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I. INTRODUCTION

A. The steam catapult system is exposed not only to steam and high tem-
peratures, but also to sea water, salty air, jet fuel, hydraulic fluids,
detergents, lubricants, solvents, and general neglect during service.
General maintenance is scheduled after extended periods of time, so that
during a major overhaul (approximately every 4 years) it becomes necessary
to replace large numbers of fasteners to restore the system to a '"new"
condition. The fasteners which clamp the various components together are
usually scrapped or burned away because of their deteriorated condition.

B. This program was conceived for the purpose of determining which mate-
rials and alloys are necessary to prevent a massive corrosion attack of
fasteners and the materials they join. Specifically, the scope is limited
to fasteners used for high temperature service up to 700°F as well as those
used at temperatures up to 250°F with a broad environmental exposure.

C. The 250°F deck condition is common to a large number of bolts used to
fasten the bridle arrester track. These socket head or external wrenching
bolts are situated in counterbored holes where liquids are normally entrapped
and migrate down to a blind threaded area where severe corrosion is
initiated. Removal of the bolt is difficult and sometimes impossible with-
out resorting to drilling. Repair of the hole requires welding, drilling,
and tapping.

D. For the 700°F application, uncoated studs and nuts are used to clamp
together the steam pipe flanges which are originally painted with an
ineffective aluminum silicone coating. The pipe and flanges are covered
with insulation which becomes soaked with corrodents from deck leakage.
Corrosion attack is so intense, the fasteners seem to become 'welded"

into the flange and require burning and hammering in order to removf them,
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r— I1. SUMMARY

A PROCEDURES AND RESULTS. After & visit to the U.S.S5. Saratoga, the

mechanical parameters of this study were explored before initiating screen-

ing tests of various coating svstems. These tests were conducted with

' simple fastened svstems using a 5% salt sprav environment and an oven at
700°F. The bes* svstems observed were tested in nine-month exposures using
larger fasteners, more realistic joints and the simulated environmental

exposure of an operational aircraft carrier steam catapult.

Although design changes in the basic hardwaie will prevent corrodents from
entering blind holes, .ne major attack is on exposed surfaces which require

Corrosion resistant alioys perform well but thick

much more protection.
The use of

plated coatings also prevent corrosion for extended periods.
thick noble coatings on exposed surfaces and sacrificial coatings on
unexposed surfaces was found to be successful. A polysulfide sealant em-
ploved to prevent corrodent seepage into blind holes was verv useful. It
was applied over zinc and over cadmium and allowed to cure on the fastener

- be fore being torqued in place.
° An exposure aboard ship was tfound to produce the same kind of attack on
high temperature fastening svstems as found in a long term simulation test.
1 Also, electrochemical tests provided quantitative data which supported the
visua! evidence accum:lated over many months of laboratory tests.
] B. CONCILUS IONS .
1. The normally supplied cadmium thickness on alloy steel fasteners

for bridle arrester track use is not able to cope with the severe corrosion

. environment encountered in service. The maximum thickness offered under
QQ-P-416C is not thick enough to prevent rusting of the bolt threads.

There fore, a much greater thickness of cadmium should be employed (more

7 than 0.0005").
-

2. A heavv nickel plating will protect the heads of bridle ~rrester
b track bolts but cadmium plating should be employved over it to protect the
. threaded holes and to lubricate.

3. Sealants provide excellent protection and should be employed
whenever possible to prevent the flow of corrodents.

4, Noble coatings and corrosion resistant alloys outperform sacri-
ficial coatings in high temperature applications.
C. RECOMMENDATIONS .

1. 1Investigate sacrificial coating systems using cadmium or zinc and
cadmium with total thicknesses of 1 mil (0.001').

A BN o B inen

2. Investigate a coating system where nickel protects the exposed
sur faces and cadmium over nickel protects the unexposed and mating surfaces.

3. Investigate coating systems where sealants are employed in
l-:ombination with the above mentioned coatings. _J

L Smang
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' r_ VII. CORROS ION PROGRAM j
! ' AL INTRQDUC T ION.
‘ 1. General. Corrosion can never be completely arrested, but merely

resisted, since it is theoretically impossible to eliminate it, but it is
posgible to control it. Even in this ultra-modern age of moon exploration,
the ''back to nature'' process of a metal returning to its most stable chemical
form must be tolerated.

The literature is full of corrosion studies of sufficient merit to warrant

a life-long dedication to the reading of selected topics. So many investi-
gations into a myriad of problems have already been published that it seems
unlikely to have to search deeply to find an answer to a specific problem.
But, this is not the case because of the many different parameters affecting
each problem.

Naval structures are used in a unique enviromment consisting largely of

~ salt laden air and very conductive water. Very few land based industries
have similar enviromments and usually do not have time, manpower and
material restrictions common to a crowded warship at sea. These are the
parameters which directly affect housekeeping or maintenance, and create
problems which compound until severe degradation occurs. At this point,
better svstems are needed which will withstand the test of time.

The steam catapult system is exposed not only to steam and high temperatures,
tut also to sea water, salt air, jet fuel, hydraulic fluids, lubricants,
detergents, solvents, and general neglect during service. While the latter
condition is not planmned, it often becomes necessary as a function of
expediency in conducting missions.

General maintenance is scheduled after extended periods of time, so that

a major overhaul becomes necessary to restore the system to a 'new"
condition. This work is costly and time conmsuming, especially where large
areas have to be refurbished. The fasteners which clamp the various
components together are usually scrapped or burned away because of their
deteriorated condition.

This program was conceived for the purpose of determining which materials
and alloys are necessary to prevent massive corrosion attack of fasteners
and the materials they join. Specifically, the scope is limited to
fasteners used for high temperature service up to 700°F and for those
used up to about 250°F but exposed to a wider variety of conditioms.

The latter, or deck condition, is common to a large number of bolte used to
fasten the bridle arrester track. These socket head or external wrenching
bolts sit in a counterbored hole in manganese bronze, stainless steel or
alloy steel, where liquids are noveslly entrapped. The liquid wmjigrates
down to the blind threaded area imbedded in alloy steel and causes corro-
sion severe enough to prevent remowal of the bolt by conventional torquing.
The bolt sometimes breaks or the drive is reamed out. Welding a nut on
the head sometimes facilitates removal but oftentimes a torch is required
to burn the ''remnants" out. When the threaded hole is destreyed, a
larger hole is drilled, tapped and an insert installed or if the hole is
Lﬁoo large, it is filled with weld meral, redrilled, and tapped. _J
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' r;he corrosion is due to the presence of sea water, splashed around the
‘ deck for various purposes including fire fighting. Other liquids such as
AFFF (fire fighting foam), jet foam, detergents, hydrauli~ fluids, paint
l strippers, and perhaps even fresh water may find their way into the crevices

and recesses between mating structural surfaces as wel! as those provided by

the thweaded fasteners. It has been firmly established that voluminous

corrosion products between structural mating surfaces can produce sufficient

force to exceed the maximum tensile strength limits of fasteners used to |
provide clamping. Even though sacrificial coatings are usually employed

on bolts and nuts to resist corrosion, they can provide only a finivce A
amount of service before they are consumed or depleted. Of course, some )
coatings are better than others. Traditionally, electroplated cadmium has P
exhibited the most protective properties in marine enviromments. It is very

widely used by most industries for other applications too.

In this particular application, cadmium has been used in a thickness of
0.0002" to 0.0004". Typically, the actual thickness is likely to be closer

to the minimum value. When this factor was considered recently, a
recommendation was made by SPS to increase the thickness to a minimum of
0.0005". While this improvement should provide more lasting protection to

the joint because more sacrificial metal is present, it may not prevent the
aforementioned problems from reoccurring. The reason for this is because of
the joint design which invited corrodents to penetrate by gravity or capillary

action.

The solution to this particular pioblem is typical of the solution to every ‘
other bolt problem in the steam catapult area. Since the corrosion inten-
sity is on a massive scale, protection should be proportional to it.
Unfortunately for thresaded fasteners, the fit is critical to maintain
clamping load, and insufficient allowance for appreciable coating thickness
is the usual practice. The fastener material, however, is a contriuvctory
factor and should be considered along with the mechanical and environmmeutal
parameters. Of primary concern is the propensity for the bolt alloy to
corrode when barrier or sacrificial coatings are depleted or destroyed.

Below deck, temperatures of the steam catapult hardware reach as high as
700°F and, combined with the leakage of contaminant liquids from above,
cause extensive corrosion of fittings and fasteners, Lagging material,
made of magnesium silicate or equivalent compounds, seems to act as a wick
‘ for maintaining moisture laden concentrated salts adjacent to the hardware.
Temperature cycling, humidity and leakage contribute synergistically to
provide a haven for corrosion to occur. Conventional coatings such as

cadmium or zinc cannot be used because they may cause stre<s allov cracking
et this temperature. Corrosion is 8o intense that it is impessible-to gemeve

the nuts. They are burned off and the fastening system is discarded.

In order to prevent the overall problem, temperature resistant coatings

must be employed over the bare metal fittings in thicknesses sufficient to
i thwart the penetration of corrodents. These thicknesses are usually )
recommended in mils, whereas fastener coatings are specified in fractions

of one mil. Therefore, if it is possible to provide adequate protection ‘
’ to these fasteners, the protection must emanate from quality rather then K
quantity. Sacrificial coatings have a history of not lasting long enough,

L - |
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r-glthough mich of the reason is due to minimal thickness requirements. On —1

the other hand, if an excess of a sacrificial coating were present, 1its
surface would be largely an accumulation of corrosion products, generated
over a period of time. It is reasonable to assume that an adequate thickness
of a more noble coating on the fasteners would be a better approach in
combination with a thick barrier coating on the pipe flange. Another
alternative 18 a high temperature alloy which does not produce voluminous
scale in this enviromment.

Whatever the solution, it must be weighted in accordance with established
procedures, other components in the system, and overall cost. The two areas
discussed here represent only a small fraction of the fastener corrosion
problems aboard an aircraft carrier, but are indicative of che severity of
the attack and of the concern to the Navy. This program was aimed at the
solution of general fastener corrosion problems. By utilizing "state of

the art" coating technology to determine if coatings are capable of

adequate protection in thicknesses which do not cripple the performance of
threaded fasteners, this goal should be reached. Alternately, more corrosion
resistant fasteners, due to better alloys, may also provide a solution.

In order to study the cause and effect relationship, a model was produced,
where the effect could be duplicated. If one model duplicated the various
corrosion conditions found in service, the study would be much easier.

This is not the case however, and a number of models or enviromments had tc
be used, each for a particular problem. Two specific problems in steam
catapult systems were selected from this program. They were chosen because
they are representative of the more troublesome problems and are far

enough apart environmentally to require different approaches.

2. Carrier Visit. One week after the initiation of this study, the
U.S.S. Saratoga (CVA60) was visited at the Norfolk Naval Shipyard by three
SPS representatives. At this time (April 12, 1973), the track and launch
valves were in an advanced state of disassembly and repair. Several visible
areas required a great deal of work.

Bolts installed on the track covers were primarily socket head cap screws
or 12-point external wrenching bolts. After exposure, the lobes of the
12-point bolts corrode and crumble away, leaving no wrenching surface. On
occasion, the head is mechanically damaged by large metal objects and
wrenching becomes impossible.

Resident personnel prefer the socket head to the external wrenching bolts
(EWB) but would like to try an EWB with a hex recess instead of a lighten-
ing hole. 1If one of the drives is damaged, the remaining one could still

be used.

Below deck in the launch valve room, the situation seemed worse than the
description in the previous section. It was learned that a high temperature
aluminum silicone paint was used on the steam pipes, but the result was
complete flaking of the paint and zero protection.

Conversation with knowledgable military and civiliam personnel revealed a
situation very difficult to completely remedy, due to the disregard for

expending time for repairs at sea. The seamen who maintain the system
L:re under pressure to minimize downtime and perform little or no preventat{:r
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' r;aintenance‘ Therefore, any svystem installed at dockside gradually -1

i deteriorares until the next dockside visit. While on dutv station, the
carrier is attended bv local "craftsmen'" who are not responsible for the
catapult svstem, so that the only real attention given is by the home port
maintenance teams and by the NAEC engineering department.

———

rurther hardships encountered are limited funds and time for maintenance

and repair. This condition generally leads to increased deterioration
since marzinal materials and solutions are used instead of more permanent
remedies.
¢
3. Evaluation of Exposed Bolts. A number of 12-point external

wrenching bolts purchased from SPS were installed in the 4340 steel impact
bridle arrester track and were exposed to service rfor a few months. At this
time, new bolts manufactured at the same time were substituted in _heir
place and the exposed bolts were examined.

e a————. =

At first glance thev looked very rustv, but after cleaning in solvents and
with soap and water, the rust blanket was washed away. 7The cadmium plated
alloy steel bolts (SPS 74589) still had cadmium present on most of the
threads and on more than 757 of the head. Rusting and slight pitting was ;
evident under the head where contact with the bare steel track was made and

where a corrodent would have a good chance of remaining because of capillary

action.

The A-286 allov bolts (SPS 74589CD) used in the same application appeared to
be rusty but were not. Besides losing the cadmium all over the head and
partially on the threads, they were undamaged.

B. PROCEDURES.

1. Design Improvements. The use of sealants has been advocated as
a method to reduce corrosion for some time. Aircraft are literallv covered y
with it but are not disassembled like the catapult system. Nevertheless,
there is a place for sealants and some areas in the steam catapult are good
candidates. Some trials have been concducted with aircraft tvpe polvsulfide
sealants where the viscosity in cold weather makes it difficult to work
with. Generally, sealants are for permanent applications and should not
be used where they will normally extrude out. A few possitl. applications
for these producte are:

a. Bridle Arrester Track. The bridle arrester track sits
directly on the steel track cover as shown in Figure 1 and is bolted to it.
Liquid corrodents are able to seep underneath it as well as down into the
bolt holes as shown in Figure 2. If the track were sealed to the track
cover, removal would be more difficult but replacement at sea would probab-
ly not include a resealing effort. Thus, the initial effort would be in
vain. If the track were in two pieces as in Figure 3, where the bottom
piece was sealed permanentlv to the track cover by a wet sealant, liquids
would not be able to get to the blind holes as easilv. If the bottom
piece is Teflon coated before sealing, removal can “e expedited.

b. Stainless Steel Inserts. The substitution of a stainless
insert for a tapped alloy steel blind hole provides corrosion resistance

L .
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- ' r:s well as increased scrength. If a deep insert is used, additional chreagg
are availahle for a longer length bolt as shown in Figure 4. The intertace ¢t
between the insert and the enlarged hole should be sea'ed to eliminate

| galvanic corrosion.

< Bridle Arrester Track BRolt. The addition oi a sealant to
I the cunventional socket head or external wrenching head should aid in
reducing corrodent seepage. However, if a countersunk Jdesign were
incorporated as shown in Figure 5, a Teflon coating would be more compatible |
and should facilitate sealing of the joint. Even if sealant was applied
over the leflon and was subsequently removed during maintenance, the more
nermanent Teflon could still provide sufficient sealing to prevent seepaxe. )

The redesign of the bridle track bolt as shown above, can be carried a rew
steps further by incurporating features which provide convenience. The >
addition of a dual drive, locking device on the threads, o-ring seal,

Teflon coating, removable cover plate, and squeezable void filler all help
to improve the performance. These features are illustiated in Figures »
through 9. The overall dimensions for the proposed dual drive bolt are
shown in Figure 10. An internal hex drive coupled with an external 12-pecint
drive serves as an alternate means of installation and removal. The hex
recess is easier to manufacture than a square drive and will result in an
economical saving. The countersink is an optional feature, but one which
will provide improved corrosion protection to the joint.

d. Optional Bolting in Materials for High lemperature Flanged
Joints. The harsh enviromment coupled with the elevated temperature
requirements of 650 F indicates a need for a high temperature corrosion
resistant allov. A moderate degree of strength is requ.red along with
the aforementioned properties. Originally, in the proposal to this contract,
A-286 was thought to provide all of the characteristics necessarv. lowever,
it was quickly determined that it would lose its preload when the system
reached operating temperature. A number of other materials were considered
for the application and a detailed set of calculations were required to
generate the appropriate relationships so that an accurate assessment of
applicability could be made.

The calculations follow along with a summary in Table 1 showing that Inconel
718 and MPI159 come closest to matching the 4130 steel {lange. The worst
alloy is A-286, followed by MI35N and Waspaloy. The highest clampup is
with PHI3-8Mo, a martinsitic stainless steel.

In terms ot recommending an allov, the Inconel 718 is hLighest on the list
because of its excellent corrosion resistance both general and in
crevices It is quite resistant to stress corrosion cracking and
hydrogen embrittlement . also.

e. Eitect vt Temperature Change on the Preload of a Flanged
Bolt . This analvsis (Appendix A) takes into account the thermal expansion
of both the bolt and joint materials as well as the change {n Young's
Modulus with temperature of both materials.

L 4
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r- f. Effect of Plating Thickness on Shear Areas of Threaded -1
Fasteners. In an effort to improve corrosion resistance of bolts and nuts,
consideration has been given to increased plating tnickness. While thick-
nesses are normally below 0.5 mil, threads can be "sized'" to allow heavier
coatings. Tables and figures were generated which show the effect of
plating thickness on thread dimensions and the resulting change in shear
area of the engaged bolt and nut.

