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I. INTRODUCTION

The current military lubrication orders (LO's) for Army combat/tactical ve-
hicle engines, except in Arctic conditions, specify the use of single-vis-
: cosity-grade engine oils qualified under MIL-L-ZIOAC.(X)* The viscosity
- grades specified are 10, 30, 40, and 50 (Military equivalents to SAE 10W-20,
30, 40, and 50, respectively), with the proper grade of oil used dependent on

ambient temperature,

| i Using single-grade engine oils results in frequent changes of still usable
' oil solely due to changes in ambient temperature, and not to any degradation

of the oil. A multiviscosity-grade oil for year~round use would eliminate
{ : seasonal oll changes and result in (1) considerable saving on oil used, (2)
a reduced number of stock items and associated logistical simplification, (3)
a reduced number of engine failures due to the wrong viscosity grade being

used, (4) a reduction in maintenance costs, and (5) an incruase in equipment

readiness,

b el o

The Army's high-output diesel eungines typically have different operating
: E cycles than the diesel engine used in commercial highway applications. Pro-
longed perlods of wide-open throttle, alternating with relatively long
periods of inactivity are more typical of Army use than continuously loaded
commercial highway driving. To further compound the difference between com-
mercial highway use and Army operations, the Army engines typically have a
higher power output than their civilian counterparts and are operated in

vehicles that often have murginal cooling systems due to the overriding re-
quirements for armored protectiou. As a result, outside of Arctic condi- j
tions, commercially available multigrade engine oils have not been used in j
Army combat/tactical vehicles because of excessive wear and deposits that

(2)

have resulted from their use,

In the Arctic, the Army is currently using synthetic-basrd engine oils qua-
lified under MIL-L-46167(3) in ambient temperatures from -55°C to +5°C,

]
* Superscript numbers in parentheses refer to the list of references at the i
end of this report, i
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Their use in combat/tactical vehicles under these conditions has been very
successful and has served as an indicator that the use of multigrade diesel

engine oils at higher ambient temperatures may be possible,

Because the effectiveness of multigrade diesel engine oils for Army combat/
tactical vehicles has been demonstrated in Arctic conditions, the decision
was made to develop requirements for a multigrade diesel engine oil for Army

T e e

tactical vehicles operating in ambient temperatures from -10°C to +50°C, A
letter was sent to various lubricant and additive manufacturers soliciting
help in the development of "a new generation of engine lubricaants designed
for use in military ground equipment."(é) This letter resulted in several
candidate oils being sent to U.S. Army Mobility Equipment Research and De-~
velopment Command (MERADCOM) for evaluation. These ¢ils have been evaluated
in this program to determine the acceptability of multiviscosity-grade lubri-

cants for use in combat/tactical diesel engines, and to establish performance

under future lubricant specification #I'.~L-2104D,
I1. OBJECTIVE AND SCOPE

The objective of this project was to test seven multiviscosity engine oils
for suitability in MIL-L~2104 oll applications, Candidate oils were tc meet
or exceed the performance level of selected MIL-L-2104C reference oile, This
work thus furthers the research needed to develop requirements for a uew

MIL-L-2104D specification covering multiviscosity combat/tactical diesel
engine oils., The scope of the work encompasses the testing of the seven
candidate oils and reference oils, evaluation of the candidate oils in com-
parison to the reference oils, and recommendations for action and further

tesis. The scope does not include the field testing necessary to corroborate

| laboratory engine tests.

o

III, EXPERIMENTAL PROCEDURES :

4 A. Test Lubricants ‘

i

l The ingcpection properties of the nine different diesel ergine lubricants C4
i

6 <
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evaluated during this program are shown in Table 1, TLubricant A is the U.S,
Army MIL-L-2104C qualified OE/HDO-30 reference oil, This oil has petroleum
basestocks and a calcium-based detergent-dispersant additive package with a
sulfated ash content of 1.6 wtX. Lubricant B is the OE/HDO-10 grade of the
! : Army's MIL-L-2104C qualified reference oil and has the same additive chemis-
5 try as Lubricant A, Lubricant C, a 10W-30 experimental product, contains a
basestock blend of polyalkylated benzenes and mineral oil, and a calcium/
magnesium detergent-dispersant additive system with a sulfated ash content of
1e2 wtX, Lubricant D is an experimental 10W-30 mineral oil which contains a
magnesjum/calcium additive system with a sulfated ash content of 1.1 wtX.
Lubricant E is an experimental 10W-30 product which contains a basestock
blend of polyalphaolefins and polyolester, The additive system of Luhricant
E is calcium based with a sulfated ash content of 1.l wtX. Lubricant F is a
commercially available 15W-40 mineral c¢il and contains & magnesium/calcium
additive system with a sulfated ash content of 1,0 wt%., Ulubricaant G is also
a commercially available 15W-40 mineral oil with a sulfated ash content of
\ 1.0 wtX; however, its detergent-dispersaant package is calcium based. Lubri-
4 ? cant H is an experimental 10W-30, which contains both synthetic and , etroleum
basestocks, with a calcium additive system and a sulfated ash content of 1,0
wtZ, Lubricant T is an experimental 1OW-30 product consisting of a synthetic
hydrocarbon and egster basestock blend, with a calcium additive system and a

1,5 wtX sulfated ash. The complete inspection properties of these lubricants

L

T

are shown in Table 1.

B. Test Engines

The diesel engines chosen for these multigrade engine oil evaluations were
the two-cycle Detroit Diesel 6V~53T engine (Figure 1) and the four-cycle
Teledyne Continental Motors LD-465-1 and LDT-465-1C engines (Figure 2),.

These engines are representative of many of the same type the Army uses (Ta-

L et sy

bles 2 and 3) and were chosen for test engines becuuse hoth are "sensitive'
to lubricants in different ways. The 6V-53T ergine is intolerant of low vis- ;
cosity combined with high volatility in a lubricating oil, and will severely
score cylinders and “ura rings 1f volatility is outside a critical limit.(s)

|
|
1]
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6V-53T ENGINE SPECIFICATIONS

Engine Type

No, of Cylinders, arrangement
Displacement, liters (in.3)

Bore x Stroke, mm (in.)
Rated Power, kW (Bhp)
Rated Torque, Nm (ft.-1b)

011 Capacity, liters (gal.)

Piston Material, Design

Turbocharged, Direct Injection
Uniflow Scavenged, Two~Cycle
Compression Ignition

6, V

5.2(318)

98.43 x 114,30
(3.875 x 4.500)

224(300) @ 2800 rm,
15,5°C (60°F) and
29,82 in, Hg
834(615) @ 2200 rpm
19(5)

Cast Iron, Trunk-Type

FIGURE 1., SPECIFICATIONS AND INSTALLATION OF THE
DETROIT DIESEL 6V-53T ENGINE
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LD~465-1 AND LDT-465-1C

ENGINE SPECIFICATIONS 1
? ' Engine Type Naturally Aspirated LDT-465-1C
1 is turbocharged), Direct Injection
1 Four-Cycle, Compression Ignition
1 M.A.N, Combustion Chamber Design
Fuel Multifuel Capability ﬂ
. No. of Cylinders, arrangement 6, in-line
Displacement, liters (in.3) 7.8(478) !
Bore x Stroke, mm (in.) 115.8 x 123,7 (4.56 x 4.87) {
|
Rated Power, kW (Bhp) 104 (140) @ 2600 rpm, :
011 Capacity, liters (gal.) 21(5.5) J

FIGURE 2, SPECIFICATIONS AND INSTALLATION OF THE
TELEDYNE ©<ONTINENTAL MOTORS LD-465~1 AND LDT-465-1C ENGINES
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TABLE 2, ARMY VEHICLES POWERED BY TELEDYNE CONTINENTAL
MOTORS LD/LDS/LDT-465 ENGINES#

Designation Description Engine Model
M44A2 Chassis, Truck: 6x6 LD-465~1
M45A2 Chassis, Truck: 6x6 LD=465-1
p M45A2G Chassis, Truck: 6x6 LD-465-1
| M46A2C Chassis, Truck: 6x6 LD=-465-1
; ' M621 Chassis, Truck: 6x6 LD=465-1
M622 Chassis, Truck: 6x6 LD=465-1
M623 Chassis, Truck: 6x6 LD=465-1
] M624 Chassis, Truck: 6x6 LD=465-1
T § .
E i M4LOA2 Chassis, Truck: 6x6 LDS-465-1A
: M40A2C Chassis, Truck: 6x6 LD=465-1A
M63A2 Chassis, Truck: 6x6 LDS-465-1A
M63A2C Chassis, Truck: 6x6 LDS-465-1A
‘ M35A2 Truck, Cargo: 6x6 LD-465-1
M35A2C Truck, Cargo: 6x6 LD=-465-1
] M36A2 Truck, Cargo: 6x6 LD-465-1
i M621 Truck, Cargo: 6x6 LD-465-1
| M54A2C Truck, Cargo: 6x6 LD-465-1A
! M5542 Truck, Cargo: 6x6 LD-465-1A
M656 Truck, Cargo: 8x8 LD-465-(TC)
i {
4
| , M342A2 Truck, Dump: 6x6 LD~465-1 s
} : M624 Truck, Dump: 6x6 LD~465-1
M51A2 Truck, Dump: 6x6 LD-465-1A
M49A2C Truck, Tank: Fuel, 6x6, 4542 L (1200 gal,) LD=465-1
MS0A2 Truck, Tank: Water, 6x6, 3785 L (1000 gal.) LD~465~1
M622 Truck, Tank: Fuel Servicing, 6x6, 4542 L :
(1200 gal.) LD-465-1 :
M275A2 Truck, Tractor: 6x6 LD=465-1
MS2A2 Truck, Tractor: 6x6 LD=465-1A
M246A2 Truck, Tractor: Wrecker, 6x6 LDS-465
M109A3 Truck, Van: Shop, 6x6 1.0=465-1
M185A2 Truck, Van: Shop, 6x6 LDS-427=-2
M185A3 Truck, Van: Shop Repair, 6x6 LD=465-1
M623 Truck, Van: Shop, 6x6 LD~465-1 ]
M291A2 Pruck, Van: Expansible, 6x6 LDS-465-1A ;
M291A2C Truck, Van: Expansible, 6x6 LDS-465-1A i
M543A2 Truck, Wrecker: Medium, 6x6 LDS-465-1A :

* Source: T 43-0001-31, Equipment Data Sheets for TARCOM Equipment,
July 1978.

Note: The LDT-465-1C engine 1s used interchangeably in vehicles utilizing
the LD-465-1 engine,
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TABLE 3. #RMY TACTICAL VEHICLES POWERED BY GMC DETROJT DIESEL
TWO-CYCLE ENGINES

- Designation Description Engine Model
M106A1 Mortar, Self-propelled, 107 um 6V-53
: M107 Guu, Self-propelled, 175 mm 8Vv-71T
% M108 Howitzer, Self-propelled, 105 mm 8V-71T
\ M109 Howitzer, Medium, 155 mm 8v-71T
3 M110 Howitzer, Self-propelied 8v-71T
L d
3
E M113Al Carrier, Perscnnel 6V-53
3 M125A1 Mortar, Self-propelled, Full-tracked 6V-53
M132A1 Flame Throver, Self-propelled 6V=-53
{ M548 Carrier, Cargo, Tracked 6V~53
M551 Armored Reconnaissance/Airborne )
Assault Vehicle (Sheridan) 6V-53T g
F M561 Gamma Goat 3-53
3 M57741 Carrier, Command Post, Light-tracked 6V-53
’ M578 Recovery Vehicle 8V-71T
; HET70 Heavy Equipment Transporter 12v-71T
3 L
[ XM 667 Carrier, GM, Equipment, SP a
' XM 727 Carrier, GM, Equipment, SP a
M 730 Carrier, GM, Equipment, SP a
M 741 Chassis, Gun, AA Artillery, 20 mm, SP a
XM 806E1l Recovery Vehicle, FT Armored a |
—— Truck, Dump, Diesel Electric Driven 6V-71
M911 Heavy Equipment Transporter 8v-92T
a = Vehicles are powered by either 6V-43, 6V-53T, or 8V-71T (TB-750-652).
The LD-465 engine family will increase the viscosity of some lubricants so
that at low temperatures, cranking, starting-and-running, lubricant pumpabil-~ 0
ity, aud subsequent lack of lubrication are potential problems. In addition,
the LD-465 2ngine family produces high blowby which stresses the lubricant |
. additive package.
0o
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Ce Test Cycles

The endurance test cycle chosen for the 6V-53T engine was the Army/Coordi-
nating Research Council (CRC) 240-hour Tracked-Vehicle Cycle (Table 4),
vhich has been correlated to 6437 kilometers (4000 miles) of proving grouand

TABLE 4. ARMY/CRC 240~HOUR TRACKED-VEHICLE ENDURANCE CYCLE

Coolant Jacket-=-Out

Period* Time, hr Rack/Throttle Setting Temp, “C(°F)

1 0.5 idle 38(100)
2.0 Maximum Power%* 77(170)
0.5 idle 38(100)
2.0 Maximum Torquek# 77(170)

2 0.5 idle 38(100)
2.0 Maximum Power 77(170)
0.5 idle 38(100)
2.0 Maximum Torque 77(170)

3 0.5 idle 38(100)
2,0 Maximum Power 77(170)
0.5 idle 38(100)
2.0 Maximum Torque 77(170)

4 0.5 idle 38(100) ]
2.0 Maximum Power 77(170)
0.5 idle 38(100)
2.0 Maximum Torque 77(170)

5 4 5 min idle, followed by

shutdown ——

*These five periods yield 20 hours of running with a 4-hour shutdown; _
this cycle is repeated 12 times for a total test time of 240 hours. i

**For the 6V-53T, Maximum Power occurs at 2800 rpm and Maximum Torque
occurs at 2200 rpm,

[T S N
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operation, The endurance test cycle chosen for the LD/LDT-465-1 engines

was the Army/IRC 210-hour Wheeled-Vehicle Cycle (Table 5), which has been cor-

related to 3%,187 kilometers (20,000 miles) of proving ground operation.(zz)

TABLE &, ARMY/CRC 210-HOUR WHEELED-VEHICLE ENDURANCE CYCLE

] Coolant Jacket-Qut
i Period* Time, hr Rack/Throttle Setting Temp, °C(°F)

1 2 5 min idle followed 82(180)
by slow acceleration
to maximum power**

2 1 idle 33(100)
3 2 Maximum Power 82(180)
4 1 idle 38{100)
5 2 Maximum Power 82('80)
1 6 1 idle 38(100)
7 2 Maximum Power 82(180)
i 8 1 idle 38(100)
‘ 9 2 Maximum Power 82(180)

10 10 5 min idle followed ——

by shutdown

* These 10 periods yleld 14 hours of running witn a 10~hour
gshutdown; this cycle is repeated 15 times for a total test
tine of 210 hours,

**% For the LD-465 series engines, Maximum Power occurs at 2600 rpm.

Am

D, Test Procedures

1. 6V-53T Engine--Prior to each endurance test, the 6V-53T engine was 7
disassembled and rebuilt, New cylinder assemblies (which include piston, ()j
rings, and piston pin) were used for each rebuild, and the connecting rod !
bushings, connecting rod bearings, camshaft bearings, and main bearings were :
replaced only if the clearances were out of specification, or if appearance {
warranted replacement, The combustion chambers were cleaned by wire brushing, ‘4

and the exhaust valves were refaced or replaced as necessary, and lightly




lapped. The manufacturer'’s rebuild specifications(23’2b) were followed for

all parts, and particular attention was given to all measurements and oper-
ations involving the cylinder assemblies, the main indicators of lubricant

performance in this engine test.

