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PURPOSE .

To attempt to increase the reprocessing cycle of installed
engines in vehicles stored outdoors frcm the presently used one
year tc a minirmum of three years, Despite improvements in ape
plication technlques, corrosicn still occurs prirmarily in the
cylinder area in less than one year, 3y the use of newly dev-
eloped cr improved presently used preservative materials it is
possible that maintenance in storage reprocessing operations
can be greatly reduced.

RESULTS

VCI o0il used in the test proved far superior to the
presently used MIL-L-21260 0il after a minicunm of three years E
outdoor storage under actual ccnditions, Of 24 cylinders (2 b
test engines) using the VCI oil 17 were corrosion free after 1
three years. The other 7 cylinders developed spotty and not .
too severe corrosion during the third year of storage. o

MIL-L-21260 oil cdisplayed sufficient corrosion on 12 of
24 cylinders to questicn satisfactory operation of the engine
after reassembly without considerable rework and/or salvage,
Half of the cylinders showed corrosion in the first year.

CONCLUSIONS :

There was no apparent attack from the VCI oil or VCI P
crystals on non-ferrcus cr non-metallic components of the engine. -
The two greatest causes of corroded cylinders of engines are:

y
a. T« mperature ccnditions that precduce alternate condén- ]
sation and evaporation cf moisture, =

b. Combusticn products producing an acidic environrent.
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SUMMARY AIID CONCLUSIONS

1. Very little difference in performance before and after cor-
rosicn was noted, After at least three years of ontdoor storage only
one of 8 test engines would not start. This failure was attributed
to improper timing and not corrosion., Minor failures on other engines
were not caused by corrosion. It is of interest to note that a peralty
in engine performance caused by corrosion is not too significant, rased
on a 90 minute test run as used in this project. For any future proiects

of this type at least a 50 hour test run is recormended. Only then

will corrosicn show the deficiencies worth being concerned about, such

as lower compression, increased ring wear and higher cil ccnsumption.
Where corrosion is severe enough, ring breakage cculd cccur. Therefcre,
it is definite that the less corrosion prevalent in the cylinder arce.
the better for all concerned.

2. There was no apparert attack from the VCI oil or VCI crystals
on non-ferrous or non-retallic components of the engine.

3, VCI oil from the one source used in this test gives mucs
Letter zrotection tharn the presently used MIL-L-21260 preservative - I1.

4, The twc greatesi causes of corroded cylinders of enginesare?

a. Tenmperature conditions that produce alternate condensaticn

evaporaticn of moisture.
b. Contustion prcducts producing an acidic envircnrment,

See Pages 35 through 38 for further conclusions.




RECOMMENDATIONS

As a result of the most satisfactory performance of VCI oil
under actual field conditions, the following recommendations are made:
a. Set up a fleet test of vehicles in storage with an equal
amount of engines processed with VCI cil from at least three sources.
Inter-service participation wouid be desirable, Actual performance
under realistic field conditions could be evaluated relative to im-
portant characteristics of each VCI o0il such as:
(1) Vapor pressure ~ Too high means short service life
of the vapors. Too low will produce inadequate distribution of the vapors.
(2) Neutralization of acidic conditions,
(3) Toxicity.
(4) Compatibility.
(5) Solubility.
(6) Water displacement and stability.
(7) Quality and life of vapor phase and contact preservation.
b. Qualification people for VCI oil specifications resolve
their present differences of opinion and come up with one coordinated
document in u?ich 211 interested sources agree,
¢. VYCI cannot be consicered practical as an operating oil
from many viewpoints, however the possibility cf adding S to 20% of
these oils to the presently used operating oils thecretically offers
good potential for a unique way of preservaticn. This type work

could be included in the fleet test recormended,




}TRODUCTIONR )

BACKGROUND AD HISTORY: .

An OTAC staff study dated 21 June 1956 reveals that engines
preserved by current techniques and materials show corrosion in a
relatively short time. Areas in the cylinder above piston travel
zone were of particular concern. As a result of the staff study
improvements in the techniques of application of preservative oils
were recognized as necessary and therefore changes in the speci-
fication were made. Despite these improvements, cerrosion is still
possible as a result of human error, shortage of personnel and
eguipment, infrequent repricessing or maintenance in storage, in-
aaequate materiags and improper use of existing or improved
materials,

- PURPOSE OF TEST:

- This prcject will attempt to determine the extent of possille
° improvements attainable by the use of new and/or existing permarert
type protective coatings with new and/or improved preservative oils
so that inadequagy due to any of the above reasons are either en-
tirely eliminated or greatly reduced.

SCCPE OF PROJECT:

Sufficient laboratory testing has been accempiished to indicate
- the use of perrmanent type ccatings such as Eiectrofilm 4856 or phcs-
phate treatment alone on the interior surfaces of the cylinders rrec-
. vides ccnsiderably rmore resistance to coerrosion. it is felt that
- sufficient work is already in process on gymnastication and dehumi-
3 dified storage. Short range tests such as those that are conductec
with laboratory equipment like humidity and salt spray cadinets or
prescrvative oils applied tc panels and disassembled engine cylincers
have providcd guide lines for more extensive testing. In these shors
range tests, the advantages of much guicker results are recognized,
however, the question of cirulated conditions has to be taken intc
account. 1he questicn always arises, would the same results te
' achieved under actual co-diticns where products of ccrbustion are
prevalent as the cylirder would be an integral part of the engirne
with the sealed chamber. Also exposure tc the nature elements is
far different than laboratory equipment rct to mention the iaria-
tions that can occur even between exposure on spare engines and
those installed as a component of a vehicle.

Test engines No's 1, 2, 3 £ 4 were rebuilt by the Ixperimental
3 Division, Detroit Arsen2l. In crder to assure corrosicn free
engines, cylinders, pistens, rings, intake valves arnd exhaust valves
were either reworked or replaced as deemed necessary. The same was
accorplished cn test engines lo's S, 6, 7 £ 8 by Annisten Ordnance
Depot. All eight rebuilt test engines were then irstalled into




vehicles and run 100 miles on the dirt test track at Anniston
Ordnance Depot, All test engines were then prccessed in accordance
with the materials outlined in the following chart applicable to
each engine, Application techniques as outlined in MIL-STD-53%
were carefully adhered to with the exception of the VCI plugs
which are not covered in such publication,

Test plans call for a boroscope exanmination of each cylinder -
after the first and second year of storage. After the third
of storage test engines will be rexzcved from the vehicle, completely
disassembled and carefully evaluated. The purpose and objective of -
this project to evaluate various combinations of preservative oils,
volatile corrosion inhibitor oils, volatile corrosicn inhibitor
plugs, phosphate and electrofiim finishes will be fulfilled with
the hope that rmaintenance care and preservation expenditures can
be greatly reduced by definite recommendations of the best preserva-
tive materials or combinations thereof. Completion date estimated
to be October 1961,

PHASE 1T

Phase I involved 8 test engines installed into 8 combat vehicles.
Actual conditions of vehicle operation, processing and storage were
simulated in Phase I, however considerable expense was nacessary
for such method of evaluation, Therefore limited funds restricted
the evaluation of only a few of the most promising preservative
raterials under such test conditions, Other services have con-
ducted field tests with considerable success on engines exposed to
the elements in wocden boxes, thereby simulating to a certain
degree protection afforded to installed engines in equipment such
as aircraft tanks, trucks, etc. Therefcre Phase 11 was implemented
in April 1959 to include several zore newly developed or improved
currently used preservative raterials utilizing 18 test engines
and 9 preservative rmaterials., {2 engines for each raterial). Higher
authority did not approve the loan of 18 vehicles for 3 years, the
duration of the test. Therefore engines were to te placed under
the protection of reusable exterior wood containers after rebuild,

10 hour run on a _dynarometer and prccessing., Two annual partial
teardown evaluations have Leen accorplished. Third and final com-
plete teardown evaluation will be ccmpleted in February 1963,

