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I. INTRODUCTION

In recent years . the US Army has perceived the distinct advantages of a field weapons system
built around numbers of small, unmanned remotely piloted vehicles (RPV’s). Today ’s electronic
miniaturization provides the means to efficiently package fairly sophisticated battlefield surveil-
lance/target designation systems. The Army platform aboard which these systems will be carried
appears to be evolving into a 1 50-300 pound gross weight vehicle capable of being launched.
controlled, and recovered from a location behind the forward edge of battle area (FEBA) . Though
some RPV ’s are conceived as expendable , the expense of the Arm y ’s envisioned payload package
mandates a reliable (but cost effective) vehicle capable of precise guidance and recovery .

The power class of 20-25 HP was selected to give the required vehicle performance. An air-
cooled, two-stroke reciprocating engine was particularl y attractive because of its simplicity, good
power-to-weight ratio , and relative low cost. A market survey, however , showed a distinct void in
the 20-25 HP range for acceptable engines. The Army ’s demonstrator RPV , the Aquil a , is powered
by a single-cylinder . 9.6-HP McCulloch MCIOI go-kart racing engine. For the increased horsepower
requirement and for additional smoothness , a twin-cylinder opposed configuration was selected.
Cost effectiveness could be achieved by maximizing the use of ofl4he-shelf , high-production engine
components. To demonstrate this capability, the Eustis Directorate, US Arm y Air Mobility Re-
search and Development Laboratory, Ft Eustis. VA awarded two Mini-RPV Engine Demonstrator
contracts * in February 1977. By Marc h 1978 each contractor is to deliver five engines for Govern-
ment test and evaluation. The introduction of Army RPV’s into the battlefield presented a problem
requiring immediate analytical and experimental investigation: there is no federa l or military specifi-
cation for two-stroke air-cooled engine lubricants. In the absence of such a specification , three
alternative plans of attack were open:

a. Undertake a program to develop a specification for the class of lubricant.

b. Determine the suitability of other military specification and Government-procure d lubri-
cant families in this application.

c. Consider the application of a family of existing commercial two-stroke engine lubricants.

The fi rst of these options would require a research and development effort of a sizable scope
and time frame. The second approach would be aimed at identifying promising MIL-Spec lubricant
classes to satisfy RPV requirements , but would eventually require evaluation of each individual
product on Qualified Products Lists (QPL . The third option would be a straightforward approach .
but would still introduce a unique lubricant into the Arm y ’s supply system. It was felt that the
second approach was a good starting point in determining the necessity for a separate two-stroke
lubricant specification.

Under supervision of the Eustis Directorate , USAAMRDL , Ft Eustis , VA and USAMERAD-
COM, Ft Belvoir . VA , the US Army Fuels and Lubricants Research Laboratory (AFLRL) initiated a
program involving the following sequential tasks:

a. Obtain and analyze representative samples of a re ference lubricant known to be operating
satisfactorily in the McCulloch M C I O I B  engine.

(‘slflIT .Iet Ns’ DAAJI12.77.C41(114 Its RenneTt Aersslectl nical . Au burn . AL and Contract No. DAAJO2-774’ -OOtS In Tckdvne (‘on-
tincnta l ?slotorc. ~sttsbiIc . \ I
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b. Compare compositional analyses from Task “a” with known composition and properties
of specification lubricants (e.g., MIL-L-2 104C , MIL-L .-46l52 , MIL-L-23699B . and
MIL-L-228 51 B) .

c. Identify representative MIL-Spec oils most comparable to the refe rence lubricant s
selected under Task “a”. In addition , select oils with contrasting performance and
composition.

d. Obtain baseline engine test data for the Task “a” reference lubricant with the MC IOI B
engine , using a test cycle designed to be representative of the RPV mission profile.

e. Evaluate candidate MIL-Spec lubricants and compare performance to data developed in
Task “d” for the reference lubricant.

f. From performance of lubricants in Task “e”, identify those most promising MIL-specif i-
cations and perform engine tests on as many qualified lubricants as possible for a given
specification. (This last task was , of cours e , limited by economic considerations since a
large number of qualified products exist for most military specification lubricants ) .

