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SU M AR Y

I NTRODUCTION

Electrical connector shell corrosion has been a recurring problem in naval
aircraft. The aluminum alloy shells corrode under the currently used coating,
electrc~less nickel. Eventually, the coating lifts and breaks inder the
force of corrosion products and corrosion continues at a faster rate until a
good part of the aluminum is eaten away even though the nickel coating itself
is not corroded. A more corrosion resistant coating is needed to prevent
failures of this type. This report covers an attempt to find a better coating
for use up to 2000C.

Standardized panels of 6061-T6 aluminum alloy were used for this work rather
than actual connector hardware because of the variety &nd configurational
complexity of the connector types involved.

This investigation was authorized by AIRTASK NO. WF 54-593-201, Work Unit

No. ZN 301.

SLWBARY OF RESULTS

Results of cyclic beating corrosion tests indicate that cAdmium over electro-
less nickel protects 6061 aluminum alloy through the full test period (25
cycles of 16 hours at 2000 C followed by 32 hours in 5% salt spray) with almost
no pitting. For good protection, the minimum rocai thickness of the coating
system was found to be 17.8 p.m (.0007"). Either layer could b2 as thin as
5.1 p m (.0002") provided the other layer made up the remaining thickness to
make a total of 17.8 pm (.0007"). It was also found that a coating cycle
conristing of electroless nickel plate, bake one hour at 1490 C, cadmium plate,
c hrimate treat, and bake one hour at 1490C, was required for best results,
since sote coatings that met the thickness requirements failed if they were
net baked. Thick cadmium, 25.4 p m k.001"), with a chromate coating also
shows good protection in this test, while thinner cadmium coatings fail in
less than 25 cycles, The best strike coating for cadmium was found to be the
copper strike. Cadmium or bronze strikes were considered to be unsatisfactory.
The electrolass nickel "strike" (actually 2.5 jim (.0001") thick) was a great
improvement over the others, but stiil failed one panel in less than 25 cycles.
Electroleas nickel alone failed in 11 cycles r less in all thicknesses tested
up to 25.4 jm (.001"),

Nickel-cadmium (chromsttl and baked) provided good protection to the basis
metal during S0 2-salt spray exposure for 168 hours, showing some blistering
but no pitting. Cadmium was pitted and corroded and electroless nickel failed
very badly. Similar tests with cadmium and nickel-cadmium in standard 57.
salt spray showed similar results in that scribed ?anels exhibited more
corrosion in cadmium plated panels than in nickel-cadmium plated panels.

Results of dissimilar metal tests were not very informstive (168 hours in 5Y.
salt spray). Corrosion between bare 7075-T6 and the various coated paneis
was not much different from corrosion between bare 6061-T6 and bare 7075-T6

. I_-. ..• [ , "' * , -. , -• ,
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aluwinum alloys. Results with coated panels coupled with titanium 6A1-4V alloy
showed slightly more pitting along the edges of the Jolned panels, but uinor
corrosion otherwise.

Ilectrotess nickel lookad good in extended baking (100 hours at 2000C) folloved
by 500 hours of salt spray exposure, a finding contrary to service experience.
Cadmium was pitted in thicknesses lose than 25.4 n a (.001"), while only one
of three p*ueis shb~d more than six pits for the 25,4 am coatie-. Nickel-
cadrraxi again passed this test with only one distinct pit on ove panel and
very general corrosion and darkaning otherwive (mo pits).

CONCLUSIONS

1. Of the coatings tested, cadium over electrolesm nickel offers the best
protection to 6061-T6 aluminum alloy.

2. Sakiag is sect zary after each layer of a nickel -cadnium coating is
applied to assur,- good adhesion and corrosion resistance.

3. Klectroloss nickel is an unsatisfactory coating for the corrosion pro-
tecition of 606'-T6 slumimnm alloy.

4. Cadmium coating, 25.4 pm thick, offers the secot4 best protection to 6061
although this coating is easier to scratch than nickel-cadmium and corrodes
wre re•dily in the scratched area.

i. Cvylijc corrosion testing is a "msatiiw.iury ft.L'1304 'Aji aaiwtu zrvIcz
uehn'Aior of coatingo for electrical coamectors,

6. With few exceptiout, if a coating does not fail in 10 cycles or less it
will mot fail in 25 cycles.

7. Uiseults of S02-salt spray exposre correlate veil with service experiew-e.

8. Result* of 100 hours of heating at 2000 C folloued by 500 hours in salt

spray do not correlate with service experience.