PHASE 111

Sufficient information and data have been ascertained fran
Phase I & II ‘o warrant a third phase., W¥hen Phase I of this study
started in 1958 only one VCI oil was available, There are now at
least three with improverents in centact inhibitors, vapor space
inhibitors and acid neutralizers. Only recently a specification
was issued, Also in the last four years improverents have been
attained in processing techniques. Past difficulties in engine




preservation were due in part tc this factor. Therefcre it is
deemed aavisadle to evaluate the standard preservative oil with
irproved arrlicaticn techniques and still raintain a control
raterial., Plans are now finalized to utilize 12 more boxed
engines using the sare rebuild operations and storage ccnditions
as Fhase II. Paterials to be tested will include at least four
VCI preservative oils, one special spark plug type ccntainer of
VCI crystals and cne standard MIL-L-21260 oil with the latest
develored epplication techniques. Plans now call for this phase
to be irplenented in the early fall of 1962. Areas of considera-
tion for future work include diesel engines, multi-fuel engines
ard tne possibility of adding varying amounts of VCI oil to the
standard preservative operational oil.
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GENERAL SPECIFICATIONS OF TEST ENGINES NO's. 1,3,5,6,7 £ 8
12 Cylinder, V type, Gasoline. .
Coolant - Air
Cycle - 4 Stroke, .
Bore - 5.75 im, -
Stroke - 5,75 in,
Displacement - 17921.9% cu.in.
Compression Ratio - 6,5:1
Gross h.p. ~ 810 @ 2800 RPM
Max. Torque -"1580 1b.ft, @ 2200 RPM
Valve Arrangeument - Overhead Camshaft - 2 valves per cylinder,
Max. BMEP - 132 psi 2 2200 RPM
Max, Engine Air Derand - 1280 cfm @ 2800 RPM
DIMENSIONS
Length -~ 73,92 in,
Width - 59,82 in,
Height -~ 40,65 in.
Weight (Dry) - 2605 1bs,

0il Capacity ~ 18 gal.

HOTES - Test Engines No’s 1, 3, 5 € 6 Fuel Injection Type.
" " " 7¢8 Carburetor Type.
Cylinders are imdividually replaceable units, arranged in 2 banks

aunbered 1 to 6 on the right and 1 to 6 cn the left when viewed from

the accessory end or front,




o g g 2 i 5 i A 255 ’
E
7 if
0
GENERAL SPECIFICATIONS OF TEST INGINLS NO's 2 € & 3
6 Cylinder, Horizontal, Opposed, Supercharged, Carbureted. ol
3 Coolant - Air ~ T
: Cycle - 4 Stroke i
Fuel - Gasoline -~ VIL-G-3056 “
Bore - 5.75 in, E
Stroke - 5.7% in. ’
Displacement - 895.9 cu.in,
Compression Ratio - 5,.5:1
( Gross h.p. - 500 3 2800 RPM »
Max. Torque - 955 1b.ft. @ 2200
Valve Arrangement - Gverhead camshaft, 2 valves per cylinder,
~ Max. BMEP - 161 psi € 2400 RPM >
Hax. Engine Air Demand -~ 845 cfm @ 2800 XPM - X
3 DIMENSIONS
Length - 47,43 in, ;
] Width - $1.56 in.
f Height - 34,81 in.
; ' weight (Dry) - 1881 1bs. »
g 0il Capacity - 11 gal. i
i g
% . HOTES -~ Cylinders are individually replaceable units, arranged in
E (] two banks, numbered 1, 3 £ S on the right and 2, % £ 6 on the L4
E - left when viewed from the accessory end or front, }-
i g L4
|
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PROCESSING PROCEDURES

Test engines #1 thru b6 were processed in the follcwing manner
before going into storage.

A container with two compartments, one filled with oil, Speci-
fication MIL-L-644, the other with fuel, Specification MIL-G-5572
shall be used. Fuel line from the container shall be connected to
the vehicle fuel line at an accessible point which is rost distant
fron the engine., For injection type engine, the injector fuel
return line shall be disconnected at quick disconnect coupling and
the female quick disconnect coupling on the line from the container
shall be connected to the rale quick disconnect fitting., For
carburetor type engines, the fuel intake lipe shall be disconnected
from the fuel tank side of engine driven fuel pump and the ferale
quick disconnect coupling on the line from the container shall be
connected to the male quick disccnnect fitting. Container regu-
lator valve shall be turned to the FUEL position., Engine shall be
started and operated at a minimum speed for one minute, then ac-
celerated to three-fourths speed without load., Container regulator
valve shall be turned to OIL position. At the instant engine begins
to misfire, the ignition or magneto switches shall be turned to the
OFF position. Fuel line of the container shall be disconnected and
vehicle fuel line reconnected, Engine shall be cooled to 100°F or
below measured at spark plug gasket surfaces of all cylinders,
Spark plugs shall te reroved and handled carefully to avoid damage
to electrodes and threads. Two ounces of preservative oil, as in-
dicated on each engine graph sheet were atomized sprayed into each
cylinder through the spark plug opening while ergine is being
cranked with starting rotor, Two additional ounces of the sarme
test oils were then atorized sprayed into each cyiinder without
cranking. Threaded ends of spark plugs shall be reinstalled and
engine not to be cranked anymore.

Test engines #7 and 8 had only the left bank of cylinders
atomized sprayed thrcugh the spark plug openings with the designated
test oil, Plastic plug containers each containing 4% grams of VCI
crystals (1 to a cylinder) were inserted into the spark plug open-
ing. Dry compressed air was then applied to the outer end of the
slug so as to force the VCI crystals into the combustion area of
the cylinder, Plastic plugs were then removed and spark plugs
reinstalled,

NOTE -~ Before any prccessing as noted above is accomplishec
engine crankcases are filled to operating level with preservative
o0il MIL-L-21260, grade determined by vehicle and operating corcitions.




STAGES OF CORROSIOR
FRON
MIL-STD-634(0RD) COZAT VEHICLES, IHSPECTION,
CARE AKD PRESERVATION DURING STORAGE OF

Stages Identification
of Stage
Corrosion Description
Stage 1 Discolcoration, staining. %o éirect visu-

al evidence of pitting, etching or other
surface damage.

Stage 2 Loose rust, black or white corrosion
accenpanied by ninor etching and pitting
of surface affected. MNo scale, or tight
rust,

Stage 3 Pust, Ptlack or white corrosicn accompanied
singly or in ccmbination with etching,
pitting or rore extensive surface damage,
Loose or granular condition.,

Stage 4 Rust, black or white corrosion propressed
to the point where fit, wear function or
life of the iten has bteen affected. Pow-
dered or scaly condition, with pits or
irregular areas of material recoved from
surface of item,




VISIT OF TASK GROUP

On 11 and 12 October 1961 the service wide Task Group on
Preservatives and Preservation visited Anniston Ordnance Depot.
This is a group of about 20 individuals, scientists, engineers,
technicians and specialists representing the Army, lavy, Air
Force, Marine Corps and Department of Defense primarily inter-
ested in 211 the technical aspects of preservation. Quarterly
meetings are held usually at some installation where soze
progran or activity is of sufficient interest to all, This
projecr had been a tapic of discussion at their previous rmeetingse.

