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iNVESTIGATION OF THE CAUSE OF HYDRAULIC SYSTEM

MALFUNCTION OF MoO AL (,~OS) TANKS USING MlL-H-46I70
SYNTHETIC-BASE HYDRAULIC FLUID

I. INFROI)LICTION

Interest in poly-a-oletln synthetic hydrocarbons st irtaced in I %3. A l that time .
Sun Oil (~ompaiiv made limited quantities of a number of such fluids a~ ailabk for
laboratory evaluations. In I %b. Sun Oil (‘oiiip:iny published a technical paper describ-
ing the preparation and physical and chemical properties of the fluids.

Limited studies at Frankford Arsenal du. ing l%3 M indicated that the poly—a —
olefin oils supplied by Sun Oil Company exhibited high tlashpoints ranging from
350° 1~ to 500° F. e ffective lubricating propert ies, and exce llent thermai and oxidation
sta bilit ie~. On the bas is of t hese promising laborator test data, potential use of the
fluids for V. S. Army military equipment was envisioned. Unfortunate ly. Sun Oil
Company decided that high—volume use of these fluids did not appear I1roInising~
as .t result , t hey discontinued further production and halted all research and develop-
me nI efforts on the fluids.

Concurrent wit h Army evaluations . t u e  Air Force was engaged in tile development
of a less flammable hydraulic fluid as a replacement for Ni IL—i I—5~0~ “Hydraulic
Fluid , Petroleum Base , A ircraft and Ordnance .” for LISC in tactical aircraft w ithout
retrof it b r  Sout heast Asia.2

~ Coopera t ive efforts between the Air Force Materials
Laboratory and Mobil Oil Company led to tile development of ’ Specification MU_ -il-
$3282, “Hydraulic Fluid. Fire Resistant , Synt hetic h ydrocarbon Base. Aircraft. ” The
spec ification was issued in July l~)70 w ith amendments in July I~ 72 and February
1974. The a-oietin polymer based fluids meeting Specification MIL-II-83282 have
flashpoints approximately 2 1 2° F higher than MI L—L l—StiO i hydraulic fluid. are self—

-• extinguishing, and exhibit excellent lubricating properties anti oxidation stability to
3~~()O 

~: (4ØØO [ in inert environments). I xtensive laboratory and fleld t ests  conducted
by the Air Force on fluids meeting the requirements of Specification MIL—ll— 832 82
resulted in a recommendation that the ti re—resistant a—old in polymer fluid be con-
sidered as a replacement for Specification MIL-ll-5f10~ fluid for aircraft hydraulic

1. N. I)uiing, 3. A. ( riITif h . and K. S. Slcarn , “A N~w Syntheti c h ydroc arbon L ub ricant fot 1-strente-Tempera-
lure Ap pl icat ionI .1  X l ,~ Tran~~ctiont . 9 . pp 1-12  (I 9661.

- H. A. Lswi n~. H. 1 Adamc,j k . and II. Sc hwt’ nkc r. “ MLO-68~5 , A l ess I-ij nimable ihdrauiic Fiuid lor Mit-Il -
5606 ( K )  Replacenicnl .” lechnit-al Report AF ML -TR- 7 I-S (April 1971).
C. I . S~ nder and II. Schwc nkcr . “ MlL .~H-83282. I IIC Res ist ant h ydr auli c Fluid ,” Materials on the Mini . i.

Nati onal rechn ical Conf erenc e Serfs’s of thte Socei t~ lor th~ Adsa ns’emcnt iii Maicri al Procs’ss Fngineerin~.
(Ø. (OhCf 1974).

—
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s y s t e m s  As of this date t ue Naval Air Systems Command and U. S. Army Aviation
Command have adopted MIL-Il-83282 as a replacement f’or MlL-iI-5C~0(-~ in aircraft

- - apphcation. 4 S

II LABORATORY ANt) LIE LI) TESTS

In Uecember l Q73 , as a resu lt of the October 1973 Israeli’A ra b conflict , the late
Genera l C Abraitis , (‘hit’t’ of ,ta f ’f , expressed concern over the reported incidents
of ’ I~ S. Army M~ 0 tan k turret fires which had occurred as a result of’ t he rupture of

hydraulic fluid lines. Tile hydraulic h u e s  are illustrated in Figure I . The fires were
attributed in part to t he highly flammable “ii draulic Fluid. Petro leum Base, for
Preservation and Operation” meeting tile requirements ot Specif ication Ni IL—i I-(~O83
wh ich was used as the hydraulic fluid for U. S. Army tanks. (MIL-Il-6083 is similar
to NIIL-1l-5606 except that MIL-iI-M)83 contains a rust inhibitor. ) As a result, con-
siderahk interest was stimulated in the potential use of the less flammable a-olelin
polymer fluids for tank use .

