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MERADCOM, and Mr. T. C. Bowen of the same office was project technical

monitor.
I

;;~iv-i

‘~

j~~. ~~~~~~~~~~~
-

~~~ 

i ,•• • ~ /

Dint I

I
1

— 
~~~~~~~~~~~~ & _ ______ _ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

‘ -
~~~~



-~~

TABLE OF CONTENTS

Page
I. Introduction. ... . . ... .  • . . . .. c . .. . . .  . • . . .. . .e e.  . . s e e . . . . . .  s e e .  .5

II. Evaluation Details... ...... .••• .. . .. ... •... .. .. ........ .. •... .7
A • Test Engine...... . ....... se.. . . . •.. ......... ... ........ . . .7
B • Test Technique. . . . . . . ~~~~~~~~~~~~~~ ~~•e • •~~~•~~~• • • .e...... . ~~1e ~~~e • .1.7

C. Approach. ~~~~~~~~~~~~~~~~ • • ..... ~~~•.. . • . . . • •... .... ...... ....• . . . .7
D • Test Details .•....•.. . • l e e e l e e  •~~~~~~~~~e l e c  11

III. Summarized Results....................................... ....12

IV. Discussion of Results... ................ ............,........21
Test Number 5....... ......... c. .. • . .e e e ee . .  e.e.c.... s e e . . . . .  .22
Test Number 6...... ........... .......... ................22
Test Number l1.............. .................................23
Test Number 13.... ...... .............. ...... .................23
Test Number 14...... • ... • .. .. .. . .  .... • .....e... e........ c c . .  .24
Test Number 16 .................... ................... ..25

V. Conclusions/Recommendations. • . . . ø. . .  • .. e . e e e . . . .e . .  ........ .... .25

VI. Acknowledgements....... ........................................27

VII. References. ...................................................28

Appendices
A. Wheeled—Vehicle Test Procedure ......e.................. .........31
B. Letter to Oil, Chemical, and Additive Companies. ................39
C • Test Number S...ces ...e.c...e .s.e.cee.....ss.eeeeeeee.e.e..e ....47
D. Test Number 6 e . . e e . . . . . . . e e . ee e . e . e , e . . .. e . e . e . . . . e e e . e. . .. e e . e . 6 5

E. Test Number llee.,. ...ee.. ..e.......e.e.e .......e.....e.....,e..83

• F. Test Number 13...................................... ...........103
G. Test Number l 4 ,. .e , e .e . . 5 5 .ee e. . , .. . . 5 .e .e , . . . , . , .ee . . . . . ee . . , . l 2 3

H. Test Number 16.. ...•...... .... . •,  • ...... .e.e. . e e s e . . e  •... •.....143
I • Test Number 1 8 e . . . . . . . ee e. . . . . . .. . .e e. . . ., e. s . .e e. e . , ,e .,. . . e . . 1 6 2

ii

L
L —— ~~~~~~~~~ -



_ _ _  __ 
- _ _

LIST OF TABLES

Table No. Page

1 Army Tactical Vehicles Powered by Two—Cycle
Diesel Engines. c c . ..  e e c  . e I  I • • • • • • • • • • . . . . e • s  • . e e c  • . . • . .6

2 3—53 Engine Cbaracteristics...e............e..e..e......ee8

3 Wheeled Vehicle Test Cycle/Day for 15 Days......ee....e..lO

4 Summary of 3—53 Engine Tests..•..................e.......i3

5 Test Fuel Properties.....................................lS

6 Test Lubricant Properties..e..e...............ee...ee...el6

7 Average Test Operating Cond i t ion s .. . . .. . .. . . ..e . . . . . eee .. l7

8 Test Results.• ... ....e . .. . .  .. .•  • ......... ................l

9 Ring Sticking Summary. • e . .  c c  . . • e • c c  e . e e  • •. . • .1 • e . . . . • • .19

10 Summary of Used Oil Analyses.............ee......e.......2O

LIST OF ILLUSTRATIONS
C

Figure No. Page
I

1 3—S3 Test Cell ln st al la t ion . ce . .. . . . .e . .. . e.e . . .. . . . . . . . . . 9

4



~~~~~~~~~~~~~~~~ — - -~~~~~~~~~~~ -•- -- ~~~~~~~~~~— - 
‘In

I. INTRODUCTION

A significant portion of the U.S. Army Combat/Tactical Fleet is powered

by a sing le famil y of high output two—stroke cycle diese l engines.

Table I gives a listing of vehicles using this engine family. The

engine m a n u f a c t u r e r  recommends using diesel fuels with less than 0.5 wt~
s u l f u r because “ too high a sulfur content results In excessive cylinder 

•

-

wear due to  acid build—up in the lubricating oil ” (Ref—i). Previous

investigations conducted by the United States A rmy Fuels and Lubricants

Research Laboratory (USAFLRL) which used an aluminum block engine model

bV~ 3T , revealed engine/fuel/lubricant Incompatibilities when using fuels

con t ain ing grea ter than 0 .5 wt% sulfur and MIL—L—2104C (Ref—2 ) specifi—

cation lubricants. The observed incompa tibilities included catastrop hic

p iston/ring/exhaust valve failure and relatively high deposit and wear -;

rates (Ref—31 . Addi t ional  doc umenta t ion of the de t rimen tal e f f e c ts of

h i gh sulfur diesel fue l can he found in references 4 through 11. V

Out side CONUS , the P .S .  Arm y must at t imes use diesel fuels which con—

t a m  up to 0.7 w t% su l f ur as allowed by VV—F—800b , OCONUS (Ref—l2) and

even higher sulfur levels may be encountered In the future. Based on

the fuel - s u l f u r limit allowed OCONUS and the previous USAFLRL test

results with two—cycle diesel engine and high sulfur fuel , a program was

initiated to identify methods of counteracting the detrimental effects

of high s u l f u r  fuel. The program objective was to identif y fue l and/or

lubricant modifications which would allow continous operation on diesel

fue l containing greater than 0.7 vt% sulfur without significantly re-

ducing engine performance or service life . Identification of such

fuel/lubr icant modifications would expand the suppl y of diesel fuel

— availab le to the U.S. Army and potentiall y extend the service life of

two—cycle diesel equipment . A previous report (Ref—13) covered the

establishment of low and high sulfur fuel baselines using a constant

lubricant in the iron block engine model 3—53. The current report

I 
-
• covers the evaluation of various lubricants for their effectiveness in

combating high sulfur fuel effects. Lubricant effectiveness was defined

in terms of how well the lubricant performed as compared to the low and

- 

- 

high s u l f u r  fue l baselines.

S
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TA BLE 1. ARMY TACTICAL VEHICLES POWERE I)
BY TWO—CYCLE DIESEL ENGINES

Designation Description Engine Model

MIO6A 1 Mortar , Self—propelled . lO7~mn 6V53
M 107 Gun, Self—propelled . 175mm 8V7IT
M108 Howitzer. Self—propelled . 105mm 8V71T
M109 Howitzer• Medium. 155mm 8V71T
MIlO Howitzer. Self—propelled 8V71T

M1 13AI Carrier. Personnel 6V53
M125A1 Mortar. Self—propelled . Full—tracked 6V53
M132AI Flame Thrower. Self—propelled 6V53
M548 Carrier. Cargo. Tracked. 3442 kg(6—ton) 6V53
11551 Armored Reconnaissance/Airborne

Assault Vehicle (Sheridan) 6V53T - - 1
11561 Gamma Goat 3—53
M557A1 Carrier. Command Post. Light Tracked 6V53
M578 Recovery Vehicle 8V7IT

M746 Heavy Equipment Transporter (Het 70) I2V71T

XM66 7 Carrier. GM. Equipment. SF a
XM721 Carrier. GM. Equipment. SF a
XM730 Carrier. GM. Equipment. SF a
XM 74 1 Chassis, Gun, AA Ar tillery , 20mm, SF a
XM 8O6E 1 Recovery Vehicle. FT Armored a

— Truck, Dump , 18 140 kg (20—ton), Diesel
Electric Driven 6V71

a Vehicles are powered by either 6V53, 6V53T, or 8V71T
(TB—75 0—652)

6 
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II. EVALUATION DETAILS

A. Test Eng ine

An I r o n — b l o c k , two—cycle d ie s e l  engine  Model 3—5 3 was u t i l i z e d  as the

t es t  en g i n e .  This  engine  Is the powerp lant used in the M561 l—l/4T

tactic al truck (Gamma Coat~ . Additionall y , this engine was used to

m [nImL’e test fue l  and engine rebuild costs per test while utilizing a

“real—world ” engine. Table 2 gives the characteristics of the 3—5 3

eng ine. The engine was full s’ instrumented and coup led to a laboratory

t e s t  s t a n d  d vn am o m et e r .  Figure 1 shows the test cell installation.

B. T est  Technique

All tests were co n d u c t e d  using the U.S. Army 210—hour wheeled—vehicle

test cycle (Ref—l -t ’
~ which has been correlated to 32,200 km (20,000

:n i les ~ of proving ground operation. This test cycle includes alter-

nating periods of full—power and cold idling with an overnight shutdown

as shown In Table ~. A comp lete descri ption of the detailed procedure

is presented in Appen dix A.

C. Approach

- 

- As reported in the literature (Ref 4—il), increasing diesel fuel sulfur

content causes Increased engine wear and deposition. These effects were

quantified in the 3—53 engine by establishing a low sulfur fue l base—

line and a hi gh sulfur fuel baseline while using a constant lubricant

(Ref—13). The low sulfur fue l baseline will serve as an example of

desired performance level. The overall program objective is to Identify

fuel and/or lubricant modifications which will result In engine condi-

tion similar to the low sulfur baseline , when high sulfur fuel is used

cont inuously. The low sulfur baseline was established using lubricant

REO 203 and reference diesel fuel (0.4 wtZ S) which Is defined by Fed—

era l Test Method Standard 79lB , Method 341.4. This combination had

previously produced excellent results in the 6V63T engine (Ref—3). The

high sulfur fue l (HSF~ baseline was established using diesel fue l con—

tam ing 1.0 we ight percent sulfur and lubricant REO 203.

7
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TABLE 2. 3—53 ENGINE CHARACTERISTICS

E n g i n e  t yp e  Normally Aspirated , Two—cycle compres—
slon Ignition , direct Injection , uniflow
scavenging

Wei gh t (dry), kg (Ib) 431 (950)

No. of cylinders , arrangement 3 in l ine

~ is p l a c em e n t , liter (cu In.) 2.6 (159)

Bore and stroke , cm (in.) 9.84 x 11.43 (3—7/8 x 4—1/2) 1 ~C y l i n d e r  block material cas t  iron (cast iron l ine r s )

Rated power , kW (Hp) 72.3 (97) at 2800 rpm

‘~~x i n u m  torque , Nm (lh—ft) 278 (205) at 1800 rpm

~‘ np r e s s i o n  rat to 21 to 1

Fuel system Unit injector (N 50 needle valve),
primary and secondary engine
filters)

Governor Variable speed with throttle controls

O i l  filter Full—flow sing le filter

~
)il cooling Integra l heat exchanger using

100 percent jacket—coolant flow
capaci ty — 13.2 1 (14 qts)

P i s t o n  desc r i p t i o n
Material/desi gn Cast iron/trunk type
Ring configuration I — Fire ring (rectangular)

3 — Compression rings (rectangular)
2 — Oil rings

Piston cooling From jet in top of connecting rod H
: 1 1

8
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TABLE 3. WHEELED VE H ICLE TEST
CYCLE/DAY FOR 15 DAYS

Per iod Time , hrs Load~~ 2 RPM Coolant Temp., °C(° F)

1 2 100 2800 96(205)

2 1 0 650 38(100 )
3 2 100 2800 96 (205)

4 1 0 650 38(100)

5 2 100 2800 96 (205)
1 0 650 38(100)

7 2 100 2800 96 (205) 1 -

-

8 1 0 650 38(100)

9 2 100 2800 96 (205)

10 10 — — — — — ——  —Shutdown———— 

24 ~~~~~~1

Complete te8t is 15 days at 14 hr/day for 210 hours.

10
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Industry was solicated for their help in developing potential solutions

to the prob lem of continuous use of HSF. A letter (Appendix B) was sent

to some 29 oil, chemical , and additive companies which requested that

they submit fuel additives , lubricant additives, and/or completely

• 
formulated lubricants for evaluation. The request was also made during

an SAE Open Fr~-um on lubricants in Tulsa, OK during 1977. Materials for

evaluation were received from five companies.

D. Test Details

HAll tests were conducted in 3—53 engine number 3D131703. Between tests

new cylinder kits and clean exhaust valves were installed. Before test ,

the engine was measured for 1) liner bore (top/middle/bottom) at thrustf

antlthrust and front/back positions, 2) piston diameter , and 3) piston

ring gap. After experiencing a blower drive gear failure in Test Number

3, the blower drive gears were replaced after each test. Pre— and

post—test full load performance tests were determined using the test

fuel.

The engine was operated in accordance with the procedure detailed in

• Appendix A and summarized in Table 3. The following hourly readings and

calculations were made to monitor test operation:

Engine Speed— Engine Load
Torque
Observed Powe r
Fuel Rate -

‘

BMEP
BSFC
Temperatures

Jacket Coolant—In
Jacket Coolant—Out
Oil Sutup
Inlet Air (Blower) -

• Exhaust Manifold
Fuel at Filter

Pressures
Oil Gallery
Blower Discharge
Intake Vacuum
Exhaust , Common
Crankcase



1’

Averages of these readings and calculations are presented in the Appen-

dix for each test.

After each test , the engine was disassembled and the following determi-

nations were made:

A. Engine condition ratings in accordance with standard CRC methods

(Ref—IS , 16) for: -:

1. Ring face burning

2. Ring sticking

3. Liner scuffing and glazing

4. Intake port deposits

5. Ring deposits

6. Piston deposits

7 . Exhaust va lve condition

B. Engine wear measurements for:

I. Cylinder liner I.D. (top/middle/bottom)

2. Ring gap

3. Piston diameter

Oil consumption was calculated and photographs were made of significant

engine parts. Used oils were analyzed to determine chemical and physi-

cal property changes. The above Items are all included In the Appendix

for each test.

ill . SUMMARIZED RESULTS

This section will present summarized information about the lubricants

evaluated , the test fuel used and overall test results. The following

section will discuss each test in detail. Table 4 contains a summary of

the 3—5 3 engine tests relevant to this report. The missing test numbers

are for tests which were 1) reported earlier , 2) yet to be reported , or

3) not directl y applicable. Test Number 1 is the low sulfur fuel (LSF)

baseline , which is representative of the desired engine condition at end

of test. The average of Test Numbers 4, 12, and 18 is the high sulfur

12 
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TA BLE. 4. SUMMARY OF 3—5 3 ENGINE TESTS

Test Fuel Lubricant
No. Sulfur , wtZ Code Performance Leve l Comments

1 0.4 REO 203 MIL—L—2104C Low Sulfur fue l baseline

4 1.0 REO 203 MIL—L—2lO4C High Sulfur fue l baseline

S 1.0 AL—6576 MIL—L—9000C Navy Oil

6 1.0 AL—6856 MIL—L—2104C A rmy Reference Oil

11 1.0 AL—6942 MIL—L—2104C Experimental Synthetic Oil

12 1.0 RF.O 203 MIL—L—2lO4C High Sulfur fuel baseline

13 1.0 AL—7 135 API SE/CD Experimental Synthetic Oil

14 1.0 AL—7287 ~fr L — L — 2l04C/

MIL—L—46152 Mineral Oil

lb 1.0 AL—69 50 UK TS1O33A U.K. Reference Oil (ER—5 )

18 1.0 REO 203 MIL—L—2104C High Sulfur fuel baseline

13
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fue l (nSF) base l ine. Test Numbe rs 5, 6, 11 , 13 , 14. and 16 were evalua—

tioi:s of various lubricants for their effectiveness in combating high

s u l f u r  fue l effects. This effectiveness will be determined by comparing

the after test engine conditions of a subject lubricant to the LSF and

USF’ baseline engine conditions. -

During the t ime frame of these tasks , several batches of high sulfur

diesel fuel (1.0 weight percent sulfur) were obtained from the same

supplier. The fuel contained all straight run material . About 85% of

the sulfur content was naturall y occurring with the balance obtained

throug h the addition of ditertiary butyl disulfide. All natural oc-

curring sulfur in the test fuel was from the same refinery stream.