The Orcnance Corps was honored by the grcup's decision to
hold their 1861 Iall meeting at the Anniston Ordnance Depot to
view first hand this Ordnance Tank-Automotive Cormand Engine
Corrosion Study. They held their regular business rmeeting the
first day 11 October 1361. The second day 12 October 1961 the
entire group plus four core service representatives partici-
pated in the third annual evaluation of the partially dis-
assembled 8 test engines, Forrmal and infermal discussions
were held before, during and after the actual inspection of
the engines and various conmponents, Comments, suggestions and
constructive criticism offered by various members of the zrcup
were most helpful especially for future concepts. The Task
Group is under the capable chairmanship of David Bootzin,

ORD3C-9320-DB, Rock Island Arsenal Laboratories while the
duties of Secretary are rost efficiently handled by Gerale

Reinsnith, ORDOW-TB, Ordnance Weapcns Cormandl Rock Islarnd,
I1linois. Everyone agreed that Anniston Ordnance Depot was
the perfect host for the two day conference.
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: CODE FOR ABBREVIATIONS USED FCR DIAGRAM
- SHEETS OF ENGINES AND CYLINDERS WHERE LACK
QF SPACE LECESSITATES SUCH

R Stage (referring to degree of corrosion) - §

Corrosicn - Corr
Cylinder - Cyl
Entire - Ent
-dide -W

; Long - L

CODE FOR NUMBLRS AND LETTERS
WITEIN CIRCLES ON DIAGRAMS GF CYLINDERS

E - Electrofilm Coated Cylincers,
W - West Coast Application of Electrofilm (Parent Company)
- D - Detroit Application of Electrofilm (Licensee)

1L~6L - Rumber of Cylinder L - Incicates Lesft Bank.

(J

g 1R-6R - Number of Cvlinder R - indicates Right Bank.
P - Phosphate Coated Cylinders.

A B -~ Bare Cylinders - No Permanent Type Coating.
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EXPLANATORY KOTES FOR Ci- “}i.LR REVOVAL

Some cylinders were remcved fc the following reascns,
during the first and second annual ~v.:laations,

a. To compare the naked eye visual inspection to
results obtained by the boroscope.

b. To verify condition of the cylinder, especially
where any difference of opinion exists betwrer three indi-
viduals after using the boroscope,

c. Sore cylinders have the pi-tons at the top of the
compression stroke, hence nothing caa be scen with the boroscope,

INFORMATION ON ANNUAL EVALUATIONS

The next 33 pages (13 thru 47) ir words and diagrams
show results of the three an.ual evs’uavions. The first and
second year evaluations were wonfired to partial disassembly
of the test engines. The thi.d year and final evaluation
was a corpiete disassemblr of the test engines, inspection
of components, reassembly and brief test run for efficiency
of cperation, Each evalvatior is divided into three areag
of inforration namely: {3) Zeneral Summary, (b) Detailed

umnary, (c) Graghical Sumrary.

First Annwal Evaluation - Pages 13 thru 22
Second " " - T 23 " 34
Third " " - " 35 " L19)
The general and ¢ 1iied sumnary of the third annual

evalvation (Pages 35 ** u .&) naturally supplerents the
brief summary and cor “icas shown con Tage 1.
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GCNERAL SUMMARY OF FIRST ARWUAL EVALUATION

Every cylinder in each engine was boroscope inspected by three
individuals., Observations were discussed periodically, One cylinder
from each bank of cylinders of all engines was removed for inspection
with the naked eye, so comparison of results could be made with
boroscope findings.

All engines processed with MIL-L-2126Q, Grade 2 the present
engine preservative oil, displayed from 1 to 7 corrcded cylinders most
of which had reached the stage 3 type of corrosion.

Ho difference could be ascertained in protective qualities between
low and high limit MIL-L~21250 oils.

The use of permanent type ccatings on the piston travel area such
as phosphate or electrofilm prior to prccessing with the standard
preservative oil offers little added prctectior, when compared to the
bare cylinders with the same oil. It was noted that most of the
coating material had been recoved on the 100 miie test track run.

Volatile Corrosion Inhibitors either inm oil or crystal form
perforred remarkably well. The four AV-1790 engines processed with
VCI materials produced 48 corrosion free cylinders, after 14 ronths
outdoor storage.

VCI crystals when blown in the cylinders have a tendency to
build up especially at the top of the cylinder. This condition would
prove troublesore when ccnsidering the minute openings of injector
nozzles of fuel injection and diesel engines. This condition was
caused by the use of air pressure to the VCI crystal plups after they
had been inserted in the spark plug openings in accordance with the
supplier's instructions. The cmittance of the air pressure for
blewing the crystals in the cylinder would rectify this ccadition.

It would then be interesting to see if sufficient vapors would be
released into the cylinder area to perfors as well. This will be
checked in another phase of the project.

The partial disasserbly cnly permitted a partial visual inspecticn
of the valves, rings, pistons and other components. Past experience
reveals the cylinder interior walls as the most susceptible to corrosion,
hence the emphasis on this area at this time.

——
"




DETAILED S,MMARY OF FIRST AWNTUAL EVALUATION

#1 - Low limit MIL-L-21260 Grade 2 .

S of 12 cylinders remained corrosion free for one year
of 12 cylinders exhibited stage 3 corrosion in areas ranging
froez 1/2" to 1" wide and from 180° -~ 360° of the circurference
of the piston travel area.

#2 - High limit MIL-L<21260 Grade 2
of 6 cylinders remained corrosion free for one year
of € cylinders showed stage 3 corrosion, 1* wide for 300°
of the circumference of the pistom travel area.
1 of § cylinders showed stage 3 corrosion 1/8" wide and 1" long.

- High limit MIL-L-21260 Grade 2

12 cylinders rerained corrosion free for one year

12 cylinders displayed stage 2 corrosion for an area

i" x 4" in piston travel area,

12 cylinders displayed stage 3 corrosion in various spots
over tre entire piston travel area.
of 12 cylinders showed stage 3 corrosion for 1"-1.1/2% wide
from 270°-3¢0° of the circunference of the piston travel area.

fu - Low 1limit MIL-L-21250 Grade 2

5 of & cylinders romained corrosion free
of 5 cylinders exhibited stage 3 corrosion of 1" wide for 300°
of the circumfersnce of the piston travel area.

Engine #5 - VCI 0il1,
All 12 cylinders free of corrosion.

Zngine #6 - VCI 0il,
All 12 cylinders free of corresicn.

Engine #7 - Left Bank of 6 cylinders VCI plugs plus low limit
MIL-L-21260 0il, Grade.
Right Bank - VCI plugs only, no oil thrcugh spark plug openings.
All 12 cylinders remained corrosion free.

Zngine #8 - Same as #7
All 12 cylinders remained corrosion free.

NUTE - Detailed graphical shects on each engine and each
cylinder follos,
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No corrosion

No corrosion
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near top 1" L
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CODE FOR CYLINDERS
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ENGINE NR. 3 AVI-1780-7C SERIAL NR. 26003

No corrosion

ol il ol iy

#3 Corr near top 1" W
for 270°

Ho corrosion

#3 Corr near top 1-1/2"
W for 300°

Pulled

No corrosion

#3 Corr Spotty areas

| Tank, combat, F.T.
w/90 MM Gun, MUBAY
USA NR. 9A1196

First Insp. 9-15-59

This is the results of
the first inspection.

CGDE FOR CYLIMNDERS

Phosphate

Bare

6 Nr. of cylinders
Left.Bank

Right Bank

100 mile run of MuBAL
vehicle completed
6-27-58,

Processed with: High
Limit Grade 2 MIL-L-
21260 0i1

Pulled:
remcved.

This cylinder

All cylinders Boroscoped

Date Prccessed: 7-2-58

ACCLSSORY END

2

No

#2

Ko

No

:No

Corr 1" W x &"

corrosion

Corr 1" x 4"

corrosion

corrosion

corrosion




AT s 4 e e e e ey e o —————

ENGINE NR, 4 A0S-B95-3 SERIAL NR, 4967
Gun, Self-Propelled, F.T{

ITuin woMM, M2
]USA NR. 12D112
i
t

Ko corrosidn First Insp. 9-15-53 No corrosion

This is the results of
the first inspection.

CODE TOR CYLINDERS

- Phosphate
- Bare
- 6 Nr. of cylinders

100 mile run of M42 Veh-
icle completed: 6-27-58
o Processed with: Low Limi{ .

Grade 2 MIL-L-21260 Qi3 1

.Pulled: This cylinder X

s removed, e
Ho corrosion ! No corrosion y
1Date Processed: 7-2-58
¥

2

B
" | ]
23 Corr at top 1" W lio corrosion b
fer 3089 { v
Pulled

- — .

