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EVALUATION OF DRY FILM LUBRICANTS ON ALUMINUM AND MAGNESIUN

ABSTRACT

Vendors' litersture has recammended the application
of dry film lubricants to various aluminum and megnesium alloys.
In order to evaluate these recommendations, combinations of
several dry film lubricants applied to representative aluminum’
and magunesium alloys with various surface preparation procedures
vere tested.

Of the combinations tested, the optimm combination 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 HK3lA magnesium alloy, the
optimum combination was that of Electrofilm 5396 applied to a sur-
face pretreated with a2 Dow 17 Type I coating, followed by Everlube
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 f£ilm lubricants when applied to aluminum and mag-
nesium alloys. Recommendations 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 March 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 teast cups were made of
TO75-T6 aluminum alloy and 6 of HK31A magnesium alloy. The riders were of
52100 steel (R.38'), and were drilled to provide a thermocouple well to be
used in elevated temperature testing.

Three of the aluminum alloy test cups were¢ 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: Dow 17 coating, " TypeI , per PS 13217, and HAE Type II
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 page5 sumnarizes the surface preparation and lub-
ricant applied to each of the test cups.

3. TEST PROCEDURE

All tests were conducted on a McMillan wear tester shown in
Pigure 3 on page 9 , equipped with a heating element and pyrometer for
elevated temperature testing., A cutoff switch, activated by the input
of a struin gage, vas 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.
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3. TEST PROCEDURE (CONTINUED)
If this point was not attained, the test was discontinued after 50 hours.

The test cups were rotated with an oscillating motion through an
arc of approximately 48°, This resulted in a test length of about 0,75
inch and alloved 4 tests per cup, 2 at room temperature folloved by 2 at
250F, The position of the test cup relative to the rider is shown in Pig-
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 am,
reacting through a linkage arm ratio of 29.5. Normal loads of 99 pounds
vere applied to the magnesium alloy surfaces, and of 157.5 pounds to the
aluninum alloy test surfaces. In each case, the load was applied in in-
crements to prevent premsture failure becsuse of possible damage to the
test surface caused by sudden loading. The timer was staried after load-
ing wvas completed, and subsequent inspections performed to assure even
contact between the test cups and ridera.

L, TEST RESULTS

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 befcre failure was calculated. In several cases, failure occurred dur-
ing loading and the cycles to failure values was taken as zero.

The test resultsi are tabulated for the aluminum alley, T0T5-T6
and the magnesium alloy, HK31A, in Tables 2 and 3 on pages § and 7 ,
regpectively.

5. DISCUSSIOR OF TEST RESULYS

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 photomscrographs presented
in Pigures 6 through 33 on peges 12 through 39 show the surfaces of each
cup section at approximately kX magnification after test. The results
of Test No. 28 were discarded because the contact area was approximately
twvice as long as those of the other tests.
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6. CONCLUSIOF

Of the combinations of dry film lubricant and surface pretreat-
ment tested with TOT5-T6 aluminum alloy, the optimum combination of sur=
face pretreatment and dry film lubricant application was that of Electro-
£1lm 5396 applied to a surface hard coated in accord with PS 13208, The
next 2 most successful combinations were Everilube 620 applied to a hard
coated aluminum surface, followed by Electrofilm 5396 applied to a surface
alodined per PS 13209.

In testing HKJ1A magnesium 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
appliesd to the magnesium alloy of the same surface preparation.
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TABLE 2 - ALUMINTUM TEST CUPS
Test Test Surface Dryfilm Lubricant | Test |Time to|[Cycles to
Cup 1o, |Pretreatrnent Applied Tenp, |{Failure| Failure
i (?) | (br.)
1l 1 alodine Everlube 620 R.T. 0.0 (o]
| 2 R.T. 2.0 23,160
| 3 250 1.3 15,054
' 4 1 280 4.0 46,320
2 5 IIOIYkote X-IOG R.T. 0.0 . 0
t 6 R.T,. 0.0 0
| 7 250 0.0 0
Y 8 250 0.0 0
3 9 Eleotrofilm 5396 R.T. 3.0 34,740
! 10 - R.T. 1.3 15,054
11 250 3.0 34,740
12 Y 250 1.1 12,738
13 Anodize Iverlube 620 R.T. 2.2 25,476
1 R.T. 2.9 33,562
[ 15 250 13.6 157,468
16 250 0.0 0
S5 17 IaZOlykote X-106 R.T. 000 0
| 18 R.T. 0.0 0
19 250 0.0 0
L 20 250 0.0 o]
6 21 Electrofiln 5396 R.T. 2.0 23,160
1 22 ; R.T. 3.0 34,740
| 23 | 250 0.0 0
Y 24 ] 250 0.0 0
7 25 Hardocoat Everlube 620 R.T. | 5.9 686,322
26 R.T. 544 62,532
27 250 5.9 68,332
Y 28 250 28.4 328,872
8 29 Yolykote X-106 R.T. 1.0 11,580
| 30 | R.T. 1.2 13, 896
v 31 ¥ 250 1.3 15,054
9 32 Electrofiln 5396 R.T. 11.6 134,328
i 33 : "1 RaT., 10.3 119,374
; 34 l | 250 | 11.3 | 130,854
A\ 35 | A f . 250 11.2 12€,696