Table S contains the anal yses for the reference DF—2 (Test Numbe r 1) and

the high sulfur fuels used in this program.

The prop erties of the lubricants evaluated during this program are

presented in Table 6. The low and high sulfur fuel baselines utilized a

standard CRC reference engine oil (REO 203) which met the requirements

and was qualified under specification MIL—L—2104C. The lubricant from

Test Number 6 also met MIL—L—2lO4C requirements , and is considered a

reference oil by the U.S. Army , Test Number 5 was run using a lubricant

which met U.S. Navy specification MIL—L—9000C (SHIPS) (Ref—17). Test

Numbers 11 and 13 eva l uated synthetic based lubricants which were sub—

mitted by industry, and were approximatel y of MIL—L—2104C quality level.

The oil evaluated in Test Number 14 was a mineral oil based product

submitted by industry and had met the requirements of MIL—L—2104C. Test

Number 16 used a mineral based lubricant which is designated a reference

oil in the United Kingdom (U.K . ER—5).

Table 7 contains key average operating conditions for these tests.

Included are parameters for power , fue l usage, operating temperatures

and oil consumption. Table 8 contains a listing of test results in—

cluding wear measurements for fire ring gap and liner bore change,

piston and liner deposition ratings and other pertinent ratings . Table

9 shows a tabulation of the ring sticking performance for each test.

Finall y , Table 10 contains the used oi l ana l yses which include the

14
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TABLE 5. TEST FUEL PROPERTIES

Test No.
— 

Property ASTM 1 4 ,5 6 11 ,12 ,13 14 ,16 18
Code Method Ref DF—2 AL—6765 AL—6933 AL—7178 AL—7289 A L— 77 66
API ° D 287 33.2 34.6 35.6 34.5 34.7 34.4
S u l f u r , wt% D 2622 ND 1.03 1.05 1.05 1. 02 1.0 1
Sulfur wt% D 1266 0.42 0.97 1.04 1 .01 1.02 1.05
Viscosity, cS
at 38°C D 445 3.20 3.15 3.2(~ 

)68a Ni)
Flash Point , °C D 93 85 ND 54 73 79 82
Cloud Point , °C D 2500 —5 ND ND ND ND —IS
Pour Poin t , °C D 97 —8 ND ND ND ND — 15
Water & Sediment D 1796 0.0 0.0 0.0 ND 0.0 NI)
Carbon Residue , wt% D 524 0.10 0.19 0.17 0.18 0.19 Ni)
Copper Corrosion D 130 lÀ lB lA lÀ lA NI)
Cetane No. D 613 47 NI) ND NI) ND 48
Ash , wt% U 482 0.006 0.001 0.001 NI) NI) NI)
H. Htg  Value ,
MJ/kg U 240 45.47 44.82 44.60 45.00 45.00 NI)
BTU/lh 19,500 19,300 19,200 19,400 19,400

Distillation , C C D 86
IBP 210 197 186 197 204 200
10% 242 236 236 225 229 238
50% 271 274 272 262 263 269
90% 317 31S 323 310 310 306
EP 36S 349 365 3S2 363

ND Not  De te rmined
a Kvis @ 40°C

15
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TABLE 9. RING STICKING SUMMARY
.

Test No. Ring Sticking (Cylinder— Ring—Conditi on)

1 (LSF) #2 — F/R — Sluggish
#3 — F/R — 15% Cold Stuck

~-i(HSF) #3 — F/R — Sluggish

1.~(HSF)  #2 — FIR — 60% Cold Stuck

1~~(HSF) #1 — CR#2 — 5% Cold Stuck
5 #1 — F/R — 10% Cold Stuck —

44
-4 -

6 #1 — F/R — Sluggish
#2 — F/R — 30% Cold Stuck#3 — FIR — Sluggish J

11 #1 — F/R — Sluggish
1/3 — F/R — 80% Cold Stuck

13 1/1 — F/R — 90% Hot Stuck; #1 — CR#1 — Sluggish
#2 — F/R — 100% Hot Stuck ; #3 — CR#l — Sluggish
#3 — F/R — 100% Hot Stuck

14 1t2 — F/R — 30% Cold Stuck
16 #1 — F/R — 10% Cold Stuck
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values  of selected properties determined at the end of test (210—hours)

and the chan ge in property value from new • Havin g presented the overall

summar y of test  operat ion and results , each individual test will be

discussed in the following section.

IV, DISCUSSION OF RESULTS

In th is  section , each test will be discussed based on the data presented

in Tables 6 through 10. Each test lubricant will be compared to the low

and high sulfur fuel baselines to provide an overall assessment of

lubr ican t performance in comba t ing high sulfur fuel effects.

Before discussing the individual tests, the key performance areas of the

low and high sulfur fuel baselines will be reviewed • The results of the

LSF baseline (Table 8) are representative of the desired engine condi-

tion of the test. Measured wear (fire ring gap and cylinder liner bore) —

were low as were liner scuffing and ring face burning. Piston deposit

levels were moderate , and no serious ring sticking problems were ob—

served • Compared to the LSF baseline, the HSF baseline had much more 
- -

severe ring face burning (32% vs 1%) and cylinder liner scoffing (412 vs

4%). Measured wear was two to four times more severe for the HSF base-

line. Piston cleanliness had deteriorated slightly and ring sticking

tendency had increased slightly, but still did not approach problem

levels. As shown in Table 10, the used oil from the LSF test was still

in satisfactory condition while the HSF lubricant had been degraded only

slightly more (mainly an increase in flash point and a slight increase
— in viscosity). The HSF baseline lubricant had increased to SAE 40

viscosity after test, but this was not severe as the new oil itself was

on the borderline of being SAE 40. In evaluating the performance of the

various test lubricants in combating 11SF, our primary objective was to

obtain engine condition approaching or equal to the LSF baseline condi—
- 

- • tion when the engine was operated using HSF.
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Test Number 5

The lubrIcant (AL—6575) evaluated in Test Number 5 met the requirements

and was qualified under specification MIL—L—9000G (SHIPS) and was vis-

c o s i t y  grade SAE 40. I t  conta ined  a c a l c i u m  based de te rgen t— dispe r san t

a d d i t i v e  sys tem and had a ra ther  hi gh s u l f a t e d  ash content  (1. 78 weight

p e r c e n t ) ,  and hi gh t o t a l  base number (15.1) .

This tes t  r e s u l t e d  in some improvement in overal l  engine condi t ion  as

compared to the HSF base l ine. As shown in Table 8, fire ring gap wear

was si g n i f i c a n t l y reduced w h i l e  l iner bore change and l iner s c u f f i n g  P1
were slig htl y reduced with AL—6576 . No improvement in ring face burning

was observed and a de t r imen t  in p iston cleanliness resul ted . No signi—

ficant ring sticking occurred during this test (Table 9). Used oil

analyses  (Table 10) revealed that the condi t ion  of AL—6576 was not signi—

ficantl y degraded . Wh ile Test Number 5 showed some marked improvement

over the  HSF basel ine , i ts overall  performance did not approach the

excellent performance observed for the LSF baseline , except for fire

ring end—gap wear which were comparable.

Test Number 6

The lubricant (AL—6856) evaluated in Test Number 6 met the requirements

and was qualified under specification MIL—L—2104C, SAE grade 30, and is

considered by the Army to be a MIL—L—2lO4C reference lubricant. This

oil contained a calcium based detergent—dispersant additive system with

a sulfated ash of 1.64 weight percent and a total base number of 13.9,

As shown in Table 8, use of this lubricant resulted in no significant

improvement in engine condition as compared to the HSF baseline . tn
fact , fire ring gap wear was much more severe as was ring face burning.

Piston deposit levels were consistently higher than the HSF baseline.

Only the average cy linder liner scuffing showed a slight improvment in

Test Number 6, Ring sticking (Table 9) was similar to that observed in

the HSF baseline tests. The used oil analyses (Table 10) revealed that

AL—6856 thickened from an SAE 30 to an SAE 40 viscosity grade during the

-

‘ 
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test. This increase was probabl y caused primaril y by soot accumulation

as the carbon residue and Insolubles values increased significantl y

during the test. Overal l , the use of AL—6856 did not reduce or counter—

act the detrimental effects of using HSF.

Test Number 11

The lubricant (AL—6942) evaluated In Test Number 11 was described by its

manuf;icturer as “an experimental synthetic non VT—improved SAE 10W—30

lubricant. ” Discussions with the manufacturer revealed that AL—6942 was

a blend of synthesized hydrocarbon and ester material. AL—6942 was

formulated to meet the requirements of MIL—L—2104C and API service

class if ica t ion SE . This oil contained a calcium based detergent—dis—

persan t additive system , wi th a sulfated ash of 1.50 weigh t percen t and
a tot al base number of 10.2.

Compared to the 11SF basel ine , Tes t Number 11 had very similar resul ts as
shown in Table 8. The average cy linder liner scuffing was slightly

reduced for Test 10. However , the key areas of ring face burning and
measured ring and liner wear were not significantl y improved . Piston

cleanliness (Table 8) and ring sticking (Table 9) were comparable to

the HSF baseline. The used oil proper ties (Table 10) indicated that the

lubrican t was sti l l  in sa tisfac tory condi t ion at 210 hours as there were
no subs tan t ial changes in oil properties. Overall , the use of AL—6942

did not result in the desired engine condition when high sulfur fuel was

used.

Test Number 13

The lubricant (AL—7135) evaluated in Test Number 13 was described by its

manufacturer as a “polyol ester based lubricant which contains no vis—

cosity index improver.” AL—7135 was formulated to meet the requirements

of API service classifications SE and CD. The oil contained a mixed

calcium and magnesium based cfetergent—dispersant additive system which

resulted in a sulfated ash of 1.02 weight percent and a total base

number of 7.9.

23
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As shown in Table 8, evaluation of AL—7135 resulted in very good perfor-

mance in some areas and very bad performance in other areas. Relative

to the HSF ba sel ine , Test 13 showed good improvement in overall average

cy linder Liner bore wear , and a very significant reduction in ring face •

burning, while the average cylinder liner scuffing was moderately re—

duced . Unfortunatel y, the use of AL—713S resulted in severely hot—stuck . 
- -

fire rings in all three cy linders (Table 9). Piston deposits were

rather heavy which probab ly was a consequence of the stuck fire rings.

The used oil analyses (Table 10) revealed a large increase in flash —

point of the lubricant (+33°C) and a significant reduction in total base

number. Other lubricant properties were not significantl y degraded . ; -

Overall , the use of AL—7l35 offered promise for controlling some of the

HSF effects such as ring face distress; however, the hot stuck fire

rings negate the possible use of this lubricant as a solution to the 11SF

problem.

Test Number 14

The lubricant (AL—7287) evaluated in Test Number 14 wa s descr ibed by i ts

ma n u f a c t u r e r  as a “mi ner al base stock oil tha t  meets t he pe r fo rmance

requirements of MIL—L—46l52 and MIL—L—2104C.” The lubricant was vis-

cosity grade SAE 30 and had a calcium based detergent—dispersant ad— •

ditive system. The sulfated ash was 1.63 weight percent and the total

base number was 11.4.

Compared to the HSF baseline , the use of AL—7287 resulted in mixed

performance (Table 8). Ring face burning was much more severe with

AL—7287, while the average cylinder liner scuffing was moderately re—

— duced. The average fire ring gap wear was significantly reduced in Test

14 , while the cy linder liner bore wear, piston deposit ratings, and ring
sticking (Table 9) were very similar to the HSF baseline. The used oil

analyses (Table 10) show that the viscosity had increased to an SAE 40

grade and that the flash point had increased moderately (+14°C). The

carbon residue had increased (+1.09 weight percent) indicating a buildup

of combustion byproducts , while the insolubles did not reach significant

levels.
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~~- ra11 , AL—7287 did not approach the desired l eve l of performance

observed In the LSF baseline .

Test Number 16

The luhrLcant (AL—6950) evaluated in Test Number 16 was a United Kingdom - 
-
~ 

-

reference oil (ER—5). AL—6950 was evaluated because it had given ac-

ceptable performance In a limited Kingdom four—cycle diesel engine test

which used h i g h  su l f ur f uel (1.0 weIght percent). This lubricant con-

tained conventional petroleum hasestocks and met the viscosity require—

ments of SAE 1 0W—3D . AL—6950 had a calcium based detergent—dispersant

add itive system with a sulfated ash of 0.73 wei ght percent and a total

base number of 4.8.

Compared to t he 11SF base l ine , the use of AL—6950 did not result in any

significan t improvement in engine condition (Table 8~ . Measured wear

(fire ring gap and cy linder liner bore), ring face  bu rn ing and p is ton

dep osits were all equal to or worse than the 11SF baseline. No serious

ring sticking was encountered with AL—6950 and the used oil analyses

(Table  11) showed onl y a moderate Increase in f l a s h  poin t (+7°C). The

used oil iron content was slightl y hi gher than the 11SF baseline. Over—

a l l , the use of AL—6950 did not result in the desired level of perfor-

mance observed in the LSF baseline.

V. CONC LU S IONS /REC OM MEN DATI ONS

A qualitative summary assessment of the performance of the lubricants

tested En this program is presented in Table 11 . The following conclu—

sions are made based on the work covered in this report:

o To date , none of the lubricants tested would allow the co~itlnous

use of 11SF without a penalty in eng ine condition as compared to LSF

utilizaton.

o One lubricant (AL—6576) which met the requirements of s p e c i fic a t i o n

MIL—L—9000G (SHIPS) yielded significant improvement in measured

wear , but no Improvem ent En ring face condition when high sulfur

f u e l  was used .
S

- 
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TABLE 11. SUMMARY OF LUBRICANT PERFORMANCE
COMPARED TO 11SF BASELINE

Test No.
Performance Area 5 6 11 13 14 

________

AL— 65Th AL— 6856 AL—6942 AL—7 1 35 AL—7287 A l — ~~~S1)

Fire Ring Wear ++ —— A + —_
R ing Face Burning o — —  o ++ — —  —-.