[ S U U SRR

£CCESSIPY EHD ‘




:1..-..n

No corrosion

¥No zorrosion

No corrosion

\
w:‘j’

Ho corrosion

2L
]

Ho corrosion
Pulled

Ko corrosion

!Tank, combat, F. T.
w/SD #M Gun, MUBAL
_USA NR. 30177800
:rirst Insp., 9-15-59
‘
{This is the results of
:the first inspection,

P

CODE FOR CYLINDERS

,B - Bare
1 - 6 Nr, of cylinders
'L -~ Left Bank

R - Rjght Bank

i

1100 mile run of MuBAl
‘vehicle completed
_2-28-58

Processed with: VCI 0il

iAll cylinders Boroscoped

.Date Processed: 9-29-58

ACCESSORY END

ENGIERE KR, 5 AVI-1790-7C SERIAL NR. 21040

&R
B

No sorrosion

1L

No corrosion

Nc corrosion

No corrosion

2R

B

lo corrosion

Pulled

1R

tio corrosion

]

OISR |

L




ENGINE NR. 6 AVI-1790-7C SERTAL NR. 16586
! Tank, cozbat, F.T. w/90

MM Gun, MuSAL

USA NR, 30177735

First Insp, $-15-59
corrosion corrosion

This is the results of
the first inspection.

CODE FOR CYLINDERS

- Bare

- 6 Hr. of cylinders
- Left Bank

- Right Bank
corrosion Ko corrosion
100 mile run of MugAl
vehicle cocpleted
9-28-58

Processed with: yer 0i1,

There were no cylinders
removed,

corrosion . Ho corrcsion
All cylinders Boroscoped

Date processed: 9-29-58

corrosion corrosion

2R

]

ccrrosion

PR S

corrosion

corrcsion
ACCLSSOPY END




e v T Ty

5 L

No corrosion

No corrosion

Pulled

Ho corrosion

Ho corrosion

Yo corrosion

—
No corrosion

!Tank, ccmbat, F.T. w/90 *
, MM Gun, M4BAL

:USA LR. 30173160
'rirst Insp. 9-15-59

This is the results of
the first inspection.

CODE_FOR CYLINDERS

B - Bare

1 - 6 Wr, of cylinders
L - Left Bank

R - Right Bank

100 mile run of Mu8Al
vehicle completed
9-28-58,

1 - 6 Left Bank cylin-
ders processed with: Low
Linit Grade 2 MIL-L-
2126C plus V.C.I. Plugs
in spark plug orenings.

Pulled: This cylinder
removed,

All cylinders Beroscoped

lDate processed: 9-29-58

ENGINE NR. 7 AV-1790B SERIAL NR. 18620

t
s
]

No

o

Ro

Ho

‘No

ACCLSSO?Y EMD |

corrosion

S

cerrosion

corrosion

TR
. H oo

corrosion ST

R .
N 0 "

corrosion

corresion RS




NS TH
B

.3 ENGINE NR. 8 AV-1790B SERIAL NR. 51108

oy No corrosion

Ro corrosion
Pulled
% L

\C

Ko corrosion

No corrosion

o corrosion

No corrosion

| Tank, Combat, F.T. w/s2
v ¥ Gun, MuBAl
I GSA NR. 9A1195

First Insp. 8-15-5%

This is the results of
the first inspection,

ma eeme  ———————

Cede For Cylinders
- Bare

- Left Bank

- Right Bank

- 6 Nr. of cylinders

Il

100 mile run of MuBAl
vehicle cormpleted
9-29-58

1 - 6 Left Bank cylin-
der processed with: Low
Linit Grade 2 MIL-L-

21260 plus V,.C.I. Plugs
in Spark Plug openings.

1 - 6 Right Bank cylin-
ders processed with: VCI
Plugs only, no o0il thru
spark plug openings.

Pulled: This cylinder
reroved,

All cylinders Boroscoped:®
[
1 1

; Date processed: 9-29-58

6 R

No corrosicn

No corrosion

No corrosion

iNic corrosion

No corrosion

i ACCESSORY END .
i

No corrosion




SEHNERAL SWMMARY OF SECOLD ANHUAL EVALUATION

Every cylinder in each engine was boroscope inspected by three
individuals. 1Individual cylinders in some cases were completely
reroved for naked eye visual inspection, where any doubt or dif-
ference of opinion existed on the boroscope examination.

All ergines processed with MIL-L~212608 preservative ails
displayed at least 50% of the cylinders corrcded, most cf which
had reached the stage 3 tyge.

viith the MIL-L-212€0 processed engznes cylxnders that haad
dis;la;;::.- corrosion after o-)-o fingt annual 1n<1~oct1¢n had in-
creased in severity and area affected. Also some cylxnders rot
corroded after the first year were now affected.

The difference between the preservative qualities of low limit
ard high 1lirit NIL-L-21260 oils was notxceable, indicating better
results with nmaterial considered in the higher bracket of quali~
fication.

The use of perranent type coatxngs such as phosphate or
electrofilz on the cylinder walls prior to processing with the
standard rreservative oil (MIL-L-21260) offers little added
protecticn, when compared to the bare uncoated cylinders, processed
with the sa=e o0il. Observaticn indicated that most of such type
coatings nad been removed on the 100 mile test run before the
original processing.

Practically all interior cylirder surfaces appeared guite dry
with little or no evidence thet oil had been atcnized through the
spark plug openirgs. This indicates the drain off characteristics
of the oils used especially on vertical surfaces over a long period
of tine.

VCI oil {Eng 35 £ 6lappeared best as no cerrosion was found on
any of the 24 cylinders after tue years' storage. The fantastic
rart is that this is the seccnd time in two years that the engines
have been removed fior the vehicles and set around for days with cne
spark plug removed frcm each cylinder. Agparently the contact and
volatile srotection was not too adversely affected by the excessive
handling of the engines necessary to accomplish the evaluations.

VCI crystals (Eng. #7 € 8)  in combinaticn with MIL-L-21260
oil through the spark plug openings displayed only 3 of 12 cylincers
with corrosion which had developed during the second year of stcrage
and was ccnfined to small areas. It was noted that the crystals
were prevalent on the interior surfaces of the cylinder and when oil
had been atomized thrcugh the spark plug openings there was a ten-
dency of build-up in some arecs of the two materials. In fact,

through a beroscope thesc areas had the appearance of corrosion.

AN I

I

T By &

r




CELJERAL SUMMARY OF SECOND ANNUAL EVALUATION .

Only when the cylinders were removed for visual inspection, was it

discovered that corrosion did not exist in these areas. This could
te another potential trcuble area when considering the minute open-
ings of injector nozzles of fuesl-injection and diesel engines.

VCI crystals without MIL-1L-21260 0il ato=ized through the
spark plug openings likewise produced only 3 of 12 cylinders with
corrosion developed during the second year of storage and again
S this corrosion was only in small sreas.




bt

Engine
2
3
1
Engine
A

Engine
A
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DETAILED SUMMARY OF SECCHD AMNUAL EVALUATION S

f1 - Low limit MIL-L-21260 Grade 2 -
of 12 cylinders remaired cerrosion free for tuwo years »
of 12 cylinders exhibited stage 3 corrosion ¢n the entire
piston travel area.

of 12 cylinders had spotty stage 1 and 2 corrosion on the
entire piston travel area.

of 12 cylinders displayed stage 3 corrosion in areas ranging
from 1/2" to 1" vide and from 1§99-360° cf the circumference
of the piston travel area.

cf 12 cylinders displaycd srmall areas of stage 1 and 2 cor-
rosicn rarging from 1/4" to 1" wide up to 60 of the cir-
curference of the pistcn travel area.

#2 - High limit MIL-L-21260 Crade 2

cf & cylinders rerained corrosicn free for two years

of 6 cylinders develcped stage 3 corrosicn iIn streaks and
tands from 60°-300° of the circumference of the piston travel
area and from 1/8" to 1" wide.