Prior to each test, the instrumentation (Table 6) was recalibrated, with
particular attention given to the tachomweter, flowmeter, and dynamometer load
system, After calibration the engine was broken in, and a before-~test power
curve at full-rack from 1800 to 2800 rpm a: 200 rpm increments was run. The

' 240-hour Tracked-Vehicle Cycle Endurance Test was then rum, with an oil

e L SR

change at 120 hours.

naaliink st o Lany L IRTSY

TABLE 6. TEST INSTRUMENTATION

1500-5000 rpm.
Newport Digital Tachometer, Model 6130A, 0-10000 rpm.
: Flotron Fuel Flowmeter, Part No. 10E48, 0-91 Kg (0-200 lb/hr).
J Ragan Pneumatic Load Cell w/Wallace and Tiermen Readout, 0-499 Kg
: {0~-1100 1b).
] Honeywell Temperature Recorder, Model 153C64P2-228W7-42,
-170 8"537.8'C(0°"1000°F) .
t o Moore Temperature Controller, Model 5311MT2(M2), 37.8°-121°C(100°-250°F),
Various Crosby and Helicoid Bourdon Tube Pressure Gauges, 0-30,
0-60, 0-100 psig.
King Manometer, Model AFSFF24, 0-635 mm(0~25 im).
. Meriam Inclined Manometer, Model M177, 0-102 mm(0-4 in).
< Omega Exhaust Thermocouple Readout, -17,.8°-1093°C(0°-2000°F).

s { ‘ Midwest Eddy Current Dynamometer, Type MW10K, 298 kW(400 hp) absorbing,

LD-465-1, LDT-465-1C Engines

Dynamatic Eddy Current Dynamometer, Model C~50-U, 244 kW(300 hp) abscrbing |

. 2100-5000 rpm. !
. Newport Digital Tachometer, Model 6130A, 0-10000 rpm. j
' Flowtron Fuel Flowmeter, Part No. 10E48, 0-91 kg/hr(0-200 1b/hr). |
Tate-Fmery Hydraulic-Pneumatic Load System, 0-227 kg(0-300 1b). ,
Honeywell Temperature Recorder Model 153X72-P16-II-III-6, j

-17.8°-315.6°C(0°~600°F) . !
Moore Temperature Controller, Model 5311IMT2, 37.8°-121°C(100°-250°F), :
Various Crosby Bourdon Tube Pressure Gauges, 0-15, 0-60, 0-100, 0-160 psig.
King Manometer, Model AFS5FF24, 0-635 mm(0-~25 in).
Meriam Inclined Mauometer, Model 40HE35, 0-102 mm(0-4 in),
Omega Exhaust Thermocouple Readout, -17,.8°-1093°C(0°~2000°F).

e ——

] 15

|
1




011 samples were taken for chemical and physical analysis, oil additions were
made, and the airbox was inspected according to the schedule in Table 7.

P- TABLE 7, 6V=-53T ENGINE 240~iOUR TRACKED-VEHICLE CYCLE
OIL ADJUSTMENTS AND SAMPLING SCHEDULE

Test Hours
Operation O 20 40 60 80 100 120 140 160 180 200 220 240

0il1 Adjustments - X
Used Oil Sampled - X

[ -
[
L -
b1 pd e

1 »

Airbox Inspected X
011 Change X

LI - -
¢ ¥ X
[ -

X indicates adjustment, sampling, or inspection to be performed at given
test time.
* indicates 0,94-L (32-0z.) samples.,

After the endurance test was completed, an after-test puwar curve at full-
rack from 1800 to 2800 rpm at 200 rpm increments was run., The engine was
then disassembled and the same components measured before the test were ‘1
remeasured, with particular attention given to the piston ring end gap and
the cylinder liner inside diameter, Next, the engine was rated for deposits,
according to applicable Coordinating Research Council (CRC) rating wethods
for diesel engines.(25'26) Then photographs of the pistons, rings, cylinders, 1
f . combustion chambers, and any unusual parts were taken. The engine was then
rebuilt for the next test, The test fuel for all tests was Caterpillar
1H2/1G2 Reference Fhe1(27) (0.4 wtX sulfur), with a typical analysis showm
in Table 8,

2. LD-465-1 and LDT-465~1C Engines--The rebui‘ding and testing of the
LD-465~1 and LDT-465~1C engines genevally followed the same procedures as the
6V-53T tests, Exceptions were the following: the 210-hour Wheeled-Vehicle 1
Cycle was used (oil sampling and addition schedule given in Table 9); before- i
test and after~test power curves were from 1200 to 2600 rpm at 200 rpm incre~
ments; and photographs of the intake and exhaust valves were taken, The test

fuel for these tests was also Caterpillar 1H2/1G2 reference fuel.
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TABLE 8, TYPICAL ANALYSIS OF TEST FUEL CATERPILLAR 1H/1G REFERENCE
FUEL (AL-9488-F)

ASTH Specification
Property Method Requirements* Analysis
Distillation, °C(°F) D 86
Initial Boiling Point Report 207(495)
102 recovered Report 241(465)
50% recovered 500 min. 273(524)
90X recovered 600-640 317(602)
End Point 650-690 348(658)
Recovery, volX NR 99.0
Res idue, volZ NR 1.0
Loss, volZ% NR 0.0
Flash Point, °C(°F) D 93 100 min 86(187)
Cloud Point, °C(°F) D 2500 Report -2(28)
Pour Point, °C(°F) D 97 20 max =12(10)
Viscosity at 38°C(100°F), cSt D 445 1.6-4,5 3.3
Neutralization No., mg KOH/g D 664 NR 0.0
Water & Sedincort, volX D 1796 0.05 max 0.0
Cetane Number D 613 40-45 52
Gravity, °API D 287 Report 34.5
Net Heat of Combustion, 6
J/kg D 240 Report 42,13x10
(Btu/1b) (18130)
Sulfur, wtZ D 1552 0.35 min 0.404
Carbon Residues on 10%
Bottoms, wtZ D 524 0.20 rax 0.10
Copper Strip Corrosion,
2 hr at 50°C(122 7) D 130 No. 2 max 1A

*See Reference 27.
NR = Not requirved.

——

TABLE 9. LD/LDT-465 ENGINE 210-HOUR TRACKED-VEHICLE CYCLE

Test Hours
Operation 14 28 42 6 70 84 98 112 140 154 168 182 196 210

X Xx¥ X X X X X X Xx X
* X

041 Adjustments X X X
X X X X X * X X X X »

Used 0il Sampled

X indicates adjustment, ssmpling, or iuspection to be performed at given
test time.
! indicates 0,94-L (32-0z) samples.
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E. Test Evaluation

The results of the multigrade oil tects were evaluated by comprrison with
single~-grade OE/HDO-30 or OE/HDO-10 tist results using the same engine and
test cycle. These two MIL-L-2104C lubricants were chosen because the OE/
HDO-30 oil has shown good performance in the 6V-53T engine in the field. The
OE/HDO-10 o1l would be expected to show the cylinder liner scoring and ring
burning in the 6V-53T engine that the low viscosity/high volatility
(27) Gith this information as the basis,

'

MIL-L-2104B predecessors have shown.

T o e o e ey

i the OE/HDO-30 endurance test results were designated acceptable performance

level and the OE/HDO-10 endurance test results were designated borderline
fail,

The criteria chosen for the comparative evaluations were a combination of
lubricant physical and chemical properties and engine condition (mainly wear
aud deposits). For the 6V-53T engine tests, more attention was given to
engine condition than to lubricant analyses. while for the LD/LDT-465 engine
tests more attention was given to lubricant analyses than to engine con-

i dition. Although enpgine condition and lubricant analyses are important for
1 : both itests, favoring either engine condition or Inbricant analyses indicates
the main area of lubricant concern for that engine as well as the importance

of th= data obtained,

For example, in the LD/LDT~465 engine tests the cylinder liner diameter in-
. crease and piston ring end gap increase did not vary much between tests., The L

cylin’ur liner diameter increase for all tests varied from 0.00254 to 0.0127
me (0,0001 to 0.0005 in,). Changes of this magnitude are at the limits of

the measuring instruments used anl are of the same magnitude as changes in

dizneter due to changes in ambient temperature of 10° to 30°F, which commonly i
occur, For a 102-um (4~in,) diameter cylinder, and a 30°F change in temper- i
ature between measurements, a change in diameter of 0,00254 mm (0.,0001 in,)
solely due to temperature will occur, using 12 x 10-6 meters per meter of
length per °C (6 x 10"6 in,/1ir./°F) as the coefficient of thermal expansion
for cast iron, Similarly the piston ring end gap increases did not vary
between tests by more than 0,051 mm (0.002 in,), near the limitse of the mea- {
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suring instrument for this measurement also. As a result, the main test
evaluation criteria for the LD/LDT-465 engine tests wers the lubricant pro-

verties,

While the 6V-53T engine experienced a similar magnitude of ambient tempera-
ture changes and measurement limits, the changes in cylinder liner diuameter
and piston ring end gap increase were greater than those found in the LD/LDT
engine, This decreased the errors in measurement due to temperature changes
and instrument limits. 1In addition, the lubricant properties, over the span
of one endurance test, did not vary nearly as much in the 6V-53T engine as
they did in the LD/LDT-465~1 engine. So for the 6V=-53T engine tests, the

main test evaluation criteria were the engine conditions.

A summary of the tests conducted during this program is given in Table 10.
Complete test result summaries are listed in Appendices A through M.

III. DISCUSSIONS OF RESULTS

The following discussion is based mainly on the summarized data in Tables 11
and 12 for the 6V-53T engine; in Tables 13 and 14 for the LD-465-1 engiue;
and in Tables 15 and 16 for the LDT-465-1C engine. The data ir: Tables 12,
14, and 16 compare with the data of Tables 11, 13, and 15, respectively, with
the latter expressed as a percentage of the baseline oil test results for

ease of comparison.

A, 6V=53T Engine 240-Hour Tracked-Vehicle Cycle Endurance Tests

A summary of the test results considered ilmportant in determining lubricant

performance is given in Tables 11 and 12.

Cylinder liner diameter increase, piston ring gap increase, liner scuffing,
liner glazing, and ring face scuffing are important. Large amounts of any of
these parameters can cause reduced power output, increased fuel consumption,

reduced engine life, increased oil consumption, and fuel dilution of the oil,

19




! TABLE 10, SUMMARY OF THE TESTS CONDUCTED FOR THE MULTIVISCOSITY-GRADE
DIESEL ENGINE OIL DEVELOPMENT PROGRAM

6V-53T Engine 240-Hour Tracked-Vehicle Cycle Endurance Tests

SAE Viscosity

i
i
E Test No. Lubricant Designation Grade Lubricant Basestock
i 3 A 30 . Mineral
P ; 4% B 10W Mineral
; { 5 c 10W-30 Polyalkylated Benzenes
£ + Mineral
| 6 D 10W=-30 Mineral
E 7 E 10W-30 Polyalfaolef ins (PAO)
' + Polyol Ester
- 8 F 15W=40 Mineral
3 9 G 15W=40 Mineral
é
i . LD-465-1 Engine 210-Hour Wheeled-Vehicle Cycle Endurance Tests
E ' SAE Viscosity
| ' Test No, Lub 1icant Designation Grade Lubricant Basestock C
; _
3 \
i i 1 B 10w Mineral
3 : 2 I 10W=30 Synthetic hydrocarbon +
i ; ester 3
3 H 10W=-30 Mineral + Synthetic j
LDT-465-1C Engine 210-Hour Wheeled-Vehicle Cycle Endurance Tests J
SAE Viscosity j
. Test No, Lubricant Designation Grade Lubricant Basestock ]
4 A 30 Mineral d
E 5 E 10W~-30 Polyalfaolefins (PAO) 1
i + Polyol Ester i
f 6 G 15W=40 Mineral ;
| B

: * Test stopped at 140 hours due to severe scoring of cylinder 1L,
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TABLE 13, SUMMARY OF LD-465-~1 ENGINE 210-HOUR WHEELED-VEHICLE
CYCLE TEST RESULTS

Test 1 Test 2 Test 3
SAE 10W SAE 10W-30 SAE 10W-30
Lubricant Properties B I H
pe
1 , Kinematic Viscosity Increase at 40°C, % 38 6l 48
| Kinematic Viscosity Increase at 100°C, % 38 42 32
: Pentane B Insolubles, wt%, ASTM D 893 5.0 1.3 0.2
: Iron in the Oil, ppm by XRF* 263 167 247
[ i
g ! Avg. Engine Condition
3 3 Cylinder Liner Diameter Increase,
, ; cm ~0.0003 -0,0005 0.,0006
P {n.) (=0,0001)  (=0.G002)  (~0.0059)
| Piston Ring Gap Increase,
: cm 0.008 0.008 0.010
(in,) (0,003) (0.003) (0.004)
: Piston WID Deposit Rating 131 91 112
j Intake Valve Tulip Deposit Rating 3.9 2.7 2.9
‘ 011 Consumption, kg/hr{(lb/hr) 0.17(0.38) 0,10(0.21) 0,07(0.15)
AL, Code 6825 6942 7288
*XRF = X-ray fluorescence,

i TAELE 14, SUMMARY OF LD-465 ENGINE 210~HOUR WHEELED~VEHICLE CYCLE TEST
: RESULTS AS A PERCENTAGE OF LUBRICANT B OE/HDO~10 BORDERLINE TEST RESULTS*

Test 2 Test 3
: SAE 10wW-30 SAE 10W-30
] . Lubricant Properties 1 - H
: Kinematic Viscosity Increase at 40°Ck*, 7% +61 +28 ,
3 ; Kinematic Viscosity Increase at 100°C, X +11 -16 ]
SR ) Pentane B Insolubles, %, ASTM D 893 =74 -96 i
' B Iron in the oil, % by XRF*k#% =37 -6 ;
Avg. Engine Condition f
Piston Ring Gap Increase, % 0 +33 i
Piston WID Deposit Rating, % -31 -15 !
Intake Valve Tulip Deposit Rating, % -31 -26 ;
0il Consumption, % =45 =61 :
Averaged Performance Percentage, % -18 -20
AL Code 6942 7288

*  The numbers indicate the percent more (+) or less (=) of the given quantity
than the borderline fail test results,

*%  For viscosities, % increase = [(% increase test oil/% increase borderline
fail oil) - 1) x 100,

®kkx XRF = X-ray fluorescence,

e e S e
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TABLE 16, SUMMARY OF LDT-465-1C ENGINE 210-HOUR WHEELED-VEHICLE CYCLE
TEST RESULTS AS A PERCENTAGE OF LUBRICANT A OE/HDO-30 TEST RESULTS
Test 5 Test 6
L AST™ SAE 10W-30 SAE 15W-40
i - Lubricant Properties Method E G
, Kinematic Viscosity Increase
: at 40°C**x, -91 =49
Kinematic Viscosity Increase
: at 100°C, % -92 =54
£ Total Acid Number, 2 D 664 =27 -3
3 ' Total Base Number, % D 2896 -58 =53
f Pentune B Insolubles, % D 893 -64 -52
t Toluene B Insolubles, % D 893 -60 =55
Carbon Residue, % D 524 -~56 =45
] Sulfated Ash, % D 874 =50 =47
3 Iron in the 011, X by XRF#** +133 +45
Avg. Engine Condition
Cylinder Liner Diameter Increase, 2% V) 0
1 Piston Ring End Gap Increase, 2 V] 0
3 : Piston WID Deposit Rating, X -35 0
Intake Valve Tulip Deposit Rating, z -89 =49
] 0il Consumption, % -53 =49
E Averaged Performance Percentage, 2 -39 -29 |
) E
1 ‘ AL Code 8924 9249 H
*  The numbers indicate the percent more (+) or less (-~) of the given
P quantity than the acceptable performance level test results.
A%  For viscosities, ¥ increase = [(X increase test o0il/% increase
acceptable performance level oil) - 1] x 100,
**% XRF = X~ray fluorescence,

all due to ineffective gas sealing between the combustion chamber and crank-
case, Deposits are important because they can also contribute to ineffective
sealing between the combustion chamber and crankcase by causing riag sticking
and cylinder liner wear., Deposits can also cause the exhaust valves to stick

and burn, resulting in a poor combustion chamber seal.

The lubricant properiics of Apparent and Kinematic Viscosity are important
because changes in them are indicators of the oxidation, fuel dilution, and
soot quantity as well as the stability of the viscosity index (VI) improvers.
Oxidation and socot tend to increase the viscosity, while fuel dilution and

25

"1 h - - el B e

. DS - i "




oy

TR

i

R T

shearing of the polymeric VI improvers tend to decrease the viscosity as an
oil is used., Areas to check during observation of viscosity change of the
oil include ensuring that the oil does not become so viscous that cranking,
starting, running, or pumpability is impaired, or becomes thin so that the
oil fails to maintain an adequate hydrodynamic film on critical engine com-

ponents such as bearing and cams.