9. ei cadmium coatimgs (Class 3, Type II, Q(,-P-416) protect aluminum
poorly im all the tests.

3ZMC(~nTTIONS

Ba•ed on the work comducted in this investigation, it is recommeded that:

1. The coating Pystom for alumimm ally coynnector shells of the 2000 C class
em chaeged to calem over electrolees nick. 1 with a combimW thickness

of 17.8 am (.0001") mimi-mm and a thicness of cadmium ranging from 5.1
to 12.7 p)m (.0002"-.0005W") or more.

2
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2. A ten cycle corrotion test be adoptod for specification testing with
each cycle consisting of 16 hours at 200C folloved by 32 hours in 57.

salt sprev.

3. Consideration be given to increasing the thickness requirewnt of
connectors intended for low temlrature serv•c• (85-L25 0 C) from Class 3
of QQ-P-416, to Ciass 1. or the finish requirement of Recoundation 1.

i3
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A c-oniderahle numbr of corrosion problems with *lect-.,zcZ zonnector rholls
Iiive been raported "y field activitie-q. A vtcliminary investiaation of
thoase talluros tr~icatod that thA greatesc nmzbe.r were encountered with
el~uviwua shells d~nigsod for usoe at temperatures up to 20W.' Most oi. the
connectors in this clis, (roughly 90T.) are 61~61 altvimiwm &lloy; most are
coated with oelctroidas nickel. About 10%, are alumiwnum canting alloys such
as alloy 380 of QQ-A-591d. Costing thickneosses vary from about 12.7 Va m
(..0005") to *1tght'y more than 25.4 u u (.001"). Y~ilures how" been in the
form of aev.vro undercutting and lifting of the celctroless nickel coating
ikMile the basis metal, which is amodic to tie coating, corrodes away under-
neath, The 6061 aluminum &alloy is resistant z-o corrosion wit:hout a ceatilog
qAud would probably be protected veil by a simple 141L-C-5541, Clare 3,
chomical conversion coeti" , but the aiuminuv. is subject to seizing a&M
galling and wiill not function on threaded connectors. The number of
coatim1(s that will pe-form well at 2000C to small, since the coatings must
be electr~ically condu tive. If it were not for this requirement, hard
anodlizimkg (SIlL-C-86iS, Type 111) or even lichromate-seaied, sulfurl.c acid
aoL tzing (MIL-C-6625, Type 11) would serve. The never metallic-ceranic
coatings with low t~nWeroture cures night also be protective, but they are
sin-coad.':tive unletss higher curing tewperatures (t8100OF or higher) are used.
The most promising coatings appeared to be thicker cadmium coatings
(17.8-75.4 u m (.0007"-.001:)), or variations af a duplex .lectroless nickel-

r I cadmium c<,ating. It was also considered that strtkv coatings, other than
the coujventional %Losppr btriks employed for plating aluminm.a might provide
improved corrooion reuistance under cadmium overcoats.

TEKS T M E H0D S

CYCLIC TESTING

Electrical conviectors of the t.ypo involved in corrosion problems heat up for
short period@ during operation and remain at amient temeratures in the
corrosiwe euvironment i'hile the equipment is not operating. It was, therefore,
contidered that a cyclic heating-salt spray test would most closely simulate
actual service. The cycie chosen for laboratory tests was 16 hot a at 2000 C
followed by 32 hours in 5% salt spray (ASTN 9117-73). Initial scretning was
rc~vit$.etd using this cycle end 48.4 x 97.S x 3.2 tam (2" x 4~' x 1/8") panels
of ~061-Tb aluminum alloy. Trate were discontipuid when six pits or
conspicuous blistering appeared oan the panels. In cmie r&as'o, the appearance
of verr smull. blisetrs was recorded, hut testing was conti,, ., until six
pits formed. Tooting was stopped after twenty-five cycles (a total of 200
-hours st 2O001C and 800 hours in salt spray), an arbi~rary criterion for
excellent protiection. Three principal groups of coated poxtele were tested:

(1) Cadmisum coatings over bronze, copper. electvoista6 nickel and cadmium
strt.kos, respetctively. These coat' Age were 5.1, 7.5, and 12.7 Tm
(.0002, .4'O03 and .0005") thick co.-respooding to the three classes in
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SpectfTicatlen Q0,--P-416*% Addt 'vnally, Luc thicker cadmium coatings, 11.8
and 25.4 ua ( 0007 am) '•l )O") over a copper strike were tested it this
gSoup. A*.I c4atius coast;gsa were, c)romnte coated.