1

-2

3 - linit HMIL-1-21260 Crade 2
of 12 cyiinders remained corresicn {ree for twe years
f 12 cylinders developed spetty stage 3 corrosicn over entire

[+33
gisten travel area,

of 12 cylinders developed stage 1 corrosion over top half of
piston travel area.

of 12 cylinderz, no noticeaktle change from first annual evalu-
ation.

of 12 cylinders, stage 3 corrosion cver top half of piston
travel area, .
of 12 cyiinders displaycé spotty stage 1 corrosicn cver entire
pister travel area.

F4 -« Low limit MIL-L-21260 frade ?

cf 6 cylinders rerainec corrosicn free for twe ycars

cf 6 cylinders developec stage 3 cerrosicn, 2" wide bencd for
366° of the circumfercnce of the siston travel areas

of 6 cylinders, no chenj- from first evaluation

ci cerresion fer two years

55 - vCI 0il,
11 12 zyiinders rerained free cf corresion for two years
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DETAILED SUMMARY OF SECOND ANNUAL EVALUATION

Engine §7 - Left bank, VCI plugs plus low limit MIL-L-21260 oil
Right bank, VCI plugs oniy
11 of 12 cylinders remained corrosion free for two years
1 of 12 cylinders developed stage 3 corrosion, 1* wide band
for 80° of circumference of piston travel area.

Engine #8 ~ Left bank, VCI plugs plus low linmit MIL-L-21260 oil
Right bank YCI piugs only
7 of 12 cylinders rerair~d corrosion free for two years
S of 12 cylinders developed strips and sgots of stage 2 cor=
rosion from 1/4" to 2" wide on 609-180° of the circumference
. of the pisten travel area.




ENGINE NR. 1 AVI-17830-7C SERIAL NR., 26033

Tank, Cczbat, T.T. w/90
MM, Gun MuBAL

USA NR, 30177206

First Insp. 9-15-§9
Second Insp. 9-20-60

#2 ¢ 3 Corr Ent Cyd Spotty #2 £ 3 Corr Ent Cyl
This is the results of
the second inspection.

CODE FOR CYLIHDERS

- Electrofilm

- Detroit Licensee

- West Coast

- Bare

# 2 ¢ § Corr Ent Cyl - 6 Nr. of cylinders {#3 Corr from 60° 1/4% to
- Left Bank 1" w

R - Right Bank

100 mile run of M&gAl
vehicle conpleted
6-27-58

|Processed with: Low Limit
i" W #3 Corr 380° Grade 2 MIL-L-2126C 0il. corrosion

Fulled

:Pulled this cylinder
Removed first and second
inspection

3 e,
i
1
‘

° £11 cylinders Boroscoped
#3 Corr 360 ; W, 180 s+ #3 spotty
Date processed: 7-2-58 180

; Puiled

2L
E
D

@

£#3 Corr, one spot 1" W Vo cecrresion

Two srmall spots 1/2%
Diameter,

1L

E
b /

Spotty #3 Corr 360° Small areas of Cerr ¥l
ACCLSSORY KD




INGINE 1IE, 2 ANS 695-3 SIRIAL NR, 8207

lGun, Self-Propelled, F.T 5

Tuin 4OKE M4Z

=M

No corrosion Second Insp. 9-Z8-60

This is the results of
the second insgpection,

CODE FGR CYLINDERS

'E - Elactrofile
W - West Coast

100 nile run of Mu2
vehicle completed

' Processad with: High
'‘Limit Gracde 2 MIL-L-
+ 21280 7-2-58,

No corrosion

.Pﬁlled; This cylirder
removed first and
second inspection.

_Al1 cylinders Borcscoped,

Date processed: 7-2-58

#3 Corr, near top 1" L
and above ring travel

Ho corrosion

Sare as first inspection
tlus 1" strip of #2 Corr
extended from top of piston
travel to bottom of Cyl

Pulled

B

Several spotty streaks,#3
Corr 60°




ENGINE NR. 3 AVI 1790-7C SCRIAL HR. 26003

Jank, corbat, F.T. w/9D 6 B
Ji¥ Gun, nugal (

‘USA HiR. 9A 1196 ! KP
iFirst Insp., 9-15-59 : i

ISecond Insp. 9-21-60 -#2 Corr 1" x &%
No corrosion
This is the results of
the second inspection.

CCDE FOR CYLINDERS

P - Phosphate

B - Bare

1 -6 Nr. of cylinder
L -

R -

Left Bank .
Rgght Ban No corrosion

#3 Corr 1" W for 270°

100 nile run of MuBAl (Pulled)
vehicle completed §
6-27-58,

Processed with: High
.Limit Grade 2 MIL-L-
{21260 0i1,

Spotty #3 Corr Ent Cyl "#2 Corr 1™ x 4" vertical,
spotty #1, Corr thrcughout

Pulled: This cylinder Ent Cyl

reqoved first and second

inspecticn, '

i
i
i

“(Pulled) This cylinder
reroved second inspec-
*tion
93 Corr 1-1/2% @ 300° ! o corrosion
A11 cylinders Borosccped
Pulled y
Y Date processed: 7-2-58 !

s

i

R

. < H . ]
- llo corrosion No corrcsica 3
- -

3

0 , {(Pulled)

- gt

[
w [
[
[
L
\\\__t//

Spotty #3 Corr top area ° " Spotty #1 Cerr top arei
1 ACCESSOPY END
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ENGINE NR. 4 A0S €95-3 SERIAL NR. 4967

i Gun, Self-Fropelled, F.T - gT
) Twin 4OMM M52,
B USA NR. 120117 P

First Insp. 9-15-59 PRI
#3 Corr spotty for Second Insp. 9-21-60 Ho corrosion -
360° top Lalf Cyi . e
This is the results of {Pulled)

(Pulled) the second inspection,

CODE FOR CYLINDERS

P - Phosphate [ ]
B - Bare
1 - B Nr. of cylinders

100 mile run of My2
vehicle completed .
6-27-58

K
" 3
/// Processed with: Low T

B Limit Grade 2 MIL-L~ T
21260 941,

3 Corr 360° 2" W top . #3 Corr 2" W 3200 top of .
of ring travel area, Pulled: This cylinder ring travel area. o

removed first and second
{Pulled) inspection (Pulled)

(Pulled) This cylinder
reroved second inspect-
ion.

Date processed: 7.2-58

2 1

B P

Same as first inspection

No corrosion
with increased Corp,

(Pulled)

Pulled

H ACCESSORY ERp




No corrcsion

No corrosion

HNo corrosion

Ho corrosion

2L

No corrosion

Pulled

1L
B

Ho corrosion

i Tank, combat, F.T. w/90
) MM Gun, MuBAL
USA R, 30177800

First Insp. 9-15-59
Second Insp. 9-20-60

This is the results of
the second inspection.

CCDE FOR CYLINDERS

~ Bare

6 Nr. of cylinders
- Left Bank

Right Bank

R ad o
] '

100 mile run of MugAl
vehicle completed
8~28-58,

Processed with yCI o041,

Pulled: This cylinder
removed first and second
inspection,

All cylinders Boroscoped

Date processed: 9-238-58

ACCESSORY I

S

ENGINE HR. 5 AVI-1790-7C SERIAL MR, 210D

No corrosion

Ro corrosion

No corrosion

No corrosion

No corrosion

Pulled

Ko corresion

ot ad
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ENCINE NR. 6 AVI-1790-7C SERIAL MR. 16586

!Tank, ccmbat, F.T. w/9g "6 R
MM Gun, MuSAL .