Since there was only one endurance test run with a given lubricant, the
effect of variables on the repeatability and reproducibility of the test

results is unknown and can only be estimated,

From the data in Tables 11 and 12, cylinder liner diameter increase was es~-
sentially equal for all oils, with the exception of Lubricant G which had
roughly 17 percent of the increase of the others. Although the uncertainty
due to ambient temperature differences between before and af ter test measure-
ments remained, the difference in cylinder liner diameter increase between
Lubricant A, the OE/HDO-30 and Lubricant G was enough to conclude that cylin~

der wear was less using Lubricant G,

Piston ring eud gap increase was substantially higher for all the oils except
the two 15W~40 oils, Lubricant ¥ and Lubricant G, which were equal to the
acceptable performance level results. With end gap changes of such magni-
tude, the errors due to ambient temperature changes were much less, and the
changes seen here can be much more confidently attributed to differences in
olls, It is worth noting that all the oils with the larger end gap increases
are 10W-30 oils, while the two oils with end gap increases equal to the
baseline are both 15W-40 oils.,

The average cylinder liner scuffing also roughly followed the same trend that
the ring gap increase did; the 10W-30 oils had more scuffing than the OE/
HDO-30 baseline while the 15W-40 oils had less scuffing than the OE/HDO-30

baseline.

Ring face scuffing was higher than the OE/HD0O-30 oil for Lubricaat B, C, and
D. It was less than the OE/HDO-30 oil for Lubricants E, F, and G. Again,
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the two 15W-40 oils performed better than the OE/HD0-30 oil, with .ae 10W-30,
Lubricant E, also doing better than the OE/HDO-30 oil.

Piston Weighted Total Deposits (WID) ratings, ring groove carbor Z1lling, and
number of stuck rings were essentially equal for all oils test¢’, leading to
the conclusions that either all these oils had similar deposit~forming ten-
dencies, or the test was unable to discriminate between oils in this respect,

011 consumption was also roughly equal for all oils tested, except for Lubri-
caunt C and Lubricant E, which had 60 and 70 percent of the oil consumption of
the OE/HDU-30 oil, respectively,

The kinematic viscosity increases at 40° and 100°C were less for all olls

tested, with Lubricants D, E, B, and F performing the best.,

The apparent viscosity increases at -29° and ~18°C cannot be compared to
acceptable performance level o0il test results since viscosities at these
temperatures were not obtalned for the OE/HDO~30 oil (SAE 30 grade does not
flow at these temperatures). However, comparisons between the different test
oils show that Lubricant E had the least increase (actually a 13 percent de-

crease) of all oils, with Lubricant B next.

The amount of iron in the o0il, an indicator of wear, was substantially more

for all oils tested except the two 15W-40 oils, Lubrjcant F and Lubricant G.

The averaged performance percentage (APP) is the average of all the perfor-
mance figures for a given oil. For all of the quantities in Table ll, a more
positive (+) value is worse, so that the more negative (~) a value 1is, the
better, Lubricant F has the best APP at -39 percent, indicating that overall
it performed substantislly better than the OF/HDO-30 baseline, Lubricant G
was next at -24 percent APP, also substantially bhetter than the OE/HD0O-30
baseline., The next APP was Lubricant E, just slightly better overall than
the baseline, Lubricants C, D, and B with APP ratings of 31, 34, and 38
percent, respectively, were alike in that all were substantially worse over-

all than the OE/HDO-30 oil,
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Fiy ve 3 graphically represents these APP results and shows that Lubricants
G, F, and E all performed better than the OE/HDO-30, while Lubricants C, D,

and B all performed worse.
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FIGURE 3. AVERAGE PERFORMANCE PERCENTAGES FOR THE 6V~53T ENGINE
240-~-HOUR TRACKED~-VEHICLE CYCLE TESTS

B. LD/LDT-465 Engine 210~Hour Wheeled-Vehicle Cycle Endurance Tests

Initially, the LD=-465-1 engine configuration was used for these endurance
tests, but was later changed to the LDT-465~1C engine turbocharged config-
uration to make the test more severe than it had been, Since the two types of
465 engines had different operating conditfons [LD-465~1 engine maximum power
of approximately 99 kW (133 bhp) versus LDT-465~1C engine maximum power of
approximately 112 kW (150 bhp)], the test results using one configuration will
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be considered separately from the test results of the other configuration,
: ' Tables 13 through 16 summarize the LD-465 engine and LDT-465-1C engine test
results considered important in determining lubricant performance.

Again, since only one endurance test was run with a given lubricant, the
effect of random variables on test results is unknown. Complete data for all

tests are given in References 8 through 20.

e e

, C. LD-465-1 Engine 210-Hour Wheeled-Vehicle Cycle Endurance Tests

From the data in Tables 13 and 14, the kinematic viscosities at 40°C of both
oils increased much more than the borderline fail baseline oil. While the
‘ borderline fail oil, Lubricant B, was designated so because of {its high vola-
. tility and subsequent poor performance in the 6V-53T engine, it also was the

1 0oil the Army used in low-ambient temperature conditions. Because of this,
Lubricant B was a suitable treference oil for low~temperature viscosity in-

i creases, Any oil which increased in viscosity more than the Lubricant B OE/

HDO-10 baseline was suspect due to the insufficient data on cold cranking,
(6)

i starting~and-running, and lubricant pumpability for Army engines, com~ i
pounded by a lack of agreement among manufacturers concerning viscosity
limits (Figure 4). Since both Lubricant I and Lubricant H increased in
viscosity more than the OE/HDO-10 bascline, there 1s some doubt as to its

2 : desirability as a MIL~L-2104C oil.

D. LDT-465-1C Engine 210-Hour Wheeled-Vehicle Cycie Endurance Tests

The data in Tables 15 and 16 show that both test oils Lubricant E and Lubri-
cant G had much less viscosity increase at 40°C and at 100°C than the OE/
HDO-30 oil. While this lack of increase 1s encouraging, the data did not
tell how the two test olls performed relative to the OE/HDO-10 oils used at
the lower ambient temperatures. Nor did it indicate whether viscosity in~-
creases encountered in the test oils would cause cold cranking, starting-
and~running, and lubricant pumpability problems in the engines the Army uses.
Although limited data exist,(ﬁ) additional 1information is necessary before |

any lubricant can be evaluated for its low-temperature properties., The best
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use for the present data is evaluating it against the OE/HDO-30 oil and
deciding whether the two test oils are better than the OE/HDO-30 in the
applications where the OE/HDO-30 is presently in use,

Examination of the data on this basis shows both test oils performed much
better in all categories except in the amount of iron in the oil, as deter-
mined by X-ray fluorescence (XRF)., Since the measured wear of the critical
engine parts (cylinders, rings) was equal for all tests, and all engine parts
looked normal regarding wear, perhaps the difference was due to differing oil

consumptions or corrosion and wear of engine parts not measured.
The Total Base Number (TBN) for both test oils was less than the OE/HDO-30

baseline oil at the end of ithe test, indicating less reserve alkalinity re-

maining to offset the acidic products of combustion, Since the two test oils
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both had & lower TBN and a higher iron concentration than the OE/HDO-30 oil,
there may be a relation between the two that further investigations could
uncover, The sludge aand deposit-forming tcndency indicators of Pentane B
Insolubles, Toluene B Insolubles, Carbon Residue, and Sulfated Ash werve much
lower for both test oils, as were actual piston and intake valve deposits.
The oil consumption was also much lower for both test oiis., All these fac-
tors averaged together gave an APP of -39 percent for Lubricant E and -29
percent for Lubricant G, indicating that both oils tested were better overall
than the OE/HDO-30 acceptable performance level oil in this test.

E. Relationships Between Variables

In this section, the possible relatioanship between different variables (e.g.,
oil viscosity or volatility versus wear, and oil basestock or oil additives
versus wear or deposits) is explored. The discovery of relationships between
variables can hopefully be used to set specifications and specification lim-
its, to reduce test costs, to imprcve lubricant performance, and to aid in

preventive maintenance.

One of the relationships of interest 1is whether the rate of engine wear can
be obtained from examination of properties of the new or used oil, Table 17
lists the variables examined for relations to wear and the resulting curve
fits with the "goodness of fit" measure, Rz, having a value of Rz = ) for no
fit and Rz
gap increase rate correlate excellently. is means that most of the iron in

= | for a perfect fit. Note that iron production rate and ring

the lubricant is coming from ring wear, assuming the quantity of iron in the
oil agrees with ring weight loss, The iron production rate was obtained by
taking the awount of iron in the oil as determined by XRF, accounting for the
iron lost in sampling and consumption, and converting this to a rate basis
along with the other variables examined. This way comparisons with 240-Hour
Tracked-Vehicle Cycle Tests that did not finish the full 240 hours (such as
Test 4) are possible, and an indication is given in terms of rate-of-wear/
hour that can be compared with other test cycles and test engines for test

severity.
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TABLE 17, WEAR-RELATED CORRELATIONS BETWEEN VARIABLES FOR THE 6V-53T
ENGINE 240-HOUR TRACKED-VEHICLE CYCLE TESTS

Fe Ring Gap Liner Scuffing Ring Face Cylinder ID

Test Production Increaagsrate, Rate, X Area/hr Scuff Rate, Change_gate.
Number Rate, mg/hr _in.x10 ~/hr Thrust Overall % Area/hr 1in.x10 /hr

[ 3 24 1.7 0.10 0.08 0.14 5.0
: 4 102 6.4 0.29  0.27 0,48 8.6
5 71 3.8 0.20  0.14 0.27 6.3

6 103 5.8 0.19  0.14 0,27 6.3

: 7 42 2.5 0.10 0,09 0.11 4.6

: i 8 23 1.3 0.05 0.05 0,07 4.6
i ' 9 21 1.7 0.06 0,05 0.08 0.8

Linear Regression Data Fits With Coefficients of Determination (32)

Fe production rate vs. Ring gap increase rate: Y = -2,8 + 17,5X, R2 = 0,98

Fe production rate vs, Liner scuffing rate, Thrust: Y = 0,8 + 384X, Rz - 0.84
Fe production rate vs. Liner scuffing rate, Overall: Y = 7.0 + 410X, Rz = 0,74
Fe production rate vs. Ring face scuffing rate: Y = 10,0 + 220X, R2 = 0,79

2

Fe production rate vs, Cylinder ID change rate: Y = -7,5 + 12X, R = 0,62

. Liner scuffing rate, thrust vs. Ring face scuffing rate: Y = 0,02 + 0.59X,
SR R% = 0.98
' b Ring gap increase rate vs, Ring face scuffing rate: Y = 0,69 + 13X, R2 = 0.85

TR YA

Also showing an excellent correlation is Liner Scuffing Rate versus Ring Face

» Scuffing Rate, with R2 = 0,98, This correlation indicates that a third quan-

. E tity is affecting both the liner and the rings in a directly proportional
' mannet, or that the rings or the liner are scuffed, which in turn scuffs the
other., Showing less correlation, but nonetheless relatively good Eits are

iron products versus liner scuffing and Ring Gap Increase Rate versus Ring
| 2

Face Scuff Rate with R = 0,84 and 0.85, respectively. This correlation is
an indication that the predominant wear mechanism is done by scuffing as

opposed to smooth, even wear, Since there 1s a tentative connection between

(6)

ring/ liner wear and lubricant volatility, these data suggest that to

reduce wear, scuffing is the major area of focus, and lubricant volatility

may be the indicator, Lubricant volatility experiments should be performed
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in order to test the assertions of Reference 5, and to investigate correla-
tions with oil consumption. The other data fits show some correlation, but
not enough for a definite conclusion to be drawn. Other attempted correla-
tions show that there is some linear correlation between ring wear versus
kinematic viscosity at 40° or 100°C (R2 = 0,61 and 0-57), or between ring
scuffing versus kinematic viscosity at 40°®* or 100°C (R2 = 0,48 and 0.57).

Experiments should be performed to see 1f viscosities at the temperature
encountered on the cylinder walls would correlate better with wear. The lack

T T e - vt PR e e o

i of volatility data, high-temperature viscosity data, and the limited number
of lubricants of varying basestocks make it impossible at this time to dis-
criminate the performance of different lubricants on the basis of lubricant

basestock, additives, or intecractions between the two,

. There is insufficient data to draw significant correlations between variables
1 i in either the LD=465-~1 engine tests or the LD-465~1C engine tests, each with
a total of three tests conducted. The fact that little difference 1is seen

between available test results, besides oil consumption and viscosity in-

creases, also makes any significant analysis difficult.

V. CONCLUSIONS

A. 6V-53T Engine 240-Hour Tracked-Vehicle Cycle Tests

° Cylinder liner wear 1is not great enough to make distinctions between
oils,

. Ring wear is great enough to begin making distinctions between oils.

° Piston WID deposits and ring groove carbon filling did not vary much

between the tested oils,

o A correlation exists between the rate that iron is introduced 1into the {

0il and the observed piston ring wear rate, The curve fit for this

correlation with R2 = 0,98 is: Fe production rate (mg/hr) = -2.8 + 17,5

ety .._.Z.QX;_.—-rw T e s e e e e e - —r——————e
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(Ring Gap Increase Rate (in. x lo-slhr)] or Ring Gap Increase Rate =
0.23 + 0,056 (Fe production rate).

° There is also a direct correlation between cylinder liner scuffing and
- ring face scuffing. The equation is Linear Scuffing Rate = 0,02 % 0.59
(Ring Scuffing Rate).

) Overall, the test oils Lubricants E, F, and G performed better than the .
OE/HDO-30 reference oil and would be satisfactory replacements for OE/

i HDO-30 in 6V-53T engines, Lubricants C, D, and B performed worse than

| the OE/HDO-30 oil. Use of the three oils that performed better overall

might result in more ring wear with Lubricaat E, less with Lubricant F,

and equal ring wear with Lubricant G, Use of all three might also

result in less scuffing, equal or less deposits, less oil thickening &and
equal or slightly more o0il consumption, except for Lubricant E with less
0il consumption. Use of the three oils that performed worse might
result in more wear, more scuffing, less deposits, equal or less oil

consumption and less oil thickening.

® 240-hr 6V-53T cycle provides lubricant discrimination and 1s suitable
for use in the proposed MIL-L-2104D specification.

B. LD-465-1C Engine 210-Hour Wheeled-Vehicle Cycle Tests

Lo ] (he viscosities of both test oils Lubricant I and Lubricant H increased
L more than the OE/HDO~10 baseline oil, and are doubtful as MIL~-L-2104
‘ : 0ilz until more data on cold cranking, starting-and-running, and lubri-
1 cant pumpability for Army eagines can be obtained.
i
T ] Insufficient data exist to make significant correlations betweeun varia- o
( bles.
, C. LDT-465-1C 210-Hour Wheeied-Vehicle Cycle Tests ;
o
° Overall, the two test olls, Lubricant E and Lubricant G, both performed :
1
t
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better than the OE/HDO-30 baseline and would be satisfactory replace-
ments for applications in LD/LDT-465 engines wher- the OE/HDO-30 oil is
used now, Potential benefits are equal wear, equal or fewer deposits,
less oil thickening, and less oil consumption,

The performance of the two test oils in regards to excessive low-tem-
petature viscosity increases is still unknown due to the lack of data on
cold cranking, starting-and-~running, and lubricant pumpability for Army

engines,

Lubricant F and Lubricant G appear acceptable as SAE 15W-40 multivis-
cosity-grade MIL-L-2104 specification oils. Acceptance should be pro-
visional pending the results of work defining low-temperature v!.cosity
limits in Army engines, Although Lubricant E performed acceptably over-
all, the ring wear seen when using this oil 1is cause for further investi-

gation.

VI. RECOMMENDATIONS

A detalled cost-benefit analysis should be performed based on the costs
(initial, operational, logistical) of the curreat MIL-L-2104C oils, and
initial screenlag criteria should he developed to eliminate those candi-
date lubricaants that would not result in an economical solution to the

problems they aolve,

Additional testing should be conducted in order to evaluate current
and future 10W-X candidate MIL-L-2104 lubricants.

The effects that curreant and potential MIL-L-2104 lubricants have on
Army combat/tactical engines should be quantified through extensive
analysis of flield secrvice records, or controlled field tests 28 neces-
gary to ohtain clear results concerning service life at rated power,
startability, and fuel and oil consumption rates, In the past, uncon-
trolled field tests and €ield service records have ylelded ambiguous
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2,

3.

4,

5.