(2) Electroless nkckel only. This group included single and duplex coatings
of proprietary coatings designated Klectroless Nickel 1. II aid 111, respectivelf.
"he proprietary coatings were applied by the plating 'ath manufacturer. All
other eiectroless ncitel yes applied in-h;mase over a zincate t..rsion coating.
Coating thicknesse. were 12.7 and• 25.4 pu u (.0005 and .001").

(3) Klecrrolesv nickel plus cadmium a•d at chroyate conversion coating. Host of
these coat -is were baked at 149DC (30&°F) for ome hour after the e1ectroless
nickel layer vsa, appliedl and baked again after cadmium plating and chromste
treating. Overall coating thickness ranged from 7.6 to 25.4 p m (.0W03 to

*.001").44ddlioaaliy. bare 6061 alumimnm hlloy, MIL-C-5541B chemical conversion cootiag.
and KIL-A-8625C, T•yp 1I,salfuric acilanodize with a dichro a:e saal. were
cyclic corrosion tvated.

Three panels of mch vrsrl•4biq were tested with the exception of some of tht.
froprietar3 alectroloes ýickl coatings fog wtvtch only one panel was available.

PlatIng conditlons are given in Appendix A.

SCRIBED PANEL TESTS

Some of the eost promisoi coetings v,,r e aiuated iYN these tests as well as
saome less protective coatits used for cw•atisoa. Lcated 48.8 x 97.( eat
(2" x 4") panelr er*s scribd .'rith an "X" to the batsit metal avn axo e sed for
168 htzrs, one set i.n standard 52 salt spray and one in S02 -salt spray. SO2
is injected into the salt spray box for-r CinAs a day creating a unch more
corrusive atmosphere. Appendix 5 givws details. This test has been fouud .o
produce corrosien in *hIaxtlum alloys that is very siailir to the t!•e en.-
countered in naval i.ircraft service.

DISSIMJLAJ. METAL TESTS

In an attempt to determine galvauaic corrosion effects between the variou*
coatings and 7075-T6 aluminum alloy, tr 6 Al-4V zitanium ailoy, 25.4 x 97.6 mn
(1" x 4") cleals of bare 7075 and bare 6-4 .ro bolted to Phe coated
50.8 x 97.6 tun (2" x 4") panels and exposed to 5% 3a'lt *pray for 168 hours.
The aluminum and titanium alloys chosen for the cleats are the ones most
often used in airframes.

HEATING - EXPOSURE TESTING

A few of the coating were tasted using one extended cycle consisting of 100
hours at 2000C, followed by 500 hours in 5% salt st a1r. It was hol-d that

7



ADC - 762 74-J0

this cycle voulo produce the smi tssuat.s obtained with many short, cyc as
which are less convenient to ran.

I 9 S U L rs AND D I S CU S 1 01N

Results of cyc/ic corrosion tests, givEn in Table 1, Figures I throuph 4,
indicate the types of failures encountered,. TL.e experiscats witht various
scrtlkes for cadmium indicaut. chat only one of the striLs, electroless nickel,
provides a better protectivi system than the conventional copper strike. It
should be noted. t , • r , that this "strike" was actually 2.5 ps (.0001")
thick, which iu thicker thae normal for strike coatings. AMhe-alon obtained
with the cadmium strike, given in ASTh 5253, was very poor. Coatings blistered
and peeled after one cycle. based on galvanic compatibility, this strike
should have been the 'est. The bronze strike resul:ed in aicellert adhesion.
but poor cyclic corrosion behavior. Cadvdm coatiugs up to 12.7 pas (.0005")
thick pitted in less than six cycles with the exception ot the coatings
applied over an el*ctroleas nickel strike. It vMs thought that thicker
cadmium coa.Angs (copper titrike), 17.8 u a (.0007") and 25.4 ua (.001"),

might withstand the test 'retter. The 25.4 upn (.001") coating did withstand
the full twenty five cycles, but the 11.8 an (.0007") coating did not. It
failed in 5, 8, and 13 cy, .es, respectively, on the three test panels.