USA KR. 30177735 B
First Insp, 9-15-59 -

Second Insp, 9-20~60
No corrosion
!This is the results of
the second inspection,

COPE FOR CYLINDERS

- Bare

- 6 Nr, of cylinders
- Left Bank

~ Right Bank

No corrosion No Corrosion
109 miie run of KugAl
vehicle completed

S-28-53

4 R
Processed with vCI 0il.

S

Ko corrosion . Yo corrosion
There were no cylinders

iremoved.

lAll cylinders Boroscoped
3L

Date Processed: 9-29-58
B
e

Ko corrosion No corrosion

2L
B

No corrosion Ho corrosion

1L
B

Yo corresion ! ! tio corrosion
ACCESECRY LhD




No corrosion
SL
%

No corrosion

Pulled
b1

B

o corrosion

{Pulled)

3L
B

o corrosion

ENGLRE NR. 7 AV-1790-3 SERIAL iR. 16620

Tank, combat, F.T. u/90
MM Cun, M4BAL
;USA RF, 30173160

|
iFirst Insp. 9-15-59
Second Insp. 9-20-860 No ccrrosion

|
This is the results of
the second inspection.

CODE FOR CYLINDERS

B - Bare

1 - 6 Nr. of cylinders
L -~ Left Bank

R - Right Bank No ccrrosion

160 Mile run of MuBAl
vehicle completed 4 R
9-28-58
1 - 6 Left Bank Cylind- B
ers processed with Low
Lirit Grade 2, KIL-L- No ccrrosion
21260 plus V.C.I. plugs
in spark plug openings.

1 - 6 Right Bank Cylind-
ers. lo oil thru spark
‘plug cpenings, only VCI
iplugs.

3

iPullea: This cylinder
reacved first and second! HNo ccrrosion
inspection.
(Pulled)
(PulleG) These cylind-
ers removed second in-
spection.

:Al1 cylinders Boroscoped
1

iDate prccessed: 9-29-58
No cerrosion

!

ACCLSSORY END




i

ZNGINE 5R. 8 AV-1790-3 SERIAL NR. 51108

gL
B

Ho corrosion

1/2" dand #2 Corr 180°
Pulled

4L
B

1/2" W strip #3 Corr
s0° top area.

Strip #1 Corr 90° bottom
area
(Pulled)

2L
B

No corrosion

()

No corrosion

&ank, compat, F.T, w/9D
¥ Gun, MuBAL
USA KR, 9A1195

First Insp. 9-15-58
Second Insp. 9-20-8p

1
This is the results of
the second inspection,

CODE FOR CYLINDERS

- Bare
- 6 8r. of cylinders
Bank

- Left Ban
- Rignt Bank

120 nile run of MugAl
vehicle completed
8-28-58,

H

1-5 Left Bank, cylinders
Frocessed with Low Limit
Grade 2, MIL-L-21260 plus
V.C.I. plugs in spark
Flug openings,

W et

2-6 Right Bank, cylind-
ers processed with v.C.I.
Flugs only, no oil thru
sgark plug openings.
Pulled This cylinder re-
reveG first and second
insgection,

(Pulled) These cylinders
Trercved second inspection

Ali cylinders Boroscoped
Date prccessed: 9-29-358

ACCLSSORY END A

NHe corrosiom

{Pulled)

1 Corr, 1/4%x2"

Ko corrosion

No corrosion

5 spqts 1/4
20°5%F

top area,

No corrosion
{Pulled)

. 4

S i iismiiacas




GCLERAL SUMI'ARY OF TwI2D AKIUAL EVELUATI

10N

VCI 0il {Eng 566} proved best Ly keeping 17 of 24 cylinders corrosion
free fgr three years.

The other seven cylinders which developed
cerrosion during the third year of storage were spotty and not
near as severe as the other engines.

VCI crystals (Eng #7 & 8)

alcne or with XIL-~1 ’GD rroved second -
best with 3 of 24 cylinders corrosion fre- 3 years, 15 of
. the 21 cylinders developed corrcsion duri. - third year of
sterage. Practically all the corrosion wa
. - or bands 1/2" -
g

vé.

.snfined to spots ]
1" wide, 302 - 3608° of the circumference cf the
piston travei area.

IL-L-21260 oil displayed sufficient corrosicn cn half the cylinders

0 cuestion satisfactory operation of the engine after reassembly
withcut consideradle rework and/cr salvag

There w2s a rore ncticeable aifference in the performance of the two b
sources of MIL-L-21260 oil., ONne scurce considered borcerline
inscfar as meeting the requirements of the specification did
nct perform as well as another scurce material that our cualifi-
cation people regard as far above the ninimum specification
requirements.

In the test these materials were designated as
lcx 1imit and high 1imit accerdingly.

The cesbin

S

-
[ ]

ation of 3 phosphate treatrent plus @ ¥IL-L~21260 o0il performed
slightly better then the saze oil op the bare cylinders, hewever,

not sufficiently su?erlor to warrant the time, cost and labor
of thosphate ccating each cylinder,

\
\
%

use cf electrofilm (corbination lead, tin and graphite) with
0l did nc better han the sare oil on *are cylinders.
no ¢ifference

IR Bharar o

Also
was noted between the ccating as applied by the
perent conpany or one of it's licensees. S
All cyiinders were bcth borcscope inspected then reroved for actual
visual insgection. (enerally s eakirg the cemparison revealed [ ]
1 the extent and degree of ccrrosicn is rost di ricult to ascertain
strictly by berescope readings.

Therefore, the findings on the
cetal led sheets fcr the third eveluation show the actual conciticn B
as doternined by visual inspection after removal of the cylinders

& fren the crgzne. U;cn ccr:le‘e tear cwﬁ. other components were
checked for corrosicn and/or deterioraticn. Engires were then

| reassezbled, tested on a power 7£acy test stand for efficiency of
1 cperation with particular emphasis on perforrance relating to the
b following characteristics and cemzcnents.

E 0il Pressure

Yagnetos
#oise

Teel Filter
Cardurctors 0il Filter Elezent
3low By Zeniticn Harness
Stall Test (RPM CGenerator
Cerzression Readings Starter
of Each Cylinder)




DETRILED SUIMARY OF 38D & FINAL EVALUATION

#1 - Low Lirit MIL-1L-21260, Crade 2 0il.

cf 12 cylinders reraired corrcsion free for three years.
of 12 cylinders exhibited Stage 3 corrosion fcr the entire
piston travel area.

of 12 cylinders exhibited Stage 2 € 3 corrosicn spots over
the entire pisten travel area.

of 12 cylinders displayed Stage 3 corrosion fer 2/3 of the
entire pistcn travel area,

cf 12 cylincers exhibited Stage 2 € 3 corrosicn spots and
bands for the entire circunference from 1" - 2% wide.

Upon reassexbly and testing on a power pack test stand for
efficiency of creratics, the follewing deficiencies were noted.

a) rescure was 45 P.S.X. at 28C0 RFYM, acceptable
7¢ P.S.I. Assumption is this was caused by
tearings end not storage deficiency.
b) cnara shewed ne change, probably caused by previous
isassemtly and/cr workmanship and nct deterioration.
c) Ccverncr was unserviceable. Not due to storage.
§2 - High Linit MIL-L-21260, Grade 2 0il.
of € cylinders displayed Stage 2 § 3 corrosion on entire
piston travel area.
of 6 cylinders ¢isplayed Stage 2 & 3 cerrosion spots over
entire piston travel area,

ton reasserbly and testing on a power pack test stand for
efficiency of cperation, no deficiencles werc ncted,

=it MIL-L-21260, Grzde 2 0il.

:rs shcewed no cerrosicn after three years.

rs displayad Stage 2 & 3 ccrrosion on the entire

travel area,

of 12 cylinders showed Stage 2 corrosion spects on the entire
piston travel area.
of 12 cylinders displaeyed stage 3 corresion bands 1-1/2% - 2¢
<ide for 303C-366C of the circumference of the pistcn 4ravel area.
of 12 cylinders shewed stzge 3 corrcsion in cre arez ol the
risteon travel gpea 4"x3",
of i? cylinders displayed Stage ! ccrrosion fer top half of
piston travel area.

Upen reasse=bly and testing on a pewer pack test stand fer
~I7iciency cf oreration, engine would not start Cue to
i~proper timing.
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Engine # 4 - Low Limit !IL-L-21260, Grade 2 Cil.

[e]

@
N

Engine §7 - Left Bank - VCI plugs plus Leow Limit

All 6 cylinders corroded.

