capacity, low aerstion character-
istics and gnod thermal stability. In formulating a new prospective ojl, the number
of additives was to be kept at a minimum.

The additives that appear in each batch consist of extreme pressure
additives (alkyl acid phosphates), an enti-cxidant agent (Ethyl 702), a deloamer end
anti-seration agent (Monsanto PC-124k4),

An anti-cerrosive additive (Ortnoleum 535) was considered for certain
blends.

a, Extre... Pressure Additives

High-losd-cupacity lubricente freguently require an additive
w develop lubricating Zilms which sre more resistant t~ rupture than the film strength
of the base 0il. The anti-scuff properties of the prespective oils depend upon the
surface reaction of the extreme pressure additives with gear materials (Ref 3, &4, 5,
and ). It i¢ believed that the mechanism o1 additive anti-scuff action is the formaticn
of 8 low-shea: compound which allows esperities to be worn away in an orderly manner
rather than welding together and causing scuffing. The surface :tivity must be a correct
bgsiance betweer corrosion and anti-scuff activity. The interaction of all of the sbove
influences con additive anti-scuff behavior are not completely understocd; however,
nany commercisl lubricants use extreme pressure additives to enhance load carrying
capacivy.

The availability of a low~-viscesity mineral oil for lubrication
of high-speed gearbeoxes, such as "hose used in the Titan II engine, is limited by the
commersisl availatility of a boundary lubrication additive which will provide the
required apti-scuir promerties at a low viscosity. The inltial reguirement of this
program was that an exireme pressure (E.P.) sdditive for Titan II epplication sheould

Page 15
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¥, B, Selection of Basic Prospsctive Pormlstioas {cont.)

vive A Hyder Gear rating of 30CO 1b/in. «néd pot bs corrosive to silver-plated bearing
cares and other gearbox materiais. The Ryder Jesr rating requirement was tased on the
assumption that the preseut MIL-L-7806D{1) oil, vkizh had a rating of 2000 ib/in., was
respensible for an incipient scuffing condiiior vhich wma present in the gearbex.

On the basis of previsus vork conducted (Ref 1}, it has besn
determined that the impurities irn tricresyl phosphate sre the ective species in provig-
ing anti-scuff properties. It would eppeer, theretore, that the synthesis of these
irpurities to a high degree of puri‘~ should provide & relieble method of increesing
the load capacity of low viscosity mineral oils. To this end, two new additives--~didodecyl
chesphate and dicresyl phosphate-~were synthesized snd evaluatcd, besides the existing
anti-scuff Ortholeum 162 additive.

Ortholeum 162% is a commercial product which can be used to pro-

vide pear anti-scuff performance.

This additive is a mixture of mono- and di-acid

rhorphates &t an approximate 50:50 ratio.

acid phosphates are required for good sxtreme pressure sctivity,
rreduct of DuPont is ‘:adily available at a reaszonable cest.

ta3d Ke. ASTL. C-66k

It has been fourd that both mono- and di-
This commerciel
Itc properties are:

270

fnosphosus % oy Welight 10
Solubility in Minersl 0Oil In all proportions
Lecomposition Te.perature 355°F

t.  Aati-“xidani

Ethyl 702 oxidiation inhibitor was jointly ar~eed upon between
ferojet and Dr. Beerbower from the Esso Research Product Division. Other major
oil companies have algso had good experience with the Ethyl 702 sdditive in similar
arplicavions.,

This additive is used to prevent foramticn of lacquer or variish
acposits on hot run~ing gearbox parts. Its chemical structure is as follow::

CII{3 ‘ \:fx3
CE—— C —— CHy CBy— ¢ — CH,
| |
A / \
w_d  N\_ a,_ _on

\

Cﬂju—— ¢ «n—CH3

CH CH

¥y Pont registered trademark
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IV, B, Selection of Basic rios7~!ive Formulations (cont.)

4, 4 Methylenebis (2,6 - di-tert-butylphenol)

Properties:
Form Powder
Color Light yellow
Molecular Weight 424
Flash Point L2y oF
Solubility in 1.0 to 1.5% by weight

Mineral 0il at O°F
c. ti-Aeration Additive

An anti-seration additive, Monsanto PC-124L, was introduced to
imp:.ve the "coolant" characteristics of the mineral base lubricant by reducing the
number of air bubbles entrapped in the lubricant during gearbox operation. This additive
was successfully used in England to soive aeration problems with turbojet engines. It is
produced by the Monsanto Chemical Compaiuy under the name of PC-124k4 Defoamer. This
proprietary organic polymer is highlv effective in ascidic or neutral mineral base oils.
Tt is completely soluble in minersls oils within the recommended dosage of 1 ppm to 0.2%
by weight end has a long storage life,

d. Corrosion Inhibitor

To prevent the formaticn of a "Vaseline~type™ deposit formed on the
low-alloy steels in the presence of water and to reduce the degree of gray tarnish on
similar steels, Ortuoleum 535,% alkyl ammonium mixed alkyl acid phosphate was introduced.
Its properties are: .

Solubility in Hydrocarbons Completely miscible
Phosphorous Content 6.8% by weight
Acid No. ASTM D-66L 187

C. QPTIMIZATION OF ADDITIVES
The purpose of this sect.or is to present results of tests performed to
establish the best ccncentration of each of the additives for each of the basic formu-~
lations des:sribed in Section IV,h.

1. Anti-scuff Additives

Considerable effort was spent on the optimization of the anti-scuff
additives because these additives play the most important part in formulation of the
candidate oils.

The estimated amounts of each three E.P. additives required to give s
Ryder Gear value of 3000 ppi are shown below:

®Du “ont registered trademark.
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IV, C, Optimization of Additives

Candidate ¥o. 1: 0.25 Didodecyl phosphate 0.0181%P
Candidate No. 2: 0.50 Dicresyl phosphate 0.0562%P
Candidate No, 3: 0.25 Ortholeum 162 0.0262%

Three difft nt amounts of each E.P. additive were evaluated in each
basic formulat. .n.

The following Ryder Gear tests have been conducted on each of the three
prospective E.P, additives:

(1)

Batch 0il, DDP, DCP,(2) Orth. 162,(3) Ethyl 702, Monsanto  Ryder Gea{hYalue,
i

No. stk % % % 3 PC-12L4 Y

10 L — —— 0.15 0.50 0.01 3043
1 4 — — 0.20 0.50 0.01 5175
12 4 —— _— 0.25% 0.50 0.01 5135
13 b 0.20 — — 0.50 0.01 7610
1k 4 0.35 —— ——— 0.50 0.01 8015
15 4 0.50 -— -— 0.50 0.01 7950
16 4 — 0.20 — 0.50 0.01 1525
i7 4 — 0.35 - 0 50 0.01 1190
18 4 —_—— 0.50 -— 0.50 0.01 1385

{1} DDP = Didodecyl phosphate
(2) DCP = Dicresyl phosghate
(3) Ortholeum 162

(4) ppi = 1b/in.

The test revealed extreme weakness of dicresyl phosphate which did
not change the strength of the oil despite its heavy concentration of 0.5% by weight
This additive has also shown a very poor stability when reacting with amnonia, which
is one of the constituents of the products of combustion. A solid yellow precipi-
tate has been found in the test tube, This type of precipitate would have caused
great damage to filter and nozzles of the gearbox in case of leakage of the products
of combustion into the gearbox. Therefore, it hus been decided to eliminate dicresyl
phosphate from the oil program. The other two additives favorably passced chemical
compatibility tests end were selected for further Ryder Gear evalusation.

While the Ortholeum 162 E.P, additive in the prospective cil gave
stcady Kyder Gear values, . 3iocdecv]l phosphate gave erratic results. Investigation of
this laconsistency showed that each batch of didcdecyl phosphate was different from
one ancther. 0il containing the first batch (designated Batch A) of this additive passed
all of the gualification tests. The second batch {designated Batch B) of this additive
was found to produce low Ryder Gear values and high metal corrosiveness. Mousanto
Company produced a third batch in two portions (dasignated Satches C & D) which demon-
strated their ability to synthesize & product of reasonable repeatability.

Page 18




Report 8SD-TR-65-161-1

Iv, C, Optimization of Additives

The following summs y gives data for the batches of DDP as screened by
Aerojet in chemicsal and physical tests:

DDP Melting Neutralization Crystalline Corrosion Ryder Gear
Batch Point,°C No. XOH mg/er Structure Tegt Test

A 43 to 50 3ul Central Paased Passed

B LT to L9 L32 Parallel Failed Failed

c 43 to LT 331 Central Passed Passed

D 43 to SO 3ko Central Passed Passed

Tests were performec. to investigate the difference betwee the above
batches and also tc establish an acceptance specification for the additive. The follow-
ing conclusions cen be made based on the laboratory investigation:

(1) Infrared spectra of samples from Batches A and B were found to be
essentially identical to esch other. Minor differences between the spectra can be con-
tributed to water. BEoth samples rontain water; however, Batch A contains more water
than Batch B. Since both samples behaved differently, the infrared spectrum anslysis
was considered inconclusive.

(2) A portion of Batches A and B was heated at 110°C at atmospneric
pressure for 2 hr. Batch B developed an amber color while Batch A showed only slight
discoloration. This is possible due %o the stabilizing effect of absorbed moisture
by Bc*-~h A.

(3) The melting points of Batches A and B are different.

(k) Neutralization number of Batch A iz 341 mg KOH per gram of oil,
vhile Batch B shows a neutralization number as high as 432. This number is very
important in the determination of the chemical activity. It is believed that the high
neutralization number of Batch B resulted from e different synthesis meci.. >d employed
by Monssnto Research Laboratory.

Photographs (X33} No. 1, &, 2, and - of Figure 3 show C.fferent
conditions :f Batches A and 5. Whereas "atch A shows s&r ameorphous melted mass, Batch B
shows granular material s*ructure.

Microphotographs Fo. S, b, 7, and 8 of Pigure 4 indicate a very
different crystailine structurc. Buwocu A has centrally oriented crystals, while Batch
B .hows paralle] oriented .iructure. Microphotogr.gha of Batch C show similarity ~~ta
Batch A. (Fizure S). A comparison of granular appearance between Satches B and O {s shown
shown in Figure ©.

Thin-iayer chromotography Teveelwo. that the major difference

vetween Batch A and Eatceh B was purity. Batch & Jontained sbout 5% mono-acti pacsphate
and S% di-acid phosphate., while Ratch B contained all di-ac'? phosphate (DDP). Extrs
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Magnification 13X
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Figure 3, Condition of DDP
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Magnification 34X

Fhoto No. Remarks
S amd T Urvstallization from s melt of Ssaple A using crossest

prtsrizers at & magnification of 84X,

¢ Crvstallization Izam 2 melt of Sample B using crossed
polarizers at a ma nilzoation 84X,
b Urvstailization from a gradient melt ot Samples A and B.
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20 indriatior of ispurities.
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Figure 4, DDP Crystalline Structure
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Sample as received

Magnification 33X

Magnification 34X

Crvstailization from meat
taken between .rossed polars.

Figure S. DDP Sample ¢
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Top small shherical particles are white
4 B

Lower large lumps of msterial are creamy in
color, This is SAMPIE C
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Sample ¢

Figure ¢. DDP Comparison between Batches B and C
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IV, C, Optimization of Additives (cont.)

purification steps employed in the sysnthesis of Batch B aj.arently removed the 5%
mono-r.cid phosphate, wvhile Batch B contained all di-acii phosphate (DDP). Extra
purirication steps employed in the synthes‘s of Batch B apparcntly removed ihe 5% mono-
acid phosphate which occurred a8 an impurity. It is ircteresting to note that, con-
trary to initial assumptions, the presence of bLoth mono- and d’ -acids are regquired to
provide good extreme pressure lubrication.

Tc more readily compare and analyze data for the different E.P.
additives, a neutralization number (KOH) vas selected az common denominator for both
E.P. additives. This number indicateas the number of mg of potassiur hvAroxide required
to neutralize acidity in one gram of oil. Ryder Gear test resuits with side A of the
test gears {s shown in Figure 7. Sides A and B test results, exluding resu.'s which
differ more than 800 ppi, are shown in Figure 8.

In order to establish the required ~cncentraticn didodecyl
phosphate, Ryder Gear values were plotted against percert DDP in Figure 9. The
characteristic response curves transposed from the KOH versus Ryder Gear vaiue
previously described are placed on this curve. According to this¢ curve, & concentration
of 0.4% DDP would be required to me=t the 3000 ppi requirement in 3-centistoke base
0il. It was established that 0.30% of didodecyl phosphate is the solubility Zimit of
this additive at lover temperat:res. Therefore, the optirum concentraticn of DDP {is
0.30%, whicn provides a Ryder Gear value of _bout 2400 ppi. In the L-centistoke oil,
values of Ryder Gear vere erratic but generally higher thar in tie j-centistcke blend
(see Figure 10).

Tre characteristic response curve of the 3-centistoke Orthole.a
162 0il is snown in Figure 11, This graph shows that a concentration of 0.3% is
required to achieve repeatadble res.its above the 30C0-ppi level. TFigure 12 shows
similar results with blends containing S0 ppm (Ortholeum S35 in conjunction with
Ortholeun 162;. The concentrastion of Ortholeum 162 is seiected st the minimum value
meeting the Ryder Gear requirement of 3000 ppi tc minimize corrosiveness to metals,

2. Oxidaticon Zabiditor

thyl 702 was selected as an oxidation inhibiicr upon the recommenda-
tion and experience of the 0il industiry. The concentration of this additive, based
upon indust y experiesnce, wes established at v.5% by weight, Tris inkiditor effec-
tively prevented formation of varnish or lacguers on the gear™ox parts vhen heated in
the cil at 347°F for five days.

3. Optimization of Monoante r-1244 Defoazmsr

The optizizaticn of Momsantc PC-12xi 2efoamer var accoxplished with
several blends of both 3- and b-centistoke viscosity ofl. Opiilmization test detz on
the w-centistoke btese cil with varisus amounts of E.P sd2itives and Mcrassnto PC-104k
are =howr below:
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IV, C, Optimization of Additives (cont.)

) 4 4 Foam to
By Weight, by Weight, By Welght, Aeration, Collapse,

E.P, Ethyl 702 Mons. PC-12ub sec sec
0.5 DCP — -— 67 63
0.5 DCP 0.5 —— 8o 55
0.5 DCP 0.5 0.005 91.6 55

Candidate No. 2

0.5 DCP 0.5 0.01 81 49
0.5 DCP 0.5 0.015 94 60
0.5 DCP 0.5 0.02 92 53
0.25 DCP — -— 90 LT
0.25 DCP 0.5 —_— 71 59
0.25 DCP 0.5 0.005 86.8 L7
0.25 DCP 0.5 0.010 81 L7
0.25 DCP 0.5 0.015 75 37
0.25 DCP 0.5 0.02 87.5 43
candidate No. 1
0.25 DDP 0.5 c.01 280 200
0.25 DDP 0.5 0.005 3k 175
0.25 DDP 0.5 0.010 284 207
0.25 DDP 0.5 0.015 T24 260
0.25 DDP 0.5 0.02 468.7 21k
0.20 Orth 162 0.5 0.005 724 107
Candidate No. 3
0.20 Orth 162 0.5 0.010 1012.9 132
0.20 Orth 162 0.5 0.015% 1207.6 82
0.20 Orth 162 0©.5 0.02 122k .9 158
0.20 Orth 162 0.5 0.025 1337 69

Aeration tests were performed according to the Aerojet-General test
method, wherein 200 ml of oil are heated to 100°F and agitated at high speed in a
Waring-type blender for one min. The oil is then transferred into the 250-ml grad-
uasted cylinder, and the time (aeration sec) is recorded wnen the o0il is clear enough
to see the cylinder graduation located on the far side. The foam thickness and the
time of foam collapse (foam to collapse sec) is also observed.

The L-centistoke base oil has the rather poor aeraticn cls=aring time
of 512 sec, while the 3-centistoke o0il needs only 71 sec to clear. Because the three
prospective >ils, Candidates No. 1, 2, and 3 vere made from 4-centistoke base oil, an
ortinized value of Monsanto PC-12uk was required to keep amers’ion at the lover value.
The results of the aeration tests conducted wi:h the L-centist.ke base 01l can be summed
up as follows:

Page 21
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IV, C, Optimization of Additives (cont.)

[

Base 0il with dicresyl phosphate E.P. additive:
-~ excellent aeration characteristics

2. Base oil with didodecyl phosphate E.P. additive:
-- marginal aeration characteristics

3. Base o0il with Ortholeum 162 E.P. additive:
-- unsatisfactory aeration characteristics

(Meximum allowable seration time is 240 sec)

Over 20 additional -~eration tests were performed with the oil contain-
ing Ortholeum 162, the negative results of which can be seen in Figure 13.

Test results with Lh-centistoke cil containing dicresyl phosphate E.P.
additive are plotted in Figure 1L and show excellent merstion characteristics. Satis-
factory aeration characteristics of the 4-centistoke oil containing didodecyl
phosphate, with the amount of Monsanto PC-124L increased to 0.10%, are shown in
Figure 15.

Above tests pointed out problems existing with Candidate No. 3, which
coniains Ortholeum 162 E.P. additive, while both Candidates No. 1 and 2 have shown
good seration characteristics.

Therefore, a decision was made to change the base o0il from 4 to 3
centistokes cnd to increase the Ortholeum content from 0.20% to 0.25% by weight. The
results of the aeration tests conducted with 3-centistoke base oil and the new amount
of Ortholeum 162 are shown in Figure 16. The beneficial action of Monsanto PC-12hk is
clearly seen in these tests, and its amcunt was established at 0.10% by weight.

Introduction of Ortholeum 535 to suppress corrosiveness of the oil
further reduced aerstion time of the 3-centistoke Ortholeum 162 blend (Figure 17).
Comparative aeration test results ere shown in Figure 18,

Details of the aeration test performed on 3-centistoke Or+holeum 152
0il (with Ortholeum 535) are shown in Figure 19. The present prospective oil, Batch
No. L1, is a direct result of the above tests and has shown excollent seration charas-
teristics.

