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1. scope 
1.1 This specification sets out the requirements of lubri- 

cants intended for use in two-stroke-cycle spark-ignition 
gasoline engines, typicaily larger water-cooled outboard mo- 
tors, which are particularly prone to damage caused by 
deposit-induced preignition and to problems involving ring 
sticking, piston scuffing, and corrosion. A method is de- 
scribed by which the conformance of a lubricant to these 
requirements can be determined. 

1.2 The following safety hazards caveat pertains only to 
the test methods described in this specification. These test 
methods may involve the use of hazardous materials, opera- 
tions, and equipment. This standard does not purport to 
address all of the safety problems associated with its use. It is 
the responsibility of the user of this standard to establish 
appropriate safety and health practices and determine the 
applicability of regulatory limitations prior to use. 

1.3 The values for temperature, pressure, etc. stated in SI 
units are the standard; except that as the test engine used is 
designed to inch-pound standards, the values for dimensions, 
clearances, etc. stated in inch-pound units are the standard 
for the purpose of test engine setup and inspection. The 
conversion value of 25.4 mm = 1 in. is exact. 

2. Referenced Documents 
2.1 ASTM Standards: 
B 152 Specification for Copper, Sheet, Strip, Plate, and 

D 97 Test Methods for Pour Point of Petroleum Oils3 
D 235 Specification for Minerai Spirits (Petroleum Spirits) 

D 439 Specification for Automotive Gasoline3 
D664 Test Method for Acid Number by Potentiometric 

D 874 Test Method for Sulfated Ash from Lubricating Oils 

D 1 193 Specification for Reagent Water4 
D2270 Practice for Calculating Viscosity Index from 

Kinematic Viscosity at 40°C and lWC5 
D2896 Test Method for Total Base Number of Petroleum 

Products by Potentiometric Perchloric Acid Titrations 

Rolled Bd 

(Hydrocarbon Dry Cleaning Solvent)3 

Titration3 

and Additives3 

ïhis specification is under the jurisdiction of %ommittee ~ - 2  on 
Petroleum Products and Lubricants and is the direct rrsponsib~ty of Subcom- 
mittee W2.B on Automotive Lubricants. 

Current edition approved M a y  IS, 1987. PubWed November 1987. 
Annual Book of ASTM Standards, Vol 02.01. 
Annual Book o/ASTM Standar& Vol 05.0 1. 

Annual Book of ASTM Stanahràr, Vol 05.02. 
'Annual Book of ASTM Stan&?&, Vol 05.05 or 11.01. 

D 2983 Test Method for Low-Temperature Viscosity of 
Automotive Fluid Lubricants Measured by Brookfield 
Viscomete? 

D 4682 Specification for Miscibility with Gasoline and the 
Fluidity of Two-Stroke-Cycle Gasoline Engine Lubri- 
cants6 

E 230 Temperature - Electromotive Force (EMF) Tables 
for Standardized Thermocouples7 

G 1 Practice for Preparing, Cleaning, and Evaluating 
Corrosion Test Specimens' 

2.2 ANSI Standard: 
MC 96.1 American National Standard for Temperature 

Measurement Thermocouples9 

3. Descriptions of Terms Specific to This Standard 
3.1 cowls, cowlings-the components that enclose the 

powerhead, whether removable manually or not. 
3.2 engine-sometimes used as a synonym for motor; 

both terms can be found in the literature. 
3.3 load wheel, test tank propeller-a power-absorbing 

device used instead of a propeller when the outboard motor 
is operated in a test tank. 

3.4 lower unit-the portions of the outboard motor other 
than the powerhead and its cowlings. 

3.5 motor-the total assembly of cowls, powerhead, and 
lower unit, excluding the propeller or load wheel and 
steering, remote control, and electrical cables external to the 
cowls. This term must not be used as a synonym for 
powerhead. 

3.6 plug fouling-deposition of essentially non-con- 
ducting material onto the electrodes of a spark plug that can, 
but will not necessarily, prevent the plug from operating. 

