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INTRODUCTION 
This paper is intended to provide 

persons involved with the purchase, 
use, and maintenance of modular 
shielded enclosures with some in- 

sight into the complexities of shield- 
ed enclosure repair. The authors feel 
that there is a need to present this 
technical subject in an informative 
way to an audience that typically is 
not involved in technical issues, as 
would be the case for a procurement 
officer attempting to obtain services, 
a contracting officer monitoring pro- 
gress, or a facilities engineer who 
needs to be informed of what is hap- 
pening to his resources. To accom- 
plish this end, this article has been 
pr'epared by two authors; one author 
is experienced in the shielding indus- 
try as a technical consultant, and one 
author is experienced as a facilities 
engineer from the user community. 
The authors have drawn from their 
combined experiences some com- 
ments and presentations that ad- 
dress some of the most frequently 
faced issues in shielded enclosure 
maintenance. 

Armed with this information, the 
reader should be able to investigate 
the condition of a modular shielded 
enclosure and be able to locate sus- 
pect areas where degradation may 
be occurring. Additionally, the read- 
er will be able to interpret the actions 
of an enclosure services vendor dur- 
ing negotiations and contract perfor- 
mance and to gain confidence in the 
contract monitoring aspects of main- 
tenance activity. 

TECHNICAL SCOPE 
This article addresses technical is- 

sues related to the maintenance of 
aged modular shielded enclosures. 
There are several variations of mod- 
ular shielded enclosures that have 
been on the market over the past few 

years. This article is limited specifi- 
cally to the subject of maintaining 
cell type modular shielded enclo- 
sures, enclosures that consist of steel 
panels laminated to a particle board 
core joined by clamping hardware 
framing. The cell type enclosures are 
the type most frequently encoun- 
tered by the authors in the course of 
their work, and this enclosure style is 
frequently found in facilities through- 
out the user community. 

The common experiences of the 
authors relate to cell type modular 
shielded enclosures which operate in 
moderate to severe humidity envi- 
ronments and which have been in 
continuous use for periods of more 
than 3 years and less than 6 years. 
The enclosures involved in this activi- 
ty were supplied by two major ven- 
dors which are well known in the 
industry. Each vendor provided the 
installation. Each of the enclosures 
involved was installed in a facility as 
part of a new construction activity. 

LOCATING RF LEAKAGE 

General Comments 
Reading through this article, the 

user will develop more of an insight 
into where to look for problems in a 
modular shielded enclosure. Once 
the suspect areas have been estab- 
lished, the problem is to pin down 
the exact location of the leakage. 
This is not so easy to do. Using the 
procedures of MIL-STD-285' or NSA 
65-6 (these are government specifica- 
tions that include testing procedures 
for shielded enclosures), testing can 
be performed to quantify the 
amount of leakage as a function of 
frequency and the approximate area 
of degradation may be located. The 
authors use plane wave testing at 1 
GHz for rough work and quantifica- 

tion, then perform magnetic field 
scanning at 1 MHz to close in on the 
degraded area using the equipment 
commonly employed in shielded en- 
closure testing. Usually this proce- 
dure will locate the degraded area 
closely enough so that corrective ac- 
tion can be performed. 
Precise Location Search Meth- 
ods 

As usual, there are soine impor- 
tant exceptions to this procedure. 
For example there is the case where 
leakage is found around the perime- 
ter of a door. The leakage could be 
caused by dirty fingerstock in the 
door mating surfaces or it could be 
due to loose clamping hardware on 
the door frame only inches away. 
The situation is illustrated in Figure 
1. There is no practical way to deter- 
mine which location is the actual 
cause of the leakage using the proce- 
dures of NSA 65-6 or MIL-STD-285. 
Even using small 3- or 4-inch loops 
will be ineffective since they are too 
large to achieve any resolution. One 
alternative would be to rework both 

Figure 1. Clamping Hardware Adjacent 
to Door Mating Surfaces 
(After Corrective Work). 
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suspect areas, but that is never time 
or cost effective when dealing with a 
penetration as complex as a door. 

SELDS 
In a situation such as this, there is 

a need for equipment that can give 
precise leakage location information, 
and equipment that can determine 
the leakage location to dimensions of 
less than 1 inch. There is equipment 
commercially available at a reason- 
able price that offers this kind of res- 
olution capability when used by a 
skilled operator. This equipment 
works by inducing RF currents on 
the surface of a shielded enclosure 
and then searching on the opposite 
side of the shielded surface with a 
small magnetic field probe for evi- 
dence of fields caused by circulating 
RF currents that have penetrated the 
shield at a defect location. The re- 
sults are qualitative only. They have 
no meaning from a calibrated mea- 
surement point of view, but the re- 
sults provide very precise leakage 
position information. Devices are 
sold commercially by two vendors 
that the authors are aware of; both 
devices are referred to as SELDS 
test sets. These devices are popular- 
ly referred to as sniffers. SELDS is an 
acronym for Shielded Enclosure 
Leak Detection System. These de- 
vices are essential in the construction 
of welded steel shielded enclosures 
but can also be very valuable in locat- 
ing the exact cause of leakage in 
modular enclosures. The user must 
remember at all times that the 
SELDS equipment is not a substitute 
for calibrated measurement; it is an 
aid to provide precise position infor- 
mation. 

' 

Spectrum Analyzer/EMI Re- 
ceiver 

There are also cases where the 
surface of the shielded enclosure can 
be contacted directly with a test 
probe to track down the sources of 
RF leakage. This must be done with 
care to prevent damage to the test 
equipment. This technique is very 
effective in the UHF frequency 
range, far above the frequencies at 
which the SELDS test equipment op- 
erates. 

SHIELDED ENCLOSURE 
DEGRADATION 

It h8s been established in the user 

community that modular shielded 
enclosures suffer from performance 

degradation over a period of time. 
There is quite a bit of environmental 
stimulus available in almost any facil- 
ity that can cause this degradation to 
occur, and all too often this degrada- 
tion occurs much faster than one 
would like. Thermal cycling, humid- 
ity cycling, shock, vibration, and 
electrical overstress all influence the 
rate of degradation of shielded enclo- 
sure performance. All of these fac- 
tors come into play when a shielded 
enclosure is installed in a facility 
cooled and heated by forced air, lo- 

cated in a temperate or tropical cli- 

mate, subjected to shifting floor 
loads, subjected to high levels of per- 
sonnel traffic, supplied by industrial 
power, or subjected to lightning in- 

duced line transients. Virtually every 
shielded enclosure in use is subject to 
some combination of these condi- 
tions. 

