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The object of thd-study was to determine the cause of cavitation/corrosion found on

§P the aluminuma block of the Gaeua Goat tactical wheeled vehicle (Trujck, Cargo, 1-1/4
Ton, 6X6, M561). Severe corrosion was found after this vehicle had been operated less

1? than 10 ,000 miles when water plus the standard military corrosion inhibitor, 0-1-490a
Anhad been used in the cooling system. 1

Dynamometer tests conducted by the engine manufacturer showed inc,-mpatibil ity of the
of the inhibitor and aluminumi block at observed operating temperatures of 240*F. A
standard simulated service test was modified so that the results correlated with the
field observations and with the results of the dynamometer studies.

SUnder controlled conditions, it was determined that four factors are involved in the
bcorrosion,i trhen wer sl usedpasithen ooltebok (3) hpengie operating
bcorrosion,io the wers used casof the lok, () hosphatgie inerthen
temperatures and (14) configuration of the engine coolant passages which causes
restriction Of Coolant flow in areas of high heat output.

i - Means of reducing the icavitation/cerrosion of the Gamm Goat aluminum bylock were 4

Sdetermined as follows: (1) reduce the operating temperature of the engine, (2) remove
the phosphate from the corrosion inhibitor when water is used as the coolant and

.. (3) use ethylene glycol solution as the mandatory coolant for this vehicle year around.
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I. INTRODUCTION

Productioh testing of the Gamma Goat (Truck, Cargo, 1-i/4 Ton,
bX6, 9561) under high ambient temperature conditions was conducted at
Yuma rroving Ground, Arizona in mid and late 1970. To provide ftlaxirmum
heat transfer efficiency, water plus corrosion inhibitor 0-1- 4 90a was
used as a coolant, as recommended in TB-750-651. During a breakdown
inspection of the engine, (Detroit Diesel Aluminum 3-53), it was dis-
covered that excessive cavitation/corrosion of the aluminun block had
occurred in the upper cylinder area (see Photo No. 13 and Figure No. 1).
This corrosion resulted in leakage of water into the crankcase in some
cases.

The problem was relayed to the engine manufacturer who conducted

extensive dynamometer tests on the engine using various coolantb. Itfwas found that at 240*F., which was the approximate operating tempera-
ture of the engine, cavitation/corrosion occurred when corrosion inhibi-
tor 0-1- 490a was used in the water. It was also found that a 50% solu-
tion of some c rcial antifreezes decreased the cav;tation/corrosion.

The problem was brought to the attention of this Laboratory, the
custodian of O-!-490a and military antifreeze specifications. It was
deemed advisable that a study of the cause and mechanism of the corrosion
be made.

11. DETAILS OF TEST

A. Structure cf Engine.

The engine (Detroit Diesel Alumnum 3-53) contains aluminum
block, Alloy No. 355, znd-three cast iron cylinder inserts. The composi-

tion of the block is listed in Table I. Figure 1 represents a drawing
cf one cylinder area showing the coolant flow path, the area where
cavitation/corrosion takes place, and the leakage path of the coolant
after corrosion takes place.

B. Oynamoceter Tests (Detroit Diesel).

The tests run by Detroit Diesel consisted of a series of 100

fhour runs on the Gamma Goat engine at 110 hp, 2800 rpm, with the coolant
temperature controlled at 230-240*F. Detroit Diesel stated that these
tests, though accelerated, gave close correlation to actual field con-
ditions experienced in summer test work. Tests listed in Table I! were
conducted and reported to the Project Manager's office.

C. Simulated Service Tests.

These tests were conducted in accordance with ASTM-D 2570,
modified by using a water pump from a 1970 Buick. This water pump is
an all aluminum pump of an alloy comparable to the aluminum block of



the 3-53 engine. Visible ard quantitative cavitation!corrosion caused
by the diffe,'ent test solutions was found ini the impeller area of the
punp which was subjected to the highest liquid velocity. The system
was operated un6er 15 psi pressure. The coolant temperature, cqntrol led
by band heaters on the reservoir, was controlled at 240 + 2*F. The
standard duration of the tests was 700 hours. Tests conducted on the
simulated service unit a-e listed in lable ill. Excellent correlation
between the results of these tests and the results of dynamcoieter tests
was obtained. The results of the simulated service tests also correlated
very well with results reported in the field. This study was based on
the modified simulated service test for economical reasons. This type
of test saves both time and money.

* D. Coolant Corrosion Inhibitor System.

