
, 

~. 	 ~/y 	 SAE 
V 

AyRONAUTICAL TNFORMATION 

i 	 REPORT 
(, lr~ 

`~~ 	 N0. 1~0 

,~ 
~ 

~ 	 CORROSION PR.EVENTNE CHARACTERISTICS 

- 	 OF 

AIRCRAFT GREASFS 	 ~ 

,~ 	 •SE 

~xcx 1, 1955 

PREPAR~ BY 

SUBCOMMITTEE S-5C, L'JBRICANTS 

~ 	 SOCIETY OF AUTOMOTIVE E~IGINEERS, INC. 
29 West 39th Street New York, N. Y. 

: s. 
~ 	,. 

~ ~ 	~ !~~ 	~ 	

: 

s~s 

Full document details: SAE AIR40

http://www.avadocuments.com/doc/sae-air40
http://www.avadocuments.com/doc/sae-air40


Seccion 7C of the SAE Technical Board rules provides that: "All technical repocts, induding standards approved and practices 
recommended are advisocy only. Their use by anyone engaged in industry or trade is entirely voluntary. There is no agreement 
to adhere to any SAE standard or recommended practice, and no commitment to conform to or be guided by any technical report. 
In formulating and approving technical reports, the Board and its Committees will not investigate or consider patents which may 
apply to the subject matter. Prospective users of the report are responsible for protecting themselves against liabitity for in- 
frinRemenc of patents." 

Full document details: SAE AIR40

http://www.avadocuments.com/doc/sae-air40
http://www.avadocuments.com/doc/sae-air40


TABLE OF CONTENTS 

Introduction 

Ob3ective 

Summary and Conclusions 

DiscusSion 

1. Grease Used in Tests 
2. Test Methods Used 

a. Salt Spray Test 
b. Inanersian Test 
c. Condensation Test 
d. ~nulsian Corrosian Test 
e. Tidewater Immersion Test 

3. Experimeita~ Results 
(~. Ebaluation of Test Data 

Table 

Characteristics oY SAE S-5C Co~nittee Greases 	 I 

Simanary of Corrosion Test Data Obtained by Using Five 
Methods on Various SAE S-5C Con¢nittee Aircraft Greases 	II 

Relative Classifications of Aircraft Greases With Respect 
to Corrosion Protection Property Based Upon Five Test 
Methods 	 III 

Appendix 

Salt Spray Corrosion Test 	 A 

Imnersion Test 	 B 

Condensation Test 	 ~ 

Emulsian Corrosian Test 	 D 

Photograph 1 Salt Spray Test Panel Before Washing 
Photograph 2 Salt Spray Test Panel After Washing 

Tidewater Immersion Test Used by the Douglas 	 E 
Aircraft Co., Inc. 

Page 

1 

1 

1 

1 
1 
1 
2 
2 
2 
2 
2 
3 

Full document details: SAE AIR40

http://www.avadocuments.com/doc/sae-air40
http://www.avadocuments.com/doc/sae-air40


CORROSION P~Tfl~1TIVE CHARACTERISTICS OF AIRCRAFT GREASES 

~ 
\r 

INTROD[1CTION 

Zn aircraft operation there are bearings in cantrol mechanisms, xheels, ~ring tabs~ 
rudder posts, etc., which are exposed to water, either salt or fresh, under flight 
or landin g conditions. This Hater contamination can occur because of rainstorms, 
flooded landing strips, washdowns, or ordinary surface condensation. 

The aircraPt industry recog~izes that some greases provide better corrosion pro- 
tectian than other greases. In additian, there are a feW greases ~rhich permit 
moderate corrosion in the presence of moisture. 

Corrosion protection require+ne~ts are a minor it~ ►  in sircraft grease specif`i- 
caticns, because of the relativelp limited number oP applications ~here such 
characteristics are of primary 3mportance. 
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COR.ROSION PREVENTIVE CH~ARACTr,RISTICS 
OF 

~I RCR.~F'T GREASES 

l. OBJECTIVE: The objective of this work was to develop a relatively simple 
screening or bench test, or a combination of such tests, which would 
evaluate aircraft greases in respect to corrosion protection under the 
operating conditions described above. 

2. SUMMARY AND CONCLUSIONS: 

2.1 While the Salt Spray Test, the Emulsion Test, and the Condensation Test, 
give results which agree fairly well for any one grease, the Salt ,Spray 
Test is recommended for evaluating the corrosion protective characteristics 
of aircraft greases, since it gives quicker results and it is more convenient 
to use than the alternative methods. 