Final optimization of 3-centistoke c¢.1 with its additives is shown in
Figure 20. The influence of Monsanto rC-12Lh is clearly seen. The improvement of
this blend with the addition of Ortholeum 535 anti-corrosive additive has been
demonstrated. With the content of Monsanto PC-12LL at zero, the seration exceeded the
reqrired value of 20 sec. Gradual increase of this additive helped to drop eseration
time from over 700 sec to an acceptable value of 90 sec.
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iv, C, Optimization of Additives (cont.)

The strong anti-aerstion properties of the anti-corresive additive
{Ortholeum 535) suggeats that Monsantc PC-12Lb may not be required. The decision was
made to keep PC-12b4 in the blenrd because the mechanism of the Ortholeum 535 action
is probably based on surface active properties, and its effect may not be lasting.

L, Optimization of Ortholeum 535 Anti-Corrosive Additive

This additive was introduced to combat corrosion ani excessive forma-
tion of cclorless pracipitates on the soft steel in the presence of water. Table I
illustrates test resuits conducted to esteblish the needed amount of thiaz additive.

The above tests show that antl-corrosive adfitive ie effective with
the oil containing DDP edditive and highly efficient when sdded to the 3-centistcke
oll containing Ortholeum 162,

Further optimization of Ortholeum 535 waes comducied using 3-centistoke
ol with Ortholeum 162 additive. Data from tLis effort are summarized below:

Base Fermulation (Batch 41):
3-centistoke Super-refined naphthenic base lubricant
0.25% Ortholeum 1F?
0.5% Ethyl 708
0.1% Monsanto PC-i2Lk
Spindle: SAE 1020 Polished to 6 to 10 rms
Amount of Water: 0.2%

Five-day tesi, three determinations

Room Temperature 1hoop
Vaseline Vuseline

Batch 2) Spindle Formation Spindlie Formation

Neat Black Gray  Heavy Dull Gray Very Light
+ 25 ppa Ortholeum 535 arsy Light Gray None
+ 50 ppm®* Dull None Duil None
+ 75 ppm Dull None Dull None
+ 100 ppm Duil None Dull

i}pm = part per million

A mixture containing 50 ppm of Crtholeum 535 was =elected because
any further increase of this additive did not make any noticeable changes. Becsuse
the minimum required amount of each additive war considered to be the best solution,
che sbhove amounl was accepted in the lubricant Jormuiction.

Pege 23
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TABLE I

OPTINIZATION TESTS WITH ARNTI-CORRCSIVE ADDITIVE ORTHOLEUM 535

Spindle Test, 1/2 Dianmster, SAB 1020 at 1k0°F for Five days with 0.2 Water

becstk DDP 011, Nest

+ 25 ppa PL-535
+ 50 ppa PL-535
+ T5 ppm PL-535
+100 prm PL-535

3.cstk DDP 01l, Keat

3-c2tk Orth.

+ 25 ppm PL-535
+ 50 ppm PL-535
+ 75 ppm PL-535
+190 ppm PL-535

162 011, Neat

+ 25 ppm PL-535
+ 50 ppm PL-535
+ 75 ppm PL-535
+100 ppa PL-535

Corroded and discolored dark gray, no ppt

Dull, grayish, ro ppt
Slightly dull, no ppt
8lightly dull, no ppt
Bpindle stained alightly, no ppt

Blight dull discoloration, nc ppt

Ellght stains, ro ppt
Slightly éull, no ppt
S8lightly dull, no ppt
Spindle alightly dull, mo ppt

Spindle alightly dull, oil haxy
Spindle slightly discolored, no ppt
Spindle dull, no ppt

Spindle Auil, nc ppt
Spindle alightly dull, oil clesr, no ppt

Table I
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IV, C, Optimization of Additives (cent.)

The protective action of Ortholeum 535 is also demonstrated by the
results of a corrosion resistance test summarized below. The posttes: coupons are shown
in Figure 21.

SAE 1008 coupons for four hours in 250° lubricant
Dipped in 1% saline solution for 10 min
Observations after 2L hr.

Batch No. Observations after 24 Hours
MIL-L-T808D(1) Bsdly corroded
Batch 21 (without Ortholeum 535) Cpots of corrosion
Batck 41 (with Ortholeum 535) No corrosion
Batch 34 (DDP Lubricant without Badly corroded

Ortholeun, 535)

Favorable aeration resulis obtained when Ortholeum 535 was added to existing
blends are shown telow:

Foan
0oil Aeration Foam Thickness, in.
Batch 13: Neat 380 23y 1/2
With 25 ppm PL-535 125 87 1/2
With 50 ppm PL-535 56 37 1/h
Batch 26: Neat 106 6k 3/4
With 25 ppm PL-535 Ll Nene None
ith 50 ppm PL-535 33 20 1/4
Batch 33: Neat 46 1 1/b
With 25 ppm PL-535 31 27 1/2
With 50 ppm PL-535 31 28 3/4

5. Summary

Attempts to optimize the concentration of DCP showed that this addi-
tive does not have saufficient lubrication activity.under extreme pressure, The optimum
concentration of DDP based upon & compromise between E.P. activity and solubility is
0.3% by weight. The best concentration of Ortholeum 162 based upon a compromise betwzen
crrrosiveness and the Ryder Gear requirement of 3000 ppi is 0.3% by weight. The best
concentration of Monsanto PC-12kk is 0.1% when used in Ortholeum 162 Ulends and 0.05%
when used in DDP blends. The optirum concentretion of Ortholeum 535 is 50 ppm in
Ortholeum 162 blends.

rage 2b
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IV, Technicel Discussion {cont.)
D. SELECTION OF FINAL PROSPECTIVE LUBRICANT
Selection criteria for the new prospective oll ccnsist of the program
objectives outlined in the introduction of this report. A large number of blends
shown in Table X were tested in laboratory and component tests and nearly all have
shown better performance than the MIL-L-7808D(1) lubricant. Five of the most promising
lubricants were selected as candidates for the final lutricant. Each candidate was
screened sgainst the following tests:
1, Ryder Gear rating
2. Oxidaticn stability
3. Corrosiveness with soft steel
L.,  Aeration tendency
5. {Chemical compatibility
6. Filt=r plugging test
T. Solubility
8. Wester: Gear aeration test

9. Quality assurance

The five prospective 0il blends were as follows:

E.P., Additives Anti-Cxidant Anti-Corr. Defoauer
0i1, Orth. 162, DIDP, Ethyl 702, Crtho. 535, Monsanto PC-12kk,
Batch No. cstk % 3 3 ppm ]

20 3 -—— 0.25 0.5 e 0.09
21 3 0.25 — 0.5 ——— 0.10
22 3 0.24% ——— 0.5 5¢ c.10
34 h -— 6.25 0.5 ——— G.05
Ly 2 G.30 - .5 50 .10

Pelative performance of each of candidate oils aftsr the screening
tests can be summed up eas follows:

Pege 25
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.V, D, Selection of Final Prospective Lubricant (¢ nt.)

Batch No.

Tasks 20 2 22 3 L2
Ryler Gesar Rating Pass Pass Pass Pass Pass
Oxidation Stability Pass Pass Pass Pass Pass
Corrosiveness with Soft Steel Pass Fajled  Pase Pass Pass
Chemical Compatibility Pass Pass Pass Pass Pasg
Filter Plugging Pass Pass Pess Pass Pess
Aecation Pass Pess Pass Puss Pass
Western Gear Aeration Tests Pass Passg Pass Pass Pass
Solubility ot E.P. Additive Failed Pass Pags Failed Pass

Total Score Faileé Failed  Pass Failed Pass

Failure of Brtches 20 and 3b was caused by the poor solubility of DDP at
low temperature. This could be solved by the synthesis of an alkyl phosphate in the
C range rather than C,,; however, the availability of favorable cundidates illuminated
the need for this approuch.

Batch 21 was eliminaied because of its higher corrosiveness against the
AISTI 52100 steel and mild steel {such as SAE 1020). 7Tt is alsc p. “ne to build color-
less, Vaseline-like precipitstes on the mild steels at room temperature.

Bat _h 22 differs from Batch 41 in the amousnt of Ortholeum 162. An increase
from 0.25 to 0.30% by weight was made to meel the Ryder Gear rating of 3000 ppi.

C.. he bagis of the above compariscn, Batch Ul was selected as the finsl
prospective lubricant. Humble 0il and Refining Company, which was very fnstrumental
in the develcoprent of this gearbox lubricant, suggested taat Batch 41 be call.d 3156
Gear Lubricant.

The final formulation of the selected prospective lubricant is as follows:

Pagse Lubricant: Humble 3153 nephtheinic super-refined
mineral 3~centistoke (at 210°F) lubricant

Additives: 0.30% Crtholeum 16« E.P. additive
0.50% Ethyl 702 Arti-oxidant
0.10% Monsanto PC-12LbL Defcamer
50 ppm Ortholeum 535 Anti-corresive additive

General properties of ths £in
the preperties of the MIL-L-7808D (1) )

al prospective lubricant are rompared with
t

"J
1) lubri

P




Repcrt SSD-TR-65-161-1

1V, D, Selection of Final Prospective Lubricant (cont.)

Bryco 880
£880 3156 M L-L-7808D(1)
Aato-Ignition Temperature, °F 735 70
Neutraliz:tion Ko., mg/KOH, -r 0.80 + 0.1 0.39
Sample
Lolor Light yellow Yelliow
Ryder Gear Rating. ppi 250C t» LOCO 1800 to 2200
Oxidation Stability Ercellent Excellent
Corrosiveness Iron Forms light None
gray film
Other Gearbox Meta's None None
Aeration Tendency Very low Very low
Foami~g Very .- Very low
Chemical Coxpatibiiity wvith Pass Failed
Pror~llants and Procduc-.s
of Cecmbustion
Filter Plugging Pass Failed
Storage Life Eat 1C years Pass - 18 months

All the additives of tl - new formulation are ' “ff-ihe-snelf" items and
have undergcne excessive research by the vendors. No spec. 2l request was made to
specifically blend any of the sdditives, vwhich have shown their consistency throughout
the development end testing.
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IV, Techuical Discussicn (cont.)

E, ?VALUATIOﬁ OF FIHAL PROSPECTIVE LUBRICANT
\With Respect to Present Liubricant)

1. Introduction
s discussed in the previous section, the final prospective lubricant -
was gelected from among several candidates on the basis of its performmnce with regard
to the program objectives. Follewing this selection, the performance of the candidate

lubricant was further eveluated relative to present lubricant. Many of the tests wvere
conducted on & parallel basis to provide an accurate comparison,

This section contains descriptivns of the fclleving laboratory and
cozponent tests:

a. Load-carrying tests (Ryder Gear Tests)

b. Gearbox tests at Westerxz Gear Corporation
c. Filter plugging

d. Propellant compatibility tests

e, Aeration tests

f. Corrosion tests

g. Corpatibility with MIL-L-T808D(1) oil

h. Storage test

2. Load-Carrying Capacity

The load-carrying capacity of the new o0ll was evaluated by comparing
the results of Ryder Gear tests and gearbox performance test with the results obtaiped
in duplicate tests with MIL-L-7808D(1) oil. Standard Ryder Gear testing procedure,
delinsated in Appendix II, was varied in special tests to more nearly luplicate the
Titan II first-stage gearbux operating conditions. Special high-load gearbox tests
vere also conducted at Westein Gear Corporation on the new oil and MIL-L-T7808D(1) oil.

a. Ryder Gear Tests -
(1) standard Ryder Gear Testis

The standard Ryder Gear value unit is pounds per inch
{(ppi) »f tooth width and i3 a measure of the load—carrying capacity of an oil at a

particular set of test conditions. Each test oil is evaluated at the same conditions
as specified in Federal Test Method Standard 79la, Method 6508 (Ref 7).

Page 28
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IV, E, Evaluaticn of Final Prospective Lubricant (eoat.)

tanderd Ryder Gear tests are conducted with cese-hardened
gears mede of AM3-6260 stesl, and the tooth load is increased 370 ppi at =ach
successive 10-min run. In this report, the above gear materisl is referred to as
"stendard Ryder gears” and the leadirg sequence as "standard loading."

Te correlate Ryder Gear data obtalned by different testing

as followa:

Tegt 011 Average Rating
L4
% Relative Rating = g erce 011 Average Rating 160

E]
4

erzfors, the higher relative ratinga indicate higher losd-carrying capacitiesa.

The foilowing table gives the average Ryder Gear value
and relative ratings for MIL-L-T808D(1) oil and the nev oil, obtained by the various
testing laboratories. Each tabulated value is an average of the tests or deter-
minstions by a testing laboratory.

kyder Gear % Rel. Rumber of

Testing Laboratory Value in ppl Rating Determinations

MIL-L-7808D(1) vi1:

EPPI Precision Products, Imec. 2070 - 70.6 2
South West Research Institute 2204 82.0 k
152-6

Average Relative Rating - 76.3%

Bateh L1 041:

EPPI Precisico Products, Ins. 5200 173 7T

Sousn West Research Imstitute 2590 96. 9

Alcor Laboratories 3040 106 3
381

Average Relative Rating - 127%

A relative rating improvement over MIL-L-T808D(1) oil of 50f was attained.

Pages 29
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IV, E; Ivalustion of Finmal Irospective Lubricant (cont.)

Ryder Gear data obteined from the three

22. Based on all the data obtained, the

& is 144%. The 127% rating is conservative
and i3 aaaed cn the most repaatﬂslﬁ values cbtained. It excludes test date extrapc-
lated beyond the 5500-ppi capacity of the standard testing rig.

In evaluating Ryder Gear data, it should be understced
g8 may result from gear variations, such as tooth spacing and tooth

that low ratin
gurface Tinish, However, high values can only be obtained with oils that provide
high film strength and scuff resistance.

{2) Speecial Ryder Gear Tests

A previcus investigation of Ryder Gear tests shows that
caution should be used when evelueting an oil for use with gear materials other than
AM3-62€0 steel or operating conditions other than those that can be produced in a

Fyder CGezr machine. The following is an exerpt from a report ca Ryder Geer tests
by South West Research Institute on USAF Contract 33(5616)-T223:

"On the basis of the load-carrying capacity
determinations of ten lubricants, it was found
that no orgenized correlation existed between
the results obusined with one gear material
urder a given set of operating conditions and
noge obtained with another gear material under
ancther set of crerating conditions.”

It may be concluded that the test results obtained from
standerd Ryder Gear tests, per Federal Test Method Standard T79la, Method 6506, provide
ptatistical date for oll compariscn. However, more representative conclusions should
be based on the results of tests tallored, as nesr as practicable, to the actual gear-
boxz operating conditions. In order to preserve dete continuity, the siandard Ryder
Gear testing was changed in two phases: (1) gear material snd {2) sequence of loading
increments and duration of test at each load.

In Phase I, the gear materiel was not esctually changed
tut simply black-oxide-coated per Specification MIL-C-1392L, Class 1, the same as
the Titan II production gears. The followlng summary shows the resultis of the
standard load sequence tests conducted by EPPI Precision Products, Inc.:

Ryder Gear % Relative Humber of
Test 011l Yalue in ppi Rating Determinations
MIL-L-7808D(1} 2315 76 L
Batch 41 1Lk30 W L

The relative rating of Batch 4l oil is 39% lower with the black oxicde coating.

Page 30
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IV, E, Evaluation of Finel Prospective Lubricant (cont.)

In Phase II, standard gears were black-oxide-coated as
above, zad the sequence of loading vas modified. The initial load sequence and dura-
tion wez based on rorml operating cycle of the Titan II first-stage gearbox. At
loade simuisting the norml gearbox load, the duration of the Ryder Gear test would
approach the life of the gears and the data for comperison would be in terms of time.
The numver of tests required makes the time procedure impractical; therefore, the
loed increments were stablished to simulate the gearbox bresk-in load, full-load,
and turbspurp assembly tests. BSubsequent load increments were dezigned to obtein
rating dete in ppi (nounds per inch).

The loading sequence for these tests is given in Table II
and the Ryder Gear values obtained with black oxide standard gears are listed below:

Ryder Gea: % Relative Number of
Test 041 Value in ppi Rating Determinations
MIL-1-7808D(1) 2360 T b
Batch 41 1632 54 b

In order to simlate gear conditions in the field, the
break-in runs vere with MIL-L-T608D(1) o0il; the test procedure was modified as shown
in Table ITI to evsluate Batch 41 01l at these comditions. MIL-L-T808D(1) oil was
used during the first two break-in runs and then the tests wsre contircued with
Patch b1 o0il, plus 2§ MIL-L-7808D{1) oil. The 2% MIL-L-T808D(1) oil wac added to
simulate the residual oll remsining in tne gearbox in the silo after draining and
flushing. The procedures for draining and flushing as well as for refilling with
the new ofil, are given in Appendix v of this report.

The results of these tests are given below:

Ryder Gear % Relative Number of
Test 011 Value in ppi Rating Determinations

MIL-L-T808D(1) break-in
followed by Bateh L1 plus 2187 T1.7 4
2% MIL-L-T7808D(1)

This is more than a L2% improvement over the two previous
series of tests ard shows the adverse effect black oxide has on the E.P, (extreme
pressure) additives in Batch Ll oil. Therefore, the test was repeated, except sfter
the break-in with MIL-I-T808D(1) oil; the black oxide :as removed with phospheric
acid; and the test continued as above with the following results:

Ryder Gear % Relative Number or
Test 0il VYalue in ppil Rating Determinations
Batch 4l plus 3915 129 2

2% MIL-L-T808D(1)
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TABLs II

RYDER GEAR MACHINE, LOAD-SEQUENCe-SIMULATING GEARBOX

Test Tooth Leed, Test Duretion,
No. . ppi minutes
) 435 32
2 870 16
3 1750 16
i 1750 16
p 1750 2
6 1900 16
7 1900 16
8 2100 16
9 2100 16
10 2270 16
11 2270 16
12 2270 24
13 2k50 16
1k 2L50 16

Table 1Y
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TABLE III

RYDER GEAR MACHINE, SIMULATING-GEARBOX OPERATION

Tooth Load,
—RpL

(Test 0il per MIL-L-7808D(1))

1
2

(Plush - Continue test with Batch bl oil + 2% MIL-L-7808D(1) oil)

435
1730

Test Duration,
nimites

16
16

OV O -7 O

10
11
12
13
14
15

1950
1950
1950
1950
1950
1950
232¢
2700
3100
3480
3860
4230
k6co

Teble III

16
16
32
32
32

32
16

-

16
16
16
1%
16
16




Report SSD-TR-65-161-1

IV, E, Evaluation of Final Prospective Lubricant (cont.)