A good way to gain an apprecia- 
tion for what is involved in the aging 
process and how quickly to expect 
degradation would be to study the 
lifespan of a shielded enclosure locat- 
ed in ideal conditions. This would 
provide a baseline for comparisons 
and establish an expected degrada- 
tion rate. The U. S. Army Construc- 
tion Engineering Research Laborato- 
ry in Champaign, Illinois, did this in 
the late 70's and a fine report was 
completed by R. G. McCormack in 
June of 1981 summarizing this work. 
This report is approved for public 
release and is available through the 
National Technical Information Ser- 
vice. Ask for Report "CERL-TR-M- 
296. " 

The study reports the effects of 
aging on modular shielded enclo- 
sures over a 3 year period and in- 

cludes environmental information. 
Results of the study showed that 
"significant degradation of shielding 
effectiveness occurs with aging, so 
periodic maintenance will be neces- 
sary if optimum shielding is requir- 
ed". This study was conducted un- 

der controlled conditions, and the en- 

closures were not subjected to the 
rigors of daily usage. This data per- 
tains to portions of a shielded enclo- 
sure that are subject to a fairly be- 
nign environment. Obviously por- 
tions of a shielded enclosure that are 
subject to a more active environment 
will degrade at an acceIerated rate. 

The following sections detail expe- 
riences with modular shielded enclo- 
sure components which have been 

exposed to the stimulus of an active 
environment. Each section addresses 
a specific enclosure component, the 
symptoms which indicate degrada- 
tion, and some comments on an ap- 
proach to correcting observed defi- 
ciencies. There are also selected 
notes on testing and preventive 
maintenance. 

SHIELDED ENCLOSURE 
CLAMPING HARDWARE 

Clamping Hardware Configura- 
tion 

Many modular shielded enclo- 
sures are clamped together with 
what are referred to as flat and hat 
clamping hardware. These terms 
originate from the cross sectional ap- 
pearance of the clamping hardware. 
This hardware is used by almost ev- 

ery manufacturer of modular shield- 
ed enclosures, but there are some 
important exceptions. One manufac- 
turer supplies enclosures that have 
the inner and outer shielded surfaces 
isolated by dielectric materials. This 
requires a unique hardware clamp- 
ing system that maintains the dielec- 
tric isolation of the two shielded sur- 
faces. Another manufacturer pro- 
vides a single skin (there is only one 
metal skin and no core material) 
modular enclosure configuration 
that is clamped with frame channels 
and panel tensioners. Another manu- 
facturer of single skin modular enclo- 
sures provides a panel clamping sys- 
tem that consists of the familiar flat 
section clamped. to either another 
flat section or to a rectangular struc- 
tural tube. In this article, only the 
flat/hat clamping hardware used in 
cell type shielded enclosuies will be 
discussed. 
Typical Failure Locations 

It has been observed that the 
clamped seams that degrade spec- 
tacularly are located where some en- 
vironmental stimulus accelerates the 
normally expected rate of degrada- 
tion. Prime examples are clamping 
hardware securing a door in place 
where high levels of shock and vibra- 
tion are present, clamping hardware 
near honeycomb ventilation panels 
where sharp temperature and hu- 

midity gradients exist, and clamping 
hardware securing floor panels 
where shifting floor loads occur peri- 
odically. Particularly important are 
locations where forced air cooling 
can cause condensation of atmo- 
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spheric moisture and where mois- 
ture is trapped beneath the enclo- 
sure floor. Clamping hardware used 
to join intersecting shielded planes 
such as floor/wall or wall/ceiling in- 

tersections will often degrade at an 
accelerated rate; there is consider- 
able mechanical stress at these loca- 
tions. 

It is common practice in facility 
layout to put all of the doors and 
penetrations into a shielded enclo- 
sure on orily one wall of the shield. 
This is usually done so that all of the 
utilities and service lines which pene- 
trate the shielded enclosure can be 
maintained from one location. This 
arrangement also makes things a lit- 

tle easier when maintaining the 
shielded enclosure since the most 
rapid degradation of the clamping 
hardware will typically occur on this 
wall. Obviously most of the stimulus 
for degradation will occur on this 
wall. If a shielded enclosure has de- 
graded, this wall and the floor adja- 
cent to this wall will be the first place 
to look for trouble. Meanwhile the 
three remaining walls and ceiling (if 
free of penetrations) will degrade at 
about the expected rate. 
Typical Failure Modes 

Once the location of the RF leak- 
age has been identified by using ap- 
propriate testing techniques, the 
cause of the leakage must be deter- 
mined. This search will require re- 
moval of selected enclosure compo- 
nents for inspection. The vast major- 
ity of leakage with clamping 
hardware occurs when the hardware 
is no longer clamped tightly, thus 
allowing oxidation of the hardware 
and mating surfaces to reduce con- 
ductivity at the clamped seam. In 
most of these cases the hardware 
was clearly tight at the time of as- 
sembly, the evidence for this being 
slight distortion of the flat clamp 
strip and the condition of the screw 
heads. With aging, the clamped 
seam compression apparently re- 
laxed. Possibly this loosening was 
due to thickness changes in the core 
material rendering a clamped seam 
vulnerable to oxidation. There are 
cases where the same situation oc- 
curs but without indications that 
clamping hardware had been tight at 
the time of assembly. If orie can loos- 
en the screws easily by hand, it indi- 
cates an area where the installer po- 
sitioned the hardware and skipped 
over a few screws when securing 

them at the required torque. When 
this occurs, it typically involves ei- 

ther a single screw or an entire r'ow 

of screws. If orie screw is loose, 
check the others associated with that 
particular clamp section to be sure 
that no others are loose. A third trou- 
blesome situation occurs when the 
installer applies so much torque to 
the screws that the flat portion of the 
clamping hardware becomes distort- 
ed. If the distortion is severe enough, 
the clamping hardware may not 
form an effective RF seam. 
Corrective Action 

The first two situations described 
above can be corrected by removing 
the offending clamps, cleaning all of 
the mating surfaces, and reinstalling 
the clamps. In the third situation one 
needs to obtain a new flat clamp 
from the enclosure manufacturer. 
Gentle cleaning should be performed 
to remove the oxides present on the 
mating surfaces. Clamping hardware 
is typically finished with zinc electro- 
plate. The surfaces of the shielded 
panel may be finished with galvaniz- 
ing or zinc electroplate. Aged sur- 
faces will appear dull and may give 
the impression of a fine white pow- 
der adhering to the surface. Figure 2 
is an example of slight to moderate 
oxidation of the flat strip mating sur- 
faces. 

After cleaning, the surfaces will 

have a slight sheen and there will be 
no traces of the white powder. The 
shielded panel surfaces will remain 
fairly dark. Inspection with a flash- 
light held at an angle to the surface 
will determine how effective the 
cleaning efforts have been. The 
clamping hardware usually will take 
on a noticeable sheen when it is 
clean, since electroplate cleans up 
more easily than the galvanization 
found on the shielded panels. Never 
use a cleaning process that will re- 
move the plating from the clamping 
hardware or the galvanizing from the 
shielded panels. This removal would 
leave bare steel mating surfaces and 
consequent corrosion problems. 
Once the mating surfaces have been 
cleaned, avoid touching the surfaces 
with bare hands. Skin oils can accel- 
erate the corrosion process so han- 
dle clean surfaces with care. Figure 1 
is an example of an aged seam that 
has been restored to meet the manu- 
facturer's original specifications after 
approximately 3. 5 years of service in 
a humid environment. 

Figure 2. Slight to Moderate Oxidation 
of Flat Strip Mating Surfaces. 