6.

ftgures.(7) Modif ications to past procedures or using coatrolled field
tests may be necessary. The data derived from such tests are necessary
to «valuate the discriminatory capabilities of other tests used to
evaluate lubricants., Any test used to evaluate lubricant performance

should rank oils in the same order as actual service,

The actual Llimits of oil viscosity for succesaful cranking, starting-
and-running, and Llubricant pumpability should be defined, This could be
done by testing Army combat/tactical engines at temperatures ranging

from extreme cold to moderate cold,
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FNGINE-LUBRICANT COMPATIBILITY TEST #3
240-HOUR TRACKED-VEHICLE CYCLE
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ENGINE-LUBRICANT COMPATIBILITY TEST
* 240~-HOUR TRACKED VEHICLE CYCLE
USING 6V53T DIESEL ENGINE

Test Lubricant: MC-520 (AL-6856-L)
Engine Test Number: CI 5136206-3
Date Completed: 2 February 1979

B e —

? Conducted for

R e

|

' U.S. Army Mobility Equipment Research and Development Coumand
; Energy and Water Resources Laboratory

Fort Belvoir, Virginia

s s ol gt

! By

U.S. Army Fuels and Lubricants Research Laboratory
Southwest Research Institute
San Antonio, Texas 78284
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6V53T CI5136206-3
BUILD-UP ENGINE MEASUREMENTS

: INCHES (1)
% Measurements Min Max Avg Specified Limits
: Crankshaft main bearing
[ - clearance 0.0043 0.0046 0.0044 0.0010-0.0040
(
é Camshaft bearing clearance
R Left Canm 0.0040 0.0055 0.0047 0.0080 max
: ‘ Right Cam 0.0041 0.0050 0.0045 0.0080 max
1 i
E i Connecting rod bearing
EoL clearance 0.0014 0.0026 0.0021 0.0011-0.0041
A f
§ : Crankshaft end-play 0.005 0.004-0.011
t 011 pump
L : Between rotors 0.003 0.004-0.011
; ; Outer rotor/housing 0 015 0.0015 0.0015 0.001-0.0035
ﬁ Cylinder liner block bore |
g Taper 0.0000 0.0005 0.0003 0.0015 max
: Out-of-round 0.0000 0.0012 0.0007 0.0015 max
l } Inside diameter 4.3568 4.3580 4.3573 4.3595 max L
; |
E i Cylinder liners (installed) é
] ; Taper 0.0001 0.0009 0.0004 0.002 max (2}
3 : Out~of-round 0.0000 0.0005 0.0001 0.003 max
; Inside diameter 3.8750 3.8766 3.8754 3.8752-3.8767 ]
% i Piston to liner fit 0.0075 0.0095 0.0081 0.0060-0.0095 G
3 |
é i Piston diameter 3.8653 3.8675 3.8666 3.8669-3.8691
Fire ring
End gap 0.026 0.034 0.030 0.020~0.046 _
Side clearance 0.002 0.003 0.003 0.003-0.006 d
#1 Compression ring |
End gap 0.025 0.030 0.029 0.020~0.046 1
Side clearance 0.008 0.009 0.G08 0.007-0.010 ]
#2 & #3 Compression rings i
End gap 0.025 0.034 0.028 0.020-0.046 i
Side clearance 0.006 0.007 0.006 0.005-0.008 %
0il rings ?
End gap 0.018 0.023 0.020 0.010-0.025 ;
Side clearance 0.002 0.003 0.002 0.0015-0.0055 4

(1) Limits on new parts unless maximum wear limit specified.
(2) Wear limits with new liners in a used block.
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6VB3T FULL LOAD PERFORMANCE
TEST NO.. CI156136208-3 OlL: AL-6866 -L

+ ‘ +
o)

BMEP (PSI)
g
\
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: 2 0.400p— + |
; & + + :
i. 0
-.; 0.36 | 1 | o | |
L 1800 2000 2200 2400 2600 2800
! 'ENGINE SPEED (RPM)
»
A-5




6VS3T ENDURANCE TEST
SUMMARY OF OPERATING DATA

TEST NO.: CI 5136206-3 OIL: AL-6856-L
2200 RPM 2800 RPM
Avg  Min Max Avg Min Max
Engine Speed, rpm 2204 2198 2210 2807 2798 2818
Load, 1b 462 445 469 438 433 469
Obs. Power, bhp 248 239 253 300 296 322
' Fuel Rate, 1lb/hr 97.2 96.1 98.2 120.7 119.6 121.8
i BSFC, 1b/bhp-hr’ 0.392 0.388 0.402 0.402 0.378 0.40%
. Temperatures, ©F
Jacket In 145 127 155 136 125 145
Jacket Out 158 150 165 152 149 158
0il Sump 247 245 249 250 248 250
Inlet Air (Compressor) 73 52 83 76 52 86
Airbox 226 239 203 273 249 293
Exhaust before Turbo 985 930 1010 1012 9t) 1040
Exhaust after Turbo 774 370 870 726 490 890
Fuel at Filter 85 99 62 91 78 99

P, .c.ares, psig

Compressor Discharge 8.5 8.4 9.0 12.0 11.6 12.7
Blower Discharge 10.7 10.4 11.4 18.0 17.4 19.0
Exhaust Before Turbo 8.3 8.2 8.7 12.5 12.2 12.7

0i1 Consumption (1b/hr
avg for 240 hr) 0.646
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5
ENGINE NO. CI 5136206-3
OIL: AL-6856-L
TEST HOURS: 240
?
Cylinder Liner 1ID
, Cylinder Perpendicular to Crankshaft Perallel to Crankshaft
- No. Top Middle Bottom Top . Middle Bottom
?
1L Before 3.8751 3.8750 3.8753 3.87%2 3.8755 3.8758
After 3.8764 3.8762 3.8763 3.87%9 3.8760 3.8765
. Change 0.0013 0.0012 0.0010 0.0007 0.0005 0.0007
! 2L Before 3.8752 3.8754 3.8758 3.8750 3.8755 3.8758
[ After 3.8763 3.8770 3.8769 3.87¢0 3.8761 3.8759
Change 0.0011 0.0016 0.0011 0.0010 0.0006 0.0001
3L Before 3.8757 3.8762 3.8766 3.8757 3.8762 3.8764
After 3.8768 3.8770 3.8771 3.87¢8 3.8770 3.8771
Change 0.0011 0.0008 0.0005 0.0011 0.0008 0.0007
d 1R Before 3.8750 3.8751 3.8753 3.8750 3.8750 3.8752
After 3.8768 3.8771 3.8770 3.8766 3.8765 3.8768
| Change 0.0.,.8 0.0020 0.0017 0.0016 0.0015 0.0016
‘ _ 2R Before 3.8750 3.8750 3.8751 3.8750 3.8750 3.8752
o : [ After 3.8765 3.8764 3.8764 3.87:9 3.8758 3.8761 k
: ' Change 0.0015 0.0014 0.0013 0.0009 0.0008 0.0009 g
]
' 3R Before 3.8750 3.8751 3.8752 3.87:50 3.8751 3.8753
After 3.8768 3.8771 3.8770 3.3761 3,8761 3.8766
{ Change 0.0018 0.0020 0.0018 0.0011 0.0010 0.0013
‘v ?
3
] ~'
' %
:

A
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Piston No.

1L Before
After
Change

2L Before
After
Change

3L Before
After
Change

1R Before
After
Change

2R Before
After
Change

3R Before
After
Change

ENGINE NUMBER CI5136206-3
OIL: AL-6856-L
TEST HOURS: 240
Piston Ring Gap, Inchzs
1 2 3 4 5 6 1
0.026 0.030 0.030 0.028 0.021 0.018 0.018
0.029 0.031 0.031 0.030- 0.027 0.025 0.025
0.003 ¢.001 0.001 0,002 0.006 0.007 0.007
0.034 0.028 0.028 0.029 0.023 0.019 0.019
0.035 0.027 0.02¢ 0.029 0.028 0.025 0.024
0.001 0.001 0.001 0.000 0.005 0.¢06 0.005
0.029 0.030 0.030 0.028 0.022 0.018 0.019
0.035 0.031 0.034 0.029 70.028 0.025 0.024
0.006 0.001 0.004 0.001 0.006 0.007 0.005
0.031 0.030 0.025 0.031 0.020 0.020 0.020
0.034 stuck 0.025 0,031 0.028 0.025 0.024
0.003 - 0.000 0.000 0.008 9.005 0.004
0.032 0.028 0.027 0.027 0.021 0.019 0.018
0.034 0.028 0.026 0.027 0.026 0.025 0.024
0.002 0.000 -0.001 0.000 0.005 0.006 0.006
0.027 0.025 0.022 0.024 0.021 0.019 0.018
0.02¢9 0.034 0.022 0.025 0.028 Collapsed 0.025
0.002 0.009 -0.001 0.001 0.007 - 0.007
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RATING DATA SHEET

Test Run at AFLRL

Teat 0il: AL-6856~L

Test No. CI 5136206-3

Test Stand: 5

Engine No.: 5136206

Test Fuel: 1-1% CAT

Date Started: 14 January 1979
Date Completed: 2 February 1979
Test Hours: 240

A. Cylinder Liner Ratings

Cylinder No.,

N = W N
wxHee

3R
Average

Intake Port Plugging

Restriction,X

Cylinder No.

W= 0N
W e
SO WV

Average .0

Scuffing, Glazing and Lacquer*

* Ring Travel Area

Scuffing, %
Thrust Anti~Thrust Total Glazing,% Lacquer,%
5 10 7 20 80
15 10 12 30 70
10 10 10 15 85
20 10 15 10 90
75 25 50 30 70
10 19 10 20 80
22.5 12.5 17.0 21,0 79
A-21
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RATING DATA SHEET - CONTINUED
B. Piston Ratings
Ring Sticking and Condition
; Ring y=ring face
o, Cylinder No. Fire No.l No.2 No.3 chipped
g’ O=rings
i 1 L F 40% F 12 F 5% F removed
i 2 L e57.C.5 302 F 5% F X F 10XB
: 3 L yF 60B F 15B F 308 F 35B
! 1 R yF 758 +F 100B F 708 F 358
# i 2 R F 158 F 20B F 508 F 70B
| 3 R *¢40% C.S. 40B F 50B F 5B F 158
[
! + Ring collapsed, not removed
g * Face has two small chipped places
Ring Groove Carbon Filling and 0il Groove Lacquer
i Groove Filling, % 0il Groove Lacquer
; Cylinder No. Fire No.l No. 2 No.3 Upper Lower
| 1 L 10 90 0 0 3.0 3.0
] 2 L 5 90 5 0 3.0 3.0
3 L 5 85 15 0 3.0 3.0
1 R 5 + 85 0 3.0 3.0
2 Kk 10 75 15 0 3.0 3.0
3 R 10 95 15 0 3.0 3.0
3 A + Ring collapsed, not removed
Land Descript.on
1 Cylinder No. Description
1 L Normal H. C.
2 L Normal H. C. i
3 L Normal H. C. ;
1 R Normal H. C. ]
2 R Normal H. C. i
3 R Normal H. C. }
Skirt ?
Cylinder No. Side ;
Thrust Anti-Thrust ]
1 L 5.0 Light Scratches 5.2 Light Scratches Q
2 L 5.0 Plate Melt 20X Scratches 5.5 Light Scratches ;
3 L 5.4 Scuff 10X Scratches 5.4 Scuff 5X Scratches .
, 1 R 5.3 Platemelt 5%,Scuff 10X 5.3 Scuff 5X Scratches ;
2 R 5.6 Platemelt 15%,Scuff 30% 5.5 Scuff 5% Scratches |
3 R 5.6 Platemelt 5% Scratches 5.3 Light Scratches ;
i
i
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RATING DATA SHEET - CONTINUED

C. Other Ratings

Combustion Chambers

g’ Cylinder No. Description Cylinder No. Description
g 1 L 20% BHC 70 AHC 10X Soot 1 R 20% AHC 80% Soot
! 2 L 10X CHC 90 AHC 2 R 10X CHC 20X BHC 70X AHC
i _ 3 L 10 BHC 70 AHC 3 R 5% DHC 10 BHC 85 AHC
‘ |
E‘ Valve Covers, 0il Pan and Cylinder Head Deck
; ; Covers Clean
L ‘ Pan Clean
; Deck Clean
D. Interim Inspections
i Inspection
3 ' 120 Hour
] 1 L Normal
3 2 L Normal
Y 3 L Normal
! 1 R 2nd comp ring blackened, heavy glaze, ports normal
, ! 2 R Normal 3
1 3 R Heavy Lacquer on skirt, fire ring blackened ]
! : 180 Hour %
3 :
g 1 L Normal
5 2 L Normal
; 3 L Normal
1 R No. 2 comp ring black, same ss 120 hour
2 R Normal
3 R Same as 120 hour
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CONDITION OF CYLINCER HEADS
OlL: AL-83856—L

TEST NO.: 151362063

TEST TIME: 240 HOURS

WG T T T AN R e e =
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-
v’ ]
: i
1
{
i
!
|
1
i
REPRESENTATIVE CYLINDER (2 LEFT) i
i
{
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| CONDITION OF PISTON AND CYLINDER LINER

TEST TIME: 240 HOURS TEST NO.: C15136206—3 OiL: AL—6856—-L
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CONDITION OF PISTON RING FACE

: TEST TIME: 240 HOURS TEST NO.: C15136206--3 OIL: AL-6856-L

DL M LA > L B

haleis, WA

1 RIGHT

guisd

2 RIGHT

3 RIGHT
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TEST TIME: 240 HOURS

CONDITION OF PISTON RING FACE
TEST NO.: C15136206-3

OlL: AL-6856—L

1 LEFT

2 LEFT

3 LEFT
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CONDITION OF PISTON AND CYLINDER LINER

TEST TIME: 240 HOURS TEST NO.: CI5136206-3 OlL: AL—-6856-L

1—RIGHT THRUST
i

ek .
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CONDITION OF PISTON AND CYLINDER LINER

TEST TIME: 240 HOURS TEST NO.: C15136206-3 OiL: AL-6856-L

1—LEFT THRUST

S
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| \ CONDITION OF PISTON AND CYLINDER LINER

' TEST TIME: 240 HOURS TEST NO.: C15136206 OlL: AL-—6856-L

Ef
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CONDITION OF PISTON AND CYLINDER LINER

TEST TIME: 240 HOURS TEST NO.: Ci15136206-3 OiL: AL-6866-L

2-LEFT THRUST

T T,

q
¢
»
i
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CONDITION OF PISTON AND CYLINDER LINER

TEST TIME: 240 HOURS TEST NO.: C15136206-3 OIL: AL-6866—L

M sl R
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CONDITION OF PISTON AND CYLINDER LINER

TEST TIME: 240 HOURS TEST NO.: CI5136206-3 OlL: AL-6856-L
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CONDITION OF PISTON AND CYLINDER LINER

TEST TIME: 240 HOURS TEST NO.: C15136206-3 OiL: AL-6856-—-L

1-RIGHT ANTI-THRUST




CONDITION OF PISTON AND CYLINDER LINER

TEST TIME: 240 HOURS TEST NO.: Ci5136206-3 OlL: AL--6856-L
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APPENDIX B
P ENGINE-LUBRICANT COMPATIBILITY TEST #4
g ' 240-HOUR TRACKED-VEHICLE CYCLE
i USING 6V~53T DIESEL ENGINE
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ENGINE-LUBRICANT COMPATIBILITY TEST
240-HOUR TRACKED-VEHICLE CYCLE
USING 6V53T DIESEL ENGINE

; Test Lubricant: MC-606 (AL-6855-L)
: Engine Test Number: CI5136206-4
Date Completed: 27 February 1979

Conducted for

e i e T .