Twenty-three electroleas nickel coated panels failed in from one to eleven

cycles. Many of these I~ailures appeared to be by a combination of severe

blistering and pitting. Coating thickn'kses ranged from 12.7 usm (.0005")
to 25.4. on (.001").

Ine---------.t.- I.= c c t•Ats were obcaine ULN 17.8 - i

of electroloss nickel, followed by baking for one hour at 149°C, cadatum
plating to a thicknees of 7.6 pam (.0003"), chemical conversion coating

(chromate), and bakixg again for one hour at 1490 C (shown in 7igure S). When

it was found, (1) tbAt baking was needed to prevent blister formation (improve

adhesion), and (2) 'chat thts coating showed no sign of pitting after tweuty-
five :ycles of testing, a series of experiments was begun to find the jimit'ang

thicknesses of the respective layers. Results of this series of tests indicate
that the nickel Icyor can go As low as 5.1 sm (.0002"), if the cadmium layer

is .2.7 p m (.0005") or more, while the cadmium layer can be 5.1 u m (.0002")

if the nickel la'ter is at least 12.7 pam (.0005").

The chromate _oittinS for the nickel cadmium series was appli-d before baking

rather than after. Some oi" the pl&tinsj literature states that baking is

detrimt tal to the corrosion resistance of chrom-te coatings. This dtfference
is of little practical lwportance, however, when the connectors are intended
t-Pr use at 2000C, ,Ind baking does result in the darker coatings required for
some applice:ions. if the connectors are to he used at lower temperatures,
baking should be covolated before chronating.

8
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0.0020 2 Cd

Oil

.0003" Cd

-_- .0005 Cd

Figure 2. CYCLIC HEATING/CORROSWuN RESULTS

Cadmium Coatings Over a copper Strike

* This panel was returned to 11

test adi failed in 15 cy,'les
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S~ .0005" Ni--.