2.2 The results of the Salt S~ray Test correlate reasonably well with the limited 
service data availahle, but a definite correlation could not be obtained 
because of the lack of more specific service data. 

2.3 Additional service'performance information is essential to the development 
of a correlating laboratory test. 

2.lt The development of a short time laboratory test which will predict service 
performance is complicated by the syneresis, evaporation, and changes in 
consistency, which occur during long time service. 

3. DISCUSSION: 

3.1 Grease Samples: The cha-ra.cteristics of the SAES-SbAircraft Lubricants 
Committee greases are shown in Table I. 

These greases represented a wide variation in composition, and at the same 
time they were greases for which some service performance information was 
available. Further information concerning these greases may be found in 
A. S. T. M. Special Technical Publication No. 31t~ "Symposium on Functional 
Tests for Ball Bearing Greases". 

3.2 Test Methods Used: Five test methods were selected for stuc~y. A detailed 
outline of each method is given in Appendices A-E, inclusive. A brief 
desc ription of eac h f ollows : 

3.2.1 Salt Spray Test: This test is essentially a modification of the procedure 
described in A. S. T. N. Tentative Method B 117 1. The test car~inet is cubical 
in shape and is constructed of redwood. The cabinet is provided with a drain 
at the lowest point, and no attempt is made to maintain a liquid level. A 
salt spray is introduced at top center in the conventional manner, and the 
temperature o~ the box is controlled ther~nostaticall,y. Test specimens are 
suspended from a spider which rotates at 1 r.p.m. 
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Sandblasted SAE 1010 steel panels are used as test specimens. Scotch tape 
is used to cover the edges of the panel, and this tape also serves as a 	 ~~ ~ 
means of controlling the thicl~ess and uniformity of the grease layer when 	~_' 
applying the greases. The panel is ~overed with grease and a straight edge 
is run over the tape thereby removing the excess grease and giving a layer 
of uniform thickness. 

The test is r~~n for any desired number of hours, usually 100, in an 
atmosphere of high relativ~ humidity at a temperature of 95'* ~F. 

3.2.2 I1rm~ersio.~ Test: This test involves the immersion of test panels coated 
in a similar ma.nner to that described above under the Salt Spray Test, in 
beakers half-filled with distilled water. The beakers and panels are 
exposed to the weather for arbitrary periods, usual~y 300 hours or more, 
after which the panels are clea.ned, inspected, and visually rated. With 
thi.s procedure a reference sample is included in each run. 

3.2.3 Condensation Test: In the condensation test, the panels whic h have been 
coated with grease in the manner described for the previous two procedures, 
are cooled for two hours at 40°F. in a cold box and then quick],y transferred 
to a humidity cabinet at 90~F. and high relative humidity. After a twenty-two 
hour exposure in the cabinet, the panels are moved to the cold box again, and 
the foregoing twenty-four hour cycle is repeated. After an arbitrary number 
of cycles, a minimum of seven, the panels are cleaned, inspected, and rated. 

3.2.4 Emulsion Corrosion Test: In this test the panels are sandblasted and taped 
as previously described, but the materials applied to the surfaces are not 
the test greases as such but rather the water emulsions of the test greases 	~ 
as prepared in th:~ Navy Absorption Test2. After these emulsions have been 	~/ 
applied, the test is conducted as for the Salt Spray Test. 

3.2.5 Tidewater Immersion Test: In this test the panels are coated as described 
for the Salt Spray Test and clamped to an immersion board which is suspended 
at mean tide level in the ocean. T hey are subjected to t he mechanical action 
of the water and sand and are alternately exposed to air and sunlight. Inspections 
are made every twenty-four hours. ,Af'ter seven days they are removed from the 
rack, cleaned, inspected, and rated. Further details on this test procedure 
are given in Appendix A. 

3.3 Experimental Results: In the appended Table II are presented the results•of tests 
by the five methods and for the eleven greases studied. 4dith a few exceptions, all 
o£ the greases were tested by each of the five methods, and, except in one case, 
multiple test or test specimens, were obtained. 

In the case of the Salt Spra4Y Test, a considerable period of time elapsed between 
the first tests run and the later tests, and, accordingly, the repeatability shown 
may be poorer because of the use of freshly made grease samples in the early tests 
and of aged grease samples in later tests. 

l. Tentative Method of Salt Spray Fog Testing B-117- T, 19 
Book of Star~clards, Part 1-B, p. 773. 