3.7 plug whiskering or plug bridging-a deposit of con- 
ductive material on the spark plug electrodes, that tends to 
form a bridge between them, thus shorting out the plug. 

3.8 powerhead-the two-stroke-cycle gasoline engine that 
provides power to the outboard motor, including carbure- 
tors, fuel pumps, flywheel, flywheel alternator, starter, igni- 
tion system, and ail other directly connected components 
required for its operation but excluding components at- 
tached to the short block by tubes or wires only. 

3.9 scu& smflng-in lubrication, damage caused by in- 
stantaneous local welding between the piston and bore 
surfaces that does not result in immobilization of the parts. 

Annual Book of ASTM Standards, Vol 05.03. 
'Annual Book ofASTM Standards, Vol 14.01. 
'Annual Book of ASTM Siandar& Vol 03.02. 
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3.10 short block-the cylinder block, crankshaft, con- 
necting rod, and piston assemblies of the powerhead assem- 
bled into a complete unit with gaskets, cylinder heads, 
covers, seais, and ail internal parts but excluding the carbu- 
retors, fuel pumps, flywheel, alternator and other powerhead 
components external to and separable from the cylinder 
block. Hoses attached to the block at both ends, and their 
assoCiated fittings, are included. 

(m D4681 

4. Qualifícaîion Requirements 
4.1 Lubricants subjected to the three test sequences de- 

scribed in Section 10 shall qualify for use in two-strokecycle 
spark-ignition gasoline engines, typically large outboard 
motors, provided that they meet or exceed the performance 
criteria of the reference oil as specified in Sections 1 1 and 12. 

5. Test Method 
5.1 Summary of Test Method: 
5.1.1 Three test sequences are run in the same outboard 

motor, as specified. In all three sequences the candidate oil(s) 
shall in principle match or exceed the performance of the 
reference oil to pass. In order to take account of the 
differences that can exist between nominally identical mo- 
tors, a tolerance is allowed in the case of some aspects of 
performance that will permit a candidate oil whose rating 
may be slightly below that of the reference oil to pass as far as 
that performance aspect is concerned. See Section 12. A 
candidate oil must also equal the performance of the 
reference oil in a salt water immersion rust test to qualie. 

5.2 Engine Test Sequences: 
5.2.1 These are run in two or more 1.5 L outboard 

powerheads specially modiñed to be more prone to piston 
scuff and ring sticking than a normal commercial unit. One 
powerhead is supplied with a reference oil, and the other@) 
with the candidate oil(s). Ail reference and candidate tests are 
started using a completely new short block with no prior 
running time whatever. Any number of candidate oils can be 
run with one r e f m c e  oil, provided that they are all run in 
the same òuììdhq under identical conditions. The test is 
divided into thne phases as described in 5.2.2, 5.2.3, and 
5.2.4. All running in Sequences II and m shail be simuita- 
neous; when one unit shaii be shut down for any reason 
duríng the test ali the othen also be shut dam and be 
restarted togctber. An intcnsal powerhead inspection is 
required at the end ofeach phase. 
5.2.2 Seqtrence I-AgceIerated hbricity Test-Using a 

fuel to oil ratio of 150:1, the motor is run forb totai of60 s 
at 2000 r/min, then run for 1 1 min at 5500 r/min wide open 
throttle 0. That must be no piston scuff or other 
damW. 
5.2.3 Sequence II-General Pe&rmaïw Rst-The 

motor is mn for 21 h at 4500 r/min WOT using a fuel to oil 
fatioaf50:l. Ringstkkhg,pistOnskirtwrrnish,plugfouling, 
ipd exhaust port biockage am evpluated. 
5.2.4 Sequence III-Accelerated Reignition Test-T” 

motor is run for 98 h at 4500 r/min WOT using a fuei to oil 
ratio of 241. Incidents of preignition qre ncurded, and riog 
sticking, Piston MuHish, plug foulia& and port blockage arc 
again evaiuatcd as far Sequence II. 
5.3 RW Test-A steel mupon is di& in tho oil and is 

themimmersed in sait water and the time to reach a specitied 

.+ 
level of corrosion is observed. The test is detailed in Annex 
AI. 