At a meeting in January 1974 at tile MsO Tank Project Manager ’s Off ’ice. Warren .
Michigan , a possible replacement for Nil L-ll-~083 hydraulic fluid was discussed. This
meeting was attended 1w personnel from the Project Manager ’s Off ice . (ThrvMkr
l)efcnse 1 ngineering, Cadillac Gage . .~~ir Force Materials Laboratory , Naval Air l)evel-
opment (‘en te r . .\berdeen Proving Ground. MERADCOM . Rock Island Arsenal , and
Frankford Arsenal . A  number ot’ possib le fluids of less tlammability were considered
f’or rep lacement of ’ tile current Nil L-II-(-i()83 fluid. hut sevi’ral were of ’ long-range
interest and immediate attent ion was there fore centered on developing a rust-inhibited
version ot’ MI L -Il -83 282 . particularly since the latter would be compatible with NIIL-
I l—(i083 and MI 1—I I— 5 sO(s . Further , t he a—o lef in fluid would he compatible with current
hydrau lic systems including hardware , seals , elastomers . paints . etc. , thereby provid ing

~~ a direct drain and f’ihl replacement for M1L-Il—(s083 W itilout tile need fo r  any system

retro f it. l’est s were planned on t he fluid to include tank performance tests at moderate

temperatures at the raiik Automotive (‘onlmand flammabiIit~ tests at Tile l3alhistics
Research Laboratory. Aberdeen Proving Ground; and low-temperature N1(-sOA I (AOS)
tan k tests (gun and tu rr~’fl and Ni(0A1 (AOS ) tank gun recoil tests at Tile rest &

• i-va luation (‘ommand . .\t ~rdeen l’roving Ground. Frankf ’ord Arsenal’ s assignment was
to determine the rust preventive additive to be used and the concentration req uir ed.

Wor k centered on a-oletin products which were qualifietf under Air I:orce Specit ’ication
MI L-l 1-83 .82 , ‘‘Hydraulic FluId , Fire Resistant, Synthetic I lv drocarhon Base . A i r —

cr a f t . ” Since MIL.- l l— 83282 for aircraf ’t is not a rust—inhibiting type . initial studies were

Is ’s hntca! HIIIh’tIIi 1 11.5 5-i ~ - 1.33425. ‘x’iitncrs isin of -‘i Ir~ra f t  to I ire Res is t ant Ii draullc f luid.’’ I Ieadq u. irtc rc .
I )s’pJrtillcn I ill the -~r ii’. • ~ .i~h in~ ton. I) (‘ ( M .i~ 19751.
I , ls t ‘

~
- K I Ill U 27 . t Ij iesI 27 J uls 197S , Iroul ( 0111 ili .iflder \ ,i~ .ii t S~ Ocl i ls . ‘s% ashinrti’n . I) (

2 

-
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Figure 1. Gun elevating and turret traversing system.
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directed toward modifying the MIL-H-8328 2 compositions to include a rust inhibitor.
Preliminary t es t s  were run by a :Jing ~arv ui ’ amounts of barium dinonylnaphthalene-
sulfonate to each of the products qualified under Specification MIL-iI-83282 . (This
rust inhibiter is used in N1lL-i1-~083 qualif ied products.) (Criterion of effectiveness
i s that there Is no more than one rust s pot 1 mm in diameter or no more t itan three
rust spots less than I 111111 in diameter a f te r  100 hours’ exposure of ’ polished and
sandblasted coated panels at 77.0° F and 100 percent relative humidity (AS iNI
Dl 748).~ It was noted that 2.5 weight percent of barium dinonylnaphtllalenesulf ’onate
was found to be adequate.