MAC 2316 (REV 1 Aus 1)
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TABLE 3 - MAGIESIUM TEST CUPS
e e e . :

Test Test . Surface | Dryfilnm Iubricant | Test 'Pime to [Cycles to
Cup | MNo. ' Pretreatiient aD:lied Temp. ;Failure | Failure
! | (F) (hr.) :

10 1 !Dow 17 type I | Everlube 620 R.T. 18,3 211,914
I 2 : I R.T' 0'6 6, 948
j S | | 250 13.4 155,172
' 4 ! Y 250 Bed 74,112
11 5 | | llolykote X-100 RTe 1.5 17,270
, 6 | R.P. | 0.0 0
l v/ : 250 0.1 1,158

8 5 \ 250 1.3 15,064

12 °] , Bleotrofilm 5396 R.7. 14.5 167,910 -
[ 11 ; i 250 16.4 189,912
Y o v Y 250 15.2 176,016
13 13 HAE type II Everlube 620 R.T. 0.1 1,15¢
C | 14 | ReT. | 0.0 0
| 15 | 250 0.0 0
Y 18 250 0.0 0
14 17 l'olykote X-106 ReT. 0.0 0
i 18 R.T. 0.0 0
| 19 ' 250 0.3 3,474
Y 20 \| 250 0.1 1,158
15 21 Klectrofil:a 5396 R.7T. 79 91,482
Lol en | R.T. 1.4 1,621
23 250 6ol 70,636
2 Y ! | 250 0.2 2,316
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MAC 1008 (NEV. 26 JAN. $9)

1,0 OBJECT

To evaluate several dry film lubricents for wear life
on aluminum ard magnesium at room temperature and A250°F.

2,0 JUSTIFICATION W"

fLxisting vendor data recommends use of dry film lubri-
cants on wluminum and magnesium, However, no testing
has been conducted at MAC to substantiate the vendor
data, Several recent production problems have indica-
ted & need for test data to permit making reliable
recommendations reg,arding lubricatiorL;of MAC products,
' See
3,0 MATSRIILS Ler #° seepy

3.1 7075-T6 «luminum Spec. QQ-A=282 Cond, T
Size: 1,5"dia, rod x 12,0"

3.2 HE3la-F Hagnesium * Spec. 4lMS 4388
Size: 1.5%dia, rod x 8,0

St I-Ebevt———_tpoey-tidrebebisi-Gond—o—

3.5 hodified lackdllan Tester for oscillatory motion
and 2509F temperature.

SFRCIENN PREPARATION

lrr—iioni—tneet=is1I0-a4pei—par——Fubv—35003 .

L. Manufacture 10 test cups from 7075-T6 alumimm
and T test cups from HM3la=F magnesium, ' The
test cups will be manufactured per Figure I, (

L.2 Manufacture ‘a‘riders of %"steel (Re = 30) per
1gure 1le




‘ , C me o
Page 2 of L4 _ TEST REQUEST o -
LsO SPECIMEN PREPARATION (Continued)

Loi Pretreatments (¥specimens per pretreat).

L.l Aluminum
(a) Hard coat ,002 inches thick per P.S. 13208, . '
(v) Alodine per P.S. 13209. .
(¢) Anodize per P.S. 13201, 4
7 ﬁﬁ ] S” #
Lolie2 Magnesium eﬂ o S
nso W
(a) Dow 17 per P.S. 13217, /;wl’/ﬂ‘, a7 Aok
()  He-por-BeSe13d2; 3,-.0
LS One specimen per pretrentment shall bc coated uith each of the fcilclllg
lubricantss .
4.5.1 Molykote X-106 per P.B. 841 of P.S. 1802,
4.5.,2 Electrofilm 994 applied at Dynacraft, St. Louis,
4.5.3 Everlube 620 applied at Edco-Apex Teating Lab, St. Louis
(bake: 2 hrs, @ 2250F),
540 TESTING

S.1 Test motion shall be oscillatory (Zlo'cpnb resulting in (4) four testing

surfaces per specimen, 2 tests at room temperature and 2 tests at 2500F,

5.2 Testing shall continue until the coefficient of friction (f).-.0.2, or

until 50 hours has elapsed, whichever oeccurs first,

5.3 Loads shall be applied per MIL-L-2550L,

goh Alumi num . A

S.4el Test each specimen at room temperature with 10 1b, on the hanger on
two (2) separate surfaces.
S.4.1 Test each specimen at 2500F with 3 1b. on the hanger on two (2)
separate surfaces,
5.5 Magnesium

5,5.1 Test each specimen at room temperature with § 1b, 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,
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JO0TE:  Sequence of testing shall be:

1., Hoom temperature tests of hard coated &luminum with bolykote X-106
lubricant, :

2. Room temperature test of anédized aluminum with Molykote X~106 lubricant.

'3. Sequence unimportant after above testing is completed.

6,0 DaTi REGUIRED

4.1 Report the number of cycles to feilure (f = 0.2), or whether the specimen
lasted 50 hours.

A.2 Photomicrographs of typical failures at 20X,
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