Cv tinder L i n e r  Wear  + —— —— ++ o ——Cy l inder Liner Scuffing + + + + +

Piston C leant m ess —— 0 —— ——R i n g  St i c k i n g  o a —— 0 0

++ Improvement approaching LSF base l ine
+ ~ Improvement—— Worse than 11SF baseline 

- 
-

o Approximat ely the same
A Not determine d , r ings  stuck

H

L - —

~~~~~

-

~ 

-
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• Lubricant AL—7 135 gave improved performance in measured wear and

ring face condition compared to the HSF baseline; howeve r , severe

fire ring sticking occurred wi th  this oil which precludes further

— . evaluations of it.

• The other lubricants tested with HSF resulted in sligh t or no

overall improvement in engine condition. (Some even resulted in

worse performance than the 11SF baseline).

The following recommendations for future effort are offered :

• Additional lubricants which are specially formulated to counteract

the deleterious effects of using 11SF should be developed and test—
ed.

• Additional lubricants from within the military suppl y system should

be tested with 11SF (e.g. MIL—L—212608 Preservative Oil, and MIL—L—

46167 Arctic Engine Oil) to further define the current status of

the problem.

• Fue l additives for combating 11SF effects need to be identified and

tested .

• Additional effort needs to be undertaken to aid in the base under—

standing of the fuel combustion and engine degradation mechanisms

involved with NSF.

• Future Army engine oil specifications should include both two and -~~~~~~

four cycle diesel engine test requirements using 11SF.

VI. ACKNOWLEDGEMENTS

The author wishes to acknowledge the assistance provided by Mr. T.C.

Bove n , the project technica l  monitor  at MERADCOM, and Mr. S.J. Lestz,

Director of the MERADCOM program at AFLRL . Special recognition is made

of Mr.  Roy Nava who handled the engine bui ld—up , wear measurements , test

27

~~‘ I — ~~~~~~~~~ 
.
~~~~~ ~~~~~~~~~~~~~ ~~~~



* .1 
f ;

operation and data compilation. Recognition is made of the following

AFLRL personnel who contributed their skills to this work:

Mr. J.W. Pryor Technical Editor

Mr. E.R. Lyons Engine Deposit Ratings

Mr. D.W. Babcock Photography

Mr. Jesse Cantu Drafting
Ms. R.J .  Shew Typing

VU. REFERENCES

1. “Fuels and Lubricating Oils for Detroit Diesel Allison Division,”
GMC , Form 7SE270 , September 1978.

2 . U.S. Mili tary Specification MIL—L—2 104C , “Lubricating Oil, Interval
Combustion Engine, Tactical Service,” November 1970.

3. S.J. Lestz, M.E. LePera, T.C. Bowen, “Fuel and Lubricant Effec ts on
A rmy Two—Cycle Diesel Engine Performance,” SAE No. 760717, pre-
sented at Automobile Engineering Meeting, Dearborn, MI , October
1976; also available as AFLRL Interim Report No. 80, September

1976; AD A031885,

4. N.M. Gadebusch, “The Influence of Fuel Composition on Deposit

L 

Formation in High Speed Diesel Engines,” Detroit Diesel Allison

Division, GMC, SAE National Trac tor and Diesel Engine Meeting,
Milwaukee, WI, September 7, 1948.

5. G.H. Cloud and A.J. Blactcwood, “The Influence of Diesel Fuel Pro—
perties on Engine Deposits and Wear,” Esso Research, SAE National
F&L Meeting, Cleveland, OH, June 2—3 , 1943.

6. C.C. Moore and W.L. Kent, “The Effect of the Nitrogen and Sulfur

Content of Fuels on the Rate of Wear in Diesel Engines,” Union Oil
Company of California, SAE Annual Meeting, Detroit, MI, January
6—10, 1947.

28 

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

~~~~~~~~~ 
_____________________________



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

7. R.J. Furstoss , “Field Experience with High Sulfur Diesel Fuels ,”

Caterpillar Tractor Company, SAE Quarterl y Transactions , Vol . 3,

- -  
. 

No, 4, October 1949.

8. L.A. Blanc , “Effect of Diesel Fuel on Deposits and Wear ,” Cate r—
pillar Tractor Company, SAE Quarterly Transactions , Vol. 2, No. 2,

April 1948.

9. c.F. Perry and Wm. Anderson , “Recent Experiences with Sulfur in

Distillate Type Fuels Burned in U.S. Navy Diesel Engines,” Paper

No. 74—DGP—4 , U.S. Navy , ASME 1)iesel and Gas Engine Power Con—

ference and Exhibi t , Houston, TX , April 28 — May 2, 1974.

10. R. Overton , D.E. Steere , and L.R. Carey , “Field Performance of

Diesel Engine Oils ,” SAE Paper No. 760270, February 1976.

11 . Alphonse Schilling, “Automobile Engine Lubrication ,” (Chapter 7),

L 

Scientific Publications (G.B.O LTD , 1974

12. Federal Specif ication VV—F—800b , “Fuel Oil , Diesel ,” March 12 ,
1975.

13. E.A. Frame , “High Sulfur Fuel Effects in a Two—Cycle High Speed

Army Diesel Engine ,” Interim Report , AFLRL No. 105, AD A069534 , May
1978.

14. “Development of Military Fuel/Lubricant/Engine Compatibility Test,”

Coordinating Research Council , Inc., New York, NY , January 1967.

15. CRC Diesel Engine Rating Manua l No. 5, Coordinating Research Coun-

cil , Inc., New York, NY , November 1959.

16. Proposed CRC Rating System for Diesel Engine Deposits, Firs t Draf t ,
Coordinating Research Council , Inc., New York , NY , February 22 ,
1973.

29



~~—~- - - ~~ - 
—- -—-,- - —-.-*-----~~ -- , ----—---- 

~~~~~~~~~~~~ —

~
‘-

~~~~

-

~~~~~~~~

“

— — —. — . — 
• .1 -.

17. U.S. Military Specification MIL—L—9000G (SHIPS), “Lubricating Oil ,
Shipboard Internal Combustion Engine, High Output Diesel.”

r

.

30 - 

-~~~~~~ -~~-~~ --—



APPENDIX A

Wheeled—Vehicle Test Procedure

-—-~--
_

~~
-j 

_ _ _ _ _ _ _



APPENDI X

WHEELED-VEHICLE TEST PROCEDURE
DD 3-53 ENGINE

Tes t No.: 
_____________  

Engine Serial No.: 
__________  

Test Cell No. : 
—

Tes t Lubricant : 
____________________  

Tes t Fuel: _______________________

Ins truc ti ons

1. Pre-Test Preparations.

1.1 Filter Elements . Install new element in oil filter and -1
change oil in air filter bath (using test oil).

~
-
~-11.2 Sump Oil Charge. Charge engine sump to full mark on dip-

stick with test oil (AL- -L). Close filler cap and
mo tor engine for one minute at low speed (about 500 RPM)
to fill oil cool er , filter , and internal oil passages.
Re check leve l and add to full mark again (should be about
25 ibs).

1.3 Priming Fuel System. After changing over to Ref DF-2 fuel
and flushing fuel lines , remove the Allen plug from top
of primary fuel filter and fill the filter with fuel , then
re-install plug .

1.4 Break-In Procedure. Set jacket coolant-out temp . controller
at 205 °F . Start engine and idle at 650 RPM for five minutes ,
then warm up at about 1000 to 1200 RPM for ten minutes.
If no engine malfunctions or leakages occur , conduc t the
following break- in and record complete log sheet readings
at end of each setting . Calculate: BHP, Torque , BSFC ,
BMEP.

Time Speed Load Jacket-Out Temperature
Minutes 

- 
RPM lb °F

30 1800 25 205 -

30 2 2 0 0  55 205
30 2500  80 205
30 2800  80 205 

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

“- 
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1.5 Full Load Performance Test. Following the break-in run ,
condu ct a full load performance test run at the following
t onditions . Allow conditions to stabilize at each speed ,
then record comple te log sheet readings at end of each
setting. Calculate BHP , Torque , BSFC , BMEP.

Speed, RPM Jacket-Out , °F

1600 205

1800 205

2 0 0 0  205

2 2 0 0  205

2400  20 5

2 6 00  205

2800  205

1.6 Valve Clearance Check. Upon completing the full load per-
formanc e tes t , s top engine and immedia tely check the hot
clearance of th~ exhaus t valves. Adjust clearances to
.023- .025 in , also check injector height per gauge .

1.7 Oil  and Fuel Change-Over. Upon completing valve clearance
c}ieck, dra in  oi l  sump and filter. Discard drain and oil
filter element. Weigh and record (on oil consump tion log)
a new oil filter element. Install new oil filter and
then charge sys tem with full charge of test oil (AL- -L) - 

-

as in item 1.2. Record weight of total charge. Change
over to test fuel (AL- -F) and flush fuel lines .
Replace bo th fuel filter elements and prime as in item 1.3.
Weigh oil blowby can and record (oil consumption log).

1.8 Full Load Performance Test. Following fuel change-over, run
full load performance test as in item 1.5.

Check and Adjust Oil Level Before Starting Test.

2. Test.

2.1 Warm -Up. At the start of each day--idle for five minutes ,
then start test cycle at 2800 RPM.

2.2 Test Conditions. After warm-up, the following tes t
cycle condi tions are followed:

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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Test Cycle for 15 Days -
- 

-

Coolan t 
- -

Pe r i od Time , II r s Load , % RPM Tenp . , °F

1 2 100 2800+20 205+2
2 1 0 650 25 l00~~2
3 2 100 2 80 0~ 2 0 ( )
4 1 0 ~50 10 0
5 2 100 2800 2 0 5
t) 1 0 650 100

2 l O U  2 800  2 05
8 1 0 650 100

2 100 2800 205
10 10 S h u t  Down 

Operate at test conditions 14 h o u r s/ d ay  fo r  a t o t a l  of 2 10
h o u r s . C o m p l e t e  log sheet  r e a d i n g s  at end of each  peri od.
C a l c u l a t e : BlIP , Torque , BSIC , BM EP .

2 . 3 D a i l y  Coo 1-I ) own .  A f t e r  t he  l a s t  t e s t  hour  each day , reduce
t h e  speed to i d l e  J 0 0 —  t 5 0  RP ?~1) f o r  f i v e  mi f l u t e s , ( w i t hou t
r e s e t t i n g  c o o l a n t  c o n t r o l  i cr )  then  s top  e n g i ne .

2 . 4 Use d O i l  Sample s  . F l u s h  o i l  f i l t e r  t ap , and w i t h d r a w  a
used  o i l  s a m p l e  during dail y 5-minute cool-down (item 2.3)
a c c o r d i n g  to t h e  Oi 1 Cons umpt  ion  Log schedu le  and r eco rd
s ample  w e i ght.

Ident i (v each sample as to test hours , test No.  and o i l
code (A L -  -L )  . T a k e :  2 o z . s ample  each da e x c e p t  at
~0 and  140 h o u r s  t ake  12 o: . samp le .  At end of t e s t  t ak e
1t~ 0:. s a m p l e .  Take d a i l y  o i l  samp le s  to Chem Lab f o r
e l e m e n t a l  a n a ly s e s  by X R F .

2 .5  O i l  A d d i t i o n s .  Ne w t e s t  o i l  a d d i t i o n s , i f  requi red , are to
be made at the end of each day after shutdown. Al low five
minut es for oil to drain hack to sump . Add weighed new
oil to restore sump level to full by di pstick . Record
weight of add-on oil consumption log.

2 . 6 N n a l  Oil Drain. Upon CO~ J) let ion of ~0S t tes  V po w er  c u r v e s  an d
while eng i iie is warm , d r a i n  the s ump , saving one gal ion
of used  o i l  i n  c l e a n  can .  Tag can , showing test No ., o i l
code , da~te , and test h o u r .  A l s o  remove oil filter element ,
w e i g h  an~l record.
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2.7 Notes and Limits.

(1) Coolant is 50% glycol/50% water.

(2 ) Coolant Out temperature mus t be reduced to 100°F
wi thin 15 minutes after idle starts .

(3) Limits/Tolerances: Coolant Out Temperature : +2 °F
of  des i gnated temperature . 

—

O i l  Sump T e m p e r a t u r e : 2~~5°F m ax .

Fue l @ Fil ter Temperature: 90÷5°F (105°F
max .=shutdown) .

(4) No Oil Change during test.

3. A f t e r  Test .

3.1 Full Load Performance Test. At end of test , run f u l l  load
perfo rmance test as i n  item 1.5.

3 .2  Valve C l e a r a n c e  Check. Upon comp leting end of test power
curve , item 3.1 , check hot valve clearances and record.

3.3 Wear  and 1)eposits . Upon disassemb ly of engine, check wear
n e a s u r e m e n t s  an dT deposi t  r a t i n g s  (on sheets p r o v i d e d )

3.4 Record amount of fuel used for test. —

3.5 Calculations (for AFLRL Cell No. 2: BHP (obs.) =

Load x RP M/ 3 0 0 0

Torque (lb-ft) Load x 1.75

I3SFC (lb/Bhp-hr) = :Lbs Fue l per hr/l~HP (obs.)
F BMEP (psi) = Torque x 0.474 

—

4. Cell Notebook.

4.1 Keep cell notebook updated (like a diary) at all times.
Record wha t  is being done (changes or repairs) to the cell
eng ine , instruments , etc. Record any thing unusual and all
modifica tions.
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OIL CONSUMPT ION LOG

Oil Addition Record Oil Code
Test No.

~i . - ~; t Op. Weight Oil & Can Weight Oil & Can Weight of Wt Initial
l1~~~rs m it. Before Add After Add Oil Added Oil Fill 

________________

1-1
28 

_____ _________________ ________________ _________ 
Wt Total

4.~ 
____ ____________  ______________  ________  

Oil Adds 
_____________

56 
______ ________________ ___________________ ______

70 
_ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _  _______  

W t F111
84 

- _________________ _________________ _________ 
Phis Adds

98 _______________ - -_______________ ________

112 
___  _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _  

Wt Total
_________________ ________________ _________ 

Oil Samples 
______________ —

140 
____ _________________ _________________ _________

-— ________________ _______________ _________ 
Wt Final

163 
__________________ _________________ __________ 

Oil Drain 
_______________

182 
____ _________________ _________________ _________

___  _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _  
Wt Used

2 10 
____ _________________ _________________ _________ 

Filter
‘Total Additions_____________

Wt New
Filter

Oil Samples

Wt Oil• Tcs t  Op. Weig ht of in Filter
Itours m i t .  Sample & Bottle Wei ght of Sample

Total Oil
28 

_____ __________________ __________________ Drains
42 -

~~~

Total Oil
*70 

_____ _______________ ________________ Cons.
84 

______ __________________ ____________________

98 
_____ _________________ __________________

112
126 

____ _______________ ________________

‘~- 140 ____ -________________ _________________

- 154 
_____ _________________ __________________ - -

168 
_____ _________________ ___________________

~l 82 
_____ __________________ _____________________

196 
_____ _________________ ________________________- _____- -__________________

— 
Total Samples 

— 
- -

Al l  Weig hts  a r e  in Pounds.
- 

- - Large  Samples - 12 oz. ; all o thers  are  2 oz.

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

—
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DEPARTMENT 0F THE ARMY Bowen /mb/43576
: - US ARMY MOBILITY EQUIPMENT RESEARCH & DEVELOPMENT COMMAND - -

- . FORT BELVOIR , V I R G I N I A  22060

ORDMECL 14 July 1977

SEE DISTRIBUTION LIST

Gentlemen :

In our letter of 2 March 1977 concerning multigraded engine oil, we
indicated the Army was experiencing a problem with high-sulfur diesel
fuels. The purpose of this letter is to solicit your assistance in
developing a solution to this problem . The difficulty occurs during
the continuous operation of Army diesel powered equipment on high-sulfur
fuel ()0.5°oS). Diesel fuels purchased OCONUS by the Army are consistently
running in excess of 0.5% sulfur and have contained as much as 1.2% sulfur.
The problem is more critical in two-cycle diesel engines with engine 

- 
- 

-

failures reported from areas where high-sulfur fuels have been used. The -
- 

—

Army fleet contains a significant number of two-cycle diesel powered
engines as shown by Table 1. Laboratory investigations have confirmed
the effect of hi gh-sulfur diesel fuel on Army two-cycle diesel equipment
(SAE paper No. 760717). Specific problem areas documented by the

• labora tory investigations included : catastrophic p iston/ring/exhaus~~va 1ve
failure and relativel y high deposit and wear levels.

Fuel and/or lubricant modifications hold promise for solving the
Army ’s problem of operating continuously on high-sulfur fuel . The Army
envisions three possible approaches, which include :

Approach No. 1: a fuel additive added at the refinery which would
counteract the deleterious effects of fuel sulfur combustion products.
This additive would be requested for use only in areas where high
sulfur diesel fuel is being used continuously.

Approach No. 2: a lubricant additive package added by the lubricant
blender to current MIL-L-2104C qualified products. This package
must be completely compatible with all qualified MIL-L-2104C products
and must allow continuous operation on high-sulfur fuels while still
maintaining excellent overall MIL-L-2104C performance. This lubri-
cant would be used only where continuous operation on high-sulfur
fuels is encountered .