Since t he rust-prevent ive requirement frequently complicates tile formulation of ’
• hydraulic fluids because of additive interference problems, ot her physical and chemical

propert ies tests pertinent to hydraulic fluids were run on the 2.5 weight percent rust-
iflilibited products. These properties included viscosity, pour point , acid number,
low-temperature stability, rubber swe ll, spec ific gravity, galvanic corrosion, water
content . antiwear propert ies , evaporation , ox idation stability, flammability f’oaming
characteristics , particulate contamination, and bulk modulus . Laboratory data on tile
rust-inhibited MIL-U-83282 fluid indicated satisfactory performance front the candi-
date fluids. Since this fluid was designed to be a replacement for tile MIL-II-o083
fluid, the ox idation tests were conducted at 250° F, which was the oxidation test

— temperature specified f’or MIL-II-6083 fluids. This upper temperature limit was
se lected because of’ the temperature sensitivit y of t he rust inhibitor.

J:jeJJ tests were carried out as planned. System p erf onnanc e tests on the MbOA )
(AOS ) tan k with tile rust-inhibited version of MIL-H-83282 fluid conducted at
Aberdeen Proving Ground6 revea led that all performance standards either were met
or exceeded at ambient temperatures down to -25° F. Results of the recoil tests  l~er-
formed concurr ently with this fiLtid down to ~45I~ F were also satisf actory. Flam-
inability tests performed by Ballistic Research Laboratories , Aberdeen Proving
Ground 7 ’8 demonstrated t he rust-inhibited version of MIL-1I-83282 to he 70 percent
more f ’ i re-resist ant than t u e  MIL-U-6083 fluid now used. On the basis of t h e  above

• 6 i -mal Letter Report on Product improvement Test of hydrau l i c  1-l uid (Modif ied MIL- hI- 832 82 1 in lurr et
Hydraulic Systems ot M6OA I rank , TI-(’OM Proj . No l-VC.08A-060-007 . Report No. APG-M r-4452 (April
I974~.

• J . Noonan , “Ignition of A i rcraft liv draulic I luid h~ Incend iary Ammunition.” Ballistics Research Laborat or ~.
A berdeen Provini! Ground . MI) . Memorandum Report No . 2 246 , Al) 907652 L (Noveniber 1972).

• 8 %l - J . Noon j n. “I hi- Rclati v c lirn itahilit) of h ydraulic I luids.” Ba llistics Research Laboratory, A berde en Provin s ’
(‘ round, MI) . Inter im \temorandurii Report No 204 (March 1974) .

4

I.
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• laboratory and pert ormai~ce evaluations , tile (‘omma nder , Army Mater iel (‘ommand on
29 March 1974 issued an order to adopt t h e  rust-inhibited MIL-iI-83282 as a replace-
ment for MIL-ll-6083.9 Frankf ’ord Arsena l Purchase l)cscription 5 136 , “h ydraulic

• Fluid Rust inhibited, Fire Resistant , Synt hetic ilydrocarhon Base .” was published
19 March 1974 .

Tile use of ’ the f luid in new production MoOA I (AOS ) tanks began about July
197 4. (Two products , Royal Lubricants “Royco 751” and Bray Oil Company ’s
“Micronic 883” were qua lified under Frankl’ord A rsenal PLirchaSe I)escription (LA PD)
5136. )

(‘ourdinat ion efforts among Army, Navy, Air Force , and Industry culminated in
tile issuance in March 1975 of ’ a conso lidated MIL-il-46 170 Specification , “Hydraulic
Fluid. Rust-Inhibited . Fire-Resistant , Synthetic h ydrocarbon Base ,” superseding
LA Pt) 5136 .

In the early part of 1975, a ser ies of ’ inc idents relating to “stuck va lves” in corn-
poll efl ts of flew MOOA I (AOS ) tanks surfaced. l’ite tanks were new ~roduction
veh icles and were f’actory- I’illed with one of the qualified products , LA PD 5 I 36
( Royal Lubricants Royco 75 I , Lot 5) hydraulic tltiid, T h e principal problem appeared
to he t he “sticking ’’ of ’ the power spool valve in the gunner ’s hydraulic valve control
assembly ( Figure 2). I’he clearance between the valve body and spooi is 0.000 1 inch.
these incidents were associated otily with the use of ’ the factory—f ill Royco 751 pro-
duct. l’he first problems with “stuck’’ va lves were encountered in Germany. Analyses
of ’ f ire—resistant hydraulic (FRi 1) tluid samples fro m MÔOA I ( AOS) tanks in Germany
are in lab le I - (1’Ile data reported in Table 1 and in subsequent tables in I Ilis report
represent condensations of the total data obtained in t h e  laborator ies of ’ t h e  authors. )
Field technicians reported that the sever ity of ’ valve stic king ranged f ’ronl easy removal

