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COOPERATIVE FIELD EVALUATION OF MIL- L-2 104C

LUBRICANT IN ENGINE ANt ) I IY l )RAUL IC APPLICATIONS

I. INTRODUCTION

l)eve loprn enta l  testing ( DT II I of a new Fa m i I~ of Lightweight  Engineerin g Con-
st ruct ion E qu ipm en t . known collectivel y by t h e acro n y m . F A M F ( E . s~as con d u cted
at Fort Ilelvoir . Vir~inia.  This equip m enl  was designed 10 meet the high m obi l i t y
and a i r l i t t / a irdrop  re quir en i ent s of the  Army Airborne and Airmo h il e  uni ts . In cooper-
ation wi th  the  Project Managers Office ftMO) . LAM I CE/ UFT . the Energy and Water
Resources Laboratory p artici p ated in a cooperative program involving field testing
Of ’ a re ference I t ih r i eair t  in selected vehi cles . This ret~ rence lubri cant is presently
in the Army supply system and is typical  of the qua l i t y  of lub r icant  tha t  will be used
in F A M I ( ’ I ’. af ter  fieldi ng. The Energy and Water Resources Laboratory provided this
\I I L-L-2 I 04(’ reference oil for use in the engines , transmissions . and hydraul ic  sy stems
of ’ se l ected ve hi cles a n d , in addition , conducted an engine inspection and lubricant
analysis related to lubricant  performance. The overall objectiv e of this participation
in FAME(’ E DT II was to obtain base-line data on the use of MI L-L -2 104 C engine oil
as a hydraul ic  t luid wi th  the intent ion of possible modif icat ion of a future MI L - L- 2  104
specification to include hydraulic performan ce requirement s not current ly included.

1. FAMECE DTII Evaluation. The ori ginal in tent  of thi ~ eva luat ion was to sub-
ject th i r teen  vehicles to 1 000 hours of field evaluation under  service typical of tr~eir
intended use. Operation of this prototype construction equipment and field mainte-
tiance tasks were perto rmed by mil i tar y personnel stationed at Fort Belvoir w ith the
overall test being monitored by th e Mechanical and (‘on structio n E quipment Labora-
tory . Equipment evaluated include d two graders , two water distributors , two dumpers.
a dozer , a loader , a scraper , a tampin g-foot compactor . and a smooth-wheel compactor.
Testing was conducted after vehicle arrival from the contractor . Clark Equipment
Company. The first unit,  dumper I . arrived in July 1977 . and the other vehicles
arrived at later dates. In April 1978 , before the arrival of the last two vehicles of
the test set , a decision was made to terminate testing at Fort Belvoir and to complete
the DT II evaluation at other insta llations. This revision of the test plan affected the
data base of this report in that only five units had accumulated a signi ficant number
of operational hours during this limited time frame.

2. Lubrication Requirements. The lubrication orders for FAN IECE require
the use of a Grade 30 MI L -L-2 I 04C engine oil (OE/HDO-30) for crankcase lubrication
am id a (;rad e 10 M I L-L-2  1 04(’ engine oil (OE/ lII )O- l 0) for transmission and h ydraulic
sy stem lubricat ion.  The effectiveness of OE/IIDO-30 as an engine oil and OE/FIDO- 10

a transmission fluid is fairly well established. Of p art icular  interest  to this lahora-
tor~ is th e use of OF/11[)O- 10 as a hydraul ic  fluid since th i s  represents a significant
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dep ar ture  l i-oni the standard lubricat ion re quireme nts fo r  combat—support e qu ipi i i ent .

\or iii.i IIv , hy drau l ic  fluid s , such as M I Li l—60 ~3 tO U T )  and NI I L—I 1—4 6 I 70 ( FRI l  ~.

whi ch ss crc specifi cally desi gn ed to satisf y mil i tary  hydraul i c  r equirement s are requir ed

for use in comba t—support eq iiipiiieii t  . No significant s tudies  on the use of an engine

oil as a hydr auli c fluid in Army equipment  have been reported.

i tydr aul ic  fluids diffe r from eng ine oil in several important  physical and

chemical aspects. (‘erta in p arani et er .s involved in the use 01’ an engine oil in hydraul ic

app licat io ns need to be considered. Use of mil i t ary hy draul ic  fluids provides low—

temperatu re operabil i ty ,  minimal  wear of ’ critical hydraulic fluid component s. and a

high level of rust protection for valves and exposed r ant shafts. The MIL-L -2 104 ( ’

t ( ) E / l1 l ) O ) specificatio n does not address th e above hydraul ic—f luid  r equrr emen ls

hut  is pr imari l y concerned wi th  t h e  p erforma nce of a cand idate oil in an oper ating

diesel engine. Approximately  200 oil companies are qualified to produce M(L -L-

2 1 04(’ lubricants ,  and wide variati ons in the type of ’ additive package used in the oil

fo rmula t io n  are l’ound . These variations do not si gnif ica n t ly  affect engine per l or—

nwnce: however , wide variations in secondary, non-engine lubr ication propert ies

tha t  are direct l y related to the use of this oil in hydraulic app lications are kno wn.
For example . in the area of rust prot ection . a study of ’ a randomly selected sample of
OE/IIE)() indicated variations in ru st protect ion levels from 36 hours to more than 360
hours. It is suspected that certain variations in hydraulic-system p erformance will he
dependent on the types of OF/HE )O- 10 f’ormulat ions in the supply system. On the
other hand ,  the use of ’ OE/ UDO as a universal lubricant for mili tar y construction
equipment  is of pa rtic u lar value to thi s equi pment since operation with minima l  sup-
port is needed. In additi on , there is the recognized fire hazard associated wi th  off-
highway equipment:  and the use of OE 1FIDO-I0 as compared to M(L-H-608~3 signitl-
c an t I~ reduces this threat .  A letter to PMO. FAMECE , relative to this lire threat is
included as part of ’ Appendix A. At present . the extent  of the tradeoff ’s made in the
implementat ion of ’ this lubrication concept needs fur ther  validation.

3. Objectives of Lubricant Evaluation. This laboratory has custodia l responsi-
bil i ty for the M 1L- L-2 1 04(’ specification and lubrica nt RDTE programs wi th in  the
Department  of ’ the Army. Presentl y, the use of OE/HDO- l 0 in satisfying hydraul ic-
application requirements is under study. Consideration is presently being given to the
optimizat ion of hydraulic— f luid performance requirements of OF 1 11)0—1 0 in a fu tu re
modif icat ion of ’ the MIL-L- 2 104 specification : however , such requirements ili l ist f irst

be defined . Thi s participation in FAM E(’E DTU was to provide inform at ion tha t
would serv e in part as base-line data in determining the requirements needed ~ri a future
MIL- L- 2 104 specification.

- -- -
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11. l ) E l A I L S  OF TE SI

4. Equi pment. F ,\MI ~(’E represents a class of wheeled , construct ion amid earth-
moving equipment .  Un i ts  are m odular  in desi gn wi th  a work uni t  consisting of ’ a
powe r— m odule section coupled to a work section. L ac h section we ighs less tha n
I 5 .000 pound s . The various types of work sect ions used in this  te sf are shown in
rzibl e I . In testing , a sepa rate pow er m od u le w as u sed t’or each work section . Since
all power modules are identical  in construction , these un i ts  are listed by serial nu m ber.
To tal ho ur s acc u m u lated l’or each work un i t  at arriva l amid at test comp letion are also
included in this table.  The power train for  these uni ts  consists of a Cummins  VT555
Turbo Charged 2 18 ~lP Liesel Engine with a Clark Model LT-7853 transmission.
The hydraulic  controls and a 70-gallon hydr aul ic  re servoir are also located on the
power module , The work section consists of the working component (e.g. . b lade,
roller )  and a secondary h ydraulic system.

Table I .  FAMEC E Test F q uip men t
Power Modules Work-Unit Hr (~ Start h r  6~ End Lubricant

( Serial  No. ) Section of Test of Test Type
446 X 104 Grader I 273 106 1 Comm oil ( 2 )

105 Loader I 53 1103 Comm oil
106 Distributor 1 97 90! Comm oil
l07 ’’~ Dozer 78 824 Ref oil ~~
I 08~ 

1) Dumper 1 20 1 266 Ref oil
110 Tamping-Foot Compactor l I D  406 Ref oil
1 1  2 Smooth-Wheel Compactor 63 355 Ref oil
113 Dumper II 26 400 (‘omm oil
114 Scraper 2~

) 251 (‘omm oil
115 Distributor II 10 247 Comm oil
116  Grader II -- 540 Comm oil

( I )  These units used a silicone brake fluid.
2
~Commercial oil used for hydraulic fluid, crankca se , and transmission lubrication

Reference oil used for hydraulic fluid, cra n kcase , and transmission lubricat ion.

5. Lubrication Requirements. Lubrication orders require the use of ~1IL-L-
.21 04C oils for engine , transmission , and hydraulic  applications. SAF 10 Viscosity
Grade oil is required for crankcase lubrication when expected temperat ures are above
+40°F and 10 grade oil when temperatures are less than +40°F SAL 30 Viscosity
Grade oil is required for use in transmissions and hydraul ic  systems if temperatures
are above —1 0° F. For arctic conditions or when the ambien t  temperature is less 

than 3
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0°F . MI L-L-4 6 I 67U )I :A ) is required for  use as a power-train lubricat ion and as a
hydraul ic  f lu id .  Lu b r ica t ion  orders originally required drain and refil l  of ’ the  cra nk case
and transmission oils at 400—hour intervals  and the hydrau l ic  fluid at 1 000 hours :
however , these orders were later modified to 250 hours f ’or the  crankcase oil . 500
hours f’or the transmission oil , and 1 000 flours f’or the h ydraulic f luid.

