
construction 
engineering 
research 
laboratory 

United States Army 
Corps of Engineers 
... Serving lhe Army 
...Serving the Nailon TECHNICAL REPORT31-296 

// 1 JunesftDSI 

HIELDING EFFECTIVENESSJEVALUATION OF 
rER SHIELDED ROOMS IN LONG-TERM AGING 

/ by 
,'R. G.'McCormack 

Approved for public release; distribution unlimited 



The contents of this report are not to be used for adverting, publication, or 
promotional purposes. Citation of trade names does not constitute a 
official indorsement or approval of the use of such commercial product^ 
The findings of this report are not to be construed as an ofnc,al Department 
of the Army position, unless so designated by other authonzed documents. 

DESTROY THIS REPORT WHEN IT IS NO LONGER NEEDED 

DO NOT RETURN IT TO Tht ORIGINATOR 



UNCLASSIFIED_ 

REPORT DOCUMENTATION PAGE READ INSTRUCTIONS j 
BEFORE COMPLETING FORM | 

j NJMbL.H 2. GOVT ACCESSION NO 

I—CERL-TR-M-296 Aï) -4 ÍM ^ 

3. RECIPIENT'S CATALOG NUMBER | 

rrU 
/ s 

|4. TITLE (and Subtitle) ~ ^- 

EMI/RFI SHIELDING EFFECTIVENESS EVALUATION OF 
BOLT-TOGETHER SHIELDED ROOMS IN LONG-TERM AGING 

5. TYPE OF REPORT & PERIOD COVERED I 

FINAL 
S. PERFORMING ORG. REPORT NUMBER 1 

17. AUTHORfo,) " ■ 

I R. G. McCormack 
B. CONTRACT OR GRANT NUMBERfs) 

1 ’ ^EF*F0RM,NG 0RGANIZAT>ON NAME AND ADDRESS 
U.S. ARMY 

CONSTRUCTION ENGINEERING RESEARCH LABORATORY 
1 P.0. Box 4005, Champaign, IL 61820 

10. PROGRAM ELEMEN t, PROJECT, TASK I 
AREA a WORK UNIT NUMBERS I 

4A762719AT40-A0-015 | 
III. CONTROLLING OFFICE NAME AND ADDRESS 

12. REPORT DATE ! 

June 1981 | 
13. NUMBER OF PAGES 

139 1 
p4* MONITORING AGENCY NAME & ADDRESSf// difforent (rom CantrotUnfi Otfice) 15. SECURITY CLASS, (ot thla report) | 

Unclassified 
15a- DECLASSIFICATION/DOWNGRADING I SCHEDULE I 

■ id. uisi KIÖU MON STATEMENT (0/fA/a Repor/j --------J 

1 Approved for public release; distribution unlimited. | 

I 17. DISTRIBUTION STATEMENT (0/ tho abatract anterod in Block 20, (( different (rom Report) " *-1 

I IB. SUPPLEMENTARY NOTES -- -———J 

I Copies are obtainable from the National Technical Information Service 1 

I Springfield, VA 22151 

I 19. KEY WORDS (Continue on reveraa aida it necaaaary and Identity by block number) ------J 

1 electromagnetic shielding 
1 radiofrequency interference 
1 shielded rooms 

j r fXAaaUBua an rmwaraa aid* ft naceaaary mod identify by block numbmr) 

ry evaluation of elec- I 
täte of the art in demount- 
'ial shielding effective- * 

J 3-year ‘‘aging* period in | 
luring working hours for 
tudy of how easily the 
effectiveness when dif- - 

Thls report presents the results of a laborato 
1 tromagnetically shielded rooms that represent the s 

able, bolt-together shielded rooms. First, the inil 
ness was measured; next, the rooms were housed for 
a laboratory area whose environment was controlled < 

human comfort. Additional evaluations included a s' 
rooms could be assembled, a comparison of shielding 

<1 
UNCLASSIFIED 

SECURITY CLASSIFICATION OE THIS PAGE firjf«, D.„ En(or.rf) 



UINLLA^lhlLU 

SECURITY CLASSIFICATION OF THIS PAOEQWnn Datm Enffd) ___- 

BLOCK 20 CONTINUED-- 

>ferent seam bolt torques were used, and a comparison of particleboard and ply¬ 
wood panel cores. 

The study results show that significant degradation of shielding effec¬ 
tiveness occurs with aging, so periodic maintenance will be necessary if 
optimum shielding is required. 

■A 

UNCLASSIFIED 
SECURITY CLASSIFICATION OF THIS PAGEOWien Dafa Entered) 



... 

FOREWORD 

TMS investigation w,s penfotjed forthe »ijoctonat^of 

grams. Office of the Chief o ng ^ Aû, "Weapons Effects 
"Mobility, Soils, and Weapons Effects ■ Jechnica Evaluation of EMp/EMI 
and Protective Structurai : Work Unit 015 LaD0^/„ The applicable QCR is 
Shielding Enclosures P* > "a"« a"dr ^ ^r S witz, DAEN-MCE-U. 
3 05 003 The OCE hn.^al Monitor was nr. o. 