Tables II through IV give dimensions for three bolt sizes while Tables V
through VII give the effect of the thread dimensions on the shear area.
Figures 11 through 16 show the effect of the plating thickness and thread
engagement on the shear area of the threaded members. Finally, in

Table VIII, the maximum shear area loss as a function of plating thickness
is shown.

2. Exposure Program - Deck Bolts.

a. Screening Test Specimen Design. The design of a suitable
specimen for representative joints of the catapult track cover was patterned
after the T-rail and bridle arrester applications where the bolt is
clamping dissimilar metals together and is subject to corrodent contamina-
tion from more than one direction. A typical area of the track cover
involves a bolt joining two metals as shown in Figure 1. The bolt head 1is
usually recessed and the threads mav or mav not be in a blind tapped hole.
The bridle arrester track is a good example of galvanic incompatihility
and is illustrated in Figure 2. The corrodent enters the ioint from three
directions and eventually finds its way into the tapped hole where it
collects and causes severe degradation.

A simple but suitable specimen design which allows top and side entrv of
corrodents was fabricated from the alloys normallv used aboard the carrier.
This specimen, shown in Figure 17, consists of an upper bushing made of

304 stainless steel, AISI 4340 alloy steel or manganese bronze, and a

lower blind tapped bushing made of 1018 steel. The upper bushing has a
counterbore to accommodate the bolt head with ample clearance for corrodent
to collect. It was tapered at its lower end to allow liquid to accumulate
at the corrodent entry slot of the lower bushing.

b. Coating Selections. Twenty five coatings were screened,
including both organic and inorganic compounds. Those selected for the
track application required temperature capabilities of 250°F. Theyv are
described in Table IX.

The coating selection included several candidates unknown for fastener use
along with a number of combinations thought to provide useful properties.
Little attention was given to economic considerations or dimensional
control , both of paramount importance for the final inspection. In

i addition to those coatings listed in Table IX, a number of metal coatings

y to be applied by mmtal powder or wire spray were considered by NAEC.

However , these were not received in time to be included in the selection for

the long term test.

L J
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c. Coating Application. Most of the electroplated coatings -1

were prepared at SPS in commercial plating baths with recommended practices.
The fasteners were mechanically blasted with 120 grit aluminum oxide and
then plated according to applicable specifications, as listed below:

Plating Specifications

Plating SPS No. Specification
l. Cadmium + Iridescent Dichromate P4 QQ-P-416, Type II
2. Zinc + Iridescent Dichromate P8 0Q-2-325, Type 11
3. Dull Nickel P12 QQ-N-290, Class 2
4. Diffused Nickel-Cadmium P24 AMS 2416
d. Coating Description. A description of the various coatings

used is given below:

1. Electroplated Aluminum, This coating was provided
by Ametek Electrochemical Development Labs in Sellersville, Pa. It is
eleccrodeposited from an ether bath in barrels or by rack immersion.
Alodine 1200S 1is a standard post conversion coating applied for most
corrosion environments. Electroplated aluminum is a very pute metal and
extremely susceptible to salt spray attack from the chloride ion. Being
sacrificial as well, it is consumed rapidly in marine environments when
coupled to more noble materials such as steel, stainless steel, and
manganese bronze.

2. Flame Spray Aluminum. This coating was provided by
the Naval Afir Engineering Center and is similar to that developed by
Metco, Inc. of Westbury, Long Island, N. Y. The coating was much too
thick and spalled off the base metal during attempts to densify it and
reduce its dimension. It was not tested. Much of the protection afforded
by the coating, accerding to Metco, is a result of the generous thickness
usually applied. Also, an oxide layer surrounds the aluminum metal and
offers further barrier protection. The protection provided by thin
coatings on the order of 1 mil or less is generally unknown but should be
considered marginal at best.

3. Thermal Decomposiiion Aluminum. Xenoclad is the name
given to this pure aluminum coating provided by TESCO of Houston, Texas.
It is deposited by heating the sample to a temperature exceeding 600°F
fellowed by quenching in an organo-aluminum liquid compound which decomposes.
The coating is characteriszed by its complete coverage, even in deep
recesses. However, being a pure aluminum, it is extremely susceptible
to salt spray attack and is consumed quickly.

4. Cadmium and Nylon 11. This coating system is designed
to provide Bealing by means of the Nylon and corrosion protection from the
cadmium. The latter was electrodeposited from a cyanide bath at SPS and
the Nylon was electrostatically sprayed on at the Naval Air Development
Center at Warminster, Pa. The Nylon is deposited as a powder which

L -
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l r:equires an oven treatment tc cause fusing. Small holes result here and _1
there which allow the corrodent to penetrate and consume the thin cadmium ¢
layer. Ultimately, the cadmium corrosion products 1ift the Nylon allowing
I more corrodent to enter and rusting occurs. The Nylon seems to seal the
threaded holes well, but it is applied so thick, the bolt is difficult to

install and remove.

. 5. Cadmium, This coating was provided by SPS in the i
standard industrial thickness of 0.2 to 0.4 mil as well as 0.5 mil minimum. a
ol Cadmium is normally applied from a cyanide bath and requires baking at
375°F for periods up to 24 hours to relieve the plated hardware of
embrittling hydrogen. Resistant to salt spray, cadmium plating of 0.5 mil )
thickness provides reasonable protection but of not a long enough duration. 4
Thicker cadmium platings would be more pore-free as well as having
b additional sacrificial materisl. Because cadmium has good lubrication
pProperties, it is advantageous to use for threaded fasteners.

6. Cadmium and Teflon. This coating svstem is designed
to provide sealing by means of the Teflon and corrosion protection from the
cadmium. The latter was electrodeposited from a cyanide bath at SPS and
the Teflon was sprayed on and cured by SPS Western at Santa Ana, Calif.
The Teflon provided minimal sealing action and proceeded to pop off, ,
probably because of mechanical abuse and corrosion product formation under
it. In order to be more effective, the Teflon should have adhered better
iy to the cadmium and could have been appl:ed somewhat thicker.

o 7. Cadmium and Sealant. This coating is designed to
provide sealing by means of the polysulfide sealant (Products Research

Corp. PRC-1436G) which was applied by SPS Western just under the head of

. the bolt. The cadmium plating was from a cyanide bath at SPS. The coating,
! which was cured before installation, offered no difficulty during

¢ installation.

i 8. Cadmium and Chromate. This coating is designed to
supply ample quantities of soluble chromates in addition to sacrificial
protection by means of the cadmium. The strontium chromate is well
» known for its corrosion inhibiting properties, especially with aluminum
1 structures.

9. Cadmium and Zinc. This coating system provides
cadmium which is resistant to marine enviromments and zinc which is
resistant to industrial environments. Both metals are electroplated from
cyanide baths and require baking to relieve the fasteners from hydrogen
embrittlement.

10. Coricone 800. This coating is a black organic paint-
- like coating, capable of resisting outdoor environments as well as a
number of chemicals. It was applied by Corro Therm, Inc. of Croyden, Pa.

11. Diffused Nickel-Cadmium. This coating system was
developed for high temperature applications up to 900°F. It was applied q
L at SPS by first depositing nickel from a sulfamate bath followed by
cadmium from a cyanide bath. The two lavers were then diffused at 630°F
; for 1 hour. AMS 2416 is the applicable specification number.

J
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r- 12. Nickel and Cadmium. This coating was applied at SPY ‘1
and is intended to provide sacrificial action and bariier protection. The
nickel was deposited from the sulfamate bath followed by the cadmium from
31 cyanide bath at SPS. -

13. Nickel and Electroplated Aluminum. This coating
system employved sulfamate nickel plated at SPS followed by electroplated
aluminum provided by Ametek of Sellersville. The aluminum provided
sacrificial protection and the nickel provided barrier protection.

14. Nickel and Thermal Decomposition Aluminum. This
coating system was designed to provide noble metal barrier protection along
with sacrificial action. The sulfamate nickel was deposited at SPS and
the Xenoclad aluminum was applied by TESCO of Houston, Texas.

15. Nickel and Zinc. This coating system was applied
by SPS from a sulfamate nickel bath and a cyanide zinc bath. The nickel
provides a berrier while the zinc offers sacrificial protection.

16. Nickel. This coating is a thick sulfamate nickel
plating (0.5 mil) applied by SPS unlike many of the thinner nickel base
coatings utilized in this program. It offers pore-free noble barrier
protection.

17. Nickel and SermeTel W. This coating system employs a
thin coating of sulfamate nickel applied by SPS over which is a layer of
SermeTel W, applied by Corro Therm, Inc. of Croydon, Pa. The former
coating provides barrier protection while the latter supplies sacrifical
action.

18. SermeTel W. This coating, applied by Corro Therm,
Tnc. of Crovdon, Pa. provides sacrificial and thermal protection in
corrosive environments. It was applied and cured according to AMS 2506.

19. SermeTel 554. This coating system employed a thin
sulfamate nickel laver provided by SPS followed by a laver of SermeTel 554
applied - Teleflex, Inc. of North Wales, Pa. The latter coating is
supposedly more sacrificial than SermeTel W.

20. Urethabond. This coating is a urethane paint,6 applied
by Corro Therm, Inc. of Croydon, Pa. Topcoat formulation U-100 was applied
over base cost formulation U-107. The system is said to be resistant to a
number of chemicals. Although it is a metallic-looking paint, the Uretha-
bond offers protection because it is fairlv thick and provides a sealing
action.

21, Zinc. This coating was provided bv SPS in the standard
industrial thickness of 0.2 to 0.4 mil a8 well as 0.5 mil minimum. Zinc is
normally applied from a cyanide bath and requires baking at 375°F for
periods up to 24 hours to relieve the plated hardware of embrittling
hydrogen.

L J
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22. Zinc and Teflon. This coating system is designed to _1
provide sealing by means of the Teflon and corrosion protection from the
{ zinc. The latter was electrodeposited from a cyanide bath at SPS and the
i Teflon was sprayed on and cured by SPS Western at Santa Ana, Calif.

23. Zinc and Cadmium. This coating system provides
cadmium which is resistant to marine enviromments and zinc which is
resistant to industrial environments. Both metals were electroplated from
cyanide baths at SPS and required baking to relieve the fasteners from
hydrogen embrittlement. The combination of sacrificial coatings protected
the threaded holes but did not offer much protection for the bolt area
exposed to the enviromment.

24. Tin - Cadmium. This coating system provides
sacrificial protection and no hydrogen embrittlement due to processing.
It was applied by the 3M Co. of St. Paul, Minn. by a cold welding process
where the fasteners are tumbled with the coating material, other chemicals,
and a tumbli:g media to aid in deposition. The thickness was several mils,
which caused minor problems with thread engagement. Regardless, the
threaded bushing holes were rusty, indicating the non-anodic or sacrificial
position of this coasting with respect to the steel. The bolt surface
exposed to the environment was also rusty, supporting the other evidence.

All of the screening program coatings except one were usable without
further processing. The wire-sprayed aluminum was very thick (i0 mils or
more) and required a reduction in order to obtain clearance for thread fit.
Accordingly, a device called a '"Fette Head" was employed to roll the coat-
ing with applied force in order to demsify it. However, instead of
producing a more dense coating, it caused the coating to spail off the
threads in pieces, leaving bare spaces.

Examination of the treated pieces revealed little or nc adhesion to the
sprayed coating. Thus, the rolling operation merely encouraged lifting of
the coatirng by deformation, rather than tearing it off. Subsequent lifting
or peeling was also accomplished by the use of a knife blade on areas not
in contact with the "Fette Head".

The densification process (8 judged possible but difficult in view of
these efforts and would require extensive work to improve the methods
required to provide a coating worthy of consideration.

} ‘ e. Coating Thickness. In most cases, coating thickness was

determined by thread gage measurements, as is the usual practice. Spot
checks were made on flat surfaces with a Magne-gage to insure the adequacy
of the coating thickness.

f. Assembly. All of the upper and lower bushings were
thoroughly degreased before installing the coated bolts and torquing to
600 inch-pounds.

——

2. Exposure. The low temperature screening test was conducted
in a 57 salt spray cabinet operated per ASTM Bl117-64. The temperature was

approximately 95°F and the specimens were mounted in a vertical position
on PVC tables B8 inches from the bottom of the cabinet. The enviromment

L J
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r:as maintained constant for a period of 2000 hovrs, excent for periodic 5 —1
minute observations aud removal of half the specimens after 1000 hours
exposure.

h, Long-Term Exposure. The selection of the hest coatings
from the screening test for a lonz-term simulated exposure at Ocean City,
N. J. depended on a siusple but agressive sro~imen design, where excessive
corrodent entry was provided for both the high and low temperature
applicationc. In order to strvive a much longer test period under more
realistic conditions, specimens were designed to be accommodated in exist-
ing but proven facilities.

One of the test facilities, located at Ocean City Research Corp., is a
turntable with programmed heat and corrodent sources. The turntable can
accomodate up to 18 specimens approximately 4 inches square. The specimen
was kept as small as possiple while still employing large diameter »olts.
Three different top plate materials were used, as in the screening rest,
along with HY80 steel for the bottom plate as shown in Figure 18.

Because of the three different tcp plate materialc and the 18 specimen
capacity of the facility, only six assemblies of each top material could
be employed. Therefore 12 coatings were selected, each to share half the
space on a specimen block. The 12 coating systems selected were on the
bas1s of performance, commercial availability and dimensional control.
They are listed in Table X.

The conditions employed for the long term test are shown in Table XI.
3. Exposure Program - Flange Fasteners.

a. Screening Test Specimen Dasign. ine elevated temperature
specimen, designed to simulate a steam pipe flange, consisted of a metal
cylinder with a "window'" for corrodent entry, a stud 3 inches long and
hex nuts to apply a load. It is shown ir Figure 19. The cylinder was
made from AIST 4130 steel, the alloy currently used for sceam pipes. The
stud material was MIL-5-1222, a high temperature alloy currently in use
{cr this application without benefit of a coating. The nut material was
the same as the stud. Nuts were obtained through the Naval stock system.

This simple design, without a gasket, allowe. for tightening the joint
just as in the actual application, although greater access of the
environment to the fasteners was provided in this test. The normal
application employs lagging which insulates the pipe but also gets soaked
with corrodents seeping in irom the deck above.

b. Coatings A list of the coatings for the high temperature
test is given in Table XII1, where only eight systems were evaluated, owing
to the absence of the noble metal powder and wire spray coatings mentioned
earlier. One of the systems tested was Inconel 718 studs and nuts. This
is an alloy capable of 220,000 psi strength level 6 exceptionally good
corrosion resistance, and a temperature capability in «xcess of 700°F.

A second screening test was run with the same coating systems employed on
the : tuds and nuts, but the steel cylinders were coated by NAEC with the

—




AND NAET 745 ikt e ol NAEC-ENG 7868
PLATE o 110818 PAGE 12
| r:le:co 120 system of wire sprayed aluminum. j
c. Exposure. The elevated temperature application was

simulated by a severe test consisting of 8 hours at 700f20°F followed bv

16 hours in 57 salt spray. This cycie was repeated 10 times, except for
weekends when the specimens remained in the salt spray. The specimens

were exposed to a total of 80 hours at 700°F and 256 hours of 5% salt spray.

d. Long Term Exposure. The long term, high temperature test
tequired a specimen resembling two pipe flanges with a gasket sandwiched
between them as well as an ample heat source to maintain a 700°F temperature
of the joint. Large diameter studs and nuts were employed to provide high
clamping forces. The sperimen design is shown in Figures 20 and 21. These
specimens were encapsulated in cocooms of lagging material and exposed to
a mixture of corrodents by means of periodic injection.

The coatings tested are shown in Table XIIT aund the conditions used are
shown in Table XXV.

4. Exposure Rack. The trial exposure of coated studs and nuts in
the launch valve room was of interest to determine how corrosion generated
there would compare to that generated in the long term high temperature
exposure program.

a. Design. A rack constructed of steel angle fastened
together with the test studs and nuts was designed as depicted in Figure
22. This rack was welded to the wall of the launch valve room by means of
a suitahle bracket and was covered with the pipe lagging normally used.
Full scale drawings of the rack components are given in Figures 23 and 24.

Studs of 3/4 inch diameter are spaced along the length of fastened right
angle 8o that ample space is available for wrenching.

b. Coating Selection. Since 12 fastening systems could be
employed, only 6 coating conditions were selected 8o that some would be in
the horizontal position and some would be in the vertical position. In
aldition to the bare comdition and an Inconel 718 system only 4 coatings
thought to be economical enough for use were selected as shown in Table
Xv.

e. Assembly. All of the studs and nuts were coated with
MIL-L-46010 (MR) (Sandstrom 9A) inhibited dry film lubricant on all
threaded areas and bearing faces before assembly. Sufficient torque was
employed to squeeze the angle iron completely together. Steel spacers
were used to effect a finite separation of 1/16 to 1/8 inches.

End brackets of 1/4 inch thick steel were welded to the rack so that the
bracket could easily be tack welded to the launch valve room wall.

d. Exposure. The two racks were sent by NAEC to aircraft
carriers in two different parts of the world. One was sent to the U.S.S.
Saratoga in the Mediteranean and the other to the U.S.S. Ranger in the
Pacific. The racks were exposed on the launch valve room wall for approxi-
matel 6 months before being sent back to NAEC for evaluation.