• of t lie spooi from t lie valve i ody to t he need for the use of ’ a d rif ’t punc h and hammer
for removal. ()t ice rentoved , however , (he valve spool could he restored to servicea ble

• condition by simply being wiped w ith a Kirnwipe and being reassembled.

At approximate ly t lie sante time of ’ t lie reported incidents in ( ;erllia n’v . stU n I lar
problems were encountered in new production M~ OA I ( ,\OS) tanks ( wif l l  Ro co
75 1 , Lot 5) at (‘amp Pickett , (‘amp Lejeu nc . and Qttant ico ( laisk ’s 2 , 3 . and 4) . In
one instance , a valve assemb ly was obtained fro m (_)uantico and forwarded Co Wrig h t—
Patterson Air I orce Base f’or st Lidy. i iic hat fer reported I hat there ~ as a -oaf ing on
t h e  poti1 . and t h e  laboratory analyses indicated f hi ’ coati ng (a ff i . ’l the residual oil was
removed wit II iteptane) to be gray at i~l gutiiit iv I lie Spark Source Mass SpeLl roscopy
I echinique indicated that t h e  coaling *.‘ t ) l i I~l i i )e&J hai’iutii , suh t ’ut . silicon , chlorine , and
pilospllisrus

I) 
t-le t~ pc (92 4(1408 , AM( Ilcarlquariers . 2 \~o il 1974 .

S

LA
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l’able 4 I missioti Spectrograph
lX ’ -4 (;reast’ (l’roni (‘adillac Gage) I S Apr 75

Si Major element

B, Fe (each) I heavy trace elements

Al, Ii. (‘u, Na (each) I’race elements

• ili ic kener tumid in I N 7 1 1  7 spool oi superelevat ion actuator ass~’tnb1y ((‘a m p
l5 i~’ket t )

Si Malor element

Itt I ow minor element

In, I e , H (eac h) I Ieavv t race elements

Mg, Mu ( u  , (each ) l’race elements
(‘u. .~l , Sn,
It , Na. (‘a

• When ashed and analvied h~- emission sp’.”.-tros ’ .’opv . t h e filterable insolubies
from t h e  used Rovco 75 I contained t i u .qo t concent rations of barium , silicon . and
t i -o t i .

AnaI~ sts of t u e  used Ro~co 75 I 1w ( I ( ‘ aui~l Mass Spe’.’t ioscopv revea led t h e
presence oI ’ h ieon I I 3 ( trk’hlorotriiluoroel hiat ie) aii~1 I nhuibisol. Flue I nhibisol is
.1 .1 —t i- ichiloroet luaiue (comnionlv referr ed to as met h~ I chilorotornO

•-~ti.’ lvsus ol finel~ divided partic les suspended in the used Roy co 7S I  saiiiisk’ h~
t’iltr~IIion thirouszli a silver unenibiane (I - 2—ni icron) and subsequent :inal sis Isv l’ Iectron I;

S~L’L’t ioscop~ lot ( ‘hiem ni’ .’a l •-\ t ialys t s (I - S(’ ..~ 
) revealed the major impurities to consist

of Isariutu and suh fti, .

t xt ~,nsi~- ,,’ iabtsIatorv tests wet’.’ undeutak en at ( ‘hi rvsk’r. \I F R~~l)(’OM. ~ tigh t -
P~t k’t’%OII A tr l ort’s’ Base , au th i rank f’ord :~ms~’ti~ii labor atories on saIni~k’s of