Based upon the above approach , recommendations were to be made regarding the necessity for
development of a separate specification or for the applicability of existing specifications to the RPV
mission. A further goal of this investigation was to m onitor progress of the two “second generation ”
multi-cylinder Mini-RPV Demonstrator Engine designs to ascertain those design parameters which
might influence the two-stroke lubricant selection. In this regard , two parameters are identified :
( I  I cylinder head temperatures will most likely be allowed to rise to the 500°F range as opposed to
more common McCulloch MC IOI  operating temperatures in the 250°F range . (2) a capacitive
discharge ignition system with surface gap spark plug is planne d to replace the conventional
magneto system and standard electrode spark plug.

Since the lubricant investigation was well into Task “e” when these design considerations were
known, a decision was made to modify the test engines for a limited test series at AFLRL so that
more meaningfu l data might be acquired. Testing of these modified configurations comprises the
final phase of this lubricant investigation and has been segregated and detailed in the final section of
this report.

6
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II. TEST FUEL AND LUBRICANTS

I t  should he emphasized that  this program was designed to evaluate lubricants rather than
fuels. To determine which fuel class would best serve this purpose . initial perfo rmance testing was
accomplished using two fuels , a normally leaded automotive gasoline~~ and an aviation
gasoline. ( 2 )  Engine per formance characteristics were compared at sea level conditions , using the
MCI 01 B reference oil with both fuels , and it was found that there were no significant performance
differences regardless of the fuel used. It was decided
to use the automotive gasoline due to availability at TABL I- I .  TYPICA L FUEL PROPERTI IS
A F L R L  and I roject cost, plus the fact that candidate
RPV engine eva luations in a para llel program at Prs i~’rt~~ AL-6544-C
MERAD COM were U sing this fu e l .  This gasoline was Normally Leaded
procured in drumm ed batc hes under the VV-G-76h

Grav ity. API 56.7specification and was used in evaluation of all lubri- RON 93,5
cants. Typical fuel properties of the gasoline (A F L R L  MON 82.7
code AL-6544-G ) can he seen itt Table 1. RVP 84

l)istiflalion
Ut; t30The selected reterence lubn eant .  AL-6408-L . IS so’; 222

recommended b y t he Mc(’u lloch Corporation for its 90’ 338

of chain saW and Go-Kart racing engines. As U’ 387

see n in Fable 2. it is an ashless disper sant . 
~, A0IIU~IIICS 30

‘ Ilted mineral oil and is certified by the “ Oletins 5
.Ju st rv of An ier us o for service in two-cycle. ‘ Satur a tes 65

- ) ,. . . Lamp SulIur ,’ 0.104
~. r-cooIed engines ’ - ( B l A i  F( -WI . Both viscosity 203

and flas h point of this lubricant  are dramatical ly Gum Washed . mg/lO0 ml 0.6
atTected by the properties of the di luent .  This lubri— (;LIfll Lfl S.ISIICd. mg/lOO ml 1.2

cant h ad sh own excelle n t Pe r fo rm ance in bot h stat ic
engine tests at MERAD( ’OM and flight tests with the Lockheed Aqui la RPV , but is not qualified to
any federa l or mil i tary lubricant specification. Because of its demonstrated performance in the
M C I O I  engine, this oil was selected as baseline re fe rence for this program .

The class of MIL-spec lubricants closest in composition to the above BIA/TC-W re ference
lubricant are those ash less dispersant oils qualified under MIL-L -2285 lB (4 ) for aircra ft piston
engines.f These are considerably higher in viscosity and flash point than the BIA/TC-W lubricant ,
but ,  as can be seen in Table 2 . have no metallo-organic additives and low sulfu r content. In MIL- L-
2 285 lB . there are Type II (large aircraft engines) and Ty pe Il l  (smal l aircraft engines) lubricant
classes. Each oil class is identified in Table 2. All commercially available oils qualified under this
specification were tested.

The two classes of lubricants most prevalent in the Army inventory are those automotive
crankcase oils qualified under MIL-L-46 152~

51 for administrative vehicles and MIL-L-2 l04C (6) for
tactical and combat vehicles. Both classes contain metallo-organic tash-forming) additives with the
tactical / combat oils generally having higher concentrations than the administrative oils. Two typical
qualified products from M IL -L -46 l5 2 (one mineral base , and one synthetic base) and one fro m
M I L -l . -2 104C were tested , plus A L-459l-L. a lubri cant  qualified tinder both of these specifications.