This is & T79% improvement over the last test series and
a 150% improvement over black-oxide-coated gears with no break-in with MIL-L-7808p(1)
oil.

Titan II gears are made of black-oxide-coated 4620 and
9310 steel; therefore, these materials were evaluated by the standard Ryder gear load
Bequence, with and without black oxide coating, with the following resuits:

Ryder Gear % Relative Number of
Test 01l Value in ppi Rating Determinaticns

With Bleck Oxide

MIL-L-7808D(1) 2385 78.2 2
Batch Ll 2330 76.2 2

Without Black Oxide

Batch L1 3865 127 2
A relastive rating improvement of 67% without black oxide was attained.

The Ryder Geer machine wes used to evaluate both
MIL-L-7806D(1) and Batch 4l oils contaminated with water, AeroZINE 50, and extremes
of E.P. additives.

Tabulated results of these tests, shown in Table IV, indi-
cate that these contaminants are ineffective at the allowvable limits of gearbox
contamination. ’

In turbopump tests wvhere a turbine seal leak occurs, the
atmospheric environment in the gearbox is one of inert or reducing gases. This
condition also exists during flight because the turbine exhaust gases are used to
pressurize the lubricating oil system to minimize vaporization; therefore, a series
of Ryder Gear testa was conducted using a gaseous nitrogen stmosphere, with tne
following resul<s:

Ryder Gear % Relative Number of
Jegt Cil Value in ppi Rating Determinations
MIL-L-7808D(1) 1L07 53.0 2
Batch Li 2630 106.3 2
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TABLE IV

TESTS8 OF LOAD-CARRYING CAPACITY

Standerd Ryder Gear Teste by SWRI

Nev 0il at extremes of Ortholeum 162 composition

Ave. Ryder
Gear Value, % Ave.
ppi Rel. Rating
Max, mono-acid 2900 107
Min. mono-acid 2900 1C7

Btandard Test c..cept Nitrogen Blanketing
Batch 41 oild 2830 106.3
MIL-L-T808D(1) oil 1407 53.0

Reduced Flow Test

Batch Ul oil at 50% 2197 82.7
at 25% 916 2.5
MIL-L-7808D(1) oil at 50% 1575 59, %
at 25% 1569 56.0

Special Ryder Gear 'itsts

Gearbox load sequence with MIL-L-7808D(1) oil bresk-in
Black oxide by EPPI on Titan II gear materials

Ave, Ryder
Gaar Value, % Ave.
ppi Rel. Rating
Batch 41 oil + 2% A = 1880 96
MIL-L-T808Di1) oil B = 3980
Batch 41 oil + 0.2% water 1730 56.7
+ 0.1% A-50
MIL-L-7808D(1) oil + (.2% water 2575 84,5
+ 0.1% A-50
Standard Ryder Gear Tests
Batch 1 o4l + 0.1% water
(Drop in KOL frcm 0.65 to 0.57) 3915 126

Teble IV

Number of
Determinations

6
6

nn

Number of
Determinations

2
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IV, E, Evaluation of Final Prospective Lubricant (cont.)
The effect of uxygen on the ev ana present oils can be

geen when the sbove data are compared to the following data from the same test with
an eir atmosphere:

Ryder Gear % Relative Number of
Test 0il Value in ppi Rating Determinations
MIL-L-7808D(1) 220k 82 L
Batch Lkl 2590 96 9

The Ryder gear value of the present cil, MIL-L-T808D(1),
vas reduced 36% by the neutral atmosphere, vhile the value for the nev oil was slightly
increased. It is concluded that the present ester-base oil requires oxygen to provide
the scuff resistance indicated by the standard Ryder Gear values. The new oil provides
high scuff resistance without the presenc~ of oxygen by the formtion of iron phosphate
on the gear tooth surfaces at operating temperatures and is, therefore, not adversely
affected by turbine exhasust gases in the gearbox.

Tests were also conducted to shov e comparison of load-
carrying capscities of the new and present oils at reduced 0il supply in an inert
atmosphere. The results of these tests are graphically {1lustrated in Figure 30,
showing Ryder Gear values vs percentages of normel oil supply. Thess tests show
that the new cil is superior to the present oil above 35% of norml oil supply.
Complete Ryder Gear test results are shown in Teble X.

b. High Load

The initial evaluation of load-carrying and scuff resistance
provided by Batch 41 oil w-s made from Ryder Gear values. As previously noted,
Ryder Gear values are not directly applicable to gears where the gear material,
tooth forms and dynsmic conditions &re not identical to those in the Ryder Gear
test arrsngement. The more significant differences between the standard Ryder Gear
machine and the Titan II gearbox operating conditions are listed in Table V.
Therefore, the load—carrying capacity of Batch bl 0il was further evalusted in
Titan II gearbox tests.

These tests were conducted at the gearbox production test
facilities maintained by Western Gear Corporation in Lynwood, California. The test
schedule was designed tc establish the maximum load carrying capacity of MIL-L-7808D(1)
oil in terms of gear tooth surface vear; i.e., scoring and scuffing so that Batch 41
0il could be evaiuated by comparing gear tooth surfaces of the pinion gears ufter
being operated at the ssme test conditions. These tests are referred to as high-lecad
scuffing tests to distinguish them from production tests.
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» E, Evaluation of Finzl Prospective Lubricant (cont.)

3

{1) Test Equipment

o

ALl scuff tesis on both oils were conducted with a Titen II
fir e ssenbied with nevw bearings and gears to test each oil. The
first-stage gearbox was selected in preference %o the second stage because:

{1} The tooth contsct stresses in the first stege are
higher than in the second siage.

{2) The pinion gear teeth are loaded twice per revolution.
These and other factors cause the wear rate of the pinlon

herefore, this wvas the gear selected to be inspected after each test run.
To achieve an overload condition on the gear teeth within
sting renge of the test egquipment, the width of the pinion gear was reduced
provide 30% tootih overload at normal operating ‘rput torque. This loading is based
the average effective width (1.953 in.) of the oxidizer and idler gear and the
ffective width (1.512 in.) of the reduced width pinfon. Because the test stand can
g
A

b ot
B

e safely operated at 10% above nrrmsl rated load, it was possible to simulate tooth
oads equivalent to 42% overlecad.

=y O

In order to control the lubrication oil pressure to the
gearbox, & by-pass line and control valve was installed in the lubricetion oil circuit
hrotween the lubrication pump discharge end the lubrication oil reservolr. The lubri-
cation oil pressure to the gearbox was controlled by verying the flow in the by-pass
line, It is significant that the oil flov in the by-pass line did not enter the
geerbox. This method provided adegquate control of lubricetion oil pressure to the
gearvoxy during all five test runs.

The conditions of this test were maintained to obtain scuff
date a2t reduced lubrication oil flowv to the gearbox and should not be construed to
represent all conditions of low oll pressure recorded during a TPA test. In these
tests, the pressure to the gear wes reduced by &n external by-pass, whereag in a TPA,
the oil flow to the gearbox ig relatively constant end pressure decsy is attributed
to thermal expaneion of components and subsegquent internal leskage.

(2} Scuff Test with MIL-L-7808D(1) 041

The first scuff test was conducted with MIL-L-TB08D(1) oil
in accordance with the lead conditions given in Teble VI, After each test run of
200 or more gec, the vorking side of the pinion gear teeth were visually inspected
through the speed transducer port. Gear tooth surface disturtances and chenges in
surfsce conditions observed during the visual inspections are alszc tabulated, adjacent
to esch test run, After LT20 sec of operation, the gearbox was disassembled for
detell . pottion and macrophotographing of the pinion gears. The test time-load
schedule for this test is shown grepbically in Pigure 36.
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, PER MIL-L-7808D{1)

Duration, sec Inspeciion Resultis
L z5 100 Two light scratches 0.025 in. apart
3/16 in. from upper end of ell 31
teeth,
5 2060 Ho change
3 ERstE 260 Ho change
150 LOo Very light scratches cn addendunm
vear O.D. Ho scuffing.
“ 115 200 Very light scratches. Ho scuffing.
¢ 115 200 Light abrasioa.
7 115 200 Slight increase in light abrasicn.
& o235 2.0 Fo change
o 185 Lo Superficial scuffing meer involute
profile. Modification in addendum.

10 125 L00 Hoticable increase in width of light
scuff pattern.

E 137 200 Wide superficial souff marig visible
at Test 10 are less distinctive due
vc fine slresive action.

iz 137 200 Fo scuffing. Blight increase in
abrasion and previcus scuff marks
vorn away.

13 137 320 Black oxide in edderndunm of vorking
surfa:e sppears lighter,

14 137 L00 Light abrasion. HNo appreciable change.

i3 137 400 Blight roughnees in adderndum near
center of tooth width.

16 137 oo Elight increese im roughened areaz.
Bo other significant change.

Total run time 4720 gec

Teble ¥I
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1V, E, Evaluation of Final Prospective Lubricsnt {(cont.)

{~\ Scuff Teats w:th Batch %1 Cil
(a) Test Conditions

The se~ond test was conducted with Betch 41 oil in
the seme gearbox assembled w'th new bearinge and gears identical to thoae used Ja
the firat scuff test., The test time and lcad schedule for thease tests are shown
graphicaily in Figure 36 as Tests 1 and 2.

All operating conditions and inspectioa procedures
of the first scuff test were repeated. The pertinent operating conditions and inspec-
tion results are tebulated in Table VII.

(b) Initiel Scuff Data Discussion

Visual inspection of the pinion gears after ihe above
tests revealed that the geer tested with tne new cil had more wear than the gear
tested with MIL-L-T8CED(1) oil. The dlack oxide costing on the geer itested with the
new 0il had been removed, and there were more radial acretches in the gfuendum of the
teeth thun on the gear tested with MIL-L.7808D(1} oil. FPhotographs of these pinion
gears are shown in Figures 23 and 2L,

It should be noted that the original grind marks are
vigible on both gears but are more proncunced in Figure 23 (the gear tested with
MIL-L-T808D(1} oil), because it hus retained most of the tlack oxide coating. The
light area at the lefi side of Figure 24 (the gear tested with the new oil) is the
result of the grinding asperity wear. The abragive wear to the right is little more
than superficisl because the depth is equsl to or less then the original grind marks.

ternate light and dark areas at the left of Figure 2L give an inverted illusion of
wvaviness that does not actually exist,

Gear tooth wear is determined by comparing the invo-
lute profile tracer before and after the test. Involute traces of the geer tested
wich MIL-L-73808D{(1) oil are shown in Figure 25 and show a very moderate wesr of

U,0001 in. Figure 26 shows the involute traces of the gear tested with the new oil
and shows that the wvear ig lees than 0.002 in. on the working surface.

flgure 27 are sample traces labeled to illustrate
more clearly the significance of the forgzing figures. Figure 27t shows the new gear
invoiute limits superimposed on the trezes of Figure 26b. The position numbers
located near the bottom of the traces pertain to aress of the tooth where the trace
is made. Positions 1 and 3 correspond to locations approximately 1/8 in. from the
ends of the tooth (weamsured parallel to the axis of the gear) and Position 2 to the
ceuter of the tooth,

It should be noted that, except for Lip wear resulting
from heavy overloading, the working surfaces of both gears aye still within new gear
limits after U720 sec of run time (Figure #8). Therefore, on the basis of these tests,
it can be concluded that both oils perZorm acceptadbly.
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TABLE VII

TESTS USIRG BATCH Ll OIL

Black oxide cn wverking surfece iz gray,
Fine abrasinn zes> (ip ¢f iteetkh,

Bo change. VWorking surface etill grey,

Siight increaszs in scratrhes at tip PM.
ight scratchex noted in addendum.

Scratches =surfsces sppear s& fine

Abraeed areas increased siightly at

S0 apparent change in abrasion.
Working surface roughness iacressed
near pitels dlameter., Two or three
light score lines i eddendwm of each

Scoring slign*ly incra2ased. Working

Light 2coring .3 sbrasicn line near

increaged in length to within 3/8 in.

Line of abrasicon increasei in lemgth
to withia i/b in. of the epd »f the

Tine of anmrasion lucreassd to Tull

Test Ho. % Design Load Durstion, sec Inspection Remults
1 25 500
2 50 200
3 100 200
" 100 Loo Very light scratcher at tip PM
(profile modification;.
5 115 260 Light scratches,
6 115 200
7 115 0
abrasion,
3 125 26GG No spparent chunge.
9 123 L9
tip PM.
19 il 400 sbrasion increased.
11 137 200 Abrasinn cosrser.
12 i37 209
tooth,
13 137 320
sur{ace burnivhed.
1k 237 400
the tip at center nf tesath has
from the 2zd of vne Lesil,
15 137 400
waeath,
1¢é 137 Lo0
—— width of lesth.
Total run time 4720 gec

Table VII
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AETER RUNNING 4720 SEC
1% BATCH 41 OIL

EXAMPLE OF 0,0003-in. WEAR
ON NEW GEAR PROFILE
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AFTER RUNHTWG 4720 SEC IN MIL-L-7808 (1) THEN 2800
SBC IN BS 7' «»1 JIL AND 2% OTL PER MIL-L-7808 D(1)

,o/,u = 75I8C 7 SAS OO0 £ P

/,/ ZSWM"’? OF
FPROFILE ML

~~_ : e /Zp/rc# LIAE

[ /7
- ; S lo.o o~
TS~ z e N VAR 7)o
=™ ; ' P
POSITION: I 2

3
[00TH NUMDER-2|
~INVOLUTE CHECK

Involute Profiie after Tests of 4720 and 2500 sec

Figure 28




Report 88D-TR-65-161-1

1V, E, Evalustion of Final Prospective Lubricaat (cont.)

(4) Scuff Test Simulating Field Gearbox

A third teest was conducted to determine the scuff resis-
tance provided by the new cil on gears in the field; i.e., gears previously run for
prolonged periods with MIL-L-T7808D(1) oil. This test was conducted vsing the same
gearbox and components that were used in the 4720-sec test with MIL-L-T808D(1) oil
{see Table VIII). When a gearbox in the field is drained and flushed in accordance
with the draining and flushing procedure given in Appendix V of this report, the
amount of MIL-1-TB0BD(1) ofl remaining in the gearbox will be less than 2% by weight;
therefore, this test was conducted using the new oil plus 2% MIL-L-T808D(1) oil.

The operating conditions of this test are given in Table VIII,

The inspection results after each test run show no scuffing
occurred during the eight runs, which totaled 2800 sec at 20% overload. Thais pinion
gear now has a total run time of 7520 sec, with 4720 sec with MIL~L-7808D(1) oil
prior to this test. The test load and run duration of Test 3 is graphically illustrated
in Figure 36. The photograph teken after Test 3 is shown in Figure 29. It shows s
light scored pattern through whick the originsl griand marks are still visible. The
full working surface of these teeth is bright metal with no black oxide coating. The
lighting for this photograph was intentionally adjusted to accentuate the light aresas
shown,

The gear tooth wear 3during the last 2800 sec is determined
by comparing the invclute profile traces shown in Pigure 28, with the profile traces
shown in Figure 25b, which were made after thes W720 gec test with MIL-L-7808D(1) oil.
The wear during the last test was unifcrz and lees than 0.002 in.

It may be concluded thst Batch 41 oil contaminated with
2% MIL-L-7808D(1} oil provides sdequate scuff resistance for Titan II gearboxes
previously orersted with MIL-L-ToCGD{1} eil.

{5) Scuff Test at Reduced Luhbricstion Jet Pressure

A fourth geartox tes:t was conducted with MIL-L-7808D(1)
0il to determine if the ices of lubrication oil ‘et pressure (FLD--GGB) to the gears
is the major cause of scuffing. This test was conducted with the same gearbox used
ir the previous scuff testis sssem™'ed with & szt of new bearings and gears. The
plzton gear for this test wvas also a reduced width pinlon. The condit{ons of this
test are given .a Table IX and are graphica’lly iilustrated in Figure 36 as Test &,

After 195 sec of the 7ifth test, the pinion gear falled,
and the test vas stopped. The conditicn of *he geartox after the pinion failure is
shown in Figures 31 and 32. All teeth of ihe pinion gear fajled, and two teeth of
the ldler gear are broken as shown in Figu-as 33 and 3. The hardness of tne oxidizer,
idler, and fue. gear teeth (mesasursd at the tip) showed a reduction of 15 to 20% due
tc overheating. It should e noted that, while the pinion gear failed completely,
there was no visible «cuffing cu any of the other gear teeth,
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TABLE VIII

TESTS USING BATCH k) OIL AND 2% MIL-L-7808D(1) OIL

(On the Same Gears Used for Tests shown in Table I)

Abrasion ia eddendum is coarser than
in previsus test following gearbox

Above abrasion finer. Width of wear
pattern increases near center of

Line of abrasion just belowv the tip
profile modification and at the

Yine radial lines in sddendum near
the center of teeth. Orind marks

are visible through black oxide on
full working surface of e&ll teeth.

Fine line radisl scratches diminizhed;
polishing near center of tootih.