U.S. Army Mobility Equipment Research and Development Command
Petroleum and Materlals Department

by

U.S. Army Fuels and Lubricants Research Laboratory
Southwest Research Institute
San Antonio, Texas 78284
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6V53T
BUILD-UP ENGINE MEASUREMENTS
CI 5136206-4

! Inches
- ) Measurements Min Max Avg Spec. Limits (1)
E
1 Connecting rod bearing
: clearance 0.0030 0.0034 0.0032 0.0016-0.0046
i
g Cylinder liner block bore
g Taper 0.0003 0.0007 0.0005 0.0015 max
§ Out-of~round 0.0002 0.0007 0.0005 0.0015 max
A Inside diameter 4.3569 4.3580 4.3574 4.3595 max
Cylinder Liners (installed)
Taper 0.0001 0.0008 0.0005 0.0020 max (2) 1
Out-of-round 0.0001 0.0009 0.0003 0.0030 max (2) :
Inside diameter 3.8756 3.8768 3.8762 3.8752-3.8767 }
Piston to liner fit 0.0074 0.0090 0.0082 0.0060-0.0095
; Piston Diameter 3.8673 3.8685 3.8680 3.8669-3.8691 %
1 ;
: Fire Ring
' End gap 0.026 0.035 0.031 0.020-0.046
' Side clearance 0.002 0.003 0.003 0.003-0.006
No. 1 Compression ring ]
End gap 0.025 0.035 0.030 0.020-0.046 ;
Side clearance 0.008 0.009 0.008 0.007-0.010 ?
No. 2 & No. 3 Compression ring d
End gap 0.025 0.035 0.029 0.020-0.046 o
Side clearance 0.006 0.007 0.007 0.005-0.010 X
0il rings j
End gap 0.012 0,022 0.018 0.010-0.025 {
Side Clearsnce 0.002 0.003 0.0025 0.0015-0.0055
(1) Limits on new parts unless maximum wear limit specified.
(2) Wear limits with new liners in a used block.
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BMEP (PSI)

BSFC (LB/BHP-HR)

6VE3T FULL LOAD PERFORMANCE

e Py

BEFORE TEST
TEST NO.: C16136206 -4 OiL: AL-68556-L
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f : 6V-53T ENDURANCE TEST
: SUMMARY OF OPERATING DATA

| TEST NO.: CI5136206-4 OIL: AL-6855-L

E- 2200 RPM 2800 RPM
| Avg  Min  Max Avg Min Max
[
' Engine Speed, rpm 2205 2199 2217 2805 2795 2815
i Load, 1b 456 440 474 435 417 464
B : Obs. Power, bhp 245 236 254 297 286 318
§ : Fuel Rate, 1lb/hr 95.3 94.3 96.4 118.¢€ 117.5 119.9
£ BSFC, 1b/bhp-hr 0.389 0.374 0.404 0.399 0.376 0.417
E Temperatures, O
E Jacket In 154 150 160 154 148 160
3 Jacket Out 168 164 170 167 162 170
011 Sump 236 230 246 247 242 250
Inlet Air (Compressor) 72 63 87 73 60 89
3 Airbox 232 224 240 278 270 290
] Exhaust before Turbo 956 920 1000 982 960 1010
Exhaust after Turbo 824 800 870 845 820 880
Fuel at filter 86 79 90 88 85 93
Pressures
: Compressor Discharge 9.0 8.5 9.5 12.4 11.9 13.0 ¢
' Blower Discharge 10.8 10.1 11.5 18.0 17.1 19.0
' Exhaust Before Turbo 8.2 7.9 9.4 12.4 12.0 13.0
01l Consumption (1b/hr 0.667
avg for 140 hr)
Unscheduled Shutdowns ﬁ
1. At 4 hours - 0il Pump bypass leakage reduced oil pressure- lost 20 minutes
2. At 140 hours - High iron wear metals in oil and visual inspection of cylinder
l1-left indicated incipient failure - Stopped test.
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Cylinder Perpendicular to Crankshaft _ Parallel to Crankshaft
No. Top Middle Bottom Top Middle Bottom
1L Before 3.8768 3.8768 3.8766 3.8760 3.8759 3.8766
After 3.8698 3.8708 3.8777 3.8795 3,.8792 3.8778
Change -0.0070 -0.0060 0.0011 0.0035 0.0033 0.0012
21, Before 3.8760 3.8762 3.8765 3,.8759 3.8762 3.8764
After 3.8789 3.8776 3.8766 3.8759 3.8762 3.8770
Change 0.0029 0.0014 0.0001 0.0000 0.0000 0.0006
3L Before 3.8759 3.8760 3.8763 3.8759 3.8759 3.8762
After 3.8775 3.8775 3.8771 3.8763 3.8761 3.8765
Change 0.0016 0.0015 0.0008 0.0004 0.0002 0.0003
1R Before 3.8763 3.8763 3.8764 3.8764 3.8763 3.8764
After 3.8770 3.8766 3.8771 3.8766 3.8766 3.8769
Change 0.0007 0.0003 0.0007 0.0002 0.0003 0.0005
2R Before 3.8759 3.8760 3.8763 3.8760 3.8760 3.8764
After 3.87/2 3.8770 3.8772 3.8808 3.8798 3.8784
Change 0.0013 0.0010 0.0009 0.0048 0.0038 0.0020
3R Before 3.8756 3.8760 3.8762 3.8762 3.8763 3.8764
After 3.8766 3.8769 3.8769 3.8764 3.8765 3.8769
Change 0.0010 0.0009 0.0007 0.0002 0.0002 0.0005
B-14
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WEAR MEASUREMENTS
TEST NO. CI5136206-4
OIL: AL-6855-L

TEST HOURS: 140

Cylinder Liner 1.D.
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WEAR MEASUREMENTS
ENGINE NO. 5136206-4
OIL: AL~6855-L

TEST HOURS: 140

E Rod Bearing Journal Rod Bearing
E : Cylinder No. AA BB F R
; .
- 1L Before 2.7499 2.7499 2.7530 2.7530
§ ) After 2.7498 2.7498 2.7532 2.7531
. | Change -0.0001 -0.0001 0.0002 0.C001
k: .
' . 2L Before 2.7499 2.7499 2.7527 2.7527
After 2.7498 2.7498 2.7531 2.7531
i Change -0.0001 -0.0001 0.0004 0.0004
i 3L Before 2,7499 2.7498 2.7524 2.7524
After 2.7498 2.7498 2.7528 2.7528
Change -0.0001 0.0000 0.0004 0.0004
‘ 1R Before 2.7498 2.7499 2.7524 2.7523
After 2.7498 2.7498 2.7529 2.7528
Change 0.0000 -0..001 0.0005 0.0005
1 2R Before 2.7499 2.7499 2.7525 2.7525
7 After 2.7498 2.7498 2.7530 2.7530
' Change -0.0001 -0.0001 0.0005 0.0005
3R Before 2.7499 2.7499 2.7528 2.7528
After 2.7498 2.7498 2.7531 2.7532
Change -0.0001 -0.0001 0.0003 0.0004
i
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WEAR MEASUREMENTS
ENGINE NUMBER 5136206-4

OIL: AL-6855-L
TEST HOURS: 140

_ Piston Ring Gap, inches
Piston No. 1 2 3 4 3 [} 1
: 1L Before 0.035 0,032 0.032 0.030 0.022 0.017 0.017
! After * * N.R. 0.037 0.978 0.035 0.038
Change - - - 0.007 0.056 0.01% 0.021
!
? : 2L Before 0.030 0.029 0.026 0.025 0.019 0.020 0.019
] , After 0.038 0.030 0.028 0.026 0.035 0.028 0.028
: Change 0.068 0.001 0.002 0.001 0.016 0.008 0.009 3
3L Before 0.031 0.030 0.027 0.028 0.021 0.017 0.017
After 0.033 0.035 0.028 0.030 0.038 0.025 0.024
Change 0.002 0.005 0.001 0.002 0.017 0.008 0.007 3
, 1R Before 0.034 0.035 0.035 0.035 0.018 0.012 0.013
] ' After 0.044 0.038 0.038 0.038 0.034 0.018 0.020
? : Change 0.010 0.003 0.003 0.003 0.016 0.006 0.007
{ 1 2R Before 0.026 0.025 0.029 0.030 0.022 0.018 0.018 ‘31
: After 0.032 0.025 0.030 0.032 0.045 0.028 0.028 ,
3 ‘ Change 0.006 0.000 0.001 0.002 0.023 0.010 0.010
3R Before 0.030 0.028 0.025 0.029 0.019 0.018 0.017
After 0.032 0.028 0.026 0.030 0.035 0.028 0.026
Change 0.008 0.000 0.001L 0.001 0.016 0.010 0.009 :
* Broken

N.R. - Not Removed
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RATING DATA SHEET
Cl-4

! Test Run at AFLRL

S Tegt 0il: AL-6855-L

; Test Fael: AL-8060-F

. : Test No.: CI5136206-4

i ‘ Test Stand: 5

S Engine No.: 5136206

: t Test Hours: 140

pDate Started: 14 February 1979
Completed: 27 February 1979

[T P S —_—

A. Cylinder Liner Ratings

! Intake Port Plugging
Cylinder No. Restriction, Z
3 1L 05
4 i 2L 01
3 \ 3L 01
) 1R 05
. 2 R 01
3R 02
Average

Scuffing, Glazing and Lacquer*

. Cylinder No. Thrust An:i-Thrust Total Glazing, % Lacquer,%
S 1L 75 75 75 10 90
2L 30 15 22 10 90
3L 40 45 43 10 25
1R 25 05 15 10 30
2 R 60 55 57 05 95 |
' 3R 15 20 17 15 25 ‘
Average 41 34 38 1C 59
*Ring Travel Area.
L]
i
1
B-17
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RATING DATA SHEET - CONTINUTED
Cl-4
' B, Piston Ratings
Ring Sticking and Condition
- Ring
Cylinder No. Fire No. 1 No. 2 No. 3
' 1L * 100XB * 1002B FY100%XB F 100%B
2 L F 30%B F 2%B F 25%B F 15XB
‘ 3L Sluggish 20%B F 8578 F 50%B F 50%B
1R F 10ZB F 752B F 1002%B F 100XB
2R F 100%B F 100XB F 100%B F 100%B
3R F 20%B F 9528 F 85%B F 55%B
* Rings broken, + collapsed, y partially collapsed
‘ Ring Groove Carbon Filling and Oil Groove Lacquer Q
' Groove Filling, X 01l Groove Lacquer
; Cylinder No. Fire No.l No.2 No.3 Upper Lower
1L 10 0 10 60 3.0 3.0
2 L 10 70 35 5 3.0 3.0
. 3L 690 80 10 0 3.0 3.0 C
. 1R 15 70 5 0 3.0 3.0
2R 10 65 0 0 3.0 3.0
3R 20 50 2 0 3.0 3.0
Land Description {
Cylinder No. ¢
1L Top Land-Distorted where ring broke (others normal)
2 L Normal
. 3L Normal f
, 1R Normal |
i 2R 3rd Land-Thrust side has plate meit (others normal) :
3 R Normal "
N 1
t Skirt ;
! l Side 1
Cylinder ilo._ !
Thrust Anti-Thrust i
1L 6.0-10% Plate melt 30X Scuff 5.5-15X Melt 102 Scuff :
2L 5.5 Lt Scuff 5.5 Lt. Scratches !
3L 5.5 5% Plate melt 20% Scuff 5.5 Very Lt. Scratches i
3 1R 5.0 Lt Scratches 5.8 152 Plate melt and Scratches i
3 * 2R 4.8 Lt Scuffing 5.8 10X Plate melt and scuffing i
; 3R 5.5 Lt Scratches 5.9 Lt. Scuff and Scratches
“ B-18
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‘ RATING DATA SHEET - CONTINUED
: Cl-4
L ]
C. Other Ratings
E ' Combustion Chambers
g » Cylinder No. Description Cylinder No. Descrigtion
E 1L 158 AHC 1R 158 CHC 15 BHC 10 AHC
; . 2L 108 BHC 20 AHC 2 R 80% RPHC
k 1 3L 5% BHC 80% AHC 3R 108 BRC 70 AHC
F [ 4 Valve Covers, 0il Pan and Cylinder Head Deck
! Covers Clean
Pan Clean
Deck Clean
+ * Remarks
3 L - 1: When the two top rings broke, the top oil
control ring was subjacted to severe stiess, re-
‘ sulting in more wear than usual.
;
s !
' D. Interim Inspections
) ' Zero Test Hours Insggction
E | 1L Normal
y ' 2L Normal
3L Normal
1R Normal
2 R Normal
3R Normal
20 Test Hours
_ 1L Normal
. 2L Normal
3L Normal
Py 1R Normal
2 R Normal
IR Normal
! ;
. 3
: B-19
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40 Test Hours

1L Light glazing at ports
2L Light glazing at ports
3L Light glazing at ports
1R Fire ring black, light glazing at ports
2R Light glazing at ports
3R Light glazing at ports

i ' 60 Test Hours

{ 1L Light cyl. scuff and glazing
; 2L Same as 40 hours
! ‘ 3L Same as 40 hours
1R Same as 40 hours
( 2R Same as 40 hours ]
3R Same as 40 hours
80 Test Hours %
E | 1L Fire ring has section missing at gap
’ : 2L Same as previous i
3 . 3L Same as previ-us
1R No black showirg on ring~rotated from inspection porft j
2R Same as previous i
3R Same as previous (%
!
i
' .JO Test Hours
1L Same as 80 hours :
2L Light scuffing on cylinder L
y : 3L Same as 80 hours !
! : 1R Light port deposits, otherwice same i
3 : 2R Same as 80 hours {
3R Same as 80 hours j
G
120 Test Hours !
1L Some port plugging and more blowby devosits. Nos. 1
and 2 compression rings woin, fire ring stuck
2L Liner shows light scuffing, glazing and lacquer, some
port plugging C
3L Same as previous
1R Same as previous
2R More cylinder glaze
3R Same as previous
B-20
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¥ - R

140 Test Hours

1L More piston deposits
2L Same as previous
, 3L Same as previous
E 1R Fire ring stuck
) . 2R Same as previous
{ . 3R Same as previous
T
[\.
1
]
E .
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' i CONCITION OF PISTON AND CYLINDER LINER

TEST TIME: 140 HOURS TECT NO.: C15136206—4 OlL: AL-6866—L
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CONDITION OF PISTON AND CYLINDER LINER

TEST TIME: 140 HOURS TEST NO.: CI15136206-4 OlL: AL-6855-L
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CONDITION OF PISTON AND CYLINDER LINER

TEST TIME: 140 HOURS

TEST NO.: C15136206—4

B-36

OlL: AL-6866-L
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CONDITION OF PISTON AND CYLINDER LINER

TEST TIME: 140 HOURS TEST NO.: C15136206—4 OIL: AL-6855—L
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CONDITION OF PISTON AND CYLINDER LINER

, TEST TIME: 140 HOURS TEST NO.: CI5136206—4 OIL: AL-6866-L
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CONDITION OF PISTON AND CYLINDER LINER

TEST TIME: 140 HOURS TEST NO.: CI5136206—-4 OlL: AL-6866-L
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CONDITION OF PISTON AND CYLINDER LINER

TEST TIME: 140 HOURS TEST NO.: C15136206—4 OlIL: AL-6866—L
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CONDITION OF PISTON AND CYLINDER LINER

TEST TIME: 140 HOURS TEST NO.: C15136206-4 OlL: AL-6855—-L
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| CONDITION OF PISTON AND CYLINDER LINER )
i
‘ TES. TIME: 140 HOURS TEST NO.: C15136206—4 OIL: AL-6855—L i
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CONDITION OF PISTON AND CYLINDER LINER
" TEST TIME: 140 HOURS TEST NO.: Ci5136206—-4 OlL: AL-6855—-L
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|
CONDITION OF PISTON AND CYLINDER LINER
TEST TIME: 140 HOURS TEST NO.: C15136206—4 OlL: AL-6866-L
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[
CONDITION OF PISTON AND CYLINDER LINER
TEST TIME: 140 HOURS TEST NO.: C15136208—4 OlL: AL-6856-L
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CONDITION OF PISTON RING FACE
TEST NO.: C156136206-4

TEST TIME: 140 HOURS OlL: AL-6856-L
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CONDITION OF PISTON RING FACE
TEST TIME: 140 HOURS TEST NO.: Ci5138208—4 OiL: AL-88586-L
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CONDITION OF CYLINDER HEAD
TEST TIME: 140 HOURS TEST NC.: Ci5136206—4 OlIL: AL-8866-L
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!
‘ CONDITION OF CYLINDER HEAD

! TEST TIME: 140 HOURS TEST NO.: C15136206-4 OlL: AL-8855-L
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APPENDIX C

ENGINR-LUBRICANT COMPATIBILITY TEST #5
260-HOUR TRACKED-VEHICLE CYCLE
USING 6V-53T DIESEL ENGINE
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ENGINE-LUBRICANT COMPATIBILITY TEST
: 240-HOUR TRACKED VEHICLE CYCLE
! USING 6V53T DIESEL ENGINE

Test Lubricant: AL-6947-L
Engine Test Number: CI 5136206-5
Date Completed: 2 May 1979

Conducted for

U.S. Army Mobility Equipment Research and Development Command
! Energy and Water Resources Laboratory
i Fort Belvoir, Virginia

: By

U.S. Army Fuels and Lubricants Research Laboratory
1 K Southwest Research Institute
1 San Antonio, Texas 78284
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Measurements

Cylinder liner block bore
Taper
Out-of~round
Inside diameter

Cylinder Liners (installed)
Taper
Out-of-round
Inside diameter

Piston to liner fit
Piston Diameter
Fire Ring
End gap
Side clearance
No. 1 Compression ring