2. AN-G-S Specification, March 6, 19G3. 

r1 
~i 
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Grease was removed from the test panels by washing the panels with solvent 
f -~' 	 in all instances 3ust before they were rated, and the rating was a visual 
`; 	estimate of the amourit of the panel surface covered by rust. In many cases 

a considerahle amount of personal judgment ~ras involved in order to arrive 
at the rat3.ngs listed, and, accordingly, the numerical values shown carry a 
considerable error factor. 

Photographs are appended of the Salt Spray Test panels ~ust after the com- 
pletion of the test, both before and after washing tY~e grease from the panels. 
~ photograph of the Tidewater Imr ►ersion panels after exposure but before 
cleaning is included in Appendix E. The appearance of the test panels after 
the test, but with the grease still present, is somewhat confusing. The reason 
is that the grease discoloration does not correlate with the appearance of the 
grease-free panel and hence may appear to be at variance with the rating. 
Although panel rusting is not as evident from the photographs as from a direct 
visual observation, differences in the washed panels are evident in the photo- 
graphs upon careful inspection. 

3.~t Evaluation ot Test Data: Tn most cases the different tests employed agree 
with each other in their rating of the committee greases. This is evident 
from the appended Table III in which it is indicated, as nearly as possible, 
whether the rating lies in t2re best, middle, or poorest one-third of all the 
values. All of the tests agree well in theix ratings of greases M-1, M-2, and 
M-3; fair7,y well in the cases of L-1, L-2, L-It, and L-6; and less satisfactorily 
in the case of H-2, and L-5• In the case of H-1 and M-!t, four of the five tests 
rate the greases similarly; the Tidewater Iirmiersion Test gave results that were 
not in agreement with the data from the other four tests. The reason for the 
difference in the case of the M-!~ grease appeaxs to be that much of the grease 
was washed off th~e panel because of the vigorous agitation, and the small residue 
was not effective in preventing corrosion. No reason is evident for the discre- 
pancy in the case of the other grease~ H-l. 

In order to state which test procedure, or combination of procedures, would 
predict most accurately the behavior of the greases, it would be necessary to 
lrnow the service performance history of each grease in respect to its corrosion 
protective properties. Fully reliable infozmation for the greases in this respect 
is not available. It is meagre and unreliable in most c~.ses, and reasonably 
dependable only in the cases of M-2, M-3, and M-~t. 

B~sed upon all reported service performance, M-2, M-3, and M-~t appeax to be 
acceptable in service. M-1 and L-5 are reported to have to have given some 
trouble in serni.ce because of corrosion. 

In addition to the above information, various statements have been made to the 
effect that AN-G-3a-type greases in service have not provided satisfactory pro- 
tection against corrosion; that AN-G-1.5-type greases in service have not performed 
satisfactorily in general; and that AN-G-2$ greases have rendered acceptable service. 
Of the committee test greases it is believed that H-2 is of the AN-G-S-type, M-2 
and M-1t of the AN-G-15-type, and L-2 of the ~N-G-3a-type. It is evident that a 
great deal more information must be obtained upon the service performance of 
specific greases if there is to be ar,yy hope of establishing a solid basis for the 
correlation of bench tests with service performance. 
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Upon the baais of the foregoing evidence, it is possible to state that there 	~ 
is reasonably good correlation bett+~een the bench teat data aud service per- 	~ 1 
formance in the case of M-2, M-3, and M-!~, particularly if the Tidewater 	~~ 
Inanersion Test is excluded. Beyond that the data are too incomplete to 	 - 
permit further valid correlation. 

There are a number of complicating factors entering into an attea~pt of this 
sort to develop a reliable criterion for predicting service performance. For 
example, in the case of control bearings a relati~rely static condition exists 
which may also be complicated in some instances by windsweep or other factors 
favoring oil evaporatian or e~ection of grease from the bearings. As a 
consequence, greases such as L-2 have a favorable opport~mity to harden in 
such bearings because of evaporation or separation of the oil. This co~n- 
plication does not ne~essarily appear in the caee of the bench test, and 
hence a grease like L-2 might appear satisfactory in the bench test but poor 
in service. Likewise, the factor of thixotropy could complicate the predicting 
of service perfoxmance from the results of bench tests. It seems only 
reasonable to expect that the relative static conditions found in control 
bearings and the relative dqnamic canditians present in wheelbearings may 
in troduce complications in any attempt to correlate the results of a single 
test, or perhaps eve~ a combination of tests, ~rith actual service performance. 
This would appear to be a reasonable egplanatian for same of the discrepancies 
between bench tests and service performance faund in the present work. 