The basic corrosion inhibitor system emnloyed in this study
was 0-1- 490a. This inhibitor is composed of sodium tetraborate, wercap-
tobenzothiazole (MBT), and disodium phosphate. The sodium tetraborate
provides the buffered alkalinity, the MBT is present primarily to pro-
vide corrosion protection to copper and copper alloys, tht disodium
phosphate was added to the system in 1"65 to provide protection to
aluminum components. These same ingredients are widely used in comner-cial coolants and derivatives are used in HIL-A-46153, the new single

package antifreeze specified for Army use, Tests in this study were
conducted in water solution with varying amounts of phosphate, and with
and without the MBT additive.

Iil. RESULTS OF TEST

A. Dynamometer Tests. (See Table 11 and Photos 14 thru 17).

These tests showed that water plus 0-1-490a corrosion inhibi-
tor gave sevare cavitation/corrosion of the aluminum block in the area
of the block below the liner flange counterbore. A 50% ethylene glycol
solution without inhibitor gave only slight signs of cavitation/corrosion.
Tap water without inhibitor did not cause cavitation/corrosicn. Co-nmer-
cial inhibitors in water caused varying degrees of cavitation/corrosion.
Inhibitor No. I caused approximately 1/3 the corrosion evidenced when
0-1-490a was used. This inhibitor was analyzed and found to contain
the same ingredients as 0-1-490a, but in approximately 1/3 of the con-
centration. Inhibitor No. 2 showed only slight cavitation!corrosion.
One hundred percent ethylene glycol was similar to 50% glycol, however
the poor heat transfer properties resulted in oil sludging and poor
cylinder condition.

B. Simldated Service Tests (See Table III and Photos I thru 12).

The first tests showed that there is excessive cavitation/
corrosion of the alumin, n pump in the area of the impeller when water
plus 0-1-490a is run at 240*F. A 50% solution of MIL-A-46153 gave no

2



cavitation/co;-rosion nor did a 50% solution of a cor.nercial antifreeze
solution which contained a corrosion inhibitor package similia" Co tihat
found in MIL-A-46153. When phosphate was removed from the inhibitor,
there was on very slight corrosion in a water-borate :nhibitor solu-
tion. If the phosphate is doubled, weight loss on the aluminum te~t
specimen in the reservoir is increased and severe cavitation/corrosion
is experienced. If the phosphate is halved, weight loss in the reservoir
test specimens is sharply reduced, but severe corrosion is still experi-
enced. When -ercaptobenzothiazole (MBT) was removed from the 0-l-490a,
excessive corrosion was still evident. As shown in Photos 5 and 9, if
the test temperature is lowered to 220*F., no cavitation/corrosion
occurs with phosphate present.

IV. DISCUSSION AND CONCLUSIONS

All tests showed that there would be a problem with the aluminum

3-53 engine if water plus 0-1-490a were used as a coolant. This problem
occurred due to the incompatibility of the aluminum block with 0-1- 4 90a
at the high operating temperature of the Gamma Goat. The phosphate
appears to be the culprit in the 0-1- 490a inhibitor. This phosphate
was originally added to the inhibitor formulation to protect aluminum in 301

the cooling system, and the inhibitor performed satisfactorily for many -
years in all types of vehicles in all climatic areas. The value of the
phosphate is based on the formation of a thin protective coating on the
aluminum which is more durable than the aluminum itself. The high tem-
perature operation evidently precludes th4 formation of this hard coat-
ing, and the coating which is formed in easily removed, exposing the _J
bare metal to attack. The borax and MBT portions of the inhibitor do
not promulgate this type of phenomenon.

The composition of the aluminum block (Table 1, Appendix A) makes
it highly susceptible to cavitation/corrosion. The high silicon content
and relatively high iron and copper content are considered the primary

E!; causative factors.

MM An investigation was made of the M551 (Sheridan) engine, 6V53AT,
which has the identical metal composition to the aluminum 3-53 engine.
More than 100 used blocks located at Anniston Army Depot, Alabama,
were inspected without any evidence of block corrosion. Based on the
assumption that high operating temperature occurred in some of the
vehicles and since no cavitation/corrosion was found this would indicate
that the configuration of the aluminum 3-53 coolant passages may be a

'k- contributing factor to the corrosion found in the 3-53.

The coolant flow of the 3-53 is more restricted at the 'hot-spot'
adjacent to the cast iron liner. This fosters nucleate boiling, which
results in bubble formation in the hot areas. These bubbles implode and
cause metal cavitation at the point of the metal surface to which they
are momentarily attached. Since the operating temperature of the vehicle
approaches the boiling point of the water (247°F. at 15 psi) this

*3



nucleate boiling takes place more readily when water is used as a coolant
than when ethylene glycol is used as a cooiant. (A 50% solution of
ethylene glycol boils at 264*F. at 15 psi.) Thus a 50% ethylene glycol
antifreeze solution will cause less cavitation/'corrosion than water and
is safer to use in a high heat output engine, engine, even though the
specific heat of the antifreeze solution is only about 0.9 compared to
water which has a specific heat of 1.0. If the operating temperature
of the vehicle is lowered (such as demonstrated in the tests which were
run at 220*F.), less cavitation takes place.