Ho major change; fine radial lines
in sddendum still visidble except at

Test No. % Design Loed Duration, sec Inspection Results

1 120 200

split.
2 120 200

tooth width.
3 120 Loo No significant change,
b 120 Loo

extreme tip {s more distinct.
5 120 4090
6 120 400

vorking surface appears to be
7 .20 Lae

center of tooth,
8 120 LoD No major change,

2800

16 previous runs

Total run time

k720 (see Table I)

7520 sec

Table VIII
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TABLE IX

S8CHEDULE FOR LUBRICATION JET REDUCED PRESSURE TESTS
WITH MIL-L-7808D(1) OIL

% Initial Final
Test Design Duratiorn, Jet, vet,
No. Load sec ~ psl pei Inspection Results
1 25 200 b 30 Abresion in addendum 2ue to
foreign particles.
2 50 200 Lo 28 Abrasion in sddendum appears
finer than Test® 1.
Black oxide appears thinner
than on gears tested sarlier.
3 115 200 20 14 No scuffing. Bright spot
0.030 x 0.050 in. in adden.m
at end of each tooth.
b 115 200 10 6.5 Bright sp.t at end of teeth
increased in axial length.
Bright area has polished scuff
pattern.
b 115 195 10 7 Pinion gear failed.

Tadle IX
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TABLE X.

RVDBR GEAR TBST RESULTS

Test ave. Rel,
Leb  AGD Ethyl  Honsanto Reting, Black

T3t Ref Zatch 702, PC-l2hh, DCP, Ryder Gear Vsluas 1 Ref Bides A Oxide

Leb o, s L T D R R T T et ng bisten
7 7 .80 0.0l -

g 4 ©-%
5 £l
b v .- coe eee 140 3140

EPFI 10 He .- 2020 4590 3505 2889 121.3 Ho
11 11 “-- -e- hooo §3%0 Lirs  288p  1bh.5 Bo
1z 12 e - e bo20 £250 €135 2889 177.7 No
11 i3 & s - --s 8870 8355 760 288% 2634 ¥o
14 ih A .- .. G550 5380 8015 288y 277k Ko
1% 15 A .- - 765 B25o 7950 2839 2752 Ho
i5 - 0.20 1509 1500 1525 2889 52.8 %0
17 17 e - een .- 0.25 1050 1330 1190 288 41,2 Xo
18 18 e s - 0.50 1299 1480 1385 2883 7.9 ¥o
1% 13 e Y ces N 0.20 (%ot run) .- .- -

o0 oA 3 8 — - e 1270 1180 1225 2920 k20 ¥o
204 oA E} .e- P - 680 1019 Bus 2920 28.9 No
ZTA faty B a- a 0.01 mes® 1040 1430 1235 %0 k2.3 Ko
oo 20 P 5,05 -ee 2600 2190 2395 2% 820 %o
ol F 0,18 ~es 2850 2090 2770 2RG .9 Ho
@ 21 —a- - 2.2% - .10 .- 2560 2840 o700 2320 92.% No
21 21 .- .- 5,25 - 0.10 - 7050 £900 6915 3071 227.1 Bo
21 21 - - 5,25 o 0,16 ---  ET70 skLo 6105 3071 198.8 fio
21 21 3 .en - .25 o, 5,13 --- 6590 6690 690 3T 217.8 Ko
- 22 w3 —e e p2% 50 810 .-- 380 3980 3850 2Bk0  137.0 o
e 2 3 —-a .n- .25 55 .10 .en 2600 2860 2630 2920 90.¢ | 2]

Eypr 22 FA 3 cme mes .25 50 .50 0.U .- 2553 297 2res 2920 93.) %o
23 23 3 5.50 A - - 0.01 e-- 3430 booe . 3ns 2810 332.2 Ro
KN 2 ie 9.1 A - . .01 .en 920 1270 1095 2810 3%.0 Ho
25 25 [ 0.1% A .- - 0.01 .. 2030 170 3600 2810 128.1 »o
25 % 3 5,25 A .- - 20 .- 1TB0 5520 350 2810 129.9 | )
27 Fed K} .- .- .20 oun 0.10 --- 1570 2876 2220 6ok 79.2 %o
28 28 L 5,20 A pon 50 0.01 “-- 1665 3000 2332 2BWO  B2.1 xo

PP 29 23 3 0,24 A —aw 59 G.50 ©.C1 -=s 1890 2640 2265 28Lko 79.8 do
3 31 ] 9,05 A [ - .50 0.0% -a- 1750 2360 2085 2840 T72.k o
kH 22 3 .ae .- .25 .o 0.0% -=- 1490 1782 16y5 2840 57.6 o
3] 33 3 .- cen 0.2% - --e 3300 2500 oo  Z8B0% 121.2 %o
E) W b 9.2% |4 —-- - ---  20L0 3610 2828 2920 96.7 %o
34 ke 4 0.25% c - ve- .- 2010 Lobo 3045 2920 10k.3 »o
135 3 2,15 ¢ o - --s 1130 1280 1208 2920 k1.3 ¥o
36 ¥ 2 u.35 ¢ e —.- --e 2870 1o 3020 290 103.h |
i 3 3 G50 b -, e 2M0 3680 ng 2880 10.8 %o
i8¢ 38C 3 0.2% ¢ —e= - .- 20M0 2900 207 2920 824 23
38 38¢ 3 .25 c - a- .50 0.0% - 1390 2390 1990 2920 68,2 »a
MIL-L-7505 3 - w- .- .- ee ven --- 2120 2020 070 2R0  70.9 %o
35 ® b 0.35 o .- == 0.% 0,05 .- 5590 4520 5055 2880 175.5 »o
+0D kop 3 0.%0 D - - 0.05  --~ 3930 3570 3750 2880 130.2 o
Y L 3 m.een 5.3 %0 2,10 --- 3900 kar0 boos 2880 139.8 me
b2 Wy ok 0.28 ] —a- o 0,08  --- 2580 3910 328 2880 127 |

Wy b .23 o am= e 0.05  =es  5T50 5910 586> 2880 2.8 ¥o
+ %p % 2.28 T . —e- 0.0% --= k380 5700 ksko 2880 1%7.6 %o
5 41 3 . - 6.3 %0 0.10 -ee  60KO bioo 0% 2880 176k o
[ 3 - s 0.% 0 0.50 0,10  --- 4950 5640 s295 2850 183.8 | 2]
7 Loy 3 040 ] ne- e 0.05  ~-e (S0t rum)
WD 3 I ] D —em .- 0.0% -se  {Not run)
L9 3y 3 9.5 o .- .- 0.05  --= (%ot rua)
3] I 3 3.% ] e - .08 o= (dot run)
1 22 3 e P .25 50 0.10 ces  {Bot run)
2 22 k] —ev P 2,29 50 0.10 ees  {Not run)

PP %% %1 3 s .- ©.%0 50 0.10 e T222 70 &y Yo 22.9 £
85 31 3 P .- 2,30 %0 010 een  THSO Ko B6o  J0T1 273.% Wo
57X L1 3 mee o een 6.3 50 0.30 --= 1330 ko 115 bk k6.5 Yoz

b2 s O+ I'H 3 . .. 5,30 50 6.5 0.10 .- 1860 1430 ks 3ok AT.5 Tes
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TABLE X (cont.)

< 0il Ave. Rel.

{;; A3 Visc., s 4 Oriho. Ortho. Ethyl Honaanto Ryder Gesr Value, Reting, Black
Test Re? Batch catk st LI¥, Datch 1€2, 535, 702, kC-12Lh, DCP, 1 Ref 8ides A Qesr Oxide
" e e vty ¢ smol 1 g % 4 CGTHGFGE O ming mu.  Fine
by 3 e ees } 55 050 0,10 --- 2430 #1000 2255 2665 Bh.0  Btd. %o
S k3 eee e s .o 0.0 --- 2780 2835 2Bo7 2685 1ck.5  mta, fo
€1 u1 3 e mew k5 0,50 0.10  --» 2482 2205 2343 2685 B7.3  std. Ro
[#4 L1 3 e e 55 2.%0 0.1z --- 2570 2582 2576 2685 96,0 std. No
SWRY €3 L 3 - .- 5C  T.59 2.10 --- 2877 2574 2725 2085 101.5  8td, No
) $744 L 2 3 O.U5  Ash .. --- 0.9 0.05 --- 1470 1380 1425 oMk L6.B Yes
£54 « MIL-L-78080{1) 1870 2910 2390 2906 B2.2 Yea
| 4791 £ . €53 7 Batchowl e % MIL-L-78340(1)
&h £Oa « MIL-L-75082{1)
(F3 o Batch L1 + 0% MIT.7308D{1) ’ 1660 2310 1905 290€ 68.3 Yes
4 WIL-L-78250{1) 21ko 2090 2115 3067  69.0 Tes
[2: 5% 3 0,32 53 0.5 0.1 --- 1520 1870 1095 3067  5%.3 Yes
E¥PL €9 by 3 .. e n.30 50 D.5 0.1 .- 1610 1530 1570 3067 S1.2 Yen
TIA MIL-L-780&5(3) 2720 2U70 2595 3067 BL.6 Yes
TIX 53 3 P 2.30 50 0.% 0.1 «-- L4SO 3280 3665 B L620/9310 No
72 Ly 3 canane 0.30 0 4.5 0.1 --- 1840 2820 2330 B 4620/9310  Yes
g ! MIT-L-78085(1} 1gk0 2830 2385 B u620/9310  Yes
w 5% 3 . s .30 0 0.5 0.1 on. 975 1612 1293 8 L620,/9310  Yen
78 41 3 e wes c.39 50 0.5 0.1 --- 1310 1650 1k80 B L620/9310 You
7% ¥IL-1-7608071) 280 2300 2u20 B b62c /9310 Yen
- TTIA = WL-L-TEOED(1) ’
‘ T7B = Batch k) + 24 MIL-L-7808D(1) 1880 3980 2930 B u620/9710 Yes
™ 784 » MIL-L-7808D(1)
788 = Batch 1 + b1 + 2§ MIL-L-78083(1) 3870 3960 3915 2906 134.7 Wh620/9310  Yes
79 7. « WL-L-78080{1)
799 = MIL-L-7908D(1) + 0.2 water + 0.15 AeroZINE 50 2310 2840 2575 B 4620/9310  Yes
& B0A = M1%-L-78085(1)
B0 = Batch k1 + 0,26 « 0.1% AercZINE 50 1730 1730 1730 B L620/931C  Yes
& E1A = Batch &1 « 0.1% water 360 Ligo 3915 2906 13k.7  Bta. Fo
L2534 &z 3 3 s eee 0.30 5 0.5 0.1 --- 2640 240 2540 2710 93.8  Btd. fo
81 [ 3 0.3 % 0.5 0.1 3520 3933 3726 210 137.5  St4. Yo
&4 53 2 0.39 0 0.5 0.1 2930 3575 3252 2710 120.0 B4, No
&2 b1 3 0.30 5 0.5 ¢.1 2275 2040 1257 2T10 79.5  Sta. o
8 x 41 3 ¥itrogen ©.30 52 0.5 0.1 2790 2870 2830 2B30 100.0  Btd. o
Elanketing
&7 [} 3 0.30 % 0.5 0.1 3 3220 4286 3753 2710 138.5  8td. ¥o
88 4 3 0.30 S0 0.5 0.1 2520 2ubo 280 2655 93.2  std. ¥o
83 (53 3 .30 5 0.5 0.1 3 3180 3180 3180 2655 119.7  Std. Mo
3] by 3 0.30 S50 0.5 0.1 2320 2715 25LT 2655 95.8  sta. ¥o
$1 x MIL-L-TEOSD{1) Hitrogen 1420 1395 1uo7 2655 53.0  sta. ¥o
Klanketing
92 x MIL-L-7908D(1) Ylow 100 1750 1575 2655 59.4  sea, »*o
Aduced 571
93 x WL L I - 0.30 5 0.% 0.10 2135 2260 2197 2655 B2.7  sta. | =
o x WIL-L-TE08G(1) Flow 1697 1k2 1560 2655 59.0  Btd. %o
Reduced 5% .
BVRI 95 x b 3 rae aes .30 50 0.5 0.1 ~=- T25 1108 916 2655 3.5 B3 Bo
T 2 2 3 e eae- 0.25  .-- 0.% 0.10 --- 1560 1680 1620 3044 %3.2 Tes
P 3% Lo ¢t - —.e 0.5 0.05 .-~ 2270 2480 2375 3044 78,0 Tes
MIL-L-78080(1) 2060 2450 22%% 30Mk T Yas
wIL-1-T808D(1) 2490 1830 2160 3044 T1.0 Yas
BWRI  MIL-1-7802B{1) 22k 2356 2300 2685 85.6  Bt4. %o
MIL-1-7808D(1) 2150 Ao 2160 2605  80.3 s, ¥o
ACR 92 ML 3 -ee eee 033 55 05 0L === 1670 a0k0 2355 2880 1.6 B4, o
91 kL 3 we ee- 0,30 % 0.5 0.1 .- 2250 3050 2650 2880 92.0  #td. %o
oA L33 3 e ees 0.30 % 0.5 0.1  --- 3000 5500 L2%0 2880 147.5 et ¥o
NOOE 55 L3 3 eme en 2.3¢ S0 0.8 9.1 --= 500 5%0 5500 2880 190.9  std. o
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Fioion Geur SM 1049 After Test with 3156 Lubricant
and 2% (0il per MIL-L-7898D(1))

Figure 26
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IV, ¥, Evalustioa of Final Prospective Lubricant (cont.)

Lu~rication 0il flow deta recorded during this test is
shown ir Figure 35, along with similer data from first-stage turbopump hot firing
tests. Cw've 1 shows the flov rate and total oil delivered to the gearbox during
& no.zal 200-~gec turbopump production test, in which no vieible gear teeth vear
occurred. Ourve 2 shovs data recorded during a test in vhich epproximately 60% of
the oll was lost to the atmosphere through the gearbox relief valve due to a hot
zas leak. The conditions of this turbopump test are similar to the conditirns of
the reduced flov test at Western Cear Corporation, except the atmosphere in the
gearbox was air (oxidizing) at Western Gear Corporation and turbine gas (reducing)
in the turbopump test.

Curve 3 shows the flow rate and total flow to the gearbox
during the third reduced flov test & Western Gear Corporation, in which no scuffing
occurred. Curve b shows the conditions of the laat two teats. After the first of
these two tests, only one bright spot vas ncted at the upper end of the gear near the
tip of the teeth, and then complete failure occurred at 195 sec of the last test,

It may be concluded that during gearbox tests; i.e., with
no turbine gas in the gearbox, the present oil provides adequate scuff resistance

for 200 sec when the lubrication oil flow rate to the gearbox is greater than 2.25 gpm.

It may also be concluded that turbine gas, which is a
reducing atmosphere, inhibite the formation of oxidizer, which, in turn, reduces the
scuff resistance of black oxided gears provided by the present oil. This fact is
evident, because during this test, in <hich the gearbox was run uptil failvre
occurred, the oxidizer, idler, and fuel gear did not scuff. And, in the turbopump
test described above in which turtine gas was in the gearbox, scuffing occurred on
8&ll gears without structural failure.

<. Summary and Ceamcliusions

The usefulness of Ryder Gear test data for vyredicting the load
capacity of experimentsl lutricacts is limited by voor repeatability.

Standard 213 special Ryder Gear tests of plain and black-cxide-
coated gears, made of standard Ryder Gear material (AMS-620() and Titan II gear
materials {AISI LE70 and $310) shov the following:

} e Ryder gear value of the rew oil is 3500 ppi and that

5

(1}
of the present oil is Z137 ppl.

{2} Tre black oxide cocating on Titan II gear zaterials red.ces
the Hyder Gear valjue from 3900 te Z3C0 ppi, and on 6260 fram 4000 to 1507 ppi.
{3} Biark oxide coating izproves ine Ryder Jear rating of the
~

present oil fram 2180 o 2300 pri-
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IV, E, Eveluation of Final Prospective Lubricant (cont.)

(4) In an inert gas<ous atmosphere {simulating gearbox condi-
tions of a turbine seal leak), the present lubricant rates are lL00 ppi; the nev oil
is unaffected.

(5) Contamination of the new cil wvith 0.2% water and 0.1%
AeroZINE 50 does uot affect their performance in Ryder Gear tests.

Gearbor. tests at Westevn Gezr shov that both the present oil
and the new oil provide adequate lubrication to black~oxide-coated gears during tests
equal to 1-1/¢ tiue: the design life of the gears at conditions up to 3T% ove:load.
1t is concludea “rom these tests that, although the full potential of the new oil
is not realized on bdlack-oxide-costed gears, it does provide adequate lubrication for
the Titan IT gearbox application.

3. Filter Plugging Tests

Fil*er plugging tests were conducted in order to duplicate flow
conditions across the filter screen of the prospective lubtricant under sim:iated
gearbox conditicns. The present gearbox lubricant itself has previously shown to
be a acurce of contamination if exposed to the products of generator gases.

The filter plugging test setup has been deaigned in order to screen
the lubricant deposits formed as the results of interaction between the lubricant
and the products of combustion only. The products of combustion contain water and
ammonia, which have been found tc be the main cause of filter plugzing. A typical
campesition of the productis cof combusticn of the first-stag: cearbox is as follow :

Products of Combustion -~ First Stage

3 { E
Hydrogen (H,) 52%
. re
Nitrogen (N, 30%
2
Methane (C}‘Zg) i2%
Ammonia (NE.) g.21%
Carzon Monoxide {{C!} =%
water {H.0} 1.07%
[
Soiid Cardon Traces
Arn explenation o the resctions is needed to understand formation
c?f Jeposits in the lubtricant Tne presently used lubricant {Brveo £33 lonofet, which
meets Specification MII-L-TRIZD{1'} har teen “ound to be prone to the filter plusming
phancmenon., The super-refined ma.oeral oll tase used for the nevw lublricant shovs s
zinimal terndency to plur the filter during the long hour Ziliter testa.
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1V, E, Evaiuation of Final Prospective Lubricant (cont.)