’ Ro~- t’o
ol n obtained from sto rage depots and oii oil sauiuples of Ro~ co I i s t S obtained

trout operable and Inoperat ne tanks . F sletusive lalsoratorv tests ~ et c  also ~‘omidtuctcd
on siored samples of ltu.i ~ Oil ( the of 11cr qu ahiti ~’tI h~~ 

iii) S I  •~~i fluid, 1tra~eo \ t i t o t u i ~
$83) ~iisl also isit sauiiplcs of Itr.n Oil IIst’tI ,is the li~ tlttu.uiic hluid in tanks at I o t t

k ui~ss I hese t ~‘si s revealed t hat

I t )
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a Particulate contamination was extremely high t>150 ,000 in 5— to
25-micron range) (i’ables I and 2).

b (‘hi lorine contamination was observed (0.113 to O.385’7 chlorine)
• (Tables 2 and 5) (f’rom USMC tanks at (‘amp I5ickett) . (Deleterious effects of ’ chlori-

nated contaminan ts have been documented.) ~~~~~~~

c I xce ss uve water beyond saturation limits of’ f luid was detected (Table 5).

d By heating Royco 75 1 LA Pt) 5136 f’iehd samples at 1500 F’ for 16
hours, the !‘sarticu late contamination levels were significantly reduced (Table 6). This
was not observed w it h Brayco 853 or MI L-I 1-6083 samples.

At ta hyses of the particulate conta m inants showed (lie presence of ’ bar ium, silicon , iron.
and sulfur (Tables 2 , 3, 4. and S ) as the predominant detectable elements. The
ch lorine contamination (Table 5) was traced to the Inhibisol cleaning solvent used
dur ing the h ydraulic system assembling process.

Itt (lie disassembly oh’ several of the spool valve assemblies for analysis , large
depos its oh’ a co lorless greasehike substance were f ’ound. part icularly in t h e  vicinit y of
ti me 0-ring sea ls. Ftnission spectrographic analysis of ’ t he greasehike material revealed
an ele m ental compos ition nearly identical to that of an authentic sample of ’ l)(’—4
silicone grease (i’able 4) obtained t’rom tI me (‘adi llac Gage plant where it is used as an
0—r ing lubricant to aid in the assembly of ’ t h e  hydraulic valve com ponents of ihie
hydraul ic sv st em ii

At this point iii our studies , it appeared that excess ive p,.rticulate contamius at lout
may have been the ~‘aLise of ’ valve uta h f ’tunct lots.

I- xan s in at io n oh ’ tu e valve sLu rlaces revealed no corrosion. Ibis strongly suggested
that ne ither chlorine uso r ex c es s iv e  water cots tamui~ia tjon s~ as ti m e cause oh ’ s a lve uta h—
I un c t  ionimig.

(‘ oncur r en t  with the above anal~ s’.’s , studies were made on f luids f ro t u  tank
s~ s t ’ .’ u im s containing M IL— ll— 60 $3 hydraulic fluid Particulate , chlorine , and water
contamination levels lit the latter f luids wet ’ .’ equal to or high er than those hound its
F~ P1) 5 1 36 field samples tables 1 . S . ‘ , and S)

I I t’itttt ’n .ind ~ - (; i luserl . “~~I(, lIs 515 01 u s  tiraIii it I tiiitI ( t s r  ( 1I1%r i n, ’ ( t ~nt.iUuIIn~ (‘oflljnhin.ints ,” 551 I
I’lt’I’ lt flI N~~. 74 551 ~ 5 - i (\l,o 1974 )

SI I ,ti nin .it i . “il.ii ~o’ ,’ n.ited So ise nt s ,iiitl (‘ o r r t l s to n Ill 0’. ( S I ( I ( I C  5’. SI t ( ( ( S ’ 551 I Pieprint N1 ‘4 551 5 5 2
Sl It 19 74 )

I I

A
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All of the above indicated to the Task Force Subgroup that some hess obvious
factors than the above contaminants were the cause of valve malfunction. Because of
the relatively high water content found in the oil samples from the tanks containing
inoperative valves (Table 5), it was deemed ieasonable to study the effect of water
on finished FA PD 5136 formulations and on each of the ingredients of the Royal
and Bra y FA PD 513 6 formulations. The laboratory data(Figure3) indicat ed that poly-
propylene glycol added by Royal in formulating their FA PD 5136 product caused
the barium dinonylnaphtha lenesulfonate rust inhibitor to precipitate from solution
in the presence of moisture . This did not occur with the Bray sample , because the
latter did not contain polypropylene glvcol. However , when polypropylene glycol

• was added to the Bray formulation , the barium dinonylnaphtha lenesulfonate was
observed to precipitate in the presence of moisture .

