
UNCLASSIFIED

AD 425071

DEFENSE DOCUMENTATION CENTER
FOR

SCIENTIFIC AND TECHNICAL INFORMATION

CAMERON STATION. ALEXANDRIA. VIRGINIA

UNCLASSIFIED



NOTICE: When government or other drawings, speci-
fications or other data are used for any purpose
other than in connection with a definitely related
government procurement operation, the U. S.
Government thereby incurs no responsibility, nor any
obligation vhatsoever; and the fact that the Govern-
ment may have foruulated, furnished, or in any way
supplied the said drawings, specifications, or other
data is not to be regarded by implication or other-
wise as in any manner licensing the holder or any
other person or corporation, or conveying any rights
or permission to manufacture, use or sell any
patented invention that may in any way be related
thereto.



i~

ITW
CMR

ppD~O'Al A



TE 10 December 1963

REVISED

EVALUATION OF DRY

FILM UBRICANTS

ON

ALUMINUM AND MAGNESIUM

REPORT A262 SERIAL NO._ _ __

MCDONNELL

This report was prepared under Contract Number
AF33(657)-11215 and BPSN: 63-6899-7381-738103.
Additional information pertaining to any data
contained herein may be obtained from the
Directorate of Materials and Processes
(ASRCE4-1), Aeronautical Systems Division,
Air Force Systems Command, United States
Air Force, Wright-Patterson Air Force Base,
Ohio, or McDonnell Aircraft Corporation,
St. Louis, Missouri

INDEX
CODE (Lub-3) (IV-e (.V-a, e)



MCDONNELL
DATE 20 fleesk. Nq62 ST. LOUIS. MISSOURIuvss lia_•(.ll PAGE ______

REVIS ...- A REPORT A262

REVISED

FINAL RIPET

1ABCRATORT: Structurea

WALUATION OF MY FILM IUBEICANTS ON ALWM AND MAgnIUM

ABSTRACT

Vendors' literature has recomended the application
of dry film lubricants to various aluminum and magnesium alloys.
In order to evaluate these recmendations, combinations of
several dry film lubricants applied to representative aluminum
and aagnesium alloys with various surface preparation procedures
were tested.

Of the combinations tested, the optimum cabination of
surface pretreatment and dry film lubricant in the case of 7075-T6
aluminum alloy was found to be Electrofilm 5396 lubricant applied
to a hard coated surface. When testing HK31A magnesium alloy, the
optimum cabination was that of Electrofilm 5396 applied to a sur-
face pretreated with a Dow 17 Type I coating, followed by Everlube A
620 lubricant applied to the same pretreated surface.
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1. INTRODUCTION

A need has developed for test data concerning the performance to
be expected from dry film lubricants when applied to aluminum and mag-
nesium alloys. Recomendations for these applications have appeared in
some recent vendors' literature. Tests were conducted at room temperature
and at 250F with 3 dry film lubricants applied to an aluminum and a mag-
nesium alloy, each with various surface preparations.

These tests were performed by the Structures Laboratory of
McDonnell Aircraft Corporation during the period 5 Mrch through 11 Sep-
tember 1962.

2. DESCRIPTION OF TEST ARTICLES

The test cups and riders were fabricated to the configuration
shown in Figures 1 and 2 on page 8 . Nine of the test cups were made of
7075-T6 aluminum alloy and 6 of HK31A magnesium alloy. The riders were of
52100 steel (RO8), and were drilled to provide a thermocouple well to be -A
used in elevated temperature testing.

Three of the aluminum alloy test cups werc subjected to each of
the following surface preparation methods: Hard coat 0.002-inch thick
per PS 13208, alodine per PS 13209, and anodize per PS 13201. Three of
the magnesium alloy cups were surface-conditioned by each of the follow-
ing methods: Dbw 17 coating, Type I , per PS 13217, and HAE Type II -A
coating performed by an outside vendor.

The dry film lubricants included in the tests, Molykote X-106,
Electrofilm 5396, and Everlube 620, were applied to the test cups by
spraying. Micrometer measurements were conducted before and after spray-
ing to assure uniform lubricant thickness.

Table 1 on page 5 suamarizes the surface preparation anwd lub-
ricant applied to each of the test cups.

3. TEST POC

All tests were conducted on a McMillan wear tester shown in
Figure 3 on page 9 , equipped with a heating element and pyrometer for
elevated temperature testing. A cutoff switch, activated by the input
of a strain gage, was employed to stop the test when the coefficient of
friction reached 0.2. The strain gages were attached to the oscillating
linkage arm, as shown in Figure 4 on page 10, and were calibrated to re-

late the strain in the linkage arm to a coefficient of friction of 0.2.

IWA, 21 , hkF, A ,, f,
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3. TEST P!ROOCUR (0ONTnwuD)

If this point was not attained, the test was discontinued after 50 hours.

The test cups were rotated with an oscillating notion through an
arc of approximately -0. This resulted in a test length of about 0.75 -A
inch and allowed 4 tests per cup, 2 at roes temperature followed by 2 at
250?. The position of the test cup relative to the rider is shown in Fig-
ure 5 on page 11 .