A theory was advanced (and later confirmed by the tests) explaining
chemical reactions taking place in the MIL-L-7808D(1) lubricant if exposed to products
of combustion,

The composition of Bryco 880 Concjet lubricant {MIL-L-T808D(1)) is
as follows:

Composition of Bryco 880 Concjet

47.5% Di-isooctyl azelate - di-ester base

47.5% Dipropylereglycol dipelargorate

0.5% Phenathiazina NF, purified ~ oxidation inhibitor
L .5% Tri-cresyl phosrhate {TCP) - E.P. additive

The following reactiorn occurs between Bryco 880 Conojle: and the
products of cambusticn:

{1) Di-isococtyl azela*e + H O = azeleic acid + isooctyl alcchol
(2) 2zelaic acid + ammonia = ammonium azelate
Both ammonium azelate and azelaic acid have been identi¢iec 1n tne f.lter sludxe.

a. Tepl Setup

re
r

he test setup is shown in Tigure 37. The oil
sunp and can be heated to 200 + 2°F. The sump
e us arxmonia at the determined rate.
cement puxmp at the rate of C.1 zpm
er which siruiates actual TPA operating
temperature of lubricant in the sump

i
Ly alcrose tne Tilter zoreen is shovn on the

1
has a2 coil with small orifi
Cil 1= (1
thrgh the flovw
cil fiov fo h
is manitgred

-

3
a4
i3
urstream and Jownst

ani tlenl thex a%

JASEIUS
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1V, E, Evaluaticn of Final Prospective Lutricsanh {(cont.)

A theory wes advanced (snd later confirmed hy the ieats) oxplaining
chemisel reactions taking place in the MIL-L-T80OSD(1) lubricant if exposed to products
of combustion,

The compesition of Brycc 880 Zonojet lubricant (MIL-L-T808D(1)) is
as f3llows:

Composition of Bryco 880 Conojet

L7.5% Di-i1sooctyl azelate - di-ester base
LT.5% Dipropyleneglyaul dipelargonste

oxidation ‘nnidviter

0.5% Phenathiaziue NF, purified
4.5% Tri~cresyl phosphate (TCP) ~ E.?, ndditive

The following reaction octurs beiwsen Bryco 880 Concjet and the
products of caab»9.ion:

(L} Dioisonc’ -1 azelate + 520 = gzeleic acid + isooctyl alcohel
(2) Azelsic mcid + ammonia = ammonium arelste

Both emmonium azelate and azelaic acid have bLeen ldentified ir the Tilter siwdge.
8. Test Setup

A schematic of the test setup 1s shown in Pigure 37. Tue il
is containzd in the steinless steel sump and can be heated to 20U ¢ 2°F. The sump
ha: & coil with small orifices to bubble geseous sumonlz &% the deteysined rats.

Oas is circulsted by the small positive displacement pump at the rate of C.1 gpm
through the flow control velve and filter screen which simulates aciual TPA cpernting
cil flow for the equivslent filter area. The tamyerature of lubricant in the sump

ie monitored, and any pressure built up across tioe filter screean is shown on thz
upgtiresm and downstream mounted pressure guges.

Te exclude any metal conteaination, such ss copper and zinc,
which might have reacted with Bryco Concjet lubricant, the whol+ cireulating systenm
wig made from stsinless steel and plastic tubiag. A seperate system surplies the
required amount of emmonie. A photograph of thiz azetup is shown ir Figure 36.

b. Test Procedure and Results
The test procedurs used 3 to toke two quarts of ludbricent

and blend them st high speed with a determined percent of water for cne minute.
Gusecus ammopia vas bubbled through the oil during the test.

Peoe 39
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IV, £, Fyaluation of Fina’ Prospective Lubricant (cont.}

{4} 1o sa inert gaseous atmosphere {simulating gearbox condi-
tions of a durbine seal lewk), the present lubricant rates are 1400 ppi; the new cil
is voaflected.

{5) Contsmination of the new oil with 0.2% water amd 0.1%
AeroiIRE 50 does not affect thelir performance in Ryder Gesr tests.

Genrbox tests at Western Gesr show that hoth the present oil
and the new oil provide adeguate lubricaticn Yo black-oxide-coatied gears during tests
equal to 1-1/2 times the design life of the gears at conditions up to 37% overload.
It ig concluded from thewe testsz that, altihough the full potential of the new oil
is not realized on black-oxide-coated gears, it does provide adequate lubrication for
the Titan I1 gearboxn applicstion,

P

3. Filter Piugging Tests

Filter plugging tesis were conducted in order to duplicate flow
conditions across the filter screen of the prospective lubricant under simulated
gearbox conditions. The present gearbox lubricant itself has proviously shown to
be a source of cosntamination i7 evposad to the products of generator gases.

The filter plugging test setup hes heen designed in order to screen
the lubricaat deposits formed a8 the results of interaction between the lubricant
and the products of combustion only. The products of combustion contain water and
ammonia, which heve been found 1o be the main cause of filter plugging. A typical
camposition of the products of combustion of the firgt-stuge gearbox is as follows:

Products of Combustion -~ First Stege

Hydrogen (Hz) 52%
Nitrogen (“2) 30%
Methane (CH,) 12%
Anmonis (EH3) 0.21%
Carbon Mcaoxide {C9) 4%
Water (H,0) 1.07%
80lid Cerbon Traces

An explenmtion of the reactlions is needed to understand formetion
of depcsits in the lubricant. The presently used lubricant (Dryco 880 Concjet, which
weets Apecification MIL-L-T808D{1}) has been found to be prone to the filter plugging
pbenomenon., The super-refined miperal cil bsse used for the new lubricant shows a
miniwal tendency to plug the filter duving the long hour filter tests.
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IV, E, Evaluation of Final Prospective Lubricant {cont.)

A theory wes advanced (and later confirmed by the tests) explaining
chemical reactions taking place in the MIL-L-T808D(1) lubricant if exposed to products
cf combustion,

The composition of Bryco 880 Conojet lubricant (MIL-L-7808D(1))} is
as follows:

Composition of Bryco 880 Conojet

47.5% Di-isooctyl azelate - di-ester baose

LT.5% Dipropyleneglycol dipelargonate

0.5% Phenathiazine NF, purified - oxidetion inhibitor
4 .5% Tri-cresyl phosphate (TCP) - E.P. additive

The following reaction occurs between Bryco 880 Conojet and the
products of combustion:

(1) Di-isooctyl azelale + E20 = azelaic acid + isooctyl alcohol

(2) Azelaic acid + ammonia = ammoniim azelate
Both ammonium azelate and azelaic acid have been identified in the filter sludge.
a. Test Setup .

A schematic of the test setup ia shown in Figure 37. The oil
is contained in the stainless steel sumv and can be heated to 200 + 2°F. The sump
has a coil with small orifices to bubble gaseous ammonia at the determirped rate,.
0i1 is circulated by the small positive di:zplacement pump at the rate of 0.1 gpm
through the flow control valve and filter screen which simulates actusl TPA cperating
0il flow for the equivalent filter area. The temperature of lubricant in the sump
is monitored, and any pressure built up across the filter screen is shown on the
upstream and downstream mounted pressure gages.,

To exclude any metal contamiration, such as copper and zinc, 5
vhich might have reacted with Bryco Concjet lubricant, the whele circulating system ;
wves made from stainless steel and plastic tubing. A separsate system supplies the
required amount of ammonia. A photograph of this setup is shown in Figure 38,

b. Test Prouedure and Results
The test procedure used was to take two quarts of lubricant ’ |

and bi=nd them at high speed with a determined percent of water for one minute,
Gasecus ammonia was bubbled through the 0il during the test.
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1V, E, Evaluation cf Finsl Prospective Lubricant (cont.)

The increase of the pressure across “he filter was recrrded
vs time and vas plotted (PFigure 39). Az can be see: from the graph, the plugging
time between MIL-L-7808D(1) oil, which is Bryco Cc ojet 38C lubricant, and the
mineral oil differs considerably. The MIL-L-T808N(1) lubricant showed a pregrure
bujildup across the filter between 5 to 25 min; tie 3156 mineral oil (Batch 41)
lubricant has shown a considerable stabdility with the tests run between 8 t: 16 ir
without a significant incresse of the pressure.

The above tests have becen performed at varicus temperature
levels and water content. The significant razults are shown in Table XI. It can
be seen that the addition of 2% of MIL-L-7856D(1) lubricant to the 3156 lubricanrt
would zot greatly influence filter plugging: hovever, the time to achieve a 5-psi
filter pressure is shorter as compared with the neat 3156 lubricant.

Synthetic di-ester ‘ubdricant, such as Bryco 88C Conojet, was
found to plug the filter within 25 min. A preasure differentisl of 5 psi wvas
recorded at 5, 12, and 15 min.

A significant t=3t vas performed vith 3156 lubricant to check
on the filter-plugging tendency of & tvhite emulsion--type precipitate formed when
this lubricant is subjected to wa’er at a concentration of 0.2% or greater.

A large quantity of this precipitate vas extracts? by centri-
fuging from the 3156 lubricant. and th:s concentrated precipitate was packed on the
filter screen. The cold lubricunt was pumped while, at the gmae time, the heat was
turned on at the sump. No pressure change vas noticeable throughout the tcst. When
the ludricant reached P00°F, the test was torminated, and the pressure a:ross the
filter wes steady at 3},/4 psi., The tes. larted 41 min, during vhich time o0 pressure
dr:p wus noted across the filter, and the lubricant became crystal-—clear (the melting
point of the precipi ate is 159°F) at the end of the test (see Figure 40).

The tcsts have confirmed that the synthetic MIL-L-7808D{1
ludbrics .t ..“'ected to the products of combustion will readily plug the gearbox
fi ter. The 3157 minera. o'l, even with 2% MIL-L-7808D(1) ludricant, will pot plug
the filter in a 20C0-sec run. Neat 3156 mineral oil will not plug the filter even
after ° .o,

Residue is found or the filter screen when circulating 3156
lubricant witk 0.1% water and ammonia for 8 hr. This residuc i{ncreases the pressure
across the filter to & pai at the #nd of 400 min. Chemical analysis of this
precipitate revealed the following:

(1] The X-ray defraction pattert obtained from the smmple was
pot conclusive; the best match for *he patterr would conform to the pattern for
smmonium hydrogen phosphsate: {S'H.g}h. EPO, .

<

(2) Emission spectrographic analysis indicated 14% phosphorous
content.
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TABLE XI

PILTER PLUGGING TEST

Time ror 5 psi
AP across the

Temp., Ammonia, Water, MIL-L-7808D(1) 0il, filter,
0{1 Compositioa oy cc/hr S by W, £ by Wt minutes
Batch ki RT —- —— —— Over 8 hr
Batch U1 290 k000 0.1 — 400
. Batech L1 RT —— 0.2 — Over 8 hr
Batch bl RT 400 0.2 2 Over 8 nr
Bateh 41 200 ——— —— -_— Over 8 br
Batch 4l 200 Lo0s 0.1 2 330
Batch Ll RT —_— 0.1 2 k20
Batch Ll RT — 9.1 2 370
MIL-L-7808D(1} 200 4000 0.1 —— 12
MIL-~-L-T7808D(1) 200 2020 0.1 — 5
MIL-i-7808D(1) 200 4000 0.1 - - 15
Ratch k1 with ppt RT to _— -— ——— 1-3/k after
200 4l min

Table 1I
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1V, E, Evaluation of Final Prospective Lubricant {cont.)
(3) The infrared spectrira ¢- chlc.oform-vashed maverial

ind‘cated the presence of (KH)), . HPOh. It is believed ue vresence of ammonium
hydrogen puosphate can be exphgned by the following reactions:

+
K,PO, + NH . ~ NH H_PC
3P0, 4 BP0y
S

h
Phosphoric e2~id smmonia icn

‘ v
HLI‘HQPOL + Hﬂh :’(Hhu)ek{ PC;‘
smmonium hydrogen ohosphates
(iﬂh)2 HPO, + Ku+ > possible (““h)3' PO,

ammcnium phosphate

In conclusion, the newly developed 3156 minerai oil is =uch
more stable, and is not expected to plug filters within the service iife of a
gecarbox. The deposit found on the filier arter an extended time iz derived from the
extreme pressur: additive (Crtholeum 162).

£

4, Caspatibility with Propellants, MIL-L-7208D(1) Cil a:

——

Water

The greatest nee’ or a nev lubricant results frca the fact chat
the presently used MIL-L-T808D(1) lubricant is incompatible with the propellants ana
the products of combusticn from the gas generator. The chemical enviroments of the
gearbox impose severe requiremerts on the lubricant and tend to change ite compositicn
vhich, in turn, has a related action on the performance c¢f the gearbox. The fuel,
AeroZINE 5C, vhich is & mixture of 50% hydrazine (NoHy) and 50% unsymmetrical dimethyl-
bydrazine (CHq)p NpH, reacts strongly with MIL-L-780ED{1) lubricant. The uxidizer,
nitrogen tetroxide (N 0L), also reacts with the lubricact toc form a sl:dge. The
products of cambustion (water and ssmonia) acting uron the lubricant can cause the
fiiter to piug.

The fclloving is a summary of chemical cempatitility tes%ts with thres
deterx ..ations and observatiozs after 72 hr:

ent Humble 3155-41 {11-L-T808D{1)
5C75C X -0 Ro solid »pt Traces of solid ppt
- Tark viscosus residue
50/5C AerclINRE SC Ro prt Selid ¢p*
Asmonia for 4 hours at 2533°F 50 prt Traces of solid ppt
31 water for % hours at 210°F ¢ solid ppt No £3l1id ppt
2% MIL-1-780ED{1) X pyt —-

Psge &)
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IV, ¥, Evaluation of ¥Final Prospective Lubsicant (cont.)

The mixture of MIL-L-7808D(1) oil and 51%5 mineral nil vill rapidly
changs color if exposed to the sunlight; a very riow chapge tales place in the dark
rooe. Color tests were performed cn differer .ivtures ¢f tie two lubricante. No
precipitate could te obtained after several nouis of centrifuging. The resulis are
summarized as fcllows:

3156 Mineral 0il w.th Mil-i-7RCBL{1) 01
Y

% MIL-I -7808L(1) Observaticns at - and 2k hours

G Ko Theage

.02 Ve, light green

RVD ] Verv _igi® _:een

C.1¢ Light green

v.20 Med um &ree .

1.9 pilal.. green

2.0 Bleok , ce:n

3.0 | Plack ygreen

Dark Room Test

Batch &l with 2% “TL-L.-TBCBD{1 11

itie j PR < . T_T ""1""\"1)
The compatibility of Jatch SIowith MIL-L-T282001) o1l was
3 . . PO
dempo-atreied g foliicvse
[l ¥ - -
womtination Jest
o) N D& ygTY v TOS i N 3 0 et T AR -
Beto. <l with 2% MID-L-ToCEI Il oil and J.2% dater 168 Hours Test
RN
e° <217 F
2Teter. nellins
i —~— - Nz T TN PO
2SULLE Pt oLless then U700 mEdUT ®mLIooil cles:
e d
CRAT e
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7%, E, Evalustion of Final Prospec*ive Lubricant [cont.)

The water emuls;cn tegts were performed vith 3150 mineral oil, which
ghoved tha* the “wbricast wouid yield vhite flakey precipitate mbove 0.1% of the
vat2r adrined. This precipitate is caused by the hydrolysis of the Ortholewum 162
additive which absorbs the free wvcter preventing the formatinn of red rust at
oll-water-iron interfaces. These tests are summarized as follows:

1 vater Observaticas
g.0es No changs
0.050 No change
¢.10¢C No change
SLech Light white viscosity prs
1.00 ¥hite viscosity ppt
2.2 White viscoity pp*
Lepletion ot E.P. additive sas established vhen the peutrmilzering

mamber (milligrans

9
polzosium hydroxide per gram ¢f lubricsnt) was meazured of
the rpeat end contaminal

<4 3156 mineral oil:

Neutralization Humber KCH mg/gr

Hixtura Original fier 20 Days
Humbie 315¢, Batch b1 0.65 0,55
Batch =1 + 0.1% wvater® S Q57
neteh &1 = .2% wvater —— 2, ko

vy
FR e

g

i e L e e amm -
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1Y, E, Evaluation of Final Prcepective Lubricant (coat.)

5 hkerstion and Cocling Bshevior

PR

The aevetion (or air entrapment) performance of a lubricant [ir &
Righ-speed gearbox is very important because it affects the lubricant’s ability to
act ac & coolant. The entrappea tubbles cause & drop in the lubricant's specific
heat, and, asccordingly, pcor heat dissipaticn results. Pumping of the iubricant
aslsoc becom=s mors difficult.

Previcus tests have shown that a lubricent of poor eseratioan
esharacteristics is not acceptable for tha high-load, high-speed gear training of
the Titan I gearboxes. For ~zample, the L-centistoke mineral oil originally
developed for the AEIP iubricstion developrent program wes not acceptable because
the temperatures in the gearbox were abeut SO°F higher than with MIL-I-7805D{1)

Tubricant -

Uhile therz are me&ny Toam depress’~g ngents, the aeration sgents
are tew. One of them, Monsanto PC-12L%, veas developed specifically for British
turboprop engines. inis additive was successfully applied to the nevw lubricant,
T4 wag established that 0.1% of Monsantu PC-12U4 could almest entirely suppress
aerntion of the _~cantistciz Lii, The anti-corrosion additive used in the present
lubricant under the name of Ortholeum 535 has shown to be another anti-aeration
supressa-t. The visocity of the base lubricant alsn influences the aeration of the
?iniskhied products. The 3-ceatistoke base lubricant gave zignificantly better results

with Ortholeum 152 “han the I _entistrke cil.