6. Reference Oil Program. On 14 February 1977 , personnel Iron i the I.  ner gv
and Water Resources Laboratory participated in a meeting wi th  the F A MF C I - . IJET
staff relat ive to the use of ref ’erence-grade lubricants , referee grade fuels , and silicone
brake fluid in certain vehicles that  were scheduled f’or DT II evaluat ion.  At th is  meet-
ing, i t was indicated tha t  a rel’eree-grade fuel could not be ut i l ized in 1)111 because
of ’ logistic considerations hut  tha t  possible program coordination could he achieved

- 
l relative to the use of ’ the referenc e—grade lubr icant  and silicone brake Iluid. Following

• this meeting , a letter dated 23 February 1977 (Appendix  A)  was forwarded to PM O .
F A M I C E U F T . ou t l in ing  a proposed lub r icant  test plan that  involved the use of ’ a
reference- grade NI IL -L -2 1 04(’ oil for use in crankcase , transmission , and hydraul ic
sy ste ms and silicone br ake fluid in the brake systems of five vehicles . (‘on curr e n ce
wi th  the test program was obtai m ied t ’rom PMO . FAME CE/U F T.  in a DF dated I S
March 1977 (Appendix  A) except that  six rather than t’ive vehicles (dumper , scraper .
grader , distr ibutor , dozer , and compactor )  would utilize re l ’erence-grade oils amid
si licone brake f luid.

The f ina l ized ,  reference-oil program l’or FANI ECE DTI I is included as p art
of ’ Appendix  A This program required the forwarding of six 55—gallon drums of ( ;rade
ID amid six 55 -g all om i d rums of Grade 30 MI L-L-2 104 C reference engine oils amid I
gallon of a can dida te  N I I L-B-46 I 76 silic on e brake fluid to the F AMECE f ’ac il i tv at
(‘la rk Equipment  (‘ompa rly . Benton h arbor . Michigan . a n d th e l’actor ~ use of ’ this  fluid
l’or t’actory fill of six vehic le~. The vehicles ~ve ic  later  id en t i t ’ied as those ve hicle s
having power sections wi th  serial numbe rs  446\ 107 to 446X 1 1 2 .  Fol lowing this .  the
major part of the rel’ere n ce—oi l program was to invo lve the moni tor ing of this  set of
vehicles during testing by peri odic oil samp l ing / analysis  to determine  overall NI I L-L-
21 04(’ I - -\\ 1 I -CE sy ste m compat ib i l i t y  as reflected by wear—met a l  ana l y s i s  and poten-
tia l d egradation of lubr i can ts  as indic at ed b~ selected tests des igned to measure l im b—
r ica n t  qua l i t y .  O the r  vehicles not included in the test p lan ~‘ere to have used a commer ~
cial oil of N I l L—L — 2 I 04(’ q u a l i t y  for factory l’i ll  and OF! I IDO f rom the supply s\ stem
t’or ret ’ill r equi rements .

Seve ral fac tors  had considera b le impact  on the  data  base pr ov ided b~ I h i s
cooperative p rogram:
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a. Earl y Teridl ination of DTII . Only f’ive vehicles had accumulated suf ’li-
cient operational hours to he of ’ value in satisf ’ying the test objectives .

b. Invalid Commercial Oil. Analysis of the physical properties and d c -
• menta l composition of the factory-fill oil indicates that  it is not a MIL-L-2 104C oil

and cannot serve as a basis for comparison with the re ference oil.

c. Factory Errors in Fill of Reference Vehicles. The factory-fill , commer-
cial oil was used in place of the reference oil in the hydraulic  system of ’ the dumper and
dozer.

ci. Test Plan Modif ication on Silicone Brake Fluid. Silicone brake fluid
use was limited to the dumper and dozer.

The combination of these factors prevents drawing any conclusion con-
cerning the effectiveness of OE/HDO- 10 lubricants in the FAMECE hydraulic
system .

Because of changes iii the orig inal lubrication order , the sampling schedule
outl ined in the re ference-oil program was modified. Samples of engine . transmissiomi ,
amid hydrau lic fluids were obtained on vehicle arrival at the test site and at vehicle-
accumulated-hour readings of 250, 500, 750 . and 1 000 hours. Two types of oil sam-
ples were obtained. Thirty-two-ounce drain samples were collected at scheduled
drain and refills , and 1 2-ounce intermediate samples were collected by t h e  standard
vehicle sample procedure using a syringe and plastic tubing.  Several laboratories
including the Materia ls Technology Laboratory, the Energy and Water Resources
Laboratory . and the Army Fuels and Lubricants  Research Laboratory located at
Southwest Research Ins t i tu te  were involved in the analysis ot’ these oil sam ples.

7. Fuel-Monitoring Activity. In addit ion to involvement  in th e  ref ’er ence-oi l
program . this laboratory became actively involved in fuel-related problems that  devel-
oped in FAMECE DT II .  The primary act iv i ty  in th is  area was a t’uel cloud Point
moni tor ing  program during the win te r  months . The act ivi ty was in i t ia ted  by reported
cold-start—up problems possib ly related to t’uel q uali t y .  Other proble ms such as fuel-

• f ’i l ter  clogging were also investigated.

I I I .  RESULTS OF TEST

Lubricant  perfor m ance was evaluated p r imar i ly  by physical and chen ii~al t e s t i ng
of used oil samples f rom FAM E( ’E e qu i p n te n t  and by ph ys ic a l  in~~e cti o n of engine
and t r ami siii issio n components  l’rom one of these veh icles . This la t t e r  inspection .

L ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~ • •  ~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ • • • • • ••
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conducted on a vehicle dur ing teardow m i . sho wed certain typical  year pat ter n s  which
s igni f icant ly  f ’aci l i tated the in t e rpreta t ion of ’ data on wear-metal concentrations.

8. Eng ine/Transmission Inspection. A 0Th! test pro gra m requirement included
phy s ical  teardow n and replacement of ’ t he engine amid transmission components on one
of the vehicles. Teardown was perfor med on the 1 0-toti dump er  unit  ( power module
#446X 108 amid dumper  I work sectiomi ) tha t  had accumula ted  1 250 hours of long- and
short-haul service under fully loaded conditions. Inspection data on the component
pa rts of the (‘immmi n s  Model VT555 • C240 engine and Clark Model LT-7 853 trans-
mission are included in Appendix B. Im ispection of the pistons , rings . cranksh af ’t. ca m—
shat ’t , amid valve t rain indicated miormal wear patter n s. [lie pfln i ary problem area was
severe wearing of the No. 4 (rear ) hearing. It was observed that  a l ar f• e q u a n t i t y  of
copper was dislodged from the hearing surt ’ace. A peripheral problem involved scoring
of thrust  washers by dislodged copper debris. Transmission parts did ‘iot show an~
ahn ornia l wear patterns.  Mr.  A. Bar n ah ae . Field Technician for Cuni in i r .~ D iesel
E ngines . Inc..  was p resent at teardow n , He indicated that  No. 4 ( rear ) bear Ing t’ail ure s
normally indicate lubr icant  starvation due to cold star t -ups or in suf ’f ic ient  ~ngi ml e idling
before  shut down.

9. New Oil Anal ysis. ‘rlie phys ical propertie s aiid elemental  compositions that
characterize the commercial amid ret ’erem ice oils imsed in th is  test are listed in l’ahles 2

• and 3. Signif icant  difl ’erences in cheniic al properties simch as total acid number  (TA ~S I ,
total  base number  (TBN ) .  and elemental  compositio mi are e~ iden t .  It  should be noted
that  the SAF 10 Viscosity Grade commercial oil (Table 2 )  has a pour point o f — I  1 °F.
This indicates  tha t  the commercial oil is not of M l L-L-2 I 04(’ qua l i ty  because Specifi-
catiomi MI L -L- 2 I 04(’ requires a pour point  of ’ —25 °F.  i h e  relat ively high pour poi nt
of this  commercial  product could result in low-temperature lubr ic i ty  problems.

10. Wear-Metal Analysis. The con centratiomis ot ’ wear metals ,  silicone. amid addi-
t ive m ii eta l s t ha t  were fo u mid in imsed 9i 1 samples from the grader , loade r , water  dist ribu-
tor . do,er . amid dumper  are prese nted in Table s 4 th rough  8. From this  set of vehicles .
the dozer and dumper  were to he factory t’illed v~ i th  the re fe rem ice lubr ican t .  and t h e
o ther  vehicles were to he factory f i l l ed  wi th  a co ninie rcma l  l ub r i can t .

Addi t ive  metal  concentra t ions  were in c li mde d in the se tables so as to al low
ca lcula t iom i  of d i lu t iona l  effects amid to v e r i f y  the  t y p e  of oil u sed f u r  factory fill and
f ield ri. iL E x a m i n a t i o n  of ’ Table 3 reveals t h a t  t i me p r imar y  d i f f e r e n c e  between tIme
S,\ I.  30 Viscosit y Grade commercial  and r cf en ’nce oils is t h a t  t he  re terem i ce oil c o mi t ai i is
4400 parts per mi l l ion  ( p i l l )  ca lc ium whereas the  commercia l  oil con ta ins  approxi-
mate ly  2500 p f  i i  calcium . In spect iom i of the calC iimm concem i t r a t i on  in i n i t i a l , e ngine—
oi l samples takemi t ’rom t hese vehicle s Fab les 4 l I t  rough S ) i nd ica t e s  t h a t  the  f ac t o r ~ —

t’il l  procedure was correct .  l x a n i i n a t i o n  of Table 2 ind ica te s  t h a t  the  SAl 10 N is cu s it 6



I ’ab le 2. FAME (’E Fa ctor y Fill  I D  Gia de Lubr icants
Oi l 1 Y P L ’

Properties (‘onin iercial Oil Reference Oil
\ i s c osmt ies  ( c S t )

C ’  00° F 38.72 47 .0
C ’ 2 10° F 5, 97 6.7
Index  107 .72 10.3

I A N  1. 74 2 .5

TBN 9.26 12. 7

Insolubles ~~~
Pentane 0.012 0.02
Penta m ie W/ (‘oag. 0.004 0.01
Benzene 0.00 0.02
Bem izene W/ (’ oag. 0.017 0.01

Gravi ty  ( ° API ~ 60°F( I 5.5°( ’)) 29 .5 28.3
Flash Point ( °F )  435 (224 °(’ ) 4 17 ( 2 14°C )

Pour Poim it ( °F ) —1 l (— 2 4 °(’ ) —2 4 t 31°(’ )

Carbon Residue ( ‘;~ 1.45 1.7

Sult ’ated Ash (‘J ) 1 .47 1 .7
E lements

N itrogemi (% w t )  0.330 0.06

Boron (p / rn )  13
X-Ray Flor. (L~)