Barium dinonylnaphthalenesulfonate (2.25%) was dissolved in synthetic
hydrocarbon fluid . Small amounts of additives (oxidation inhibitor , metal
deactivator , antiwear) were added separately to this solution and stirred. No

¶ visible reaction occurred in the test tubes to which the additive had been added. I 
-

The solution to which polypropylene glycol had been added turned hazy after
1 minute ,  This haze continued to intensify and after 5 minutes the presence of
a precipitate was evident. The precipitate was filtere d off and washed quickly
with hexane. An infrare d analysis of the residue showed it to be barium dinonyl-

- • 
napht ha lenesu lfonate.

The above series was repeated with 2 .25% sulfonate dissolved in Royal’s
ester mix instead of in the synthetic hydrocarbon fluid. No precipitation or
haziness occurred upon addition of any of the additives. When synthetic Iuydro-
carbon fluid was added to the test tube containing polypropylene glycol plus
sulfonate dissolved in ester mix , a haziness again appeared and precipitation
followed.

Figure 3 Laboratory data — solubiity studies.

In order to corrobora te the above laboratory findings , a series of simulated
perfo rmance hydraulic valve system tests were carried out by (‘adi llac Gage. In each
case, fluids were intenti onally contaminated wi th :  (a) 5 wt. ° of 0111 containing
3 wt. ~~ of liihibiso l , ( b) 1800 p/rn of synthetic sea wate r (ASTM I) 665) . (c)  3 grains
Arizona dust (M IL -D- l 3570), and (d) I grant of DC-4 (si licon grease ) to simulate the

• contaminants found in field tank systems and average operational tank cycles, These
studies were conducted on Bray . Royal . and Mobil prodi L ts qua h i h i ed  under M IL- h i-
46 (70 (FA PD 5136) and MIL-H-83282 samples. System failures occurred only wi th

16
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the Royal lubricants FA PD 5136 products. ’2 Examination of the valve surfaces
on the failed components indicated a deposit which ap, eared to be similar to the
deposit found in Wright-Patterso n Air Force Base analysis of the coating of the spool
from the tanks at Quantico . To confirm these two series of tests (laboratory analyses
and (‘adilac Gage tests), a control field test was authorized and implemented at Fort
Polk, This involved 40 M6OA I ( AOS) tanks . 21 filled with Bray FA PD 5l 3t ~ and 19
filled with Royal FA PD 5 136 , Lot 5.

In October 1 975 , 18 of the 19 Royal-filled tanks had become inoperative because
of stuck power spool valves in gunner valve control assemblies (Figure 2) and azimuth
and elevating spool valves (Figure 4). No stuck valves were noted on 21 tanks using
Bray Oil Company ’s FA PD 5 136 hydraulic fluid. A lar~ - ‘ number of the stuck valves
were removed fro m the tanks and forwarded to (‘hrysler Laboratories for inspection ,
study, and distribution (Table 5). Deposits of thin amber and/or brown films were
noted on many of the spool valves. A typical illustration is given in Figure 5. (The
films were not adherent and could be scraped off readily. Several spools with the
film deposits were distributed to Air Force Materials Laboratory, Chrysler Labora-
tories , and Frankford Arsenal for analyses. A compilation of the data indicated that
the film deposits contain barium , sulfur , silica , iron , oxygen , and base oil (Tables 5,
9, 10. and i i ) .  Techniques used were Scanning Electron Microscopy, Spark Source
Mass Spectrometry, Energy Dispersive X-Ray, Infra -Red Spectroscopy, and Electron
Spectroscopy for Chemical Analysis (ESCA).

Table 9. Summary of Energ y Dispersive X-Ray Analysis
Elements Detected 

—

Sample Identification Major Minor <Minor
Film on metal treated Fe Ba , S Si , Ca. Mn

with pet ether

Base metal Fe ---——- Cr , Mn . Si , S

Clean oil ——— -—— Si , P . S. Ba ,
(Fe?)

Note: (Fe?) may by due to instrumental conditions.