End gap
Side clearance

6V53T
BUILD-UP ENGINE MEASUREMENTS
CI 5136206-5

No. 2 & No. 3 Compression ring

End gap
Side clearance

011 rings
End gap
Side clearance

Inches

Min Max Avg Spec. Limits (1)

0.0000 0.0002 0.0001 0.0015 max

0.0000 0.0002 0.0001 0.0015 max

4.3570 4.,3575 4.3573 4.3595 max

0.0001 0.0008 0.0004 0.0020 max (2)

0.0000 0.0003 0.0001 0.0030 max (2)

3.8753 3.8762 3.8758 3.8752~3.8767

0.0067 0.0088 0.0074 0.0060-0.0095

3.8659 3.8688 3.8676 3.8669-3.8691

0.027 0.036 0.033 0.020 -0.046

0.003 0.003 0.003 0.003 -0.006

0.028 0.034 0.031 0.020 -0.046 ‘

0.008 0.009 0.008 0.007 -0.010 :
i

0.025 0.036 0.030 0.020 -0.046 g

0.006 0.007 0.006 0.005 -0.010 ’

0.016 0.022 0.019 0.010 -0.025 |

0.002 0.003 0.002 0.0015-0.0055

(1) Limits on new parts unless maximum wear limit specified.
(2) Wear limits with new liners in a used block.
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BMEP {psi)

0BS. POWER (bhp)

BSFC (1b/hp-hr)

135

130

125

120

240

220

180

0.480

0.440

0.400

0.360

TEST NO.: C15136206-6

6V53T FULL LOAD PERFORMANCE
LUBRICANT: AL-6947

-L

B +
- : -

g o\\"
= +

0
—~ o]
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= /’5
= /0
~
~ + — BEFORE TEST
L O — AFTERTEST
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P
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1800 2000 2200 2400 2600 2800
ENGINE SPEED (RPM)
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6V53T ENDURANCE TEST
! SUMMARY OF OPERATING DATA

: Test No.: CI 5136206-5 0il: AL-6947-L

¢ 2200 RPM 2800 RPM

; Avg_ Min Max Avg Min Max _

Engine Speed, rpm 2205 2199 2209 2804 2799 2810

Load, 1b 448 436 464 420 406 433b

-5 Obs. Power, bhp 241 234 249 287 278 298

! g Fuel Rate, 1lb/hr 98.3 96.9  99.3 118.5 116.4 120.0

? . BSFC, 1b/bhp-hr 0.408 0.392 0.419 0.413 0.395 0.426

; {

: : Temperatures, °F

’ , Jacket In 148 72 156 139 67 145

3 f Jacket Qut 162 149 166 152 140 160

, ' 041 Sump 247 237 250 248 244 250 ‘_

: \ Inlet Air (compressor) 81 75 92 82 73 30 3

j ; Adrbox 258 232 280 299 281 311 ;

] | Exhaust before Turbo 1137 1100 1180 1142 1100 1190

; ; Exhaust after Turbo 977 940 1030 os4 940 1130 G

4 4 Fuel at Filter 83 80 92 90 84 94

b i

1 : Pressures

2 Compressor Discharge 7.8 7.1 8.4 10.2 9.1 11.1

,’ ‘, Blower Discharge 9.7 9.0 10.2 15.6 15.0  16.4 ;
: Exhaust Before Turbo 7.5 7.0 7.8 11.0 10.1 11.6 ¢

: 011 Consumption (1b/hr avg
‘ for 240 hr) 0.378
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WEAR MEASUREMENTS
TEST NO.: CI 5136206-5
OIL: AL-6947-L
TEST HOURS: 240

Cylinder Liner I.D.

Cylinder Perpendicular to Crankshaft Parallel to Crankshaft
No. Top Middle Bottom Top Middle Bottom
1L Before 3.8756 3.8757 3.8761 3.8757 3.8758 3.8759 [
: After 3.8790 3.8770 3.8769 3.8755 3.8756 3.8761 g *
f Change 0.0034 0.0013 0.0008 ~-0.0002 -0.0002 0.0002 ;,
21, Before 3.8755 3.8756 3.8760 3.8756 3.8758 3.8760 :
After 3.8798 3.8775 3.8770 3.8778 3.8774 3.8774 :
Change 0.0043 0.0019 0.0010 0.0022 0.0016 0.0014 )
3L Before 3.8758 3.8758 3.8759 3.8755 3.8757 3.8758
After 3.8781 3.8776 3.8778 3.8763 3.8762 3.8768
Change 0.0023 0.0018 0.0019 0.0008 0.0005 0.0010
1R Before 3.8755 3.8756 3.8758 3.8754 3.8756 3.8759
After 3.8798 3.8788 3.8774 3.8784 3.8776 3.8771
Change 0.0043 0.0032 0.0016 0.0030 0.0020 0.0012
i
2R Before 3.8753 3.8756 3.8761 3.8753 3.8757 3.8758 -
! After 3.8762 3.8762 3.8769 3.8759 3.8760 3.8766 !
' Change 0.0009 0.0006 0.0008 0.0006 0.0003 0.0008 !
3R Before 3.8757 3.8760 3.8762 3.8759 3.3760 3.8761 i
After 3.8770 3.8768 3.8770 3.8758 3.8760 3.8766 4
Change 0.0013 0.0008 0.0008 -0.0001 0.0000 0.0005 i
; ) j
f- ;
:
%‘ ¢l
|
;
»
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WEAR MEASUREMENTS
ENGINE NUMBER 5136206-5
OIL: AL-6947-L
TEST HOURS: 240

v Piston Ring End Gap, inches

' Piston No. 1 2 3 4 5 6
f 1L  Before 0.036 0.032 ' 0.035 0.031 0.022  0.018
f - After 0.044 0.035 0.038 0.033 0.040  0.030
; Change 0.008 0.603 0.003 0.002 0.018  0.012
|
2L Before 0.033 0.032 0.027 0.025 0.021  0.018
| After 0.044 0.032 0.027 0.027 0.065  0.036
Change 0.011 0.000 0.000 0.002 0.044  0.018
3L Before 0.032 0.034 0.032 0.036 0.020  0.01%
After 0.035 0.036 0.036 0.042 0.038  0.030
: Change 0.003 0.002 0.004 0.006 0.018  0.011
' ? IR Before 0.033 0.028 0.026 0.032 0.021  0.016 0.017 |
After 0.045 0.028 0.026 0.035 0.035  0.025 0.032
Change 0.012 0.000 0.000 0.003 0.014  0.009 0.015
: : 2R Before 0.035 0.026 0.025 0.028 0.018  0.018 0.018
l - After 0.037 0.026 0.025 0.030 0.032  0.030 0.030
E ; Change 0.002 0.000 0.000  0.002 0.014  0.012 0.012
t 3R Before 0.027 0.033 0.031 0.035 0.021  0.018 0.018
After 0.028 0.035 0.035 0.039 0.036  0.032 0.030
Change 0.001 0.002 0.004 0.004 0.015  0.Cl4 0.012
AVERAGE 0.006 0.001 0.002 0.003 0.021  0.013 0.014
|
: |
|
|
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RATING DATA SHEET
CI-5136206-5

Test Run at AFLRL

i . Test 0il: AL-6947-L

: Test Fuel: CAT 1-H

% Test No:. 5

: Test Stand: 5

: Engine No.: 6V53T 5136206
; : Tagt Hours: 240

1 | pate Started: 15 April 1979
] Completed: 2 May 1979

A. Cylinder Liner Ratings

Intake Port Plugging

Cylinder No. Restriction, %

N W
o e e
[V ]

3R
Average

W= O RN

Scuffing, Glazing and Lacquer* .

Scuf fing,% ‘ ;

Cylinder Thrust Anti-Thrust Total Glazing, % Lacquer, % ‘
1L 70 10 40 10 90 |
2 L 75 15 45 15 85 '
3L 30 10 20 5 95 ]
1R 35 65 50 10 90 |
2R 25 15 20 15 85
3R 50 5 28 5 95
Average 48 20 34 10 90
*Ring Travel Area

O
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' RATING DATA SHEET - CONTINUED
CI~5136206-5

B. Piston Ratings

, Ring Sticking and Condition

Ring
Cylinder No. Fire No. 1 No. 2 No. 3
1 L F x152B F x 80%ZB F x 80%B F x 100%B
2 L F x 5B F 6578 F 100%B F 757B
3 L F x60%B F 100%7B F 75%8 F 100%B
1 R F 75%B F 100%7B F 100%B F 707%B
. 2 R 52 5%7B F 27B F 5%B F 27B
i 3 R F 100%B F 90%B F 100%B F 50%B
P=Pinched, x=Part of ring face chrome chipped.
Ring Groove Carbon Filling and 0il Groove Lacquer
Groove Filling, % 0il Groove Lacquer
l Cylinder No. Fire No. 1 No. 2 No. 3 Upper Lower i
1 L 10 85 60 5 3.0 3.0 3
2 L 5 80 30 5 3.0 3.0
3 L 5 95 30 5 3.0 3.0
i} : 1 R 10 75 30 0 3.0 3.0
: ; 2 R 5 65 10 0 3.0 3.0
' 3 R 10 85 15 5 3.0 3.0

Cylinder No. Land Description

Normal
Normal
Normal
Normal
Normal
Normal

WNEFEWN-
EE - ol o

Skirt
1 ‘ Side
i i Cylinder No. Thrust

Anti-Thrust

0 10% Plate melt and scuff

0 5% Scuff and light scratches
.5 10% Scuff and light scratches
0

8

5

7 5% Plate melt and light scuff

7

7.
Light Scratches 6.

7

6

0

4 5% Plate melt,l0%Zscuff w/1t. scratche{
0 15%Z Plate melt, lt.scratches ,
3 Light scratches ?
0 Light scratches

5 5% Scuff and light scratches

Light Scratches
20% Plate melt, 25% scuff
with scratches

W N =W N -
W™

ol e e e
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RATING DATA SHEET ~ CONTINUED
CI-5136206-5

C. Other Ratings
Combustion Chambers

e e

é Cylinder No. Description Cylinder No. Description

: 1L 90X AHC 1R 90 AHC

' 2 L 90% AHC 2R 90% AHC

3 3L 90X AHC 3R 90 AHC

f Valve Covers, Oil Pan and Cylinders Head Deck

¢

: Covers Clean

5 Pan Clean |

¥ Deck Clean

; ! Remarks ’

4 —_—

‘ NONE

2

1 \ -

;
E

3

3
q
!
q
i
i
i
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CONDITION OF PISTON AND CYLINDER LINER

TEST TIME: 240 HOURS TEST NO.: C15136206-5 LUBRICANT: AL-6947-L

1—RIGHT THRUST
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CONDITION OF PISTON AND CYLINDER LINER

TEST TIME: 240 HOURS TEST NO.: C15136206-5 LUBRICANT: AL-6947-L
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CONDITION OF PISTON AND CYLINDER LINER

TEST TIME: 240 HOURS TEST NO.: C15136206-5 LUBRICANT: AL-6947-L
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CONDITION OF PISTON AND CYLINDER LINER
TEST TIME: 240 HOURS TEST NO.: Ci15136206-5 LUBRICANT: AL-6947-L
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CONDITION OF PISTON AND CYLINDER LINER
TEST TIME: 240 HOURS . TEST NO.: C15136206-5 LUBRICANT: AL-6947-L
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CONDITION OF PISTON AND CYLINDER LINER
;.
; TEST TIME: 240 HCURS TEST NO.: CI15136206-5 LUBRICANT: AL-6947-L
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CONDITION OF PISTON AND CYLINDER LINER

TEST NO.: C15136206-5 LLUBRICANT: AL-6947-L

TEST TIME: 240 HOURS
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CONDITION OF PISTON AND CYLINDER LINER

TEST TIME: 240 HOURS TEST NO.: CI5136206-5 LUBRICANT: AL-6947-L
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CONDITION OF PISTON AND CYLINDER LINER

TEST TIME: 240 HOURS TEST NO.: CI5136206-5 LUBRICANT: AL-6947-L

2—LEFT THRUST
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CONDITION OF PISTON AND CYLINDER LINER

TEST TIME: 240 HOURS TEST NO.: Ci5136206-5 LUBRICANT: AL-6947-L
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CONDITION OF PISTON AND CYLINDER LINER

TEST TIME: 240 HOURS TEST NO.: C15136208-5 LUBRICANT: AL-6947-L
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CONDITION OF PISTON AND CYLINDER LINER
TEST TIME: 240 HOURS TEST NO.: C15136206-5 LUBRICANT: AL-6947-L
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CONDITION OF PISTON RING FACE
TEST TIME: 240 HOURS TEST NO.: CI5136206-5 LUBRICANT: AL-6947-L
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ING FACE

CONDITION OF PISTON R
LUBRICANT: AL-6947-L

TEST TIME: 240 HOURS TEST NO.: C15136206-5

2-LEFT

|

H

<

3-LEFT l
i

i

T , - e -




CONDITION OF CYLINDER HEADS

e T ]

LUBRICANT: AL-6947-L

TEST NO.: C15136206-5

TEST TIME: 240 HOURS
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CONDITION OF CYLINDER HEADS

TEST TIME: 240 HOURS TEST NO.: C15136206-5 LUBRICANT: AL-8947-L

3—-RIGHT




CONDITION OF CYLINDER HEADS
TEST TIME: 240 HOURS TEST NO.: CI5136206-5 LUBRICANT: AL-6947-L

-




CONDITION OF ROD BEARINGS
TEST TIME: 240 HOURS TEST NO.: CI15136206-5 LUBRICANT: AL-6947-L
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E CONDITION OF ROD BEARINGS
‘ TEST TIME: 240 HOURS TEST NO.: Ci5136206-5 LUBRICANT: AL-6947-L
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CONDITION OF MAIN BEARINGS

TEST TIME: 240 HOURS TEST NO.: C15136206-5 LUBRICANT: AL-6947-L
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\ CONDITION OF MAIN BEARINGS
\ TEST TIME: 240 HOURS  TESTNO.: CI51362065 ~ LUBRICANT: AL-6947-L
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APPENDIX D

ENGINE-LUBRICANT COMPATIBILITY TEST #6
240-HOUR TRACKED-VEHICLE CYCLE
USING 6V-53T DIESEL ENGINE
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ENGINE-LUBRICANT COMPATIBILITY TEST
240-HOUR TRACKED-VEHICLE CYCLE
USING 6V53T DIESEL ENGINE

Test Lubricant:  AL-~7235-8531-L .
Engine Test Numbher: CI 5136206-6
Date Completed: 30 July 1979

Conducted for

U.S. Army Mobility Equipment Research and Development Command
Energy and Water Resources Laboratory
Fort Belvoir, Virginia

By

U.S. Army Fuels and Lubricants Research Laboratory
Southwest Research Institute
San Antonio, Texas 78284

mp— ——
1
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6V53T
BUILD-UP ENGINE MEASUREMENTS
CI 5136206-6

Inches

Measurements Min Max Avg Spec Limits (1)
Crankshaft main bearing clearance 0.0040 0.0040 0.0040 0.0016-0.0046
Camshaft bearing clearance

Left cam 0.0050 0.0051 0.0050 0.0080 max.