1 of 6 cylinders, Stage 3 corrosion over entire piston travel area.

1 of 6 cylinders, Stage 2 € 3 corrosion spots cver entire piston
travel area.

4 of 6 cylinders, Stage 3 ccrrosion bands 1-1/2%"-2" wide for
300°-260° circurference of piston travel area.

Upcn reassermbly and testing on a power rack test stand, the cnly

deficiency was the igriticn harness whict vas damaged due to the

handling in the three tearderns.

e £5 - VCI 0il.

3 ¢f 12 cylinders ver ir-T cerrosicn free for 3 years.

3 of 12 cylinders, Steye 2 corrosicn spcts cn entire piston
travel area.

1 of 12 cylinders, Stage 2 ccrrosicn band 1/8" wide feor 180°

of circurference cf piston travel area.

Upcn reassenbly and testing on a power pack test stand, no
operating deficiencies were found.

. £5 - VCI 0i1,

s o 1/ cylingers rercoined corrosion free for three years.

2 of 12 cylinderc Gtage 2 corrosion spet 1/2"-2-1/2" wide by
2-1/2" long.

1 of 12 cylinders Stage 1 & Z corrcsicn sgots on lower half

of piston travel area,

Upon reasserbly and testing cn a power pack test stand no operating
deficiencies were noted.

MIL-L-21260, Grade 2
0il atcmized through spark plug openings. Right Eank - VCI
plug only.
1 of 12 cylinders rermzined corrosion free for three years.

§ of 12 cylinders Stage 2 cerrosion spots over entire piston
travel area.

3 cf 12 cyiinders Stage 2 corresion sjpcts over lcwer half of
piston travel area.

2 ¢f 12 cylinders, Stage 3 corrosion btard 1/2"-1" wide, 1£50-350C
circumference of the pisten travel area,

Upon reasserbiy and testing on a power pack test stand the
following operating deticiencies were ncted.

a} CTompression was low on 211 6 cylinders of the right
tank and 1 cylincder slightly low on left bank.
b)  Stall test (PF.I's) read 2300 instead cf the rminimur 2458.
c) Blcw by rejectable,
A1l above deficicncies presurably due to faulty tiring caused
by the teardcwn and not any detericraticn and/or ccrrosion.

L.

l

O

A
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Zngine #8 - Scme as 7,

Z of 12 cylinders reraired ccrresicn free for three years.

2 cf 12 cylinders Stage 2 &€ 3 ccrresicn spots for entire pisten

travel zrea.

8 of 17 cylinders, Stage 2 & 3 ccrrosion band 1/27-1% wide,

180°-358% circumference of risten travel area.

4 of these same B showed zdditicnal strip of stage 3 corrosion
174" wide, 609-180° circusfererce of piston travel area.

Upen rezssembly and testing <n & pewer cack test stard no operating
deficiencies were noted.




(%)

W top of Cyl -

5L
(s
A

#3 Corr Ent Cyl

£3 Corr 360° 1"-1-1/2"W
top of Cy

€2 ¢ 3 Corr spots 1" W
360° top of Cyl

2L
- E
D
. v
2 8 3 Corr spots Ent
Cyl
// 1L
E
)]

#3 Corr 356° 2" W top
of Cyl

ENGINE HR.

£3 Corr 180°, 1-1/2" 2"

1 AVI-1790-7C SERIAL NR. 25033

Tank, combat, F.T. w/9D
M, Gun_ MuBA1
USA HR. 30177806

6 R

b

First Insp. 8-15-59
Seccnd Insp., 9-206-50

#3 Corr Ent Cyl.
Third Insp. 10-12-61

This is the results of
the third inspection,

CCDE FOR CYLINDERS

E - Flectrofilm

D - Detroit Licensee #3 Corr 3600 1.1/2" 2%y
W - West Coast top of Cyl

B - Bare Yo

1-6 Ro. of cylinders
L - Left Bank <«
R = Right Bank

mile run of MuyBAl
vehicle completed

low limit Grade 2 HIL-L-
{21260 0i1. i

] |
H t
;Fulled this cylinder, i
:Renoved first ané second!
i inspection. i

top of Cyl

iAll cylinders pulled,
"A11 cylinders Bcrcscopedi of Cyl
Tirst & Secend Insrection

: Date processed: 7-2-58 g

)

No cerrosion

Ao A A o h Ay s .
[ PV

+2/3 Ent Cyl #3

ACCESSORY END 1 half

6-27-58, processed with ,#2 £ 3 Corr spots 1/2" W

#2 € 3 Corr 360° 1* W top

Corr top




EHGINE NR. 2 AOS 895-3 SERIAL NR. 8207

| -
)
- !
. E
"t # 2 ¢ 3 Corr Ent Cyl
@
r. ¥2 ¢ 3 Corr Ent Cyl

3 Corr spots Ent

) om
HNY
™

)
o

Cun, Self-Prepelled, F,T. 75
Tuin uorm, Mu2
USA up, 127881 B

1
‘First Insp. 9-15-58 .
Second Insp. 9-20-60 #2 & 3 Corr spots Ent Cyl

,Third Insp. 10-12-51

i .
:This is the results of .
tthe third inspection.
!

’ CODE TOR CYLINDERS

! -
:E - Electrofilm
= - dest Ccast

196 mile run of Mu2 vehe
icle completed 6-27-58.

;“rocessed with high Limit
;Srase 2 MIL-L-2126" p3i3
'7-2-58,

#2 € 3 Corr Ent Cyl

‘Tulled: This cylinder
cevwoved first and second
inspection.

1

, 111 cylinders pulled

141l cylinders bicroscoped;
Tirst £ Second Inspection

,Jate processed: 7-2-58

1

1

L

. #3 Corr Int Cyl

e et e

[




#1¢% 2Jorr spots Ent
Cyl

#3 Corr 1-1/2" W top of
Cyl

#3 Corr 360° 2" W top
of Cyl

£3 Corr 300° 1-1/2" @
top of Cyl

#2 Corr spots Ent Cyl

§2 £ 3 Corr Ent Cyl

3 AVI-1790-7C SERIAL KR, 26073

iTank, cczbat, F.T. w/90
!MMGun, MuBAL
{ysA NWR. 9A 1196

;First Insp., 9-15-59
,Second Insp. 9-21-60
Third ins 10-12-61

This is the results of
the third inspection,

CCDE FOR CYLIKDERS

- Fnosphate

- Bare

- 6 lio. of cylinder
= Left Bank

- Right Bank

100 mile run of M43Al
vehicle ccrpleted
6-27-58,

Processed with High Limi{
Grade 2 MIL-L-212860,0i1

Pulled: This cylinder
.rexoved first and second
:inspection.

{
1(Pulled) This cylinder
,reroved second inspectios

.Al1l cylinders pulled

All cylinders Boroscoped
‘First ¢ Second Inspectio?
‘Date processed: 7-2-58

)

3

ACCESSORY END

/6.R
| 2

#2 ¢ 3 Corr spots 4"x¥"

“s R
P

Ho corrosion

#1 Corr spots Ent Cyl

No corrosion




ENGINE N2. 4 A0S £95-3 SERIAL KR. 4967

2N Gun, Self-Propelled, F.T, /g -~ 3
A Twin 40 MM, M2 - L -
) ) ‘USA LR, 12D112 r 3
." Ll - -
N First Insp., 9-15-59 ]
. Secord Insp., 9-21-60 - ’
#3 Ccrr Ent Cyl Third Insp. i0-12-61 £1 & 2 Corr spots Ent Cyl .t
i A

‘This is the results of
‘the third inspection,

CODE fOP CYLIKDERS -

- Phosphate

- Bare

i - 8 No. of cylinders
1

,100 nile run of Mu2 veh- -

icle completed 6-27-~58, »

- w'o

L}
Processed with Low Limit

ﬂ\
U Grade 2 MIL-L-21260 0i1,
B

t
1
#3 Corr 360° 2" W at Pulled: This cylinder i#3 Corr 360° 2" W at top L.
top of Cyl Teroved first and second; of Cyl :
;inspection.