K rs’s-ÄÄSÄa» sszr 
(CERE). Dr. R. Quattrone is Chief of EM. 

Appreciation is expressed to Messrs P. H. Nielsen and M. J. Pollock of 

CERL for their contributions to this stu y. 

COL L. J. Circeo is Commander and Director of CERL, and Dr. L. R. Shaffer 

is Technical Director. 

3 



CONTENTS 

DD FORM 1473 1 

FOREWORD 3 

LIST OF TABLES AND FIGURES 5 

1 INTRODUCTION. 7 

Background 

Objective 

Scope 

Approach 

Mode of Technology Transfer 

2 DESCRIPTION OF TEST SAMPLES. 9 

All-Weld Sheet Steel Rooms 

Demountable 

Current Suppliers 

3 ASSEMBLY OF TEST SAMPLES. 12 

4 TEST METHODS. 13 

Location of Test Points 

Test Equipment Used 

Environmental Exposure 

Shielding Degradation Versus Aging 

5 SUMMARY OF TEST DATA. 17 

Shielding Effectiveness Versus Torque on Seam Bolts 

Shielding Effectiveness Versus Aging 

Comparison of Shielding Effectiveness Versus Aging 

for Plywood Versus Particleboard 

6 CONCLUSIONS. 19 

REFERENCES 20 

TABLES AND FIGURES 21 

APPENDIX A: Shielding Effectiveness Test Data Analysis 43 

APPENDIX B: Shielding Effectiveness Data for Particleboard 93 

and Plywood-Cored Panels 

APPENDIX C: Shielding Effectiveness Test Data 127 

DISTRIBUTION 

4 



TABLES 

Number Page 

1 Current Suppliers of Shielded Rooms 21 

2 Assembly Time for LMI Cell-Type Room 22 

3 Assembly Time for Ark Single-Shield Room 22 

4 Assembly Time for Lindgren Double Electrically Isolated Room 23 

5 Test Equipment List 23 

6 Test Equipment Use 24 

7 Mean Shielding Effectiveness for All Points: June 1980 24 

8 Plywood Versus Particleboard Comparison of Shielding 25 
Effectiveness 

FIGURES 

5 

6 

7 

8 

9 

10 

il 

Typical Demountable Enclosure Shielding Effectiveness 
Versus Frequency Claimed by Manufacturer 

Typical Panel-Joining Hardware for Cell-Type Rooms 

Typical Panel-Joining Details for Double Electrically 
Isolated Enclosures 

Typical Panel-Joining Hardware for Single-Shield 
Lindsay Structure 

Typical Seam-Joining Hardware for True Cell-Type Room 

Single-Shield Test Module 

Cell-Type Test Module 

Double Electrically Isolated Test Module 

Hatch and Hatch Cover for Single-Shield Room 

Hatch and Hatch Cover for Cell-Type Room 

Hatch and Hatch Cover for Double Electrically 
Isolated Room 

26 

26 

27 

27 

27 

28 

28 

29 

29 

30 

30 

12 Test Point Locations 31 



FIGURES (Cont'cl) 

Name 

13 Relative Antenna Orientations for Testing Wall and 
Corner Seams 

14 Temperature and Humidity in the Testing Area for a 
Typical Week in Spring 

15 Temperature and Humidity in the Testing Area for a 
Typical Week in Summer 

16 Temperature and Humidity in the Testing Area for a 
Typical Week in Autumn 

17 Temperature and Humidity in the Testing Area for a 
Typical Week in Winter 

18 Shielding Effectiveness Versus Frequency for 
Three-Fourths and Full-Rated Torque 

19 Mean Shielding Effectiveness for All Test Points 
for the June 1980 Test 

20 Comparison of the Shielding Effectiveness of the 
Three Room Types Versus Aging (10 kHz Frequency) 

21 Comparison of the Shielding Effectiveness of the 
Three Rooms Versus Aging (50 kHz Frequency) 

22 Comparison of the Shielding Effectiveness of the 
Three Room Types Versus Aging (200 kHz Frequency) 

23 Comparison of the Shielding Effectiveness of the 
Three Room Types Versus Aging (1 MHz Frequency) 

24 Comparison Between Particleboard- and Plywood-Cored 
Panels Versus Aging (10 kHz) 

25 Comparison of Plywood and Particleboard-Cored 
Panels Versus Aging (50 kHz) 

26 Comparison Between Plywood and Particleboard-Cored 
Panels Versus Aging (200 kHz) 

27 Comparison of Plywood and Particleboard-Cored Panels 
Versus Aging (1 MHz) 

A1 Graphical Key for Appendix A 

Bl Graphical Key for Appendix B 

Page 

32 

33 

34 

35 

36 

37 

38 

39 

39 

40 

40 

41 

41 

42 

42 

44 

94 

6 



EMI/RFI SHIELDING EFFECTIVENESS EVALUATION OF 
BOLT-TOGETHER SHIELDED ROOMS IN LONG-TERM AGING 

1 INTRODUCTION 

Background 

The U S Army requires the use of electromagnetic shielding in many mili 
tary ïonstru^tion'projects. This shielding may be necessary for several rea¬ 

sons, including: 

1. Protection of sensitive electronic equipment from damage or upset 

from electromagnetic pulse (EMP). 

