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ABSTRACT

Tactical shielded shelters which provide electromagnetic interference!_
electromagnetic pulse (EMI/EMP) protection for enclosed-electronic equipment
typically degrade in shielding performance, often after only 3 or 4 months of
exposure to the field enfironment and normal use. This study determines the
specific causes of this degradation, provides recommendations for field
maintenance of existing shielded shelters, and assesses design and materials
improvements that can be incorporated into the manufacture.of next—generation
shielded shelters. The study emphasizes the performance and electrical degra-—
dation properties of available EMI gasket materials and their mating surfacc;

used to electrically seal tactical shelter personnel access doors.
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SECTION VI

CONCLUSIONS

Research conducted during this investigation has produced the following

conclusions:

1. The causes of EMI shieldiﬁg degradation along the gasketed door seams
of tactical shielded shelters can be broadly categorized in the areas of

materials selection, design, quality control, and maintenance.

a, The knitted wire mesh gasket material presently installed in the EMI
‘gasket channel generally exhibits poor plating quality; this allows micro—
scopic exposure of both the underlying copper cladding and the steel core.
When moisture is present, this material has a high potential to self-corrode
in the form of iron oxide (rust) and tarmish. The coated aluminum mating sur— )
faces admit aluminum and aluminum oxide to the electrical interface between
the EMI gasket and the mating surface, due either to abrasion of an
alodine/iridite coating or to porosity and wear of a flame—sprayed tin coat-
ing. When exposed to moisture, iron, copper, and aluminum ;xhibit excessive
galvanic corrosion actions which introduce corrosion products and insulating
aluminum oxide buildup into the electrical contact area. At locations of low
contact forces, these surface contaminants directly cause the observed shield-
ing dogr;dation. Upon exposure to the corroding metals, the EMI gasket elas—
tomer undergoes an accelerated aging process which is manifested as elastomer
memory degradation and subsequent "effective compression set.” This compres—
sion set reduces local closure forces which further degrade the electrical
continuity of the EMI gasket/mating surface interface. In certain combina—

tions of moisture, corrosion action, and compression set, the shielding
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degradation can be severe at isolated locations along the EMI gasketed seam of

the door. '

b. The design of the gasketed chanmel and its mating surface is not
optimized to facilitate moisture evaporation and/or drainage away from the
electrical contact area. Hence, moisture retention at the seam enhances the

effects discussed in Concluﬁion l.a. above.

c. The problem of corrosion potential associated with the tin/copper/
steel type mesh gasket actually depends more on quality control than on
materials and-design. Other tested knitted mesh materials shoyed acceptable
tin—plating quality and good corrosiom protection. Without affec;iva quality
control and quality assurance péaetica by the gasket manufacturer, any EMI
gasket that depends on a plated ;nrfaoe for corrosion protection could intro—
duce. this probiem to the gasketed seam. Another area of poor quality control
is the installation and adjustment of the shielded door by the shelter
manufacturer. The difficulty encountered in latching and closing many tacti-
cal shelter doors is indicative of inproporl} adjusted latching mechanisms,
which leads to poor control of door closure force tolerances. These types of
inadequate quality control can praduce significant variations in shielding

performance among shelters of similar construction.

d. Failnre‘to perform necessary maintenance/cleaning procedures on the
gasketed door seam is potentially a significant cause of shielding degrada-
tion. The magnitude of this degradation depends on shelter door use and loca-
tion, and is therefore not gemerally quantifiable. However, it is concluded
that without regular maintenance, the buildup of metal oxides, adsorbed atmos-
pheric pollutants, dust, and field debris will contribute to shielding degra—

dation, even for the best designs/materials used in the door seam
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construction. This buildup introduces 2 nonconductive film between the
electrical contact materials which can often severely degrade the door seam

. shielding capability.

2. The solutions to the shielding degradation problems can also be gen—
erally placed in the categories of materials selection, design, quality con—

trol, and maintenance.

a. Tin-plated mating surfaces will provide the best overall performance
for door gasket and mating surface applications, except in the sliding contact
configuration with fingerstock. A corollary to this conclusion is that the
tin-plating must be of accapt;ble quality and thickness (see Section V). It
is not possible to recommend a particular EMI gasket, since the gasket system
selected depends on how well maintenance can be performed. In this context,
fingerstock may be ruled out, since its effective mechanical operation (i.e.,
sliding contact) is strictly dependent on adequate lubrication and cleaning iq
a field enviromment. Also, fingerstock requires precise door closure align—

ment to prevent finger breakage.

The tin—-plated spiral gaskots performed very well, both mechanically and
electrically. With lubrication, their electrical contact quality was
equivalent to or better than that of sliding contact fingerstock, and even in
the unlubricated or dry contact condition, it was much better than that of the
mesh gaskit. Also, the spiral gasket ﬁatarial performed well in corrosion
testing due to its high—quality tin-plating. Two drawbacks t; the immediate

use of spiral gasketing are:

(1) The effective cleaning of a "captivated gasket” channel to remove

dast, etc., will require partial disassembly of the channel in the field.
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This could be eliminated by soldering the gasket to the channel; however, this

introduces replacement complicatioms.