Barium 0.2060 —

Calcium 0.3080
Chlorine 0.0 1 20 - 0 .OI
(‘opper ( p /m) - -25
Phosphorus 0.1000 0.1 2

• Sulfu r 0.2900 0.42
Zinc 0.0800

Atomic Absorption ( u / r n )
Bari u m 19 10 <50
Calcium 2932 4400
Copper <1
N ’lagn esium 88.0 22.0
Sodium 1 1.0  20.0
Zinc 692.0 800.0

• r u e  less’tlia n syrnh ~ l ( ‘ 1  is uscd to tn d icate iowcu dctcct ion li.’~ ci of ~ctho d. 

~~~~~~~~~~~~~~~~~~~~~~~~~ • . • • • • • • •• • •
~~~~~~~~~~~~~~~~
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I’ah le 3. FAMEC E Factory Fill 30 Grade Lubric ants
- 

‘ Oil Type

Properties 
- 

Referemice Oil (‘ommercial Oil

• •
‘ 

Viscosities ( cS t )
C” 100 °F 12 1.0  119 .4
O ’2 10 °F 12.0 12 . 15
Index 101 .0 99 ,54

TAN 2. 3 1 .70

TBN 13. 9 6.75

lm i so lub l e s  ( 1  )
Pemi t

~
m mte 0.04 0.018

- . Pentane W/Coag. 0.04 0.004
Ben zene 0.03 0.00
Benz en e W/(’oag. 0.01 0.008

Gravi ty  ( ° API (° 60°F( 15.5 °C)) 25. 5 27 .3
Flash Point ( °F) 433(223°C) 450(232°C)

Pour Point (°F) 2 ( — l 7°C) -7(—22 °C)

Carbon Residue (~~) 2.1 1.13

Sulfated Ash ( ‘14 ) 1.6 0.94
E lenie mit s

Nitrogen (‘14 wt )  0.07 0.0660

Boron ( p/mi t )

X-Ray Flor. ((/()
Barium - <0.0200
Calcium — 0.2350
Chlorine < .00 1 0.0 130
Copper (p / ni)  — <25
Phosphorus 0.13 0.1 200
Sulfur 0.48 0.4400
Zinc - 0.0900

Atomic Absorption (p / rn )
Barium <50 <50
( alcium 4400 2531
Copper - • <1
Magnesium 26.0 8.0
Sodium 10.0 22.0
Zinc 700.0 748.0

No t e: The kss .mhan symbol i is used to j ndj camc Jowe~i det ect ion level of method.

S
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fable 4. Summary olOil Analysis Data ’. Grade r (V/M)

Vehicle Type: Grader

Power Section: 446X104

Wear Meta ls Additive Metals
Hours Aluminum Iron Chromium Cop per Lead Silic one Phosphorus Barium Line Calc ium

Fngine Oil
• 273 20 5 3 23 10 3 720 — 820 1350

500 8 20 2 30 3 6 750 90 860 1800
750 20 40 0 18 6 10 720 10 1100 4500

1000 — — - - — - - — —

Transmission Oil
273 37 86 2 280 70 6 650 500 3600
500 22 47 0 300 40 6 700 1000 860 4500
750 35 45 3 92 16 10 780 300 530 —

1000 25 37 2 88 7 7 640 270 600 -~

Hydraulic Fluid
273 40 8 2 6 1 8 680 — 860 3200
500 t 8 4 0 5 0 3 750 1100 1100 5000
750 33 9 I 22 I 13 600 860 540 —

1000 32 10 1 19 1 11 590 810 590 —

Table 5. Summary of Oil Analysis Data: Loader (P/Mi

Vehicle Type: Loader

Power Section: 446X 105

Wear Metals Additi ve Metals
Hours Aluminum Iron Chromium Copper Lead Silicone Phosp horus Barium Zinc Calcium

Engine Oil
154 26 10 2 5 9 7 680 — 800 1800
250 — — — — — — — — — —

500 18 26 0 200 I i  3 650 50 700 7000
750 — — — — — — — — — -

1000 54 73 28 6 I 12 530 0 30 —

Transmission Oil
154 40 55 3 500 75 8 580 — 800 3000
250 38 80 2 400 50 8 5 50 500 3200
500 21 57 0 350 2 5 5 750 1080 1100 6500
750 — — — — - — - — — —

1000 28 68 2 160 64 10 640 500 650 —

• 1-l~drau lic Fluid
154 38 7 1 5 1 8 (i60 — 860 3700
250 34 16 3 8 8 6 700 — 650 3500
500 18 Ii 0 8 0 4 755 1300 1000 6000
750 — — — — — — — — — —

1000 26 18 3 7 1 II 650 1050 690 —

9
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l able 6. Summa ry ol Oil Anal ysis I)ata: Wate r Distributor I IP/M)

Vehicle Type: Water Distributor I

Power Section: 446X 106

¶ Wear Metals Additive Metal s

Hours Alum inum Iron Chromium Copper Lead Silicone Phos phorus Barium Zinc Calcium
Eng ine Oil

96 25 8 4 8 tO 12 750 — 680 1650

• 250 — — — • -  — — — — — -

500 21 27 0 5 6 0 640 10 860 5500

750 26 28 5 5 I 6 530 0 5 70 —

1000 — - — - -- — - — — -

Transmission Oil

96 36 50 2 215 55 8 550 •- 500 3100
250 21 35 0 135 17 0 700 600 1000 7500

500 22 50 0 240 130 0 500 330 1100 6500

750 29 35 3 88 4 10 990 0 — —

1000 — — — — — — — -- — —

• Hydraulic Fluid
96 36 9 2 17 6 12 700 — 600 4300

250 21 2 0 12 0 0 750 1200 1100 6000
• 500 17 5 0 l2 12 6 700 1100 1000 5000

750 29 8 1 14 4 11 640 1200 570 —

1000 — — — — -- — — - -  — —

Table 7. Summary of Oil Anal ysis Data: Dozer (P/M)

Vehicle Type: Dozer

Power Section: 446X 107

Wea r Metals Additive Metals

h ours Aluminum Iron Chromium Copper Lead Silicone Phosphorus Barium Zinc Calcium
Engine Oil

78 3 2 14 1 65 It ) 20 550 — 450 4000
250 30 7 6 94 25 16 750 40 1200 6000

500 23 38 0 52 13 3 660 0 1100 7500

750 — - — — — — — — — —

100(1 — — — — — — — —

Transmission Oil

78 47 74 4 1100 200 12 750 — 480 3700
250 3 1 76 0 550 250 5 800 380 780 5000
500 33 60 9 700 130 3 820 220 1100 5000

833 32 29 0 130 34 II 580 0 500 -

Ilydraulk I luid
78 36 7 2 7 8 8 700 • 600 5200

25(1 17 I 0 6 2 3 750 920 1000 60(1(1

500 — - - • -

833 32 13 I 12 1 9 750 82(1 720 —

10(10 • - - -

10
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Table 8. Summary ut Oil Analysis Data: I)umpe r (P/MI

Veh icle Type: Dumper

Pow er Sec ikin: 446Xl08

Wear Metals Additive Metals
Hours Aluminum Iron Chrom ium Copper Lead Sil icone Phosphorus Barium Zinc (‘ah’iu m

Engine Oil
20 44 5 2 8 hO 10 680 740 4100

250 45 42 3 18 55 16 580 — 720 4400
500 20 20 3 10 6 0 60(1 0 1100 7500
750 34 38 17 27 90 20 650 0 950 6000

1000 33 60 II 17 68 9 530 0 580 -

Transmission Oil
20 48 10 2 95 45 8 760 880 1200

250 45 25 2 200 60 7 680 - 86(1 5700
• 500 20 9 0 86 18 5 740 0 1000 6000

750 - - - - — — • -

1000 31 49 2 450 178 6 781) 0 630
Hydraulic I luid

20 48 5 3 3 l 7 760 900 5300
250 45 0 I 5 1 8 760 900 5300
500 22 0 0 6 0 4 800 54(1 1100 6000
750 22 I 0 7 0 5 770 560 800 600(1

1000 3 1 7 2 12 I 9 780 560 650 —

Grade commercial oil contains barium but SAE 10 Grade re ference oil does not con-
tain barium. Inspection of Tables 4 through 8 indicates that the commercial product
was mistakenly used for factory fill of the dozer transmis sion. This error is not consid-
ered serious because the reference oil was used as a refill oil at the 500-hour drain
interval. Examination of these tables also indicated that the commercial oil was used
as the hydraulic fluid it i all of these vehicles. Noiie of the vehicles ’ hydraul ic  systems
was factory filled with ref ’erence oil. This factory error invalidated the pr imary objec-
tive of this study.

Silicone is normally considered as a contaminant m iietal. The concentration
of elemental silicone in the used-oil samples is a measure of dirt ( s i l ica)  ingestion.
It is included in these tables because extreme ly dusty conditions were noted at the
test site during summer months creating the ever-present possibility of ’ accidental
dirt  ingestion during oil additiomi . Dirt ingestion can cause au accelerated wear of ’
all engine components. Oil-analysis data indicate fairl y constant and low level of silica
in the engine oil . The effect of ’ silica on engine wear appears to be min imal  in that  the
a l u m i n u m  concentration ( trom piston skirts).  iron concentration ( from cy linder walls .
crankshaft . and camshaft ) ,  and chromium ( from piston rings ) did not show ally direct
v ar ij t ion wi th  silicone concentrat ion.