L J
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( 3. Metal Sprayed Bolts, A large quantity of alloy steel socket

! head cap screws was supplied to NAEC for coating with various metal systems.
! These coating systems were applied by a vendor and returned to SPS via

* NAEC. Representative samples were hung in a 57 salt spray cabinet by means

. of nylon monofilament until at least 507 of the surface was rusty. Table
XVI gives a list of the coatings.

The thickness was much greater than the 2 or 3 mils requested. This
characteristic did not permit the use of mating nuts or tapped holes to
be used in conjunction with the bolts.

6. Electrochemival Tests. Electrochemical potential and polariza-
tion me«.urements were made in order to quantify the performance of
candidate fastener coatings. The measurements were made on each coated
fastener in sea water prior to exposure, midway through the exposure test,
and at the end of the exposure test. Only the threaded area of the fastener
was included in the measurement. The remainder of the fastener was masked
with epoxy. The polarization measurements were non-destructive and

_ allowed accurate dicect calculations of corrosion rates for the metallic
| coatings.

The basis for using calculated corrosion rates to evaluate coating perfor-
i mance can be seen by examining the characteristic manner in which a
sacrificial type coating behaves in an aqueous enviromment. If a metallic
coating were applied perfectly to the substrate metal, it would be pore
free and would corrode at a rate characteristic of the coated metal,
itself. However, no coating system can be considered pore free and,
therefore, the calculated corrosion rate is a summation of both the local
action corrosion rate for the metal coating and the galvanic corrosion
rate caused by local bi-metal cells between the substrate metal and the
coating. The number and intensity of localized bi-metal cells on the
coated surface is a direct function of the porosity of the coating.
Because the porosity of a metal coating increases as the metal corrodes
or sacrifices, the corrosion reaction becomes self stimulating. Polariza-
tion measurements allow calculation of the changing corrosion rate as a
function of time. From the corrosion rate vs. time data, meaningful
extrapolations can be made allowing prediction of the useful service
life for individual coatings. This is simply not obtained by other
methods.

Corrosion rates of metals in aqueous environments are determined by ;
polarization measurements, according to the Stern and Geary equation:

|
I. = 1 , Byx B, ., Al ’

2.3 Ba + BC A a

where I. = local action corrosion current density 4
Ba = Anodic Tafel Slope A
Bc Cathodic Tafel Slope )

impressed current density
A polarization caused by impressed current, whenA¢<20 millivolts
L 4 |
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r?he corrosion rate is a linear function of Ic according to Faradav's Law: -1

Corrosion rate = klc
P

where k = electrochemical equivalent for spe-{ific metal
P = density of specific metal

For a given metal, Ba and Bc are relatively constant. In order to experi-
mentally determine a corrosion rate, it i8 necessary onlv to measure the
quantity A 1

a as I
Electrical potential measurements also provide meaningful data for evaluating
the performance of a sacrificial type coating. 1Initially, the base metal
with a sacrificial type coating would be expected to exhibit an electro-
chemical potential characteristic of the coating metal in the particular
aqueocus solution. As the metal coating is sacrificed. the potential will
change toward a value more characteristic of the base metal that the
coating. Potential measurements with time will give a meaningful indication
as to the performance of a sacrificial type coating.

Although a typical enviromment is often more atmospheric than total immersion
polarization and potential measurements in sea water provide semi-quanti-
tative performance data. The calc:lated corrosion rates in sea water are
not, of course, identical in magnitude to the corrosion rates that occur

in the atmosphere. However, changes in the sea water corrosion rate or

sea water potential as a function of time provide quantitative evidence

of how a metal coating is performéng in the atmosphere. These changes in

the characteristic properties of the coating may not be obvious bv physical
inspection.

Newly coated screws and previously exposed screws were subjected to the
electrochemical test described above in order to measure corrosion rates
and corrosion potentials.

C. RESULTS .

1. Low Temperature Screening Test. Observations of all low
temperature specimens immediately after removal from salt spray revealed
gross corrosion of the lower tapped bushing and excessive quantities of
corrosion products elsewhere. Thus, nothing significant could be
determined until this debris was removed and the specimens were disassembled.
Extensive cleaning was required of practically every component with soap,
water, and brass bristle brushes. After this treatment, the specimen
pieces were dried with compressed air, identified, and stored.

Examination was made visually with and without the aid of a 60X Stereo
zoom microscope. Comments relative to the appearance of the specimen
components are noted ‘n Table XVII.

2. Low-Temperature Long-Term Salt Spray. After 1000 hours of 57
salt spray exposure at SPS, the specimens were removed, cleaned and
examined. The results of this examination are shown in Table XVIII.

L J !
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l r- 3. Long-Term Low-Temperature Test. The Ocean City exposure
specimens were examined after 2 1/2 months on the test rig. Table XIX
! shows the results of the examination at this time.

After 4 1/2 months on the Ocean City test rig, an examination produced the
results shown in Table XX. After 7 months of exposure, the results shown
in Table XXI were observed. At the completion of 9 months of exposure,

an examination produced the results shown in Table XXII, and Photographs

1 rhrough 22.

4. High Temperature Screening Test. The results of the elevated
temperature test are shown in Photographs 23 through 30. An unexposed
stud and nuts, the assembled and exposed joint, and an exposed stud and
nuts are seen in each picture.

The electroplated aluminum is completely gone and severe rusting has
occurred. The nickel remaining under the electroplated aluminum in the
next system offers little additional protection. The diffused nickel
cadmium coating permitted thread rusting to occur, but the thick nickel
coating in the next svstem provided excellent protection.

The nickel flash and SermeTel 554 allowed slight rusting to occur, while
the nickel flash and SermeTel W showed more extensive rusting, including
a "frozen" nut on one stud. SermeTel W did not prevent rusting but kept
it to a minimum. The best system was the Inconel 718, whose surface
darkened due to a thermal oxide, but remained virtually unattacked
otherwise.

S. High Temperature Screening Test - Second Run. The results of
this exposure are shown in Figures 31 - 38,

In all cases, the studs and nuts appeared much better with the aluminum
coated cylinders than with the previously tested bare steel cylinders.

The electroplated aluminum has some white corrosior products on the threads
of the studs and nuts. No rusting was observed except on the steel
cylinder emanating from the inside where the surface was probably bare.

The cylinder faces were relatively clean and not significantly corroded.

The addition of electroplated aluminum over electroplated nickel did not
aggravate the cylinder face condition although red rust was found exuding
from the inside of the cylinder. The stud and nuts were also in excellent
condition with no red rust present and only a small amount of powdering
white corrosion product.

The stud with the diffused nickel-cadmium coating exhibited rust-like
stains on {ts center section which were probably from the insides of the
cylinder. The nuts had white corrosion products on the threads. However,
ther was some evidence of galvanic consumption of the aluminum coating
on the cylinder under the nut bearing face.

Electroplated nickel appeared unscathed on the stud and suffered from
minor rusting in the threads where thickness was reduced due to throwing
power losses. The cylinder was vwhite with corrosion products but was not
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r:ttacked any more than with the diffused nickel-cadmium coating. -]

No rusting was observed for the studs or nuts coated with nickel and
SermeTel W although appearance indicated the partial depletion of the top-
coat in some areas. The inside of the cylinder was rusty which spread to
the outside and the ends under the nut bearing surface were not signifi-
cantly attacked but merely darkened.

The SermeTel 554 had a little more white corrosion product than the previous
coating but appeared healthy otherwise. The nuts exhibited corrosion
product buildup on the bearing face and a small amount of rusting. The
cylinder rusted internally and the bearing faces were attacked slightly.

The SermeTel W allowed rusting to occur on the stud and nut threads.
Depletion of the coating was evident on the smooth shank portion. The
cylinder exhibited rusting internally and attack under the nut bearing
face.

No attack of the Incomnel 718 bolt or nut was observed. The cylinders were
rusty internally and had white corrosion products all over but were not
significantly attacked on the bearing ends.

6. Long Term High Temperature Test. After 6 weeks of exposure, the
cocoons were cut open and the metal specimens axamined. After 15 weeks of
exposure, the cocoons were cut open and the metal specimens re-examined.
Results of these examinations are shown in Tables XXIII and XVIV.

After 9 months of exposure, the specimens were removed, cleaned up and
examined. Comments are shown in Table XXV and Photographs 39 - 58 are
provided for visual evidence.

The fasteners were disassempled and the breakaway torques measured as
recorded in Table XXVI.

7. Exposure Racks. The rack from the U.S.S. Saratoga was returned
first and photographed after cleanup as shown in Photographs 59 - 64,
The rack from the U.S.S. Ranger was not as corroded as that from the
U.S.S. Saratoga. Both racks were completely disassembled and the
fasteners cleaned up before further examination.

Table XXVII lists the breakaway torques experienced for the various coating
systems. Once broken away, the prevailing torque required to disassemble
the joint had to be overcome. This value was significant where rusting

had occurred, such as on the bar¢ and electroless nickel conditions.

Table XXVIII lists the appearance of the various coating systems after they
had been cleaned up.

8. Metal Sprayed Bolts. Table XXIX lists the results of 5% salt
spray testing.

9. Electrochemical Tests. Tables XXX and XXXI present the data
obtained initially and midway through the test exposure. The initial

L -
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' rzéta shows several things. First, the beneficial effect of the poly- -1

sulfide sealant is quite obvious. The corrosion rate in sea water for the
‘ fasteners coated with sealant is an order of magnitude lower (0.027 and .39
‘ mil per year) than all of the other coatings except for the SermeTel W.
In essence, the polysulfide sealant acts as a barrier and effectively
reduces the exposed metal surface area. This results in a lower measured
corrosion rate. The SermeTel W coating also acts more as a barrier coating
than a metallic coating and effectively reduces the area of exposed metal.

The electroless nickel coating exhibited a rather high initial corrosion
rate (8.25 mpy), much greater than the electroplated nickel (1.03 mpy).

The data indicates that the electroless nickel coating as applied is more
porous than the electroplated nickel. On immersion of the electroless
nickel coated fastener in sea water, rusting occurred immediately at
numerocus pinholes. The electroplated nickel fastener exhibited a negligible
amount of rusting under the same conditions.

Initially, the cadmium coatings by themselves seem to corrode at about 5
times the rate of the zinc coatings in sea water. Zinc with a cadmium over-
coat showed a lower initial corrosion rate than cadmium with a zinc
overcoat. (Z¥ 1 mpy vs. 3 mpy).

The greater ability of zinc to cathodically protect the steel substrate
was evidenced by its high initial potential (&< - 1.02 V vs. Ag - AgCl).
Examination of the data shows that a zinc coated fastener could easily be
identified by simply measuring its corrosion potential.

Examination of the data obtained on the fasteners removed midway through
the test shows dramatic changes in both corrosion rate and potential.
Many of the fasteners exhibited much higher corrosion rates indicating
that most of the coating i8 gone. The measured corrosion rate is more
characteristic of the steel substrate. The measured potentials in these
cases are also characteristic of steel in sea water. For some of the
nickel coatings, the potentials are more noble than would be expected for
steel, indicating that some nickel still remains. However, because
nickel is noble to steel, high corrosion rates occur due to galvanic
action.

In some cases, very low corrosion rates were measured. This might be the
result of insoluble salt formation on some coatings. Even in these cases,
the potentials seemed to move toward values more characteristic of

steel. The most dramatic change in potential occurred for the zinc
coating. Except for the zinc overcoated with polysulfide sealant, the
potential of all zinc coatings increased to values more characteristic

of the steel substrate. The beneficial effect of the polysulfide sealant
is again demonstrated. It should also be mentioned that the fasteners
with polysulfide sealant were by far the easiest to remove from the test
plates and showed the least corrosion on the uncoated female threads.

In summary, the electrochemical data correlated well with visual observa-
tions and also provided quantitative support for rating coating performance.
There appears to be some anomalies. 1In view of only three data points
acquired for each fastener, the gathering of more data points would probably

L J
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r:esolve the anomalies and provide additional supplementary data as an aid .1

in quantitatively rating costing performance. For the record, electro-
chemical measurements made after 9 months of exposure are shown in Tables
XXXII and XXXIII. These tables show data for a bolt removed and reinstalled
at the 4.5 month point as well as for a bolt removed only after the full

9 months of exposure.
D. DISCUSSION.

1. Deck Bolts. Of all the coating systems tested, three were
considered clearly superior based on 9 month exposures and electrochemical
tests. Two of the three were sacrificial metals overcoated with a poly-
sulfide sealant. The third was a combination of two sacrificial metals.

In these three coating systems, only electroplated cadmium or zinc was
employed, both of which are commercially available. The polysulfide
sealant is a 2 part mix, prepared just before installation of the bolts
for wet application. However, it can be applied on the bolts and fullyv
cured before installation.

The cadmium plating protects the steel bolt and the threaded steel hole by
sacrificial action. Therefore, when all of the cadmium is depleted in a
given area, the bare steel causes the remaining cadmium to deplete even
faster. The only way to get more protection for the bare steel is to put
a longer lasting coating on top of it. This is achieved bv a thicker
sacrificial coating which will last longer but still will be consumed
eventuallyv.

Zinc, also a sacrificial coating, is consumed more rapidlv than cadmium
in a chloride environment because it is a more active metal and also
because its corrosion products are more soluble and do not offer surface
protection.

The coating system which had a base laver of cadmium and a top coating of
zinc (No. &4) did not protect nearly as well as the opposite condition.

The reason for this may be that the zinc topcoat depletes rather quickly
and the remaining cadmium cannot adequately protect. On the other hand,
if the cadmium is the topcoat and depletes much more slowly, a larger
samount of sacrificial metal is available during the course of the exposure.
This is probably the case with the coating system No. 12.

The polysul fide sealant is successful because it effectivelyv prevents
electrolyte from getting into the threads. Therefore, it works equally
well over cadmium or zinc as evidenced bv the results of this program.
Unfortunately, it cannot be used to close up the recess in or around the
bolt and therefore offers little protection to the head and drive.

Whether the sealant is applied wet or pre-cured, as in this program, it

is capable of preventing the entry of contaminants into the joint. There-
fore, it should also provide protection to the threaded hole even if the
bolt is bare allov steel. This high degree of protection in the threaded
area should be matched by a similar high degree of protection on the bolt
head.

v - - -
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sacrificial coatings, whether they be zinc, cadmium, or aluminum, cannot
withstand the harsh deck enviromment as well as a more noble coating.
Therefore, electroplated nickel in sufficient thickness has been shown

to offer outstanding protection to the bolt head. The combination of
nickel and cadmium in a diffused coating was shown to be not as good as
cadmium in protecting the threads and no better than the nickel protecting
the head.

Therefore, the coating system required for this application should be
different in two separate areas. This coating technique is relatively
expensive if masking is emploved but relativelv inexpensive if nickel is
applied <11 over the bolt in a thickness sufficient to protect the head.
Cadmium can then be plated over the nickel so that the threaded area will
be sacrificial. If used in service in this manner, the cadmium on exposed
surfaces, such as the head, will be consumed but the remaining nickel will
protect by barrier action., Meanwhile, the nickel on the threads will cause
minimal problems because there is sufficient cadmium over it to maintain

a sacrificial qualitv as well as provide lubricity for torque requirements.
When the cadmium is eventually depleted in the threaded area, the remaining
nickel can cause galvanic attack. However, a periodic replenishment of
cadmium plating over an undamaged nickel plated bolt would serve to restore
the bolt to a "new" condition and guarantee additional corrosion.free life
for the threaded hole. This technique will work only if a thick coating
of approximately 1 mil can be tolerated on the threads.

If the nickel plating could do an excellent job of protection on the head
and the sealant protects likewise in the threads, then it is conceivable
that a nickel plated bolt, without cadmium, could be used with sealant for
the bridle arrester track application. After all, {f the sealant prevents
corrodent entry into the threaded hole, how could galvanic action occur
between the nickel and the bare steel?

In theory this is correct but in practice it can be shown that some bolts
will be install>d, perhaps in haste, without sealant, and corrosion will
occur unchecke. until the next regularly scheduled maintenance. The
additéon of the cadmium over the nickel can serve as ''insurance' 8o that
even if the sealant is not applied or is applied improperly, the presence
of the cadmium will serve to sacrificially protect the threaded hole.

2. Flange Studs. The combination of elevated temperature and
severe corrosive environment limit the number of coating systems applicable
for this installation. Cadmium and zinc plating should not be used above
450°F because of the threat of stress alloy cracking. Aluminum plating or
coating can be used but does not sufficiently resist the chloride ion with
the relatively thin layer required on the threads. Without the three
primary sacrificial metals, protection schemes fall upon the noble nature
of nickel and chromium.

These coatings are barriers and protect only when they are thick enough
to be relatively pore-free. This study has shown how electroless nickel
deposits allowed rusting all over at the same thickness level where

electroplated nickel was virtually completely protective. In order to
provide a rust-free surface after exposure, a relatively thick coating

Lgf nickel (.0007") was employed.