After the optimum anti-seratica additive was selected for the final
prospective oil in laboratory Warivg Blendor tests (see Section C), the lubricant
wis te ted at Western Gear Corporation ueing the flrst- and second-stage Titan IX
rsroduction 3ssrbones. The fuel shaft lower bearing was selecied for the graph,
becauss this bearlug has one of the highest temperstures recorded within the gearbex.
As can be seen from Figures Ll, 42, and 43, tho 3155 mineral oil showed identical
temperature distribution as the MIL-L-"308D{i; lubricant, which is known for its good
anti~seretion stability.

6. Corroeiveness and Praservative Cheracteristics

The new lubricent weaz formulsted to amsintain its high anti-scuffing
characteristice, which iz mede possibis by the anti-scuf’ additive (Ortholem 152).
The selection of anti-scuff wdditive iz difficult because good gear-loading capacity
~ust be balanced with low-corrossicn values. The anti-zcuff acticn of most losd-
carryiug sdditives relies on the corrosive attack of an active compound. Therefore,
a mild corrosive action Is to De exzectia.

29t of three available anti-szuff groups, whbich contain sulphur,
chlorins, and phosphorus, & phosphorvs-containing additive has been selected,
Sulphur-ceontsining sdditives could not be considered becaur: chey would attack milver
iining of the bearirg cage, Chlorine—containing additive: sre not compatiiblie witl,
the propellants. The Ortholeum 162 acid phosphate additive will attack the tin lining
of oil ceus and 2ild steel in presence of water. The followisg aetals have een found
tc be affected by the sele ted additive:
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IV, E, Evaluation of Final Prospective Lubricant {(cont.)

Presence of

Material Water Neat 01l Observation
52100 gteel — Yes Formation of colicrless

coating (Vaseline)

BAZ 1025 steel Yes - Slightly dull

Brass ——— Yes Discoloraticn

L1hG steed ~— Yes Derk gray discoloration
Bronsge — Tes Slight discolcration

The lutricant will also diszsolve black oxide coating of the gear
(FE;0;) within 30 days.

To explore corrosiveness of the candidate lubricanti, teasts were
performed on the standard SAE 1020 spindles at different concentrations nf water
and different temperatures. No ill effect (corrosion) was sstablished; huwever,
the formation of cclorless coating waes esteblished in the presence of water at room
tenperature.

The established allowable water content in the lubricant is 1.5%
by weight. At room temperature, with a 0.2% concentration of water, the SAE 10Zu
spindle would become dull with some colorless precipitation en its surface. The
same test conducted at LLOCF shows no precipitate formation and only slight dullness
of the spindle.

Table XII shows corrosion test results obtained with two extremes
of Ortholeum 162 delivered for this purpose by DuPont.

Table XIII contains results of the metal corrosion tests performed
with different metals at 34T°F for a test duration of 24 hours. As can be seen in
this table, the metal corrosion is below corrosive limits as set forth for the new
lubricant in Specification AGC-L44209.

The conclusion drawn from the above teats indicates that the dis-
coloration and colorless precipitate on scme of the metals is the belance between
the extreme pressure additive and the corrosive action of E,P. additive and that
this balance should be maintained to have strong lubricant to protect the gears fram
the scuffing. Addition of an anti-corrosive sgent such as Ortholeum 535 has improved
considerably the corrosiveness of the new lubricent in the presence of wvater,

MIL-L-7808D(1) oil and 3156 mineral oll vere teated for their

preservative action on the metal surfaces in DuPcn®t humidily cabinet tests, ashowm
in Table XIV. Both of the lubricants failed in preventing rust formaticn.

Page W5
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TABLE XII

SPINDLE CORROSIOE TESTS

Extrems Values of Ortholeum 162
Three Determinations

SAE 1020, Spindle at Room Temperature and l40°PF for 5 Days and 0.2 Water

Mono-Acid Phosphate Content

Minimum Maximum
Room Room

Temperature 1hkCOP Temperature 1ko°F
0il 8lightly cloudy Clear Clear Clear
Spindle Dall Dull Dull Dull
Vaseline-lik: formavion Very light None Very light None
ppt Very light Bone NSone Hone

(Viscous)
Scum Traces Traces Traces Traces

Teble XII




Metals

Aluminua

8ilver

Copper

Report S58D-TR-65-161-1

TABLE XIII

NETAL CORROSIOK TESTS

(At 347°F for 2k hr)

Allovable

0.2
0.2
0.2

1.5

Table XIII

Weight Chanzs, mg/ca®

+0.02
+0.02
'.O.m

-1.29
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TABLE X1V

DuPONT EUMIDITY CABINET TESTS*

Bumidity Box Test per JAN-H-T92:

122°F, 1008 relative humidity

% Ares Rusted
Pormulation 20 hr 1ba bhr
Bray 0il Co. MIL-L-7808D(1) (3] 75
Batch 4l 18 95
Base 5il1 + 0.3% Ortho. 162 21 98 |
+ 0,005% Ortho. 535 %
Base ofi’ 61 g8 ?
Base oil + 5% Ortho. 535 0 22
NIL-3-608313%* 0

“¥Specified iu Bpecitication MIL-C-8188C
*37 rge rust spots at 1kk hr

Tabls XIV
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1V, E, Evaluation of Final Prospective Lubricant (cont.)

T. Long-Tern Storage

The 3156 lubricsat wes developed so as to permit no precipitation,
separation, turbidity, or any other deteriomation for & minimu.. period of 18 months
at the outside extreme temperatures bestween -5 to +160°F. Several cycling tests
at thess temperatures failed to shov any deteriorating e«ffect of these extrese
temperatures. No separation or precipitation of the additives vas cbserved and the
lubricants remained clear as before the tests,

Eight samples vere placed in stornge in Janusry 1966, as shuwn in
Tacle XV. Water and MIL-L-T7608D(1) oil were added to the prospective lubricant to
cbserve vhether ary deterioration would occur during the 18-month storage time.
The gearbox samples -rere added to the neat and contsmizated lubricant. All the
metal ssmples vere mada from original par*s. One side of the sample vas polished
to 4-6 R¥8. Observations are being made each mnnth; first-zonth observations are
shown in Teble XVI.

Since the reported content of the MIL-I-7808D(1) oil in t.. gearbox
after the gearbox spin tect has been establizhed at about 2% (see Plgure il), the
nev ludricant is added to the Tican II gear®ox, wuich may contain 2% of tae presen:ly
used ludbricant. The mixture will have to be stable in the gearbox duripgz 18 months
at least, It is anticipated that the vater contert may be betveea 0.1 to 0.2% when
& lurbine seal leak is encounter=d.

An accelerated 3to age test is being made at 185°F where the
lubricant is obLserved for any neutvalitation number change. Copper corrosion is
being established at intervals of O, 7, and every 15 deys until the depletion of
lubricant {one gallon). This test rescults are shovn iz Teble XVII.

d. Summary on the Evaluati.n of Final Prospective Lubricant

The folioving summsary shovs & camparison of the performance of the
nev lubricant wish the one presently used:

Eumble
Test ;;EQ-; MIL-1-7808D(1)

Load-Carrying Ability (Ryder Gesar Test) 1b/in. 2770 te 3000 2000 tu 2200

Filter Piugging Pass Farled
Campatibiliity with Propellants Pans Failed
Asration Fass Fass
Cerrosion Pass Pass
Long-Terx Storage (13 months}® Urknown Pass

*Nest Lubricant Only

Page 46
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TABLE XV

LONG-TERM STORAGE TESTS

1. Betch ¥1 oil ¢+ 0.1% water

2. Batch 41 oil + 0.1% water
+ 2% MIL-L-7808D(1) oil

“w

Batch 41 oil + 0.1%5 water
2% NIL-L-7608>(1) oil
gearbox perts

*

+

L, Bateh 41 oil + gearbox parts

5. Batch ki oil + 0.25 water
2% MIL-i~7808D(1) ofl
gearbox parts

L 4

+

6. Extended storage test (Neat oil)

7. a. slerated storage test at 185°r

8. Humidity chamber tesuv with gearbox parts

Stormge Recuirements

No change obsar.ed afver cycliing oll betwsen 65 and +160°F

Table XY

i e A
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RESULTS OF LONG-TERM STCTAGE TESTS wITH GEARBOX PARTS

Observaticn after Ons Moanth, Betch 41 0i), Heat

Material

I-8i-bronsze
L620 steel
9370 steel

Type 347 scainless steel
356-T¢ aluminus
Type 540 stainless steel

Braas

6061-T6 alminum
1010 mild carbon steel

52100 baaring
AM350
Bronre
O-Ring
Gaskxet
Carboa CDJ-32

Filter gecreen

Table X¥I

{hservation

Shiny
Buiny
Shiny
Shiny
Dull
Shiny
ull
Jull
Duli
Gray tarnish
Shinw
Dull
¥/C
N/C
%X/C
N/C
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TARLE XV1I

STORAGE STABILITY TESTS AT 185°%

Copper Corrosicn,
g /cm?

0.8
o,
-0.65
2.9
-2.5

I3
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IV, E, Evaluation of Finel Prospective Luliricant (comt.)

The new lubricant has i5s definiie elvantege ovar tic Bryes B8G
Conojet lubricant. The load-carrying &dility of tae new lwdriciat is considerebly
higher vhen the clean metal surfaces are exposed 0 bereficiul setisn of ihe E.P.
additiver. It is superlor to the presently usel lubricunt when the lubricent is
tested in the nltrogen-blunkated 2nrironwents. It i1¢ & knowmn fuct thet the egtor-
base Jubricant would lcee jte Lubricity in the sbasnce ¢f oxpgen. The tests
confirmed that MIL-L-T8CTD(1) oil losys sbout 50% of its loal-carrying abiiity in
the neutral atmosphere vhile thz nev ~apndidete lvbricent will reowdn unctanged,

Tests rur. with th2 gedaz coetsd with the dlack oxide rave anown
that the 3158 minersl oil performed betwoen 20 and 5¥F of itc dmmoncizatoed claan
gear capacity, while the 830 Concjet (Bryeo) lubricant wes not affisted, Dezailed
discupsicn af ths hlack oxide problem car be found nder "Losd-Carvying Axiiity."”
Section E,2. An unknown cheracteristic of the 5iS55 mineral il ix that it iorms
vbite flaky precipitate in the presence of mor2 than 0.1% o2 vater. The fiiter-
1i°g&ing testys, however, have shown tlat tnls prezipitale will not pluz the filter
and wouid melt at L5YOF, and at or above thie temperature, the lubricant hecomer
clear [Figure 40}, Io sddition, the contaminatior specification 1lixita ths waier
content to U,32k%. :

Exczlleont chauicsl stabiliiy of the candidate lubricent was proven
ip the nusercusr tesis and makes this Lubricant deajvable Qor the 'itan TI fanily
gearboxss,

Fosuing and seration of both iubrlcentr are about the sams.
Aecordingly, the cooling effect of the writicsl by aresas within tre gearbox is
the sama Jor both.

Leng-duration storage tesis to date akov tiat in tae presence of
wvater the protective sciicn of the Himbtle 3156 lubricant prevents rust foymation
on the gea.box parts. Red ryugt was found n~n Yha sesy parta when they vere exposed
to Brroo 880 Cenolet lubricass contaising §.2% of water. The gpraasrvative propsriize
of whe pregent and new oile Judged by humidits cabinet tosts are agual, but doth
are poorsr thar those 92 preservativy olis (such sa meet Specifivations MIL-C~B188¢C
spd MIL-H-6083E).

F. FUTURE QUALIFICATION OF NEW O1L FOR TICAN FRGIFE

The oil designated Humbls 31589, develcped on this program, hes Leen
thoroughly evsuiunted at the laboratory and compouent izvel and bas been found
superior t the present oil in neexly sll sreag. AL turbopusp operstional conditiows
czunot be effectively or econominally veproiuced si the laboratory snd component level.
Thersfore, further eviaiustion is required &t iho turbopump sssembtly (TPA) cold flow
&nd engine test lavel.

The qualificesion progrem chjsctivea should be aimed at proving the
capebiiities of the new oil in e vurbopump asssmbly, nnder the most adverse operating
conditions normslly encowntared during the life of such a unit. It is also desirable
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IV, ¥, Puture Quulification of Few il for Titan Sngine {cont.)

zo svaiunte the new ol) ic a TPA et conditioss that acceatnate the problems encountered
with the presznt oil. Other problem sreas to be considered that were zacountered in
lsboratory screening tests with the new oil are »s foliows:

{1) & white gelatinocua precipitate cavsed by eixcesuive vater in the
lubricavior oil.

(2) A tendepsy to Inrm a Vaseline~-like substance on goft steel components
at room temperature.

: (3, Diascolorstion or gray taraish Cormed b bearings and low carton
gteel componenis.

(4} A decrease in losd-carrying abliity in tbe presence of black-cxide-
cogted gerrs.

{5} Degradation of black ccide coatings on nonvearing surfaces.

1. Quelificaetior Testiig

Ts sxplore all the conditions in vwhich the new il muy be expected
0 provide lubrication, the gualification teating should be acccmpiished iu three
phases with the following units:

1. Titen II field units

2. Titan II production compenents, except with po tlack cxide on
the grars.

3. Titan II componanie

Phage i tests should evelusite the new oil a% the following
covditions:

1. Maximum allowable conleminents of 0.15% water, 0.10%
42roZifE 50, nov N 0,, and 2% MIT-L-T6081(1) oil.

2.  Maximin hot gas lesk te the gearbox of 30 psia (to simulate
flight couditiona).

It ghovld be esimblighed that the mew ol is acceptsnble at these
conditions Yy verforming & series of full-durstion tests on & TPA that has exhibited
high temperatures, s high lubrication jet pressure decay, and turbine seal leakage.

In Phase ¢, thess tests should be repeated without black oxide on
the gears.

In Phese 3, thece tests should be conducted with Titen IIT
casponenis.,

3
&
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Report 88D-TR-65-1€.-1

IV, ¥, Puture Qualification of New 0il for Titan Eugine (cont.)

2. Posttest Qualificaticn Data

For & lubriceation oil irspection, the oil drained from the lubrica-
tion system after each cold flov or engine test is to be analyzed for the 1ollowing:

a. Viscosity

b. XOH (reutralization number)

¢. Frecipitate

d. Compatibility {tendency to stratify)

e, Aheration {=ntrained gaees)

f. VWeter content

g. Ho0), content

b,  AeroZINE-50 content

i, Filter screen deposit analysis

The gearboxes are to be dissssem™1»2 and the components inspected
after each test cr at such intervals deemed necessary by enginecring to establish

vear or degrsdstion characteristics of all affected components.

Inspection record data is to be kept on, but is not limited to,
the following:

1. Inspection of bearings per Specification AGC-46327.

2. Visual inspection of all gear teeth and preparation of involute
profile charts on Teeth 1, 2, and 3 of the pinicn gesrs of both stages.

3. Recording of the condition of the seal caviiy relative to
contamination from lubrication ¢!l and listing of postfire lzak check data.

4. Tnspection of all components for varnish-like deposits.

5. Inspection of the interior of the guaurbox for any deposits that
mey be attributed to the new oil.
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APPEEDIX I

AEROJET-GENERAL CORPCRATION GEAR LUBRICANT SPECIFICATION ACGC-kb209
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1. ESCCPE

1.1 This specification establishes the minimum requirements for a petroleum
(naphthene type) base, high temperature lubricating oil suitable for use in gearboxes
for extended storage pe-iczds of 18 months, minimum, (see 6.1).

2. APPLICABLE DOCUMENTS

2.1 Departm:n. of Defense documents.- Unless othervise specified, the
following documents, listed in the issue of the Department of Defense Index of Speci-
fications and Standards in effect on the date of invitation for bids, shell form a
part of this specification to the extent specified herein.

SPECIFICATIONS
Military
MIL-L-7808D, Lubricating Oil, Aircraft Turbine
Amendment 1 Engine, Synthetic Base
9 September 1961
MIL-S-13282 Silver
STARDARDS
Federal
Federal Test Lubricants, Liquid Fuels, and Related
Method Products; Methods of Testing
Standard 791

{Copies of Aocuments required by contractors in connection with specific procure-
ment functions should be obtained as indicated in the Department of Defense Index
of Specifications and Standards.)

2.2 Other documents.- Unless ot:erwvise spec.® .4, the following documents,
of the issue in effect on the date of invitation for bids, shall form a part of this
specifrication tc the extent specified herein.

STANDARDS

American Society for Testing an? Materials

ASTM Dg2 Method of Test for Flesh and Fire Points
by Cleveland Open Cup

ASTM D97 Method of Test for Cloud and Pour Points

ASTM D270 Sampling Peiroleum and Petroleum Products

ASTM D286 Autogenous Ignition Temperatures of

Petroleur Productis
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ASTM D287 Method of Test for API Gravity of Petroleum
Products, Hydrometer Method

ASTM DLis Method of Test for Kinematic Viscosity

ASTM D66k Neutralization Number by Polentiometric Titration

ASTM D892 Method of Test for Foaming Characteristics of
Lubricating Oils

ASTM D1160 Distillation of Petroleum Products

ASTM D1Tub Water in Liquid Petroleum Products by

Karl Fiascher Reagent

(Copies of ASTM standards may be obtained from the American Society for Testing and
Materials, 1916 Race Street, Philadelphia 3, Pennsylvania.)

2.3 Aerojet-General Ccrpcration documents.- Unless otherwise specified,
the following documents, of the latest issue in effect, shall form a part of this
gpecification to the extent specified hereil

SPECIFICATION

AGC-LLO4L AeroZINE 50

3. REQUIREMENTS

3.1 Qualification.- The product furnished under this specification shall
be a product wh.ch has been tested and has passed the qualification tests specified

herein and has been listed on, or approved for listing on, the applicable qualified
products 1list.

3.1.1 Regualification.- Requalification may be required in the event any
change 1s made in quality, composition, source cof ingredients, or source of menu-
facture »f the finished lubricant.