6. Significance and Use 
6.1 This test procedure is intended for the evaluation of 

lubricants for use in waterxooled outboard motors, but oils 
meeting its requirements may be specified by engine manu- 
facturers for use in other types of engines. The test method is 
designed to reject oils whose performance is below the level 
given by the reference oil on a go-no-go basis, and does not 
lend itself readily to the determination of performance 
differences between candidate oils. 

6.2 Significance of the Engine Test Sequences: 
6.2.1 Sequence I-Accelerated Lubricity-The oil in a 

two-stroke-cycIe gasoline engine is either mixed with the fuel 
prior to use or is metered into the fuel supply at, or at some 
point prior to, its passage into the engine crankcase. The 
possibility of the amount of oil actually present in the engine 
being less than optimum always exists, due to human error 
or metering pump malfunction. Also, when oil metering 
systems are used, short periods of operation with less oil than 
desirable can be expected when the power is increased 
suddenly as the response of the metering system is never 
immediate. It has also been found that the incidence of 
piston scuff early in the life of the engine can be significantly 
increased when the oil used is deficient in lubricity as defined 
by this test procedure. 

6.2.2 Sequence II-General Performance-This part of the 
specification evaluates the ability of the oil to prevent 
deposits and ring sticking when used at a 5 0 1  volumetric 
fuel to oil ratio. 

6.2.3 Sequence III-Accelerated Preignition-Two-stroke 
cycle gasoline engines generally are more prone to damage 
by preignition than are four-stroke-cycle gasoline engines. 
Outboard motors are quite commonly operated for long 
periods at high output and are not normally subject to 
thermal shock in operation. As a resuit they are particuiarly 
liable to suffer from deposit-induced preignition. This part of 
the procedure is run with twice the normal concentration of 
oil in the fuel in order to maximize deposit formation. 

7. Apparatus 

92.4 JO? (1.5 L) f o u r q h d e r  
7.1 Test Motor Cmjìguratìon-The test powerhead is a 

vee confípation woclc, 
P/N 392448, with a inW C Y M ~  li- 3.375-ia (8S.7- 

2 
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through a 15 to 20-mm (0.6 to 0.8-in.) internal-diameter 
line. This water supply is regulated to give the specified water 
outlet temperature from the cylinder heads by passage 
through a heat exchanger with automatic temperature regu- 
lation. The system used in Sequences II and III is dia- 
grammed in Fig. l and the components are identified in the 
associated Table 1. The cooling system used in Sequence I is 
the same except that a water heater of about 4ooO-W 
capacity is placed in the circuit in line 7 so that block 
temperatures can be raised to test specification before the 
motor is started. Valving to bypass the heater in Sequences II 
and III can be provided. For Sequence I running, the 
200 ooO to 250 O00 kJ/h (50 O00 to 60 O00 kcal/h or 

200 O00 to 250 O00 BTU/h) heat exchanger can be replaced 
by one of about half that capacity. This is not essential, but 
will facilitate temperature regulation. This can be placed in 
an alternate loop to the larger exchanger with appropriate 
valving, or two smaller exchangers can be used in series with 
a bypass for one of them. Figure 2 shows details of the 
modifications required to the base of the test short block (see 
9.2.1 through 9.2.3) and to the adaptor housing (9.9.2). 

7.1.2 Fuel System-Fuel is supplied to the test motor 
through a fuel connector on the lower cowl and its own fuel 
pump. Fuel pressure at the connector should not exceed 35 
kPa ( 5  Ib/in.*) with the motor stopped. 

3 
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TABLE 1 cod¡ngSy~Comportents 

Impeftant. Sequeme 7 Oniy-A water heater of about 4OOO-W CePaCity is reqquired in üne 7 between Items 6 and 8, and Item 8 c ~ n  be repleced by a heat exchqe# 
of abut hdf its capadty. See 7.1.1. 