Right cam 0.0045 0.0047 0.0046 0.0080 max.
Connecting rod bearing clearance 0.0026 0.0031 0.0029 0.0016-0.0046
Crankshaft end-play - - 0.005 0.004 -0.011
0il pump

Between rotors - - 0.0070 0.004 -0.011

Outer rotor/housing - - 0.0030 0.001 -0.0035
Cylinder liner block bore

Taper 0.0000 0.0002 0.0001 0.0015 max

Out-of-round 0.0000 0.0004 0.0002 0.0015 max

Inside diameter 4.3573 4.3577 4.3576 4.3595 max

Cylinder Liners(installed)
Taper 0.0000 0.0008 0.0005 0.0020 max (2)
Out-of-round 0.0000 0.0004 0.0002 0.0030 max (2)
Inside diameter 3.8750 3.8761 3.8757 3.8752-3.8767

Piston to liner fit 0.0071 0.0087 0.0081 0.0061-0.0095
Piston diameter 3.8672 3.8682 3.8676 3.8669-3.8691
Fire ring

End gap 0.028 0.035 0.032 0.020 -0.046

Side clearance 0.003 0.003 0.003 0.003 -0.006
No. 1 compression ring

End gap 0.023 0.028 0.025 0.020 -0.046

Side clearance 0.005 0.008 0.006 0.007 -0.010
No. 2 § No. 3 compression ring

End gap 0.020 0.028 0.024 0.020 -0.016

Side clearance 0.003 0.006 0.005 0.005 -0.010
0Oil rings

End gap 0.011 0.020 0.013 0.010 -0.025

Side clearance 0.002 0.005 0.003 0.0015-0.0055

(1)Limits on new parts unless maximum wear limit specified. _
(2)Wear limits with new liners in a used blouk. v



6V53T FULL LOAD PERFORMANCE
BEFORE TEST
TEST NO.: Cl 5136206-6 LUBRICANT: AL-7235-85631-L.
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6VS3T ENDURANCE TEST
SUMMARY OF OPERATING DATA

TEST NO.: CI 5136206-6 LUBRICANT: AL-7235-8531-L
2200 RPM 2800 RPM
Avg Min “‘Max Avg Min Max
Engine Speed, rpm 2206 2185 2275 2804 2796 2812
Load, 1b 454 440 463 427 415 439
Obs Power, bhp 244 234 260 292 283 301
Fuel Rate, 1b/hr 100.6 99.6 101.6 121.3 119.4 123.2
BSFC, 1b/bhp-hr 0.412 0.391 0.426 0.415 0.409 0.422
Temperatures, OF
Jacket In 150 140 160 146 139 153
Jacket Our 162 154 170 156 150 162
0il Sump 246 242 250 250 246 254
Inlet Air 97 90 104 97 90 104
(Compressor)
Airbox 242 230 254 285 267 303
Exhaust Before Turbo 1127 1090 1164 1117 1087 1143
Exhaust After Turbo 946 919 973 953 933 981
Fuel at Filter 90 88 92 93 88 98
Pressures , psi
Compressor Discharge 8.4 7.9 8.9 11.5 10.9 12.1
Blower Discharge 10.5 9.5 11.5 16.9 16.2 17.6
Exhuast Before Turbo 8.8 8.4 9.2 12.7 12.1 13.3
0il Consumption
(1b/hr avg Yor
240 hr) 0.682
b
¢
D~-6 )
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: WEAR MEASUREMENTS

i f TEST NO. CI 5136206-6

; LUBRICANT: AL-7235-8531-L
: ! TEST HOURS: 240

Cylinder Liner ID

i Cylinder Perpendicular to Crankshaft Parallel to Crankshaft
% ! No. Top Middle Bottom Top Middle Bottom
: 1L Before 3.8753 3.8757 3.8761 3.8756 3.8756 3.8761
After 3.8795 3.8772 3.8761 3.8767 3.8765 3.8759
Change 0.0042 0.0015 0.0000 0.0011 0.0009 -0.0002
i 5 2L Before 3.8755 3.8757 3.8761 3.8755 3.8756 3.8759
- After 3.8790 3.8770 3.8762 3.8779 3.8764 3.8756
; ! Change 0.0035 0.0013 0.0001 0.0024 ¢..C08 -0.0003
é ‘ 3L Before 3.8758 3.8758 3.8761 3.8756 3.8758 3.8763
3 : After 3.8784 3.8771 3.8750 3.8766 3.8767 3.8764
Change 0.0026 0.0013 -0.0001 0.0010 0.0009 0.0001
E { 1R Before 3.8750 3.8752 3.8757 3.8754 3.8755 3.8758
‘ ! After 3.8781 3.8773 3.8762 3.8787 3.8766 3.8758
Change 0.0031 0.0021 0.0005 0.0033 0.0011 0.0000
2R Before 3.8758 3.8755 3.8757 3.8753 3.8756 3.8759
t After 3.8745 3.87711 3.8759 3.8763 3.8767 3.8758
é | Change -0.0013 0.0016 0.0002 0.0010 0.0011 -0.0001

' )

: 3R Before 3.8753 3.8754 3.8757 3.8753 3.8755 3.8759
After 3.8780 3.8780 3.8757 3.8716 3.8772 3.8765
Change 0.0027 0.0026 0.0000 0.0023 0.0017 0.0006

D-15
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WEAR MEASUREMENTS
ENGINE NUMBER 5136206-6
5 LUBRICANT: AL-7235-8531-L

\
|
i
!
!
1
|
J
{

TEST HOURS: 240
? Piston Ring Gap, inches
é Piston No. 1 2 3 4 5 6 7
E 1L Before 0.035 0.025 0.025 0.025 0.020 0.011 0.011
! After 0.041 0.024 0.026 0.027 0,030 0.028 0.027
Change 0.006 -0.001 0.001 0.002 0.010 0.017 0.016
. 3
i 2L Before 0.028 0.023 0.023 0.021 0.020 0.011 0.011 :
After 0.036 0.027 0.033 0.028 0.075 0.084 0.082 1
! Change 0.008 0.004 0.010 0.007 0.055 0.063 0.071
' ]
3L Before 0.034 0.025 0.028 0.020 0.020 0.011 v.011 '
v After 0.039 0.029 0.029 0.024 0.033 0.024 0.025
] Change 0.005 0.004 0.001 0.004 0.013 0.0i3 0.014 ]
§ ‘ 1R Before 0.031 0.020 0.020 0.030 0.01S 0.012 0.011
f { After 0.033 0.023 0.024 0.031 0.029 0.029 0.025
E ' Change 0.002 0.003 0.004 0.001 0.014 0.017 0.014
- 2R* Before 0.035 0.026 0.022 0.020 0.016 0.011 0.011
v ' After 0.038 0.030 0.026 0.023 0.063 0.080 Broken ]
’ , Change 0.003 0.004 0.004 0.003 0.047 0.079 ——- ]
\ {
] !
2R**Before 0.042 0.031 0.040 0.035 0.022 0.019 0.019 ;
After 0.047 0.032 0.039 0.036 0.028 0.025 0.026 }
Change 0.095 0.001 -0.001 0.001 0.006 0.006 0.007 :
3R Before 0.028 0.028 0.028 0.028 0.013 0.014 0.013 é
E‘ After 0.040 0.031 0.030 0.034 0.033 0.028 0.027 ]
Change 0.012 0.003 0.002 0.006 0.020  0.014 0.014
’ ¥ Failed First cylinder assembly at 120 hours.
**Second cylinder assembly.

[P
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WEAR MEASUREMENTS
. ENGINE NO. 5136206-6
‘ LUBRICANT: AL-7235-8531-L
TEST HOURS: 240
Rod Bearing Journal Rod Bearing
P Cylinder No. AA F_ R
§ : 1L Before 2.7495 2.7495 2.7525 2.7525 *
; After 2.7495 2.7495 2.7521 2.7522
; _ Change 0.0000 0.0000 -0.0004 -0.0003
é i 2L Before 2,7493 2.7493 2.7522 2.7522 1
! After 2.7494 2.7494 2,7525 2.7523 i
R Change 0.0001 0.0001 0.0003 0.0001 :
5 | 3L Before 2.7493 2.7493 2.7524 2.7523
: ! After 2.7493 2.7493 2.7521 2.7521
[ , Change 0.0000 0.0000 -0.0003 -0.0002 i
§ 1R Before 2.7495 2.7495 2.7521 2.7521
: i After 2.7494 2.7494 2.7525 2.7524
: ' Change -0.0001 -0.0001 0.0004 0.0003
b
1 2R Before 2.7493 2.7493 2.7524 2.7524
1 ‘ After 2.7493 2.7493 2.7523 2.7521
; ; Change 0.0000 0.0000 -0.0001 0.0003
)
' ! 3R Before 2.7493 2.7493 2.7524 2.7524 5
F After 2.7493 2.7494 2.7522 2.7521
4 ! Change 0.0000 0.0001 -0.0002 -0.0003 4
i
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RATING DATA SHEET
CI 5136206-6

Test Run at AFIRL
Test Lubricant: AL-7235-8531-L
Test Fuel: CAT 1-H
' Test No.: CI 5136206-6

Test Stand: S
Engine No.: 6V53T 5136206
Test Hours: 240

; Date Started: 26 June 1979

' : Date Completed: 30 July 1979

. A. Cylinder Liner Ratings
[ : Intake Port Plugging
Cylinder No. Restriction,%

N AN
F Nl ol

: 3R
S T Average

) Scuffing, Glazing and Lacquer*

Cylinder No. Thrust Anti-Thrust ‘Total Glazing,% Lacquer,%

1L 25 5 15 5 95

2L 30 10 20 10 90

. 3L 50 10 30 10 90
: 1R 10 40 25 2 98
1 , 2R 75 5 40 2 98
. 3R 30 60 70 0 100

] . Average 45 22 33 5 95

*Ring Travel Area

4 1. D-25
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B. Piston Ratings

CI

RATING DATA SHEET - CONTINUED

5136206-6

Ringrsticking:and Condition

- —Ring ;4_

: Cylinder No. Fire No.1 No. 2 No.3

' 1L S%P 1%B F 65%B F 80%B F 75%B
2L F S&B F 95%B F 90%B F 70%B
3L F x 15%B F 85%B F 90%B F 75%8B

é i 1R F 15%B F 70%B F 85%B F 60%B

: 2R F 25%8B F 80%B F 80%B F 80\B
IR F x 70%5B F 95%B F 100%B F 50%B

* Rings broken, + collapsed,

x partially collapsed

Ring Groove Carbon Filling and Oil Groove Lacquer

: . Groove Filling,% 0il Groove Lacquer
E i Cylinder No. Fire No.1 No.2 No.3 Upper Lower
: 1L 10 90 2 ] 3.0 3.0
5 2L 5 85 5 0 3.0 3.0
i 3L 10 95 2 0 3.0 3.0
; 1R 15 85 10 (1] 3.0 3.0
i ‘ 2R 10 85 5 0 3.0 3.0
1 : IR 5 60 40 1 3.0 3.0
[
g Cylinder No. Land Description
E zysincer O
L 1L Normal
2L Normal
3L Normal
1R Normal
2 R Normal
3R Normal
Skirt
ide
Cylinder No. ~Thrust Anti-Thrust
1 L 5.8 Lt. Scuff and Scratches 5.8 Lt. Scratches
2 L 6.0 Lt. Scuff and Scratches 5.5 Lt. Scuff and Scratches
3 L 6.5 Scuff and Lt. Scratches 6.0 Lt. Scratches
1 R 6.0 Lt. Scratches 6.0 Lt. Scuff and Scratches
2 R 7.0 Plate Melt and Scuff 6.0 Lt. Scratches
I R 6.9 Scuff and Scratch 5.8 Lt. Scuff and Scratches
D-26
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RATING DATA SHEET - CONTINUED
CI 5136206-6

C. Other Ratings
Combustion Chambers

Cylinder No. Description Cylinder No. Description

80% AHC 30% AHC
75% AHC 90% AHC
80% AHC 80% AHC

LN -
F ol il
(N SE
0N

Valve Covers, Oil Pan and Cylinder Head Deck

e , Covers Clean
E Pan Clean
' Deck Clean

E Remarks

: No. 2 R Piston and Liner Removed at 85.5 hours.
A New Set Was Installed, and the Test was Finished.

D. Interim Inspections

’ Zero Test Hours InsEection

Normal
Normal
Normal
Normal i
Normal {
Normal

(2R SN NN S
il ol

40 Test Hours Insgection

Normal
Normal
Normal
Normal
Normal
Normal

st i st ke s L aa

KN =N -
PRl ol .

® 60 Test Hours Inspection

Fire Ring Black, Scuffed and Glazed Thrust Side of Liner
Normal
Normal ‘
Normal j
Normal i
Normal j

G NN =
oo

] D-27
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: : RATING DATA SHEET - CONTINUED
- CI 5136206-6

i f D. Interim Inspections (Cont'd)

80 Test Hours Inspection
: 1L Fire ring black, lightly burned; Light to medium
E ' scuffing of liner thrust side
! 2L Normal
5 3L Normal
; 1R Normal
i 2R Normal
: i 3R Normal
i\
}' o 120 Test Hours Inspection
» 1L Top ring burning, medium glazing to scuffing of liner
! , 2L Top land with medium carbon deposits, Light to Medium
i ' Lacquer or Glazing of liner !
f 3L Normal i
1R Fire ring face black, lightly burned; Cylinder liner 3
[ has light to medium glazing
g : 2R Normal ;
! 3R Cylinder liner medium glazing
E 140 Test Hours Inspection
{ } 1L Normal .
f i 2L Normal ;
' : 3L Normal ;
1R Normal ]
2R Normal \;
3R Normal j
160 Test Hours Inspection ?
b 1L No change .j
. 2 L No change &
3L No change :
i 1R No change
2R No change ;
3R No change |
L ' 180 Test Hours Inspection q
‘ i
1L No change 7
2L No change
r 3L No change .
1R No change
, 2 R No change ¢
3R No change
|
{
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RATING DATA SHEET - CONTINUED
CI 5136206-6

D. Interim Inspections (Cont'd)

E : 200 Test Hours Inspection
5 1L No change
5 2L No change
| 3L No change
g 1R No change
E 2R No change
E 3R No change
‘ ]
o
E
=
; ;
; .
- i
g ‘
] :
. '
! :
i i
X {
3 :
E
t ;
F’ )
o |
!
[ ‘ q
!
!
i
j
{
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RATING DATA SHEET
CI 5136206-6
FAILED CYLINDER I-RIGHT

Test Run at AFLRL
Test Lubricant: AL-7235-~L

Test Fuel: CAT 1-H
Test No.: CI 5136206-6

Test Stand: S
Engine Mo.: 6VS3T 5136206
Test Hours: 85.5 for Failed Cylinder

Date Started: 26 June 1979
Date Completed: 30 July 1979

Cylinder Liner Ratings

oot el bbin 7w e 11 e or oa e

o

R SR

A.
Intake Port Plugging
[ Cylinder No. Restriction, % -
; 2R <1%
{ » Scuffing, Glazing and Lacquer*
f Cylinder No. Thrust Anti-Thrust Total Glazing,%  Lacquer,%
| 2 K a5 15 55 5 95
* Ring Truvel Area.
B. Piston Ratings
) Ring Stickisg and Condition
1ng
Cy. inder No. Fire No.1 No.2 No. 3
2R 30% C.S., 30%B F 100%8 F 100%B F 100%B
! P‘ x, SS*
X = Partially collapsed
CS = Cold Stuck
F = Free
B = Burned
L]
D-30 ;
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RATING DATA SHEKT - CONTINUED
CI 5136206-6
FAILED CYLINDER 2-RIGHT

B. Piston Ratings (Cont'd)

"ing Groove Carbon Filling and 0il Groove Lacquer
‘Groove Filling,% 0il Groove Lacquer

Cylinder No. Fire No.1 No. No.3 Upper Lower
2R 5% 90% 2% <1% 3.0 3.0
Land Description

Cylinder No.
2R Start of Plate Melt on fourth land - Rest Normal
__Skirt
_rf Side .
Cylinder No. Thrust Anti-Thrust

2 R 100% Scuff and Burn

5.5 Light Scratches

D-31

/ -
e S

OSSR EL YOI WP 7 R NP -




*(1enuewy J0 [/ pue g sabed) donis 304 1uadsad 10 (anis Ploo)
payouig Juadisad -- 1a)28) pue Jaguinu Aq 10 ‘ysibbnig 1o 334 — 13133 AQ a1ed1pu|

Mooy e e L

SR

4 | 4 ] q K| v

| 4 4 | 4 | €

4 d d d d d ¢

4 d 4 d 4 d %S 1
HE 4z Hi g [ W 1 ON
Bury

JAQUINN UOISid
SUOAT FPAISqQ T-1£58-SEZL ~Tv IUERLONT] lvD H-T °"3
F 90Z9€1S "ON |eiiag LE€SA9  |apow auibu3

SRR T

9-10 ©ON¥33L

ONIIJILS ONIY

D-32

XTI

e . —— o —




3 = i el i e SIS U - P T -

‘{jenuely jo / pue g sabed) %on3s 1o Juadsad 10 (FoNIS pjod) _ w :
payouiy Juaosad — Janis) pue Jaquinu Aq 1o ‘ysibbn|g 1o 3ai4 — 1a113) AqQ a1edipu) i F
L S b,
/ / / ‘A
\ \ / . ‘
/ \ (

~
>
RN
RN
RN

S

/// \
W N Za

¥E T Hl a [ W Tt "ON
Bury !