12 J. ~ Cottle . ‘l ’est Report Hydraulic 1-luid Compariso n Tests .” M6OA I . Chrysle r l)cfense l- ngin ecring Wor k
Directive No. L240100 2 , Contract No. 0241 (January 1976).
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Figuu~ 5. Hydrauh ic valve deposits.

Using FS(’A , the high sensi t ivi ty scans were p erformed for each of the detected
elements to allow an accurate measure of t lie peak heig lil s (related to concentration)
and binding energies (related to valence or oxid ation state ) .  Similar  data were obtained
on a dc—oiled bar ium dino ny ln aphth a len esu hl ’onate re ference standard . i’lw results of
the hig h —sensi t iv i t y  scans are summarized in Tabhes 10 and I I .

‘rlie,-e is a factor of 2 d ift ’erence in t lie measured barium to sul fur  r atio betwe en
lie contaminat ion  layer and the refe rence barium ii in ony Inaph i  halenesulfonate.

T h e  energies of ’ the sulfu r peaks are essentially the same ( I  68,6 vs I 68.3) indica t ing
that  sulfu r is probably in the  same form in both ol~ the materials.

-4 In order to prevent t’u ture  formulat ions which may contain w at er—sensitive addi-
tive components , similar to the problem noted wi th  the Royal Lub ric ant ’s I A  l’l)
S I 36. a water sensit ivity test was developed and introduced into M I L -I  1-46 1 70.
Amendment  I - ‘!‘lie water sensitivity test was based on inputs  and round—robin tests

• conduc ted by the I lydrau l i c Fluid I’ask Force ( ‘h iemica l Subgroup made U~~ 01’ repre-
sentatives of MFRAI)( ’OM , Wrigh t-Patt erson Air Force Base . ( ‘hi r ~sler l)eI~’nse t ngi-
neer ing , (‘lirysler Engineering Organic Fluid l)eve lopment , and Fr ankl ’ord Arsenal
(Table 12) .

Ill. TEST PL A N FOR REVALI I)ATION OF FRAN K F OR I ) A RSFNAL
PU R(’I IASE DE S(’R LPTI ON 5136 a-OU~FlN FLUII)

It should he noted that  the valve failures wer e specific to t h e  Royal Lubr icants
FA P1) 5h3 6  products and the fa ilures appear to be related to t he presence of th e
polypropyh ene glycol used in formulating their products. On the other hand , Bray
Oil C ompany ’s FA l’l) 5 136 products (formulated without poly propylen e glycol as
one of the ingredients ) has also been used as the hydrauli c’ flu id in M6OA I (AOS )
tanks , and their products after several months use caused no va lve failures. On the
basis of ’ these t’indings , in October 1Q 7 5 , it was decided by the M60 Project Manager ’s

20
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Table 12 .  (‘oope ra t i ve Water Se i t s i t i v i t y  l~ st Resu lts 5
— l’est F lu id Laboratory A Labor atory 13 Laborator y ( -

Hydraul ic  1 h

Water cont ent  (p / n i ) ,  in i t i a l  ND’ 460 NI )
Water content , a f t e r  test NI) 3460 N I )
‘ Light t ransmi t tance  99 110 106

Hydraulic 2~

Water content (p / rn ) ,  initial NI) NI) NI)
Water content , after test NI) NI ) NI )
~ Light t ransmit t ance 97 99 I 26

Hydraulic 3d

Water content (p / rn ),  initial ND 530 ND
Water content , af ’ter test ND 2530 ND
‘
~~

- Light t ransmit tance 25 35 23

Hy drau lic 4e

Water content (p / in ), initial ND 500 ND
Water content , after test ND 2660 ND
% Light transmittance >100 110 ND

a Add ition of O .2~ distilled 11,0 to 250 ml tluid. At ier hand ag itati on . t luid Was allowed to Sit for 24 hours.
Light transmittance is then i ieasur cd (-~ 540 mm.

b FA PD 5 136  Bray co Hh3 2 Fluid .
C FA PD 5136 Mobil RM 236A Flu id.
d I A  PD 5136 Roy co Lot 6 Fluid.
~ MlL-l1~6083t ) Penrj c o C-635 l- luld .

Not determined.