Screws 
The high torque settings required 

to secure the clamping hardware can 
cause damage to the screw heads. 
Damaged screws should be replaced 
with new screws tightened with the 
amount of torque specified by the 
enclosure manufacturer. This re- 
placement is best accomplished us- 

ing an electric screw gun with an 
adjustable clutch for setting the 
torque. Do not yield to the tempta- 
tion to overtighten the screws. Most 
good quality screw guns can deliver 
about 120 inch pounds of torque and 
that is sufficient to snap the heads off 
of the screws and/or strip the 
threads in the clamping hardware. 
Figure 3 shows two screw heads that 
have been damaged by the use of 
excessive force. The flat strip por- 
tion of the clamping hardware can 
distort to the point where gaps will 

open between the clamp surface and 
the shielded panel surface. If the 
threads in the clamping hardware 
are stripped, the hole must be drilled 
out and tapped for the next larger 
screw size. Keep some screws of this 
size on hand along with the correct 
drill bit and tap since stripping of 
screws occurs even with new hard- 
ware. Some installers simply insert a 
longer screw in the existing hole and 
thread a nut on the opposite side of 
the enclosure. This is possible with 
some styles of hat hardware but not 
well advised. Areas where this has 
been done are prone to leakage after 
only slight aging. This rapid leakage 
makes sense when one considers 
that a stripped hole has a larger di- 

ameter than originally intended and 
does not contact the screw body so 
as to form an effective RF field. 
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Figure 3. Screw Heads Damaged by 
Excessive Force. 

RF SHIELDED DOORS 

General Comments 
No one subject about shielded en- 

closures stirs up as much controver- 
sy as that of shielded enclosure 
doors. Problems with doors plague 
both manufacturers and users. Both 
groups must share the blame for the 
considerable dissatisfaction with 
shielded enclosure doors. The manu- 
facturers have not been awfully cre- 
ative with their designs in the last 
fifteen years, but the user communi- 
ty continues to insist on buying deci- 
bels of shielding effectiveness over 
ranges of frequencies which may 
very well not be needed and which 
require added door weight and com- 
plexity. Although there is a lot of 
room for improvement ori the part of 
both the manufacturers and the us- 
ers, this article addresses how to deal 
with the problems of the existing sit- 
uation. 

The two most common types of 
doors for modular shielded enclo- 
sures are the knife edge type doors 
where the fingerstock is mounted in 
a receiver channel on the door 
frame, and the flat mating surface 
type doors which have the finger- 
stock mounted on the mating surface 
of the door leaf. There are other 
variations in door sealirig hardware 
using mesh gasket and the like, but 
these configurations are not within 
the scope of this article. 

The premier rule of door repair is 
to follow the manufacturer's instruc- 
tions for maintaining the door so as 
to avoid frequent repairs. Instruct us- 
ers in how to operate the doors with- 
out slamming the hardware, how to 
protect the threshold, how to avoid 
becoming entangled in fingerstock, 

and most irriportantly, how to avoid 
personal injury. Doors can be re- 
paired with basic hand tools; people 
are much more difficult to repair. 
Check the operation of doors fre- 
quently and watch for the accumula- 
tion of dirt and foreign objects. 

Failure Nodes and Symptoms 
A shielded enclosure door will 

provide attenuation in accordance 
with the more stringent national stan- 
dards only when it is clean. As a rule, 
magnetic field attenuation in the low 
frequency range will degrade with 
the onset of corrosion, and this prob- 
lem reoccurs in only a matter of days 
after cleaning if you are a user locat- 
ed in an extreme erivironment. This 
will be followed by degradation of 
the highest frequency plane wave at- 
tenuation capability although this 
takes a while to occur. It is suprising 
how dirty a door can be and still 

provide plane wave attenuation, par- 
ticularly in the case of knife edge 
style doors. 

Most users are not aware that the 
shielding effectiveness of a door is 
degrading until the degradation of 
the door is pretty far along. When a 
user is making measurements within 
a shielded enclosure in accordance 
with MIL-STD-461 limits, or FCC 
Class A and B limits, the first perfor- 
mance degradation indication will be 
an objectionable rise in the enclosure 
ambient. Usually, not too much at- 
tention is paid to this rise until sharp 
narrowband signals start appearing 
in the test data that stand out from 
the broadband noise. Panic sets in as 
these signals approach the measure- 
ment specification limits. These sig- 
nals are typically caused by nearby 
radio and TV broadcasts. 

Simple observation of facility us- 
ers can provide clues to the status of 
a door. Most of the high perfor- 
mance doors on the market today 
are not easy to open or close even 
when they are correctly adjusted. If 
the contact fingers become dirty, or 
if the door alignment shifts slightly, 
the door will become even more diffi- 
cult to operate. This difficulty causes 
an exponential increase in user irrita- 
tion; and the users will be more bla- 
tant about slamming the door, lean- 
ing on the handle, and applying col- 
oiful verbal metaphor, particularly if 

there is anyone remotely related to 
the maintenance of shielded enclo- 
sures within earshot. When these 
symptoms start to appear in the us- 

ers, a quick visual inspection of the 
door will usually reveal the cause of 
the problem. 

Before opening the door for in- 

spection, take a moment to survey 
the surroundings. Is the floor near 
the door clean and free of dirt and 
small objects that could become 
lodged in the door? Are any of the 
small objects lying on the floor parts 
that may have once belonged to the 
door? Are pieces of fingerstock scat- 
tered around? The little bits and 
pieces found lying about are telling 
evidence about the condition of the 
door. Examine the hinges to see if 

the gap on adjustable hinges is rea- 
sonably set in the vertical direction 
or if the adjustments have been run 
out to the maximum. Look for a tell- 
tale pile of filings on the lower hinge 
upper surface or the floor under the 
lower hinge which would indicate ex- 
cessive hinge binding and wear of 
hinge components. Figure 4 is an ex- 
ample of a hinge with surface mark- 

ings that indicate binding. Some 
doors do not have adj'ustable hinges. 
In this case look for an unusual ar- 
rangement of shim stock behind the 
hinges as an indication that some- 
thing is amiss. Hinges should look 
straight and be free of mechanical 
distortion; Hinges that do not look 
straight are an indication that some- 
thing is not right with the door. 
Check the handle to be sure that 
excessive play is not present. 

In subsequent observations there 
will be a need to differentiate be- 
tween dooi types to prevent confu- 
sion. Each type of door has its own 
mairitenance peculiarities. 

Flat Mating Suiface Door 
This style of door is the simplest 

door from a conceptual point of view 
and is fairly easy to maintain. Finger- 
stock is typically adhesive-backed 
and attached to the door leaf. The 
door leaf is finished with a conduc- 
tive surface against which the finger- 
stock compresses and contacts when 
the door leaf is pressed against the' 

conductive finish of the door frame. 
Note that the adhesive backing of 
the fingerstock does not have to be 
conductive for this to work but the 
surfaces against which the finger- 
stock wipe must be clean and very 
conductive. For these surfaces to be 
conductive, plated surfaces are pro- 
vided by the manufacturer on both 
the door frame and the door leaf. Do 
not use any process for cleaning 
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these surfaces that might remove the 
plating or reduce the surface conduc- 
tivity. If the plating is damaged, con- 
sult the manufacturer for repair in- 
structionss. 