11 
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The inspection of engine parts during teardo wn indicated a potentia l , bearing-
wear pr oblem. Bearings utilized in the FAME (’E are of a steel-backing. copper- flashing,
and lead-overlay design. Normal bearin g wear would be indicated by the initial pres-
ence of lead followed by copper after a wearing away of the lead overlay. In Tables

• 4 through 8 . wear-metal data are presented for engine oil samples collected on vehicle
• arrival at the test site and at each 250-hour drain interval. The reference oil was used

as the refill oil for all of these vehicles. With the exception of the water di stributor ,
all units showed elevated copper and lead concentrations. These results suggest an
accelerated bearing wear. The absence of bearing-wear signs in the water distributor
is difficu lt to explain because a variety of factors such as the inabi lity to use the
distributor during winter months . the operator , the speed , and the load need to be
considered. Findings suggest that there is no clear indication of differences in the

• abili ty of the commercial and reference oils to prevent rapid bearing wear . Another
factor that needs to be considered is that bearing failure is characterized by coarse
copper metal particles which would not be detected in oil analysis. For exampl e . in
the dumper where hearthg failure has been documented , high-lead concentrations
are found considerably in excess of the copper concentrations. This is not true in
the case of the grader , loader , distributor , and dozer. Wear-metal data for the grader .
loader , and dozer indicate copper concentrations in excess of lead concentrations
which may indicate a more normal but accelerated bearing wear. Although the copper/
lead concentration shows a general decrease, these units do show significant increases
in iron concentrations that tend to indicat e some typ e of a wear prob lem.

Inspection of wear-metal concentrations in the transmission-oil samples
indicates high copper , lead , and iron levels. These levels reflect the initial break-in
process. After the initial , 500-hour oil change . the wear-metal concentrations signifi-
cantly decrease in all vehicles except the dumper. Although copper and lead levels
were high in the dumper , ph ysical inspection of the duniper ’s transmission did not
indicate any unusual wear problems.

Used oil samples frot i tile hydraulic systems of ’ t h e  vehicles indicate slightly
elevated copper levels in the grader , dozer , and dumper and slightl y elevated iron
levels in the loader and dozer. These levels might result from abrasive wear caused by
dirt ingestion. The iron concentration of these oils would he indicat i ve of wear of the
hydraul ic  control valves: however , because a physical inspectio li of the dumper hy-
draulic system could not he made , no correlation of wear-metal concentrat ions with
hydraulic-system wear cam i he made.

1 1  . Lubricant Degradation. Visco sity changes and t h e  amount  of p entane
in solub lcs in used engi lle oils are presented in l’ab le 0 , and data  on the  vis~ositv c l ian ~ cs
and tota l  solids content  of tram ism i ssiom i amid hy d r au l i c  f lu id s  are presented in lab le  10

12 
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Because of a shortage of laboratory perso nnel. pent ane insoluhles and solids conte n t
were determined on only a few random ly selected oil samples. Data from Table 9
indicate an average engine oil viscosity increase of approximate ly 9% for 250 hour s
of ’ operation. Viscosity increase s as high as 25’ are considered acceptable. Data do
not imldic ate excessive deterioration of OE/HDO -30. Dat a fr omll Tab le 10 indica te
m inimal solids content and viscosity increases in used transmission oils and hydraulic
fluids. The appare nt viscosity imtcreas e in th e commercial oil is questionable. The
reference oil viscosity of 6.7 cSt is considerably in excess of ’ the 6.0 cSt viscosity
of the comm ercial oil , atld the use of the r eference grade oil as make-up wou ld at
least contribu te to this observed viscosity increase. No significant viscosity increases
were found in the used reference oil samples.

Table 9. Viscosity Changes and Insolubles Content  of Ingine Oils
Commercia l Oil Relerenee Oil

30 Grade 30 Grade
Properties Grader Loader Distributor l)ozer Dumper

(446X 104 ) (446X 105) 1446X 106 ) 1446X 107) (446X I08)
Vj s (c St ~ 210° F) Vis(c St) (~2IO°l : ) V is (cS i(” 2 l0 ° l )  Vi~(cS t ( ’ 2lO ° I )  V is (cS t (” 210 ° I )

I nso l I nso l I nsol I nsol I nsol
I’; I ( ‘ ; ) r~

) 1 )
Viscos i ty — 1 2 1  -• 1 2 2
o f New Oil

Initial 0d121 11.5 10.9 118  12.5 12.7
Sample 0.034 0.50 0.02

Ist Oil 11.6 - — 13. 0 130
Dram 0.I9 0.26

2nd Oil 13.3 12 7  134  13.3 13 .7Drain

3rd Oil — — 
13 .4  — 142Drain

• (1) Pentane insolublcs determined by ASTM Method 1)893.;
(2) Initial samples taken on delivery of vehi~Ies to Ion lielvoir. Operating hours were grader (273), loader (153) .distributor (97) , dozer (78), and dumper (20).

13
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fable 10 Vis c osity Changes and Solids (‘ on t eni o f Transmission and Ily dr aul k Oils

• Commercial Oil Remcre nce Oil
l OG r a de 10 Grade

Properties Grader Loader 1)istr ihuto r l)o ier l)Lurllpc r

(446X l04 ) (446X l05 ) (446X106 ) u446X l0 7 )  (446X 108 )
Vjs (c5 t (” 210 ° l )  V is (cS t gu 2 l 0~ l )  V is(cSt s ’ 2101 ) V isl cS t ( ’ 2 l O l l  V is cSt ( ’ 2 ! ) )  i )

Solids Solids Solids So lid s Sol ids
( ; )  (‘, , )  I I (‘

• V1s.’os 0y of 6 0  6 7
New Oil

Transmission Oils

On A rriv al (2) — 5 8  6.0 6 7  6 6
• ln iermed iaie 6.4 6. 1 6.5 6 8  6 9

250-hr Sample -• 0.006 — — 0 008
Oil Drain 6.5 6.4 6 9  6.7 6.8

• 500-hr Sample - - — 0.005 0.01 5 ND~
3
~

Hydraulic System Oils
Initial — 6.2 6.3 6.5 6 4

0.004
Intermediate 6.3 6.0 6 5  6.5 6 7
250’hr Samp le 0.005 0.006 ND 0.003 0.005
Inlermed iate
500-hr 6.3 6 4  6.3 - 6 4 / 0 0 1 3
Intermediate
750-hr 6.6 — 6.4/0.04 7 .0/ 0 12  6.4/0.007
l inal Sample 6.6/0 .14 6.1/0 .01 — — 6.3/0 .16
1t1 So lids deter m ined by ASTM Method (3 13 .

Init ial sampling taken on delivery of vehicles to Fort Belvoir. Operating hours w e re grader (273 ) .  loader (1 53) .
distributor (97), dozer (78). and dumper (20).

— not drained.

• 12. Silicone Brake Fluid. Of the two units utilizing silicone brake fluid , one unit
is still under test. Admixing VV-V-680 brake fluid (glycol-hased) with the silicone
fluid invalidated testing on one of the two vehicles. No problems directly related to
the use of this brake fluid were reported.

13. Fuel Surveillance. Certain starting/ engine failure problems during DT II
testing were suspected of being related to VV-F-800B diesel fuel qual i ty .  As part of
this cooperative effort , technical assistance was provided in the resolution of fuel -

• related problems as they occurred. Primary problems were traced to housekeeping
practices , fuel contamination of unknown origin , and use of a nonrecommended fuel
dc-icing agent. A complete chronological account of the problems with supportive
laboratory data is presented in Appendix C.

14
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14 . Conclusions. Based oii the results of ’ this test amid observations made dur In g
the lest , the follow ing conclusions are made:

a. Wear-metal analysis imidicates an accelerated wear of mall ) bearings in

the l :AMI :CF power modules.

h. (‘ontr ib u t in g factors to bearin g wear are believed to be nonconforniit y

to lubricati on-order requirem ents to use the SAF 10 Grade MIL -L-2 1 04C engine oil
for ambient temperatures less than 40°F and improper operational procedures.

c. The performance of the SAE 10 MIL-L- 2 I 04C engine oil in the FAMECE
hydraulic system has not been identified in FAME CE DTll. A commercial , factory-
till oil that  does not correspond to the SAE 10 Grade MIL-L-2 l O4C specification was
used as the factory-till product for the five vehicles that served as the basis of this
report.

d. Cold-starting problems reported in FAMECE DTII were caused by
diesel fuel of mar ginal qual i ty.

15
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APPENDIX A

REFERENCE OIL PROGRAM FOR

FAMECE DTII

16

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ _ _ _



DEPARTMENT OF THE ARMY
U. S. A R M Y  MOBILITY EQUIPMENT RESEARCH & DE VELOPMENT COMMAND

FORT BELVOIR , VIRG IN IA 22060

DRDME-GL

SUBJECT : Flammabil i ty Characteristics of Hy draulic Fluid vs Automotive Engine Oils

Project Managers Office
FAMECE/UET
ATTN : DRCPM-FM
Ft. Belvoir , VA 22060

I.  Reference is made to your meeting on 5 Jamiuary 1977 wi th  Mr. M. LePera (th is
office) relative to potential use of Less Flammable Hydrau l ic  Fluids (MIL-H-4 6 l 70
Amd I .  FRH ) in FAMECE /UET systems.

2. During the referenced m eeting, the potential advantages resulting from substitution
of FRH Hydraulic Fluids in place of MIL-L-2 1 04C . OE/HD O-I0 eng ine oil were dis-
cussed. To clarify sonic areas of concern , it was agreed tha t  this  of ’fice would forward
laboratory flammability data comparing the fluids in question. Prior to discussing the
flammabili ty data , a tabulation of the pert inent  sl)eciflcat ioli requirements t’or the
FRH and OE/l-I DO-lO products was prepared. In addition to these fluids , the require-
n ients for the conventional MIL-II -6083D (OUT) hydraulic fluid and the Aberdeen
Proving Ground Purchase Description (APG PD) No. I Arctic Engine Oil were also
included . These pert inent  specification requirements are shown on Table ( A ) l .

3. To clairt ’y questions arising during the discussions , the following ident i f y t h e
fluid / oil  and its intended use:

a. MIL-EI -6083D This hydraul ic  f luid is essential ly a polymer- thickened
kerosene which prior to the Middle East confl ict was the hiyd r ’a~t l i c fluid used in afl
Army armored equipment .  It is stil l  the corro siom’i — in liibil ed hydraul ic  f lu i d  used in
all  except th e ~16O/M48 series tanks .