-
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rsther coating svstems evaluated or considered did not or could not with- -1

stand the harsh environment of the laborator. tests Or could not be
deposited according to the thickness requirements generally acceptable for
fasteners. Where sacrificial type coating systems were evaluated, such as
SermeTel W, it was found that corrosion products made it more difficult

to remove the nut rrom the stud. In fact after a screening test, a
SermeTel W coated nut could not be removed from the stud.

The best system tested was one in which both stud and nut were of corrosion
resistant materials. In the laboratorv tests, Inconel 718 proved to be an
excellent chofce and exhibited no attack. Even in the carrier exposure
test, the Waspalov nut and Inconel 718 stud were not visibly attacked.
Thus, an "infinitelv thick coating' (solid corrosion resistant allov) has
the ability to completely resist the enviromment without fear or worry of
corrosion damage. Anvthing less resistant than an excellent corrosion
resistant alloy may not provide the same results.

It must be understood also that corrosion resistant allovs other than
Inconel 718 have to satisfy the physical requirements discussed in Appendix
A pertaining to the effect of temperature on the preload. If an indiscrimi-
nate choice is made, the possibility exists of either losing the sealing
action on the flange joint or exceeding the tensile strength of the studs.
In both cases, a loss of steam will occur, although in the latter case,
broken studs of large diameters could be flying danzerously through the
compartment .

The galvanic corrosion between the nickel plated nut bearing face and the
Metco 120 aluminum coated steel plate can be controlled by employing
aluminum clad steel washers under the nut. This aluminum coating can be
the Metco 120 system,SermeTel W, ov Nickel + SermeTel W, Diffused Nickel-
Cadmium, or a temperature resistaat non-metallic coating can also be
employed.

Another concept worthy of consideratioa is to use a high strength

corrosion resistant alloy such as Inconel 718 in place of the current lower
strength alloy steel but with a reduced diameter. This feature would

make it practical to utilize existing holes by means of bushings and/or
washers with protective coating. The reduced diameter corrosion resistant
alloy studs would provide the same clamping force as at present with no
requirement for a major design change.

It is interesting to note the good correlation between the laboratory tests
and the aircraft carrier exposure, even though the latter was at launch
valve room temperature and not at 700°F.

E. CONCLUSTIONS .

1. The harsh environment present on deck and in the launch valve
room as well as the limited maintenance provided at sea necessitates
superior corrosion regsistance for fasteners in order to remove and reinstall

them.

2. Superior corrosjon resistance for deck bolts can be provided by
cadmium and/or zinc with thicknesses in the 0.5 to 1.0 mil range even though

L -
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3. A polysulfide sealant, applied over a plated deck bolt and
i installed wet, offers the best solution to preventing severe corrosion
in blind tapped holes.

4. Electroplated sul famate nickel, with a thickness of at least
0.5 mil protects deck bolt heads better than the same thickness of cadmium
or zinc.

5. Electroplated sulfamate nickel, with a thickness of at least

0.7 mil, protects launch valve flange studs and nuts better than any other
coating svstem tested.

6. Inconel 718 alloy provides the best solution to preventing
corrosion of launch valve studs and nuts.

7. Metal sprayed coating is not yet suitable for application on
bolts without obtaining extremely thick coatings which cannot be tolerated
Oor are too porous to provide barrier protection.
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Figure 2. Bxisting Bridle Arrester Track System
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Figure 3. Proposed Two-Piece Bridle Arrester Track to
minimisze lateral seepage of corrodent into
blind bolt hole
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Figure 4. Wet sealed insert provides extra threads and
corrosion resistant installation.
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Figure 3. Proposed bridle track arrester bolt with
countersunk head.
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Figure 7. Locking and Sealing
Devices

Squeesable Void Filler

Figure 9. Sealing Device
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Plating Thickness, Mils

Effect of Plating Thickness and Thread Engagement on
Shear Area of 1/2-13, Class 2, Internal Threaded Nut.
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TABLE I ;
Susmary of Calculations for Elevated Temperasture Application
1
Bolt Material By By -~ 3 Fp F
Same as joint 30x10° 26x10® 7.7x10% 20,068 1b.
A-286 29 x10° 25 x10®° 9.5x10% 1,301 1.
PH13-8Mo 29.64 « 16° 25 x10° 5.3 x10® 44,604 1b.
MP3SN 33.6 x 10° 30.8x10° 8.2x10°% 14,507 1.
Waspaloy 30.6 x 10° 28.8x10° 7.3 x10°% 26,379 1.
Incorel 718 29.6 x 10° 27.2x10° 7.7 x10% 21,182 1b.
17-4 PH 28.5 x 10° 24.8x10® 5.7x10% 40,724 1b.
MP159 35.3x10° 31.5x10° 7.9x10® 18,069 1b.
Note: The following values were fixed for this problem:
Ay = 0.7854 square inches Fr = 552,000 1b.
Aj = 228.55 square inches 1B = 4.5 inches
d = 1 inch lj = 4.5 inches
D, = 13 fnches n = 24 bolts
D, = 22 inches At - 570°F (650-80)
z'; = 30 x 100 psi oc, = 7.7x 106 in/in/°F
!} = 26 x 106 psi
-
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! TABLE II1
Dimensions for 1/2-13, Class 2, External (Balt) Threads
All dimensions are inches
Major Diameter Pitch Dismeter
Plating Thickness Max. Min. Max. Min.
0 .5000 L4896 .4500 L4448
.0005 .4990 .4886 .4480 4428
.0010 .4980 .4876 .4460 .4408
.0020 .4960 .4856 .4420 .4368
.0030 .4940 .4836 .4380 .4328
Internal thread is .4552/.4500 pitch diameter
.4290/.4167 minor diameter
TABLE III
Dimensions for 3/4-10, Class 2, External (Bolt) Threads
All dimensions are inches
Major Diameter Pitch Diarneter
Plating Thickness Max. Min. Max. Min.
0 .7500 .7372 .6850 .6786
.0005 .7490 .7362 .6830 .6766
.0010 .7480 .7352 .6810 .6746
.0020 . 7460 .7332 .6770 .6706
.0030 . 7440 L7312 .6730 .6666
Internal thread is .6914/.6850 pitch diameter
.6553/.6417 minor diameter
TABLE TV
Dimensions for 1-8, Class 2, External (Bolt) Threads
All dimensions are inches
+  Major Dismeter Pitch Diameter
Plating Thickness Max. Min. Max. Min.
0 1.000 .9848 .9188 L9112
. 0005 .9990 .9838 .9168 .9092
.0010 .9980 .9828 .9148 .9072
.0020 .9960 .9808 .9108 .9032
.0030 .9940 .9788 .9068 .8992

Internal thread is .9264/.9188 pitch diameter

L

.8795/.8647 minor dismeter

7868
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3 TABLE V

[

' Effect of 1/2-13 Thread Dimensions on Shear Area

[ Diameter, in. Shear Areas, square inches

External .5D-L.B. = .25 .750-L.E. = 37§ 1D-L.E, = ,500
j P.D. Int. A Ext. A Int. A Ext. A Int. A Ext. A

'1 Major n x . x

2 . 5000 .4500 .328 .221 .492 .332 .656 443
4990 L4480 .325 .216 .487 .325 .649 .433
4980 L4460 .321 211 .482 317 .642 .423
4960 L4420 314 .201 471 .302 .628 .402

N .4940 .4380 .307 .191 .460 .287 .613 .382
.4896 L4448 .291 .208 .437 .312 .583 417
.4886 L4428 .288 .203 432 .305 .576 .406
.4876 .4408 .284 .198 426 .297 .569 .396
4856 .4368 .277 .188 416 .282 .555 .376
4836 .6328 271 .178 406 .267 5462 .356
Notes:

. 1. P. D. means pitch diameter

! 2, L. E. wmeans length of engagement

3. Internal thread at maximmm condition, {.e. P.D, = ,4552,
minor = ,4290

——
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TABLE VI
Effect of 3/4-10 Thread Dimensions on Shear Area
Diameter, in. Shear'Areasl_gggpre inches
External .S5D-L.E, = ,375 .75D-L.E. = .563 1D-L.E, = .75

Ma jor P.D, Int. A Ext, A Int. A Ext. A Int. A Ext. A
.7500 .6850 .740 .518 1.111 .778 1.481 1.036
.7490 .6830 .734 .509 1.102 .764 1.468 1.019
. 7480 .6810 .728 .500 1.093 .751 1.456 1.001
. 7460 .6770 .716 .483 1.075 .724 1.432 .965
. 7440 .6730 .704 465 1.057 .698 1.408 .929
.7372 .6786 .664 .489 .996 .735 1.327 .979
.7362 .6766 .658 481 .987 .722 1.315 .961
.7352 .6746 652 472 .979 .708 1.303 .943
.7332 .6706 .640 454 .961 .681 1.280 .908
.7312 .6666 .628 L4636 ~943 .655 1.257 .872
Notes:

1. P. D. means pitch diameter

2. L. E. means length of engagement

3. Internal thread at maximum condition, i.e. P.D. = .6914,

minor = ,6553

L |
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TABLE VII
Effect of 1-8 Thread Dimensions on Shear Area
Diameter, in. Shear Areas, square inches
External .5D-L.E, = .5 .75D-L. B, = .75 1D-L.E. = 1,00
Ma jor P.D. Int. A Ext. A Int. A Ext. A Int. A Ext. A
1.000 .9188 1.319 .941 1.978 1.412 2.638 1.882
.9990 .9168 1.310 .928 1.966 1.393 " 2.627 1.857
.9980 .9148 1.302 .916 1.953 1.374 2.606 1.831
.9960 .9108 1.285 .890 1.927 1.335 2.569 1.781
.9940 .9068 1.268 .865 1.902 1.297 2.536 1.730
.9848 .9112 1.190 .893 1.785 1.339 2.381 1.786
.9838 .9092 1.182 .880 1.773 1.320 2.364 1.760
.9828 .9072 1.174 .867 1.761 1.301 2.347 1.735
.9808 .9032 1.157 .842 1.735 1.263 2.314 1.684
.9788 .8992 1.141 .816 1.711 1.224 2.281 1.632
Notes:
1. P. D. means pitch diameter
2. L. E. means length of engagement
3. Internal thread at maximum condition, i.e. P.D. = .9264,

minor = .8795

-
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Nut Plating
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TABLE IX

Low Temperature Screening Program Coatinge

No. Coating f
1. Electroplated aluminum (0.5 mil) Q
2. Flame sprayed aluminum (Not tested) :
3. Xenoclad aluminum (0.5 mil)

4, Electroplated cyanide cadmium (0.5 mil) + Nylon 11

5. Electroplated cyanide cadmium (0.2 - 0.4 min)

6. Electroplated cyanide cadmium (0.5 mil min.)

7. Electroplated cyanide cadmium (0.2 - 0.4 mil) + Teflon

8. Electroplated cyanide cadmium (0.5 mil min.) + Polysulfide sealant
9. Elsctroplated cyanide cadmium (0.5 mil min.) + soluble chromate
10. Electroplated cyanide cadmium (0.2 mil) + electroplated cyanide

ginc (0.3 mil)
11. Coricone 800
12. Diffused nickel-cadmium
13. Electroplated sulfamate nickel (0.1 mil) + electroplated cyanide
1 cadmium (0.4 mil)
14. Electroplated sulfamate nickel (0.1 mil) + electroplated aluminum
(0.4 mil)
15. Electroplated sulfamate nickel (0.1 mil) + Xenoclad aluminum
(0.4 mil)
16. Electroplated sulfamate nickel (0.2 mil) + electroplated cyanide
zinc (0.3 mil)
a7, Electroplated sulfamate nickel (0.5 mil)
18. Electroplated sulfamate nickel (0.2 mil) + SermeTel W per AMS 2506
19. SermeTel W per AMS 2506
20. Electroplated sulfamate nickel (0.1 mil) + SermeTel 554
21. Urethabond U-100 over U-107
22. Electroplated cyanide zinc (0.2 - 0.4 mil)
23. Electroplated cyanide zinc (0.2 - 0.4 mil) + Teflon ;
24. Electroplated cyanide zinc (0.5 mil min.) ;
25. Electroplated cyanide zinc (0.2 mil) + electroplated cyanide cadmium ‘
(0.3 mil)
26. Mechanically plated tin-cadmium
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TABLE X

Long-Term Low Temperature Coating Systems

No. Coating System

1. Electroplated cyanide cadmium (0.3 to 0.5 mil) + {ridescent
dichromate

2. Electroplated cyanide cadmium (0.5 mil min.) + iridescent dichromate

3. Electroplated cyanide cadmium (0.5 mil min.) + iridescent dichromate
+ PRC 1436G polysulfide sealant under head and on threads

4. Electroplated cyanide cadmium (0.2 mil) + electroplated cyanide zinc
(0.3 mil) + dichromate

5. Electroless nickel (0.6 mil)
6. Electroplated sulfamate nickel (0.3 to 0.5 mil)
' 7. Diffused nickel-cadmium per AMS 2416
8. SermeTel W per AMS 2506
9. Electroplated cyanide zinc (0.3 to 0.5 mil) + dichromate
10. Electroplated cyanide zinc (0.5 mil min.) + dichromate

11. Electroplated cyanide zinc (0.5 mil min.) + dichromate + PRC-1436G
polysulfide sealant underhead and on threads

12. Electroplated cyanide zinc (0.2 mil) + electroplated cyanide cadmium
(0.3 mil) + iridescent dichromate

r
L
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TABLE XI

Long Term Low Temperature Conditions

Daily

1.

Heat, 1 hour with cycle consisting of: hot air blast (400°F).
duration 15 seconds; marine atmosphere 2 minutes, 45 seconds.
Twenty cycles per hour.

Acidified seawater spray - 5 minutes (8% by wt. sulfurous acid).

3. Seawater jmmersion - 2 hours.

4, Marine atmosphere - 20 hours, 55 minutes.

Weekly

1. Using paint brush, all samples wet down with the following:

a. lube o1l (automotive grade)
b. hydraulic (catapult) - MIL-H-22072A
c. Afrcraft cleaning solution - 50% MIL-C-43616, 50% MIL-C-25679

Scrub down with'detergent mixture - 5% detergent, Type II, 957 JP-5.
Simulates procedures described in NAVSHIPS Technical Manual, Chapter
9140, 22 June 66, "Cleaning Method A".

Continue cycle for 9 months.
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TABLE XII

High Temperature Screening Program Coatings

_No. Coating
1. Electroplated aluminum (0.5 mil)
2. Electroplated sulfamate nickel (0.1 mil) + electroplated
aluminum (0.4 mil)
3. Diffused nickel-cadmium
4, Electroplated sulfamate nickel (0.5 mil)
S. Electroplated sulfamate nickel (0.1 mil) + SermeTel 554
6. Electroplated sulfamate nickel (0.1 mil) + SermeTel W
7. SermeTel W
8. Inconel 718 studs and nuts

Note: A second test was run with all steel cylinders coated by NAEC
with the Metco 120 system of wire sprayed aluminum
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TABLE XIIX
Long~Term High Temperature Coating Systems

No. Coating System

i. Bare studs and nuts

2. Electroplated sulfamate nickel (.0004 inches thick)

3. Electroplated sulfamate nickel (.0007 inches thick)

4, Diffused nickel~cadmium per AMS 2416

S. Electroless nickel (.0004 inches thick)

6. Electroless nickel (.0007 inches thick)

7. Electroplated sulfamate nickel (.0003 inches thick) and SermeTel W

B. SermeTel W per AMS 2506

9. SermeTel W (.0004 to .0007 inches thick) cured at 650°F - 15 min.
and 1000°F ~ 1.5 hours

10. Inconel 718 alloy studs and nuts

Note: All threaded surfaces coated with MIL~L~40010 (MR) dry film
lubricant
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TABLE XIV

Long Term High Temperature Conditions

Specimens mounted in test capsules simulating launch valve insulation
procedures.

Monday - inject 500 ml. solution into each specimen. Solution
contains: 857 seawater solution of 2% salinity (deionized water
diluted), 5% hydraulic fluid (MIL-H-22072A), 5% aircraft cleaning
solution (507 MIL-C-43616, 507 MIL-C-25679), 5% deck washdown solution
5% detergent Type I1I, 95% JP-5).

Monday Noon: Turn on heaters, set to approx. 150°F.

Monday 5 P.M.: Increase temperature to approx. 300°F.

Tuesday 4 P.M.: Increase temperature to approx. 450°F.

Wednesday 4 P.M.: Increase temperature to approx. 600°F.

Thursday 4 P.M.: Increase temperature to approx. 700°F.

Friday 4 P.M.: Turn off heaters until Monday.

Continue cycle for 9 months,

g
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TABLE XV
Exposure Rack Coating Systems
1. Bare
2; Diffused Nickel-Cadmium
3. Electroplated Sulfamate Nickél (0.7 mil)
4, Electroless Nickel (0.4 mil)
5. Electroplated Sulfamate Nickel (0.4 mil)
6. Inconel 718
Note: All threaded areas coated with inhibited dry film lubricant

1)
'3
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TABLE XVI

Metal Sprayed Coatings

Description

Aluminum (wire spray)

Afuminum and molybdenum wire spray - simultaneously sprayed
Aluminum powder and Multiphase MP35N powder 1:1 mixture
Alumiaum powder and titanium powder 1:1 mixture

Multiphase MP35N (powder)

Nickel Aluminide base coat and aluminum top coat

Titanium

Zine (wire spray)

Zinc and aluminum wire spray - simultaneously sprayed

Processing Instructions:

1. Coat 5 each of the 1/2 inch cocrse and fine fasieners with the
coatings above to a total thickness not to exceed .002 inches. Two
each (coarse and fine thread) of items marked * are +o be heated
to 1000°F for one hour subsequent to coa*ing and identified by
coating lower 1/4 inch of threaded area with zinc chromate primer.