Figure 4. Hinge with Surface Markings 
Indicating Binding. 

In cases where fingerstock has 
been damaged, try to determine the 
cause of damage before repairing 
the fingers. Fingers that have been 
damaged by contact with foreign ob- 
jects such as equipment carts, cloth- 
ing, or other objects, can be replaced 
without much concern. Fingers that 
fail repeatedly in one location such 
as near a hinge or near a latch may 
be subject to excessive compression 
and will most likely fail again. In this 
case, examine the overall mechanics 
of the door and implement some cor- 
rective action to the door itself to 
restore proper operation. This pro- 
cess may involve adjusting shim 
stock behind the hinges or at the 
latch points. Remember that any ad- 
justment made to this type of door 
that influences fingerstock contact 
pressure will have some influence on 
shielding effectiveness. Also, be sure 
to examine the door leaf for evi- 
dence of warpage. Most doors have 
a wood core that will warp under 
adverse environmental conditions. In 
this case, consult the manufacturer. 

Fingerstock replacement is not dif- 
ficult with this type of door. Use care 
when removing the damaged origi- 
nal fingerstock so as not to cause any 
further damage. Be sure to remove 
any traces of the adhesive material if 
there is any residue on the door 
frame, but use care so as not to dam- 
age the plating. Replace the dam- 
aged fingers with new fingerstock 
strips as recommended by the manu- 

facturer. Make sure that the replace- 
ment strips have the finish which the. 
manufacturer recommends; do not 
accept a substitute. Also, be advised 
that some manufacturers offer fin- 

gerstock in a snag free configuration. 
This fingerstock is less susceptible to 
damage by accidental contact, but it 
may not provide the same long term 
electrical performance that conven- 
tional designs provide in many door 
applications. It is always best to con- 
sult the manufacturer or a consultant 
if there is any doubt as to which 
materials are best suited for a partic- 
ular application. 

Knife Edge Door 
This style of door has been around 

for many years and has a proven 
record for performance when prop- 
erly maintained. The design is more 
complex than the design for the flat 
surface door, and adjustment and 
maintenance of this style door is 
commensurately more difficult. Fin- 

gerstock is held in place in a recessed 
conductive channel in the door 
frame and the door leaf frame is 
banded by a conductive extrusion 

forming a knife edge. The knife edge 
penetrates the door frame recess on 
closure, with the fingerstock contact- 
ing both the side of the knife edge 
and the door frame recess. The door 
frame extrusion and door leaf extru- 
sion are made of brass or bronze and 
are highly conductive. They are not 
plated surfaces so they can with- 

stand considerable surface erosion 
without the need for replacement or 
refinishing. Two rows of fingerstock 
are typically installed in the channel 
extrusion recess, but there are varia- 
tions. At least one vendor places a 
knitted wire mesh over a foam rub- 
ber core gasket in the recess, and 
another vendor is known for a twin 
knife edge variation with four rows 
of fingerstock held in the door frame. 
In some variations the fingerstock is 
held in place by the shape of the 
extrusion while other variations de- 
pend on adhesive-backed fingerstock 
for contact retention. 

In cases where the fingerstock has 
been damaged, try to determine the 
cause of the damage before repair- 
ing the fingers. The recessed position 

Call for more information today: 
312-628-9100 
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of the fingers is a great advantage 
with this style of door since the fin- 

gers are much less susceptible to 
damage by accidental contact than 
their counterparts on a flat surface 
door. If a random broken finger is 
found, repair is straightforward. Fol- 

' low the manufacturers suggested 
procedure for cutting a length of fin- 

gerstock from replacement stock 
and slide the replacement part into 
the recess under the damaged area. 
Make sure that the remains of the 
original damaged finger are clear of 
the channel otherwise further dam- 
age may occur. In a situation where a 
row of fingers are damaged, the door 
leaf may not be properly aligned with 
the frame. The knife edge style 
doors are quite tolerant of warpage 
in the leaf but cannot tolerate the 
slightest error in alignment in either 
the vertical or horizontal directions 
due to the tight dimensional toler- 
ances required by the design. The 
high performance of the knife edge 
type door configuration does have 
its price. 

Examine the door leaf with re- 
spect to the frame to determine if 
they are square with each other. 
Slipping of the bolts that penetrate 
the leaf at the hinges can cause the 
door to sag on the latch side. Thus 
the door leaf may appear to be rotat- 
ed slightly with respect to the frame 
and damage to the fingerstock in the 
upper and lower recesses on the 
latch side of the door may be evi- 
dent. Fingerstock damaged by this 
condition is shown in Figure 5A. This 
situation can be corrected by judi- 
c'ious manipulation of the hinge hard- 
ware. The major manufacturers sup- 
ply adjustable hinges which facilitate 
this operation. Also look for cases 
where the knife edge penetrates the 
recess from too high or too low a 
p'osition on door closure. This mis- 
alignment can cause shearing off of 
the fingers in large segments in the 
upper and lower recesses. Typical 
fingerstock damage for this condi- 

tion is shown in Figure 5B. Adjust- 
ment screws are provided by some 
manufacturers which act against the 
hinge pins to set the vertical position 
of the door. Use a small mirror to 
view the knife edge as it penetrates 
the recess while making this adjust- 
ment. 

Adjustments in the horizontal di- 

rection are the most difficult to per- 
form and are critical with respect to 

fingerstock life. The manufacturers 
supply hinges that position the door 
leaf very close to the hinge's center 
of rotation. The knife edge, if it is of 
any practical length, enters the 
frame recess at a very sharp angle on 
the hinge side of the door. This 
leaves almost no room for error in 
the horizontal door adjustment. If 
the knife edge enters the recess too 
close to the outer edge of the recess, 
the knife edge may scrape against 
and drag on the outer edge of the 
recess. On full closure the knife edge 
may exert excessive force on the out- 
er row of fingers on the hinge side of 
the door and the inner row of fingers 
on the latch side of the door. The 
result will be failed fingerstock in the 
locations mentioned. On the other 
hand, if the knife edge enters the 
recess too close to the inrier row of 
fingers on the hinge side, a loud pop- 
ping of the fingerstock will be heard 
on closure of the door. This is caused 
by the inner row of fingerstock on 
the hinge side of the door compres- 
sion back into the recess on initial 
contact with the knife edge and then 
suddenly relaxing under compres- 
sion into the correct position on clo- 
sure. This condition also seems to 
degrade fingerstock life. Test for this 
condition by stiffly pushing the door 
closed from the wide open 
position and releasing it prior to knife 
edge penetration on the hinge side. If 
the' door leaf bounces back toward 
you without the knife-edge engage- 
ment, problems exist. If the knife 
edge penetrates partially into the re- 
cess, the alignment is more nearly 
correct. The alignment procedure 
takes a lot of practice to master and 
is best left to a manufacturer's repre- 
sentative or a skilled consultant. 
When a knife edge door is correctly 
adjusted in the horizontal direction, it 

. may appear to be skewed slightly to 
the hinge side of the door. This ap- 
pearance should not be a cause for 
concern if the door is operating 
smoothly. 