2. Prevention of compromising emanations which may yield secret informa- 

tion to enemy detection systems. 

3. Containment of electromagnetic interference (EMI) which may cause 

other electronic systems to malfunction. 

4 Protection of sensitive equipment from incoming EMI emanating from 
any soiree" inching lightning, static electricity discharge, high-power 

radio, radar, television, or jamming transmitters. 

5 Provision of a clean electromagnetic environment for experimentation 

and for analysis, troubleshooting, and maintenance testing of sensitive elec- 

tronic equipment. 

Some example* of shielded structures include weapon control facilities 
the SAFEGUARD Anti-Ballistic Missile facilities), underground secure command 
Centers secure communications facilities, command and control center build- 
ingHn’military bases, electronic maintenance shops, and electronic research 

and development facilities. 

Shielding of large buildings or facilities from EMP, EMI, or TEMPEST* can 
be orovided in îhree ways: (!) completely lining the entire facility or major 
selected portions of it, (2) using shielded modules to house the sensitive 
electronic°equipment where required, and (3) completely shielding each piece 

of electronic equipment and all its related cabling. 

Approaches (1) and (2) have been used extensively. Approach (3) is gen- 
erallyPnot practical, since it requires redesign of many of a building s elec 

tronic equipment components. 

Cost-effectiveness comparisons of approaches (1) and (2) depend on 

several factors including the number of locations within the facility, 
approach (2) is the most Lt-effective and is technically suitable, two 

If 

* TEMPESTis not an acronym, but a code name generally applied to secure com¬ 
munication networks wherein compromising emanations must be controlled to a 

suitably low level. 
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ness degrades with aging. 

Objective 

The nrimary objectives of this study are (1) to identify the state of the 
art of modular, demountable, shielded rooms, (2) '"^^^J^erfst is of 

objectives jf tMsstud, are to generell, evaluate modular, bolt-together 
shielded rooms and to compare plywood and particleboard-core pa 

Scope 

This study has addressed only bolt-together rooms which use galvanized 

sean,h¿vnnd thí scooe’o/this study. The dual-shield rooms have been limited 

E¿!FtS'KtnLP"jS?“™ñj0^rr;^;neíí:tjíjñS^rbSn,ns„re 
that the data taken are from seams only. 

Approach 

The state of the art of modular, demountable shielded rooms was deter- 
• a+Lnnnha literature search, contact with other government agencies, and 

^nttî w?th manufaciuîers. îïen, three test modules representing the state 
of the art were tested and evaluated. The evaluation for ease of ^ssem y 

■imaHiv mpflsured assembly time and noted any problems encountered and any 
necessary ïe-workf ïhe evaluation also measured shielding effectiveness 
versus torquing of seam bolts. After manufacturer s torque was reached an 
initial shielding effectiveness test was done for each room. This test was 
followed by 3 years of aging during which the rooms were periodically 
evaluated for degradation. 

Mode of Technology Transfer 

The information contained herein will impact on TM 5-855-5, NuclearJAec 
t r om a g netic Pulse Protection. 
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2 DESCRIPTION OF TEST SAMPLES 

A state-of-the-art survey has shown that three general construction types 
of demountable, electromagnetically shielded enclosures are commercially 

available: 

1. Single shield 

2. Cel 1 type 

3. Double electrically isolated (DEI). 

Any of these may have either screen wire or continuous metal sheet shield 
materials. The single-shield type uses only one shield membrane, whereas the 
cell type and the DEI type use dual-shield membranes separated by a none ec- 
trically conducting core (such as plywood or particleboard). The cell type 
and DEI differ electrically, in that one shield is isolated electrically from 
the other in the DEI. In the cell type, the panel-joining hardware makes 
electrical connection at each through-bolt or continuously around each panel 
edge. Thus, each panel becomes a cell with electrical connection between 
shield membranes around the panel edges. In the DEI room, the panels use 
dual-shield membranes and panel-joining hardware, which assure that there s 
no electrical contact between the inner- and outer-shield membranes. UsuaTly, 
a single through-bolt connects the inner membrane to the outer membrane at one 

point. 

According to manufacturers, the typical shielding effectiveness of 
demountable enclosures is at least 100 dB through most of the J^ncy range 
for magnetic fields. Figure 1 is a typical curve of advertised shielding 

effectiveness. 

The electrical quality of the seams determines the performance of the 
demountable enclosure within most of the frequency range of interest, with low 
seam resistance being important. Therefore, the metal mating surfaces between 
panels must be clean, corrosion-free, galvanically similar, and with umfor 
contact oressure in order to maintain the advertised shielding level. 
Numerous factors may reduce conductivity across the joint. Elevated tempera¬ 
ture and humidity can cause corrosion. Dirt tends to penetrate the seams. 
Humidity variations cause the plywood or particleboard to expand and contract, 
which can reduce contact pressure and increase seam resistance. This expan¬ 
sion and contraction can eventually loosen the clamping bolts. In disassembly 
and reassembly, it is easily possible to damage, bend, or warp panels, thereby 
causing shielding degradation. To maintain optimum enclosure performance, 
maintenance is generally required, which may consist of disassembly, cleaning, 

and reassembly or bolt tightening. 