Coat 5 each of the 1/2 inch coarse and fine fasteners with the
coatings above to a minimum thickness cf .003 inches and a
maximum of .004 inches.

Coa four 1 inch dia. bolts with above coatings to max. thickness
of .002 inches. Heat treat and identify 2 e.ch of the {tems
marked with *, :

Coat four 1 inch dia. bolts with above coatings to min. thickness of
.002 inches and max. thickness of .003 inches.

Grit blast all over to white metal before coating.
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TABLE XVII

Low Temperature Screening Test Results

Coating

M. |
Electroplated Alueimm

Upper Bushing Meteriel

Stegl

Plating visible irower
half tnch of threods.
fecess rusty.

Ases near slet ruety.

fusty 1. D. and
bearing fece except
for fillet Desring
ares.

Threads rusty,

Sietnless Scesl
Plating vistidble lower
half inch of threads.
Recess rusty,

Area neer slet rwety.

Se attack,

Threzds siightly

NAEC-ENG
PAGE 55

Mengonsoe Bremag
Plating visible lower
holl inch of threade.
Recesd rusty.

Ares near slet rusty.

Ne atteck.

Thresds ruaty,

reety,
Me. 2
Fleme Spray Alumtrum ? Bot tested. Bet tetted. ot tested.
et teoted. Bet tested. et tested.
i Bot tested. Bot tested, Mot tested,

7868

.|

No. 3
Thermal Decompesition
AMlunioms

g
[};3_]

-
el

Plating visidie iower
halt tnch of threads,
Rensinder of aree
vety.

Innet ourlses
totally rwety.

Threade rTusty.

Fisting visible lower
helt tnch of threads.
Remainder of sres
ety.

Be attoeck,

Threade slightly
ey,

Platting visidle lower
halt inch of threads.
Remsinder of sres
reety.

Beo attach.

Thresds slightly
reety.

e, &
Cadmiun + MWyloms

A4

[
2
;

Rusty 1o recess under

head and ares mear slet.

Wylon lifting.

Rusty im recess under
head ond lower threads.
Rylem lifeing.

Busty 1.D, ond bearing N atteck.

face encept for fillet
besring eres.

Turesde cless.

Theeads cloea.

Ruety head 0.0. and
recess.
Nylos lifting.

Theoade cloen.
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Cuating

No. 3
Codnium, 0.2 - 0.4 wfl

TABLE XVII -(Continued)

Upper Bushing Material

Steel

Plating vieidle lower
half fnch of threeds.
Very slightly ruscy
on recess side.
Recess edge attacked.

Inner eurface .
totally rusty.

Threads very slightly
rusey.

Steinless Bres]

Plating visible lower
half inch of thresds,
Rust evident in olot
ares, under head ond
in racess.

No attack.

Threads sxtremely
rusty.

NAEC-ENG 7868
paGE 36

j
Mengsngse Bronzy

Plating visible lewer
half tnch, olight
rusting elsevhere.

Wo stteck.

Threede extremsly
Tudty.

Mo, 6
Cadnium, 0.3 »il ainm.

Plating visible lower
half inch of threads.
Rusty elsevhere, bt
not heavy.

Plating visible lower
half inch of threads,
belew fiilet, and
recesd bottom.

Plating visible lower
welf iach of threade
sad fillec.

Recese bottaom tusty,

light rust eo heod,

Inner surfsce totally Ko sttack. No attack,
Tusty.
Threede appesr dirty Threads sppear dirty Thresds rwaty.
but not rusty. bst ot rusty,
Ne. 7
Codaium + Teflom Teflon flsking off, Teflon not evident Teflon evident ealy -
no cadmnium evident except aome im fillet lower half imch of
beneath except on snd on lower half threads,
lower half tech of inech of thresds. Slightly rusty .
thresds. Slightly rusty elsevhere,
Rusting light. eloovhere.
Inner surface rusty No sttack. No attack.
except for fillet
ares,
Thresds cleam, Threads ruaty, Threads rusted

entensively,

do. 8
Codnium + Sealant E’
[}
3

Plating visible lover
half tnch of threads.
Rusty slsevhers, not
hesvy.

Inner surlace rusty
sxcept for bearing
foce ond bolow fillet.

Thresds exceptionelly
clesn,

Plating visible lowsi
half inch of threads.
Rusty eleevhere, aeot
heavy.

Mo acteck,

Threads rust covered
St not stteched.

®lating visible lower
half inch of threeds
and delov fillet.
Scale in recess.

Be sttock.

Thresde r.'oxy.

—

-1
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TABLE XVI] - (Continued)
Upper Bushing Naterisl
Craring  TTYY ftainlges Steel Mergnanese Pronse
. ¢
Cadmium ¢+ Soluble Not tested. Slot srea rusty, Pleting intect lower
Chromats costing sctroped off hall imch of theeads.
lower threeds leavimg Rusty recess, top of
cadmiue intect. heod ond slet area.
N4 Not tesced. e sttock, Wo attech,
FEY
‘ H Mot tested. Threads ruety, Threods very ruwaty,
]
no. 10

Cadmivm ¢+ stiec

-

G

Plating visibie lower
half inch of threade
ond some underheed.
Recese ruety.

Inmer eurfece ruaty
encept for fillet
srea.

Threads clom.

Plating istact ow
threads.

Recess rwety.

%o atteck,

Wite depesic o
threads.

Plating depleted in
elet area.

Be attach,

Wite dapesit oa
threade,

Costing stripped off
thresds 3% ores,
rusty, peeling ou head
ond wader hood,

Beavy rust oa imoer
surfece.

Threads rusty,

ST coating stripped
from threads, severs
crevice sttack en
hoad ond srcund
recess.

Be sttack,

Thresds resty,

1% costing stripped

from threads, stripped
under head vhers crevice
attack observed.

Racess alse crevice
attacked.

We astteck,

Threeds rusty.

it e .
--d
]

Diffused Mickal-Caduium E

Light 1uet almest
non-existent.

Internal sree rusty.

Threads alightly
rusty.

Neavy Tust brosch
bettom and near slot.
Recess eodge attached,

No stteck,

Thresds rusty.

Light rust only i
slet avz”. ond recess.

We sttack.

Thresde lighely
rusted.

Mo, 1)
Hichel 4 Coduium

Plating (ntect lower
hatt inch of thresds.
Slot ares slightly
rusty.

Rusty under heod and
in recess.

Inner sucfoce ruety
entept for fillee area.

Threods olightly reety,

Plating intsct lower
holf imch of thresds,
Fillet ares slightly
rusty.

fecoss TuSty.

Re sttack,

Threads olightly rusty.

Plating incact lower
half inch of thresds,
Tulty slet eres, Tecess
and tep of head sttoched.

%o attech.

Threode slightly rwety,

7868
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TABLE XVII - (Countinued)

Upper Bushing Matecfial
Steel Siainleas Stee]
Costing intsct sll ever. Costing intsce, brosch
Slightly rusty in vecess rusty.

and on threads.

Inner - urface vuety.

Threads sltgutly
rusty.

Elight crevice
stteck,

Thresds slightly
Tusty.

NAEC-ENG
PAGE 38

Mangonese Bronze

Coating dtained {o
slot srea, broach
sttacked slightly on
edge, wore om bottom.

e sttack,

Thresde slightly
ety

2-60
PLATE nO. V1BO2
- r
.
Costing

,‘ No. 1é
Nickel + Elactroplated
Aluminus
No. 1S

Nickal + Thermsl
Decomposition Aluminss

Nickel gntect atl

over.
Rust staime, dut 0o
attack,

Inner surface rusty.

Threads ruety.

Crevice sttack under
hesd edge, drosch
bottom and edge. .

Ko attack.

Threads very rusty.

Costing lower halt

inch of thresde, 0.X.
Reoty slot ares,

Attock head edge, recess
odps, breach bottom.

No stteck,

Threeds Tusty,

No. 16
Nickel ¢ Zine

Coating visible lover
half fnch of threads.
Rusty slot, under baad
and vecess,

Innet surfasce rusty.

Threads slightly
rusty.

Coating visible lewer
half tnch of thresds.
Rusty slot wnd
Tecess,

Wo atteek.

Threads slightly
rusty.

Rusty slot aves,
1 rco88 ATes.

Ne stteck.

Thresds rusty.

Bo. 17
Rickel, 0.3 wil min

Rust stains.
Neglible sttack.

Inner surface
completely rusty.

Threads rusty,

Slight attack elet
ares, heavy attach
recess bottem,

Slight crevice
atteck.

Thresds rusty,

Insignificant atteck
except for recess
bottes.

No ateeck,

Threades rusty.

Fo. 18
4 Rickel + SermeTol W

Rusty recess and
slot area,

InneT sufface rusty
except for fillet
ares.

Threads tuety,

Iult‘y racete snd
alot area.

%o sttaek.

Threads slightly
resty.

of tecety,

Ne sttmh,

Throeds Twety,

7868
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Bo. 19
SermeTul W

JABLE XVII - (Continyed)

Upper BDushing Material

Steel

Coating intect lower
hetl ‘nch of threads.
Peeling very slightly.
Rusting upper holl inch
of threads.

Recess olde slightly
rusty. Chipping ea
heod. *

Rusty tmmer surface
encept for Cillet
area.

Threads very slightly
rusty.

Ssoainlese Sege)

Thread ceeting imtact.
Attack under heod with
rust bleeding.

Recoss oide and odge
attached,

Ne ettach.

Threads olightly
rusty.

NAEC-ENG 7868
PAGE %9
j
mm.. !!m

Threed costing intect.
Attoch umder head,
rocots side and odge.

W attesk.

Threads resty.

No. 20
SermaTel 334

fust statue on threads,
recoss rusty.

Rusty {mmet serfasce
oncopt for fillet
ared.

Threads slightly
resty.

Threade rust stained,
attack under hoad,
tecess odge,and
botten.

Thresds rusty.

Cesting 0.K. lower
half fach, recese edge
ond bottem sttacked.

s atteck.

Threads cleen .

No. 21
Urethabond

Rusty olee, fillet,
receds.

Inner surface
complately ruesty,

Thresds reety.

Costing intect ou 951
of thresded arva.
Lifting on hood.
Recoss resty.

Ne sttach.

Threed very
slightly rusty.

Costing intect ea
thresd area excopt
for slet srea.
Recess edge ond
betten actached.

Be atteck.

Threads olightly
rusty,

Ne. 22
?ine, 0.2

- 0.4 mfl

fusty elot sad
Tecess arees.

Innes surface
completely rveted.

Thresds clean.

Rusty slet ond
recess aress.

Ne sttech.

Thareeds clean.

Rusty slot and
recess aress.

N actech.

Threode alightly
Teety.
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TABLE XVII - (Continued)

Stee)

R:oty slot and
recans,
Peoling on head.

Busty immer swrfece
encept for fillet
area.

Threeds slightly
Nety.

Opper Bushing Nsteriel
a

Susty slot end
Tecess.
Poeling ou hood.

B atteck.

Threods very rusty.

NAEC-ENG
PAGE ¢

Nengapoce jregsy

Musty elot ond
recess.
Peeliang on heed.

B attesh.

Threade slightly
rvety,

7868

1

Ne. 24
tinc, 0.5 wil wis.

[ wmao

- i
-4

Plating vieible lower
holf inch of throads
ond (illet avea.
Light rwet en threade
and hoevier scale in
Tocons.

Busty immer surfece
oncept for filles
ares .

Thresds lightly
rusted fu opets.

Plating visidle lowver
half fnch of chreade
ond fillet ares.

et im slot aret o4

Plating visible leower

balf tach of threade

sod fillet ares. Bust
is slet sres sed heovy

hoavy fa ™ te I
e ottesk. Se sktask.
Thresds very cleas. Toresds rescy.

Be. 23
Iine ¢ Coduium

-'I =] ||q

'@

Plating imtact Lower
half tach of threade.
Busty elet arve,
recess, fillet.

lanar surfacs rusty
encept for fillet
area.

Threads cloam.

Plating latact lcwer
hal? trch of threads.
Rusty slot ares,
recess, fillet olighely
resty,

R sttaek,

Threeds clesa.

Pletiag tatect lowmr

helf tach of thresds.

ety slet sree,
recase Piliet met
resty.

%o sttech.

Yhreads Teaty.

Ne. 26
Tin-Coduniva

(]

Q.

Plating intect lower
hall tnch of threade.
Rusty slet area,
recess, fillet.

Inner surfese
cempletely resty.

Throade twety,

Mating inctact lower
half inch of threeds.
Suoty slet ares,
recess, fillet.

No sttack.

Threade rusty.

-Meating tatect lower
hall tnch of threade.

137 sres,
recess, fillet,

We sttash.

Threods rusty.
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Crtang
Nl
O admium

.3 to .S mit
+ chromate

No. 2

C admium

0.% mil min.
+ chromate

No. 3
Cadmium

0,5 mii min.
+ chromate

+ polysulfide
seslant

No. &
Cadmium
0.2 wil
1Z4inc

0.) mil

+ chromaste

Low Temperature Long Term Salt Spray Test

rpocn

t
-

No. $
Nickel,
electrolesa
0.6 mil
t
- T

TABLE XVIII

Upper I'tate Matesinl

Steel
HYAG

llend and drive rusty,
Undechead rusty.
White corrosion
products on threads.

Rusty.

Rusty.

Nend snd drive rusty.
‘inderhaad rusty.
wWhite corrosion
products on thresds.

Rusty.

Slightly rusty.

Head and drive rusty.
Underhead clesn.
Threads claan.

Rusty.

Very slightly rusty.

Head and drive rusty.

Undethead rusty.
White corrostion
products on threads.

Rusty.

white corrosion
producte on threads.

Heod and drive very
slightly sttacked.
Underhesd clean.
Threads very slightly
sttacked.

Rusty.

Rusty.

Stninless Steel
%

liend and drive rusty.
Underhead rusty,
wWhite corrostion
products on thresds.

Rust stnined.

Rusty.

Head snd drive rusty.
Underhesd rusty.
White corrosién
products on thresds.

Rust stained.

Slightly rusty.

Head and drive ruety.
Underhead clean.
Thresds clean.

Clean,

Clean.

Head and drive slightly
rusty.

Underhead slightly rusty.
White corrosion

producte on threads.

white corrosion productes.

White corrosion products.

Head and drive pitted.

Underhead attacked.
Thresds clean.

Rust stained.

Ruety.

NAEC-ENG
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7868

1

Results

Mongancoe Bronze

Hend and drive rusty.
Underhesd ruety.
white corrosion
products on threade.

Rust stained.

Rusty.

Head and drive rusty.
Underheaad rusty.
w¥hite corrosion
products on threads.

Rust steined.

Stighely ruscy.

Nead and drive rusty.
Underhead clean.

Clean.

Very slightly rusty.

Heead ond dr -+ rusty.
Undethead rusty.
White corrosion
products on threads.

Rust stains and vhite
corrosion products.

Whi*e corrusion products
and slight!ly rusty.

Head and drive severely
attacked.

Underhead clean.
Threads clean.

Rust stained.

Rusty.
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Corgang

No. &

Niched,
electrortnted
0.3 to 0.9 mtl

No. 7
Niikel-cadmium
ditfused

No. 8
SermeTel W
0.4 to 0.7 mitl

No. 9

Z1in¢

0.3 ty 0.8 mtd
4 chromate

No. 10

?inc

0.5 mil min.
* chromate

FuldkS - o b T W

TABLE XVIII - (Continued)

Low Tempriaiore Long lerm Nilt Spray leet Results

Upper Plote Moterial

Steel
Y80

lirgve bottom plteed.
Undcrhend clean,
ihteads cleam.

Rusty.

Rusty.

Head end drive clean,
Underheead clean.
Threads clean.

Rusty.

Rusty,

Head clesn, drive
attacked slightly .
Underhesd clesm.
Threads clean.

Rusty.

Ruety.

Head and drive rusty.

Underbead rusty.
White corrosiomn
products on threads.

Rusty.

White corrosion
products,

Head and drive tusty.
White corrosion
producte underhesd
and on threads.

Rusty.

White corrosten
products,

Stainless Steel

o Joe

Nead ond drive slightly
attacked.

Pillec sttacked.
Thresds clesn.

Rust stained.

Ruoty.

Heod clasn, drive attached.
Underheod clean.
Thresds clean.

Rust stained.

Rusry.

Head and drive astteacked.
Underhead cleem,
Thresds clean.

Aust stained.

Rusty,

Kead and drive rusty.
Underhesd rusty.
White corroeion
products on threads.

Rust steined.

White corrosion
producte .

Head and drive rusty.
WUhite corrosion
producte underhead
and on threads.

Ruat stained.

White corroeion
producte,

NAEC-ENG 7868
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1

fanganese Bropge

Head and drive severelv
stimched.

Underhead clean.
Thieads closa.

Ruet stoimed.