17
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l)RI )ME-GL
SUBJECT : Flammabi l i ty  Characteristics of ’ Hydraul ic  vs. Automot ive  Engine Oils

b. Ml L-lI-46 170 Amd I — This is a synthet ic  hydrocar b on base hydraul ic
fluid referred to as a poly-a l pha-olefin , This is now being re-introduced f’or use in
the M60 and M48 series tanks as the less-flammable hydraulic fluid ,  I ts  development
and subsequent introduction were intended as a short-term solution. RDTE efforts
cllrrentl y underway are focusing on the long-term solution which involves a non-

• f lammable hydraulic f luid.

c. APG PD No . I - This is an automotive engine oil formulated using either
a synthet ic  diester fl tmid or an a lkylated benzene which was introduced in 1 969 t’or
use in Army engine and transmission systems f’or operating in arctic emiviro nments .
These fully formulated fluids have been extensively tested in hydraulic , transmission .
and I-C’ engine systems.

d. MIL-L-2 1 04C — This is a conventional automotive engine oil designed for
Army tactical equipment .  It is f’u lly formulated to meet or exceed API CD/SC’ perform-
ance levels.

4 The fl ami~mah i l i ty  data generated thus far was reviewed to provide back-to-back
comparisons . Table ( A ) 2  provides comparisons of representative properties. Where
no values are given , the particular test was not conducted. From this preliminary
fl ammabi l i ty  data , it would appear that very l i t t l e , if any,  ad va n tage may acc ru e
f’rom sub st i t i l t ion of ’ FRI! ill place of OE/HDO- 10 oil. This is evidenced by somewhat
equivalent Flash Points , Mist Flammabil i ty Flashba ck values , and Impact Dispersion
rati ngs.

5. To further  clarify this point , addi t ional  laboratory exper imentat ion is in process
to del’in itiv ely establish the vuln erabi l i ty  hazards associated with  OUT . FRH . OE/HDO-
10 . and commercIal CCE h ydr aul ic  f luids . Germane to th is ,  the water-a hosorp t ion

• phenomen a is being concurrent ly  evaluated.  As soon as completed , this data wil l  be
t’orwarded to yoimr at t en t ion .

FOR TUE ( ‘OMNI A N D EiR :

2 m c I  /t /’s/ RI ( ’ l IARl .) P . SC1 I M I F T
as Act i m i g  ( ‘hid

I t ierg y and \Va ter  Resources Laho mat or y

(‘F:
A F L R L m \ J r Les t i )w im ic l
DR[)Ml- ( l ~ lid
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Table (A )  I . (‘ommip ar i so n of ’ Fluid /Oil Properties
• Speci fication No: MIL-Il -b083 1) M lL ~ll-46 I 70 APU PD No . I MIL.L .210 4C

Military Sym bol : O u T  FR ll  OLA OLiII DO -l O
NATO I)esignat ion: C- 635 O-l~ 3 0-237

Fluid Type: Petroleu m Syn h y drocarbon Diester Petroleum
Inspection Reqms:

Kinematic Viscosity, cSt:
(° 210 ° F -- 3.5 mm 5.75 miii 5.7 to 7.5
(“ 100 °F 14 .0 mm I 9 , 5 nt in — -

(° 0°F . — — (l200 cp)
(a -40°F t~OO max 2600 max 8800 max -

(° -65°F 3500 max report — —

Pour Point . max -75 -65 -65 -25

Flash Point , °F mm 200 425 425 400

l ire Point , ° F mm — 475 — —

Auto I gnition

Temp. °F mm - - 650 - -

Particulate

Contami nation re quired required -

Flammability Test
High Tern p1
High Pressure spray — must pass —

Flarm ie Propagatio n — must pass - —

• Limits of Operation -65 to 275 -40 to 275 down to -65 dow n to -25

19
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Fable (A )2 . (‘om par ison of F luid/O i l  Prop erties
Spe cmfica tm on No: M IL~h I~6083D Ml L.}I.46 170 A}’( ; P1) No I Ml 1 - 1 .2 1  04(’

01 IT FR I  I Ol:A 01:/ I IIX) .l 0
l yp ical Properties

Kinemati c  Viscosity, cSt
(a 2 10 F 4.3 3 m )  

~.2 6 7
~a 100 1: 14 ,6 17.3 29 .3 46 .2
‘ O ’F 132 356 7~ 4 3200
‘ -40~ F 73 1 2464 7420

-65 1’ 2435 47 .640 —

Flash Point . I 200 410 4~0 430

Fire Poin t , :.~~ 2 10 435 -

Auto Ignition
Temp . °F 4o0 770

M ist Flamni ab ihi ty
Mean inch es
Flashback 4 , 1 2.0 1, 3

Impact I)ispersing
Flamm ability Rating C A A A

20
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l)EPA R i M  I N I ’  Oh : TI lE A R M Y
U S. A R M Y  M O B I L I T Y  E Q U I P M E N T  R E S E A R C h  & D l : V l : L O P M I N F  ( O N I N I A N I )

FORT BELV O IR . V I R G I N I A  22060

DRD ME-G L 23 FEB 1977

SUBJ ECT : Part icipat ion in the FA ME ( ’L/U Ei  Program

Project Manager h :A ME (’ E/UET System
ATTN: DRCPM -FM (COL Schneider)
Fort Belvoir , VA 22060

I .  Reference is made to a meetim ig held 14 February with FAM I :( ’I ’ UET staff amid
personnel t’rom this o t’fice relative to possible program coordination.

2, As was explained , this office has the responsibility in Fuels amid Lubrica nts
RDTE programs wi th in  DA . under Project No. I F6626 1 1AH69 . wh ich addresses
new fuel , lubricami t , grease . etc., requirements being generated by implementat ion
of a new design concept. This office also has custodial responsibility for Army ground-
vehicle fuel and lubricant  speciflcatio iis .

3. During t h e  discu ssiomis at the re f erence meetin g,  the potential  u t i l ization of
reference /referee vs standard procurement products was reco mmemided h~’ this of l ’ice.
T h e  need to ut i l ize  reference/referee products in ROTE deve lopment programs was
previously addressed in our response to a TEiCOM query C IncI I C . In  l ine w i t h  th is .
it was proposed that  a request he prepared ident i f y ing those areas wherein cooperat ive
part icipat ion was being solicited by the Fuels amid Lubricants Division. The point of
it iterest it ’mvo lves the  forthcoming I)T-1 testitig of ’ th irteem i FAME ( ’E uni ts .

4. The ex ten t  of ’ our part i cip atiot i  would encompass the t’oll owing areas of ’ i nterest :

a. The FAM I’ ( ’ l ’  ut i l i z es  MIL -L -2104C OE/ HI ) O- l0  as a hy dra im l ic  f luid.  Since
t his oil has been amid is f ’ormu lat ed to meet spark- and dies e l— engine pert ormance needs.
i ts  use in hydraul ic  syst ems may he opt imized once the re q u ire ln em i t s  h m a ve hL ’~’n def ’ined.
To accomplish this and to generate baseline data  on p er t orm ance ot ’ engine oils as
hydraul ic  f luids , it is proposed to use a “reference grade ’’ N i I F  -L— 2 1 04( • oil in the
hydraul ic  systems . c rankc a se . and transm is sion s\ s tems  of five I \ N l l  ( I u n i t s

Inc l l
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DRDME -G L
SUBJECT: Participation in the FAMECE /UET Program

h. Once introduced , samples of ’ the oil f’rom the five units and others operating
on a standard supply MIL-L-2 l O4C product will be obtained before , during, and at
the termination of ’ the DT- l test. The sampling schedule and methodology will be
developed and forwarded upon approval of this request. It should be noted that our
participation will be on a non -intert ’erence basis with the pending DT-I test. Analysis
of ’ the umsed oils will be perf ’ormed (at no cost to your office) to identify possible wear
problems , oil system compatibility, and overall system pert ’ormance.

c. The other area of interest involves the possible use of candidate silicone
hydraulic brake fluids in the FAMECE systems. These new fluids possessing vastl y
superior properties over conventional VV-R-68Q fluids have been exposed to limited
field fleet tests in M 1 5 1 vehicles. In early spring, this office is planning to propose to
TARADCOM a total retrofi t to these silocone fluids for all Army vehicles , It is there-
fore proposed that the camididate silicone fluid he introduced in the five FAMECE
systems.

5. This of ’fice believes that  data derived f’rom cooperative efforts as described above
will provide valuable input  for the Army ’s Fuels and Lubricants research and develop-
ment program as well as essential information for evaluating performance of your
equ ipment  under test. The reference lubricant and fluid will be supplied at no cost.

6. Should you have any questions relative to this request , please contact Messrs
LePera or Kennedy (3 5 4 - 3 5 7 6/ 4 5 9 4 )  at this office. Your comments relative to the
above would be appreciated.

FOR T H E C O M M A N D E R :

I In cI /t ! JOHN A. CHRISTIANS
as (‘hief ,

Em i ergy and Water Resources Laboratory

CF: A F L R L  ( Mr .  Lestz ) wo/ In c l
D R I ) M E - I I K  wo / lmic l
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SUSJICT

DRCPM -FM -TM Referenc e Oil Program for FAMECE DTI t

T1bRDME -G L FROM PMO , FAMECE/UET DATE 18 Mar 1977 CMT
Mayo /met/4 1635

I . Reference letter , DRDME-G L, 23 Feb 77 , Subject: Participation in the FAMECE/UET Program.

3. This office concurs in your participation in a “reference grade” oil (including silicone brake fluid)
testing program as described in referenced lette r , with the following recommendations:

a. An organized system be developed and implemented to identify /segregate FAMECE vehicles with
and without reference grade oil to preclude inadvertent mixing of different grades of oil.

• 6. That 6 rather than 5 FAMECE vehicles be included as “reference grade” candidates as follows:
one each dumper , scraper , grader , distributor , dozer , and compactor.

3. Additional coordination on this program should be han dled through :

a. LTC Josep h Martin of this office.

b. Art Follansbee, DRDME-HK (ME RADCOM coordinator for FAM ECE test).

/t/ s/ MAX B. SCHEIDER
Colonel , CE
Project Manage r for FAMECE /UET

CF:
MERADCOM , ATTN : Mr. Fotlansbee

Inci I to Inc I I

~A ~~ “7496 REPLAC I$ 00 FOAM U , W N ICH IS
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REFERENCE OIL PROGRAM
• FOR

FAMECE DTH

PURPOSE
To identify possible wear problems , oil/ system compatibility, ami d oil degradation

in FAMECE equipment.