Niinihere d s t up e r sc r tp l s  rs ’Ier t o I tick and Lllhrisanl .. SpCcItis ’~It I,s fls ReI’ercnces~ at end ti f this reporl, i bis list l~r sss i d~s es_ let
dcs~’ rIp I se fls smencla tu re Is’r e t ch  spes it lea I Iss fl d 155,11 sss ’tI in the IC 51,
t NAVA I R Ins tru c t io n 10350 , 1 A. 8 July 1976. permits MIL-l -2~ 8S IS Type II or lii oils for use in fuel-oil mixture applications in
I55s ’ ’ s ’’,’ s IL ~ j ui’t’i,siIs’tI ( I T , Ils ’ , I l r c r , , I I  puwe r p l .n ts

7
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The final lubricant selected was a qualified product under MlL-L-23699B~
7
~ the specification

for synthetic-base gas turbine lubricants such as used in Army helicopters . This lubricant class is
designed for high-temperature operation and is there fore attractive for two-stroke applications: such
luhrican ts frequently contain tricresyl phosphate as a load-bearing additive.

Due to the large number of qualified products existing for most milita ry specification lubri-
can ts . the selection of the lubricants used was governed by ;

• Economic considerations

• Oil composition

• Engine lubricant experience, and

• General availability for RPV applications.

Those lubricants selected satisfy the criteria stated for the six sequential tasks described previously.

8
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I l l . EXPE R IMENTA L PROCEDUR E

A. Test Stand Set-up

‘I he \ lc( ’ullo ch \ l ( ’l  UI H engine (see l’igure I ) is a small air-cooled. two-stroke cycle spark
ig! iit io n eligine. wh i ch de~clops between ~-l 0 horsepower at 7.000 to 8.000 RPM (see Table 5) -  A

standard production model was used with a
I \ I I l  I 511 I ’ ’  1 1 0 1 ‘SI .1 ‘SI  S I I  I l l  i( I I I  I ’S Walboro SDC-43 high-speed carburetor having

- the mai n jet drilled out to 0.035 inches. ThisI nsine SI R ,, I t I1T 1,Is ’ i _  _ - s ! i . ’ ks —

led. I - p  - i i ’ , , I  carhuretor has an adjustable Jet for idle and
mid-range mixtures , permitting more precise

l)IsIuI,i,.ei uieiul  7 - ii is s i l l  - I fu el-flow control. Six individual engines were
lI,II~ 2 1 5 ’ n ‘‘ s t il l used for testing: the same carburetor was used