sit

- 0---.0004" Ni I over .0001' Ni I1 -

.0009" Ni I over .0001' Ni II

"i YCI

Figure 3. CYCLIC IIKLATING/CORUOSION RESULTS
91*ctrolesa Nickel Coctlign
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-0--.0005" Mi III over .0001" Ni I-

~~~~~ CYt3 , v2cycles

--- .0009" Ni III over .0001' Ni 1I-A

.. 00.O~ Ni Baked 1 hr, 30 0cF---

figure 4. LYCLIC HIATLNG/COIRWSIOM RESULTS
glectroless Itokel Coatings
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S0002" Cd over 000/' Ni

.0003'' Cd over.0007" Ni-"

1__

1,,1

-*------.0005 Cd over .0007" Ni-----a-

Figure 5. CYCLIC RIATTJG/CfWIOSIOII RESULTS
lctroles Nickel, Bake, Cadmium, Chromate Bake.

14



XADC- 76-2/4-30

As indicate" earlier kn this report, 6061 aluminum alkoy uV.CUated, KIL-C-554IB,
Class 3 cone~d, or sulfuric ncid anodxed with a dichieomate seal al1 vithstood
twenty-five cycles of testing. The anodized panele showed only one pit in
on, pan* , while the bare and conversiGn coated panels show general but very
shallow 1tting not cons..dered cause for rejection.

Results of scribed *anel tests in SO 2 -salt spray wero! striking. These are

given in Table 1I aid Figure 6, for the nickel-cadmium coating, thick
cadmium, 25.4 pa (.001") and thick electroless nickel, 25.4 pm. The
electroless nickel appears to be intact in this photograph and it is. A
better view of what has occurred in givn in Figure 7. The nickel layer
lifted off the underlying aluminum alloy and very severe attack of the
aluminum took place. This is the condition reported for connectors in
service. Some blistering occurred in the nickel-cadmium, but it was scl'i
protecting the aluminum at the end of the 168 hour exposure period. The
cadmium showed considerable corrosion, especially in the scribe marks.

Scribed panel tests in the stzndard 5. salt sp-ay agreed generally vith the
S0 2 -salt spray tests, but results were not as easily interpreted. Scribes in
the nickel cadmium showed only a few pits as opposed -o many pits in the
cadmium coating. Results are given in Table III.

Dissimilar metal test results f iled t- chow any outstanding differences in the
behavior of electroless nickel-cadmsum coatinga and coatings of cadsiium
alone over a copper strike. In both cates, the:e was pitting along the
edge of the cleat. Pitting was slightly more pronounced in the case of the
tiamu cleats,... but 1 s i appes-rA to.. be only, in~ the. cotn -

between the bare 7075 and bare 6061 aluminum alloys appears to be almost
as bad as corrosion between the coated panels and the 7075 cleats. In all
cases, the corrosion probably takes place oy a cotbination of crevice and
galvanic corrosion. Figures 8 and 9 illustrate some of the results and
Table IV gives details..

The attempt to shorten cyclic testing times by substituting one extended
cycle (100 hours at 2000°C followed by 500 hours in 5% salt spray) for the
repeated short cycles wes unsuccessful iii that the results showed electroless
nickel to be satisfactory wben service experience indicates that it is not.
Once again, nickel-cadmium passed the tests with no pitting, only a considerable
darkening of the film. Thick cadmium (25.4pa) shoved some pitting, but was
otherwise generally good. Thinner cadmium coatings failed. Results are
given in Table V in greater detail.

Careful re.Aeaw of all the tests conducted indicates that the most rapid test
method that gives meaxdngful results is the SO -salt spray test. However,
So 2-s*lt spray equipment is not gerarlly avaifable. It in, therefore,
considered that the cyclic corrosion Lest is a batter specification type test.
This test could be shortened to ten cycles, if it were required that three
specimens pass the test. The inadequacy of salt spray testing alone is at
least suggested by the long cycle toot (100 bake follomed ty 500 hour *.lt
spray), in which electroless nick(.1 appears to be oatisfactory.
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TABLE II

SClIUD PANEL TEST iUSULT'S

(302 Salt Spray - 168 hr Exposure)

Coat __ e_- -twsas

Cadmium 5.0 n a (.0002") Poor - all three pan.,ls corroded

Copper Strike end pitted

Cadmtus 17. arm (.0007") Considerable corrosion - especially

Copper _.rike in scribes (three panels)

Cadmium 25.4 • a (.001") Considerable corrosion - especially

Copper Strike in scribes (three panels)

Klectroless Nickel 17.8 p a (.0007 Excelleat by comparison vith others -

- - I-'A- pis san b14.t.,4r mIO

(Saked after each layer) yellowing of coating. Some light

white corrosion. Scribes good in
all three