Inspection of the mating of the 
knife edge with the recess may re- 
veal that the frame is warped in the 
vertical or horizontal direction, and 
an unusual damage pattern in the 
fingerstock may confirm that this is 
the case. This happens from time to 
time particularly with large frames 
such as double door frames. This 
problem can be corrected in the field 
in many cases and requires loosening 

the door frame from the shielded en- 
closure. The frames are suprisingly 
flexible and can be restored to their 
original configuration if manipulated 
carefully. This process should not be 
attempted without the aid of an ex- 
perienced consultant or a manufac- 
turer's representative. One can pro- 
ceed with fingerstock replacement 
after the frame and latching mecha- 
nism have been restored to good 
working order. 

Fingerstock replacement is quite a 
bit more difficult on a knife edge 
style door than on a flat surface 
door. The correct technique must be 
developed. Remove the existing fin- 

gerstock as efficiently as possible; 
there is really no graceful way to do 
this. The second row comes out a lot 
easier than the, first. Remove the 
knitted wire mesh over the foam rub- 
ber gasket, if present. Clean the knife 
edge and entire depth of the channel 
to remove all dark corrosion depos- 
its, oil, and residual adhesive. Pay 
particular attention to the locations 
where the fingers contact the recess 
surfaces with a wiping action as this 
is where attention to detail pays off. 
Contact the manufacturer for sug- 
gested materials for cleaning these 
surfaces; do not even think about 
using harsh abrasives. It seems that 
no matter how much effort is applied 
to cleaning these surfaces, one more 
pass with a solvent soaked rag will 

reveal dirt. As a rule, quit when the 
recess and knife edge look clean and 
shiny. 

Many users achieve good results 
using fingerstock procured in roll 
form, but use fingerstock of the type 
recomme'nded by the door manufac- 
turer and be sure that the fingerstock 
received is provided with the finish 

Figure 5A. Fingerstock Damaged by 
Slipping Hinge Hardware. 

Figure 5B. Fingerstock Shirring Caused 
by Poor Knife-edge 
Alignment. 
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recommended by the manufacturer. 
Do not accept a substitute. Install the 
fingers in accordance with the manu- 
facturer's instructions. The first row 
of fingerstock will go in easily; the 
second row will not. Proceed slowly 
so as not to damage the first row 
while installing the second. This is 
necessarily a time-consuming, te- 
dious process. The most difficult as- 
pect of the entire job is replacing the 
knitted wire mesh over the foam rub- 
ber gasket. Figure 6 is an example of 
a gasket which has degraded over 
time. The new gasket is worked into 
place after the fingerstock is in place 
and must be placed carefully to 
avoid damaging the new fingers. Not 
all manufacturers use this material so 
some users may never have the op- 
portunity to experience this delight- 
ful chore. An experienced individual 
can perform this task many times 
without breaking a single finger. In 
the case where a finger is broken, the 
manufacturer's procedure for slip- 
ping a short row of fingers under the 
existing fingerstock at the point of 
the defect is an acceptable practice. 

Once the fingerstock has been re- 
placed, the door can be closed. Do 
this very slowly and listen for any 
binding or crunching. -If the door was 
properly adjusted prior to replacing 
the fingerstock, all should be well. 
Otherwise the user may be in a posi- 
tion to damage all of the corrective 
work just performed. Use a spray 
lubricant in accordance with the 
door manufacturer's instructions af- 
ter checking and verifying that the 
knife edge is engaging the recess cor- 
rectly. However, do not overapply 
the lubricant as old lubricant will 
tend to trap particles of dust and dirt 
within the recess. 

Latching Mechanism 
The following comm'ents apply to 

both types of door configurations. 
Care must be taken to assure that 
the latch mechanisms operate cor- 
rectly. There are so many variations 
on the mechanisms used that they 
cannot be covered within the scope 
of this paper. An item of concern is 
always the door handle shaft pene- 
tration. These assemblies can be re- 
moved and cleaned when identified 
as the source of RF leakage. It is best 
to replace any gaskets removed from 
the handle with a new gasket; but in 
many cases, the compressed wire 
mesh gaskets found on some door 
handle hardware can be reused if 

they are clean. Be sure that the reas- 
sembled handle rotates smoothly 
and is free of play. Any play or bind- 
ing will lead to accelerated degrada- 
tion of the handle shaft and bearing 
surfaces. A worn handle shaft is 
shown in Figure 7. 

Figure 6. Degraded Gasket 

Inspect the cam rollers and latch 
bar mechanism for loose, worn, or 
cracked parts. These components 
are heavily stressed and weld failures 
are not uncommon. A failure of 
these components can lead t'o an in- 

dividual being trapped within a 
shielded enclosure. This happens far 
too often, and it is not an acceptable 
condition at any time. Replace any 
suspect components promptly be- 
fore there is a chance of an accident. 

Figure 7. Worn Handle Shaft. 

HONEYCOMB 
VENTILATION PANELS 

General Comments 
Honeycomb ventilation. panels 

seem to be one of the most likely 
places to look when there is trouble 
in a shielded enclosure. Problems 

with these panels are probably sec- 
ond only to door degradation in 
terms of frequency of occurence. 
The severity of the problem is a func- 
tion of how the honeycomb material 
is configured and how. the honey- 
comb is used. How the honeycomb is 
used m'ay seem to be an unusual 
comment since it is generally under- 
stood that honeycomb ventilation 
panels are used to allow passage of 
air without passage of RF fields. It 
turns out that the temperature and 
the relative humidity of the air flow- 
ing through the honeycomb ventila- 
tion panels determines, to a large 
extent, how the panel will degrade 
over time. This observation means 
that the troubles a user encounters 
will result from the honeycomb venti- 
lation panel application such as sup- 
ply air, return air, pressure relief, or 
lightning heat exhaust. In each case 
air velocity, temperature, and hu- 
midity are quite different. 

Honeycomb Configuration 
Different manufacturers have dif- 

ferent techniques for securing the 
honeycomb material in place. Each 
of the different techniques fails in a 
different manner over a period of 
time, and some techniques seem to 
be much more tolerant of environ- 
mental effects than others. 