(2) The spiral gasket and mating contact edge have not been fully optim
ized in a marketed door gasket configuration. Although the design tested in
this investigation performed well, further developmental design would be

requirod before incorporation into a shelter seam.

Although the knitted mesh gasket material performed poorly in most of the

testing because of poor tin—plating, it is still a viable candidate for use,

if g good quality of tin—plating can be assured. = The use of a steel core in
tﬁa mesh wire for better permeability is not required, since the shelter is
made from nonpermeable aluminum. With this consideration, it is concluded
that the tin—-plated phosphor bronze mesh material, which showed good tin—plate
quality, is a better choice than tin/copper/steel for the wire material. A
better choice of elastomer for the mesh gasket should also be made. The "hol-
low D” concept using solid silicome (Section V) should reduce the compression
set problem. Since the "hollow D" olastomar-with tin-plated phosphor bronze

mesh was not actually tested in this study, further verification should be

completed before its use in shelters is formally adopted.

The electrical mating surfaces of the door seam also need surface finish
improvements. Thstins revealed that arc—sprayed tin can be directly applied
with good adhesion to aluminum, and that it provides a good mating surface for
mesh—gasket-type materials. For mating to spiral gasket or fingerstock, a
fused or "reflowed” tin surface is preferable. Shaléars already using flame-
sprayed tin mating surfaces should be checked to insure that the coating
thickness is adequate. To minimize the porosity effects of arc— and flame—

sprayed materials, a minimum of 10 mils thickness should be applied. It was
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found that alodine/iridite'coating surfaces are géné:ally.too susceptible to

abrasion to be effective as a door gasket mating surface coating.

N b:“ Several door seam §nd shelter modification design concepts could
easily be addeg to current sﬁelter designs to reﬁnca gasket environmental
exposu:o; Even without matori;l changes in existing shelter designs (i.e.,
new gasket and mating sn:fl;e.finishea), the reduction of moisture retention

at the gasket could reduce th@ degradation problem.

¢. A major contributor to the shielding degradation problem is lack of
adequate qnality control in.sovpral areas, It is recommended tha? an effac-
tive quality control ;nd assurance progiam be "instituted and onforcad-within
the context of shelter procurement. Much of the degradation problem can be
eliminated by refusing to accept shelters with poor quality gasketing, improp—
erly fitted d&ors. etc., Shielding effectiveness acceptance testiné alone will

not assure sustainable shielding performance.

d. After materials and design improvements have been made in the shelter
construction details, some routine door seam cleaning and maintenance will
still have to be dome in the field. The frequency and methods for this main—

tenance will depend on:
(1) Shelter locatiom
(2) Shelter use

(3) The types of improvements actually made in design and materials of

the door seam.
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Therefore, specific muintunan?e routines are not proposed. The Antline given
in Table 2 applies to mosh—ggskated seams that are susceptible to corrosion
(i.e., most of.the shelters Already fielded). In any case, a nominal cleaning
fr;quency of once per week Eﬁoﬁld.ba sufficient to kea; down the dust accumu—

lated dufing normal use.’ Méﬁe detailed maintenance procedures should be

developed after tho.threa mafntenance stipulations listed above have been

specified. i

3. Conducting the various testing approaches for EMI gasket performance

quantification has produced the following general conclusioms.

a. CW shielding effectiveness testing is of limited use in gasket
developmental and compa:ison?tasting becanse the results quantify the perfor—
mance of an entire assembly and not just the gasket. However, in verifying
performance of the final design, it would be useful if the test panels are
similar in construction and materials to those used for tactical shelters.
The best frequencies for comﬁarison testing of good gasketed systems are 100
kHz to 200 kHz, magnat;c, using coaxial-.and-coélana:*IOOp antenna orienta-—

tions.

b. Transfer impedance testing is an effective way to directly compare
gasket current transport properties at frequencies of interest in EMI/EMP pro-

tection. However, it is im?ortant that the test fixture have a characteristic
device impedance near SO’halo be compatible with most test instrumentationm. |
The test fixture used in this study did not possess this characteristic, and
the transfer impedance was therefore much harder to determine. Although the
transfer impedance plots pros;ntod are known to deviate + 10 percent from the

actnal value at certain frequencies, it is believed that the amount and direc-

tion of this deviation is the same for all gaskets tested. Therefore,
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cnmﬁa:ison'af transfer impodincé performance for different gasket materials is

valid within the context of this limitation.

c. The usc'of simulntqd door closn:g testing is very important in com—
paring door gasket performancat Al though only DC resistance measurements were
used to characterize w;ar and corrosionhchangas-on the gaskets, the supplemen—
tal visual observation of tﬁe gaskets under cyclic loading gives a good indi-
cation of gasket durability that cannot be obtained from electrical testing
alone. For instance, physical dﬁmage to the gasket and mating surface can
of ten produce better alectripal-perfo:mance!readings. even though this damage

reduces long—term performance capability.