t h r o u g hout .  Test engine components were
I ‘ 1 , ,  ‘

~~
‘
~~~

1 cleaned and inspected , and questionable or 0111-

5 , s s l . ’ i i  R . , u i : -  I of-tolerance parts replaced prior to assembly.
~ cw piston rings and gaskets were used for each

- 1:11’ Ill ’ s 4 - ‘1  4 - I. I t es t ,  Manufacture r ’s allowable tolerances and

‘I:’ ,: I . l ’ I IuR I -~ ‘, I i i i . ’ i I  recommended procedures were used throughout
the program with  the exception of fuel / oil  ratios

5 . 1 ’  I’Ll I I : ’ ‘ I  ‘l~ iii S R  7 5 , 5 7 0 which were run at either 16: 1 or 32: 1 . The en—
I ‘ l , , , , ’ , . \~ ~ I lhi 1115) s ( , l  1 6  gifl e was mounted on a test stand using wbber

insulators  between the engine mount  and test
I I I  I~~~~~ h , , , ,  l< 1’SI I a  n d to  absorb engine vibrat ion.  A PSI

l i - i , -  ( : 1 111 
8 - 4 ( - l O l 4 - l - l  f ixed-pitch wooden propeller- s~ as adapted to the engine for load absorption.

Ii . : 1 .  F il l ’ 5 , ‘ I  s (  in ‘ b - 5  1111111  and a sal ’et guar d screen w as mounted on the
- __________ . 

t est s t and .

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ l: t ie l flow was measured by means of a
I~l o wine ter and controlled at 25 nil ‘ miii  at
5000 RPM. Leaning procedure was as follows:

Open low-speed jet 3/4 turns from full
closed.

2. Stabilize engine (5-10 minutes ) at
5.000 RPM .

- 

, 

3. Adjust low speed jet to achieve
25 mI /m m fuel flow.

I n t ake ,  exhaust , and spark plug tempera ture s, in-
take air  flow , ambient  air. RPM. and barometric
pressure were recorded after  s tab i l iza t ion  in each
cycle mode (see below) . Inle t  air  temperature

I R ; ( R I  I 1 1 5 1  S I  \ ‘s l ) S I  I-I I’ was controlled at 105 ± 5° F,

I I
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B. Test Procedure

A test cycle developed by the Electrical Power Laboratory . USAMERADCOM. Fort Belvoir.
Virginia. simulating a typical RPV mission profile was employed for all testing. This cycle consisted
of nine modes: warmup, takeoff , climb-out, cruise , letdown, go-around, level-off , landing, and
turnaround (engine-off heat soak) which totaled 120 minutes (90 minutes running and 30 minutes
turnaround ) . A slight modification of the original 112-minute MERADCOM profile to include an
additional eight minutes in the cruise mode was made at AFLRL (see Figure 2) in order to accom-
niodate timing devices. This is considered to be a negligible modification for the purpose of lubri-
cant evaluation. The initial cycle for each test was preceded by a 1 5-minute break-in and fuel flow
adjustment at 5000 RPM , after which the cylinder head was retorqued to prevent leaks. After each
test the engine was disassembled and visually rated (see next section). Engine components were then
color photographed for further rating and recording. Typical instrumentation readings are given in
Table 6.

TA I3LI1 6. TYPICAL ENGINE OPERATING DATA

War ut - Take- (‘lim b- - Let- Uts l evel - Turn-Mode .. Cruise . .  LandingUp Ott Out Down Around Ot t  Around

Minutes i 3 10 68 2 2 2 2 30
RPM 2500 7000 6000 5000 2500 7000 5000 2500
Inla ke lensp, ” I’ 78 89 98 104 105 102 101 105
Isbaust Temp. ’ F 4 17  981 1(573 978 550 1080 i036 540
Spark Plug Temp. 0 F 151) 265 268 248 208 260 258 212
Ambient Air. ” F 70 70 72 72 75 75 75 75
F uel lb/Hr 0,8 5.9 4 ,4 2.7 0,9 6( 1 2.7 0,9
-‘s ir lb/l u . 93,0 68.0 38.0 92.0 38.0

C. Merit Rating Method

- It was desirable to provide means for quantitative comparison of lubricant perfo rmance. In the
absence of any standardized , widely accepted method for air-cooled, two-cycle engines, a rating
technique developed at SwRl was used to evaluate those characteristics deemed critical for good
lubricant performance. This system makes use of Coordinating Research Council (CRC) . Boating
in dustry of America (BIA) and SwRl-developed rating systems and is based on a merit rating
wherein all rating points are from 0-10 ( 10 = clean). Merit rating data for each component are given
in Table 3. Ring lands and piston skirt deposits are rated by using CRC Manual No. 9 color
standards , while ring grooves are rated by percent of carbon fill. Piston scuffing is rated as percent
of area scuffed. Ring freedom ratin g is accomplished by using the BIA Ring Rating Chart. The
piston and cylinder head deposits are rated by using the SwRl system which evaluates the carbon
deposit quant i ty  and lacquer intensity while the exhi~ust port is rated by percent of area filled with
carbon. A totally clean engine would have a combined total merit rating of 110 points . Not enough
tests have been run to derive a “fail rating limit ” for lubricants. Therefore , the merit ratings are used
only to differentiate between degrees of deposition.

12
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IV . EXPERIMENTAL RESULTS

A. Engine Performance

Engine performance characteristics (RPM , CHT , EGT , Knock , etc.) were essentially identical
for all tests regardless of oil concentrations or test duration. The singl e engine operating problem
encountered involved spark plug fouling which will be discussed in detail below. Fuel/oil ratios of
either 16:1 or 32: 1 were used in all tests. Durations of either 30 net engine running hou rs ( not
counting shutdown mode) or 100 net hours were used. No significant wear was obse rved regardless