3.2 Material.- The lubricant shell consist of & base stock of naphthene
type oil containing additives for the improvement of oxid-otion resistance, foaming,
lnad-carrying and ant! orrosion characteristics.

3.2.1 Petroleum base stoc¥.. The proper.ies of the petroleum base stock,
before the addition of any other ingredient, shall be as tollows:
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Test Method
Property Reguirement FIM5-T91a AST™

Specific gravity at 60°F 0.863 + 0.005 401 D-287
Flash point, COC, °F, Min, 325 1103 D-92
Fire point, COC, °F, Min. 360 1103 D-92
C.lor, Saybolt, Min. +3C 101 D-156
Precipitation aumber, Max. 0.03 3101 -—
Water content, Karl Fischer, 0.01 3253 ——

£ Max.
Pour point, °F, Max. -30 201 D-97
Distillate at 330°F, 10mm Hg 5% max. -— D-116
Viscosity, kirematic,

cstks at 100°F 1.2 + 0.7 305 D-kL5

cstks at 210°F 3.00 + .15 305 D-Lks
Neutralization number mgKCH/gr 0.03 5105 D-664

Max.

3.2.2 Additives.- The only additives added to the case stock oil shall be
the folloving for the achievement of antioxidant, antivear, antifoam and anticor-
rosion characteristics.

3.2.2.1 Antioxilant.- The antioxidant to be added shail “e 0.50 + 0.05
percent by weight of 5.ﬁ'-metbylenebil (2,6-ditert-butylpherol as msnufactured by
Ethyl Corporatiom, or eyuivalent).

3.2.2.2 Antivear.- The antiwear compound %o be added shall be 0.30 + 0.02
percent by weight of Ortioleum®* 162 lubricant assistant as manufactured by
E. I. DuPont de NeMours azd Company.

3.2.2.3 Antifoam - The antifoa: compound to be added shall oe 0.10 + 0.C2
percent by weight of PC-i. il Defoamer as manufactured by Monssnto Chemical Company.

3.2.2.4 Anticorrosive.- The anticorrosive to be added shail de S0 + 5 ppa
of Ortholeum® 535 ss manufactured by E. I. DuPont de Nemours and Company.

3.3 Physical and chemjca. properties.- Ihe finished oil skall have the
fc)lowing properties:

aTuPcnt Registered Trademark
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Property Requirexent FIMS 791 ASTH
SREENY S LSRN0 3 agin
Viscosity at 1C0°F, ostis 1.2 + 0.7 305 DLbs
Viscosity st Z10%F, cotks 3.00 + 0.15 305 phks
Peur point, °F, Max. =36 201 DS7
Flash poini, P, Hia. 325 1103 nge
Zp. Ov. st 60°F/65°F 0.843 + 0.005 Lol D28y
Hevtralization mmsber, mg 5,600 + 0,056 5105 D&sl
¥0H/g -
Dlztillate, at 3309F, 10 = Hg,

Max. 5% 1601 D86
Autoignition temp, °F, Min. 735 1152 D1160
¥ater content, % by wt, Max, 0.01 3253 D1Tuk

3.k Corrosien and oxidstion stability.-

3.4,1 Corrosion.- When tested in accordance with this specification, test
gamples of carbon steesl, aluminum, snd silver, shall not experience & weight change
in excess of 0.2 mg/cm? of surface srea. A test sample of copper shall not have &
change in weight in excess of +2.5 mg/cme of surface area. There shall be no pitting,
stching, or visible cerrcsioca on the surface of any of the metals when viewed under
a magnificetion of 20 diameters. ©SCtaining of the metals is permitted.

3.4.2 Oxidation stability.~ The viscosity of the lubricating oil measured

the corrosion test (3.4.1) shell aot have chenged more than -5 to +15 percent

from the originsl viscosity at 100°F. The maximum allowable neutralization number
e corrcsion test shall be 2.20, Darkening of the lubricating oil during

8 permitted,

fudw

3.5 Swyelling of syntheil. rubber.- Swelling of standerd synthetic rubber
"HY vy the lubricating oil shall not exceed 10 percent change in volume,

3.6 Losd-carrying sbility {gear test).- The load-carrying ability require-
ment ghall depend on the number of gears tested as shown below:

Fo. of Losd<Carrying Requirements Average Relative Rating®
Teats {1b/in., zinipuz) {(percent, minimum)

e 3000 107

& 2800 100

& 255¢ g5 .

8 2500 8¢

®iverage Relstive Rstings ave bassd on reference oil having & ratiasg of 2800 1v/im.
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ed in accordance with this speci-
£31lowing fosm veolume values for
zo0llapse zhell occur before the

i 5 ain + 10 s
z 3 min <+ 10 s
3 Smin + 10 s

3.8 Conmatibility.- When tessted in sccordance with the compatibility
procedurces of ihils specificaticn the lubricating oil 3hall mest the following
reguirezents,

3.9.1 Eitroszen tetrozide, HoDy.~ He golid precipitacion at end of 72 hour
oot neried
W ey W ai‘l.- - hF a9

3,9.2 AsroZINE 59.~ Eo solid precipitation at end of T2-hour test period.
A temparsture rise of 1°C is permissible. After ceatrifuging, & slight cloudiness

of the oil layer is permissible.

3.9.3 Holst Ammonia.- Ho solid precipitation at end of T2-hour test pericd.
Cloudiness cof the oil layer is ﬁe?mittsd

9.4 Water.- HNo solld precipitation at end of T2-hour test period.

3.9.5 MIL-L-7808D(1) oil.-

9.5.1 After 168 hours.- The mixture of lubricant and 2.0 # 0.1 percent
(1) oil shall show no sign of senaration or precipitation when main-

s temperature of 221 + S5°F for 148 + 0.5 hours. After eentrif&ging,

2

3
HE?aLm?S
¢ shall not be turbid or have more precipitate than 0,005 nl/200 ml

3.5.5.2 Agter 18 monthe.~ The mixture of lubricant anéd 2.0 # 0.1
percent of MIL-L-TBCSD{1) oil shall shovw no signs of separation end meat the
extended storage stability reguirements vhen stored in & dark room for 18

months at 75 + 5°F.

Eﬁ%.ﬁé&& gtorage gégﬁzi ty.- The lubricant, when tested for extended
o h this specification, shall show ne signs of

initation) after 18 monthas. In eddition, the

ts of the following properties whan tested after

.
i&;:
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la) Viscosity at L00°Y

(o} Flash soint

LY o N PN

(o) Pour polind

133 Corrosion and exidetics stadility at 3W7OF

i RSyl T

Vi J DPOERIN

{£) Aeration

{g} Heutralizstion mumber

3.11 {ycling sffect.~ The lubricant shall pot show eny eign of separstioen,
turbidity, or precipitaticon vhen tested betwmen the time and temperaturesz apecified
in Ssection 4,1k,

3,13 GQuslity.~ The lubricant sheil be homogeneous and contain no mixture
z o, Tubber, soaps, gums, fatty oilas, oxldized hydrocarbons, or other additives
-xcept as specified herein).

3.14 Tempsrature limitation.- At no time durihg the lubricent blending
process, or operations subsaquent theretc, shall the temperature of the lubricant
or its components excesd 300°F,

QUALITY ASSUIARCE PROVISIORS

g
a£

.1 Supplisr responsibility.-

4.3.1 Inspecticn.- Unless otherwise specified, the svpplier is responsible
for the psrfermance of all inspection requirements as specifiad herein and mey use
any facilitliss scceptable to the Asrojet-General Corporation (AGC). The supplier
ghall subalt & ceriified test report showing the material cénforms to all require-
ments of this specification pricr to gualification. The supplier shall submit a
partified test report with $3Ch lot of materisl offered for accsptance showing that
the nsteriel conforms to the scceptance tests specified herein.

4.1.2 Prrcessing changes.~ The supplier shall make no change in processing
technlques or otler factors afrfecting the quality of the product, after qualifica-
tion has been granted, without prior notification to AGC.

£.1.3 Rejection.- 4 lot of materisl shall be publect to rejecticn if &
gingle sample from that lot falls to sstisfy all of the acceptance tests specified
nerein, In the event s sampiz falls to satisfy an scceptancs test, & resample and
retest shall be permitted prior to rejsction of & lot.

Pase 60
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Report UED-TR-L5.161-1, Appendix I

L2 Inapection lots.-

L,2.1 Batch.- An incefinite quantity of e homogeneous mixture of matsrisl
sanufactured by o single plant rur through the same processing equipment witi no
change in iagredient material.

4.2,2 Lot.- An indefinite number of identical size an’ type unii packeges
oftered for acceptance and filled with a homogeneous mixture -~ g¢aterial manu-
factured by a single plant run through the same proces~=~ aent with no
change in ingredient material.

4.3 Classification of tests.- The iiLg,. . «nd testing of the
lubricant shall be classified as followa:

(a) Gualification tests.- Qualification tests wure those tests conducted
on samples of material to be considered for qualification as a
gatisfectory product prior to an invitation for bid,

(v) Acceptance tests.- Acceptance teste are those tests accomplished
on material manufesctured and sutmitted for acceptancz under contract.

4.4 Qualification testing.- Qualification testing shall consist of the
following tests performed in the order below:

(a)  Acceptance tests

(b)  Base atock certification

(¢)  Flash peint

{a) Pour point

{e)  Distillate

(£)  Autoignition tempersture

(g) Swelling of synthetic rubber
(h) Compatibility tests

(1) Exiendei storsge stability
(3)  Cwcling

(x)  Filteravility
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4.5 Acceptance testing.- Acceptance testing shall consist of the
following tests:

(a) Viscosity at 100°F

(v) Viscoeity at 210°F

(e) Specific gravity, 60°F/60°F

{(d)  Aeration

(e) Neutralization numbder

(£}  Water content

(g)  Foaming

) Corrosion and oxidatior stability at 34T7°F

(1) Load-carrying ability (Ryder Gear Test)

(3) Certification of concentration and brand nemes of additives used (3.2.2)

4.6 Sampling.-

4,6.1 Sampling plan.- The sampling plan and method used for acceptance
shall be i1 accordance with Fublication ASTM D-270,

4,6.2 Qualification teat sarple.- The qualification test sample shall
consist of 10 gallons of finished lubricating oil taken icm each of three batches.
Sarples shall be taker in accordance with the method spacified in Publicaiion
ASTM D-270, identified as required, and forwarded to the testing laboretory aporoved
by AGC,

LT Test methods..-

4.7.1 Chemicel and physical tests.- Unless othervise specified, the tests
of Table I shall be made in accordance with the teat methods descridbed in Federal
Test Method Standard 791.

¥,7.¢ Corrusion and oxiditation stability test.- The corrosiveness and
oxidation stability of the product shall be determinad by Federal Test Method
Standard T9L, Method 5308, with the following exceptions:

(s}  Temperature shall be 34T + 1°F.
(b Length of test shall Le 2U hours.

(c) Silver (MIL-S-13282) shall be substituted for magnesium.
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(d) Teflon s#hall he substituted for cadmium plated steel to give rigidity
to the assemtblage.
(e) The following seaquence of teat specimen assembly shall be used:

(1) Copper, Iron, silver ana aluminum with a teflon spacer placed
diagonally.

4.8  Bwelling of synthetic rubber test.- The swelling of standard synthetic
rubber "H" shall be determined by Federal Test Method Standard 791, Method 360L.

L.9  Load cerrying ability test.- The load carryiug ability of the product
shall be determined by Federal Test Method Standard 791, Method 6508. Eight deter-
minetions shall be made Tor qualification testing. A minimum number of determina-
tions shall be mede for acceptance testing to satisfactorily pess the lubricant gear
test requirements.

b,20 Foaming characteristics.- The foaming of the produc: shall be deter-
mined by Federsl Test Method Standard 791, Method 3212, except that the settling
periode shalil be 5, 3, and 5 mibutes, reapectively,

4,11 Aeration test.- Preheat a sample of the product to 100 + 2°F,
Transfer 200 + 2 ml to a Waring-type biender and mix at high speed fc. “one minute.
Transfer the sample to & 250-ml graduated cylinder. Observe the time required for
the sample to clear enough for all graduation marks to be visible when vieved
through the lubricant sgainst a dark background. The first two readings shal) be
disregarded. Three determinations are required to establish a value.

h.12 Compatibilit, tests.- The propellants used in the compatibility
tests are extremely hazardous and should be handled with the precuations pre-
scribed in 6.3,

L.12.1 Nitrogen tetroxide, No0y.- Place 20.0 + 0.5 ml of lubricent in a
100-ml beaker and cool to approximstely 12°F, Place & magnet.: stirring bar in
the beaker and place the baaker on & msgnetic stirrer. Suspend a thermometer in
the lubricant so that the bulb is covered. Pour a sample of X0y (98 percent
minimum) ianto a second beaker. When the lubrican’ nas warmed to the temperature
of the Np0), turn on the magnetic stirrer, and slovly add 20.0 + 0.5 ml of Np0).
Record the temperature during mixing and observe the mixture after 72 hours for
precipitate formation.

NOTE: 50/50 mixture of the oil and nitrogen tetroxide will detonate if heated
to 155°F.

4,12.2 AeroZIRE 5.~ Place 20,0 4 0.5 mi of lubricant in e 100-ml beakar.
Place a magnetic s.irring bar in the beaker and plece the beaker on & magnetic
stirrer. GSuspend a thermometer in the lubricant so that the buld is covered.
Tura on the magnetic stirrer and slowly add 20.0 + 0.5 ml of AeroZINE 5C (per
AGC-4L0Ok1). Continue mixing for one minute and centrifuge for 10 minutes at
T0 4+ 5 gravity units to break the emulsion. Observe the & :ture for precipitate
formation after 72 hours.
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4,12.3 Moist ammonis.- Place 120 ml of test lubricant in a clean dry
three-necked, 5C0-ml distilling flask., Connect a 300-ml reflux condenser to the
center opening. Attach cooling water to the condenser. Place a thermometer,
secured through a rubber stopper, in one of the flasks side openings and immerse
in the lubricant until the thermometer bulb ies covered. Insert a length of one-
fourth inch outside diameter py..ex tubing through a rubber stopper in the remeining
flask opening and extend tc the bottom of the flask. Connect the other end of the
tubing to an anhydrous ammonia (99.9 percent minimum) supply so that the ammonia
passes througk tvo scrubbers (primary absorber with fritted glass disc) before
reaching the lutricant., Add 50 ml of ammonium hydroxide, reagent grade, *» each
scrubber. Attach s tube to the upper end of the condenser and vent off excess
ammonia into an exhaust hood. Heat the lubricant to 250 :.5°F vith & heating mantle
(Glass-Col, Series M) and bubble ammonia through the lubricant at a rate of
4.5 + 0.45 gm/br for four hours. Check the mixture for a precipitate or other
visible changes after 72 hours,

4,12.4 Water.- Mix three percent of water by volume with the lubricant
ard heat to 200 :.SHF. After maintaining this temperature for four hours, allow
to cool to ambient temperature. Check the mixture for -~ precipitate or other
vigible changes after T2 hours.

b.12.5 MIL-L-7808D(1) oil.- Mix 2.0 + 0.1 percent by volume of
MIL-L-T808D(1) oil with the lubricant following the same procedure and tests as
for the "extended storage stability test." The 168-hour test shull be perfcrmed
in accordance with the requirements of 3.10.5.1.

4.13 Extended storage stability test.- Place one five—gallon can and
one quart clear glass container of the test lubricant in a2 dark room, maintained
at & temperature of 75 + 5°F. At 3, 6, 12, and 18 months, the lubricant in the
clear glass container shall be visually inspected for evidence of separation,
either in the form of stratification or precipitation. Samples shell be taken
from the five-gallon container at the end of 18 months at which time the following
tests shall be performed on the sample,

(a) Viscosity at 100°F

(b)  Flash point

(¢) Pour point

(a) Corrosion and oxidation stability at 3L4T°F

(e) Foaming

(r) Aeration

(g) Keutralization number

L.14  Cycling test.- The lubricating oil shall be cycled bevween -65°F

and +160°F for 24 hours. A minimum of four cyc'es shall be made. Inspection
for separation, turbidity and precipitate shall be at room temperature.
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4,15 FPilterability test.- Bleud two quarts of lubricant containing
0.1 + 0.2 percent by weight distilled water in a Waring-type biender at high
speed for one minute. Circulate at 0.10 + 0.01 gpm and 200 +# 5°F through a
steel or plastic piping system consisting of a pump, re reservoir, fiiter, tiw:-
mometer, control valve and flow meter. While circulating the lubricant mixture,
bubble into the reservoir 400 + 100 cc/hr of gaseous ammonia. The filter through
vhich the ammonia contaminsted lubricant shall pass shall be a 4O-micron,
stainless steel one with an effective filtering area of two square inches. Filter
the mixture for eight hours. After this period of time, measure the pressure
increase across the filter.

2. PREPARATION FOR DELIVERY

5.1 Packaging and packing.- The packaging and packing of the lubricating
oil shall be in accordance with the following:

5.1.1 Containers.- The size of the containers shall be one gquart cans.
Containers shall be made of a plastic which is non-reactive with the lubricant.
Before filling, ell containers shall be thoroughly cleaned (~d inspected,
Containers shall be completely absent of water.

5.1.2 Filling.- The lubricant shall be filtered through a suitable filter
assembly rated at 10 micvonas or finer, situated as close to the contaimer filler
equipment as may be feasible.

5.2 Marking.- Each unit package and each packing container shall be
marked . JCilows:

5.2.1 Unit peckage.- Each unit package shall be marked as follows:
(a)  AGC-4L209
(b) 3156 Gear Lubricant
(e) Manufacturer's Identificatioa Code
(d)  Batch Kumber
In addition, the follnving warning note shall eppear:
"WJARNING" DO NOT MIX WITH ANY OTHER FLUID OR OIL

5.2.2 Packing container.- Each packing container shall be marked as follows:

(a)  ACT-LL209

(v) 3156 Gear Lubricant

(c) Maaufacturer's Identification Code
(a) Date of Manufacture

(e) Batch Number
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6. NOTES

6.1 Intended use.- This product is to be used for the lubrication cf
high speed gears when uader heavy load at temperaturea up to 350°F and stor:d for
a period in excess of 18 months.