As an example, one manufacturer 
clamps the raw honeycomb into a 
frame fabricated from standard hat 

, and flat stock that has been welded 
into the desired shape and then plat- 
ed. The honeycomb material effec- 
tively bites into the frame when the 
frame is secured to the host shield to 
form the honeycomb/frame RF seal. 
The frame is clamped to the RF pan- 
els just like any other panel would be 
with the exception that gasket is 
used (typically knitted wire mesh 
rope gasket) apparently to make up 
for dimensional differences between 
the completed honeycomb frame 
and the shielded panels and to pro- 
vide the RF seal. Another vendor 
eliminates the need for a frame by 
soldering the honeycomb stock di- 
rectly into a cutout in a laminated 
panel. The panel is typically made in 
a convenient dimension so that it can 
be bolted into place just like any oth- 
er panel. Other vendors have used 
different techniques for securing 
honeycomb in place, but the two 
methods described are the ones 
most frequently encountered in work 
with modular shielded enclosures. 
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Typical Failure Nodes and Cor- 
rective Action 

Each honeycomb panel configura- 
tion has its own failure modes, but 
the application of the panel will de- 
termine how quickly and how severe- 
ly the panel degrades. Local environ- 
mental conditions play a major role 
in determining where degradation 
will first appear. Usually honeycomb 
panels which degrade first on anv 
given shielded facility are the supply 
air panels. In most shielded facilities 
an air handler unit forces cold supply 
air into the shielded portion of the 
facility via ductwork leading to a 
honeycomb ventilation penetration 
at the shielded surface. Dielectric vi- 

bration isolators isolate the 
ductwork electrically and prevent vi- 

brations from the air handler unit 
from vibrating the shielded enclosure 
surface and penetrating hardware at 
this point. This supply air is frequent- 
ly chilled to a very low temperature 
in contrast to the ambient air so as to 
provide cooling for equipment that 
may be operating within the shielded 
enclosure. Typically the space under 
a raised floor within the shielded en- 
closure is used as a plenum for distri- 
bution of chilled air. This air is heat- 
ed by operating equipment within 
the shielded enclosure and returns 
through the open space of the enclo- 
sure interior to the air handler unit 
via return air ducts and a larger hon- 
eycomb ventilation panel, or some- 
times via several honeycomb ventila- 
tion panels scattered over the enclo- 
sure surface. 

In some facilities the supply air 
chills the supply ductwork and hon- 
eycomb ventilation panels to a tem- 
perature below the dew point. Mois- 
ture in the local environment can 
condense on these surfaces and cor- 
rosion now has the opportunity to 
strike. The honeycomb core material 
itself will rust, but it is suprising how 
rusted the core can appear before 
the core material itself fails. The first 
failure will most likely occur at the 
point where the honeycomb core 
mates with the frame, if a frame is 
used, and then at the point where the 
frame mates with the shielded enclo- 
sure surface. In cases where no 
frame is used, failures are frequently 
observed at the seams where the 
panel containing the honeycomb 
joins the other panels forming the 
enclosure surface. The honeycomb 
ventilation panels that are soldered 

into place without a frame are less 
susceptible to the short term failures 
observed in framed honeycomb pan- 
els in cases where condensation oc- 
curs. 

It has been speculated that the 
actual honeycomb core would rust 
through and fail with no preferential 
failure rate for either of the honey- 
comb configurations described. 
However in actual use, the frame 
and clamping hardware appear to 
fail long before the core can rust 
through. Look for exceptions to this 
rule to occur where moisture is drip- 

ping directly on the core material or 
where the air flowing through the 
vent is contaminated with corro- 
sives. 

Figure 8 is a photograph of a hon- 
eycomb ventilation panel frame that 
has. been in service continuously in a 
high humidity environment for about 
four years. This frame was part of 
the supply air duct and shows consid- 
erable evidence of condensation in- 

duced rust. Note the high concentra- 
tion of rust near the frame corners. 
The highest stress concentrations 
are frequently at these locations 
since-this is where an assembler may 
reallv lean on the screw gun to 
achieve a good RF seal. The honey- 
comb core material really bites into 
the frame at these points. Close ex- 
amination of this photograph will re- 
veal the honeycomb pattern pressed 
into the frame. The frame shown 
was responsible for considerable 
leakage in the room at the time test- 
ing was conducted - the kind of leak- 
age that might be expected if some- 
one left a door open. The rust shown 
is very deep, and the frame could not 
be restored easily to service. The 
piece shown was taken to an experi- 
enced plater. Acid etch and sand- 

blasting were required before this 
piece could be replated with zinc 
electroplate. This work was per- 
formed for about one-third the cost 
of obtaining new replacement mate- 
rial from a vendor. The real advan- 
tage in this case was that a well- 

equipped plating house provided 
one day service for this hardware 
repair. A manufacturer may not 
have honeycomb to fit your applica- 
tion in stock at all times. This is an 
important consideration in preparing 
a service schedule. 

In stark contrast, the return air 
duct honeycomb ventilation panel lo- 

cated only a few feet away required 

only the usual frame and mating sur- 
face cleaning for restoration to speci- 
fications. The honeycomb core mate- 
rial was quite rusted, but the frame 
was about as would be expected for 
any panel/frame seam after four 
years of use in a humid environment. 
Failures were as would be expected 
given the expansion, contraction, 
and moisture absorption problems 
associated with modular shielded en- 
closures. In a situation where the 
hardware is still in good shape, the 
procedures for restoring clamping 
hardware may correct the problem. 

Figure 8. Honeycomb Ventilation Panel 
after Long-term Use in a High 

Humidity Environment. 

Air velocity may play some role in 

the degradation process. There is 
typically quite a bit of vibration 
present at the supply air duct inter- 
face even with dielectric vibration 
isolators installed to isolate vibra- 
tions from the air handler unit. One 
can feel this vibration when touching 
the shielded surfaces near the pene- 
tration, or the honeycomb material 
itself during periods when the air 
handler is in operation. There is no 
doubt a greater transient stress ap- 
plied when the air handler unit is 
cycled on and off. The evidence for a 
vibration induced failure is not as ob- 
vious as the condensation induced 
failure where physical evidence is 
available for inspection. Often the 
supply air penetrations, regardless of 
the honeycomb configuration, fail 
more severely than their return air 
counterparts. No serious corrosion is 
observed in these cases. If the plated 
surfaces are intact, the corrective ac- 
tion is the same as would be expect- 
ed for any degraded panel/clamp 
seam. 
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CORNER HARDWARE 

General Comments 
There is plenty of opportunity for 

difficulties at anv location where 
three RF shielded planes intersect. 
Everv manufacturer of modular 
shielded enclosures has some nifty 
approach for providing an RF seal, 
and some of these approaches de- 
grade spectacularly when exposed 
to an adverse environment. The re- 
quirement for modularitv and the 
need to assemble arid disassemble 
the enclosure conveniently are prob- 
ably the causes of a lot of the prob- 
lems suffered at corner intersections. 
Manufacturers supply a variety of 
preformed corner clamping hard- 
ware to meet the modularity require- 
ments for the various types of cor- 
ners. Like any other shielding hard- 
ware, some of these hold up better 
than others against the test of time 
and environment. 

Hardware Configuration 
One manufacturer provides a 

welded and plated preformed corner 
assembly that consists of several 
inches of hat and flat hardware con- 
figured so that the corner hardware 
does not have leakage paths (seams) 
at the intersection point of the three 
shielded planes. In actual use this 
joint configuration is really no more 
susceptible to failure than any other 
panel/frame seam, and corrective 
action is as would be expected for 
such a seam. Another vendor has 
gone so far as to eliminate clamping 
at the corners by using a completelv 
preformed three plane corner. Weld- 
ing and soldering of the corner piece 
is performed at the factory, and the 
entire corner section is bolted into 
place on site. Like the other corner 
hardware, there are no leakage 
paths at the intersection point of the 
three shielded planes. The authors 
have not had anv experience with 
this configuration in terms of failure 
history so unique failure modes have 
not yet been identified. 