~~~
_
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Page 2

Approach No. 3: a new generation of diesel lubricants containing
a speciall y balanced and formulated additive package to give excel-
lent performance in both two and four-cycle diesel engines operated
on hi gh-sulfur fuel. In addition to meeting future anticipated MIL-
L-2104C requirements as defined in our letter of 2 March 1977, this
new generati on of lubricants would directly replace the current
MIL-L-2104C lubricant for use in all nonarctic operated Army combat!
tactical equ i pment.

I f  Approach No. 3 is taken, the Army would like to ultimately see
the new generation lubricant include multigrade technology as
discussed at the SAE open forum in Tulsa, Oklahoma (June. 1977). It
is understandable and acceptable to the Army if lubricant/additive
suppliers determine that multigrade technology and high-sulfur fuel/
lubricant technology each must be developed separately and in a stepwise
manner .  However , the ult imate  1-ubricant desired must have both multi -
grade c h a r a c t e r i s t i c s  and be able to counteract the deleterious effects
of h i gh—sulfu r fuel.

Currently the Army is developing baseline information on fuel sulfur
e f f e c t s  in the I)DAI) 3—53 engine  which  is the power plant in the Army ’ s
1-1/ - I  ton M5t~l ( ( ;~t nrna Goat). The eng ine has been i n s t a l l e d  at the  U .S .
Army Fue l s  ant i  Lu b r i c a n t s  Research I .aboratory in  San Antonio , Texas.
Once b a s e l in e  dete rm i nat  ion s  are completed , the  exact performance
t a r g e t  can be -.et . P r e s e n t l y ,  we are d e f i n i n g  acceptable  performance
w i t h  hi gh—s n I fur ft i e 1 ( 1 . OI S)  as wear and depos i t i on  not greater
t han that obt , i ned from a re ference  lubricant (R h O 203) and l o w — s u l f u r
fue l (0. 4% S) in the  3-53 eng ine. The test procedure being followed is
the Army ’s 210-hour wheele d-vehicle test cycles as def ined in SAE paper
No. 760717. I t  approaches 2 or 3 are followed , the Caterpillar 01-1
test w i ll he used in addition to MIL-L-2l04C requirements to determine
f o u r - c y c l e  c o m pa t i b i l i t y  of the new lubricant . If approach No. 1 is
fol l owed , t he  fue l a d d i t i v e  s u p p l i e r  must submit  data showing both two -
cyc l e  and f o u r - c y c l e  d i e s e l  eng ine compatibility for his proposed fuel
additive.

~u p pt i e r s  who believe they could fu rn ish a product meeting the
requirements described herein should forward a 50-gallon drum of
the finished lubricant or sufficient fuel additive to treat 2000
gal Ions of fuel to:

U .S.  Army Fuels and Lubricants Research l aboratory
Southwest  Research I n s t i t u t e
A t t n :  P i r .  F. A.  F rame
8500 (‘u l ebr a  Road
Sa n A n t o n i o , Te xas 78284
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Page 3

An a d d i t i o n a l  5 g a l l o n  f i n i s h e d  l u b r i c a n t  sample or 1— g a l l o n  fue l
add i t  ly e samp le should he sent to:

— Commander
U.S. Army Mobility Equipment Research ~ Development Command
Attn : l)RUMF-GL,, Mr. 1’. C. Bowen
Ft. hielvoir , Virginia 22060

Priority will be g iven to lubricant samples submitted with NIL-I,-
210-IC engine t e s t  da ta  and the Ca te rp i l l a r  01-1 test  r e su l t s  and
to fuel aUdit ives with eng ine test data support i ng the recommenda-
t ion . The A rm y will conduc t the  previously mentioned 3-53 two—cyc le
die-~el eng ine tests. -

~ 
j -

In closing , supp liers are again reminded that (1) the Army diesel -

p~wvr c d  f l ee t  ha -  a spec ia l  l ub r i ca t ion  requirement ; i.e. , operation
over any kind of terrain , under till k inds  of c l i m a t i c  conditions
coupled with the combined requ i rements  of a d i v e r s e  inventory  of
spec ial ized g round-powered equipment and ex t remely  severe operating
cyc les , (2) test results will be provided to supp l i e r s ;  however ,
t e s t  data generated by the Army dc’es not constitute an o f f i c i al

- 

- endo rsement o f any lubr ican t or fuel  add it ive

Sincerely yours .

I I ne t MAtIR 1CE L . LLPFR A
as Chief , Fue l s  ~ Lubricants Division

C l :  A F I R L  -

‘
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Table I Army Tactical Vehicles Powered by
GMC Detroit. Diesel Two—Cycle Engines

D.signation ~es~ri p~tion Engine Model

HIO 6A I M ortar , Self—Propelled , 107 MM 6V53
M107 Gun , Sel f—Propel led , 175 M1-~ 8V 71T

— M 109 f towltzer , Self—Propelled , 105 MM 8V71T
Ml0 9  Howi t ze r , Medium , 155 MM 8V71T
Ml l() Howitzer, Self—Propelled 8V71T

MII 3A 1 Ca r r ie r , Pe rsonnel 6V53
M125A1 Mortar , Self—Propelled , Full—Tracked 6V53

Flame Thrower, Self—Propelled 6V53
t’t548 Carr ie r , Cargo , Tracked , 6—To n 6V53
M551 Armored Reconnaissance/Airborne Assault Vehicle (Sheridan) 6V53T

Gamma Goat 3—53
N 5 / i A l  Ca r r ie r , Command Post , Light Tracked 6V53
M 578 Reco very Vehicle 8V71T
M116 Cargo Carrier , Amphibious , Tracked , 3—53
I1ET7O Heavy Equi pment Transporter 12V71T

Xli 661 CarrEer , GM, Equipment , SP *
X~I 127 Carrier , GM , Equipment , SP *
Xli 130 CarrIer , GM , Equipment , SP *

L 

XN 741 Chasuis , Gun , AA Artillery, 20 MM, SP *

Xli 806E1 Recovery Vehicle , FT Armored *

-— Truck , Dump , 20—Ton , Diesel Electric Driven 6V71

a re powe r ed b y either 6V53 , 6V53T, or 8V71T (TB—750—f,52)
N o t e :  A l l  new and rebuilt series 53 engines use t r u n k — t y p e  p i s tons . Only  the
rt -~ cntly p r o cu r r e d  and currentl y rebuilt series 71 engines use the cross—head
type piston.
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DISTRIBUTION LIST

‘ Amoco Chemi cal Corpora tion (G. Barth)
Amoco Oil Company (C. Sechrist)
Atlan tic Richfield Co. (Frank J. Chioupek)
Bray O i l Company (M. Z. Fai nman)
Chevron Chemical Co. (W. Wagner)
Chev ron Res earch Co. (W. Long)
Continental Oil Co. (W. Council)
Edwin Cooper , Inc . CD. W. Dinsmore)
E. 1. DuPont de Nemours f~ Co. (P. Poiss)Emery Industries (R. Boehr inger)
Ethyl Corp. (J. Kozikowski)
Exxon Research 1 Engineering Co. (Wal ter  Waddy)
Gulf Oil Canada (J. E. McCormack)
Gulf Oil Chemicals Co. (M. Campen)
Imperial Oil Enterprises (C. Holmes)
Lubrizol Corp. (J. Creedon)
M obil  Research ~ Development Corp . (V. Lowther
Paramins Laboratories (A. Schetelich)
Petrolite Corp ., Tretolite Div. (Grenzer)
Philli ps Petroleum Co. (K. Yochum)
Roh n ~ Haas (R. Schum )
q• 1. Vanderbilt Company , Inc . (W. Suyden)
S h e l l  Research i Development Corp . (D. Olson)
Standard O i l  of Ohio  (II . 1. Pontious)
St a u f f e r  C h e m i c a l  Co. (C . Berens)
Sun Oi l  Co. (hi . Crouse)
Texaco Inc .  ( R .  Paggi)
Union  Oi l  Co. (F .  L igget t )
W. R. Grace , Hatco Chemicals (J. Newcomb)
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APPENDIX C

3-53 TEST #5

- FUEL: 1% S, DF-2

LUBE : MIL -L - 9000G , AL-6576
- - START : 30 MARCH 1977

END: 19 AP 1kIL 1977
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- - ENGINE OPERATING DATA (AVG)
TEST #5

Power Idle
Mm Max Avg (Avg) 

-

Eng ine  Speed , rpm 2 7 9 7  2808 2802 645
Load , lbs 98 102 99
Torque , l b - f t  171.5 178.5 174.8
BHp obs 91.5 9 5 . 2  93 .2

- 

Fuel Rate , lb/hr  39.5 4 3 . 7  4 0 . 4
- - B MEP , psi 81.3 84.6 82.9

- BSFC lb/BHp-hr .429 .466 .452
Temperatures, °F

Jacket Coolant-In 194 199 196.5 94
- Jacket  Coolan t -Ou t 204 205 2 0 4 . 3  100

Oil  Sump 248  253 2 5 0 . 5
- I n l e t  Ai r  (Blower)  70 104- 89.5
-
~ Exhaus t M a n i f o l d  810 950 926

- Fuel @ Re turn 139 150 144 .7
Pressure s

Oil Ga l l e ry , ps ig  4 2 . 0  4 5 . 6  4 3 . 5  29
Blower Discharge , 7. 2 8.6 8.1

Airbox , ps ig
— In t a k e  Vacuum , in. H 2 0 6. 4 7 .4  - 7.0

Exhaus t, Common , in. Hg 2.7 3.3 3.0

-i

- 
~~~~~apmuuI.s.l_S__._ ~~~~~~~

-- —  —- -.
~~~~
___

- - 
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LUBRICANT ANALYSES (AL-657 6)
TEST #5

ASTM New 70 140 210
Proper ty Method Oil Hrs Hrs Hrs . -

K. V is , cS , 38°C (100°F)  D445 132.7 145.3 155 .7 158.3
K. Vis , cS , 99°C (210°F)  D445 13.1 14.1 14.7 14.9 

—

VI D 2 2 7 0  100 101 101 102
TAN D664 1.1 2.0 1.9 1.5
TEN D2896 15.1 13.7 15.4 15.1
I n s olu b le s , wt% D893

Pen tane  A 0 . 0 2  - - -  - - -  0.04
Benzene  A 0 .01 - - -  - - -  0. 03
Pen tane  B 0 . 0 2  - - -  - - -  0 . 0 8
Benzene  B 0 . 0 2  - - -  - - -  0 . 0 7

API Grav i ty , ° D287 25.9 - - -  - - -  24.6
Pour Po in t , °C D97 - 15 - 

- - -  - - -  - - -
F l a sh  Po in t , °C D92 241 - - -  - - -  246
Carbon Residue , wt% D524 1.63 2.40 2.82 2.95
Sulfated Ash , wt% D874 1.78 1.98 2.13 2.19
Elementa l  Method

Ba , ppm XRF 
— 

< 300 - - -  ---  ---
Mg,  ppm AA 4 - - -  -- - ---
Ca , w t %  XRF/4A O.55/ o .V~ - - -  - - -  - - -  -
Zn , w t %  XRF / 4 4  0.05/c-or - --  -- -  - - -

Na , ppm AA ---  113 --- 132
Cu , ppm XRF -- -  < 30 - - -  < 30
Cr , ppm AA
Pb , ppm AA - - -  - --  - - -  8
Sn , ppm AA - - -  - - -  - - -  < 50
Fe , ppm XRF --- 72 90 90
Cl , ppm XRF 540 --- ---

- 
- - - -  = Not  De te rmined .

AA Atomic  Absorp t ion .
X R F = X-Ray Fluorescence. 
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45 60 
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37 ~~ 1600 1800 2000 2200 2400 2600 2800
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R I N G  FACE CONDi TION : % BURNING
TEST #5

______ 

Cylinder Number
1 2 3

First Ring 3 90 15

Second Ring 1 3 15

Third Ring N 70 80 - -

F o u r t h  R i n g  N 30 80

A v e r a g e  of all 32~

Ave rage w/o Cyl- l 48~

N = Normal

- p

H

R I N G  S T I C K I N G
TEST # 5

Ring  Piston Number
No .  1 2 3 

-

1 1000 F F
Cold Stuck

2 F F F

3 F F F

4 F F F

F = Fre e

53
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PISTON SURFACE CONDITION
TEST #5

Piston Number
_ _ _ _ _ _  

2 3

Top Land N N N

Skirt N Lt. Scratch Lt. Scratch

P i s t o n  P i n  N N N

PISTON GROOVE INSIDE DIAMETE R -

~ RI NG SUPPORTING CARB ON
TEST # 5

P i s t o n  N u m b e r
P i s t o n  Ri ng Quadrant  

_____ 
2 3

1 80 85 90
1 2 0 0 0

3 0 0 15
4 0 0 5

1 0 40 5
2 2 15 0 100

3 0 5 95
4 0 100 0

Quad rants:

1 = Thrus t
2 = Rear
3 = Anti-thrus t
4 = Fron t
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EXHAUST VALVE DEPOS ITS
TEST #5

Cy l i n d e r No.
Area - 1 2 3

I-lead A l l  l O O % - A H C  to Soot . [I

Face Al l  l O O % - 9  to Clean

T u l i p  Al l  l O O % - 9

Stem All 50%-9 to Clean

EXHAUS T VALVE SURFACE CONDI TIONS
TEST #5

Cy l inde r  No.
1 2 3

Freeness  in Guide  F F F

Head Al l  Norma l

Face Si gns of Leaking N

Seat Leak ing  OK OK 
- 

-

Stem All Norma l

Tip Al l  Normal

56

_ _  ______________ _ _  ~~~ ~~~~ J



_ _ _ _ _ _ _ _ _ _ _ _  - _ _-~~~ -

£

N.

L/)
NJ

NJ NJ
.
~ C c~ • u i ~ ~‘ i

.-3 I I C CD CD CD O~ I C  CD
If) C C C C CD I C CD C
a~ c~ — ‘~-4 C C CD — — Lr)co,-4 -4

U
LW ~~ U U

NJ
NJ NJ U ~~ U r-.~— — ~~~
-4 -4 a ~~ .r) : .- 4

a I C I I I I
C C  C Lr) Lt)CC,

~~~~~ C C ~-4 ‘-~ co C) C C C C C

N.
I a N.

L/)
C

01 —
U .~ If) C) ~ ) NJ - - -a C co co .. a~
-~ . a C) - - C C) C) I I CD

C C L/) I If) C C I I C C C C
C) If) ,. ~4 Lf) C) -1 C C C .1 If) If) -4 If) L/) —

NJ

U U U

U
~~ NJ U NJ~~~ UNJ

— — 
~~~~~~~~~~~~~ ~~~~~~~~-

-4 •.:~:~~~~~ s ~~~ -4
I I C )  I I - _

C L/) If) C l~f) LI)
,-~ C C C — O~) r-~ NJ N. C C C C C - -

— - j
NJ

L 

C)’ co co ‘c’ a N- LI) p-’) I
U a I I I C I ~~ I I C

C LI) C C) C CD I C  C C
-~ — C) — C) .-l C’ C C C NJ LI) ,~~ ~~~

-4

U U U
U

NJ U NJ NJ
n~ — 

~~~ ~~— —.