E1ectroless Nickel 25.4 p u (.001") Very poor - nickel lifted sway

(baked I hr at 1490 C) from alumianu in one sheet.
Alutmium badly corroded. All
three peaels the sam.
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TAB LE iII

SCRIBED PANE.L TEST RESULTS

(5% Salt Spray - 168 hr Expe.'re)

Costi__ng __Results

* C-dmiuiw 25.4 pas (.001") White corrosion fills k to 4 of
Copper Strike the scribes. Pits are forming.

* WIL-C-5541 Chemical Film Good - no pits, slight corrosion

* Sulfuric Acid Anodize Good - no pits, very slight

corrosion

** El Ni 5.0 Pan (0002") Some white corrosion, 3 pit*

Cadmium 5.0 )um (.0002")

*- El Ni 5.0 )u m (.002") Good - slight white corrosion in

Cadmium 7.6 /um (.000?0") scribe

** El Ni 5.0 M (.0002") Good - very little white corrosion

** El Ni 12.7 u, (.0005") Good - little white torrosion

Cadmium 7.6 am (.0003")

* El Ni 12.7 pum (.0005") Good - slight white corrosion
Cadmium 12.7 Au r (.0005")

r* El 141 17.8 pu. (.0007") Good - ve r slight white corrosion

Cadmium 7.6 au i (.0003")

** El Ni 17.8 u a (.0007"), Good - very sl'ight whita corrosion
Cadmium 12.7 p m (.0005")

* Three paný is of each

*r* One panc of each - all bated after nickel coating and baked again after
cadmium coating and chromting.
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TABLE IV

DISSI•.I6L&A IIETALTEST RESULTS

7075-T6 ALUMINUM CLEATS ATTACHED TO COATED PANELS (168 hr. in Salt Spray)

Coating Panel Clear

None - Control Panels Good - som very alight Some gene:al corrosion
pitting of fay' -A sur- faying surfaces
faces

Cadmium 25.4 p m (.001") Good - alight white Much gencsl corrosion

corrosion lines at of fa ing ýurface
cleat edges. Votry

light corrosion of
faying surfaces

El Ni 5 u = (.002") All generally the Some light corrosiin -
Cadmium 7.6 p m (.ON03") same - Good - white very light pitf tng of

l Ni 5 Nm (.0002") corrosion along edge faying surface, in all
Cadmium 12.7 urn (.0005") lines and slight cleats

El Ni 12.7 P m (.0005") corrosion in faying
Cadmium 7.6 pma (.0003") surfaces (very shallow

El Ni 12.7 x m (.000 5") pit iag)

Cadmium 12.7 pam (.0005")E! Ni 17. 8 -_ -- 1,. 0 A A-7")' ,

Cadmium 5 pum (.0002")

El Ni 1 7 . 8 pum (.0007")
Cadmium 7.6 (.0003")

El Ni 17.8 pm (.0007")
Cadmium 12.7 u m (.0005")

6 Al 4V TITANIUM CLEATS ATTACHED TO COATED PANELS (168 hre in Salt Spray)

(None of the Cleats were corroded)

Cadmium 25.4 um (.0r'1) Good - some very small
pits along cleat edge

El Ni 5 jm (.0002") All panelc similar -
Cadmium 7.6 Fm (.0003") slight white corrosion

El Ni 5 upm (.0002") along cleat edge lines
Cadmium 12.7 p m (.0005") with very slight attack

El Ni 12.7 apm (.0005") of fayliag surfaces.

Cadmium 7.6 ,u m (.0003") ThIz last panel in :,,
El Ni 12.7 uam (.0005") series was slightly

Cadmium 12.7 )m (.0005") better than the rest.
Fl Mi 17.8 •m (.0007")

Cadmium 7.6 u m (.0003")

El Ni 17.8 ,um (.A007")
Cadmium 12.7 um (.0005")

El Ni 17.8 om (.0007") Distinct pitting along
Cadmium 5 mu (.0002") one cleat edge.

Remainder same as others.
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TABLI V

LONG CYCLE TEST RESULTS

(100 hrs at 2000C plus 500 hro in 5% Salt Spray)

Coat ng Results

5,1 u a (.0002") Cadmitm * General heavy white corrosion over ill
over Copper Strike three panels - very bsd

17.8 p m (.0007") Cadmium * Considerable pitting in all panels
over Copper Strike

25.4 um (.M)l") Cadmium * One panel =ore Lan six pits; one,
over Copper Strike three; one, edg- pits. All show

general light white corrosion

17.8 u a (.0007") Elect'oless Good - one pit on one panel - general
Nickel, Bake, 7.6 p a darkening of panel centers
(.0003") Cadmium, Chromate,
Bake

2.. A =.u'a . . LCLIs Overall appearance good in aij tnree"
Nickel

* All chromated

.C
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Sot* discussion of the definitton of failure appears to be warranted. Failure,
as defined by electronics engineers, appears to be non-functioning of the
equipment. From an aircraft corrosion control standpoint, general pitting or
blist.jring of a coating is conaidered failure. In a sense both definitions
are probably correct. As long as the part performs its function, it has not
failed. On the other hand, many manhours are spent trying to prevent further
deterioration of corroded parts that still function and these manhours are
not considered wasted because corroded connectors will ultimately fail
mechanically or electrically, if corrosion is not stopped. The most reasonable
solution is to apply finishes that will last the life of the aircraft. The