Another manufacturer offers a 
preformed bronze or brass casting 
that acts as a corner cap. This cap 
consists of a fitting inside the enclo- 
sure at the intersection of the three 
shielded planes with the larger cap 
portion covering the intersection on 
the exterior surface. The cap is 
clamped into place by a single screw 
penetrating the two pieces. The cap 
casting is not very large and this 

means that there are RF leakage 
paths very close to the intersection 
point of the three shielded planes. 
Additionally, the cap casting is very 
rigid so it cannot conform to any 
perturbations in the shielded sur- 
faces near the intersection point. 
This rigidity means that the corner 
cap is a bit tricky to install correctly. 
Many of these corners in aged facili- 
ties reveal numerous markings left 
by the installers indicating that re- 
peated testing and adjustment was 
required during installation to 
achieve the required RF seal. 

Corrective Action 
The caps are easily cleaned and 

can be replaced using the same pro- 
cedure used by the manufacturer 
during routine shielded enclosure 
maintenance. Be sure to remove old 
material that may be behind the caps 
and replace it with shiny new materi- 
al of the same grade. If the enclosure 
is a permanent one which is not des- 
tined to be relocated or modified, 
consider a more permanent ap- 
proach to installing the corner caps. 
The corner caps located at floor level 
seem to degrade before their coun- 
terparts at ceiling level. Examination 
often reveals that the caps at floor 
level exhibit more advanced corro- 
sion than caps at ceiling level, all 
other things being equal. Caps re- 
moved from facilities which have un- 

derfloor forced air cooling usually 
display this problem, and it is felt 
that condensation may play a role in 

the accelerated degradation. In a re- 
cently examined facility which had 
had two years of continuous opera- 
tion in a humid environment, the ceil- 

ing level corner caps were perform- 
ing as would be expected while the 
corner caps at floor level had all suf- 
fered significantly accelerated degra- 
dation. 

Figure 9. Corner Cap after Exposure to 
Excess Moisture. 

Figure 9 shows a corner cap which 
has been exposed to excess mois- 
ture. Discoloration is quite evident 
and corrosion products cover the 
surfaces which would mate with the 
shielded panels. While this is a se- 
vere example, the cap shown could 
be cleaned and used again without 
any great difficulty, provided that all 

of the other surfaces at the intersec- 
tion were serviceable. 
Vestibule Corner Hardware 

The inside corners of a vestibule 
have always been a sore point with 

every user of shielded enclosures 
who has encountered RF leakage 
problems. Many vestibule designs 
are not implemented with preformed 
hardware since customer selected di- 

mensions do not always permit this. 
The result is that the manufacturer is 
sometimes forced to field fabricate a 
corner (not good practice), or use a 
contrived configuration of hat and 
flat hardware to create an RF seal at 
the intersection point of the three 
surfaces. When looking for trouble 
near a vestibule door, the inside in- 

tersections are a likely place to find 
it. These corners seem particularly 
susceptible to failure since the manu- 
facturer's design/implementation is 

typically marginal, and the corners 
are invariably located near a door 
which induces shock and vibration in 

the hardware. 
One often suffers considerable 

frustration in attempting repair of 
this type of corner. Typically quite a 
length of interior and exterior frame 
material needs to be removed to gain 
access to the appropriate surfaces 
for cleaning. Since these corners are 
not always fashioned out of standard 
preformed components, there are 
frequently surprise hardware imple- 
mentations to be dealt with. Original 
foil and other material found in the 
seams should be removed and dis- 

carded, and the surfaces cleaned as 
usual. Carefully replace the materi- 
als found in the seams with bright 
clean new materials of the same 
grade, and then assemble the hard- 
ware in its original configuration. Be 
prepared to do this a couple of times 
for this type of corner; they are 
tricky and the repair effort may re- 
quire a few iterations before satisfac- 
tory test results are obtained. If the 
shielded enclosure is not destined for 
relocation or modification, consider 
a more permanent correction for this 
type of corner. 
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FILTERS 

Filter Configuration 
Filters are an item which typically 

do not need much repair, but there 
are a few problems which are worthy 
of noting. The typical filter is at- 
tached to the surface of a shielded 
enclosure by a threaded conduit that 
is RF bonded to the filter case and 
sometimes supported by additional 
mounting lugs in the case of large 
power filters. The threaded conduit 

. penetrates the shielded enclosure 
surface, and threaded fittings or an 
assortment of locknuts and washers 

. are used on the enclosure surface 
opposite the filter cabinet to secure 
the filter cabinet in place. The RF 
seal between the enclosure surface 
and the filter cabinet is formed when 

' the threaded fittings compress the 
, 

' shielded surface as the fittings are 
tightened. Some vendors use RF gas- 
ket material to enhance the RF prop- 
erties of this configuration bv placing 
the gasket material behind the filter 
cabinet, between the shielded sur- 
face and the threaded fitting, or in 
both locations. Some vendors do not 
use gasket material at all. 

Typical Failure Modes 
During the installation of the filter 

cabinet, the core material of the 
shielded panel on which the filter 
cabinet is mounted is compressed. 
This compression is to be expected; 
otherwise it would not be nearly as 
easy as it is to achieve a good tight 
RF seal. After a period of time, envi- 
ronrnental effects can cause this tight 
fit to relax; and before long problems 
occur. The cumulative effects of tem- 
perature variation, moisture absorp- 

'''. tion and vibration can lead to a filter 
which is actually loose to the touch. 

. '. Electrical contact will diminish as oxi- 
dation sets in, and the result is an RF 
leak. This is a serious leak because 
leads attached to the filter on both 
the input and output sides of the 
filter will act as wire antennas and 
will couple all kinds of signals into 
what may have once been a low level 
ambient. 

Corrective Action 
Fortunately, these problems are 

easy to find and easy to correct. Re- 
moval and cleaning of the offending 
hardware, replacement of the gasket 
material, and careful hardware reas- 
sembly will' usually restore even the 
worst offenders to acceptable perfor- 

56 

mance. Be sure to check the mount- 
ing lugs for the filter cabinet if these 
are present. Be sure that all of the 
hardware is snug since loose hard- 
ware penetrating a shielded surface 
can cause RF leakage. 

In the case of small filters where 
the load compartment is soldered to 
form a permanent RF seal, there 
really isn't anything else that is field 
repairable. If the load compartment 
is provided with a bolt-on cover, be 
sure to check and replace the gasket, 
if needed, taking care to assure that 
the mating surfaces are free of ox- 
ides. Knitted wire mesh gaskets take 
a set pretty quickly. Usually the ex- 
isting gaskets are compressed from 
the original installation and are not 
all that serviceable after rework has 
been performed. Further tightening 
of the load compartment cover bolts 
to achieve an effective RF seal will 

often result in a distorted load com- 
partment cover and the same 
amount of RF leakage as encoun- 
tered prior to the rework. 