OV SN

D-33

b
[P W NIV S ST T PR

.,
e e s —————

JAquINN uolstd
suof] '3 BARSA0 1-sszL-Ty WEAMAMT v H-1 1M g
6-1-8 aeQ 90Z9STS  'ON [eteg IESA9 fopow auibu3 v

(3UBT4-7 -ON 12puyT4) paTTeEi ‘sinog ¢-¢g)9-1) ONIRL

ONDIOLLS ONIY




T Tt TR e s e e ey o i -
. Ll

apIg 1SNy | -1BUY €

woig p !
apis ISNUY | |
k

0 3 0 0 0 0 " i

: 14
i o1 001 3 4! oY 0 . i
; o1 < 0L 001 < S/ . Z w
§
0 S 0 0A 01 0 " N_
0 0 0 0 0 o ’ \
0 0 0 0 0 5 - | _
0 0 0 0 0 0 L i
ue He dl € e n uelpenp Bury uoisid w . m
JAqUINN UOISIY m * w

{ ;
| I
suoky -z M0 T-1£58-6£ZL~TV 2UPHINT Ivo H-1 g L _k_
6.-1-8 %0 90z9gTs  ON 19438 1€5A9  19POW ausbul T
b
9-To ON 3L S
r NOBYVD DNILHOJINS DNIY %~HILIWVIA IAISNI SA00HD NOLSId M

- —————
N ; ; i . i b v stttk el
r i Wit o il o e ot il ! it bt i s 2l it
" il s . ¢ e A n ik ot P SIS




apIS ISy |-nuy ¢
leay g wold ¢
apIg Isnayy |
S6 v
%
001 € ,ﬁ
(131 Z [ ﬁ
S6 L ‘
I
0 v t
\ ]
0 £ i
L @ _
0 ¢ X ¥
0 1 _ g
| .
HE He Hi € g4 uf! . Bury uoIsIg w “_ m
JaquinN uolsig ,. “ 5
w Z
| .
suof -g4eAesq0 T-1£58-S£ZL-TV IUeHqnT LVD H-1 Bend w ! ]
6,-1-8 20 90z9sTs ON IBMSS 1SSA9  19POW auibug M
| |
(3y8Ty-z "ON IBpUTTLD PaT¥BA “SINOY §°G8) 9-ID ONISAL | u
NOgHVI DONILHO4dNS ONIY %—4HILIAVIA FAISNI IACOHD NO1SId : m
.
- ~ - . . ,,

[N - bvdsn. ST s A i o S i bt et a2 -




" L€ Pue og ‘p sabey :senboe
*(G abey) ‘S 10 ‘W ‘H 81801pU|— | Z abeg ‘11eYD BsN )
“(1enuep Jo Zp ybnouyl gp pue g sabed) anbiuysal 101084 SWNJOA 35N :Ysy pue uoqse),

. HX3
nnnnnnnn 1"t~ -1----f-----f------t--mp - waig
.................................. +-----N[va1o - ¥andPvi sfuagnnn [INI
..... | IS N S SN N AU NS NS SN Y S 7
1dyny
..... R e i Bt BECEEEE (LU B VI I *: 6 |- 091 -|DHV[oOT]|
lllll R et L T Ty FOEPIppppigs PRpiapmpuguy SEE NS SpUpIpEpspupny QENEpEppmpapny RypIpIpupmys DU —— wa
..................... P - A0 PVT - [00T |- OV >ord o
INI b !
A =
llllllllllllllllllllllllllllllllllllllllllllllllll F=<~-==-p===-==-1----0 Y 00T HX3 ._ _
+Peay i
DOV | 84vD | DOV | 8dvD | DOV | 8uvD | DOV | auva | oov | auvo | 0oV | auvd | INI ¥
ue HZ Hl 1€ 12 11 “ |
]
JaquINN JapuljAD } *
BN
i
T SWSAT "T sensesqQ T-TES8-552Z -1V 3ueonqgn-] VO H-T leng | ;
6L-1-8 aeQ 90Z95TS  'ON leuas LESAO  19POW autbu3 , m
g-1) 'ON 83| _~
SLIS04d3a 3ATVA i
i
— : - i B - ‘ ‘
rlk.rnli[lr.r:nr?t,i:.l. \ - . - i, " i b sl e kS i £ & Sl e 2 e 2




‘|enuey 30 G YBNOIY G pue ‘EZ YSnouyl 9| “Z ‘| sabeg sag

[ llllllllllllllllllllll L D R Lt T PRI R - e N Qm-_v
(TewioN TTV)
ol -~ - = = - - T popuy A [ S, ; lllllllll S N was
(TewaoN TTV)
i
-l --------—f-rm—mm— - 1o 2 iatdataitebele bt bl EL LT Lt i N 3
(TemwIoN TTV) 4 7S /
M.
e b e Bt B s il aoe
(TewaoN SL - N 3 po w
1 )
.......... SR AUV S WU B \
(TemIoN TTV) peay o
n B
- - - ——— P # |||||||||||||||||||||||| q===—==-=-- B 4 -
(9011 ﬂsﬁ apIng uy ssausa.sy | g_
_M
uE ue Hi € 31 [t ” *1.
M, I
suok7 -g 49Asesq0 1-1£58-55ZL-TyIUeHAM vy u-1 1*Nd w
6,-1-8 &0 90z9s1s ON IeHds 1ESA9 13poW au1bu3 _
9-19 ON¥al |
SNOILIONOD 3IV4HNS IATVA LSNVHX3 .
III *—.
i
- [} . h




e .Ulnnaaq. " T . i ol 43 e andsed ,i-j\w:u,iuql.ﬂs‘q ,1.!...A1,i..i@ij.:aln — e o .4“- T e e e - A - — ~—
"9 ybnouyy yg pue ‘gz ybnouyy g ‘z °y sabed aag
‘fenuey 40 /€ pue gg ‘v sabeq :Janhoe
HX3
yeys
ANI
HX3 SuLly 13O0y
S vuiysng
ANI
- HX3
diy
4 1N
P
\\ $2qoT] we)
HX3 2
I INI - uonipuo) aseyung saddej a
75 —
A . NI
al HX3 usodaq] 1adde) M
ANI ]
ue T4 Yyl € 1z il
quiny JapujA) [
Suok] <3 Jenssd0 T-T£58-557L - TVaueaLigny IV AT jany R
6L-T-8 ateq 90Z9€TS  'ON jeussg LESA9 13POW auibug " :
9-1p ON3saL _ “
, \J
SWHY Y3204 ANV "SWVD ‘S13ddVL ,Mj\.
A
}
-

B P SR TY i . LI Brid, | bl o & ot sl 511




‘¥TeYy 03 uo yozreixds dosp ® sey 3F9T-T °ONa

T T T Y oA Al Y T g g < e o

‘jenuelyl Jo Go ybnoayl $G pue £z ybnosyi g ‘z ‘| sabed aag *uoIIPUNI 3deLINS AION

...... s--pemmmmmmmmeefo-c-—---~T YHYON $ONIHS %m aoy Buiysng
dol Llv NuoMm sNolsitd NI [soNTHSlng 11V '
Uid U0ls!
N N N N N N 4 Uold
mmomosomoes [iuiautaiiniated Sttty “f----SdHDJLVYODS |[JHODITx buiieag—poy
XXXXXXXXX | XXXXXXXXY N N N N eunor—
paAomoy
XXXXXXXXX | XXXXXXXXX |Ppouoaeios oweg ameg 3319q%4 Buyieag—urepy
poYd3BIOS
9 S 4 > A i "oN Bulieag
suof1 'g M0 T-1£58-55ZL~Tv VERHANT IVD H-1 tany4
6L-1-8 d 9079515  ©ON Ieles {opoy auibug
9-1p ON AL
NOILIONOD 32v44NS
‘- TR T Rl B it 1t R i ek it AN ims e i e i - e L et

D~39




‘jenueiy 40 G9 Yybnoy $g pue g7 ubnecayl gi 'z ‘| sabed aag "uoIPUOI 3oBLINS BION

d O}l NO K AVHH Hy_oz

D-40

Buiysng
goviauns olNTuvad
BNOLSId|NO dafands NV uig o1
jeusnop—
buireag—poy
jeusnop—
Buleag—uiepy
L 9 S b £ A ‘ON bunieag
suof -z °MA0 _ T-sZL-TV Iuesuqn IVD) H-1 |on4
6.-1-8 2*¢d 4 - 90z9s1S  ©ON [euas [apoy auibu3

(348Td-Z °ON ZoPurTAD PoTFe4‘sanoy §-58) 9-ID ONIaL
NOILIGNOD 30V4HNS




o

T

P e ek e

IO o e et

Bou il

P2

CONDITION OF PISTON AND CYLINDER LINER

TEST TIME: 240 HOURS TEST NO.: Cl 5136206-6 LUBRICANT: AL-7235-8531-L :
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CONDITION OF PISTON AND CYLINDER LINER

TEST TIME: 120 HOURS TEST NO.: Cl 5136206-6 LUBRICANT: AL-7235-8631-L

e

1-RIGHT ANTI-THRUST

e e e g e

e 15 ey v -,
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CONDITION OF PISTON AND CYLINDER LINER

!

TEST TIME: 120 HOURS TEST NO.: Cl 5136206-6 LUBRICANT: AL-7235-B531-L

2-RIGHT THRUST

v —— e s




CONDITION OF PISTON AND CYLINDER LINER

TEST TIME: 120 HOURS TEST NO.: Cl 5136206-6 LUBRICANT: AL-7235.8531-L

S —

2-RIGHT ANTI-THRUST
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CONDITION OF PISTON AND CYLINDER LINER

TEST TIME: 120 HOURS TEST NO.: Cl 5136206-6 LUBRICANT: AL-7235-8631-L

3-RIGHT THRUST

T

e S e e i b ] et At

i

w

D-45

O, . —tr - s C e -
o= w— : — - - ¢ a—— 7 r—— - s et ey e T T
S UN SPER. - S it o haafadia &




CONDITION OF PISTON AND CYLINDER LINER

TEST TIME: 120 HOURS

TEST NO.: Cl 5136206-6

,,ﬂ.,.w.,,m-m— “*‘anmw‘—j
j
- —

SyTE R

D-46

LUBRICANT: AL-7236-85631-L

3-RIGHT ANTI-THRUST
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l TEST TIME: 240 HOURS TEST NO.: Cl 5136206-6
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CONDITION OF PISTON AND CYLINDER LINER

LUBRICANT: AL-7235-8531-L

TAKEN

1-LEFT THRUST
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CONDITION OF PISTON AND CYLINDER LINER

TEST TIME: 120 HOURS TEST NO.: Cl 5136206-6 LUBRICANT: AL.7235-8531.L

1-LEFT ANTI-THRUST

D S S S

D-48

.
T o
L - . \T._. - B »‘ Yt mneee o em e e amcan .. - ol R . aunan
.JLAJ_... P S Y L et sem e e e R DYNIOWWENY.  UURPPR JAPER, Y25




CONDITION OF PISTON AND CYLINDER LINER

TEST TIME: 120 HOURS TEST NO.: Cl 5136206-6 LUBRICANT: AL-72356-8631-L
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CONDITION OF PISTON AND CYLINDER LINER

TEST TIME: 120 HOURS TEST NO.: CI 5136206-6 LUBRICANT: AL-7235-8531-L
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CONDITION OF PISTON AND CYLINDER LINER

At bl e At e+ i

TEST TIME: 120 HOURS TEST NO.: C! 5136206-6 LUBRICANT: AL-7235-8631-L
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CONDITION OF PISTON AND CYLINDER LINER

i
I

TEST TIME: 120 HOURS TEST NO.: Cl 5136206-6 LUBRICANT: AL-7235-8531-L
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CONDITION OF FAILED PISTON AND CYLINDER
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TEST TIME: 120 HOURS TEST NO.: C1 5136206-6 LUBRICANT: AL-7235-L
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CONDITION OF FAILED PISTON AND CYLINDER

TEST TIME: 120 HOURS TEST NO.: C1 5136206-6 LUBRICANT: AL-7235-L
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CONDITION OF RING FACES

TEST TIME: 240 HOURS TEST NO.: C15136206-6 LUBRICANT: AL-7235-8531-L
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CONDITION OF RING FACES 7

TEST TIME: 240 HOURS TEST NO.: C15136206-6 LUBRICANT: AL-7235-8531-1
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g ) CONDITION OF FAILED RING FACES

TEST TIME: 120 HOURS TEST NO.. Cl 5136206-6 LUBRICANT: AL-7235-L
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CONDITION OF CYLINDER HEADS

TEST TIME: 240 HOURS TEST NO.: Cl 6136206-6 LUBRICANT: AL-7235-8531-L
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CONDITION OF CYLINDER HEADS

TEST TIME: 240 HOURS TEST NO.: Cl 5136206-6 LUBRICANT: AL-7235.8531-L
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E CONDITION OF CYLINDER HEADS

| ‘ TEST TIME: 240 HOURS TEST NO.: Ci 5136206-6 LUBRICANT: AL-7236-8631-L
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TEST TIME: 240 HOURS
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CONDITION OF ROD BEARINGS

TEST NO.: Cl 5136206-6

LUBRICANT: AL-72356-8631-L
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CONDITION OF ROD BEARINGS

LUBRICANT: AL-72356-8631-L

TEST NO.: Cl 5136206-6

TEST TIME: 240 HOURS
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CONDITION OF MAIN BEARINGS

TEST TIME: 240 HOURS TEST NO.: Cl 5136206-6 LUBRICANT: AL.-7235-85631-L
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CONDITION OF MAIN BEARINGS

TEST TIME: 240 HOURS TEST NO.: Cl 5136206-6 LUBRICANT: AL-7235-8531-L
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CONDITION OF FAILED PISTON PIN BUSHING
LUBRICANT: AL-7235-L
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TEST TIME: 120 HOURS TEST NO.: Cl 5136206-6

LOWER
HALF

2-RIGHT

' D-65

»
R amien

P S - - ———— . o
ome . - - e s




r

Y
F |

; i

APPENDIX E

P ENGINE-LUBRICANT COMPATIBILITY TEST #7
S 260-HOUR TRACKED-VEHICLE CYCLE ;
USING 6V-53T DIESEL ENGINE
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ENGINE-LUBRICANT COMPATIBILITY TEST 1
240-HOUR TRACKED-VEHICLE CYCLE
v USING 6V53T DIESEL ENGINE
; Test Lubricant:  AL-8406-L
[ Engine Test Number: CI5136206-7
‘ Date Completed: 31 August 1979
: Conducted for 1
f
!

U.S. Army Mobility Equipment Research and Development Command
! Energy and Water Resources Laboratory
Ft. Belvoir, Virginia

s ac

| by

o U.S. Army Fuels and Lubricants Research Laboratory
i Southwest Research Institute
; San Antonio, Texas 78284
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T

6V53T
BUILD-UP ENGINE MEASUREMENTS i
CI5136206-7 |
|
} |
f Inches %
: Measurements Min Max Avg Spec. Limits (1) !
? Connecting vrod bearing 0.0026 0.0034 0.0030 0.0016-0.0046
: clearance A
; Cylinder Liner block bore 1 ]
i Taper 0.0001  0.0005  0.0002 0.0015 max :
L OQut-of~round 0.0000 0.0006 0.0003 0.0015 max - .
L Inside diameter 4.3571 4.3578 4.3575  4.3595 max ]
! i
E Cylinder Liners (installed) //)
L Taper 0.0002 0.0008 0.0004 0.0020 max (2) ‘
: Out-of-round 0.0000 0.0007 0.0002 0.0030 max (2) ]
4 Inside diameter . 3.8753 3.8764 3.8759 3.8752-3.8767 : x
E Piston to liner fit 0.0073  0.0084 0.0077 0.0060-0.0095 ;
Piston Diameter 3.8664 3.8685  3.8675 3.8669-3.8691 ‘
L Fire Ring
t End gap 0.026 0.034 0.031 0.020-0.046 :
[ Side clearance 0.003  0.004 0.003  0.003-0.006 s
b K
g No. 1 Compression Ring
; End gap 0.030 0.040 0.033 0.020-0.046 A
% Side clearance 0.008 0.009 0.009 0.007~0.010 . :
2 No. 2 & No. 3 Compression Ring é
End gap 0.029 0.037 0.031 0.020-0.046 :
4 Side clearance 0.006 0.007 0.006 0.005-0.010 i
5 0il rings o
End gap 0.017 0.023 0.019 0.010-0.025 | |
Side clearance 0.003 0.003 0.003 0.0015-0.0055 :
b
(1) Limits on new parts unless maximum wear limit specified. ( :
(2) Wear limits with new liners in a used block. ‘ E
]
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