Consideration was also gin~n to the possibility that corrosion of Wheel- 	 - 
bearings might be affected in some manner by the emulsified conditian of the 
grease after xater contamination. In an attempt to throw some light an this 
possibility, three sets of samples xere prepared from greases H-1, M-1, M-2, 	~,~ 

and M-~t as follows: 	 ~~ 

3.~.1 Each grease to be emulsified as much as possible with approxi.mately ~t0~ of 
water and the resulting grease emulsion to be coated on the pan els in the 
usual manner. The panels to be exposed for 21~ hours in air end the~ put 
into the salt spray corrosion cabinet for the regular salt spray test of 
100 hours. 

3.1~.2 Each grease to be e~nulsified as described ~der (1) above, and coated on 
the panels in the same manner. The panels to be exposed to the air until 
same rust3ng is visible. 

3.~t.3 Each original grease to be coated on the panels in the usual manner and 
the regular 100-hour salt spray corrosion test run made. 	 ~ 

The panels coated xi.th the greases prepared under (2) showed no rusting 
after 53 days exposure. The data for the other tWO sets of panels Were 
as follows: 

i~ 
~r 
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ce : 
: ~ 	 Sample No : Original Grease 
~ 	 --~- - 

H-1 : 	Visible rust on 10~ oP sur-: Vi~ible rust on 10~ oP 
: 	face area. 	 : surface area. 

M-1 . 	Visible rust on 10~ of 	: Visible rust on 8~ of 
: 	sur~ace area. 	Slight 	: surface area. 
: 	pitting. 	 . 

M-2 s 	Bro~ish rust stain on 8~ 	: Brownish rust stain an 
. 	of surface area. 	 : 5~ of surface area. 

M-t~ . 	Visible rust on 15~ of 	: Visible rust on 10~ of 
. 	surface axea. 	Heavy 	: surface area. 	Heavy 
: 	pitting with black deposits: pitting visible on this 
. 	on larger part of panel 	: panel also. 
. 	~urPace. 	 . 

It would appear that the emul~ification of the xater in the grease ~ras not 
a particularly casnplicating or adverse factor. 

One point not studied in this work, but warthy of consideration under the 
recently initiated Coordinating Research Council pro3ect upon aircraft 
greasea, is the finishing of the panel surface. Sandblasting was used in 

^ 	 the pres~t work as a matter of coneeazience, but it is possible that a 
~-~ 	 smooth buffed finish may lead to more significant results inasmuch as this 

finish might more closelp sirnulate bearing surfaces. Limited evidence 
available in the present Work did not suggest that salt water promoted 
corrosion to a greater exterit than fresh taater. It was used, however, 
upon the basis of being possibly more representative o~ service conditions. 

Based upon the evidence, and keeping the factors of practicability and 
convenience in mind, it is believed that the two inanersion tests are less 
satisfactory than the other threetests. Of the other three, the preference 
s,rould appear to be, in order of convenience in testing, the Salt Spray Test~ 
the Hnulsion Test, and the Condensation Test. More service perform~ve 
historp on the greases xould be required before a selection amang these 
three procedures could be ~ustitYed. 
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TABLE I 

SAE CONIl~II TTEE S-5~ C OG~F3~ATI VE T~ST 

GREASES 

~ 

FINISHED C'~tEASE 

S-5C ASTM Worked AS~i Soap Soap Base Oil 
Code No. Penetration Dropping Pt. T~rpe Content Vis. at 100~F V.I. 

oF 

L-1 3ot~ 358 

L-2 313 - 319 380 - 385 Li ~~ 61 SSU 50 

L-3 312 1~00+ 

L-!~ 273 371 

L-5 310 365 

L-6 3l~ 300 min. Li 21~ 56 SSU !~0 

M-1 21~8 300 Na-Ca 19~ 159 SSU 9? 

M-2 2t~3 1~00+ Sr 22~ 130 SSU 52 

M-3 265 1~00+ Sr 224 130 SStT 51 

M-1~ 279 380 Li 8~ 115 SSU 1~0 

x-1 295 - 3u 3l~3 - 3b3 Na ~.6~ 210 ssu 1~. 

x-2 237 1~00+ Na 35~ !a!~ ssu 55 

~ ~ t 

~ 
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