Aoty

Heod ond drive attoched.
nderheod (leon.
Tareade cleen.

Rust staimed.

Rusty.

Nead and drive attached,
Underheod . lean.
Threads attoched.

Ruat stetned.

Rusty.

Nead and drive rusty.
White corrosion products
underhesd and os threeds.

Rust stained.

White corroston
products.

Head and drive rumt,,
White corrosion producte
uoderhead and on
threads.

Rust staimed.

te corzosion
pooducts.
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tating
N
Sam
0.8~ an,
¢ hiommate
¢ alyeul fide
wealint
[ TS P
Jine
0.2 mti
¢ cadmium
0.3 mil

4+ chromete

TABLE XVIII - (Continued)

lotw lempeiature Long Term Selt Sprav Teat Reaults

Upper Plate Material

Steed
HYSO,

Hed nd drive rusty.

Underhend rusty.
Threads clean,

Rusty.

Thr-ads clean.

Hend and ‘rive ruety.
Umnddethead rusty.
White corroeion
products on thresds.

Rusty.

White corrosion
products.

Staintess Steel
—_——30

Head and drive ruety.

Underhead ¢ lean.
Thresds clenn.

Rust statined.

Threeds ~lean.

Head and drive rusty.
Undethead ruety.
White corrosion
products on threads.

Rust stained.

White corrosion
products.

NAEC-ENG 7868
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.

Mangeness Rronze
Hend nml -lgive ruety.

Underhesd clean,
Thrends clem.

flust stained.

Threads clesu.

Head and drive rusty.
Underhead rusty.

white corroeion i
producte on thresds. !

Rust 3tained.

Vhite corroefion
products.
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TABLE XIX
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Long Term Low Temperature Test Results - 2 1/2 Months

Upper Place Material

Stes)

Statnless Steel

anese Prons

Cray colored dole
heade, good protectien
arownd heade due te
sacrificiel actiom,

Otay colored dolt boeds.

Grey celeored bolt heode
with seme rwet spets.

Cray colored bolt
heads, good protection
srousd heads due to
sacrificial actiom,

Vhite corrosiem
preducte ou heasd.

Ruety around belt
heod odpe.

No. 1
Cadalum

0.3 to 0.5 il
+ chromate
No. 2
Cadaium

0.3 uil min.
+ chromate
¥o. 3
Cadaium

0.5 il wfa.
+ chromate

+ polysulfide sealast

Cray colored dolt
heads , good protection
sround heede due te
sacrificial sctien

White cerrostion
products on head.

g

fmaty sround bolt
head odge.

No. &

Cedaium

0.2 wil ain.

+ tisc

0.3 wil 4 chromate

GCray colored belt
hesds. Lightly
rueting.

Gray colered belt
head - cleom
sppesrance.

Bead rusty ea tep,
is recess and
sround edpe.

Ro. § Bead stained with rust,| Rust sround heed Rusty all over.
Nickel recess lightly rusced, and s Tecess.
electroless ne sacrificial
0.6 »fd protection of oteel

bleck,
Ne. § Neod otained wicth rust.| Rust stajned on head Rusty around head
Rickel and ia recess. snd i recess.
electToplated

0.3 to 0.5 mil

Ne. 7
Nickel-cadutium,
diffused

Rust stained arousd
head and in recess.
Bolt bleck colored.

Rust otsined sroued
head ond tn recess.
Bolt bdlack coloced.

Ruet steined sround
heod ond 18 tecess.
Bolt dlack colored.

No. 8
SerweTel ¥
0.4 to 0.7 mil

Rust speckled all

over head. Mo
sscrificial protectioa
of eteel block.

Rusty recess bottom.

Ruaty all over.

No. 9

Tinc

0.3 te 0.5 wmil
4 chromste

Some white corvotion
product in receses.
Better thiowing pover
protection around
bolt than cedaium,

White corrosion ploducts
on head end in recess.

Ruaty recess bottow.

Weo. 10

Zinc

0.5 wil mi~.
4 chromate

White corrvoeion
products in receess.
Better throwing pewer
protection sround bolt
than cedmium.

White corrosion products
on hoad snd 1n recess.

Rusty recess bottom.

Fe. 11

Iine

0.5 »il miw.

4+ chromete

4 polysulfide seslemt

Seme uvhite corrootom
preduct {n recess,
Better threwing pover
protection aveund Volt
thas cadmium,

White corresion preducte
on hoad and in recess.

Rusty recees bottom.

Ne, 12

Tinc 0.1 wi}
4 coduiwm 0.) wfl}
+ chromate

L

Celd layer peeltng
leeving blach sutfece
below. Threwing pewer
protection net oo good
o pure sims.

Very goed originel geld
sppesrance with sanll dlach
black spete ta recess.

Almett all black
sppesrTance except for

4
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Long Term Low Temperature Test Results - 4 1/2 months

Ny, !

[RENTEIY

OV 1o 1 mitd
t chyomnte

No. ¢
Coadmium

0.5 w11 min,
+ rhromate

No, 3
Cadmium

0.5 mtl min,
+ chromate

+ palysul flde
aealant

No. 4

Cadmium

0.2 mil min, °
+ zinc

0.3 mil

4+ chromate

No. 5
Nicke]
electrolenn
0.6 mil

No. 6
Nickel
electroplated
0.3 to 0.3 mil

No. 7
Nickel-cadmium,
diffused

No. 8
SermeTel W
0.4 to 0.7 mil

hAT

Zing

0,3 to 0,5 mfl
+ chromate

No. |O
Zinc

0.5 mil min
+ chromate

No, Il

Zinc

0,5 mil min
+ chromate

+ polysul fide
seelant

No. 12

Zine 0.2 mil
+ cadmium
0,3 mt}

+ chromate

" also around head,

Steel

LoJdume
it amwd e {ve runty,
Sant plating remns infng
o thivads,  Rusgy
under head,  Threaded
hale ¢lean, counter-
bore slightly rusty,

llead and drive rustv,
Some platiog remaining
on threads. Threaded
hole clean, counter-
hace rusty.

Recess very alightly
rusty, head gray,
sealant intact under
head, thresds clesn,
Counterbore clean,
threaded hole clesn.

Recess olightly ruatv,
hend gray. light white
corrosion producte on
threads, Underhsad
slightly corroded.
Counterbore and threaded
hole clean with some
white corrosfion products.

Head and trecess rusty,
Corrosion products on
threads, Counterbore
rusty, Threaded hole
slightly ruscy,

Recess rusty and also
acound hesd, Threads
black, counterbore rusty,.
‘Threaded hole slightly
rusty.

Head and drive rusty,
threads black, counter-
bore and threaded hole
black.

Recess slightly rusty,
Threads
black, counterbore and
threaded hole rusty and
black,

Head and recess rusty,
Some plating remaining.
Threads dark gray,
Counterbore rusty,
threaded hole clesn.

Head and recess rusty,
vhite corrosion products
on threads, Counterbore
slightly rusty. Threaded
hole clesn but white,

Head and recess rusty
Underhead and thresds

clean, Counterbors
ruety, Threaded hole
clean.

Recess and around head
slightly discolored,
Threads have plenty of
plating present. Counter.
bore clean, threaded hole
ciean but slightly gray,

D L AL 4 .o .

Upper Plate tHates ind

Stafonlesn Steel
04

Kevens tanty, plating
preneat o threadn,
venterbare lenn,

Recess rusty, ploting
present on threads,
Counterbore and
threaded hole clean,

Slightly rusty receess,
griy head, sealant
intact under head,
threads clesn. Counter-
bore clean, threaded
hole clean,

Recess and head gray.
Some white corrosion
products on threads.
Counterbore and threaded
hole clean with some
vhite corrosion producte
on threads,

Heod and recess rusty
Black products on
threads. Countsrbors
and thresded hole black.

Recess and around head
rusty. Threads black,
counterbore ruety,
threaded hole black,

Reveas rusty, head and
threads black, Counter-
hore clean, threaded
hole black,

Recess and sround head
and threads black,
Counterbore clean,
threaded hole black,

Recess and around head
rusty, threads black,
Counterbore rust atained.
Threaded hole light gray
with white corrosion
products.

Receas and around head
rusty, White corrosion
products on threads,
Counterbore rust stained
and threaded hole white.

Recess snd around head
rusty. Underhead and
threads clean, counter-
bore scained, threaded
hole clean,

Recods and around head
slightly discolored,
Thresds clean, plating
peciing em threads.
Counterbors and threaded
hole clean, latter gray.

e v e

. Mangancee Rronre |

Head nud recenn rulty,
mvderhead black, S mn
piating w11l on threads,
hreaded hote ¢lean,
tounterdore black,

Head and drive rusty,
Underhead black, Some
plating remaining on threads,
Counterbore black, threeded’
hole c¢lean,

Rusty drive and head, black
under head ;threads clean.
Black counterbore,
Threaded hole clean,

Head and recess rusty.
Underhead rusty. White
corros fon products on threasds,
Counterbore rusty, Threaded
hole clean with some white
corrosion products. o

Head and recess rusty,
Black products on threade,
counterbore and in thresded
hole.

Recess and around head ‘ i
rusty. Threads slightly !
biack. Counterbore rusty,
thresded hole slightly rdsty.

g

Head and threade rusty,
threads black, Counterbore :
rusty, threaded hole black,

Head and recess rusty, threads
black. Counterbore ruety,
threaded hole black,

Keceas and head rusty,
Threads nlightly rusty with
white corrosion products,
Counterbore rust atained and
threaded hole light gray with
white corrosion products.

Head and recess rusty,
Threade slightly rusty
with white and hlack
corvos{on products present,
Counterbore stained red but
threaded hole white.

Recess and head rusty,
Threads cleam, counterbore
rusty, threaded hole clemn.

Head and recess rusty,
Threads clean but stained,
Counterbore rust stained,
threaded hole clean bt
aray,

-



T I

AR NALY

sLare

L7ALLIREY . 7680

ae, t1 082

r

Costing
No. |}
Codmium
0.3 to 0.5 mtl
+ chromate
¥o. 1
Cadmium
0.5 wil min
+ chromete
No. )
Caduium
0.5 »1l min

4+ chromats
+ polysul fide
sealant

No. 4
Codmium

0.2 il win.
+ 2inc

0.]) stl

+ chromste

No. $
Nickel
electreless
0.6 wil

No. 6
Rickel
electroplated
03 to 0.3 sl

Ro. 7
Rickel-cadnium
diftueed

No 8
seroaTel W
04 to 0.7 &t}

N 9

Iinc

0.3 tv 0.5 etl
+ chromate
Mo 10

Zinc

0.5 »tl ®in.
+ Chr.mate
¥o. 11

Zinc

0.5 mil min.

4+ chromate
+ pelysulfide
seslomt

» 12
Lime

0.2 ol

+ codnium
0.3 »fl

4 chramte

L

IABIX XXI
Long Term Lowv Teapersture Test Results - 7 Monthe

Steel
KY80

Head rusty snd flakieg,
recass rusty, threads black,
point rusty. Threaded hole
black but not rusty,
counterbore rusty.

Bead rus'y and flaking,
recess rusty, threads black,
point rusty. Threaded hole
black dut not rusty,
counterbore rusty.

Mead amd Tecess Tusty,
threads dlack with some
coating #till present.
Threaded hole rusty,
countsrbore rusty.

Bead and recess rusty

with attack on top. Threads
black with white corrosion
products im root. Thresded
bole rusty, counterbore
ruety.

Read and recees rusty.
Threads dlack, point rusty.
Threaded hole very rusty,
counterdore black.

Some pleting on hesd,
Tewsinder rusty, threads
black, point OK. Thresded
hole very rusty, couster~
bore ruety.

Sowe plating on head,
recese rusty. Threeds
black, potat rusty.
Threeded bole black,
counterbore rusty.

Hesd and Tecess rTusty,
thresds black, point
rusty. Threaded hole
Tusty, cousterbere rusty.

Head and Tecess ruety,
threade bleck, poimt vwsty.
Threeded hole reety,
counterbere direy.

Head and reces* rwety,
thresds blachk. Threeded
hole slightly rvaty,
counterbofe rusty.

Nead ond recess fleking,
threads dirty, point resty.
Threeded bole rusty,
counterbors ruety.

Head ond recese resty,
threads have white correveion
products, peint rwsty.
Tareeaded Mole resty,
Counterbors rusty.

Stainlens Stee

Bead and recess rusty,
threads bdlack, point rusty.
Threeded bole grey but
clesn, coumterbore rust
steined.

Sesd svd vecess TuaLYy,
threads dlack, Threaded

hole gray But clesa, counter-
bore rust statimed.

Slight rusting omn Tecess
corsers, white corrosion
products under hegd and on
top half of thresds, point
resty. Tursaded hole bave
vhite cerresions preducts
counterbore rust staimed.

Bead and recess rusty,
threads bleck snd slightly
Tusty, poist rusty. Threaded
hole rusty, cemmterdore

Tust atatined.

flead flaking badly,
throads bdlock, poiat rusty.
Threaded hele direy,

coumterbore rust Stained.

fSead rusty with some plating
evident oo top. Threads
black, point cleen. Threaded
hols rusty, coumterbore rust
stained.

Receds rusty, chreada
black, point rusty.
Threaded hole black,
counterbore slightly
stained.

Recoss Tust steined
thresds bleck, poiot
resty, Thresded hole
blach, coumterbere
stataed.

Reed rusty end flaking,
thread twaty. Threaded
hole rusty, consterbere
cwst stained.

Moed and recess rwety,
throeds olightly resty.
Threeded bele resty,
commterbere ruSt Steimed.

Mood snd recess rusty,
threads blech, point ruety.
Throaded hole sltghtly
rusty, coumterbere rust
stetund.

Wned and recess slightly
rusty, thresds dleck,
poiat rsty. Theeadad
hole bloed, cowmterbere
vast ototnnd.

NAEC-ENG 7868
PAGE 44

D’rt Plote Material

Msnganese Bronze

Read fleking and recess
rusty, threads black except
under head, point rusty
Threeded Mole groy but cleen,
counterbore rust scained.

.

Nead and recess ruety ord
Ileking, threads black, except
under hesd, point ruety.
Thresded hole grey but cleen,
hole rust stained.

Sesd snd recess rusty, thresds
black, poiat rusty. Threeded
hole has black corrosion
products, counterbore rust
staloed,

Sead and recess rusty,

threeds bieck, point Tusty.
Thresded hole rusty, counterbore
stained .

Read fleking, threads black
point twety. Thresded hole
corroded , covatsrbore rust
stained,

Some plating rematning on head
thresds black, poiat rusty.
Threaded bole biack dut not
rusty, counterhere Tust
scained.

Head snd receds custy, threade
black, pofut rusty. Threaded
hole dlack, counterbore rust
steined.

Fesd and recess rTusty, threede
black, pofnt rusty. Thresded
hole dlack, coumteivere Tust
stained.

Read ruety and flaking,K threads
tusty. Turesded hole rusty,
counterbore rust steined.

Head rusty and flekiung, threads
black. Thresded bele rusty,
counterhore rust stafmed.

Read oend recedn flaking,
thresds oilver gray with sowe
rust staining. Threeded hole
slightly rusty, countetbers

‘rust etaimed.

Roed and recess flaking,
threoda black. Th_saded hele

bleck but met very rusty,
counbtathess rent stalned.

.
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Losting

Mo 1

Cadmiun

0.3 to 0.9 wt!
+ Chromace

Na 2
Cadeiun
0.5 =il min
* chromete

Mo 3

Codmium

0.9 s{l mtn
chromate

< polysul fide

Seslant

Mo &
Codnium

0.2 @il ein.
+ sinc

03 mil}

+ chromate

LI}
Mickel
slectroless
06 wil

No &
Nickel
electrupleted
03 to 0.5 m1!

No 7
Nickel-. admium
diffused

No A
SermeTel W
N urta0? msl

Mo 9

Iine

0) to N 5wl
+ chromate

% 10
e

NS mi! win
S rhromste

L
Jine

e enn
* htowate
* olvesltide
soslont

o 1}

lime 5 ., @t}
¢ odm
9 et

¢ chramnte

. Head and rtecess rusty.

. Head and recess rusty.

IABLE XX1]

Long Term Low Tempersture Test Results ~ 9 Months

Steel
HY80

Head snd re s corroded.
Threads black, counterbore
and rhresded hate rusty.

Reed -orroded. Cad plate
remaining on fireg 2 tareeds,
Some on next five thresds,
remainder dlack. Counterbors
and threaded ho ¢ TuBty.

Hean and recess rusty. Ced
plate remaining on first two
thresds, some on pext & thresds.
Counterbore and thresded hole
rusty

Thresde

black  Counterbore amd thrended
hole black
. Hesd and recess rusty. Threeds

binck Counterbors rusty,
thresded hole gray

Thresds
heave slsting tntact Coumter-
wore corroded, rhres’s clean.

. Head and recess corroded.

Threads have whiie corroeien
products. Counterdors rusty,
threaded hole hes whi”:
corroston products.

Read snd recenses corroded.
black and rusty. Countasrbote
rusty  Thraeded hole black.

Corroded head and recese,
rusty and tlack threeds,

black counterdore #md threaded
hole

Cortroded “ead and recess,
coating sti’l on threads.
Stained counterbore amd black
ehresded hore.