Thus several factors must be considered when selecting a shielded room. 
Foil owing*is a summary of advantages and disadvantages of each type of room. 

'; s.*; 



Al 1-Weid Sheet Steel Rooms 

Advantages 

1. Higher shielding performance 

2. Less affected by adverse environments 

3. No seam maintenance required 

4. Less subject to ground shock. 

Disadvantages 

1. Cannot be disassembled 

2. Generally more costly. 

Demountable 

Advantages 

1. Can be disassembled for moving 

2. Lower initial cost 

struction skills required. 3. No particular con 

Disadvantages 

1. Shielding effectiveness tends to decrease with age 

2. Seam maintenance required 

3. Lower initial shielding performance. 

niirrent Suppliers 
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connected b, the thcough-boHs providing a noncontlnuou^electric.l ^contact 

around each cell. Another.mñ"f^¡¡n in Figure 5 to obtain a true cell-type 
extrusion at the seam joint, as shown 9 ’ selected for this study, 
construction. However, when the test modules were selectee 
this type of construction was not commercially available. 

Figures 6, 7, and 8 sho„ tbe.oduiesseiecte^or testing^ ^e^anufac- 

Associ.tes^aml ucï'rÔyag'netios, 100^ Dimensions of these modules are: 

1. Single-Shield (Ark) - 8 x 8 x 8 ft (2.4 x 2.4 x 2.4 m) 

2. Cell-type (Lectro-Magnetics) - 8 x 8 x 8 ft (2.4 x 2.4 x 2.4 m) 

3. Double electrically isolated (Lindgren) - 7 x 7 x 8 ft high (2.1 x 

2.1 x 2.4 m). 

Each module used standard panels, hardware, powerline filtering, and honejeomb 

air filters. 

To prevent leakage through doors from influencing^he ^1 ding^ata^ 

smaV^hatch'(Figures0?! W*Z 10 «Hb a gasketed bolt-on cover for person- 

nel and equipment access. 

An additional feature of the ^“"^cl^arS-íored“^”!!5 The 
used plywood-cored panels and two «1 J ¡‘i'^lfwie rdjaceit: i.e„ 

the north and west walls were P’ï"»»d-cored J0"dc(1 by test 
particleboard-cored. Referring ^19U h-le’tJg panels bounded by test points 

P2°g "tSoigrbrSd^aítÍcíeS cores: Separate data for the two core types 

are plotted on pages 95 through 12b. 



3 ASSEMBLY OF TEST SAMPLES 

ièà£ÈE-=:^Bt~i^^- 
tools and in the operations required for room assembly. 

Assembly times were determined by a third person who observed the work 
HnfJd if Í snec fic steps and timed the amount of labor required for each 
stepne<V televi sior/camera^añd videotape recorder provided a pemanept record 
of the assembly work. In addition, movies were made of representative por- 

tions of the assembly process. 

Farh rnnm was assembled on a pre-constructed wood plank base placed on 
the concrete^floor of the laboratory area anf™« 

e«ie"S îîe irSer'" «seïhîy îs Sot believed toV a significant factor 

/«S/St/SSd’pK SborïèaSSé/^ne room /„ 

SS/ifciSru/SS; Srouac/Sf/SSu/JS/ provided b, the manufactprer. 

The rooms were assembled in the following order. 

1. Cell-type 

2. Single-shield 

3. Double electrically isolated. 

renerallv the assembly operations were somewhat difficult, especially 

Sw»wa»sSia-H%ffS“ 
room. 



4 TEST METHODS 

The test methods used to measure shielding efiectiveness were similar to 
the techniques described in test standards such as MIL-STD-285, IEEE 299, and 
NSA 65-6,2 although not identical to any of these. The methods actually used 
were copied from shielding effectiveness measurement methods used in the 
acceptance testing of the SAFEGUARD Anti-Ballistic Missile Facility.-3 

The basic test approach involved the use of a transmitter and a receiver 
(with antennas for each) for each test frequency. A reference 
taken, with the transmitting and receiving antennas spaced a pre-determined 
distance apart. Shielding measurements were then made by placing the antennas 
this same distance apart (plus shield thickness), but with the transmitting 
antenna outside the shield module and the receiving antenna inside the module. 
Shielding effectiveness was defined as follows: 

logio Vref 

10910 ^2- 
[Eq 1] 

where: 

S = Shielding effectiveness in dB 

V , = Tndicated receiver voltage level without shield 
ref 

V = Indicated receiver voltage level with shield between antennas. 