of the lubricant used , but two small scuff areas appeared at the same location on the piston skirt of
Test No. 3 and Test No. 11 .  Both of these areas appeared to have restored themselves to a low-
friction surface. This scuffing occurred on the same engine (No. 3) and may have been characteristic
of components of this single machine since these tests were run with two diffe rent lubricants. At
the end of each test , all engine dimensions were found to be within engine manufacturer’s allowable
tolerances.

B. Engine Deposits

Significant differences in deposit ratings were observed between lubricant classes. These are
reflected in the overall rating (merit ) system (see Table 3) and can be summarized as follows:

• The reference oil , AL-6408-L, was run at a fuel/oil ratio of 16:1 for 30 and 100 hours.
Overall rating for this lubricant ranged between 99 and 108.

• A MIL-L-2 104C lubricant , AL-S 185-1, selected for high metallo-organic additive content
was tested twice for 30 hours using fuel/oil ratios of 16: 1 and 32: 1. These rated 102 and
101 , respectively.

• AL-4591-L. a dual qualified product under MIL-L-2104C and MIL-L-46152. was tested at
a fuel/oil ratio of 16:1 for 30 hours and rated 100.

• Six lubricants qualified under MIL-L-228 5 1B were tested at fuel/oil ratios of 16:1 or
32:1 (Test No. 17) using test durations of 30 or 100 hours (Test No. 18). These lubri-
cants rated between 78 and 85. No significant total rating differences attributable to oil
concentrations or test durat ion were observed.

• A single M 1L-L-23699B synthetic lubricant, AL-6682-L. was tested for 30 hours with a
fuel/ oil ratio of 16:1 and rated 93.

• Two MIL-L46 1 52 lubricants , AL-5680-L (synthetic base) and AL-6358-L (mineral base).
were also selected for th eir high metallo-organic additive content and were run at fuel/oil
ratios of 16: 1 for 30 hours . These rated 103 and 104 .

The range of merit ratings for the MIL-L-2285 lB lubricants is considered to be significantly
lower in merit rating than all other lubricants tested, primarily due to heavier engine deposits.
However , this entire collection of lubricants operated satisfactorily under the stated test conditions
with the singl e exception of spark plug fouling.

_ _ _ _ _ _ _ _



C. Spark Plug Fouling

Spark plug fouling results can be seen in Table 4. These can be summarized as:

• The reference oil operated in two cases for 30 hours (Tests Nos. 1 and 11) with no fouled
plugs. In a third case (Test No. 19) it was operated for 100 hours, again with no fouled
plugs. These three tests were run with 16: 1 fuel/oil ratios. Piston and plug for Test 19 are
shown in Figure 3(a).

• Three tests (Nos. 12, 15 and 20) using MIL-L-2 104C lubricants (metal lo-organic
additives) resulted in at least one fouled plug prior to 30 hours . Test Nos. I 2 and 1 5 were
run at 16: 1 fuelfoil ratio , but in Test No. 20 the same lubricant as in Test No. 12 was
used with concentration decreased to 32:1. Plug fouling still occurred.

• Three of the six MIL-L-2285 1B lubricants tested for 30 hours at 16: 1 fuel/oil ratio,
operated for the entire 30 hours without spark plug fouling (Tests Nos. 5 , 7. and 10). The
three other lubricants (Tests Nos. 8, 9 and 14) fouled at least one plug during that time.
One of the three former oils (Test No. 7) which had showed no plug fouling to 30 hours ,
was operated in a subsequent test for 100 hours. In this test (No. 18) no plug fouling was
observed until  the 50th hour , hut four plugs were required from 50 to 100 hours. Piston
and a typical fouled plug are shown in Figure 3(b). In another case (Test No. 14) with a
lubricant which had fouled plugs at 16:1 fuel/oil ratio, a second test (No. 17) was run
with lubricant concentration decreased to 32:1. This particular oil (AL-6674-L) had
required three spark plugs to complete 30 hours at 16:1. Changing to 32:1 resulted in a
30-hour test with no fouled plugs .

• The single MIL-L-23699B synthetic lubricant fouled two plugs within the 30-hour
duration at 16:1 fuel/oil ratio.

Deposit scrapings were taken from representative plugs and analyzed for metals content using
X-ray fluorescence. Results can be generalized as:

• Spark plugs which fouled with ashless lubricants (MIL-L-22851B) were coated with
deposits of a carbonaceous nature (i.e., sooty), and having no metallic content other than
insignificant traces of lead.

• Those plugs which fouled with lubricants havin g metallo-organic additive packages
‘MIL-L-2 104C, M 1L-L-46 152 . MIL-L-23699B) showed, in addition to lead , significant
metallic deposits corresponding to those in a lubrican ts additive package (i.e., Zn. Ca. P.
Ba) . 

-

The number ~f plugs fouled for a given test may possibly be a relative index of problems to be
anticipated for RPV engine ignition systems, but no extrapolations or correlations should be
attempted regarding spark plug endurance in a true field environment because repeatability of spark
plug endurance has not been well enough defined in this pro gram.
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(a) Test 19: Reference Oil (AL-6408-L)
100 hours
16: 1 fuel / oil  ratio
265° F (‘FIT (u 7.000 RPM
98.0 Merit Rating
No Fouled Plugs

1.

.

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

.