The normal load applied to the test surface was calculated from
the weight applied to the load pan, plus that of the pan and linkage arm,
reacting through a linkage arm ratio of 29.5. Normal loads of 99 youmds
were applied to the magnesium alloy surfaces, and of 187.5 pounds to the
aluminum alloy test surfaces. In each case, the load was applied in in-
crements to prevent premature failure because of possible damage to the
test surface caused by sudden loading. The timer was started after load-
ing was completed, and subsequent inspections performed to assure even
contact between the test cups and riders.

4. TwST RmEmS

The oscillatory motion was applied at a rate of 193 cycles per
minute; after measuring the time to failure, the number of cycles sustain-
ed before failure was calculated. In several cases, failure occurred dur-
ing loading and the cycles to failure values was taken as zero.

The test resulti are tabulated for the aluminum alUY, 7075-T6
and the magnesium alloy, HK 1A, in Tables 2 and 3 on pages 6 and 7 ,

respectively.

5. DISCUSSION OF TEST RESULTS

Of the various combinations of base metal alloy, surface prepar-
ation, and dry film lubricant tested, either at room temperature or at 250F,
none approached the 50 hour maximum test period. Considerable scatter in
the test results was encountered; frequently one test condition would yield
comparatively good results and an identical test would result in failure
before the load was completely applied. The photomcrographs presented
in Figures 6 through 33 on pages 12 through 39 show the surfaces of each
cup section at approximately 4X magnification after test. The results
of Test No. 28 were discarded because the contact area was approximately
twice as long as those of the other tests.

MA( 11 kEV kL 6 1
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6. CONCLUSION

Of the combinations of dry. film lubricant and surface pretreat-
ment tested with 7075-T6 aluminm alloy, the optimum combination of sur-
face pretreatment and dry film lubricant application was that of Electao-
film 5396 applied to a surface hard coated in accord with PS 13208. The
next 2 most successful combinations were Eyerlube 620 applied to a hard
coated aluminum surface, followed by Electrofilm 5396 applied to a surface
alodined per PS 13209.

In testing HK31A magnesim alloy cups, the optimum surface prep-
aration dry film lubricant combination was found to be Electrofilm 5396
lubricant applied to a Dow 17 Type I surface, followed by Everlube 620 -A
applied to the magnesium alloy of the same surface preparation.

MAI ~ , ," 6,



P4CAONNEL
DATE ST. LOUIS, MISSOURI PG

VID LADM TOR IMPOW REPORT A262

a)) 1 Q

U

1Zc z Q -i L

Q)~< 0 k 7 14Q

VL't

MAC 231G (REV I AUG 6?)



MO@NIIIELL

SATE ST. LOUSe. mmoum PAE 6
R avi"D Avon~lT A262

RIVINED

TABLE 2 - AL IIM TEST CUPS

Test Test Surfaoe Dryfilm Lubrioant Test Time to Cyoles to
Cup ITO. Pretreatment Applied Temp. Failure Failure

( P) (hr.)

1 2 Alodine Everlube 620 R.T. 0.0 0
2 I L . 2.0 23,180
3 250 1.3 15,0544 ! '250 4.0 46,320

2 5 ?,olykote X-10G R.T. 0.0 .0
6 8 R.T. 0.0 0
7 I 250 0.0 0
0 250 0.0 0
9 Eleotrofilm 539 R.T. 3.0 34,740

10 I R.T. 1.3 15,054
11 250 3.0 34,740
12 , 250 1.1 12,9738
13 anodize Everlube 620 R.T. 2.2 25,476
1 R.T 2.9 33,562
15 250 13.2 157,468
16 250 0.0 05 17 ,olkt e X-106 R.T. 0.0 0
16 R.T. 0.0 0
19 250 0.0 0

S 20 250 0.0 0
6 21 letofi Ira 5396 R.T. 2.0 23, 160
S 22 Ha T. 3.0 34,740

23250 0. 0 0
t 24 250 0. 0 0
7 25 llardooatc Rverlube 620 R.T. 599 66,322

26 R.T. 5.4 62532
27 250 5.9 68,322

S 20 250 20.4 32872
E3 29 i~lkte X-106 R.T. 1.0 11, 50

S 30 R .T. 1. 2 13, 096
S 31 250 1.3 15,054

9 32 B leatrofilmo 5396, R.T. 11.6 134,326
S 33 1 R.T. 10.3 119,274
S 34 2 5 0 11.3 130, 835,1
S 35 250 11.2 12E 696

MAC 2ife 409rV I AUG W1
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TABLE 3 - MATTESIUM TEST CUPS

TestTest Surface Dryfiln Lubricant Test !Time to Cycles to
Cup I 1o. Pretreatnent ap-lied Temp. IFailure ftilure

)(F) (hr.)