Head statned, r.-ass rusty,
t resds ru ty,K counterbore
« 4 thresd ¢ hole Tusty.
Sams ga sdove

Rust stained hesd, rusty
recess blrck thresds snd
tlack threeded hole

Same as aboue

Rusty head and receas, black
threeds snd thresded hole
Same a0 above

Ruetv all over om bolt
an) threaded hole

Swme ss edove except for
white :orrosion products
om threede

Rusty head ond recoss, vh'te
corrosion products snd ruet om
thresds same (n threaded hole
Rustv head and recees, TUSLY
thresds, black thresded hole

Furt. head end recees, rusty
thresds  rusty counterbore
Rosts head and recess, clesm
threaded hole

Rusty hosd end recese, vhite
and grey throode, oamm (s
throaded hele

Swoty haed sad vecoos, white
ol resty thresde, ruety
countertore

b.

Tareeds

. sty hesd end rec

Upper Plate Matertisl
el

Stainle

. Top of hesad tepered and

flaking off, black undernesth
and on threads  Counterbdore
dirty, thresded hole rusty.
Some csemium reesining om 7
thresds from heod dowe.
Othervise, same 40 above.

Hesd and recess ruaty. Cad
tewaining on 6 threeds froe
head down. Cousterbore dirty,
thresésd hole rusty. '

Resd smd recess ruety. Thresds
blachk, counterdere dircy,
thronded hole Tusty.

Rusty head and recess
Tu..eds coated wit lant,
countstbore stained, threads
dirty but not rusty escept
under heed 1n & fov epets.
Rusty bhesd snd recass. Mo
signtific at difference from
above o opt that seslaent
looke ®. ver under heed.

Reoty hoad and recess, white
corrosion products ee threads
and threeded hole.

b. Justy heod amd recees, (uaty

thraada, threaded hole »leck

. Rusty head and recess, bloch

blak counterbere
wed hols.

threads
end thr

L]
cthrasds dirty snd -ll‘ikly
resty. Threaded Wole black.

Rust stained head  coating
{ntact, threads bleck,

th Nole black

Same sbo .

Stainsd head, rusty recess,
biachk theeeds, blrch threeded
hole

Sems Lo above

Sligh* 'y rusty head and recess, 5.

rusty threeds, black thresded
hole.

. Seme a8 sdove
. Rusty head snd rec . black
threads and threaded hole

Same 8o sbeve.

. Rusty head «d rocess, white

ond rusty preducts o= thresds,
thresdee hole ruel)

Busty all over, threeds ! hols
oty

. Rusty heod ond recess, rusty

throods, ruscy thresded hole
Rusty hes” snd re s, cleawn
throsds oné thre dod bole

. ety hoed ond recesr, light

gvey threede sad cloen hole.

- Gmsty boed and veoees, resty

theesde ead rusty theosded
bole

L

. Rusty hesd end

. fisad ond vecets ruaty.

NAEC~ENG
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Mengenese Pronie

Weod and recess badly
corroded. Threeds black
Counterbere rust stained
BSolt frosec fn

Hesd rusty Plating remainin
on 7 threads from hea: down
Counterbore clesn from
removed wiping action,
threaded hole rwety.

Bolt froses iu.

acens Black
thresds amd unde: head  Blach
counterbore and threaded hole

. Ruaty heed and tecess

Sealant eti{l on thresds
Counterbore steined, thrasds
clean.

Baad end recess s udty.
Threads block smd slightly
rusty. Thresded hele resty
Theeads

black. Coumterbore sad thresded
hole dlacs.
Badly cort -4 hesd, threads

black, count.: boté snd
threaded hole black

. Madly corroded head, threads
dirty but platiag intect
Thresied hote dirty

s Stained head, coat'ng still

present, black threa’s
€ :aterbore

, dirty

b Sese 88 above.

8. Stained heod, same a3 sbove
b. Same as edbove

Rusty hesd and recess, black
threads , bleck threaded
hole.

b. Same ss edove.

o. Rusty heed and receses, dlack

»

thresds end threeded hole

products on threeda and io
threeded hole

Rusty head and trecess, white
corrosilon products on threade
with rust  Threeded hole ble. &
Rusty sll over, threaded hole
rustcy

Rusty heod ond threade, rusty
threaded hole

fusty Meed, clesn thresds, clesn

coyntesbore

scont, light grey capatortore

black threaded hole

Seme os suove and white corrosion

Threads light grey, ws.y heed sod

7268

-

Gusty bood and recess, Mloed theeade

, oud chrasded bole.

L a———
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TABLE XXIIT

Long Term High Temperature Test Results - 6 weeks

Coating

None

Electroplated Nickel
0.4 mil

Electroplated Nickel
0.7 mil

Diffused Ni{-Cad

Electroless Nickel
0.4 mil

Electroless Nickel
0.7 mil

Electroplated Nickel
+ SermeTel W

SermeTel W
0.4 - 0.7 mil
375°F cure

SermeTel W
650°F - 15 min.
1000°F - 1 1/2 hr.

Inconel 718 stud
Waspaloy nut

Appearance

Studs and nuts rusty, small number of rust
spots on panel.

Nuts discolored, greenish deposit on studs,
Panel coating blistering around nuts.

Nuts discoldred, greenish deposit on studs,
Panel coating blistering around nuts.

Yellow-green color on studs and nuts.
Panel coating blistering around nuts.

Slight rusting on nut drive surfaces and stud
threads. Panel blistering around nuts,

Slight rusting on nut drive surfaces and stud
threads. -Very slight blistering evident on
panel around nuts.

Nut edges slightly attacked, stud threads have
yellow-green coating. Slight blistering on
panel around nut.

Slight blistering on panel around nuts. Dark
products on stud threads. Nuts look good.

Slight blistering of panel around nuts. Studs
rusting on threads. Nut edges darker than faces.

Slight blistering of panel around nuts. White
product evident on stud end is probably remains
of dry film lubricant.
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TABLE X<{IV

Long Term High Temperature Test Results - 15 Weeks

’ l AND . NAEC- 2455 Kby 7-6R)
i PLATE mO. 10012
!
1 l r
No Coating
1. None

2. Electroplated Nickel
0.4 mil

3. Electroplated Nickel
0.7 mil

4. Diffused Ni-Cad

S. Electroless Nickel
0.4 mil

6. Electroless Nickel
0.7 mil

7. Electroplated Nickel
+ SermeTel W

8. SermeTel W
0.4 - 0.7 mil
375°F cure

9. SermeTel W
63G"F - LS min.
1000°F - 1 1/2 hr.

10. Inconel 718 Stud

Waspaloy Nut

Appearance

Studs and nuts rusty, severe rusting on sides
and end of plates, faces slightly rusty.

Threads rusted slightly, rust stains on side
of plate, blistering around nuts.

Slight rusting of threads and nut faces,
sides and end of block. Severe lifting of
coating around nuts,

Stud ends and nuts rusty, severe rusting on
sides and end of block. Severe lifting of
coating around nuts.

Slight rust stains on sides and end of block.
Slightly rusty threads and nuts, slight
lifting around nuts.

Rust stains on sides and end of ble~k. Slight
rusting of nuts and threads. Slight lift:ng
around nuts.

Rust stains on sides and end of block. Slight
11fting around nuts.

Rust stains on side and end of blocke. Slight
rusting in threads, slight lifting around
nuts.

Slight rusting on nut faces, rust stains on
side and end of blocks, slight 1ifting around
nuts.

Excellent compatibiilty. Slight lifting or
extrusion of aluminum coating under one nut.
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TABLE XXV
Long Term High Temperature Test Results - 9 Months
Coating Appearance
None Studs and nuts rusty, severe rusting on sides

Electroplated Nickel
0.4 mil

Electroplated Nickel
0.7 mil

Diffused Ni-Cad

Electroless Nickel
0.4 mil

Electroless Nickel
0.7 mil

Electroplated Nickel
+ SermeTel W

SermeTel W
0.4 - 0.7 mil
375°F cure

SermeTel W
650°F -~ 15 min.
1000°F - 1 1/2 hr.

Inconel 718 Stud
Waspaloy Nut

and end of plates, faces rusting in locallized
areas.

Small degree of rust in threads and on ends of
studs. Plate sides and ends rusty, coating
consumed around holes at end of plate, less
consumed around interior holes.

Almost rust free threads, nuts rust free except
for some on internal threads. Severe

depletion of aluminum coating on plate around
holes, rusting of sides and ends.

Rusting on stud ends and nuts, sides and ends
of blocks. Coating consumed around holes at
end of plate.

Studs and nuts rusty, severe rusting of plate
sides and ends. Complete consummation of
coating around all holes.

Rusty studs and nuts, not as severe as above.
Rusting ends and sides of plate, coating
consumed around holes near end.

Very slight rusting on studs and nuts, little
loss of coating around holes.

Rusting especially evident on threads of studs
and nuts as well as stud shank. Plate coating
attacked slightly around holes but rusty on
sides and endws.

Rusting especially evident on threads of studs
and nuts as well as stud shank. Plate coating
attacked slightly around holes but rusty on
sides and ends. -

Slight discoloration of Inco 718 etud. Some
hard to remove rust stains on nut. Depletion
of coating around some holes, sides and ends
rusty.
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TABLE XXVI
Breakaway Torques for 3/4-10 Studs and Nuts in Hi Temperature Test
Panel Panel
& Stud Foot-Pounds Stud & Nut & Stud Foot-Founds Stud & Nut
No.* Front Rear Coating System No.* Front Rear Coating System
1 -1 425 100 6 1 225 100 Electroless
1 -2 75 125 Bare 6 2 200 75 Nickel
1 3 400 225 6 3 100 50 0.0007"
1 -4 375 150 6 ~ 4 250 50
2 -1 325 175 Electroplated 7-~-1 450 300 Electroplated
2 -2 375 125 Sulfamate 7 ~ 2 350 75 Sulfamate Nickel
2 -3 250 150 Nickel 7-~-3 200 125 0.0003" and
2 -4 325 125 0.0004" 7-~4 325 75 SermeTel W
0.0003 to 0.0007"
3-1 350 150 Electroplated 8 -1 350 275 SermeTel W
3 -2 325 175 Sulfamate 8 -2 400 125 per AMS 2506
3-3 100 50 Nickel 8§ ~3 225 175 0.0003" to
3 -4 375 125 0.0007" 8 ~ 4 450 200 0.0007"
4 - 1 300 50 Diffused 9 ~1 375 150 SermeTel W
4 - 2 275 100 Nickel- 9 - 2 375 150 0.0004 to 0,0007"
4 - 3 175 0 Cadmium per 9 ~3 250 175 15 min. at 650°F
4 - 4 300 25 AMS 2416 9 ~ 4 375 150 1.5 hr at
1000°F
5-1 275 200 Electroless 10 - 1 250 0 Inconel 718
5=-2 275 175 Nickel 10 - 2 275 0 Studs
5-3 300 125 0.0004" 10 - 3 0 0 Waspaloy Nuts
5 -4 300 150 10 - 4 200 (1}
Panel
* No.
Note 1.  Location is shown in sketch:
12
34

Note 2.

All threaded surfaces initially coated with MIL-L-46010 (MR)
(Sandstrom 9A) dry film lubricant

ERE e h idmee e ek
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PLAYE mO, 1192

Breakaway Torques for 3/4~10 Studs and Nuts in Exposure Racks

Coating
- No. System
-
1. Bare
- 2. Diffused

Nickel-Cadmium

:Rﬂ.;tv‘

- 3. Electroplated
Nickel, 0.7 mil

51 4, Electroless
Nickel, 0.4 mil

g' 5. Electroplated

. Nickel, 0.4 mil

6. Inconel 718 Stud
Waspaloy Nut

TABLE XXVII

NAEC-ENG 7868

PAGE

Saratoga Ranger
Torque, Torque,
Foot-Pounds Foot -Pounds
200 0
200 150
150 150
150 125
175 125
150 125
200 0
225 125
150 175
175 150
75 125
125 125

72
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Results of Exposure sboard U.S.S. Saratoga for 6 Months

Coating
System

Bare

Di ffused
Nickel-Cadmium

Electroplated
Nickel, 0.7 mil

Flectroless
Nickel, 0.4 mil

Electroplated
Nickel, 0.4 mil

Inconel 718 Stud
Wasplaoy Nut

NAEC-ENG 7868
PAGE T3

~

TABLE XXVIII

Results

Extremely rusty all over except on engaged
threads.

White corrosion products on nut flats and
stud ends. Free spinning nut on stud.

No corrosion evident except for rust
stains from adjacent rusting angle. Free
spinning nut on stud.

Rusty stud and nuts except for engaged
threads. Plating lifting off from
corrosion products.

Extremely light rust in outer threads of
nuts. Studs exceptionally clean. Free
spinning nut on stud.

No corrosion. Free spinning nut on stud.
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TABLE XXIX

Metal Sprayed Coating Corrosion Teat Results

Thickness,
—mil Coating
.002 Aluminum

(wire spray)
After 1000 hr. 57 salt spray

.003 Aluminum
(Wire spray)
After 1000 hr. 5% salt spray

.002 Aluminum/
Molybdenum
After 7 days 5% salt spray
.002 Aluminum/
Molybdenum

Heat treated
After 7 days 5% salt spray

.003 Aluminum/
Molybdenum
After 7 days 57 salt spray

.003 Aluminum/
Molybdenum
Heat treated
After 7 days 57 salt spray

.002 Aluminum/
MP35N
After 1000 hr. S% salt spray

.002 Aluminum/
MP35N
Heat treated
After 1000 hr. 5% salt spray

.003 Aluminum/
MPISN
After 1000 hr. 5% salt spray

Result

Red rust in recess bottom, underhead,
and on threads of large bolt. White
corrosion products all over. Red
rust in recess bottom of small bolts,
white corrosion products all over.

Red rust in recess bottom and under-
head on large bolt. White corrosion
products all over. Red rust in
bottom of recess of small bolts.

90% of large bolt has red rust,
rémainder has white corrosion
products.

95% of large bolt has red rust,
remainder has 'white corrosion
products.

95% of large bolt has red rust,
remainder has white corrosion
products.

50% of large bolt has red rust,

remainder has white corrosion
products

Red rust on hcad, in recess, around
head and on threads of large bolt.
White corrosion products on remainder
of area and ou small bolts.

Red rust iup of head and recess of
large bolt. White corrcsion products
on remainder of area and on small
bolts.

Red rust and white corrosion producte
everywhere on large bolt. Red rust
on heads of emall bolts. White
corrosion product all over.

J
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TABLE XXIX - (Continued) -1

Metal Sprayed Coating Corrosion Test Results

Thickness,
mil

Coating
Alumipum/
MPISN
Heat trearted
After 1000 hr, 57 salt spray

.003

Aluminum/
Titanium
After 552 hr. 5% salt spray

. 002

.002 Aluminum/
Titanium

After 1000 hr. 5% salt spray

Aluminum/
Titanium
After 1000 hr. 57 salt spray

.003

.002 Multiphase

MP35N

After 7 days 5% salt spray
.003 Multiphase

MP35N

After 7 days 5% salt spray
.002 Nickel Aluminide/

Aluminum

After 1000 hr. 57 salt spray

Nickel Aluminide/
Aluminum
After 1000 hr. 5% salt spray

. 003

.002 Titanium
After 7 days 5% salt spray

.003 Titanium
After 7 days 5% salt spray

. 002 Zinc
After 1000 hr. 5% salt apray

Result

Red rust in recess and around head.
White corrosion product all over.
Coating flaking off. Coarse thread
small bolt has red rust on head and
in recess. Fine thread has red rust
in recess. Both have white
corrosion products.

Red rust on 757 of big bolt. White
corrosion products elsewhere.

Red rust in recess bottom around
head of both small bolts.

Red rust in re-ess bottom and
around head, White corrosion
products all over.

Red rust 1007 of area all three
bolts.

Red rust 1007 of area all three
bolts.

No red rust. White corrosion
products all over the three nuts,

Red rust in recess bottom and spotty
elsevhere. Fine thread bolt ruscy
over 50% of area.

Red rust 100% of area all three
bolts.

Red rust 100% of area all three
bolts.

white corrosion products and red
rust all over on large and coarse
thread bolts. Slight red rust {n
recess and around head of fine
thread bolt.

-




TABLE YXIX -~ (Continued)

NAEC-ENG 7868
PAGE 76

1

Metal Sprayed Coating Corrosion Test Results

AND-NAEC-2485(Rt V. 2-68)
PLATE no. 11982
Thickness,
Code mil Coating
Z .003 Zinc
After 1000 hr. 5% salt spray
ZA .002 Zinc/
Aluminum
After 1000 hr. 5% salt spray
ZA .003 Zinc/
Aluminum

After 1000 hr. 5% salt spray.

Results

Red rust and white corrosion
products all over on all three bolts.

White corrosion products on all

three bolts. No rad rust evident.

White corrosion products on all
three bolts. No red rust evident.