( I )  Rudiator Cw. set to rdknrs et 28-30 kPa (4 psi). 
(2) ReservoK. appmx. 8-10 L (2-2.5 gal) capacity. 
(3) SiBM oege. 
(5) Gate Vahe in recirwation ioop for system pressure mtml, threaded l-11% NPTF. 
(6) Water Pump, 75 L/min (20 @/min) capaaty at 200 kPa (30 psi) delky pressure. 
(7) Engine Codant water line, shell side of heat exchanger. 
(8) Heat Exchanger, shell and tube type, 200 000-250 O00 kJ/h (200 000-250 Doo BW/h) capadty. 
(9) Galvanized Iron Tee, threaded 1-1 1% NPTF. 

(4) Ga/~a&ed IrOn CM, threaded 2-1195 NPTF, Connections to Manifold Item13 and T e  Item 9 reduced to 1-ll'h NPTF. 

(1 O) PnNeSs (Raw) Water Une. 14n. pipe size (21.34-mm outside diameter). 
(1 1) Water Inkt Pressure Sensof. located 40-65 mn (1 5 2 . 5  in.) from the inlei ta Item 12. nesWre w* not normaüy exceed 1 00 kPa (I 5 psi). 
(12) Fa6ricated Exhaust Cover replacing P/N 317902. See Fg. 7 and 9.2.7. 
(13) GelVenizedIron EngineCdant Manifold, maôefran a l-11% NFTF teedrilled and tapped to accept a pressure sensw(Item 16) and two l-11% to M-14 NPTF 

redudng nippies driW aml tapped to receiva memiocwpies (Item 14). 
(1 4) Iron-Constantan Gnwnded and ShWded Themrocwples-These must be located not more than 150 mm (6 in.) from Me cykck  head water outiets. 
(1 5) Temperatrure-cantrorred Pneumatic flow Conird Vehre (Honeywell V5011 C-1326 is SutaMe). 
(1 6) Water Clutlet plessure Sensor. 
(1 7) B l o c k a  Phfgs. 
(18) Process (Raw) Water for suppiementary exhaust d i n g .  
(19) flow control Valve ior wppiementcry exhaust coding water. 
(20) Fa&icated Cwer Plate (See 99.1). 
(21) Water Pump 8 y p  port (See Fig. 2 and 9.9.2). 
(22) Standard OMC Lower Wt Water Pump. 

7.1.3 Load Wheels-Two load wheels (test tank propel- 
lers) OMC P/N 3 15641 are required, one adjusted to give 
5400 to 5600 WOT r/min as specified for Sequence I of the 
test and the other to give 4400 to 4600 WOT r/min as 
specified for Sequences II and III. 

7.1.3.1 Load Wheel Speed Adjustment-The load wheel is 
essentially an aluminum-spoked wheel and rim, with vanes 
on the spokes, cast as one piece. Before using the wheel, drill, 
and tap six 1/8-27 NPSF (National Pipe Thread Straight 
Dryseal) holes radially through the nm spaced 60" apart 
around the circumference. If the load wheel gives a lower 
WOT speed than that specified, remove metal from the rear 
edges of the vanes as indicated in Fig. 3. Removal of about 
1.7 mm (0.07 in.) from the entire radiai length of each vane 
produces a speed increase of about .100 r/min. Due to 
differences in power output, Merent motors give siightly 
different speeds with the same load wheel. If the revolutions 
per minute must be reduced, insert pairs of 1/8-27 NPTF 
(National Pipe Thread Taper Dryseal) pipe plugs or nipples 
into the tapped holq in the rim. The speed reduction 
depends on the projecting length of the plugs or nippies. 
These shall be appiid or removeú as opposite pairs, or 

. 

S&OUS out-of-balance problems ~ a a  redt.  

N a  1 - W C  and inch system Ppe threads t~~,dnscnsionally 
identicni and are identidy designated. Foi¡owing Mwmal industry 
practice, Dryseal thnads (designation ending with F) have generaUy 
been specinad, and Srrai%itW) - tam 1 m  for female 
pipe threads in aiuminum alby. Non-- Oups and NPT) threads 
can be used with a- precautions against leakage, and tapor 
female thnadScan be used at any time. 