The re.ztricted flow below the liner flange counterbore also causes
an increase in velocity of the conlant which flows through this area.
This ill increase metal erosion and metal particles which are present
will be more easily removed fro-i this area of restricted flow.

Part of the corrosion may be electrolytic due to the galvanic cell
Swhich would bc pre.ent due to the close proximity of the aluminum block
and the east iron sleeve. -his type uf corrosion was not judged to be
of a mag, tude which would :ause zhe difficulty found in the present
situation.

A sur nary of the 4:ea-es of the cavitation/cori-osion of the aluminum
3-53 block is as follnws:

1. High operating temperat*ire.

2. Aluminrn metal alloy (wit.h high silicon, iron, and copper
coitent) more susceptible to caitation/corrosion at high temperatures.

3. Unusual action of. phosphate at high operating temperatures in
the presence of water.

4. Higher temperature in upper cylinder area.

5. Restricted coolant flow and in,teased velocity of flow in the

area of the liner flange counterbore.

6. Nucleate boiling of water at 240F.

7. Electrolytic cell set up between aluminum block and cast iron
s i eeve.

A positive effort. was made by the vehicle manufacturer to reduce
the operating temperature of the Ganma Goat. A shroud was installed
near the engine which redirects the air flow across the engine to give
better cooling efficiency. Also the No. 65 fuel injector was reduced
to a No. 50 injector to decrease the amount of fuel inlected into the
cylinders. These modifications reduced the operating temptratures in
ambient climates about 10 to 15F below those temperatures previously
experienced. This reduction in temperature should decrease the observed
cavitation/corrosion.
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Based on the dynamometer and simulated service cests, a recomr~enda-
tion was made to the M561 project maanager's office that a 50% solution
of MIL-A-46153 be used in all Gamma Goats in the field. Subsequently,
a directive was issued to this effect. During the past year, since the
implementation of this policy, there have been no reports of cavitation!
corrosion in the Gamna Goat engine block.

Work is continuing on the development of an inhibitor system which
will perform satisfactorily in this vehicie when water is used as a
coolant.

V. RECOMMENDATIONS

Based on all studies conducted to date it ik rpc det dci that a
50% solution of antifreeze meeting MIL-A-4b153 cofi*n;ae to b.- used as
the coolant in all climates in vehicles containing the Detroit Diesel
Aluminum 3-53 engine, particularly the Gamnk Goat (Truck, Cargo, 1-1/4
Ton, 6X6, M561).

VI. REFERENCES-I
1. Federal Specification, 0-1- 490a, Inhibitor, Corrosion, Liquid Coo!ing

System, 26 April 1965.

2. Federal Specification, O-A-548, Antifreeze, Ethylene Glycol, inh;bited,
30 December 1958.

3. Military Specification, MIL-A-46153, Antifreeze, Ethylene Glycol,
6, Inhibited, Heavy Duty, Single Package, 19 October 1970.

4. Technical Bulletin, TB-750-651, Use of Antifreeze Solutions and
Cleaning Components in Engine Cooling Systems, 22 Janujary 1971.
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TAB LE I

Composition of Aluminum Block in Truck, Cargo,
1-1/4 Ton, 6X6, )4561*

Metal!' Percent

Silicon 5.80

Ch romi um 04

Copper 1.55

Lead 0.56 ;

Zinc

Magnesium 0.60

Iron 0.20

Aluminum Remainder

2Determined to be Aluminum Alloy No. 355.

*Analysis performed by Materials Laboratory, Tank Atomotive Ca-'inand
in Warren, Michigan.
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TABLE I I

Dynamometer Tests Conducted on the Gamma Goat Engine
By Detr6it Diesel

(100 Hrs, 110 HP, 2800 RPM, 230-240°F.)

Cool ant Results
;I

Tap water No cavitation/corrosion

Tap water plus 3--1490a Severe cavitation/corrosion

502 antifrE.eze, Q-A-58, Type II Very slight cavitation/corrosion

100% antifreezc, 3-A-548, Type Ii Very slight cavitation/corrosion

Tap water plus commercial corrosion Moderate cavitation/corrosion
i.hibitor No. 1!! (1/3 of 0-1-490a)

Tap water plus commercial corrosion Very slight cavitation/corrosion
inhibitor No. 2./

50% antifreeze, MIL-A-46153 Very slight cavitation/corrosion

50% antifreeze, t'!L-A-V_-153 Sligh: to moderate
after 255 hours cavitation/corrosion

;!This inhibitor contained the same ingredients as 0-I-490a but in
F lesser quantities.

21This inhibitor shows corrosion oncooling system metals at low
operating temperatures.
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