- 

~~~~~~~
\T’

(b ) T e s t  18: MI L -L -228 5lB , Type III Oil (AL-6534-L)
100 hours
16:1 fuel / oil ratio
265° (i-IT (a 7,000 RPM
77.6 Merit Rating
4 Fouled Plugs

FIGURE 3. ENGINE (‘OMPONENTS FOR LOW.CHT TESTS

16
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V. HIGH TEMPERATURE TESTS WITH CD IGNITION

As mentioned previously, the McCulloch MC IOI  engine in modified form has been used quite
successfully as the powerplant for the Aquila RPV. In the course of th is present progra m , certain

design parameters for second-genera-
TAISI.l- 7. lI STS ~“ N WI’U i CD. IGN Iti ON AT INCRFASI’I) tion RPV powerplants were identified

( 5 .1 IN - . IIFAI) I I  MPFRATURI- by cognizant Army engineering agen-
cies. Among these were :

Specification • ailL’L-2104C Ref. Oil
Test No. 2 1 f 22 i 23
AFLRL f AL-S I85-L A.L-6408-L 

I 
AL.6408-L • Use of a capacitive dis-

charge ignition system
Lubricant Description

Properties • Anticipated cylinder head
Viscosity. cSt ~ 210° F 12.65 6.47 6.47 temperatures in excess ofViscosity. eSt (~ 100° F 131.5 38.70 38.70
Viscosity Index 96 133 133 450 °F.
Flash Poin t , ° F 455 160 160

Additive Composition , w t %  In an effo rt to simulate these
Sulfur 0.41 0.12 0.12 parameters , MC 10 lB engines at
Ph osphorus 0.09 <0.0 1 <0.01 AFLRL were adapted to a capacitiveBarium 0.04 <0.01 <0.01
~~Icium 0.44 <0.01 <o.oi discharge system * and cooling air was
Zinc 0.08 <0.0 1 <0.01 restricted to achieve a 450° F CHT at
Sulfated Ash FYi 0 002 0.002 7000 rpm as measure d by a thermocou-

Merit Rating pie embedded in the cylinder head. It

Piston Skir t 
-
~ was hoped that  capacitive discharge

~~
‘ -~~ ~~~ r j .  Crcwn 6.0 1.8 . 2 6  

ignition migh t eliminate the spark plug
Rir.. ~~~~~~~~ Second 7.0 I 2.5 fouling problem discussed above, and

- . ~~~~. T~~ 9.0 0 1.0 that operation at higher temperatures
Ri ng Fr.’ed ’rt . Second 8.7 8.5 0 would provide preliminary information
Piston Scoff ing 8.0 8.5 5.0
c ’linder Head DePosit 5.2 8.5 8 7  OIl any other lubrication problems to
Piston Top Derovit 5.8 7.2 7.6 be expected in second-generation RPV
Top Grc,e fiil 9.5 — engines. Three tests were run using tile
Second Grove F ill 9.5 same test cycle as discussed previously.Exhaust Port Crossing 7.5 8.5

Total Merits * * Results are presented in Table 7.
_______________— Test 2 1 utilized AL-S 185-L. the MIL-

Spark Plug Fouling L- 2 1 04 C I u b r ie  a n t  described in
Table 2. This oil was selected because

ro 

_ _ _ _ _ _  _ _ _ _ _  _ _ _ _ _

90 its particular additive package mak eup
was formulated to withstand the high erac~~ 60
temperatures typical of diesel engine