Office to undertake a revalidation progra m to be conducted by Chrysler Deti~nse
Engineering pr ior to reinstating the MIL -H -46 1 70 pro ducts in the M6OA I (AOS)
tanks (Table 13). Accordingly , MIL- I-l-6083 fluid has been drained from appro xi-
mate ly 280 MoOA I (AOS) tanks and th e Bra y Oil Company ’s MIL-H -46 l 70 has been
substituted. These tanks with the M I L-H- 46170 Bray Oil are now being monitored
at four bases (Fort Polk , Fort Bliss , Fort Knox , and Fort Hood ) throughout the
United States. After 10 months ’ use , no valve failures had occurred . ’3 The resuh-
stitution of M IL- I -I -46 1 70 in U. S. Army tanks will depend on the field of performance
of the tanks after one year ’s use.
13 L. A. Spencer , et al . “Final Report M60A l~A0S Tank Fire Retardant Hyd rauLic Oil Comparison Test .” Detensep Division Chrysler Corp., Centerl ine , Michi gan, Contract DAA F-07.74.C-024 l (i - ’ebru ary 1976).
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IV. SUMMARY

An overall summary of ’ the data ind ic ate that  the incidents of’ stuck valves are
specific to t h e  FA P 1) 5 I 3o Royal Lubricants t irodu cts only. Br ay Oil (‘onipany ’s FA
P1) 5136 products (superseded by MI L-l 1-46170) are also being used in M bO A I (AOS )
tanks , but to dat e, after 10 months ’ use , no f’aihur e incidents have been reported. 14

Royal Lubricants FA Pt) 5 136 products contained polypropylene glycol while Bray
- 

- 
Oil (‘ompany ’s FA Pt ) 5 13 6  products d id  not. It would appear , therefore , t h at the
cause of ’ the t irobl em based on the data seenis to point to the po lypropylene glycol
additive used in formulatin g the Royal FA P1) 5 136 fluids. The additiv e causes the
ba rium dinony lnapht hi ahe n e su l f ’onate fist inhibi tor  to precipitate in the presence of
moisture , thereby forming a deposit on the spools which prevents their movement.

These t’indings , indeed , clearly delin eate the cause of the “stuck valves , ” and
saf ’eguards have been initiated to avoid future occurrences by incorporating the “water
sensitivity test ” into the specification.

Since the polypropylene glycol add itive will not he used in fu ture  formulat ions
of ’ MI L —lI —4 6 I 70 (cOmposition data of (lie la t ter  is now mandatory t’or qualification ) .
a more detailed explanation of ’ (lie mechanisni of the interaction of ’ the polypr opylene
glycol with barium din ony lnapht hale n c’sulf ’onat e and/ or the o t h e r  ingredients ( in the
pre sence of ’ moisture ) used in formulating Royco 75 I appears to be beyond (lie scope
of this investigation.

V. ( ‘ON( ’LUSR)NS

On the basis of the extensive coopc’rati vc investigations conducted by the  fiv e
author  laboratories , the t’olhowi ng conclu sion s f’or M6O A I tAOS ) tank hydraulic
systems are submitted:

a. Ml L —hl — 608 3 fluid will  he replaced by Ml L-I l-4~ 1 70 fire-r esistant
hy draulic fluid in production and f ’ield tanks ,

b . Finer f’iltrat ion of ’ fh e  main hydrau l i c  system sliot ild be provided by
the incorporation of ’ an in—line I 5—n i ic ron absolute disposable f ’ilter per Specif ’ication
MI L- F - 8815 .

c. The use of ’ chlorinated solvents and silicone greases in the pr ep ar ati on
and a ssembly oh ’ h ydraulic systems and components will be el im inated.

~l . A replaceable dry ing  kit sh iou h d be included in the  air breath er cap
f ’or hydraul ic  fluid reser voir.
14 

- ,~ 
SiWneer ~~ 

•
~~ 

‘‘
~ Ifl~ Rcport M6OA I .AOS l.iii k I ire RC()i rd3ni I h ii raulk (iii t oIII~’..ItI’ .oIC I ‘.‘%i .“

I )ivishi n ( ‘hr~
- slt ’r ( orp.. ( e,iler line . Mk’higan. (‘o ntr aL ’t l )- ~ Al - 4)7 7 4 (  .1124 I I e I ’ r ICSC I Q7 h I.
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