The test frequencies used and type of field generated were: 

fl 
f2 
f3 
f4 
f5 
f6 
f7 
f8 

10 kHz 
50 kHz 

200 kHz 
1 MHz 

30 MHz 
450 MHz 
2.5 GHz 
9.5 GHz 

H-field 
H-field 
H-field 
H-field 
H-field 
E-field 
plane wave 
plane wave 

2 Military Standard, Attenuation Measurements for Enclosures, Electromagnetj_c 
■STvTeTiinq. for Electronic "lest Purposes, Method of3lL-STD-2Hb (Department 
ôrEfië Army. 2b Juhie' r95F]T~Pr0posed lElTRecommended PractTce forJjeasure^. 
ment of Shielding Effectiveness of High Herformance__5h_ielding EnciosïïreTT^ 
IEEE-29(J (Institute-^ Electrical and Electronic Engineers [IEEEJ, June 
1969); National Security Agency Specification for R- L^hieldedEnclosures 
for ComiüïïTcations Equipment: üeneraT^pecifications, NSA bb-5 (National 

Tecuri‘ty Agency, 30 October 1964). 
3 H. E. Atkins, R. E. Evans, B. J. Gay, H. L. Holt, and A. R. Wright, Safe¬ 

guard Tactical Ground Facilities EMP/RFI Fácilities Accepta_nce .. 
Annct rnrt inn/Insta 1 lati on lest Nan - Grand forks (The Wei ng Company, 

January TÏÏ72TT 

13 



-c 

At frequencies fl and f2, .-ft 
statically shielded loop antennas were used in a co axial 
2-ft (.6-m) spacing for reference reading. 

At frequencies f3,>f4, and f5, theiSs'aï'âse 
shielded, 1-ft (.S-m^-diameter oops^ (.6-m) antenna spacing to obtain 

ZTrßxzz r»nrÄrÄ*Ä. 
At frequency f6> ^P0]® ^e^^'RefeïeïÎe'readiîigs'wï^taken wiíh ° 

izontally polarized electric ■ varjation in reading was encountered at 
antenna spacings of 2 m. Co^^x^bsianais and standing waves within the test 

reference readings. 

At the plane wave used^S 
transmitting and receiving. n n+* r ive transmitter mismatch clue to 

co-axial cable was used to maximize measurement range. 

For all frequencies, test P°^bS “¡^^e^oo^^AreaJh^est35 
shown in Figure 12, with a total of 56 points plus the^ ^ h a 
point, the transmitting antennaeWas^hand-hp^d^g ^ thePshield. Wherepos- 

sible^the San^tting -Jenna waS spaced directly out f-th^test^om 

SïLis! SriiSaPcÂÎ)^"arïeïa paaaua, with the ahie» roe» dia,»- 

nal (corner to corner), as shown in Figure 

At each test point «he --«eivin, »ntehha^s^a.ed.^.bopt^hiie.th^^ 

measurement was taken, the ma^lT , g,ntenna was moved was limited to aboui 
The distance over .“n, the sea. or seams being 
half the distance toward the next test pome cm a 
tested. 

location of Test Points 

~ Figure 12 shows the location “f »“‘^¡"‘(^“^„^bof^re^mbered 
four sides of each room had ^ p0’ ieom sides, so there 

llVâ^VT^ for each room. 

TThe loop antennas ^ manufactured b, Empire Devices Corp. under model 

number LP-105. . ma-intAined at the specified distance 
**In moving the antenna, its spacing parallel to the wall being test- 

from the seam. The movement pld'^aJ0Ce w s maintained while moving 
& “1n0dfdC00wrahd'r^)!i;edb.c;SSreJth revive to the corner. 

. 
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Previous testing^ had shown that measured shielding effectiveness will 
vary significantly if defects are more than 2 ft (.6 m) (laterally) away from 
antenna locations. For this study, the maximum room dimensions were 8 ft 
(2.4 m), so with the test point pattern selected, the test points were spaced 
a maximum of 8/5 ft (.48 m) apart. Therefore, a defect along a seam could 
never be more than 4/5 ft (.24 m) from a test point. This assured that this 
aspect of the testing would be thorough. 

Test Equipment Used 

Table 5 lists representative equipment used in the shielding effective¬ 
ness tests, and Table 6 lists the uses of this equipment. There is some 
duplication in these tables, because the same types of receivers and transmit¬ 
ting equipment were not used for each test. Because of how the test is con¬ 
ducted, different equipment types may be used without compromising data accu¬ 
racy, as long as equipment linearity and attenuator accuracy are assured 
through a regular equipment calibration program. 

Environmental Exposure 

The three test rooms were assembled during April 1977. Initial tests 
were done in May and June, and further tests were conducted at 6-month inter¬ 
vals. The last test was completed in June 1980. 

The rooms had not been moved or disturbed since their original assembly. 
The area where they were aged is a large laboratory controlled for human com¬ 
fort. To conserve energy, air conditioning was turned off on all weekends and 
during some evenings. During most of the aging period, a temperature and 
humidity recorder provided a record of the environmental exposure. Figures 14 
through 17 show typical chart records for a week during each of the four sea¬ 
sons. 