~~~ 
-.-- -4 -4 -4

U ‘-~ u a I
C ~~ C C

C - C CD CD CD
C) CD CD C .-l — CD C CD CD

.0 ~E .~~~ r-4 NJ t~) ~~ NJ I-’•) ‘~I~ r-4 NJ ~~ ~~

.
~ I E

0- 4.1• —I  n..
~~ 0 0
UI F- ~~~~~~~~ -

57

— 

~_—J-~ _ ~~~~~~~ L ~~~~i ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~ 
—

~
— 

~~ 
_________



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

• - ‘

_ _  _ _

a- ~~~ ~~~ ~~~ ~~~
-J ~ “~ t

z ~~ - ‘  I -
_ I .— -4

14- - 
I 4 , )  14)

~~~
. 4 0 

~~
. - - - — — ‘ — —- - - — — —~

a: 
~-•:UJ I I 1.1.1 - ~- - 44 _ I  ‘~) - - - c,D

I-. 0 ’ l~~~~~~
I - 4

‘I) 
~~~~~~~

,
‘ ,.

~ 
r-~ t-~~T~~- -- — - :7 — —- — — - — — — —- ---- —- -— — -—

— 4— 4 ~~~~~
- - - - -0. w -

IA I I I
a: —• Ui - - -

o ~~~ ~~~~~~~~~~ _ _
~_ i _  . -

~~ 4 ._ I 0 . .
.~~ L I I  I I Z -

~~~. ~~~ Mi - ~~
- - -

— LU .~~ ,,~ --I
LU — — .4 — — — — — — — — — — — — — — — —,—

— I 
.

~~
-

-•~ “
Z ii (_? Ui 

4 _i - I I_I c - -
0 — . 4 U  • I ’ )  -— L I I  - C) 

- ~~-- !_ - - — . -— - . .
LU t - .- 0 ,r I -.

I - - 2 .1

~, I— — - ‘4- , 4 , )  4 , _
I

4 
— 

- •~•~I
— • 4 , , U J i ~ ~_ - ~~~ — — — —-— — — .——-—— 

U I  14_ I 4 . - - ,

~_I 0 - I
C) ~

) ri - . . . ‘4)

0 -~~ 4 i.-, i I_-SI
1 - C )  ~ rIa: ,- o -  - - - - -

4 ~ 0 7 4 - 
_
~~o .

~~ 
. -1  ‘fl -~~ -

7 ir 
~~- a ~- ,  -

~~~~ - i
~~~

_
~

- --_ — — — — —  — —_ - - - -- - + -

1) I (i-i 4 
~~~ 

- - ,- -: 
S

1 4 )  1 )  1 I - 
4
~~~~~

_ S I  4 - -I - In

~4_)
-~ ~~- UI I_ _ I  - ~~ a -

I.I.. I - i -t r - t  1)  - - - -

‘/ H . w
~~~ I - UI 4 )  14 4  0

- I I I  ‘4~~ 
-

ri 
- _ . ..—• I—. SI SI SI S ~- SI 4

~_I i~
_ - 

4 o ~~~~~ Q
~~ ~~~~~~~ * D 2 ~ § ~ ~ S ~

~~~ 
p_ ’

4 b~~ô i ô o 0 0 ô o d  ~
-

‘ 
- 

-J LL -~~~~~ 
- 

~~-~ I
~~~~

i
~~~~~~Q u~~~ i _.i ~~~ < _j I 7 

~ ‘H-~ 
1 (1

~~ ~~~~~~~ L1>L ~~~~~~ ~[ ~W W i l l  

~~~~~~~~~~~~ 
NO8~JV~ H3flODV1 IL ~L~J ~

- -  _ _ _ _ _ _



— - - -
__ - - 

I—

~

. 

. 1  

1 ~~ 
—

— —  _____

C,
C • I
sf ~~~~~~~~ I C C Cl
-
~~~ aa~~ I — C) C)

Q~~~~~ --~ 4 -  - — — — — —
C C C

a — — — — — — — — — — — — — — — — — — —— — CD C) If)
I— C’ If) If_I NI

NJ r’~ < CD • .—4 If) II)
—~~ ~~~ Mi • C) ‘0 • r--i

S ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ C) _ _
~~~~.~~~~~~~~~~~_ ~~~

W a  z �
> 1 4 —  I-I) I~~ C

0 ~~ C) If) C) II)
NJo •-‘ z — —

Z 0 - CD C)
I- CDz - . . C) C

0 0. ui C I f_I C) C)
F- 0 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
.

2 If) If)

_ _ Q) ~~3 U J C )  C) I

< t C ) E t _ I  C C)
~~ C) 4 f ~)

2 ~~~~~. .  . . 
-~

4- MI 14_ I r 4  ~~ I 4 )  
I

4 I O— ~~—~~~~~-- -- - --- - t — —•— - -_ _ _ _-  4~ ’ •~ _~ 1

tU E/I L!) C) I — C )  
— u

~•— 0 ~ 
.0 4 ‘-4 ,—4

14_ I

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

I ! — — -

~~~~~~~! ~~~ ~~~

_ — _ - - — — —  

~~

.
—

— LU < 1 ,  NJ
LU 

— SI — — — a 5 SI

d z .
~~ C

- It) If)
-
~~~~~ • z Mi

0 W Z NI C) 14_I C C’

— co w _o~~~ _ _ _ ~~~~_. _ _  k-I) If) 4:,

iii ~~ ~~~~~~~~r_- 0~~~I 2 ,~~ NI If)

~~~ UJ LI) NJ L/)

-4
I I~ Z ( ~~~~

I ) C ) CD 
— —

0 ~— I -i _ ~~~‘ NJ
C) • 4- .  . • . If) • C’ If)

() ~~ ,-4 
‘~
, 45) 

~~ C) N) 1 C) NJ
-
~~~~ 

.~~~ I -  ~-~~~~ ~ ~~~~~~ 0-~~--- --- --- —- — -o — — — - — --- - - - 
~ 

-

t L) 
~~ ~~~~~~~~~~~~~~ 4f l 1f) C) C)

*4 < W Q 2 J  r -— ~”~~~ - — — — - — — — — — — — —- —— —- --——- --- ----- - - - - - ’ - --
- ~~~~~C)

I/) 
~ F- ~~ C I f)

- _  - — — - — 
I — - - -  - - - —

I -  ‘ F-
co

- 
~~~ I I )  Il_I I 

C I f )  CD
I U)
J v . . .  F-

‘C ~~ LI) F!) I t )  I 4_ I I I!) (/)
- 1 .

l.141I_I I
F!)

~ ‘ I ’  ‘-0 ‘C O
-4 >~~ J II) Il_I C)

w~~ SI SI SI — — 1

o~~~0~~ ~~~ p - ; Oj O  0~~0 ~~~ Ô 0
o 

~~~ 
- -

~~~~
- -

~
- i - - —- .- - - 4 4 - ~ - - ~ P a-

U~~ h L~[
~~~j !L 

~1~
LL

~
± ~~L 

~~~~~~~~
N098V3 83flO~V1 ~sq

- 
_ _ _ _ _ _  

_ _ _ _  —- - L~.4— _~~~~~ __~~~_ r-~.~~~~~
-
~- L~~_ t _J ~~~~~~~



- - ~~~~--  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - -~~~~~~~ _----- - 

• 4 ’  .ii~
— —  _ _

c

J~~~ UI I C C’
o~ -

~~~ — —4-- — --- - c — — — -- — —

C C
Mi ,-~4

— — .~~ — — — — — — .~; — SI — — a — — —

F- If) If_I N-) LI)
UI • ,_4 NJ If) If_I

UI N-) ~ C - N.
>

5 ~~~~~~~~~~~~~~~ 
C tI) I-’)

W 3  IS; 
. 

IS;
> t UI C C ‘-~ If) C) —

- 
0 L/) ,- 4

o ‘.d Z _ _~~~~~~
_ _ _ _ _

~~
_ -___ 

2 0 - C’ C ’ C
14- ~~ C’ If)

2 _ Mi •o • ~~ C1~~~~~~ C C r_-I C
4— 0 ~~ in C-i It) f)

2 • —
0~ 

_ _ ~~~~~~ Z 1~ NJ -S-I

3 Mi C C C N

Z ~~~~~~LJ~) ~~~~~ ,-4

C,, ~~~~~~C N .

2 
l~~~~~~~~~Lt cXD If) If)

14— 
- C- -- r—4 N. N.

_ 4 i 0~~~~~~~~
— — —

I~~~ ~~~~~~~~ 
tI) ‘I)

LU 2 1-4 Ui Lii Lii C_I C_I

P- o~~‘I) ~~~ E~~~~~~~~ E-
— .1 I-’•I ~~ C N. C I-f)
0. MI

L N- MI ~~ 1!) If) NJ If) LI_I

i_~ a .-4 • C-I N)

o F L’) 0 • 
— —

W I  ~-~-4 Z ‘k ‘0 ‘0Z 14- F- I I UI in In C) in If)
— LU <I -  ~~ F’) .1 if)

LU 
~~ 

F’) — ,~~~ — —  — — — — — — — — 5 —

< I n  N. LI

z ~~O 
Mi

I-’ LU 
~~ ~~

. co If) N C) LI)

_~~ 
— . 0 .-a N. LI) NJ

L I I  4- 0�
4 2•c N) I —

( 1 ) 4 -  Z W I  I LU If)  LI NJ

~~ 
F-

~~~~~~ 
_ _ _

~~~~~~~In 
~~- C Li) CD L/) C)

~ 0 
~
- ~ - ~~ C N. L/) N) in

C.) Mi C) C)
Q > U) F’) N) ,-4 ,-4 C) C)

I~i - a: • -4 .—•4 .—I I

~~ - —  0-~~ — —— — — ~~
. - -—

t )  4 I —°  Z •

3 LJ) If) L/) LI) C -
Z a: a: a ~~ — N) ~~ — 

-
< W0 2J  0 — ~~~~~~~

— —- - . — — —  
4- F-~~~~~w ~~ - ‘CD C) -

~~~~
C i n  I

a: ~~ U~ ~~ C) N- C C)
• in F!) in If)

~~
MI C C

I 
— — — —  —

~~C) N- C C)
N- • Li)  1!) i f )  if)

~~~~ 
— — — - — —  . — .2

~d~ o 2 ‘k C-- C-- ~~

~~

I o CD

f j  1 1 1 1  ~~~~,
F-

~~~~~

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

~~~~ 

~~~ ~~~~~ ~o II N098V3 ~3flO3V1 -‘ Ii  ~
60 —  

-—---—--— 
-] — -

~~~ —
~~~~~~~~~

‘—— —~~r: 4.~rr -_- __________



— ~~~~~~~ 
‘  

-

- ~~~~
_-•~~~~

——-_ - I-, .4

CYLINDE R LINER I.D. (IN)
TEST #5

Front/Back Thrust/Antithrust
Cylinde r Parallel to Crank Perpendicular to Crank

No.  Top Mi ddle  B o t t o m  Top M i d d l e  B o t t o m

1. After 3.8763 3.8764 3.8768 3.8764 3 . 8 7 6 6  3 . 8 7 7 0
Before 3. 876() 3.8763 3.8766 3.8761 3.8763 3. 8’66

.0003 7~oGi .0002 .0003 .000 3 .0004

2. :\fter 3.8760 3.8761 3. 8761 3.8755 3.8758 3. 8T” 60
Before 3.8756 3.8755 3.8756 3.8750 3.8754 3.875(1
A .0004 .0006 .0005 .0005 .0004 .0004

3. Aft er 3.8756 3.8758 3.8758 3.8756 3.8758 3.8759
Before 3.8752 3.8754 3.8754 3.8751 3.8754 3.8754
A .0004 . 001Y4 .0004 .0005 .0004 .0005

Average (All) 0.0004 IN
Average T/AT 0.0004 IN

PISTON RING GAP ( I N )
TEST #5

Ring No.
Piston No. 1 2 3 4 5 6 7 8

1. After .035 .031 .033 .035 .030 .025 .0 2 5  .0 2 3
Befo re .034 .033 .033 .036 .025 .023 .022 .020
A .001 (.002) 0 (.001) .005 .002 .003 . 00 3

2. Af ter .044 .032 .032 .032 .026 .026 . 0 26  . 0 2 5
Before .041 .032 .033 .032 .024 .024 .024 .023
A . 003  0 ( .0 0 1)  0 .002 .002  ~~ Y2 .002~

3. A f t e r  .039 .030 .031 .032 . 0 2 0  .018 . 0 2 6  . 02 7
B e f o r e  .035 .030 .031 .032  .0 2 0  •0 1~ .02 3  . 0 2 4
A .004 1) 0 0 0 .001 .flIN .003

Avg FIR (#1) Wear 0.003 IN
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- APPENDIX D

F 3-53 TEST #6

L FUEL: 1% S, DF-2 
-, -

LU BE:  AL-685 6  (MC-520)

START : 9 May 1977

END: 27 May 1977 
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ENGINE OPERATING DATA (AVG)
TEST #6

Powe r IdleMm l’~ax Avg (Avg)

Engine Speed, rpm 2 7 9 7  2806 2801 651
Load , lbs 97 106 104
Torque , lb-ft 170 186 181
Blip obs 90 99 97
Fuel Rate , lb/hr 41.0 44.8 44.1
BMEP , psi 81 88 86
BSFC lb/BHp-hr 0.443 0.468 0.457
Temperatures, °F H.

Jacket Coolant-In 194 196 196 94
Jacket Coolant -Out 204 205 204 100 ~4 

-

Oil Sump 248 252 250
Inlet Air (Blower) 74 86 82
Exhaus t Manifold 950 975 965
Fuel @ Return 146 151 148

Pressure s
Oil Gallery , psig 43 45 44 30 V
Blower Discharge , psig 8.4 8.7 8.6
Intake Vacuum , in. H20 7. 0 7 .1 7.0
Crankcase , in. H20 0.21 0.22 0.22
Exhaus t, Common , in. Hg 2.9 -3 .1 3.0

I

•

_ _  

r

4

~~~~

!