6.2 Qualification.~ Procurement contracts will be awarded only for such
products that, prior to the closing date for receipt of quotations, have bdeen
tested and approved for inclusion on the applicable qualified products list (QPL).
The attention of suppliers is called tc this requirement, and they are urged to
have the products that they propose to offer to AGC tested for qualification in
order that they may be eligible to be awarded contracts for the products covered
by this specification. The activity responsible for the QPL is AGC.

6.3 Satet!e'

6.3.1 Compatibility.- N0, and AeroZINE 50 should not be present in the
Jaboratory at the same time. The compatibility tests of ,oil and propellants should
be carried out in a laboratory hood equipped with forced air ventilation. AeroZINE 50
and N50) compatibility tests should be done behind a safety shield consisting of a
double thickness of safety glass held in place by an aluminum or other metal frame-
vork. The safety glass should be approximately 2 feet by 2-1/2 feet. The propellant
should be added to the oil by reaching around the side of the safety shield and
slowly adding the propellant to the oil. An asbestos glove and a fsce shield should
be worn vhile performing this operatiocn. NpO4 is a strong oxidizer and must be kept
avay from all oxidizable gubstances. The hood used to carry out tests with NaQy,
should be thoroughly clzsned before use,

6.3.2 Ko0), hazards.~ The fumes or vapors from N2Ou are extremely toxic
and capable of producing acute pcisoning. A concentration of only five parts per
million is the maximum allovable concentration (continrucus exposure during sn eight
hour period). Although acid fumes contalning this amount of N,0) are usually
detectable by odor, vapors from iiquid NoOj are more deceptive and may reach
dangerously high concentrations before throat ir-itation occurs. The exact threshol-
of poisoning from Ny0) probably varies with individuals and acute or fatal poisoning
may occur with little or no warning to the victim at the time of inhelation, The
toxicity symptoms and over-exposure effects from NoOy are almost{ identical with those
for nitric acid. The symptoms of poisoning by the inhalation of the oxides of nitro-
gen or nitric acid vapors are determined by the relative concentrations of the toxic
substances in the vapor, the duration of exposure, the total vapor conce-tration,
end, to some extent, the susceptibility of tde individual. Upon inhaling nitric
acid vapor or nitrogen oxide fumes, little warning is given as ‘o the degree of
exposure. In case of over-exposure, the usual burning sensation of the nose and
throat will subside shortly after exposure, only to be followed in five to eight
hours by symptoms of nitric acid poisoning, coughing, burning of the chest and
difficulty in breathing, varying in intensity with the degree of over-exposure.
In other ceases excessive inhalation of the oxides of nitrogen presents a distinctly
different appearance cheracterized by dizziness, faintness and lowered blood
pressure, Should any of the above symptoms be noticed, report immediately to first
aid. Should the rirst symptoms occur after vorking hours, contact a physician or
call first aid for instructions.
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6.3.3 AerolINE 5C hazavds.- AeroZINE 50 is a blend of hydrazine an!
unsymmetrical~dimethylhydrazine {UDMH)}. Botu of these materia.s are toxic and can
cause poisoning by contact, inhalatiocn or ipgestion., Both are cgustic and cause
irritation of the skin or injJury to the eyes or mucous membranes. Hydrazine is
explosive in the vapor state. It is s strong reducing agent and if spilled on
such material as wood, paper, rags cr rusty iron, should be washed away at once
vith large smounts of water. If AeroZINE 50 comes into conteci with the skin or
eyes or other parts of the body, it should be washed away at once with large amounts
of clean water and first aid or medical attention should be obtained immedia‘sly.
The presence of AeroZINE 50 in the air is detectable by the ammonia-like odor.

The presence of this odor is warning of the prisence of harmful concentrations. The
maximum allowable concentration (MAC) for hydrazine is 1.0 part per million; for
UDMH the MAC i{s 0.5 part per million. Due to the higher volatility of UDMH, the
vapor existing over liquid AeroZIdE 50 is essentinlly all UDMH and the MAC of

C.5 ppm should be gbaerved.
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RYDER GEAR TEST PROCEDURE ARD TEST RESULTS
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The load-carrying ability of lubricating oils with reference to gears is
measured in pounds per inch., The pounds is a measure of the Zforce transmitted from
the driving teeth to the driven gear teeth. Since the contact area of these teeth
at any instant is virtually a line, the inch units {s the measure of the length of
this line or, in general, the axial width of the gear tcoth.

The lcad-carrying capacities of olls are investigated by testing each oil in
a machine {n which all operc“ing conditions are constant except the transmitted load.
One such machine is the Erdco Universal Tester, Ryder Gear Metho!, shown in Pigure u5.
A detailed procedure for the operation of this machine i3 given in Federal Test
Standard 79la, Method 6508. (PFigures 45 thrcugh S1 in this appendix have been
extracted from FTMS 791a.)

For the purpose of this report, a brief discussion of the "four square" prin-
ciple, test gears, and test oll chamber will suffice.

Pigure 46 i{s a cross-sectional view of the Ryder Gear Machine, ses Item A in
Pigure 45. The upps.. shaft is driven at the right end Uy components B, C, D, and E
in Figure 45. The . est gears T and U, Figure 3, are mounted on the shafts in the
test oil chamber uarked TOC. WNote the heiical slave gears, shown in Pigure 47, and
the loca*tion of the ring grooves near the shoulders marked "P".

A, STANDARD TEST PROCEDURE

1. Installation of Test Gears

Test gears are installed, as shown in Pigure L8, with the serial numbers
outward for the first test and the working side is arbitrarily called Side A. The
support and load oil system is arranged as shown in Figure 49. The test sequence
is as follows:

a. Side A is tested with a pressure P of 5 nsig for 10 min.

b. The test is stopped, the working surface of every tooth on ne
narrov test gear is examined for scuffing, and the results are tabuleted as indicated
in Pigure 50.

¢c. Pressure P is then increased to 10 nsig, and steps (a) ard (b
repeated.

d. The pressure P is increased in increments of S psig until the
averare percent gear scuff is approximately LOX.

The test {s then stopped and the test gears are turned over on their
respective ghafts; {.e., wvith the serial numbers awav .rcm the viewer. After the
tegt 511 chamber and circuit {see Pigure L9} has been cleaned and flushed with test
0il and .inally refilled with test oi{l, the ebove sequsnce is repeated. Res-ranging
the gears causes the lced to be aoplied 1o nev tooth surface ou both ~2ars. This
second side i{s called Side B.
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Figure 46. Cross-Section of Ryder Gear Machine
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A, Standard Test Procedare (cont.)

2. Conditions of Tests

During the test run, test oil is sprayed on the gear teeth at the rate
~? 270 45 ml/min. The spray jJet is directed at the gear teeth as they are
uonneshing.

Asgembled as shown in Pigure 46, both the slave gears and test gears are
engaged to form s "square.’’ The housing and seal arrangement is such that ludbricating
0ll prassure from a secondsry scurce, nct test oil, can be supplied toc the shoulders
of the shafts in the direction indicated by the arrows in Figure LT. Pressure
applied at the sheft shoulders tends to translate the shafts sxially in opposite
directions. The resulting "four square" principle can be more readily understcod
1f the lower ghaft (Pigure 4T) is considered rigid; 1 <., non-rotatadle, and
translates the upper shaft to the right. EKote that tne slave gears are helical gears
with approxzimately 25° helix angles and that this translation would cause the upper
shaft to rotate when the slave gaars are engaged.

When “4e shafts and gesrs are assembled as in Figure 46, the test gears
reaigt this tendency to rotate, The forces resisted by the test gears is propor-
vional to tha prsssurs applied at P on the upper shaft in Figure L7, Pressure is
applied at P or tha lower shaft to praduce an equal on opposite force to that of the
upper shaft. The only drive power required then iu that necessary to overcome the
frictiona) lossez in the radial bearings and gears. Since the pressure P can be
varied Juring operation, it follows that the loads on the test gears can be incressed
in specific increments.

Standard Ryder Gear testa sre condunted at a constant apeed of 10,000
rpm and 165 +5°F and test oil temperature.

3. Plotting of Data

The data obtained for both Sides A and B during the ahove tests are
plotted on semilog graph paper (as shown in Figure 51), and the 22.5% line is Arswn
through both curves. Th~ lntercept of the 22.5f line and the data plot for Side A
is marked "X," and vnat for Side B is marked "Y." The 22.5% line is an arbitrary
standerd degree of ocuffing used throughout the industry in the evalustion of all
2i1»  PFigure 51 curves are plotted for each hatch number oil tested for AGC,

5. Cal~ilating Load-Cerrying Abiiity

The loed-carrying ability o each gear s: - i3 calculated as followa:

L = =

L = Load-carrying sbility {or scuff limited load) of the lubricant,
1b/in.
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A, Standard Test Procedure (cont.)

K = Ryder Gear Machine constant (approximetely valuve 18.55)
P = Load-0il pressure, psig
Hz > Effective tooth width, in. (narrow test gear only)

Here the load-o0il pressure P is the value corresponding to the "X" or
"Y" intercepts of the curves in Figure 51.

B. STANDARD REFERENCE OIL

In order to establish that the Ryder Gear Machine is performing within its
design limits, a series of tests are conducted using e standard reference oil.
The cil used is SAE 50, which has a viscosity of 20 centistokes at 210°F. 'The
foirlowing values were recorded for such a test:

0i1 Side A Side B
Reference 2540 2540
2850 2500
2660 2720
2860 2650
2260 2260
3160 2780
__3380 _ 2850
19,710 +,300

b 1%,110
38,010
Average load-carrring capability 2715 1b/in.

After each 20 Jdeterminations on test oils (10 sets of gears), two determina-
tions (cne set of gears) are made on the stand-rd reference oil. The two oldest
determinations of the eight previou- ».ference tests are dropped, and the latest two
values are used to determine the new aversasing rating., This value is used to
e. abl.sh ~ rating for test oils relative to SAE 50 and is calculated as follovws:

kelative _ Teat 0 Average Rating

Rating § ~ Reference Oil Average Rating 100

Page T3

s o Nl s ot St e




e e b A

PREVIOE NGB, WAS BLAMK, TAFEFORE NOY FTINSD

N

Report BED-TR-65-161-1

APPENDIX III

PROPERTIES OF HUMBLE 3156 GEAR LUBRICANT




L m ema

T e ¥

- - N Ny S

Report 8SS8D-TR-65-161-1, Appendix III
The properties of Humble 3156 gear lubricant are summarized in Ta¥l. XVIII.
TABLE XVIII

PROPERTIES OF HUMBLE 3156 GEAR LUBRICANT
(Base 0i1: Humble 3153 3-Centistoke Super-Refined Naphthenic 0il)

Item Batch Test By: Method
No. Test hl AGC Esso FIMS 79la ASTM Other
1 Viscosity et 213°T, c8 3.10 X 305 D-bls
2  Viscosity at 100°P, cs 1.2 X 305 D-hks
3 Pour Point, °F -30 X 201 D-97
k Flash Point, °F 325 X 1103 D-92
5 Autoignition Temperature, °F 735 ) ¢ 1152 D-286
6 Specific Gravity at 60/60°F 0.863 X ko1 D-287
T Acid Rumber, mg/gr KCH 0.60 X X 5105 D-1160
to 0.85
8  Distillate at 330°F, 10 mm 5% X
pressure
9 Corrosion & Oxidizer Stability X X MIL -L-
7808D(1)
Copper ng/ cmg -1.29 Similar
Soft Steel mg/cw2 -0.12 to
Aluminum ng/ em, +0.10 5308.4
Silver mg/cm -0.07
10 Poaming Characteristics X MIL-1~
9708D(1)
Sequence 1 (5/5) Pass Similar Similar
Sequence 2 (5/3) Pass to to
Sequence 3 (5/5) Pass 3211.2 D-892-63
11 Water Content, § by wgt, Max. 0.01 X
(Karl Fisher)
12 Spindle Corrosion Test X AGC
140°F for S days Pass
Room Temperature for 5 Days Paes
13 Storsge Stability X MIL-L-
87080(1)
1k Pxtended Storage Stability X AGC

Table XVIII, Page 1 of 2
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TABLE XVIIY (cont.)

Ttem Batch Tesat By: Method
No. Test b1  AGC Esso FIMS 79la ASTM Other
15 Long-Duration Corrosion and X AGC
Material Compatibility Test
16 Chemical Compatibility Tests: AGC
xaoh Pass
Aerozine Pass
Ammonia Pass
Water Pass
17 Compatibility with Pass X Similar to AGC
(MIL-1-7808D(1) 3403
18 Swelling of Synthetic Rubber Pass X 3604
19 Load Carrying Ability, 1b/in. 3000 X 6508
20 Azration Test, sec 39 X AGC
21 Specific Heat at:
100°F 0.493
150 0.518
200 0.543
300 0.?92
350 0.618
22 Precipitation Number, mg/20C ml  Less X 3004 /4 MIL-L~
than 7808D(1)
0.005%
23 Vapor Pressure at 300°F, mm Hg 2.6 X 1201
2k Filter Plugging Test Pass X AGC
Table XVTI™ 2 2
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Solvent compatibility of the prospe:tive oil, 3156 gear ludr‘cant, and Bryco
Conojet 800 (MIL-L-T808L1) lubdbricent was investige®ed in the AGC la.oratory.

Three sclvents were used for the tests:

1. Preon TP
2. Trichloroethylene
3. Solvent 250 (Chevron)

Treon TF is used for the gearbox proper and is highly volatile. Tiichloro-
ethylene is used for cleaning rolling contact bearings in the gearbox. Solvent 250
is used by tie Western Gear Corpora:ion for degreasing of the gears. It 1s highly
volatile, which reduces chance of contamination. BSaall amounts of trichloroethylene
were fouand in the bearing cavities.

In order to test above two lubricants for chemical compatibility with the
solvents, S and 0.1% of each jo0lvent were edded to the oil. Metal corrosicn
and viscos!%r change have becn recorded.

From the test resul‘s, which are shovn in Table XIX, no reaction could de
observed with either oil. Also, nc free chloride ions have beer detectled.
Aluminum, soft steel and silver showed no signs of corrosion. It is concluded
<hat both oils are solvent compatitle.
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TABLE XIX

SOLVENT COMPATIBILITY TESTS

QObservations
colvent Wa;er, Metal Corrosion, ng/sigz g;éégz ot
Lubricant wget . wgt. Silver Aluminma 1008 ] mg/200 m1  Others
MIL-1-78080(1) s§ Tel) - _0.039 -0.039 -0.031 410.9  Ncme  Oil Clear
MIL-1-7808D(1) 0.1% TF - - -0.02k -0.039 -0.031 + 3.9 None 0i1 Clear
MIL-1-7808D(1) 5% Tcz(z) -—- -0.024 -0.039 -0.085 +11.7 None 041 Clear
MIL-L-T7808D(1) 0.1% TCE -— 0 -0.031 -0.016 + 3.3 Aone 0i{1 Cleer
MIL-L-7808D(1) S% TF 0.15 +0.031 -0.02% -G.16 + 6.9 None Ligzht ppt
MIL-L-7808D(1) 0.1 TP 0.15 C -0.039 -J.46 o+ .7 Aone Light pot
MIL-L-7808D(1) 5% TCE €.15  -0.0L47 0.038 -0.0kT + 3.0  FKone Light ppt
MIL-L-7808D(1) 0.1% TCE 0.15 -2.015 -0.036 -0.ChT <« 3.5 None Lizht ppt
MIL-1-7808D(1) 5% s-250(3) 0.15 -0.015 -0.030 -C.039 + 7.6 Hone Lignt ppt
Fsso 315t 5% TP N -G.0T0  -C.015  -0.039 0 None {11 Clear
Esso 3156 0.1% 17 — -0.031 9 -0.0i5 - 5.8  None 011 Clear
Esso 3156 5% TCE -— -¢.023 c -0.0LT 0 None Slightly
Turdbid
Esso 3156 0.1% --- 0 -3.015 -0.0kT - 2.5 None Cicar
Esso 3156 5§ TP .15 -0.062 -0.039 -{.100 - 2.9 None Hazy
Zsso 3156 C.1§ TF 0.15  -0.05&  -C.01S -D.0T¢ - k.3 Scne Clear
Fsso 3156 <§ TCE 0.15  -0.082 ° -0.05k - 4.u Nene Hazy
Esso 3156 ¢.1% TCE 2.15 2 ° -0.047 - 3.9 ¥-ne Silightly
Hary
£s8so 3156 5% §-0.1% 2 2 3 + 2.3  Yone CTlear
71} Precn T7
[2) Trizhlcreoethylens
£1) Solvent 250 Yy {hevron

Tatle XIX
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The following draining and flushing procedures should de used in the fleld
to minimige the umount of residual MIL-L-T80ED(1l) oil in the Titan II gearboxes
prior to retilling «'¢th the newv oil.

A.  B7-5 {FIRST-STAGE GEARBOX)
1. Drain lubtrication oil per Fngineering Test Directive (ETD) 2.1-3.65.

2. Remove the drain plug trom the oil side of the lubrication oil heat
exchanger .Nd rotate the turbine ashaft 800 to 1000 rpm for one minute with an air motor
adapted to i+ turkine rotor.

3. Introduce nev oil at the PLD connection at 20 psi while rotating the
turbine shaft at 800 to 1000 rpm and drain per Steps 1 and 2 above,

B. 91-5 {SECOND-STAGF GRARBOX)
Drain, flush, and reflush per the 57-5 procedure above, except that

rovetierg the turbine shaf. during draining iz not required, and the applicable
Engineering Test Direcuvive is FID 2.1-3.66.
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