~~ 
.~~ 30 

~~~~~~~~_ 
ope ration. Engine operation for this

C
tes t was routine for I S hours at which~ 0

(No. of Plugs Fouled ) ( 1) (0) (0) point a spark plug was fouled. A new
Fuel/Oil Ratio 32 :1 32: 1 32 .1 spark plug was installed , and the en~~ne
En~ ne No. 2 3 I operated satisfactorily until the 26th

Not meaningful due to catastrophic seizure. hou r at which time power was lost and
— could not he restored. It  should he

l .M~lta Products . Inc M.irk ‘ len 3(1KV Capacitive Discharge Ign it ion S t em With a Cts.sm pmon L I  77’: Sr.uk Puii’
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mentioned that engine operation to this point was normal but that subsequent disassembly of the
engine revealed severe cylinder , piston skirt , and ring scoring. Piston and plug for Test 21 are shown
ill Figure 4(b).

Tests 22 and 23 were duplicates utilizing the BIA/TC-W reference oil (AL-6408-L) used in
Tests I . I I .  and 19 as described in Table 2. Here, a different failure mode was encountered: cata-
strophic seizure . Although no spark plug fouling was identified with this lubricant in either test 22 or
23, engine seizure occurred at 53 hours in Test 22 and 13 hours in Test 23. Subsequent engine disas-
sembly in both cases revealed severely scored cylinder liners, completely seized piston rings , gross
evidence of piston skirt / cylinder metal-to-metal contact , and for Test 22 abrupt disintegration of
the wrist pin roller bearing. Piston and plug for Test 23 are shown in Figure 4(a) . This BIA/TC-W
reference oil (AL-6408-L) was utilized in an effort to eliminate spark plug fouling since it had shown
excellent pertor mance in Tests 1. 11 , and 19 at lower operating temperatures. Although this
excellent characteristic was again exhibited even at the higher engine operating tem peratures , the
ashless dispersant additive package characteristic of this class of oils is apparently not able to
operate satisfactorily in this severe environment. It might be noted that a similar experience(lR)

occurred at AFLRL in 1974 when evaluating an air-cooled rotary combustion (Wankel) engine with
a diffe rent (but virtually identical ) BIA/TC-W reference lubricant. In this case, catastrophic failure
in an extreme high temperature situation occurre d repeatedly wit hill a few hours of test initiation.

18 



-~ - --
~~~~~~~~~~~~

-
~~~~
--

~~~~~~~--~~

/

(a) Test 23: Reference Oil (AL-6408-L)
13 hours
32:1 fuel/oil ratio
450° F CHT @- 7 ,000 RPM
Merit Rating—not meaningful
No fouled plugs

‘ , 
~
‘ 

-.‘ J

//

it 

k

a.
JP~~. ~~~~~~~~~~~~~~~~

(h i  Test 21: MIL-L-2 104C Oil (AL-S I85-L)
26 hours
32:1 fuel/oil ratio
45 0°F CHT (a 7,000 RPM
Meri t Rating—not meaningfu l
I Fouled Plug

FIGURE 4. I-N(;INL COMPONENTS FOR HIGU4~IIT TESTS
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VI. CONCLUSIONS

(I No class or classes of MIL-specification lubricants are satisfactory for RPV applications on the
basis of the data generated in this investigation.

(2 ) The reference oil used was outstanding in all aspects of the low-CHT phase of this investiga-
tion, particularly in engine cleanliness and the total absence of plug fouling.

(3) Spark plug fouling occurred with virtually all military specification lubricants tested. This
could result in RPV mission failure , and is of fundamental importance. The observed plug
failure rate is considered to be far above that norm ally acceptable for an Army field weapons
system.

(4) Those MIL-specification lubricants containing metallo-organic additives provided cleaner
engines than ashless oils; both classes provided adequate lubrication. The heavier deposit levels
observed for the ashless oils in the low-CHT testing did not affect engine performance.
Whether this conclusion would hold for test durations approaching design life of the RPV
engine is not known.

( 5 )  Simulation of second-generation RPV engine CHT’s of 450°F with capacitive discharge
ignition resulted in lubricant failure and consequent severe engine wear or seizure for two
lubricants.

p p
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VII. RECOMMENDATiONS

( I )  If future RPV engine temperature s can be limited to 200°-300°F, serious consideration should
he given to utilization of the BIA/TC-W class of lubrican ts in the RPV program. This would , of
course , entail more comprehensive experimental evaluati on of this lubricant class. Such a study,
however , would seem warranted based upon the excellent performance of the reference lubri-
cant employed in the Iow-CHT phase of this present program.

(2 )  Any subsequent experimental lubricant evaluation program should employ both the test cycle
and merit rating system employed in this present program. The merit rating system should be
further refined to include a plug f ouling index such as addition of one merit point per hour of
running time on the in it ial  plug( I R ) , or subtraction of 5- 10 points from the engine merit rating
for each plug replaced in a given test.

2 1
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