10 1 !Dow 17 type I Everlubo 020 R.T 10.3 211,914
2 R.T. 0.6 6,9483 250 13.4 M14Z4 I250 5.4 14,112
5 Lolykote X-100 R.T. 1.5 17,370

I R.T. 0.0 0
7 250 0.1 1,1588250 11.3 159054
9 Eletofilm 5396 R.. 14.5 17,91010 R.T. 3.6 41,688

!I,250 16.4 169, 912
Y250 15.2 110,016

13 1 E type II Everlube 020 R.T. 0.1 1,158
14 1R.T. 0.0 0

250 0.0 0
250 0.0 0

14 17 l'olykote X-106 R.T. 0.0 0
10 R.T. 0.0 0
19 250 0.3 3,474

Y, 20 250 0.1 1,15815 2. AleotroftLa 5396 R.T. 7.9 91,4,2
22 R.T. 1.4 1,621
23 250 6.1 70,636

S 250 0.2 2,310

MAC 2314 (IPy I AUG II)
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FIGURE I
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TE.5T CUP CONFIGURATION
NOTE:5:

I. EACEPT AS NOT-ED INI V 5YMBOL, HOLD SURFACE FINISH TO 63 RM5

MICROINCHE5.

,&CONCENTRICITY OF TAPERED I.D. TO QD. TO BE WITHIN 0.0003 T.I.R.

FIGURE 2
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TE5T RIDER CONFIGURATION

NOTE5:

I, TEST RIDER MATERIAL TO BE 52100 STEEL ('Rc 30).
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OM V1 1 F.valuiitioa of Dry Film Labricants on Alumium and

14agnesium
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\ oOJECT

To evaluate meveral, dry film lubricants for wear life
on aluminum adid magnesium at room temperature and 2500F,

2,0 JUSTIFICATION [ I

Saisting vendor data recommends use of dry film lubri-
eant,-- on i.luninum and magnesium. However, no testing
has been conducted at MAC to substantiate the vendor
data. Several recent production problems have-indica-
ted a need for test data to permit making reliable( ) recommendations regarding lubrication of MAC products.

3.0 LS E VI

3.1 7075-T6 aluminum Spec. "~-A-282 Cond. T6
Size: 1l.1"dia. rod x 12.0"1

3.2 H*13"4-F ?igneosium -Spec. AVIS 4388
Sizrc: 1.5"dik. rod x .1

319 h.3 tg.' 666"1 spII iE B7I 059I QsiC
*S~e *i .9q5* My is@@"

35 Lxociified Iilacidilan Tester for oscillatory motion
and 250OF temoprature.

4.0 -,FFCIij, PRE1'ARLTION

414 &hanu±acture 10 test cuTps from 7075-T6 aluminum
and 7 test cups from i311&-e magnesium.' The

- - test cups will be manufactured per Figure I.

44 Manufacture %'riders of idsteel (Re a 39) per

NC.~ MsdtN 4
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4,0 SPECIMN PWARTION (Continued)

4.4 Pretreatments (rspecimens per pretreat).

4.4.1 Aluminum

(a) Hard coat .002 inches thick per P.S. 13208.
(b) Alodine per P.S. 13209.
(c) Anodize per P.S. 13201.--d-'

4.4.2 Magnesium '/d DiI Z7 , - w$

(a) Dow 17 per P.S. 13217. #PM', :r r w
(b) 96 , Po _ R.' P2.r 8e T wr

4.5 One specimen per pretreatment shall be coated with each of the'tolleimg
lubricantsL

4.5.1 Molykete X-l06 per P.B. 841 of P.S. 1802.

4.5.2 Electrofilm 99A applied at Dynacraft, St. Louis.

4.5.3 Everlube 620 applied at Edco-Apex Testing Lab, St. Louis
(bake, 2 hrs. @ 2250F).

5.*0 TESTIN'

5.1 Test motion shall be oscillatory (210 cps) resulting in (4) four testing
surfaces per specimen, 2 tests at room temperature and 2 tests at 250O.

5.2 Testing shall continue until the coefficient of friction (f).- 0.2, or
until 50 hours has elapsed, whichever occurs first.

5.3 Loads shall be applied per MIL-L-25504.

5.4 Aluminum

5.4.1 Test each specimen at room temperature with 10 lb. on the hanger on
two (2) separate surfaces.

5.4.1 Test each specimen at 250°F with 3 lb. on the hanger on two (2)
separate surfaces.

5.5 Magnesium

5.5.1 Test each specimen at room temperature with 5 lb. on the hanger
on two (2) separate surfaces.

5.5.2 Test each specimen at 250 F with 3 lb. on the hanger on two (2)
separate surfaces.

(I
/4
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Page 3 of 4 T .T REQUEST ___________

,0TE: Scquence of testing shall be:

1. Room temperature tests of hard coated aluminum with 1Kolykote X-106
lubricant,

2. Room temperature test of anodized aluminum with Molykote X-106 lubricant.

3. Sequence unimportant after above testing is completed.

6.0 D44TA RL IRF D

6.1 Report the number of cycles to failure (f a 0.2), or whether the specimen
lasted 50 hours.

6.2 Photomicrographs of typical failures at 20X.

0/01C~ pc7/v uqf
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