!(Pulled) This cylinder

: repoved second inspectio

4

iy
. All cylinders pulled. L.
*Date processed: 7-2-58 -

All cylinders Boroscoped
first and second inspec-

tion.
LA
2 ; 1 ﬂ
B . i -
\ P .
- ! . 1
£3 Jorr 300° 1-1/2" W | i2 Corr spots 1-1/2" W at IS I
at top of Cyl i top of Cyl
i
H
! i
H
1 LI
1
1]
i -
ACCLSSORY END
]

—.rmet o o w v e

ORIENORN




2 -
- »

v

T

ENGINE NR. S AVI-1730-7C SERIAL NR. 2104B

-]
[

=
o
g
5
3 .
0 w
2.
)
S

41 ¢ 2 Corr spots Ent
Cyl

No corrosion

Hlo corrosion

§2 £ 3 Corr spots Ent
Cyl

No corrosion

1

.Tank, combat, F.T. w/90
iM¥ Cun, M58A1

:USA N2. 30177800

i

iFirst Insp. 9-15-59
Seconc¢ Insp. 8-20-60
;Third Insp. 10-12-61

:This is the results of
the third inspection,
.

CDJE FOR CYLINDERS

‘B - Bare

1 - & Xo. of cylinders
‘L - left Banx

iR - Right Bank

190 =ile run of MusAl

ivehicle ccrpleted
ie-?B-SB.

Processed with VCI 0il.

‘Fulled:

This cylinder
rercved first and second

inspection,

A1l cylinders pulled
A1l cylinders Eoroscoped
First and Second Inspec-!:
tion.

Date processed: 89-29-58

ACCESSORY EKD

6 R

No corrosion

SR

No corrosion

#1 Corr spots Ent Cyl

§2 Corr 1/8" 4 180° center

. of Cyl

——_a

)é-

No corros

No corrosion

i

orTe
"

-




e

RY. £2 ¢ 3 Corr spot 1-1/2%
x 2-1/2" center of Cyl

fo corrosion

qQ ccorroesion

lio corrosion

%o ccrreosion

* - corresion

{Tank, combat, F.T. w/90
MM Cun, MuBAY
|USA NR, 30177735

(First Insp. 9-15-59
{Second Insp. 9-20-60
'Ihird Insp. 10-12-81

{This is the results of
sthe third inspection.

CODE FOR CYLINDERS

B - Bare

1l - & Ko. of cvlinders
L - Left Bank

R - Right Bank

100 miie run of MuBAl
vehicle completed
19-28-58

1

"Processed uith vCcI oil.

There were no cylinders
reroved,

All cylinders pulled
All cylinders Borosccped
.First and Second Inspec-
tion.

Date processed: 9-29-58

ACCESSOFY EhLD

ENGINE NR. 6 AVI-1790-7C SERIAL NR. 16586

5 R

o corrosion

No corrosion

#1 & 2 Corr Spots lower
half of Cyl

No corrosion

o crrrosio

1R

#1 € 2 Corr spots 1/2" W
459 top of Cyl




EHGINE NR. 7 AV-1790-8 SERIAL NR. 18620

#3 Corr spots Ent Cyl

#2 £ 3 Corr spots Ent
Cyl

1 € 2 Corr spots Ent

Cyl

No ccrrosion

43 Corr spots Ent Cyl

#2 ¢ 3 Corr spots Ent
Cyl

‘Tank, combat, F.T. /90
KM Gun, MugAl

USA NR, 30173160

o

First Insp., 8-15-59
Second Insp, 9-20-60
Third Insp. 10-12-61
This is the results of
the third inspection.

CODE FOR CYLINDERS

- Bare

- 6 No. of cylinders
- Left Bank

- Right Bank

100 mile run of MuBAl
vehicle completed

.9-28-59,

'1-6 Left Bank C{lindgrg
preccessed with Low Limit
Crade 2 MIL-L-21260 plus
V.C.T. plugs in spark
rlug openings.,

1-6 Right Bank Cylinders
llo oil thru spark plug
openings, only V.C.I.
slugs,

Pulled: This cylinder red
roved first and second
inspection,

(Pulled) These cylinders
removed second inspectioj
All cylinders pulled

A1l cylinders Boroscoped
First and Second Inspec-
tion,

Late processed: 9-29-58

#1 ¢ 2 Corr spots lower
half of Cyl

SR
B

#3 Corr 1/2" W 360° top of
Cyl .

#1 € 2 Corr

spots lower
half of Cyl

#2 & 3 Corr spots Ent Cyl

§2 & 3 Corr

186° 1" W tep
of Cyl

!
#2 £ 3 Corr
'h2lf of Cyl

ACCESSORY END

spots lower




16
EHGIKRE NO. & AV-1790-B SIZRIAL NR. 51108

Tank, ccnbat, F.T. w/86 55 R

i Cun, MUBAL

USA iR, 9A 1195 8

First Insp, 9-15-59
£3 Corr 1/2" W 360° top Seccnd Irsp. -20-60 #2 & 3 Corr 1/2" W 380° at
of Cyl ‘Tnird Insp. i0-12-61 “top of Tyl

This is the results of

— - : o
5L th2 third inspection, . s R
ST b >
B CGDY FOR CYLIDERS ; B
‘B - Bare '

B
{1 & 3 Corr 1/2" W 180° I - & lNo. of cylinders g3 corr 1/2" W 360° at top
. £ Cyl L - Left Bank of Cyl
sep ot by 'R - Right Bank yi. °
‘ #3 Corr spet 1/4" W 60
100 mile run of MuBA1  , center of Cyl
L L vehicle completed' : (! R‘\\
3.28-58 ;
3 i B
1
H

1-6 Left 3ank Cylinders

precessed with Low Linit, °

Grace 2 MIL-L-21260 plus ¥3 Corr 1/277W"389" top of
v.C.I. plugs in spark V1

plug openings, .

£3 Corr 3/%% w 360° top
of Cyl

1 1-6 Right Bank Cylinders . TR
preccessed with VCI plugs|

B only, no oil thru spark i
plug openings,

§2 € 3 Corr spots 1" W
top of cyl 360°

Pulled: This cylinder re-
movec first ang second ‘2 & 3 Corr spets Ent Cyl
inspection,
(Pulled) These cylinders
2 L renoved second inspection 2 ;‘
A1l cylinders pulled .
B All cylinders & 1oroqcoped \\
First and seccnd ‘nspec-'
~ tion.
lo corrosion Date processed: 9-29-58 #3 Corr 1/2" W 180° top of
'Cyl

©

2}2’18 & "orr spots Ent Ro corrosion

ACCESSORY END




FIGURE 1 -

FIGURE 2 -

FIGURE 3 -

FIGURE b -

FIGURE § -

PEOTOCRAPHS

¥iew of outdoor storage area showing some of the
combat vehicles in which test engines were installed.

View of 2valuation arza where power pack assemblies
{engine, transmission, fans, shroud) after dis-
assenbly fram vehicles were brought in for tear-
€ovn, Engines in the rear are being disasserbled

with a rermoved cylinder assembly.shown on the
table,

View of test engine (AV 1790) from accessory or
frent end with fan and shrcud in background, A
reroved cylinder assembly on the table. Another
cylinder being boroscoped while still assembled

to the engine, Boroscopes were always inserted
through the spark plug openings (2 to each cylinder)
fer evaluation purposes of the interior cylinder
area, .

View of test engine AV 1780 from accessory or
frent end already considerably disassembled
and being further torn down for final evaluation,

View of cylinder assembly renoved from engine
lcoking into the interior area stowing the bottom
of the exhaust valve, intake valve and spark plug.
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[ [N - ~3

—~ B X 2 PrOCT NB
PISI) 50005, 30101 -479071

TANIC a8 i

USA N1l 3017745006 §

ENGINE SEB NR 26033 ‘

ENGEINE MODELAY 47050l

s 1
S -

PIGURE 3 '
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