Shielding Degradation Versus Aging 

The effects of aging under various environmental conditions must be well 
understood in order to develop a methodology for selecting a shielding 
approach appropriate for specific applications. Since development of such a 
methodology is a goal of the current program, existing information on shielded 
room degradation with aging was examined. This investigation included a 
search of the literature, contact with manufacturers, and contact with recog¬ 
nized experts in the field. 

4 |-|i E, Atkins, R. E. Evans, B. J. Gray, H. L. Holt, and A. R. Wright, Safe- 
quard Tactical Ground Facilities, EMP/RFI Facilities Acceptance 
rHiTTfriiction/Ihslallation lest Plan — Grand Forks (The Doe mg Company, 
January 19/2). ~ 



This investigation revealed that very little usable data exists. Three 
manufacturers were contacted;5 two make both demountable and ail-welded rooms, 
and one makes only demountable rooms, hone of the three knew of any test data 
that would verify shielding performance versus the effects of aging, inose 
who make both types of rooms feel that the demountable type has few applica¬ 
tions, because it may degrade in a relatively short time after assen^1J( 
therefore entail higher maintenance costs. The third manufacturer claims that 
the demountable type is adequate for most applications and experiences very 
little degradation with aging. 

Telephone contact was made with several TEMPEST test and support groups. 
These teams do not often test demountable shielded facilities, but do use 
portable demountable shielded inclosures. They are not aware of data on 
degradation of shielding versus aging. 

Other contacts6 were made with experts from the Illinois Institute of 
Technology Research Institute, U.S. Army Electronics Command the Naval Civil 
Engineering Laboratory, the Naval Avionics Facility, and 6o11 ,GrouP: 
None of the people contacted knew of any useful data on the shielding degrada¬ 
tion of demountable enclosures versus aging. 

5 FONECONs between Ray McCormack (CERL) and T. Anderson (Eric A. Lindgren and 
Associates Inc., Chicago, IL) 3 August 1976; F. Nichols (Lectro-Magnetics, 
Inc., Los Angeles, CA) 4 August 1976; D. Hanson (Electro-Magnetic Filter 

6 F0NEC0Ns°between^Ray4McCormack9(CERL) and CPT D. Bosco (TEMPEST Team Securi- 
tv Detachment Region 3, Fort Sam Houston, TX) 10 August 1976; J. J. 0j^11 
(U S Amy Electronics Command) 6 August 1976; TEMPEST Staff Advisor 6 Au¬ 
gust 1976^ I. Mendel (Illinois Institute of Technology Research Institute) 
10 Auqust’l976; D. B. Clark and J. Brooks (Naval Civil Engineering Labórate 
rv Port Heuneme, CA) 11 August 1976; D. Fassberg (Naval Avionics Group, In 
diánapolís^InÍ 5 August 1976; R. B. Cowdell (Collins Radio Group, Newport 
Beach, CA) 12 August 1976. 



5 SUMMARY OF TEST DATA 

Shielding Effectiveness Versus Torque on Seam Bolts 

To show the effect of pressure on the panel-joining seams, two tests were 
done on ?he celltype room: the first with the seam bolts at three-fourths of 
the manufacturer's recommended torque, and the second with full recommen e 
torque. Figure 18 plots the results of this test; the curves shown represent 

the average of all 56 test points. 

One problem that occurred in applying the required torque was that start- 
inn tornue with the wrench was greater than rotational torque once the bolt IZZZ wn in the initial tightening, the three-fonrthr, torgue 
setting was reached with no apparent problem. However, in re-tightening to 
fullera ted tor,ne, it was necessary to exceed the full rate on some bo ts to 
reach the point where the bolts would start to turn. Thus, the full-rated 
torque, asstated, is a rotational torque and not a starting torque. 

The data in Figure 18 show an obvious improvement in shielding effective¬ 
ness for the higher-torque condition except for the measu[e^n^ tak<:n a];, ;iü 
MHz. At this frequency, the shielding effectiveness for both three-fourths 
and full torque was beyond the dynamic measurement range of the equipmen 
used, so the results are indeterminate. 

Shielding Effectiveness Versus Aging 

The shielding effectiveness of the three rooms was measured seven times 
during the 3-year testing period. Since there were test points plus the door 
in ea?h test, and eight frequencies, a total of 3192 measurements were taken. 

A considerable amount of nonrepeatability was noted when the test meas¬ 
urements were made at the higher frequencies. This resulted partially from 
the standing waves and signal reflections occurring both inside and outside 
the room during tests and partly from slight variations in operator technique. 
Because of the lack of repeatability, a computer program was used to help 
analyze the data. This computer analysis statistically summarized the data y 
calculating the mean of all data points for a room at each frequency and the 
standard deviation of each data set. The analysis also automatically plotted 
points for the mean values versus aging. These plots show the percentage of 
shielding effectiveness values within an applicable set of ranges such as 0 to 
60 dB 0 to 70 dB, 0 to 80 dB, etc. Therefore, a family curve that rises 
versus aging indicates a degradation of shielding effectiveness with aging. 
Appendix A provides plots summarizing all data taken. 

Figures 19 through 23 present a more concise summary of the shielding 

effectiveness versus aging data. 