7.2 Test Tank: 
7.2.1 Use an outboard test tank of 6 m3 (210 fi3). 

minimum capacity at'hormal working water lenl, p r o v i d e d  
with an exhaust fim of 12 m'/min (420 fP/miu) minimum 
capacity sucking from a cover that encl- the top ofthe 
tank except for the.opening necesary to mount the test 
motor. A design that has been found SatisfaCory is shown in 
Fw 4. The precise dimensions of the tank and capacity of I 

the exhaust fan are not criticai provim &at the tank water - 
4 

temperature can be kept essentially constant at a tempera- 
ture not exceeding 50°C (122'F) and that the exhaust gases 
do not mix with the intake air. 

7.2.2 When a sound-absorbing box is placed over the 
motor, it must be designed so that it does not interfere with 
the air flow to the motor. When used, it is important to 
remove it temporarily every 20 to 30 min while running to 
check for noises indicative of possible mechanical problems. 

7.3 Instrumentation: 
7.3.1 Temperature Measurement-Ironconstantan ther- 

mocouples meeting the requirements of Type J of ANSI 
Specification MC 96.1 (summarized very briefly in Standard 
E 230) are normally satisfactory for all temperature determi- 
nations of this procedure. Constantan is an alloy of approx- 
imately 40 % nickel, and 60 96 copper by mass. 

7.3.1.1 Plug Gasket Temperaures-Two thermocouples 
are required on each spark plug gasket. These can be made 
by brazing two iron and two constantan or silica double 
insulated wires into holes drilled radially through a soiid 
oopper spark plug gasket. A design that has been found 
satbfmry is given in Appendix X1. The composite gasket 
normaily supplied with the plug is not satidkctory fa the 
attachtnent of therm-* wires. A plug gasket tempe& 
ture increase of 10'C (18'E) or more is an inài& of 
pteigdtion &t is potenMy damaging to the po- h 
is therefore highly advisabie to armuge that the afftcaed 
motor be shut off automatieally w h g ~  such a tempemm 
rise accus. As the test enginCs shall be p8egped ar started 
simuitanmusiy, the automatic shutdown should be ammgai 
to shut down aii of them. The engine'and cylinder hwhi& 
the Pnignition occurred can be identìîkd by exambation of 

rwrdhg&Attbelerstan 
tempcrsture 2 áo 3T (4 to 
&he potcatiai probkm so 

T.tiisafannorautclimrrtic 

T ~ & u E s - T w  ther- 
ne in each cyiintkr head 

Full document details: ASTM D4681-87

http://www.avadocuments.com/doc/astm-d4681-87
http://www.avadocuments.com/doc/astm-d4681-87


ITEM 17 

D r i l l  114" thru - 
hole between "A" 
and "B" 

FIG. 2 Detail of Coding System Components 

water outlet within 150 mm (6 in.) of the head. These are 
preferably of the enclosed (shielded) type and are most 
conveniently mounted by drilling and tapping 1/8-27 NPSF 
or NFTF through the coolant manifold. See Fig. 1.  

7.3.1.3 A similar thermocouple is also recommended in 
the water inlet to the block to monitor water flow. 

7.3.2 Ambient Conditions: 
7.3.2.1 Temperature-A thermocouple or thermometer 

shall be provided to read the air temperature in the vicinity 
of the engine. 

7.3.2.2 Barometric Pressure-A barometer recording the 
pressure in the test room is required. 

7.3.2.3 Humidity-A hygrometer or a wet and dry bulb 
thermometer is also required. 

3/0" NPT 

PIP 

VPT 

'E PLUGS) 1 

7.3.3 Temperature Recorder-The four thermocouples 
used to measure plug gasket temperatures and the two used 
to measure coolant temperature at the outlets from the 
cylinder heads must be recorded continuously. Maximum 
acceptable intervals between successive records of the same 
temperature are 2 s for the plug gasket temperatures and 2 
min for the water outlet temperatures. In order to be able to 
record the output from these thermocouples, the recorder 
shall have a minimum temperature range from 40 to 250'C 
(100 to 480°F). It is preferred, but not required, that the 
other temperatures to be measured also be recorded contin- 

7.4 Tachometer-An electronic or vibration tachometer 
accurate to +25 r/min. An instrument incorporating an 

uously. 
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TO INCREASE MOTOR RPM 

(EDGE OF VANES AND R I M )  

ONLY 

automatic shutdown should the crankshaft speed vary from 
the desired value by more than k200 r/min is desirable but 
not required. 