SCOPE
A set of six vehicles (one each dumper , scraper , grader , distributor , dozer , and

compactor) from the FAMECE DTII test group will utilize refe rence grade MIL-L-
21 04C fluids in engines , transmissions , and hydraulic systems and a silicone-based
brake fluid in the power and work sections. This set of vehicles will be monitored
during testing by periodic oil sampling/ analysis to determine overall MIL-L-2 l04C/
FAMECE system comp atibil i ty as reflected by wear metal analysis , or quali ty,  and
potential degradation of lubricants. Silicone brake fluid will be evaluated on a perf ’or-
mance basis.

TEST FLUIDS /LUBRICANTS
The following test fluids/ lubricants will be furnished by the Fuels and Lubrican ts

Division , Energ y and Water Resources Laboratory, MERADCOM :

a. For Factory Fill:

( I )  Twelve 55-gallon drums of Grade 10, MIL- L-2 104C, Reference Engine
Oil (OE/ HDO -lO) .

( 2 )  Two 55-gallon drums of Grade 30. M [L-L-2 l04 C , Reference Engine Oil
(OE/ HDO-30).

(3 )  Two one-gallon cans of’ silicone-based brake f lu mi d .

b. For Operations:

11)  Six 55-gallon drums of Grade 10 . M I L -L -2 1 04(’. Reference Engine Oil
(OE/ 1-lDO-i 0).

( 2 )  Six 55-gallon drums of ’ Grade 30. MIL-L- 1 04(’. Refe rence Engine  Oil
(OF/H DO-30).

(3 )  One 1 -gal lomi can of silicone-based brake f luid.

m c I  2
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The factory-fi l l  engine lubricant  wil l  be t’orwarded directly from t h e  n i am lulacturer
to (‘lark Eq uipment  (‘ompany.  LAM 1 ( 1 -  I :aci l i ty  ( ATTN : (‘PT S. Mi szkel~ m t ,~ ,

• Meadowbrook and Dewey Sts.. Benton Harbor . Nil 49022. It is estimated the lubri-
cants wil l  am ’rive at Clark E quipment  by 30 Apr 77. The remaining mater ials will  be
supplied from NI F RAI)( ’OM to the eq u ipmen t  manufac tu re r  or test site as applica b le.

TEST PROCEDURE
[h e lubr icant  testing portion of ’ D’Fll will  be according to the fol lowing t ro—

ced ur e:

a. Factory Fil l and Equipment Identification:

( I )  Reference Grade M I L-L -21 04C , OE /HDO- l0 and OE /HDO-3 0 : The
transmissions , scrape r , hydraul ic  systems, and crankcases of the six re ferenced vehicles
shotm id be i i i i t ia l ly f’ihled wi th  the reference grade OE/HDO -10 and OE/Hl)O-30 f luids
iti accordance wi th  the equipment  lubricat ion orders. AI’ter fill , these vehicles should
be identified by spraying the filling ports wi th  a suitabl y colored heat resistant paint
(e.g.. bright red) .

(2 )  Silicone-Based Brake Fluid : Silicone brake fluid should be used in
p l ace o f’ the ElBA VVB 680 brake fluid in these 6 vehicles. General hygiene should
he practiced when handling this fluid. Employees should be instructed that  silicone
is a contact eye i r r i tant  amid that  hands should he washed well bet ’ore rubbing eyes.
Spills oii metal  sumr l ’aces tha t  are to be spray painted can be cleaned with  any organic
type solve mi t.

b. Field Testing: During vehicle testing , compatibi l i ty will be monitored
through tmsed -oil analysis. Oil sampling will be conducted on a 200-hour interval
basis either by extract ion of a small sample (8 oz.) of fluid from the filling ports by
use of a syringe amid length of tubing or by collection of a large sample (32 oz .) dur ing
engiti e and tr ansn iission oil drain. Oil sampling will be perf ’ormed by persom inel from
the Fume ls amid Lubricants Division , Energy amid Water Resources . MERADCOM: how-
ever , draim i sample collection by maintem iance personnel iiiay be required if ’ drain inter-
vals are irregular. If such assistance is required , labeled 32 oz. sample bottles will he
supplied by this laboratory.

( I )  Hydraulic fluid samples will be taken on a 200-hour interval basis and
analyzed f’or water content , particulate contamination , viscosity changes , and other
tests as appropriate.

( 2) l’ransniission and crankcase oils will be analyzed in accordance with the
following table. Additive depletion in transmission fluid will be monitored by infrared
techniq u es  and other tests as appropriate.

25
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New and Used Oil Samp l imig and Analysis Schedule
Type Sample New Hours of ’ Engine Operation