- 
- r
i i  ——---- -  -
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LUBRICANT ANALYSES
TEST # 6

ASTM New 70 140 210
Proper ty Method Oil Hrs Hrs Hrs

K. Vis , cS , 38°C (100°F) D445 121.0 143.7 164.3 173.5
K. Vis , cS , 99°C (210°F) D445 12.0 13.9 14.9 15.5
VI D2270 101 - --  - - -  - --  -

TAN D664 2 .3 2. 9 3.3 3.8
TBN D2896 13.9 11.0 11.1 12.1
In solub l e s , wt% D893
Pentane A 0.04 - - -  - - -  0 . 0 7
Benzene A 0.04 - - -  - - -  0.01
Pentane B 0.03 -- - -  0.83
Benzene B 0.01 -- -  - - -  0 . 7 3

API Gravi ty, ° D287 25.5 - - -  -- -  24.3
Pour Point , °C D97 -17 - --
Flash Point , °C D92 2 2 3  -- - - 221
Carbon Residue , wt% D524 2.10 3.01 3.64 3.79
Sulfated Ash , w t% D874 1.64 1.77 1.96 2.03
Elemen tal Method

Ba , p pm IAA <50 - - -
Mg, ppm AA 26 - - -
Ca , w t% AA/XRF .44/.46 - - -
Zn , wt~ AA .07/.08 ---

Na , ppm AA 10 - - - - --  19
• Cu , ppm XR F - --  - - -  - --  7

Cr , ppm AA -- -  - - -  - - -  8
Pb , ppm AA - - -  - - -  - - -  16
Sn , ppm AA - - -  ---  -- -  <50
Fe , ppm XRF - - -  70 75 90

- -- = Not Determined.
AA = Atomic Absorption.
XRF = X-Ray Fluorescence .
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RING FACE CONDITION : % BURNING
TEST #6

Cylinder Number
1 2 3 ______

First Ring 3 50 2

Second R i n g  40 95 90

Third Ring 30 70 50 -
•

Four th R i n g  10 50 75

Average  of a l l  48%

S I -

i 

-

H4

R I N G  S T I C K I N G
TEST #6  • 

-

R i n g  Pis ton Number
No. 1 2 3

I S l u g g i s h  30~ S lugg i sh  
I

Cold Stuck

2 F F F

3 F F F

4 F F F

F = F ree

71
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PISTON SURFACE CONDITION
TEST #~

- 
- - Pis ton Numb er

- - - 
1 

— 
2 3

• Top Land  N N N

Skirt Lt. Scuff-T. Very U cavy Lt . Scuff-AT
L t .  S c r a t c h  Scratch Lt . Scratch

P i s t o n  P i n  N N N
41

N = Normal

~2 
-
~~~

PISTON GROOVE INS IDE 1)IA~~iTER 
-

• ~ RING SUPPORT ING CARBON
TEST #6

Piston Number
Pis ton Ring Quadrant 

_____ 
2 3

1 1 00 1 00 95
1 2 0 0 0

3 0 0 0
4 0 0 0

1 0 10 0
2 2 50 0 15

3 40 100 100
4 0 20 0

• Quad ran ts:

1 = Thrus t
2 = Rear
3 = A n t i - t h r u s t
4 = Front

7 3
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E XII MiS I VALVP DE L~(lS I TS
TEST Ho 

-

_ ______  
Cylinde r N o .  

_____Area ~~~~~~~~~~~~~~~~~~~~ 3

h ead A l l  900, — A IIC

Face  A 11 1 00% —

Fu l i p A I i  I 00~ —~
) - •

S t e r n  A 1 1  No rma I

P X II AU S ’I \‘ -\ l \- P SURFAC E CON I ) 1 l’ l ON S
~ t-’

Cv Ii nde r No .
- 

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

F r e en ’ss in  t~u i  de P F F

h e ad  N N N

-~ 1 1 v ery  h e a vy  to h e a v y  p i t t  j f l g *

Seat  N N N

S t e r n  N N N

I I I )  N N N

N = Norma l
P = Free
* I v a l v e  each  cv l i n d e  r l e a k i n g  due to Uacc  h u i  1 LI — up

Cv 1— 3 a I so one va I y e  c h a n n e l  ed on ía ce a n d  I ea 1~ 111g .
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CYLINDE R LINER I.D. (IN)
TEST #6

Fron t/Back Thrust/Antithrust
Cylinde r Parallel to Crank Perpendicular to Crank

No. Top Middle Bottom Top MFddle Bottom

1. After 3.8766 3.8770 3.8777 3.8780 3,8782 3.8781
Before 3.8766 3.8767 3.8771 3.8765 3. 87~ S 3.8 71

0 o.o ~ ffN 0.0006 0.0015 0.0014 0.0010

2 . After 3.8766 3.8769 3.8773 3.8780 3.8786 3.8780

~~~~‘

Average ( A l l )  0 . 0 0 0 8  IN
Average T/AT 0.0013 IN

PISTON RING GAP ( I N )
TEST ~6

Ring No .
Piston No. 1 2 3 4 

_ _ _ _  
6 7 

_ _ _ _

1. After 0.036 0.032 0.028 0.027 0 . 0 2 2  0 . 0 2 5  0 . 0 2 2  0 . 0 2 2
Befo re 0.034 0.032 0.028 0.027 0.020 0 . 0 2 2  0 . 0 2 2  0 . 0 2 2  

-

A .002 0 0 0 .0 0 2  .001 0 
- _____

2.  A f t e r  0 .033  0 .035  0 .0 3 2  0 . 0 2 8  0 .02 1  0 . 0 2 5  0 . 0 2 2  0 . 0 2 3
Before 0.033 0.034 0 .032  0 . 0 2 7  0 . 0 2 0  0 .0 2 2  0 . 0 2 2  0 . 0 2 2

0 0.001 0 0 .00 1 .001 .001 D .00 1

3. After 0.037 0 . 0 2 5  0 . 0 2 5  0. 0 2 7  0 , 0 2 1  0 . 0 2 2  0 . 0 2 2  0 . 0 2 1
Befo re 0 .035  0 .0 2 5  0 .0 2 5  0 .0 2 6  0. 020  0 .02 1  0 . 0 2 1  0 .02 1

— 
A .002 0 0 0.001 .001 .001 .001 0

• Avg F / R  (# 1 )  Wear 0.001 IN
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PISTON AND CYLINDER LINER CONDI TION
Test #6
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PISTON AND CYLINDER LiNER (~ 2 N I ) l  i I O N
Test #6 -
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RING FACE CONDITIO N
Test #6

Piston — 1

Piston — 2

Pisto n— 3
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APPENDIX E

3-53 TEST #11

FUEL: 1% S , DF-2

LUBE : AL-6942

START : 29 NOVEMBER 1977

END: 20 DECEMBER 1977 
p

[ 

j

~ 

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



- ‘~~~~ - - - ~~~~~~~~~~~~~~~~~~~~~~~~~~ . “~~ ~‘ s -~~~’’~~~~ ~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

‘1k -
‘I:

ENGINE OPERATING DATA (AVG)
TEST #11

• Powe r Idle
~Min Max Avg (Avg)

Engine Speed , rpm 2798 2803 2801 649
Load , lbs 94 99 97
Torq ue, lb-ft 165 173 169
BHp obs 88 92 90
Fuel  Rate , l b/h r  35.6 4 0 . 8  39 .7  —

BMEP , psi 78 82 80
BSFC lb/BHp-hr 0.385 0.484 0.441
Temperatures , °F
Jacket Coolant-In 196 197 197 95
Jacket Coolant-Out 204 205 205 100 - -

Oil Sump 240 248 244
Inle t Air (Blower) 60 82 - 74
Exhaus t Manifold 895 940 919
Fuel @ Return 138 149 144
Fuel @ Filter 81 94 90

Pressure s
Oil Gallery, psig 45 45 45
Blower Discharge , psig 4.3 4.6 4.4
Intake Vacuum , in. H20 6.9 7.2 7.0
Crankcase , in. H20 0.28 0.33 0.30 - 

-

Exhaus t, Conunon, in. Hg 2.8 3.0 2.9

~L. — —
~~ 

-

- —--—-s
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LUBRICANT ANALYSES (AL-6942)
TEST #11

ASTM New 70 140 210
Property Method Oil Hrs Hrs Hrs

K. Vis , cS, 40°C 0445 61.3 70.1 74.3 75.3
K. Vis , cS , 100°C 0445 10.2 11.3 11.7 11.8
VI 02270 153 151 151 151
TAN 0664 3.7 3.9 4.7 4.7
TBN 02896 10.2 9.2 9.2 9.2
Insolubles , w t% D89 3 —

Pentane A 0.09 0.02 0.03 0.03
Benzene A 0.01 0.02 0.02 0.02
Pentane B 0.09 0.03 0.03 0.03
Benzene B 0.02 0.02 0.03 0.02

API Gravity, ° 0287 21.9 21.3 21.2 20.8
Pour Point, °C 097 -41 -

Flash Point, °C D92 227 229 232 2 32
Carbon Residue , wt% D524 1.53 1.92 2.08 2.14
Sulfated Ash, wt% 0874 1.50 1.59 1.67 1.69
Elemental Method

Ba, ppm AA <50 --- --- ---
Mg, ppm AA 11 --- --- ---
Ca, wt% AA/XRF .381.33 0.38 0.41 0.42
Zn, w t% AA/XRF .18/.16 0.18 0.19 0.19
Na, ppm AA 10 -- -  ---
Cu, ppm XRF - - -  6 7 6
Cr , ppm AA - - -  < s  -< 5 < 5
Pb,ppm AA -- -  8 12 11
Fe , ppm AA/XRF - - -  50/40 57/60 61/60 - 

-

- - - = Not Determined. -
AA = Atomic Absorption.
XRF = X-Ray Fluorescence.

‘ 1  
- 
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IPOWER CURVE W/ TEST FUEL
TEST No .11

75 100 -

67 90 0

~~~6O 80 
—

52 70 OBEFORE

~JAFT ER

45 60

- 
- 

37 50 1600 1800 2000 2200 2400 2600 2800

RPM

87
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.323 .530
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~~ DAFTER

~ .286 ~ .470
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.274 .450 - 
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.262 .430 1600 1800 2000 2200 2400 2600 2800
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RING FACE CONDITI ON: % B URN IN G
TEST #U

- 
Cylinder Number

Fi rs t Ring 15 5 25
Second Ring 15 25 20
Third Ri ng 50 N 75
Four th Ring 55 10 80

Average of all 31%

Ave rage w/o Cyl-2 42%

N Norma i 
—

RING STI CKING
TEST #11

Ring Pis ton Number

I Sluggish F 80%
Cold S tuck

2 F F F
3 F F F
4 F F F

F Free

I
90
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PISTON SURFACE GONDITIONTEST # ,g

Pis ton Number

lop Land N N N
Skirt 10% plate 15% pla te Nme]t-T. melt-T.5% pla te Lt .  Scra tchmel t-AT.

Lt. Scratcj1
P1~~t0~ Pin N N N

PISTON GROOVE INS IDE DIAMETER -% RING SUPPORTING CARBON
TEST #11

~~~~ Qfl Rjn 
~~~~~~ nt 

er

1 15 01 2 75 03 70 04 0 25
1 5 90 02 2 10 0 03 80 0— 4 5 0

_

I = Thrus t
2 Rear
3 • Afltj

~ thrus t
4 Front

92
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E XHAUS T VALVE DE POSITS
TEST #11

Cyl inder  No .
Ar ea 1 2 

______

Head All 65%-AUC to Soot , Heavier Than Usual

Face All Heavy Deposit

Tulip All Heavier Deposit Than Usual

Stem All 100%-9 to Clean

- 4

I

EXHAUS T VALVE SURFACE CONDITIONS Ii
TEST #11

Cylinder  No .
1 2 3

Freeness in Gu ide F F F - 
-

Head N N N

Face * * *

Seat N N N

Stem N N N

Tip N N N

*Heavier deposit than normal , some leak marks appearing.

_______________ - I -
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CYLINDER LINER 1.0. (IN)
TEST Ill

Front/Back Thrust/Anti-thrust
Cylinde r Parallel to Crank 

— 

Perpendicular to Cranic
No. Top Middle Bottom Top }diddle Bottom

1. After 3.8767 3.8768 3.8772 3.8769 3.8770 3.8770
Before 3.8761 3.8762 3.8764 3.8759 3.8758 3.8762

.0006 .0006 .0008 .0010 .0012 .0008

2. After 3.8770 3.8768 3.8771 3.8768 3.8771 3.8772
Before 3.8761 3.8761 3.8764 3.8760 3.8761 3.8763

~ .0009 .00G7 .0007 .0008 .001 0 .0009

3. Af ter 3.8765 3.8766 3.8769 3.8769 3.8774 3.8770
Before 3.8757 3.8759 3.8762 3.8758 3.8760 3.8761

.0007 .0011 .0014 
- 

.0009

Average (All) 0.0009 IN
Average T/AT 0.0010 IN

PISTON RING GAP ( IN )
TEST #11

Ring No.
Piston No. 1 2 3 4 5 6 7 8
1. After 0.042 0.040 0.031 0.037 0.030 0.028 0.028 0.030

Before .035 .040 .030 .036 .024 .023 .023 .023
.007 - - -  .001 .001 ~~~Y6 .005 ~~05 .1107

2. After 0.046 0.031 0.027 0.033 0.025 0.025 0.025 0.025
Befo re .035 .031 .027 .032 .021 .020 .021 .021~~

Tii - - -  - - -  .001 • 01J4 .005 •00~4 .0041

3. After 0.038 0.029 0.028 0.028 0.028 0.028 0.028 0.028
Be fore .031 0.029 .028 .028 .023 .022 .022 .023

.007 .005 •~106 .006 .005

Avg F/R (#1) Wear 0,00 W
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PIS~ON AND CYLINDER LINER CONDITION
Test #11
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PISTON AND CYLINDER LINER CONDITION
Test #11 ‘ 
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RING FACE CONDITION
Test #11

Piston— i

Pi s ton — 2

-

- 
P i s t o n — 3
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APPENDI X F

3-53 TEST #13

FUEL: 1% S , DF-2

LUBE : AL-7 135-L

START : 6 FEBRUA RY 1978

END : 24 FEBRUARY 1978
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ENGINE OPERATING DATA (AVG)
TEST #13

• Power Idle
141n Max Avg (Avg) 

~

. /
* Engine  Sp eed , rpm 2800 2803 2801 651

Load , lbs 96 103 100 ;
To rque , lb-ft 168 180 175
BH p obs 89.6 96.2 93.5
Fue l Ra te , lb/hr 39.2 41.6 40.5
BME P , psi 80 86 83
BSFC lb/B lIp-hr 0.420 0.448 0.433
Tempera tur es , °F

Jacket Coolant-In 197 197 197 95
Jacket Coolant-Out 205 205 205 100
Oil Sump 240 246 243
Inlet Air (Blower) 72 91 83 -

~~~

Exhaus t Manifold 920 950 ~)35
Fuel @ Filter 86 94 90
Fuel @ Return 138 147 143

Pressures
Oil G a l l e r y , ps ig  4 4 5 44
Blower  Dischar ge , psig 4.3 4.4 4.4
In take Vacuum , in. H20 6.5 6.6 6.5
Exhaus t, Common , in. Hg 2.5 3.1 2.8
Crankcase , in. H20 0.31 0.36 0.33

General Observa tions :

Cyl inde r No . 2 , lower ha l f  connec ting rod bear ing showed I r ~errosion of material. Cylinder No . 2, p iston p in bush ing
showed distress.