& - e WD . et A g e g T e v RO el S, 77 R DO " 8 N g S
—— .- o — e mm———— - —— ——— - . Y
| |

1
l AND.NAEC- 2455 (REV. 7681 NAEC-ENG 7868
PLATE nO., 11002 PAGE 77
1 1 ' TABLE XXX

‘ Corrosion Rates of Selected Coating Systems
MPY at 4.5 Months

Steel SS Mn - Br .
System Initial Top Plate Top Plate Top Plate

i. Cad * Chromate 6.29 .50 .052 .196

2. Cad + Chromate 4.15 .203 041 .65

3. Cad + Chromate .39 1.04 .98 .56
+ Polysulfide

4. Cad + Zinc + 3.01 24.8 14.72 .46
Chromate

5. Electroless 8.25 24,2 .87 1.05
Nickel

6. Electroplated 1.03 11.5 15.1 10.7
Nickel

7. Diffused 5.96 63.3 43.9 36.3
Nickel-Cadmium

8. SermeTel W .34 20.31 16.33 31.04

9. Zinc + Chromate 1.88 .047 15.7 .13

10. Zinc + Chromate 1.92 13.27 8.43 9.94

11. Zinc + Chromate .027 .027 3.25 .012
+ Polysul fide

12. Zinc - Cad 1.3 .080 12.04 .013
+ Chromate i‘

(0 J
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TABLE XXXI
Corrosion Potentials of Selected Coating Systems
(Volts) Ag - AgCl Ref. at 4.5 Months
Steel SS Mn - Br
System Initial Top Plate Top Plate Top Plate
1. Cad + Chromate -.77 -.66 -.63 -.59
2. Cad + Chromate -.77 -.69 -.69 -.53 ¥
3. Cad + Chromate -.76 -.71 -.71 -.83
+ Polysulfide
4. Cad + Zinc -1.05 -.49 ~.46 -.45
+ Chromate
5. Electroless -,42 -.22 -.39 -.60 %
Nickel i
1
6. Electroplated -.53 -.29 -.42 -.33 i
Nickel
7. Diffused -.66 -.23 -.23 -.21
Nickel-Cadmium
8. SermeTel W -.75 -.32 -.46 -.16
9. Zinc + Chromate -1.10 -.57 -.53 -.46
10. Zinc + Chromate -1.07 -.52 -.5 -.51
11. Zinc + Chromate -1.02 -.98 -.53 -.84
+ Polysulfide
12. Zinc + Cad -.93 -.69 -.54 -.41
+ Chromate
!
[}
i
L J ;
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TABLE XXXII
Corrosion Rates of Selected Coating Systems
MPY at 9 Months
Steel SS
System Initial Top Plate Top Plate
I 11 1 1I
1. Cad + Chromate 6.29 26.19 15.00 20.36 14.25
2. Cad + Chromate 4.15 26.01 16.99 25.29 25.00
3. Cad + Chromate .39 13.81 11.9 9.03 11.82
+ Polysulfide
4. Cad + Zinc 3.01 23.41 14.83 18.58 3.27
+ Chromate
5. Electroless 8.25 15.18 16.93 14.34 23.34
Nickel
6. Electroplated 1.03 45.90 10.24 24.77 10.84
Nickel
7. Diffused 5.96 11.97 14.30 6.69 9.54
Nickel~Cadmium
8. SermeTel W .34 24.68 13.55 21.96 8.94
9. Z£inc + Chromate 1.88 22.50 11.17 19.71 12.45
10. Zinc + Chromate 1.92 22.40 10.23 22.33 10.30
11. Zinc + Chromate .027 11.29 13.21 6.98 12.26
+ Polysulfide
12. 24inc + Cad 1.3 17.96 12.90 19.92 5.96
+ Chromate
Note 1. Removed and reinstalled after 4.5 months

I1. Removed only after 9 months

PAGE
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Mn - Br
Top Plate
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25.69 17.21
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TABLE XXXIII

Corrosion Potentials of Selected Coating Systems
(Volts) Ag - AgCl Ref. at 9 Months

Steel SS Mn - Br
System Initial Top Plate Top Plate Top Plate
I 11 1 11 I I1
1, Cad + Chromate -.77 -.53 -.57 -.52 -.55 -.53 -.56
2. Cad + Chromate -.77 -.51 -.64 -.52 ~-.64 -.53 -.65
3. Cad + Chromate -.76 -.5% =.65 -.54 -.64 -.54 -.66
+ Polysulfide :
4. Cad + Zinc -1.05 -.52 -.62 -.53 -,55 -.52 -.55
+ Chromate .
5. Electroless ~-.42 -.52 -.51 -.52 -.50 -.53 -.53
Nickel - ’
6. Electroplated -.53 -.49 -.50 -.50 -.49 -.51 -.51
Nickel
7. Diffused ~-.66 -.49 -.51 ~-.46 -.47 -.49 -.51
Nickel~-Cadmiun
8. SermeTel W -.75 -.50 -.54 ~-.52 ~-.55 -.51 -.54
9. Zinc + Chromate -1.10 -.,52 -.51 ~-.52 -.51 -.51 -.52
10. Zinc + Chromate -1.07 -.53 -.53 -.53 -.53 -.54 -.52
11. Zinc + Chromate -1.02 -.51 -.85 -.5% -.85 -.53 -.93
+ Polysulfide
12. Zinc + Cad -.93 -.52 -.52 ~.53 -.66 -.51 -.64

+ Chromate

Note I. Removed and reinstalled after 4.5 rwonths
11. Removed only after 9 monthe

—_—— o r—
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Photo 1. 9 monut'h expsure of cadmium plating in steel block
1t wceali Litv produced severe tusting in steel block.
See Table XXIT.

Photo 2. Neither cadaium plating system lasted the 9 month
exposure at Orean City. See Table XXII.
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Photo 3. 9 month ¢xpusure it Ocedan Citv produced severe
B rusting -f 8teel block. See Table “N11.

L)
ORI

2 Photo 4. The sealant svstem(3) offered protection to the

/, . i
threads but the cadmium + zinc(*) allowed rusting
! after 9 months expostre at Ocean Citv. See Table NNT171.
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Photo . FElectirnless 2ivkel (3 was not protect ive bat

electraplated nickel!'"™! onrotected the Lead well

dafter 9 mon:ts exposure at Ocear it see Table NI
+
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Photo o. Diffused Ni-cd(7) protected the head whereas
SermeTel W(B) did not after 9 months exposure at

Ocean City See Table XNTI1.
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Photo 7 Ne her zinc plating svs.oem lusted the 9 month
exnosure «t Ucean Citv. See Table 3N1T.

Photo 8. ‘The secalant svstem{11) and the zinc + cadmium
svstem{17) offered protection to the threads afier
9 sonths exposure at Ocean City . See lable XXTT.
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Photo 9. 9 monii expasure at Coeedn ity produced ne corros
of stainless steel block., see able “NI7.

Photo 10. Neither cadmium plating svstem lasted the 9 month
exposure at (Ocean Citv. See Tahle XNXII.
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sneto o1 e sealart sestem(3) ofrered protection to the
tnreads whereas the cadmium + zinc(4) allowed some
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Photo 12. Flectioless nickel(5) was not protective put
electraplated nickel (6) protected the head well
L_ atter 9 months exposare at Uccan Citv. See Table “N[1. _J
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did rnot after 9 mor hs
See Table V11

SermeTel W'®

Ocean Citv,

exposure

NAEC-ENG
PAGE =7

Photo 13. DNiifused Ni—Cd(7) protected the head whereas
exposure il

Photo l4. Neither zinc plating svstem lasted the 9 month
at Ocean Citv. See Tablie XXIT.
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Photo 15. ihe seaiant s-ster(1l) and the zing

svstem(12) otfered nmrotection to th

«

9 months exnosure ot Qcean GioL s
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Tabile NNTT.
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Photo 16. ¢ month exposure of cadmium platings at ocean City
prodiced no corrosion of manganese broncse block,

Sec o ~le XNII.

Photo 17. Neither cadmium plating system lasted the 9 month
exposure at Ocean City. See Table XXIT.
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Photo 19. Electroless nickel{5) was not protective but
electroplated nicka1(") protected the head well
*e1 v oponths exposure at Ocean City. See Table XXTI,
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Difrused N%-Cd(7) protected the head whereas

Photo 20
S Sermete! w(8) did not after 9 months exposure at
; Ocean (itv. See jfable XXII.
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. Photo 2], Neither zinc plating system lasted the 9 month

expasure at Ocean Citv., See Table NXTT.
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ihe sealant system(ll) zp4 the zinc + cadmium
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. 2 -
svstem(12) offered protection to the threads aftcer
9 months exposure at Ocean Citv. >ee Table XN11
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Diffused Nickel-Cadmium | Nickel .5mil
10 Oxidation- Corrosion Cycle . .
yeies 10 Oxidation- Corrosion Cycles
rhoto 25. Photo 26,
Hivh Temperature H>oreening onst Resnlis.  cnexposed specinens are on the

left, exposed in the center | and dis pssers bod exeascd on the ridi
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SermeTel W

10 Oxidation- Corrosion Cycies
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Photo Y. Photo 130,
Hich Lemmeraoae Crernane e Results. Unexyosed specimens are on the
' leit, exposca 1 e Center . oand dysassennllod coupase Doon the richt .




Photo 31.

- ‘.‘. ‘*‘m*’” '”M'

Diffused Nickel-Cadmium

Photo 33.

High fTemperature screcning
Cveles - Meteo 120 Suster

cest Resulis
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Pheto 32,

SETNG -v-':ﬁ-w:en.\‘h'm""’

s ©
l Nickel 5mit

Photo 34.

- Ond e 10 Oxddation=Corvresion

ased on cvlinders.,
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Photo 35. Photo 3h.
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rmeTel W
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Photo 37. Photo 3.
High Temperatire scerecring est Fesults - Ond ran 10 Oxidat ion-Corrosion

Cucles = Meteo 120 used on cvlinders.
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Photo 39. 9 month exposure at Ucean ¢it: nroduced rusting of steel
nlock coated with T1P28 coirt suste SIue ol e, |

Photo 40. All bare allov studs and nuts were severcly rusted atter
9 month exposure at Ocean Cit.. See Table XXV,
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Photo 41. Y month exnisure at Ccean Citv nroduced limited gzalvanic

corrosion around holes. See Pable NNV,

Photo 42. 0,4 mil nickel plated studs and nuts have verv small

amount of rust after the 9 month exposure at Ocean
Citv. See lable XXV.
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Photo 43. Y month exyosure at uvcean Citv produced galvaric
i1 woating svstem around hole.  See jable <XV,

XXy

corrosion

Photo 664, 0.7 mil nickel plated studs and nuts are virtually rust-
free atter the Y month exposure at Ccean Citv. See 1able
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Photo 45.
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9 month exposure at Ocean Citv oroduced iirited Calvanic
corrosion around holes. 3see Table XXV.

Photo 46.

Niffused Ni-Cd coating on studs and nuts allowed slight
rusting after the 9 month exposure at Ocean Citv.  See

Table NXV.
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Migh emperdture Long (erm Maposite

Photo 47. 9 month exposure at Ocean City produccd severe loss of

sacrificial aluminim coating on steel block. See Table -V,

Photo 48. 0.4 mil electroless nickel plating on sutds and nuts

allowed severe rusting after the 9 month exposure at
Ocean Citv. See Table XXV.

NAEC-ENG 750w

1

e e e -+ vt~ S




PR

NAE L -

PLaTE

~

11 we

. NAEC-ENG ..

PAGE 102

Hieh jemperature Long ferm bxnos re

Photo 49. 9 month exposure at Ocean Citv produced little wgalvanic
corrosion of coating svstem. See [able XXV,

Photo 50. 0.7 mil electroless nickel plating on studs and uuts
allowed rusting after the 9 months exposurce at Ocean
Citv. See Table XXV.
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Photo 51. 9 month exposure at Ocean City produced liitle galv i
corrosion of coating syvstem. See Table NNV, i
A
h

Photo 52. Electroplated nickel + SermeTel W coating svstem on studs
and nuts allowed some rusting after the 9 month exposure
at Ocean Cityv. See Table XXV,

L 4




NAEC-ENG /808
PAGE 104
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Photo 53. 9 month exposure at Ocean City produced little galvanic
corrosion of coating svstem. See Table XXV,

Photo 54. SermeTel W with a low temperature cure vn studs and nuts
allowed rusting to occur after 9 month exposure at Ucean

Citv. See Table XXV.
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Photo 55. 9 month exposure at Ocean City produced little galvanic
zorrosion of coating svstem. See Table XXV.

Fhoto 56. SermeTel W with o high temperature cure on studs and nuts
allowed rusting to occur atter 9 ronth exposure at Ocean

Citv. See Table XXV.

J




NAEC-ENG  7rAK
PAGE 106

cemperature Lony erm Exposure

f ‘ r— Hi:h

i
4
1

Ch e e

Photo 57. 9 mont! exposire zt Ocean Citv produced derletion of
sacriticial coating svster around heoles. Sce Table NNV,

Photo 58. Inco 718 studs and nuts show no corrosion after 4 9 mont!
exposure at Ocean Citv. See Table XXV,
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Photo 59 Hare studs and nuts 1fter A months o oty
Saratoga exposure rack.

Phato 66 bitrused Ni-Cd coated studs and nuts atter oomopthe

on the 11.5.5. Saratoua exXposure rack.




i

et o NAEC-ENG 7R
PLAYE N var F‘AGE !H‘-

f" 1

P

Y ww;;kw;1yr;p'

Photo r 1. Studs and nuts coated with 0.7 mii clectropl e
sfter 6 months on the U.S.5. Sarvdaroga cunasare 1o
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Photo 62. Studs and nuts coated with 0.4 mil elecrroless nickel
aiter 6 months on the U.5.5. Saratoga exposure rack,
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Photo 64.
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Studs and nuts coated with 0.4 mil electroplated nickel
after 6 months on the U.S.5. Saratoga exposurc ik, i

Inconel 718 stud and waspaloy nut after » months on
the U.S.S. Saratoga exposure rack.
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The following symbols are used and defined:
Symbol

NAEC-ENG 7868
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APPENDIX A |

Definition
Bolt area
Area of joint material

Bolt dismeter

Flange inner diameter

Flange outer diameter

Modulus of elasticity of bolts at room temperature
Modulus of elasticity of bolts at 650°F i
Modulus of elasticity of joint material at room temperature ‘
Modulus of elasticity of joint material at 650°F

Bolt force

Bolt force at 650°F

Joint force at 650°F

Total joint preload due to all bolts at room temperature
Total change in length of beolt and joint due to temp. change
Bolt length

Bolt length change at room temperature

Bolt length change due to.temperature change

Joint thickness

Joint compression at room temperature

Joint thickness change due to temperature change

Total change in length of bolt and joint at temperature, due to
remaining preload

Total change in length of bolt and joint at 650°F ‘.

Change in temperature

|
Total number of bolts in joint i
{
1
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l o< Linear coefficient of expansion of bolt between room temperature
B and 650°F
l oy Linear coefficient of expansion of joint material between room
temperature and 650°F
l EB Bolt strain, inches/inch
C‘j Joint strain, inches/inch .
l 0’§ Stress in bolt at room tempera-.:e
' 0’: Stresa in bolt at 650°F
G"j Stress in flange (compressive)
G}‘ Stress in joint at 650°F
'DEVELOPMENT OF EQUATIONS
At room temperature the joint area, AJ =
/8 2 2 .2
A, = L Da - -
37 % P27 0D e G
o T 02 o2 _ 42 -
Aj —A_ (Dz Dl nd )
The flange stress U, = P where ER = ._(.L - AIJ
1o TR T
] D 3
Therefore, Alj = CI; 1
4 Fr
Therefore =
T el -0 - wed)
Mheret er 4 Fp
erefore, =
1) - o - add) a?

1
Al"-" Frly

Therefore,
1 me; - 0} - ndd) B}

which is the joint compression at room temperature,

| £
The bolt force, L _';_1' wvhere the bolt area, Ap -1%' d2

l , - , \ ‘4_‘ RSP J
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r R Fp 4 Fr
T - Ag nTrd
gy Jay!
€_ = £ there €_ - &
B gR B 13
.

Therefore, AIB -EBIB

Therefore AIR __—'Eﬁa 1 13
exrerore, B. 2
nild B

which is the bolt length change-at room temperature

T
At 650°F, A1y = 15 K AT

A1'§ = 14 AT
At Ay Q] - ey - 1ye< AT

JAY -A1§ +A1§ -

7868

LBt e -1, X AT
A 1T(1>2 -ndz)zJ nTra? g} g™t~ 1370y
or .
Dy - ! v Frlp Loy - 4y pAT eH)
(A, - nAg) E nABE

The remaining bolt load at temperature is determined as follows:

Since r -O’ and l": -J: A‘, and P:: = n P:.
T T
iy Ay

ThcnO’}-lj _f;L md(:-l: l‘

o"‘.'ﬁj
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PRate me,

r

T T
Butd}AJ =anA and A1§ +A1B -Ali

B

T A T AIT
Therefore JT - Q—J—B—! s E |
J AJ J IJ

T T T
g, =4

x"ABl'1

T

dezr Aln
B B 1B

E, "1, A
Ifl(--;l\- 3 B3 3]

lj AB

w3

T T
Men A1y = kA1l -kl

or AI: (1 + K) =KA1::

There fore AI: = '(_f&ri‘)’ A 1; (3)

. T
T T Aln

T
- 4
and P 0, A, or Ey A (4)

The solution of equatfons 1 through 4 will yield the remsining bolt
preload at temperature.
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