and Al ialy sis *** Oil 200 400 600 800 1 000
Type Sample * I 2 2 2 2 2

Viscosity

~‘ 2 I 0 °F X X X X X X
(“ 100°F X X X X X X

Total Acid No. X X X X X X

Total Base No. X X X X X X

I misol u b les
Pentane (A&B) X X X X X X
Benzene ( A&B) X X X X X X

Gravity X X X

Flash Point X X X

Po umr Point X X X

Carbon Residue X X X

Sulfated Ash X X X

Wear Meta ls ** X X X X X X
* m = 32 oL. samp le . 2 = 8 oz. sample

** Wear Metals (Mo , Pb, Fe, Al , and (‘U)

~~~ Ana lyses to be conducted using the followi ng methods:

Analys is Method
Viscosity (2 10 ° F and 100°F) 1)445 

—

Total Acid N umber 1)664
Total Base Number 1)2876
In solub les (Pe ntane and Benzene) 1)893 (Procedure A and 15)
Flash Point 1)92
Pour Point 1)97
(‘arbo n Residue 1)5 24
Sulfated Ash 1)872
Wea r Metals Atomic Absorption
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( 3 )  Sami ip le analysis will be performed by MERAD COM.

(4 ) Reports of ’ findings will  be forwarded to the Product Mamia ger ’s Office
for FAMEC E/UET.

c. Info rmation to be Recorded : The fol lowi mig inf ’ormation should he mai n-
taimied during the course of ’ the test in the form ot ’ a test di a ry:

( 1 )  Oil Consut i iption: Data , hours , miles . amid q uant i ty  added.

( 2 )  Engine Maintenance : Date , action . reason , i.e.. scheduled or unsched-
uled.

(3) Chatiges in engine power/performance.

FUEL QUALITY
If ’ desired , fuel quality eva lumations can be made by this laboratory.

27
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APPENDIX B

INSPECTiON OF ENGINi AND

TRANSMISSION FROM FAMECE

DUMPER I
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DEPARTMENT OF THE ARMY
US ARMY MOBILITY EQUIPMENT RESEARCH AND DEVELOPMENT COMMAND

FORT BE LVOIR , VIRGINIA 22060

j tw /43 576

DRDME-G L 22 February 1978

MEMOR ANDUM FOR RECORD

SUBJ ECT: Inspection of Engine and Transmission From FAMECE/UET Unit  No. 3

On 15 and 16 February 1978, Messrs. Bowen and Kennedy performed the subject
inspection. The following provides data covering the items inspected and summarizes
the inspection findings :

ENGINE TRANSMISSION

Make: Cummins Make : Clark
Model: VT555-C240 Model: LT-7853
Serial No: 20160902 Serial No: 630 13T

OPERATION

Unit:  FAMECE Dumper
Serv ice: Long and short haul fully loaded
Time: 1 250 hours

INSPECTION (Engine )

Component Description

Pistons General Pistons were in satisfactory condition.
Deposits were low. All rings were free and in
good condition. All skirts showed moderate
scratching resulting from dirt ingestion. Also .
the thrust side of No. 7 and No. 8 pistons
showed several small areas of light scu ffing
which could have resulted from the dirt
ingestion or from cold starting.

29
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DRDME-G L 22 February 1978
SUBJECT: Inspection of Engine and Transmission from FAMECE/UET Unit No. 3

INSPECTION (Engine) (Cont ’d)

Component Description

No. I Rings Free and in good condition (wear ½ way
across 2nd compression)

Land 2 100% coverage with LC to MC deposits
Land 3 1007 coverage with lacquer deposits (BL -AL )
Skir t Lt — Med scratching

No. 2 Rings Same as No. I
Land 2 Same as No. I
Land 3 l00~’/ coverage with AL-LAL deposits
Skirt Lt — Med Scratching

No. 3 Rings Same as No. I
Land 2 Same as No. I
Land 3 4O~( coverage with LC-MC . 60~( coverage with

BL-AL deposits
Skirt Same as No. I

No. 4 Rings Same as No. I
Land 2 Same as No. 1
Land 3 20’/ coverage with LC , 50~ wi th  AL-LAL

and 30~ clean
Skirt Same as No. I

No. 5 Rings Same as No. I
Land 2 Same as No. I
Land 3 50’ coverage wi th  AL-LAL. 50~ clean
Skirt  Same as No I

No . 6 Rings Same as No . I
Land 2 80’ ; coverage wi th  L(’-NI ( . 10’ BL - l )B R L

and 1O’ clean
Land 3 1 5~ coverage wi th  L( . 5~
Skirt Same as No I

30
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[)RDME- G L 22 February 1978
SUBJECT: Inspection of ’ En gim ie and Transmission f’roni FAMEC L/UET Uni t  No. 3

INSPECTION (Emigi n e ) (Cont ’d)

Com’nponent Description

No. 7 Rings Same as No. 1
Lamid 2 90~ coverage with LC-MC , 10’ ; BL -DBRL
Land 3 30’ coverage with AL-LA L , 70’ clean
Skirt Heavy scratch , several small areas of ’ lig ht

scuff ’ing

No . 8 Rings Same as No. I
Land 2 Same as No. I
Land 3 857~ coverage with LC-MC , is’ ; wi th  BL-AL
Skirt Heavy scratching, one small area of light

scuffing

Connecting Rod Bearings All bearings showed scratching which was
heaviest on the Nos. 3, 5 . 6 . and 8 bearings.
In the case of the No. 6 bearing, the scratch-
ing was into copper underlay which showed
heavy pitting. Pit ting of the overlay was
observed on all bearings.

Main Bearings All bearings showed heavy scratching and
wiping. The copper underlay was showing in
varying degrees on all bearings , and the No , 4
(rear) bearing showed a large quant i ty  of the
copper removed. Also pitt ing of the copper
underlay was observed on the No. 3 bearing.

Cam Shaft and Valve Train Appeare d normal with the exception that the
inner bearing journals showed a significant
amount of scratching. The drive gear
appeare d normal as did other valve-train
components.

Crankshaft All main and connecting-rod journa ls showed
scratching.

31
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22 Februa ry 1978

SUBJ EC T: Inspectiom i of Engine and Transmission from FAM E CF/ UET U m i it  No . 3

INSPECTIO N ( E migine )  (Cont ’d) and INSPECTI ON (Transmission )

Component Descript ion

I’hrust Washer Showed severe scoring with large quant i t ies

of copper from main bearings embedded in

surface.

(‘omhum sti on Cha mi iber Sh owed very low deposits (m iote valves were

not remo ved ) .

Other Oil pan , valve covers, valve deck , etc. were
free of sltmdge and lacquer deposits.

The tran smission appeare d to be in satisf ’actory condition. Gears and bearings showed

normal wear patterns. Although clutch packs showed some transfe r of material

between plates . their condition was considered acceptable.

1. BOWEN

P. KENNED Y

32 

--~~~~- - . —-—. 

. - 

- - -
- - -



APPENDIX C

FUEL PR OBLEMS ASSOCIATED

WITH FAMECE DTII
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DEPARTMENT OF THE A R M Y
US A R M Y  MOBiLITY EQUIPMENT RESEARC h & DEVELOPMENT COMMAND

FORT BE LVO IR . V I R G I N I A  22060

D R D M I - -( ;L 3 February 1978

MEMORANDUM FOR R E C O R D

SUBJECT : Fuel Problems Associated wi th  FAM EC E Umiits

I - This office was requested on numerous occasions to evaluate reported fuel-related
problems that sumrf ’aced d u r i n g  DT-ll testing of FAMEC ’E equmi p me nt  at Ft. Belvoir .
North area. In view of ’ the involvement of ’ these on-site investigations , a chronologica l
acco un t of t h e pr oble ms, causative factors , amid corrective actions /potential  so lumtions
is pre sen ted.

2. In late Aug i st 1977 , fuel-filter plugging of one FAMECE power uni t  was noted.
Subsequent analysis of the filter unit revea led the contaminant to be primarily iron
oxide wi th  trace aniounts of silica amid diesel fuel degradation products.  This problem
was subsequen tly traced to rustimig of’ t h e  interior bare-metal si m r t ~ice of the f ’ume l- sto r .~g.’
tank.  These t’indings amid recommendations were provided in a I)F dated 28 September
1977 to DRCP M -FNI- TM ( I n c I  I I . The corrective action involved a change in the
fuel-storage location.

3. In early December 1977 , d i f f icul t ies  ~ ere reported im i the s tar t ing of the FAME(’E
power modum l es , From the in i t ia l  reports forwarded to th is  o f t m c e . it was in t ’er rcd tha t
fumel “wa x im i g ” or “freezing ” ~ as com i side red to he suspect. On 14 I) ecemhcr 1977 ,
diesel fuel s~ as sat iip led f ’rom the fue l  tam i k and lilter un i t s  of omi e of the  affected
l :AM ECE u n i t s  S( ‘RAI l - R ) .  Since ‘‘ssa x in g ’’ had bee n ment ioned , our in i t ia l  concern
was t o de te rmine  whe the r  the  prop er diesel fum e l was b eing u sed , To ascertain this .
the  fuel ’ s (‘lo umd I’oin ’ ~ as suspect.  \ lore sp e c i f i c a l l y , the critical t ’u me l factor al ’fectimig
I ow —t emi iper a tumre o pe r : i hml i t ~ is t he  ( loud Poin t .  I h i s  is tha t  temperature  p oint wherein
the first appearance ot ‘‘~~ax occurs a s .  i pr e cIpIt a t e . ih i s  separated wa~ can c reate
a varIe S \ of p r o b l e ms  suL Ii as f u e l — i  i l t e r  p lu g e i ng .  fue l—l ine  stoppa ~e !r es t r i c t ious , etc.
Fh e presence of trace w a t e r  can a l so  c o n t r i h u t ~ to t h i s  problem when operating below
the fr L ’etlmig poi nt  of w ate r .  I :ed e ral S p ec i I i c :mt i o n VV -F—% O Oh Fuel Oil I ) ie sel , provides
a t er i lper at ur e percenti le  guide for  s p e c i f y i n g  t h e  (‘ l oumd Point of diesel fuel  to he pro-
cured - F or  I )ecen ih er .  the  die sel fuel to he used ‘procured in V i r g i n i a  should ha~ e a
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l ) R D M I - G L  3 ~~~~~~~ 1978
SIJBJI ’( ’T : Futel Proble ms Associated with  FAM E CI -. Uni ts

Cloud Poiti t riot to exceed 26 °F. The sample obtained from the fuel tank of t h e  mal-
funct ion ing FAMECE haul a Clouid P oim it of 46°F which IS in excess of ’ t he specified
h im n i t  indicat ing possible fue l  waxing problems . This suspect fuel was tra ced to the
fuel stored in No , I Storage Tank as this f ’ue l had a ( ‘Ioumd P oim i t of ’ 48 ° F . I t  can he
concluded that  the relatively hig h (‘loumd Point of ’ the diesel fue l  being used was con-
tr i h u i t ing to engine st a rt— u mp fai h umres ’-j s a result of ’ the unusua l ly  cold tenip erature s
being experienced in early December.

4. The No . I Storage Tank has a fill capacity of 10 ,000 gallons . amid its construction
is such that  the f’ill-pipe end is fixed at 3 inches above the tank bottom. At the t ime
of sampling mentioned above . 2000 gallons of diesel t’ue l re m ained in this tank.  On
14 December. however , a delivery of 8000 gallons of ’ d iesel fu el was received and
introuh ulced into No. I Storage Tank. Suibse quent analysis  of the co-ming led fuel
in No. I Storage Tank revealed the diesel fuel to have a (. iou id Point of 64 °F . [his
relatively high Cloud Point obviously was suspect relative to the l imi t a t ion  imposed
under VV-F-SOOb for December (Cloud Point should not exceed 26°F) . To ascertain
wh e t h e r  fuel contamination , co-mingled product . etc. had occurred, the I:t , l3eivoir
Quality Assurance Program which provides for procu ir ement product moni tor ing
became involved. This program involves sampling of diesel fuel f ’ro mn del iver y  t rucks
prior to or during dispensing into holding tanks. The samp les are subsequen t l Y  for-
ward ei.l to New Cumber land Army Depot , Petrol euni Field Ol’t’ice ( East ) .  f ’or analysis
in conformance to specification requ irements. Fuel samples (N o s  . 3 1’)58~78 and 395t)~
78) obtaine d from the 14 November 1977 arid 14 I)ecemher I 977 de hi ~ cries to N o . I
Storage Tank which had been forwarded to New Cumh crl al i d Army I)epot were
reported to he in accordance with the l imits  require d under  VV-F-800h ( I n c h  2 ) .
Simice t h eir findings indicated that  specification f ’uel was de li vered i n N ovu ~nhe r  and
I)ecemher , a possible explanation as to the wide discrep amicies in ( loud Point may he
related to water absorption or other heav ier prod i.mct con t a mn ina t ion  remaining  in
the fue l  system. The water contaminat ion could have been at t r i hu mted to the to I
inch of water bottoms in No. I Storage Tank. Iii order to mu in ini i i.c and or e l im inate
t h i ms  prohl eni , removal of water  bottoms amid ade quate  q u a l i t y  su rve ~h l an ec as specif ied
in MIL-S’l ’D-FIDB K-200 E were and are recommended ,

5. Imi la te  I)eceniber and early J a n u a r y  1978 , f ’ield personnel a t t e m p t e d  to remove
water  in t i le  f u e l  system by ti le  i i on— au m th ori , . e d  Jlrocedw’e of ’ adding a lcoho l  to sca-
ve nge ( e l i m i n a t e )  separated water in fuel tanks. Samples of suspect die se l f u e l  f o r -

— ~ ard eu l to t h i s  o ff’ice were character i ,ed as ha~ il ig t wo dis crete phases: name l y , alcohol
anu l diesel fue l ,  whic h  is typica l  of a lcohol—petr o l eum f u e l  m i x t u r e s  where  Il i l l i stUr e
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. 1

DRDME -GL 3 February 1978

SUBJECT : Fu m e l Problems Associated with FAMECE Units

is present. Upon receipt of these samples , FAMEC E/UET personnel were subsequently
advised as to the proper “diesel fuel anti-icer ” specified in TM 9-207/TO 36-1-4 0
“OPERATION AND MAINTENANCE OF ORDNANCE MATERIEL IN COLD
WEATHER ” which states under paragrap h I-3 I d(2)a the following:

“Add Inh ibi tor . Icing. Fu el System (MIL-l-27686 ) to diesel fuel at the ratio
of one pint  of ’ additive to 40 gallons of fuel at the time of refueli ng. Fuel lit-
ters must he drained immediately after operation to remove additive-water
inixtu t res from the bottom of ’ the filters. ”

This inhibi tor ,  referred to as F SII which is essentially ehtylene glycol monomethyl
eth er. is presently unu ler requisitio n for use in the remainder of the FAMECE DT-ll
testing program.

6. On 13 Januar y 1978 , the I )UMPER Power Section experienced a noticeable
power loss which was traced to the main (primary ) fuel filter plugging. Subsequent
analysis of ’ the contaminant indicated it to he principally iron oxide. The most proba-
ble cause of this contaminati on wou ml d he a result of rust formation occurring in the
vehicular fuel tank ~r the fuel trucker assigned to the North Area.

7. A sample of diesel fuel was obtained from the truck delivery to No. I Storage
Tank on 23 January 1 978. Suibsequent analysis revealed this delivery lot of product
has a Cloud Point of 24°F whi ch met the specification requ i irement of VV-F-800h
(a 24°F maximum Cloud Pqint l imit  is required for the month of Janumary.  This
inferre d the previous problem s to have been caused by contamination exis t l l lg  in
No , I Storage Tank. In view of ’ ouir RDTE responsibilit y in fuel decont amination.
this office suggested a fuel separator he used amid subsequently offered an available
unit f or  property transfe r to the North Area.

8. A series of ’ diesel fuel samples were delivered to this office on 27 January  1978.
These re p resented the fi rst vehicular fuel samples after  the  J anuary  del i ver y .  Suibse-
quent analysis of these sa m ples revealed a gradua l  improvement in fuel qual i ty :  how-
ever , it was noted that  f’ue l-ale oho l contaminat ion ,  water  contaminat ion , and rust
continue to remain as an impa i rment  to s a th t a e t o ry  fuel s\’stelfl per li)rrnance . A
sunimary listing of all fumel sample analysis . sa m npl i ng  dates , observations . etc. com-
pleted thus  far is provided f’or your review on r~m bIe U )  I ( I nc h  3 . If ’ fu r ther  oper-

36



‘ 
“.— 

~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

_

DRDMI -( L 3 l et iruary 1978

SI ’  BJ I ’(”F : F u e l  h’ ro hl emn s -\ ssocia ted wi th  FA M 1 ( 1  I’ m I s

a t iona l  d i f f icu l t ies  w i t h  I ’AM [(‘F f u e l  system occur or if these u n i t s  are to umidergo
f u m tu mre  test ing at other loca tions . dra in im i g and f l u s h ing of fuel t ank s  are strong ly
reco lnili etided.

3 Inch t s /  PAUL J. K E N N E D Y
as (‘hemist

Fume l s & Lum brica n ts I)ivision

37