d. An area of concern not fully assessed in this study is the effect of
different current levels to obtain gasket comparison data. For instance, some
gasket materials may porforg well under low level (10 mA) DC current testing,
ﬁnt can be dagrade& af ter conducting an EMP level pulse current. Alsot .
current levels above 1 amp (DC or AC) may produce localized "joule heating” at
surface asperity contacts, thereby altering kha s#rfaca’s ability to conduct
low—1level currents or subsequent EMP currents. This concern’'is analogous to
the correlation of CW vs. EMP shielding effectiveness testing. For instance,
the nature of current flow from an EMP is drasfically different from that gen—
erated using loop antennas in MIL-STD*ZSS‘testing. From theoretical con—

siderations the "optimum current levels” for EMI gasket testing could be

determined. This is important because the current levels used can affect the

results.
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4., Of immediate interest is the refurbishment of the many t;ctical
shielded shelters now in use, which are experiencing various levels of shield-
ing degradation as a result of aging effects at the gasketed door seam. Based
on the results of this study and the fact that most fielded shelters are
designed to accep£ mesh gasketing in the door channel, the following refurb-

ishment method is proposed: -
a. Remove old mesh gasket material.

b.  Grit-blast the gasket chanmel and door mating surfaces to remove old

‘coating material nndato expose the aluminum surface.

¢
" e -

¢, Clean the blasted surfaces with trichloroethane base solvent and allow

them to dry.

.d. Apply arc—sprayed tin.to channel and door mating surfaces (10 mils).
°. Ihstsll new EMI mesh gaskat material.*
f. Adjust door closure tolerances as needed.

This process could also be done using flame—sprayed tin over a bond coat.
This outline is provided as a refurbishment starting point. Other gasketing
materials or methods of tin—plating could be used. The important parameter is

the quality of the final tin—-plated surfaces.

* A three—cover tin—plated phosphor bronze mesh material over the usual type
of closed-cell silicone sponge elastomer would work well enmough, assuming
good tin plating is present. A "hollow D” elastomer may not work in this
rofurbishment, since the mating surfaces are designed for a rectangular
sponge material,
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5. The following comment concerns new technologies now becoming avail-
able for commercial appliFation of surface finishes. Most of the tin—plating
methods discussed in thia;report are susceptible to both wear and fretting at
dry contact. Vacuum plasﬁa deposition, chemical vapor ;oposition, ion plat-
ing, ion implant;tion, and many post—plating heat treatment techmiques (e.g..,
surface laser fusion) have high potential for providing enhanced metal surface

)
properties (particularly iear and corrosion protection). Tin—plated surfaces
applied by traditional methods will eventnally require replating because they
will be susceptible to wear. The new coating methods offer potential for comn-—
ductive surfaces with extremaiy low maintenance requirements. By reducing the

maintenance requirements for the gasketed door seam, long—term shielding pro—

tection can be better assured.
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4.5 SUMMARY OF TESTING TRENDS
a. Mesh gasket material.

(1) Effective compression set and resultant loss of closure force is

a significant degradation factor.

(2) Poor quality of tin—plating (tin/copper/steel) leads to variable

but high corrosion potential with moisture.

(3) Good tin—plated surfaces were found on tin—plated phosphor

bronze mesh.

(4) Application of conductive lubricant to the mesh improves corro—

sion behavior and electrical contact quality.

(5) CW shielding effectiveness is good im the new conditiom, but is

very susceptible to short—term excessive degradation with aging (Reference 4) .

(6) ™"Shelter mesh” was electrically inferior to "other”

tin/copper/steel mesh and more susceptible to extensive rusting.

b. Fingerstock material (bare beryllium copper)

(1) Low closure force, gooh electrical performance, and excellent

.

contact resistance stability under sliding contact were observed.

(2) Bare gasket surface is preferrable to tin—plated surface for

reducing sliding friction.
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(3) Corrosion performance may be highly dependent on the beryllium
copper alloy and temper; in most corrosion testing, behavior was adequate, and

was very good in the lubricated condition.

(4) The mating surface is pronme to moderate wear at finger edges,

and is susceptible to extreme wear in the unlubricated condition.

(5) Lubrication is mandatory to prevent rapid finger wear and break-

age.

(6) CW shielding effectiveness is excellent in the new condition and
sustainable with normal lubrication and cleaning to remove wear particles

(Reference 4).
¢. Spiral gasket material.

(1) Low closure forces and excellent electrical performance were
observed, with good contact resistance stability when lubricated. In the

unlubricated condition, fretting of the tin—plate may occur under low closure

forces.

(2) Tin-plated surfaces showed:rlittle or no wear in direct contact

design.

(3) Excellent corrosion protection is provided by the superior tin-

plated gasket surface.

(4) CVW shielding effectiveness is good, but long-term sustainability

was not directly verified.