Table 7 provides the mean shielding effectiveness for all rooms for the 
June 1980 test. These data are plotted in Figure 19. This information indi¬ 
cates little difference between the rooms except at 10 kHz, where the single¬ 
shield room provides significantly lower shielding, and at microwave frequen¬ 
cies, where the double electrical isolation appears to be better. 
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Comoarison of Shielding Effectiveness Versus Aging 
ToTTTywõõd Versus Particleboard 

The cell-type ro« was ^"‘»“Í^e^SMacert«!^ Sing’Article- 
panels) having plywood cores an . d data printout comparing these 
Eoard cores. Append « ,a co-putenzed^t^p resu{>t^ 
different panel types- figures 9 (1) the particleboard-cored panels 
conclusions are implied from ^^e c • ti ^ in the initial test, 
in this room had slightly 9neater shielding effectivenes^^ ^ the particle_ 

bo a r d^ c o r e6 i s^1 sm al 1 e r.6 The conSc- 

Îi^cïâSa^^fo’Ah^-.rteîîaî Spei lahle 8 'provides data tor the 

particleboard- versus plywood-cored panels. 
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6 CONCLUSIONS 

The following conclusions have been reached as a result of this study. 

1 The state of the art in demountable, bolt-together shielded room con¬ 
struction is exemplified by three basic construction types: (1) single¬ 
shield (2) cell, and (3) double electrically isolated. 

2 The demountable modules can be assembled with relative ease and do 
not require highly skilled labor for successful assembly. 

3 Shielding effectiveness tests indicate somewhat low values of shield¬ 
ing effectiveness9at a few isolated points within each room type where there 
are problems in proper mating of the panel-joining hardware; these areas 
require re-work eoU re-test after initial assorti, if optmu» shield- 
ing effectiveness is to be obtained. 

4 The aqing results show a definite trend of shielding degradation 
versus'aqinq- this indicates a need for periodic maintenance if optimum 
shielding is required. This conclusion is clearly demonstrated by Figure 22, 
which shows degradations averaging 15 dB for the three rooms, for magnetic 

fields at 200 kHz. 

5. The single-shield room that does not have plywood or particleboard 
integral to the panels experiences less degradation versus aging. This P0^ 
isclearly illustrated in Figures 24 through 2/, which show an average of 7 dB 
greater shielding degradation for the plywood cored paneis. 

6. Particleboard is superior to plywood as a panel core, both in shield 
ing capability and in stability with aging. 
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Table 1 

Current Suppliers of Shielded Rooms 

Supplier 

Fil tron 
9812 Independence Ave. 
Chatsworth, CA 91311 

Erik A. Lindgren and Assoc., Inc. 
4514-17 North Ravenswood Ave. 
Chicago, IL 60640 

Lectro-Magnetics, Inc. 
6056 West Jefferson Blvd. 
Los Angeles, CA 90016 

Universal Shielding Corp. 
45 S. Service Road 
Plainview, NY 11803 

Emerson and Cuming, Inc. 
Canton, MA 02021 

Ray Proof Corporation 
50 Keeler Ave. 
Norwalk, CT 06856 

Ark Electronics Corporation 
1325 Industrial Hwy. 
South Hampton, PA 18966 

Electro-Magnetic Filter Company 
4083 Transport St. 
Palo Alto, CA 94303 

McDonald Associates 
933 6th St. 
Santa Monica, CA 90403 

R. F. Superior Shields, Inc. 
123 Marcus Blvd. 
Hauppauge, NY 11787 

All-Shield Enclosures 
45 Bond St. 
Westbury, NY 11590 

Shieldtron 
5401 Burnet Ave. 
Van Nuys, CA 91411 

Type of Prefabricated Room 
Demountable ffTI-WeTdetf 

Specialty Engineering Construction 
2115 Brandford 
Pacoima, CA 91311 
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Table 2 

Assembly Time for LMI Cell-Type Room 

Step 

Uncrate 

Read Directions 

Lay Out Parts 

Assemble Floor Panels 

Assemble Corner Clamps 

Install Wall Panels 

Install Ceiling Panels 

Install Lead Foil 

Time Req'd (min) 

15 

12 

10 

12 

7 

134 

92 

130 

No. of Hen 

2 

2 

2 

2 

2 

2 

2 

1 

TOTAL 
Man-Minutes 

Man- 
Minutes 

30 

24 

20 

24 

14 

268 

184 

130 

979 

Table 3 

Assembly Time for Ark Single-Shield Room 

Uncrate and Read 
Directions 

Lay Out Floor Parts 

Install Corner Parts 

Install Ceiling Framing 

Install Ceiling Panels 

Install Tensioners 

Torque Bolts 

Install Floor Interior 

Time Req'd (min) 