~~~~~~~~~~~~~~~ 

.—
‘
—-

~~~~

..- . -  

~~

... ‘— .- -‘-‘ .. . -.‘ —.- -——- .-‘--- -.------ -- .-.— - . 
---—— —

I ) R I ) M l — G  I I - t i e l F i l te r  Sludge in FAM I ( ‘I: Power Un i t

l - - \ \ lF ( ’ l ’  U I -  I (‘ . Fu e l s & L u b r i c a n t s  2~ Sep 77
- 

‘ 
l)R( P\ l - h -  \ l - I \l ( M r .  I I .  .\ la~ o) K e n n e dy cc144 594

R e fer en c e  Is mim ad e  to the f u e l  f i l t e r  s ludge san ip he collected on 22 Aug 77 as
part  oh t im e  oil anal ysis program il .

2. [his sludge consisted ~~ 5 ) ~ ; ( m o n  Oxide . I .5’, Sil ic a and contai n ed om ily m in ima l
amounts  ol fuel deteriorat ion i)rodu et s, Fu r the r  in for m at ion on the  chem ical compo-
si t ion of ’ tilts material  can be found in tile a t tached report of ’ ch em ical aoal~ sis ( h i d  I

3. Discussion wi th  field! perso nnel in dica ted tha t  th is  proble m su r f ~iced a f t e r addi t ion
of new f u e l  to an um i dergr ound storage tank .  Tile chemical ana lys is  indicates tha t  the
source of ’ the sludge was the resum it of ’ the mix ing  of ’ tam i k corrosion produc ts wi th  the
fuiel oil.

4 . Remedial  actiom i at the north area in respom lse to this  problem involved use of ’ a
fuel vehic le for dis t r ibut ion of ’ fume l and convers ion of ’ tile underground storage t ank
to gasoline. This correcti~ie action has e l imina ted  the fuel sludge proble m .

5 . I I ’ reut se of the ori ginal u inder grou nd storage t a m i k is planned . then ins ta l la t ion  of
a fuel f i l ter  on the pump should he considered , A l ternately,  a significant reduction
of sludge levels could be achieved b y al lowing approximately two days for p articulate
ma t t e r  to settle out  of ’ the fu el after ag itation.

/t/ s/ M A U R I C E  E . LEPERA
Chief , Fuels and Lubrican ts  Division

h i d  I
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U.S. ..\RM Y FU ELS ANI )  L U B R f t A N  IS RI S E - A R C H  LA B O R A ’I ’ OR\ ’
8500 ( ‘U L E B R A  ROAI) - P.O. D R A W E R 2~ 5 hO

SAN AN ’IONIO . TEXAS 78284

l i f e :  B-3
US A l :L RL 9 S~~~i e m i m h~’r 19 7 /

CoIn ma nder
U .S. Ar ll~ Mo bi l i ty  Eq uipn len t

Research & L)eve lopmet it (‘ommua m id
A t t n :  D R DM I - ;L , Messrs . M I - I . Lel’era

and Paul Kenned y
Ft. Be lvoir , VA 22060

Re: Laboratory Report of ’ Analy ses f ’or Slud ge From F A N I I : (  I Vehicle F u m e l F i l ter

Dear Sir:

I .  The t’uel f i l ter  sludge sample , coiled AL-7075-X (received 6 Septemb er 1977 from
your faci l i ty ) ,  was pen tane washed , air , amid 210 °F oven dryed. Only 0.4 ; of ’

the dry sample was soluble in BAM , IR ~ l 286 for the dry sample and IR ~~l 284
(‘or the  BAM soluib le portion of t h e  sample are attached. Very l i t t l e  organic
fuel deterioration products were presen t in the dry sam ple. Nd ) evidence of ’
microbiological debris was apparent.  Tile XRF data for tile dry AL-707 5-X
sa nip le gave 0.4’ ; Si , 0.2’ ; S. amid 4 1’~ Fe.

2 . The data in i tem ( I )  suggest that  th e fi l ter  sludge (a representative sample of
dry AL-7075-X is enclosed) is primarily rust due to fuel-tank corrosion.

3. It  is suggested tha t  addi t ional  t ’i lters be obtained arid place d in individual omie-
gallon cans for shipment  to AFLRL .  Inspection of the fumel tank ( s)  for evideiice
of corrosion is also requmested ( to  include photogra phic docu m entat iom i) .

4 . Further details or assistance will be I)rovided as requested .

Very t ru ly  yours.

R.I) . Qui l lian. Jr.
Director

/t/ s/ Leo L. Stavinoha
Sr. Research Chemist

I n cI  I to I mi c l I
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E)EPARTM ENT OF TUE ARMY
US ARMY G E N E R A L  MATER I EL AND PETROL EUM A(’TIVITY

PETROL E UM h : lE L l )  OFFI(’E (EAST )

- 
‘
~ NEW ( ‘UMB E RLAN I )  A R M Y  l)EP(Yl ’. NEW ( ‘UMB E RLANE ) . PA 17070

SI’SGP-PF 10 January 1978

S U B J I ( ’ l :  Qual i t ~ Surveil lance Test Resu ml t s

Ft Belvoir ME :  Meradcom Testing Area
U SA Mobil i ty [‘q umip Research Ft. Belvoir

am i d l)evel (‘emiter
Whse 335
A l examidria , VA 22314

1. Laboratory analysis of petrole um sample f ’orwarded by your installatio n indicates:

a. ~ Produtct meets specitic at iom i re qt iir emefl tS I’or tests performed.

h. 
— —  

Produ mct deviates slig h t ly from specificatio n req u irements  but  is consid-
ered suitable for umse.

c, 
- —  

Product does not meet specif ’ication requmire m em i ts .  See remarks.

2 , Sample in f ’orniation:

a. Produmct:  F.O. Diesel , I )F2
h . I tem Number :  1035-34
c. Lab N umber :  I 9(~9 1970
ii. Sample Number :  3958-78 3959-78
e. Lead (‘on te n t  (grams per gallon ) :
I’. (,/ Sulfur:
g. ‘ . Su il t ’u m r per m it ted by contract specif ’ication:

- 
S 3. Remarks:

*~~l.)5~< .75 l) iese l Fue l Sampled: 14 No~ I 977
*3959 _ 7 8 Diesel Fuel Sampled: 14 Dcc 1977

( 1 •  h IQl ) A i I)Al’ N - — I - I -  I ‘ t / ~ GE ORGE R. MART E LL ()
Post I - unhlL ’er (‘h id ’. Petroleum Field Ot ’f’ice ( l a s t )

Inch  2
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S I abk’ ((‘ 11. l ud  Quality Monit o rin g
Sampk’ Orig in I ) a t c  Sampled (‘loud P oint . ~I Spe~i Iic at on RQNI I Ri .,n i u r k s

I- ue l m )emi v e ry Truck 14 Nov 77 24 36 M a x  N ( ’A l )  Sam p le 3958 .78 1

No. I Storage l a n k  14 Dcc 77 48 26 M ax

SCRAPI :R l u d  Tank 14 I)ec 77 46 26 M a x  Unit  experiencin g starting

problems

SCRAPER lu d  l - i l t c r  Uni t  14 Dcc 77 46 26 M a x  --

I-rid De l iver y Truck 14 Dec 77 16 26 Ma x NC/ r i )  Sample 3959.78 1

No. I Storage ‘rank 14 Dcc 77 64 26 Max —

No. 1 Sto rage Tank i l  Jan 78 46 24 Ma x  - -

l uel Truck 14 Jan 78 46 24 Max —

Loader 1-ud Tank 12 Jan 78 40 24 Ma x Alcr ,h ol phase noted

Loader I ’uel I ’ i l t cr  U nit  12 lan 78 42 24 M a x  Alcohol phase rioted

I)umnp er Fuel Filter Unit 13 lan 78 48 24 Max Alcohol phase noted

l -u el  Del ivery 1 ruck 23 Jan  78 24 24 Max —

No. I Storage Tank 25 Jan 78 38 24 Slux —

No I Storuce Tank 26 Jan 78 36 24 NIax  —

Dozer l uel Ta nk ( Itottoms) 25 Jan 78 34 24 Max Separated ssa t e r layer
note d

Loader l uel Tank 25 Ja n 78 28 24 M a x  Alcohol phase not ed

l)uns per l’ucl Tank 27 Jan 78 24 24 Max —

t)um per I’ucl 1- i l t e r [ nit 27 Jan 78 24 24 Max Dirt contamination
evt denced

Samples anal y z ed hy Ness (‘umn berfand A r i n ~ Depot ( N ( A m ) )

Im ie l  3
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