7.5 Timing Light-Any timing light suitable for use with 
a high-energy ignition system is satisfactory. 
7.6 Fuel Flowmeter-Any type accurate to Io.25 kg/h 

(10.5 Ib/h) at about 25 kg/h (55 Ib/h) can be used, but those 
measuring mass (weight) directly rather than volume are 
preferred. When a volume-measuring device is used, the 
relationship of density to temperature over the range of hei 
temperature experienced shaii be determined for the actual 
test fuel mixture used, and the appropriate value used for 
volume to mass conversion. 

8.ReagestSandMiiterirls 
8.1 R&rence Oil-The derence oil has been assigned 

the ASTM designation VI-D. It is commercially available 
under the designation CStgo No. 93734." See Annex Al for 
inbrmation on its properties. The amount of oil required for 
a test is approximately 200 L (50 U.S. gai). 

8.2 Candidate Oil-The knount of candidate oil required 
is also approximately 200 L (50 US. gai). 

8.3 Test Gasoline: 
8.3.1 This must consist essentiaíìy of hydroc;urboas, ex- 

cept for amventionai antiahxion, anti-icing, etc. additives 
in nomai concenmtion. It must not contain oxygenated 
&ding components such as aicobls or d q s .  It shall 
contain 0.8 to 0.9 g/L (3.0 to 3.5 &gai) of lead as lersd 
alkyiateswith a stiindard Motor Mix scawpeerpackage and 
shaii bave a minimum Motor octs~~oe number of 86 and a 

t9BP 1 
I 

WIDTH 

N~~~-Dimension~ in millimetres ( i ) .  Material 7-10 (0.25-0.38) ü~¡ i  steel 
piate except for aie 50 by 300 by loo0 (2 by 12 by 40) plywood motor mount. 
water~andovetfbwcainectionsnotshown. 

RG. 4. Test Tanks 

sensitivity (Research octane number minus Motor octane 
number) of 12 maximum as determined by any test method 
permitted by Specification D 439. It shall otherwise meet the 
requirements of D 439, volatility grade A or B. 

8.3.2 The amount of gasoline needed to run one candi- 
&te oil and one reference oil for all three test phases is 
approximately 8500 L (2250 U.S. gal), plus 4250 L (1 125 
U.S. gai) for each additional candidate oil run at the same 
time. 

8.4 Cleuning Solvent-Stoddard solvent meeting the re- 
quirements of Specification D 235, Type I. 

8.5 Assembly Grease-When assembling the crankpin 
and crankshaft center main bearings it is necessary to coat 
the components heavily with grease so that they will remain 
in piace during the operation. Use only OMC Needie 
Bearing Grease P/N 37864212 for îhis purpose. Use of 
conventional antifiction bearing grease! can cause bearing 
failure during break-in. 

8.6 Couhg Water-This shouid b v e  a maxiïhum hard- 
ness (as Caco3) of $0 mg/L (50 ppm), but any -ter known 
not to cause p b i e m s  in cooling systems opera- at up ao 
about 85% (185'F) can be' used. 

8.7 ' Crankcase Joint Sealant-Use a noehadeniq com- 
pound such as Gelseal II" to Wtate dismantìing for 
inspection. 

8.8 Plug Thread Lubrican¿-Use Ântiseize Composind 
No. 133K1' 

I 2 0 r d a  hwn Ppiia aad A d  De@., Outbod Mnrine Cap., PO Box 
88,322s Rurie Ave., Bebit. WI 535 I I .  
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