I!~C2D1JI~ 
p~~B ~ Am
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LUBRICANT ANALYSES (AL-7l35-L)
TEST #13

ASTM New 70 140 210
Property Method Oil Hrs Hrs Hrs

K. Vis , cS, 40°C D445 67.5 69.6 71.2 71.0
K. Vis , cS, 100°C D445 9.96 10.38 10.45 10.52
VI D227 0 143 135 133 135
TAN D664 2 .5 3.3 3.5 3.6
TBN D2896 7.9 6.5 4.7 4.6
Insolubles , wt% D893

Pen tane A 0.03 --- --- 0.04
Benzen e A 0.01 ---  ---  0 .26
Pentane B 0.01 --- ---  0.03
Benzene B 0.01 ---  ---  0.23

API Gravi ty,  ° D287 18.4 -- - - --  18.0
Pour Point, °C D97 -34 ---  - - -  - - -

Flash Poin t, °C D92 227 263 265 260
Carbon Residue , wt% D524 1.12 1.57 1.75 1.82
Sulfa ted Ash , wt% D874 1.02 1.04 1.05 1.06
Elemen tal Me thod

Ba , ppm AA < 5 0 ---  -- -
Mg, w% AA 0.08 - - -

Ca , wt% XRF 0.09 0.08 0.09 0.09
Zn , wt% AA 0.13 0.11 0.115 0.115
Na , ppm AA <1 0 - --  - - -

Cu , ppm AA ---  < 1 <1 < 1
Cr , ppm AA - - -  <1 <1 < 1
Pb , ppm AA - --  7 12 16
Fe , ppm AA/,Le, ---  53 74 87/q~-

- - - = Not Determined
AA = Atomic Absorption
XRF = X-Ray Fluorescence

106
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DAILY IRON CONTENT OF USED OIL
Test #13

Test Hours Fe1 ppm by XRF
14 35
28 50

42 55

56 60

70 65
84 60

98 72

112 72
126 82

140 75

154 95

168 100

182 90

196 90

• 210 95

:
107
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POWER CURVE W/ TEST PUEL1
I TEST No.13 j

75 100

0

67 90

H
~~~~60 ’~~~80

~ 70
a BEFORE
OAFTER

45 60

37 50 
1600 1800 2 000 2200 2400 2t~00 2800
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POWER CURVE W TEST FUEL
TEST No.13

.135 .550

I
.323  .530

• .310 .510

4.. Q.
I 0 BEFORE

• ~~~.298 ~~ .490 OAFTER

6 \
IL

.286 .470

274 .4 50

.262 .430

.250 .410

.244 .400 _____________________________________________________________

1600 1800 2000 2200 2400 2600 2800
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R I N G  FACE CONDITION : % BURNiNG
TEST #13

C y l i n d e r  Number  
_______

1 
- 

2 
_ _

F I irs t Ring 10 15

Second R i n g  5 15 15

Th i rd R i n g  15 15 5

F o u r t h  R i n g  10 15 5

1’
Average of all 11%

\ = \ o r m a l  

I

R I N G  S T I C K I N G  I
TEST # 13

____ 
1 

P i s t o n _ Number

1 90% u S 100% u S 100% HS

2 10% S 10% S P

3 F F F

4 F F F

• US = Ho t Stuck
S = Sluggi sh
P = Free

,
1~ 111
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PISTON SURFACE CONDITION
TEST # 13

Pi ston Number

Top L a n d  N N N
S k i r t  L t .  S c r a t c he s  L t .  to 1Ivv . Lt .  S c r a tc h e s

L t .  Plate ~-klt Scratches
1-Side

P i s t o n  P i n  N N N

_____________________________________ k
N = Norma l
N o .  2 p i s t o n  p i n  b u s h i n g  s h o w i n g  d i st r e s s .

I
PISTO N GROOVE I N S I D E  DIAMETER -

% R I N G  SUPPORTING CARBON
TEST # 13

P i s t o n  Numb er
Pis ton Ring Quadrant 1 

- 2 3

1
1 2

3 A l l  100
4

1 10 10 0
2 15 0 0
3 75 5 — 0
4 15 0 0 

. 

-

Quadran ts:

1 = Thrus t
2 = R ear
3 = Anti-thrus t
4 Fron t
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EXHAUST VALVE DEPOS I TS
TEST 13

Cyl inde r  No.
Area 

______ 

2 3~~

h e ad A l l  90% AHC , 10% soot

Face Al l  I 0 0t - 9  to c lean

T u l i p  A l l  1/2 AI 1C to Lacq -9

Stem A l l  1/2 AII C to Lacq-9

~ I
‘1

L

EXH AUS T VALVE SURFACE WN J)IT IONS
TEST # 13

Cylinder No.
1 2 

_ _

Freeness  in  Guide F F F j
Head N N N

Face A l l  some l igh t  p i t t i n g

Seat N N N

Stem N N N

Tip N N N

F = F r e e
N Norma l

_ _ _ _ _ _ _ _ _ _  
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‘Yl INDER L I N E R  L . D .  ( I N )
TEST #13

Front/Back Thrust/Antithrust
Cy l inde r  P a r a l l e l  to Crank Perpendicular to Crank
No. Top Middle Bottom Top Middle Bottom

I. After 3.8757 3.8760 3.8764 3.8769 3.8771 3.8767
Before 3.8758 3.8761 3.8762 3. 87 62 3.8761 3.8763
Change —0.0001 —0.0001 0.0002 0.0007 0.0010 0.0004

2. After 3.8759 3.8760 3.8767 3.8771 3.8768 3.8769
Bef- re 3.8757 3.8761 3.8734 3.8765 3.8765 3.8766
Change 0.0002 —0.0001 0.0003 0.0006 0.0003 0.0003

3. After 3.8760 3.8760 3.8763 3.8766 3.8771 3.8764
Before 3.8760 3.8760 3.8762 3.8762 3.8761 3.8761
Change 0.0000 0.0000 0.0001 0.0004 0.0010 0.0003

Average (All) 0.003 
*Average T/AT 0.006

3

PISTON RING GAP ( IN)
TEST #13

Ring No.
Pist on No . 1 2 3 4 5 6 7 8
1 . After Stuck 0.032 0.026 0.036 0.026 0.026 0.026 0.026

Before 0.031 0.031 0.026 0.035 0.023 0.023 0.023 0.023
Change 0.001 0.000 0.001 0.003 0.003 0.003 0.003

2. After Stuck 0.033 0,033 0.035 0.025 0.025 0.025 0.025
Before 0,34 0.033 0.033 0.034 0.022 0.022 0.022 0.023— 

- Change 0.000 0.000 0.001 0.003 0.003 0.003 O.0~Y~

- 
~

- 3. After Stuck 0.029 0.027 0.027 0.025 0.025 0.026 0.026
Before 0.031 0.029 0 .027 0.027 0.023 0.022 0.023 0.023
Change 0.000 0.000 0.000 0.002 0.003 0.003 0.003

Avg F/R (#1) Wear — Al l  Stuck

-
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PISTON AND CYL INDE R L I N E R  CoN D I -r IO N
Test #13

1-
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RING FACE CONDITION
Test #13

Piston — 1

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

Piston — 2

H

- 
Pj s t o n — 3
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APPENDIX G

3-5 3 TEST #14

FUEL:  1°. 5, DF- 2

LUBE : AL-7287-L

START : 13 March 1978

END 31 March 1978
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ENGINE OPERATING DATA (AVG)
TEST #14

- 

- Power Idle
Mm Max Avg (Avg)

En g in e Speed , rpm 2798 2809 2802 650
Load , lbs 98 104 101
Tor que , lb-ft 173 180 176
BHp obs 92 96 94
Fuel Ra te , lb/hr 38.3 43.3 40.4
BME P , psi 81 86 84
BSFC lb!BHp-hr 0.417 0.455 0.430
Temp era tures , °F

Jacket Coolant-In 194 198 197 95
Jacket Coolant-Ou t 202 205 205 100
Oil Sunip 244  250 248
Inl et Air (Blower) 72 96 85
Exhaus t Manifold 910 990 947
Fuel @ Filter 72 95 89 - 

-

Pre ssure s
011 Gal lery , p sig 44 4 5 44
Blower  Discharg e , psi g 4.0 4.4 4.2 :1
In take Va cuum , In. H20 6.5 6.9 6.7 - -

Exh aus t, Comjnon , in. Hg 2.4 2.7 2.6

- 1

L ~~~ CXDLNG P~~I ~~AI~~
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-
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LUBRI CANT ANALYSES AL- 7287 —

TEST #14

ASTM New 70 140 210
Proper ty Method Oil Hrs Hrs !lrs

K. Vis , CS, 40°C D445 103.3 126.6 134.0 136.6 - 

I -

K.  Vis , cS ,lOO°C D445 11.4 13 .1 13.7 13.9
VI D2270 96 96 97 98
TAN D664 2.2 3.6 3.9 4.4
TBN D2896 13.7 12.8 13.2 12 .3
Inso lub les , wt% D893 - -Pen tane A - - - -  - - - -  - - - -  0 . 0 7

Benz ene A - -- -  - - - -  - - - -  0 .06
Pen tane B - - - -  - - - -  - - - -  0 .0 8
Benzene B - - - -  - - - -  - - - -  0 .07

API Gravity , ° D287 25.5 - - --  - - - -  24.2
Pour Poin t, °C D97 -2 1 - - - -  - - - -  - - - -

Fl ash Poin t , °C D92 227 241 241 241
Carbon Residue , wt% D524 1.82 2.74 2.69 2.91
Su l f a ted Ash , wt% D874 1.63 1.96 2.08 2.13
Elemen tal Me thod

Ba , ppm AA < 5 0  - - - -  - -- -  - - - -

M g ,  ppm AA 20  - - - -  - - - -
— Ca , wt% AA 0.40 0.50 0.52 0.54

Zn , wt% AA 0.14 0.18 0.17 0.18
Na , ppm AA 6-2 0 - -- -  - - --
Cu , ppm AA - - --  5 6 6
Cr , ppm AA -- --  3 4 5

— Pb , ppm AA - - - -  6 6 8
Fe , ppm XRF/AA - - - -  5 2/ 5 8  85/ 75  85/ 82
P, wt% XRF 0.11 - - - -  - - - -  - -- -

S, wt% XRF 0.43 - - --  - -- -  -- - -

- - - = Not Determined.
AA = Atomic Absorpt ion .
XRF = X- Ray Fluorescence .

• u - i
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1)A1 LI I RON CONT ENT OF US EI ) O I L
TEST # 1 4

Test Hours Fe , ppm (hv KRI )
S 

14 2 7
28
42  52

— So 55
‘0
84 . 0

73
112 74
126 8
140 85
154 75
168
182 90
196 85
210 85
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RING FACE CONDITION : % BURNING
TEST #14

Cylinder  Number 
—

1 2 3
Firs t Ring 45 3 35

Second R i n g  95 40 90

Th i rd R i n g  75 60 50

Fourth Ring 55 75 70

Average of a l l  58 %

N = Normal

-j 
—

S 

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

RING STICKING
TEST # 14

Ri ng Pis ton Number
No. 

_ _ _ _ _ _  . 2  • - 3

1 F 30% cold F
stuck

2 F P F

3 F F F

4 F F F

F = Free . - - -

I, -131
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PISTON SURFA CE CONDITI ON
TEST #14

Pis ton Number
2 3

Top Land N N N
Skirt Lt Scuff !•t Scratch Lt Scratch

Lt S c r a t c h

P i s t o n  P i n  N N N

N = Normal

PISTON GROOVE INS I DE DIAM E TER -

% R I N G  SUPPORT ING CARBON
TE ST #14

P i s t o n  Number
Pi ston Ring Q~~drant _____ 

2 3

1 70 0 95
1 2 20 0 20

3 0 5 85
4 10 10 0

1 15 0 10
2 2 20 30 90

3 95 30 95
4 100 0 15

Quadran ts:

1 = Thrus t
2 = Rear
3 = Anti-thrus t
4 = Front

I 

- 
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Cv I i  nde  r N o .
Area  ~~~~~~~~~~~~~~~~~~ 

-— --

[lead A l l  A I I C  t o  soo t  cx c e p t  Va i v o  Cv “ 2 = 2 0 ~ 1~l IC

Face A l l  S ~ 9 1 a cque ’  1~

l u l  ip  A l l  I / 2 A I I C  to AIR:

Stem A l  1 1/2 A!R to s o o t  ~ 9 l a c q u e r

I XI IAEI S T \ A L V F  SUR1 :.\CF CON!)! TI ONS
TE ST ~ 14

V’ I i  u d e  r No -

1 2 3

I:r- t s en ess  i n t u  ide Free 1 ree Free

H e a d  N N N

Fac e Some p i t t i n t ~ N N

Sea t N N N

S t e m N N N

T i p  N N

N = no T IIi~I 1
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CYLINDER LINER I.D. (IN)
TEST #14

Fron t/Back Thrus t/An ti thrus t
Cyl inde r Para l le l  to Crank Pe rpend icu la r  to Crank

• No •  Top Mi ddle Bo ttom Top Mi ddl e Bo ttom

1. A f t e r  3 .8767  3 .8768  3 .8 7 7 2  3 .8771 3 .8 7 7 4  3 .8769
Before 3.8762 3.8764 3.8766 3.8762 3.8764 3. 8764

0.0005 0.0004 0.0006 0•0009 0 .0010 0.0005

2. After 3.8763 3.8764 3.8767 3.8769 3.8769 3.8770
Be fore 3.8762 3.8763 3.8765 3.8759 3.8762 3•8764

0.0001 0.0001 0.0002 0.0010 0.0007 0.0006 :1
3. After 3.8763 3•8764 3.8767 3.8774 3.8776 3.8773

Before 3.8760 3.8762 3.8765 3.8764 3.8765 3. 8766
U.0003 0.0002 ~ .0002 0.0010 0.0011 0.0007

Average (All) 0.0006
Average T/AT 0.0008

PISTON RING GAP (IN)
TEST #14

Ring No.
Piston No. 1 2 3 4 5 6 7 8 - 

-

1. A f t e r  0 .0 4 3  0 .03 1 0 .031 0. 032 0 .0 2 8  0 .0 2 7  0 . 0 2 7  0 . 0 2 7
Before  0 .038 0 .031 0 .031 0.031 0 .023  0 . 0 2 3  0 .023  0 . 0 2 2
A 0 .005  0 .000  0 .0 0 0  0 .001 0 .005  0 .004  0 .004 0 .0 0 5

2.  A f t e r  0 .036 0 .035 0 .031 0 .031 0 . 0 2 7  0 . 0 2 7  0 . 0 2 7  0 .0 2 7
Before  0 .033 0 .035  0 .031 0.031 0 . 0 2 2  0 .0 2 3  0 .0 2 2  0 . 0 2 3

— A 0 .0 0 3  0 .000  0 .000  0 .000  0 .005  0 .0 0 4  0 .005 0 . 0 0 4

3. After 0.041 0.028 0.031 0.023 0.025 0.025 0.025 0.025
Before 0 .036 0 . 0 2 8  0 .031 0 . 0 2 3  0 .021  0 . 0 2 2  0 . 0 2 2  0 .0 2 2
A 0 .005  0 .0 0 0  0 .000  0 .000  0 .004  0 . 0 0 3  0 .003  0 .003

* Avg FIR (#1) Wear 0.004
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APPENDIX H

3-53 TEST #16

FUEL: 1%S DF-2 (AL-7289-F)

LUBE : UK ER- S (AL-h 950-L)

START: 10 May 1978

END: 30 May 1978

I
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-

ENG INE OPERATING DATA (AVG)
- 

~I TEST #16

— 
Powe r Id le

Mm Max Avg (Avg)

E n g i n e  Speed , rpm 2800  28 3 6  2802  650
Load , lbs 108 111 110
Torque , l b - f t  189 194 192
Blip obs 101 104 103
Fuel Rate , l b/h r  41 .9  4 5 . 7  44 .0
BME P , P s i  90 92 91
BSFC lb/BHp-hr 0.408 0.449 0.430
Tempera tures , °F

Jacket Coolant-In 196 198 197 95
Jacket Coolant-Out 203 205 205 100
Oil  Sum p 24 1 24 6 24 4
I n l e t Air  (Blower)  78 99 89
Exh aus t Mani fo ld  1000 1040 1017
Fuel @ Fil ter 88 94 90
Fuel Out 141 148 145

Pressur es
Oil  Gall ery,  ps ig  38 4 0 39 - -

~

Blower  Discharge , psig 4.1 4.3 4.2
In take Vacuum , in. F!20 6.6 6.8 6.7
Exh aus t, Common , in. Hg 2.5 2.8 2.7

-1

~1-

— 
I 

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

- -~ ,- - ~~~~~~~~~,_ is- .lI_. _ .I-l 

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



_ _ _ _ _ _ _ _ _ _ _ _ _ _  ~~~~~~~~-

‘ I’  

- ~~~~~~~~~ - 

-
- 

- 
- - - 

-‘ 
- 

— -

- ‘ 
I •~ 

- 5 
H- -

~- 
— - — -

- _ - S.~~ _ _- - - -

F’

LUBRICANT ANALYSES (AL-6950—L)
TEST #16

New 70 140 210
Property Method Oil Firs !lrs Fir s

K. Vis , cS, 40°C D445 59.67 56.00 58.85 60.09 - I -  -

K . Vis , eS, 100 °C 0445 10. 96 9 .68 10.03 10 .01
VI D2270 178 158 158 153
TAN D664 2.0 2 .3  2. 5 2 . 8
TBN D2896 - - 4.8 3.1 3.4 4.2 - - -

Insolubles , wtZ D893
Pentane A 0. 08Benzene A — — — — — — ——— 0.12
Pentane B —— — ——— — — — 0.05 - -

Ben zen e B —— — — —— — — — 0 .10
API Grav i ty ,  ° D287 29.1 —— — ——— 27.1
Pou r Point , D

C D97 —30 — — —  — — —  — — —

Flash Point , DC 1)92 226 227 227 232
Carbon Residue , wt% D524 0.56 1.36 1.64 1.74
Sulfated Ash , wt% D874 0.73 0.85 0.95 1.00
Elemental Method

Ba , w~ AA 0.04 —— — —— — ———
Mg, ppm AA 5 ——— — — — _ —- _
Ca , wt% AA 0.20 0.23 0.26 0.2h
Zn, wt% AA 0.09 0.11 0.11 0.11
Cu , ppm AA ——— 5 6 9
Cr , ppm AA ——— 5 9 11
Ph , ppm AA — —— 9 9 11
Fe, ppm AA/XRF ——— 61/80 103/136 114/149
S , wt % XRF 0.92 ——— ———

ND Not Determined
AA Atomic Absorption
XR F — X—Ray Fluorescence 

- 

-
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I
— DAILY WEAR METALS
H 

BY XRF

TF ST #1()

- 
Tes t Hours Fe ppm Other 

- 
-

S 14 26 None
28 42 None

-: 42 b2 N o n e

5t 72 N o n e

80 None

- 
84 89 None

98 110 Cr trace

I 
- 1 1 2  115 Cr t r a c e
- 

12~ 12~ Cr , Cu t r a c e
140 13t Cr , Cu t r a c e
154 1 3t C r , ( ‘U t r a c e
1~~8 136 Cr , Cu t r a ce

182 139 Cr , Cu t r a c e
l 4~ Cr , Cu t r a ce

- 
. 2 10 14 ~) Cr , Cu t r a c e
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I
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0.