Multiple Filter Cabinets 
Some of the larger filters are pack- 

ages of several individually sealed fil- 

ter units installed in an RF cabinet. 
This situation is frequently found 
where several telephone or control 
filters are grouped together or in 
cases where multi-phase power line 
filters are grouped together. For 
maintenance purposes, the RF load 
compartment can be treated just like 
the load compartment of an individ- 
ual filter as described previously. 
Usually the individual filters within 
the RF cabinet will also have an RF 
gasket which forms an RF seal be- 
tween the load end of the filter and 
the RF cabinet load compartment 
bulkhead. These gaskets are typical- 
ly knitted wire mesh and, more often 
than not, have been compressed to 
an extreme extent during the original 
installation. If for any reason one 
needs to replace an individual filter 
unit from within an RF cabinet, the 
gasket should be replaced after the 
requisite cleaning of all mating sur- 
faces. The temptation to tighten the 
filter mounting bolts may be great, 
but the end result will eventually be a 
distorted load compartment bulk- 
head and possibly broken mounting 
studs on the individual filter unit. 

An interesting note is that the 
threaded conduit attached to the fil- 

See LMI on back cover. 

ter or to the filter cabinet RF load 
compartment is referred to as a 
waveguide fitting in many DOD and 
commercial procurement specifica- 
tions. This could not be more mis- 

leading. Any time that a filter is in 

use it has wires connected to it, and 
these wires are routed through the 
threaded conduit. Once conductive 
material like insulated wire is routed 
through a conduit, waveguide 
boundary conditions have to be re- 
placed with transmission line bound- 
ary conditions. This situation means 
that the threaded fitting will behave 
like a transmission line under actual 
use. When performing test's to verify 
the performance of a reworked filter 
installation, be sure that all of the 
wires originally connected to the fil- 

ter are in place. If the wires are not in 

place, the threaded fitting will act 
like a waveguide; and the test per- 

formed may provide some mislead- 
ing results. A filter cabinet can be full 

of holes and still not appear to be 
degraded during testing if there are 
no leads routed from the load com- 
partment through the threaded fit- 

ting and into the shielded enclosure. 

Electrical Overstress 
There are cases where the filtered 

circuit is functioning from an opera- 
tional perspective; but for some rea- 
son, RF leakage continues to appear 
to emanate from the filter no matter 
how carefully installed. In this case 
the components within the filter may 
have been damaged by electrical 
overstress. This damage can be 
caused bv transient voltages or cur- 
rents that have exceeded the filter 
component's ratings. Expect this 
kind of thing to show up in tele- 
phone, signal and control line filters 
which are used in an environment 
where lightning induced transients 
may be present. Usually when a filter 
component fails, the circuit using the 
filter will cease to function correctly. 
There are cases (open capacitors in 

pi filters) where the circuit continues 
to function, but the filter is not acting 
as an effective RF attenuator. One 
can test a filter's attenuation perfor- 
mance using the procedures of MIL- 
STD-220. This is a time-consuming 
process requiring the removal of the 
filter and a lot of test equipment. If 
the suspect filter is a relatively inex- 
pensive one, replacement is proba- 
bly the most efficient and cost-effec- 
tive option. 

Continued on page 387 
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lith the ever increasing levels of 
Ml found today, electronics manu- 
icturers must continually meet new 
andards. With the many variables 
iat come into play, that is often not 
iat easy. Now with new FCC regu- 
itions forthcoming, compliance will 

e mandatory. The incorporation of 
reliable SELDS system must cer- 

iinly be considered. 
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MISCELLANEOUS 
PENETRATIONS 

There are many minor penetra- 
tions in most shielded installations 
and these mav cause problems from 
time to time. For example, there are 
small waveguides for fiber optic ca- 

bles, penetration plates for instru- 

mentation, structural bolts for sup- 

porting hardware, ground studs, fire 
protection sprinklers, and all the oth- 

er things that make a facility work. A 
lot of the corrective procedures 
which apply to clamping hardware 
can be applied to penetration hard- 
ware. When penetration hardware 
fails, disassemble the hardware for 
inspection and perform corrective 
action. Clean all mating surfaces on 
the hardware and the shielded panel 
taking care not to remove the plating 
on the surfaces. If the original cutout 
for the penetration was oversized by 

the installer, all kinds of copper foil 
and copper wool may have been 
stuffed into the penetration. In this 

case, obtain new clean material and 
reassemble the penetration. Also it is 

a good idea to replace any gasket 
material with new material. 

If a new hole must be drilled in an 
enclosure panel, it must be drilled as 
perpendicular to the plane of the 
panel as possible. Consequently, 
when hardware is installed through 
the hole, the mating surfaces will seal 
flat against the panel forming a uni- 

form RF seal around the hardware 
perimeter. If the hole is drilled at an 

angle, the hardware will not seal flat 
and the uniform perimeter sealing 
action will not occur. This technique 
is particularly important in the case 
where large bolts such as filter cabi- 
net lugs or ground studs penetrate 
the shielded enclosure. 

PREVENTIVE 
MAINTENANCE 

Implementation of a regularly 
scheduled maintenance program is 

an excellent way to keep all of the 
little details of shielded enclosure 
maintenance in check before they 
can turn into the big headaches 
which are so often associated with 

aged shielded enclosures. This is not 
a new concept as the leading manu- 

facturers have been supplying users 
with door maintenance kits for years. 
Here is a list of some things which 
can be done periodically to keep a 
shielded enclosure in good condition: 

~ Clean the RF shielded door at 
least monthly using the materials 
and procedures recommended by 
the manufacturer. Keeping a knife 
edge style door clean will make it 
easier to open and close, reducing 
the strain on both the latching 
mechanism and the operator. This 
routine will increase the life of the 
door hardware directly, and indi- 

rectly increase the life of the frame 
hardware by reducing shock in- 

duced by operators' slamming the 
door. Keeping the frame clean on 
a flat mating surface door will help 
maintain shielding effectiveness. 

~ Make minor hinge adjustments on 
an as-needed basis. Knife edge 
doors with only two hinges are 
notorious for slipping out of align- 

ment. 

~ Check to see that the door area is 
clear of debris which might be- 

come trapped in the door hard- 

ware. 

~ Mingle with the users and drop by 
for facility visits whenever possi- 
ble. Let them know that help is 

available, and encourage them to 
report problems. 

~ Post a sign on the door with all of 
the shielded enclosure dos and 
don'ts and put . a maintenance 
name and phone number on it. Let 
the users know that there is a cen- 
tral location where problems can 
be reported. A sample sign from 
an actual facility is shown in Fig- 
ure 10. 

~ Be sure that all cleaning personnel 
are warned about the possibility of 
damage to the enclosure if a water 
spill were to occur. Prepare a set 
of cleaning instructions and make 
sure the cleaning personnel under- 

stand why this room is different 
from the others. 

~ Maintain an inventory of spare fin- 

gerstock, gasket, screws and criti- 

cal door components. If some- 

thing needs to be done in a hurry, 
it is most efficient to have long 
lead time items on hand. 

~ Check for signs of condensation 
forming on the hardware, particu- 
larly where chilled air penetrates 
the facility. Look for situations 