corrosion test requirements of connector specifications, such as MIL-C-5015,
are not stringent encugh to assure good corrosion resistant finishes. It is
for that reason that it is recomeended that a more severe test, such as some
form of cyclic corrosion test, replace the very loose requirementr now in
effect; (i.e., no exposure of basis metal due to corrosion that will affect
performance after 48 hours of salt spray exposure). The requirement should
also include a better criterion for evaluating finishes, such as the appearance
of six pits or blistering of the coating.

While the work performed in this investigation was directed toward finding
better coatings for service up to 2000 C, it should be noted that QQ-P-416,
Class 3, Type II cadmium plating (5.1 ue) performed poorly in all the tests.
This poor behavior is probably caused by the galvanic effect between the
conventional copper sttik. and the thin, porous cadmium layer, as well as
between the copper and the basis metal. It is felt that consideration should
be given to increasing the thickness requirement for low temperature classes
o! connectors from Class 3 to Class 1 (12.5 u m (.0005") for better corrosion
protection.

Some actual connector parts of both 6061 wrought aluminum alloy and 380
casting alloy have been coated with various systems and are being tested in
both S0 2 -sal spray and cyclic heating-corrosion (5% NaCl). Early results
indicate that the complex coufiguration of the shells (threads, projections,
ridges, etc.) make early failure more likely than it is in panel testing.
Additionally, some surfaces of the connectors are in a horizoniwal position
during salt spray exposure, no matter how the parts are susperded, and these
surfaces will be more severely attacked. Results of these tests will be
reported as soon as they are completed.

24
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APPINDIX A

PLATING COMDITION
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A P PEND IX A

PLATING CONDITIONS

PLATING CYCLE

A. Non etch alkaline clfta. 71-820 C (l60-l80OF), 10 mai.
B. Warn water ripme, 45-50;• (l12-12lF)
C. Mild etch, 60-64 C (140-147 0 F), 2-4 sin
D. Warm water rinse, 45-50C (112-12?°F)
EK Cold water rinse
F, Desmet, room teseraturn, 10-60 ace
G. Double col4 water rinse
f. kodified sincate, room temlratur•, I sin
I. Cold vater rinse, 1 sin
J. 50. NON3, 30-60 soc
K. Cold water rinsa, 1-2 uiwa
L. oditfied uicate, 10 sec
M. Cold water rinsm, 1-2 mirw
N. Strike or go directly to eloctrolse nickel
0. Cold water rinse
P. p'late

. I.L--"& cold- ;.&t• r-e

R. Chromate treat cadnium coatings
S. Double cold water rtnie
T. Dry

CYCLE FOR 7 ELECTiOLSS L.. .- CADMIUM

A. Sam as I - A through 0
B. Bake I hr at 149 0 C (3000F)
C. Dip in 257. MCI, 5 soc
D. linae
9. Cadmi•u plate
F. Rinse
G~. Chromate treat
V. Rinse
I. Dry
J. Bake I hr at 149°C (3000F)

111 PLATING SOLUTIONS

Zintate Iimrsion bath per ASTh 8253, Bath I
Copper Strike per ASTh 5253
Cadmium Strike per ASTM B253

A-2
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APP 9 NND IX A

Bronze Strike
Proprietary - Alstan 80, 30 sec, 108 £1m2 (10 A/ft 2 ), 290C

(85°7), followed by Alstan 71, 4 min, 323 tyr2 (30 A/ft2),
29oC (e $OF)

Cadmium Plate
Cadmium Oxide 30 g/l (4 ox/gal)
Sodium Cyanide 120 g/l (16 ox/gal)
Brightener Udylite 53 as required
Room temerature
Current density 215 A/m 2 (20 A/ft2)

Electroleas Nickel
Proprietary - 10.5%, phc.ohorus 82-88OC (180-1900F)

Non-Etch Alkaline Cleaner
Oakite 164 45-60 g/l (6-8 oa/gal)

71-830C (160-1800F)

HMil wreh r1.a,ý
Oakite 160 30 g/l (4 oz/gal)

38-710 C (100-1600F)

Desmut (Proprietary chrouste type)
Isoprep 188 120 g/l (16 oz/gal)

Room temerature

Chromte Conversion Coating
Iridite No. 1 30 sec, room temperature

1 Part IA
I Part IB

10 Parts water

A-3
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APPENDIX B

vo2 - SALT Sz'MAY

(SIULATED AIRCRAFT CARRIER ENVIRONMENT)
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AP PEND IX B

SO. - SALT SPRAY
(SDHULATED AIRLAAFr CARRIER ENVIONMINT)

APPARATUS:

Salt fog cabinet mseting requirements of ASTM recommended
Practice 3117-73, Appendix 1.

Test conducted in accordance with ASTh 5117-73 with the following
except ions:

Tower Temperature 45.5 0 C + 1

Cabinet Temperature 350'C + 1

S02 gas injection - 1 hr/6hr cycle continuously

SO2 gas flow - 25 cc/min

CONDITIONS IN COLLECTION BOTTLE
(Tested Weekly)

(1) 1 to 2 *ls/hr collection rate

(2) pH - 1.8 - 2.5

(3) Sp-gr - 1.025 - 1.040

B-2
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