0 / OAFTER
i 52 ~~ 70
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RING FACE CONDITION : % BURN ING
TEST #16

C y l i n d e r  Number
• 1 2 3 

—

Firs t R ing 2 10 35

Second Ring  5 70 95

T h i r d  R ing  2 5 50 80
- I Fourth Ring 10 35 90

Av er age o f a l l  4 2 %

N = Norm al

RING STICKING
TEST #16

Ring  Pi ston Number
No. 1 2 3

1 10% cold stuck F F

2 F F F

3 F F F

4 F F F

F = F r e e
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PISTON SURFACE CONDITI ON
TEST #16 -

Pis ton Numb er
I 2 3

• Top Land N N N H
Skirt Lt scratches Lt scratches Lt scratches -

V i t  s c u f f  V i t  s cu f f

Pis ton P i n N N N H
____________________________________ 4

N = N o r m a l  -

PISTON GROOVE INS I DE DI A~~ TER -

% R ING SUPPORTING CARBON
TEST #16 H i

Pis ton Number -

Pis ton Ring Quadrant 1 2 3 
-

1 85 5 40 -

1 2 30 10 5
3 100 0 0 

—4 25 0 0

1 0 100 ~0 
I

2 2 85 20 25
3 100 0 95
4 0 25 40

Quad rants:

- 
- 1 = Thrus t

2 = Rear
3 = Anti-thrus t

• 4 Front

153

5-- - -~~~ A ~~ I - - --‘A~ L L~~~~
_ 

~~~~~~~ 
.. - —



~

-

~
- 

- - - - 
- - 

- 11P1
11

F X JI AtJS I \ A L V 1 ~ DE POS I TS
TEST ~16

Are a 1 - 
Cy l i n d e r  No . 

-

H e a d  A L L :  1/2 :\ to .-~UC

Fa ce A L L :  1 O0~S ~ ~ l a c q u e r

T u l i p  .-\LL: #9 lacquer to - \ IU ’

— \ L L :  ~~9 l a c q u e r  to  c l e a n

F X HA [JS T VA I \T SURFACF CON D1 T IONS
TEST #1 (_I

Cy i i  nd er  No .
1 

_ _  
_ _

I r e c n e s  s in  (u ide F P F

Head  N N N

Face N N N
Se a t  N N N
S tem N N N
Ti p N N N

= Free
N = N o r m a l
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CYLINDER LINE R I.D. (IN)
TEST #16

Fron t/Back Thrust/Antithrust
.5 Cylinde r Parallel to Crank Perpendicu [ar to Crank

No. Top Middle Bottom Top Middle Bottom

1. After 3.8763 3.8765 3.8770 3.8772 3.8772 3.8771
Before 3.8760 3.8764 3.8766 3.8762 3.8763 3.8765

0.0003 0.0001 0.0004 0.0010 0.0009 0.0006

2. After 3.8768 3.8765 3.8768 3.8775 3.8774 3.8771
Before 3.8760 3.8761 3 8763 3.8761 3.8763 3.8765

0.0008 0.0004 0.0005 0.0014 0.0011 0.0006

3. After 3.8770 3.8766 3.8767 3.8775 3.8777 3.8773
Before 3.8761 3.8761 3.8763 3.8760 3.8762 3.8766

0.0009 0.0005 0.0004 0.0015 0.0015 0.0007

Average (All) 0.0008
Average T/AT 0 .00 10

PISTON RING GAP ( IN)
TEST #

-I

Ring No.
Piston No. 1 2 3 4 5 6 7 8

1. After 0.038 0•025 0.022 0.046 0.020 0.020 0.022 0.023
Before 0.030 0.024 0.022 0.044 0.018 0.018 0.019 0.020

0.008 0.001 if 0.002 0.002 0.1102 0.003 0.003

2. After 0.048 0.032 0.035 0.031 0.021 0.020 0.021 0.020
Before 0.031 0.032 0.034 0.030 0.018 0•018 0.018 0.019

0 .017 ~0 f f . 0 0 I  0 .00 1 0 .003 0 .002  0. 003 0.001

3. Af te r 0.039 0 .027 0 .034 0 .023  0 .020  0 . 0 2 2  0 .021 0 .020
Before 0 .028  0 . 0 2 7  0.034 0 .023  0. 018 0.01 8 0.018 0.018

0.011 0 0 0 0.002 0.004 0.003 0.002

Avg F/R (#1) Wear 0 , 012 in

- 

159



--- ---- --—— - ----—--- -~~~~~
—

~-—— ---Iw~~~
_
~_-_ ____ -__~~ --- - -~~~~— -~~~~~~~~~~~~~~~~~~-~~~~~~~ —--~~----. .5 ----.5--

:11

i’t s r~ N AN!) (‘YL LNDER L[NFR CON I) i r  [ON
Tt~~t #1~

U~!~II~IIIlI)- ~ - - -

-

~~

-- 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ C

.5 _ _  
-~~~

- 
_

-

~~~~~~~~-~

1’~’ 
-; .5 —.• 

- — 
- —I--’- •

1 (1!)

- ~~~~~ _______



- ---------------,-- —~~— - ----—- -~~---r- ~~‘ - ~~~~~~~~~~~~ “- ‘~~~~ - -  

.5 ,

~ 

-

~~

I
PISTON AND CYLINDER LINER CONDITION 

-

I Test #16

-I

~~~~~~~~~~~
T 1 , -;I

!I Jk
—~~~ 

_
~~~~~~~.

C 

I

) ~~

_ _

_ _  

- if ~~~~~~~~~~~~~~~~~ I

I 

- 

L - 
~~~5-- ~~~~~~~~~~~~~~~~~~~~ 

-. - - -



- - - 

~~~~~~ r-

- - S

— RING FACE CONI)ITION
Test # 16

P i s t o n — i

Piston — 2

- 

P i s t o n — 3

- 
~~~~-- _ -, -



- ______

APPENDIX I

3— 53 TEST #18

FUEL: High Sulfur Fuel (1%S), AL—7766

LUBE: REO 203 A

— 

START: 11 Oct 78

END: 31 Oct 78

I. 
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ENGINE OPERATING DATA (AvC)
TEST #18

Power Idle
Mm Max Avg (Avg)

Engine Speed , rpm 2800 2808 2802 651
Load , lbs
To rque , lb—ft 177 196 190
BHp obs 94 105 101
Fuel Rate , lb/hr 40.5 43.5 42.5
BME P , psi 84 93 90
BSFC lb /BH p—hr 0.408 0 .444 0 .420

-: Temperatures , °F
Jacket Coolant—In 196 198 197 96
Jacket Coolant—Out 205 205 205 100
Oil Sump 248 253 251
Inlet Air (Blower) 70 90 82
Exhaust Manifold 970 1030 1003
Fuel @ Return 136 146 141
Fue l @ Fil ter  85 94 90

- 
- Pressures

Oi l Ga llery,  psig 42 43 43
Blower Discha rge , psig 4.2 4.5 4.4

- - Intake Vacuum, in. H20 6.8 6.9 6.8
Crankcase, in. 1120 0.45 0.52 0.48
Exhaust, Common, in. Hg 2.1 2.3 2.3 I 

-

Transfer Pump, psig 68 72 69 LOil Consumption , lb. 49 .6
‘I
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LUBRICANT ANALYSES
TEST #18

New 70 140 210
Property Method Oil Hr s Hr s Hrs

K. Vis , cS , 40°C D445 104.6 112.3 118.7 121.0
K. Vis , cS, 100°C D445 11.8 12.71 13.12 13.38
VI D2270 101 106 105 106
TAN D664 3.6 3.0 3 . 3  3.6
TEN D2896 5.4 4.7 4.4 3.4
In solub les , wtZ D893

Pentane A 0.05 ND ND 0.05
Benzene A 0.04 ND ND 0.06
Pent ane B 0. 03 ND ND 0. 98
Benzene B 0.02 ND ND 0.07

API Gravity, ° 
- 

D287 27.5 ND ND 26.5
Flash Point , °C D92 241 - ND ND 252
Carbon Residue, wtl D524 1.19 1.79 1.98 2.15
Sulfated Ash, vtZ D874 0.93 ND ND 1.25
Elemental Method
Ca, wtX Ak 0.24 0.29 0.30 0.31
Zn , wtZ Ak 0.09 0.13 0.13 0.13
Cu , ppm Ak ND 5 7 8
Cr , ppm AA ND 4 6 8
Pb , ppm AA ND 6 7 8
Fe , ppm XRF/AA ND 85/57 103/75 121/85

ND = Not Determined
Ak Atomic Absorption
XRF — X—Ray Fluorescen ce
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DAILY WEAR METALS BY XRF
TEST #18

Test Iron Other Wear
Hours Elements
14 18 None detected
28 47 None detected
42 63 None detected I

56 78 None detected I

70 85 None detected I -

84 85 None detected
98 87 None detected

112 94 None detected
126 108 None detected I
140 103 None detected I
154 118 None detected 

I
168 117 - 

None detected —

182 112 None detected
196 119 None detected
210 121 None detected
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IPOWER CURVE W/ TEST FUEL
L TEST No. 18
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-
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RING FACE CONDITION: % BURN ING
TEST #18

Cylinder Numbe r

Firs t Ring 10 10 2

Second Ring 10 5 30

Third Ring 40 2 20

Four th  Ring 80 3 10

Average of all 19%

N = Norma l

RING STICKING
• TEST #18 H

Ring Piston Number
No. 

_ _ _ _ _ _  
2 3

1 F F F

2 F F F - -
3 5% Cold Stuck F F

4 F F F

F— F r e e
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CYLIND ER LINER S
TEST #18

Cyl i nder Liner Scuff ing
Percent of Compression Ring

Trave l AreaCylinder Percent Port Percent Scuffed % TotalNumber Restriction Thrust Anti—Thrust Area Scuffed % Glazed Z Lacquer
i 2 10 75 43 5 95
2 2 85 40 63 15 85
3 2 20 30 25 10 90

Average 2 38 48 44 10 90

PISTON O.D. (IN)
TEST #18

Cy l Inde r  1 2 3
Before 3.87 13 3.8705 3.8700
After 3.8711 3.8705 3.8700

Change 0.0002 0.0000 0.0OO~
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PISTON SURFACE CONDITION
TEST #18

Piston Number
1 2 3

- - Top Land Normal Normal Normal

Skirt Sm Scratch Normal Normal
A-P side

Pisto n Pin No rma l No rma l No rmal

PISTON GROOVE INSIDE DIAMETER —

% RING SUPPORTING CARBON
TEST #18

Piston Number
• Piston Ring Quadrant 1 2 3

1 1 0 0 0
2 0 0 0
3 0 0 0
4 0 0 0

2 1 0 80 10
2 95 0 30
3 90 0 95
4 0 40 5

Quadrants:
1 = Thrust
2 = Rear
3 = Ant i—thrus t
4 = Front
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EXHAUST VALVE DEPOSITS
TEST #18

Cylinder No.
Area 1 2 3
Head All Soot to ½ A}IC

Face Very light p i t t ing , all 100%—4 to l t.  carbon

Tulip All 100Z—9 to ½ AHC

Stem All 100%—9 to clean

EXHAUST VALVE SURFACE CONI)ITIONS
TEST # 18

Cylinder No.
1 2 3

Freeness in Guide F F F

Head Normal Normal Normal

Face Normal Normal Normal

Seat Normal Normal Normal

Stem Normal Normal Normal

Tip Normal Normal Normal

:
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- CY LINDER LINER I .D .  ( IN)
- 

TEST#18 - -

- 

Front/Back Thrust/Antithrus t ‘

Cylinder Parallel to Crank Perpendicular to Crank
- No. Top Middle Bottom Top Midd le Bottom

1. After 3.8763 3.8766 3.8 7 3.8774 3.8777 3.8775
Before 3.8762 3.8765 3.8767 3.8761 3.8764 3.8767

- Change 0.0001 0.0001 0.0005 0.0013 0.0013 0.0008

2. After 3.8766 3.8766 3.8766 3.8777 3.8777 3.8770
Before 3.8766 3.8766 3.8766 3.8762 3.8763 3.8763
Change 0.0000 0.0000 0 0000 0.0015 0.0014 0.0007

3. After 3.8760 3 8760 3.8761 3.8770 3.8772 3.8766
- Before 3.8760 3.8760 3 8760 3.8759 3.8759 3.8759
- Change 0.0000 0.0000 0.0001 0.OOLI 0.0013 0.0007

Average (All) 0.0006
Average T/AT 0.0011 I ~

1~ 
;j

PIST ON RING GAP (IN)
TEST # 18

- - 

Ring No.
Piston No. 1 2 3 4 5 6 7 8 —

- 1. After 0.043 0.034 0.033 0.031 0.024 0.025 0.023 0.024
Before 0.037 0.034 0.033 0.031 0.020 0.020 0.020 0.020

— 
Change 0.006 0.000 0.000 0.000 0.004 0.005 0.003 0.004

2. After 0.054 0.035 0.033 0.032 0.020 0.020 0.019 0.023
- - Before 0.0 32 0.034 0.032 0.031 0.018 0.017 0.017 0.019

Change 0.022 0.001 0.001 0.001 0.002 0.003 0.002 0.004

3. After 0.030 0.032 0.034 0.031 0.020 0.022 0.020 0.026
- 

- 

Before 0.025 0.032 0.033 0.030 0.017 0.018 0.017 0.022
Change 0.005 O.00~~ 0.001 0.001 0.003 0.004 0.003 0.004

Avg F /R (#1 )  Wear 0.011

- 

- 
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PISTON AND CYLINDER LINER CONDITION
TEST NO. 18
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PISTON AND CYLINDER LINER CONDITION
TEST NO. 18
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