36 

No. of Men 
Man- 

Minutes 

• - --- 
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Table 4 

Assembly Time for Lindgren Double Electrically Isolated Room 

Time Req'd (min) No. of Men 

Man- 
Mi ñutes 

Step 

Uncrate 

Read Directions 

Lay Out Floor Ramels 

Install Walls 

Install Floor Panels 

Install Ceiling Panels 

Install All Bolts 

Torque Bolts 

10 

5 

2 

43 

6 

11 

45 

75 

2 

2 

2 

2 

2 

2 

2 

2 

TOTAL 
Man-Minutes 

20 

10 

4 

86 

12 

22 

90 

150 

394 

Table 5 

Test Equipment List 

Identifier Type 

R1 Receiver 
R2 Receiver 
R3 Receiver 
R4 Receiver 
r5 Spectrum Analyzer 

A1 Antenna 

A2 Antenna 
A3 Antenna 
A4 Antenna 
A5 Antenna (Horn) 
A6 Antenna (Horn) 

11 Isolator 
12 Isolator 
51 Source 
52 Source 
53 Source 
54 Source 
55 Source 
T1 Power Amp 
T2 Power Amp 

Manufacturer 

Electro-Metrics 
Stoddard 
Empire Devices 
AILTECH 
AILTECH 

CERL 

Empire Devices 
Empire Devices 
Stoddart 
Norda 56 x 1 
DeMorna- 
Bonerdi 

Sperry 
Rantec 
Hewlett-Packard 
Wavetek 
Hewlett-Packard 
AILTECH 
NARDA 
EN I 
Bogen 

Model No. 

EMC-25 
NM-12AT 
NF-1G5 
NM-65T 
707-10 

2 Diam. Multi- 
turn loop 

LP-105 
DM-105-T3 
AT-255/URM-17 

DBL-520 

044 S2 
IX-310 
8601A 
147 
694B 
445 
18500B 
310L 
310L 
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Table 6 

Test Equipment Use 

Frequency 

10 kHz 

50 kHz 

200 kHz 

1 MHz 

30 MHz 

450 MHz 

2.5 GHz 

9.5 GHz 

Mean 

Frequency 

10 kHz 
50 kHz 

200 kHz 
1 MHz 

30 MHz 
450 MHz 
2.4 GHz 

7 GHz 

Field Type 

H 

H 

H 

H 

H 

Plane wave 

Plane wave 

Plane wave 

Equipment-Used Identifiers 

R1,R2,R3,S2,TS,A1,A1 

R1,R2,R3,S2,T2,A1,A1 

R1,R2,R3,S3,T1,A2 ,A2 

R1,R3,S3,T1,A2,A2 

R1,R3,S3,T1,A2,A2 

Rl.RA.SA.AS.AA 

R4,S4,A6,A6 

R4,S5,A5,A5 

Table 7 

lielding Effectiveness for All Points 
June 1980 

Shielding Effectiveness 
(dB) 

Ark 

57.4 
84.36 
96.98 

103.48 
111.34 
96.00 
72.52 
64.05 

Lindgren 

72.02 
84.64 
96.68 

106.20 
114.79 
76.45 
94.09 
73.48 

LMI 

77.80 
84.71 
92.77 

101.16 
114.75 
87.86 
75.48 
57.66 
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Table 8 

Plywood Versus Particleboard Comparison of Shielding Effectiveness* 

Plywood Particleboard 

1st 
Trial 

7 th 
Trial 

1st 
Trial 

7th 
Trial Change Change 

Average shielding change 

*Note: All measurements in dB 

■ ■ :,iv V , :. «ÿV'sÂ .7A-:r~w 



Figure 1. Typical demountable enclosure shielding effectiveness 
versus frequency claimed by manufacturer. 

Figure 2. Typical panel-joining hardware for cell-type rooms. 

26 



Figure 3. Typical panel-joining 
isolated enclosures. 

details for double electrically 

"u" TENSIONER 

tensioning bolt INSIDEJOF 
ROOM 

'PANEL 
SHEET 

CHANNEL 

Figure 4. Typical panel-joining hardware for single-shield 
Lindsay structure. 

Figure 5. Typical seam-joining hardware for true cell-type room 

27 
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Figure 6. Single-shield test module. 

Figure 7. Cell-type test module. 
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Figure 3. Typical panel-joining details for double electrically 
isolated enclosures. 

INSIDEJDF 
ROOM 

"U" TENSIONER 

tensioning bolt 

'PANEL 
SHEET CHANNEL 

Figure 4. Typical panel-joining hardware for single-shield 
Lindsay structure. 

Figure 5. Typical seam-joining hardware for true cell-type room 
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Figure 6. Single-shield test module. 

Figure 7. Cel 1-type test module * 
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Figure 8. Double electrically isolated test module. 

Figure S. Hatch and hatch cover for single-shield room. 
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Hatch and hatch cover for cell-type room Figure 10 

for double electrically isolated room Hatch and hatcn cover Figure 11 
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BACK ELEVATION 

Figure 12. Test point locations 



ÄlKMSKUS 

-CORNER SEAM 

Figure 13. Relative antenna orientations for testing wall and 
corner seams. 
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Figure 14. Temperature and humidity in the testing area for a 
typical week in spring. 



Figure 15. Temperature and humidity in the testing area for a 
typical week in summer. 

34 
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Figure 16. Temperature and humidity in the testing area for a 
typical week in autumn. 
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JUN80 JUN79 OEC 70 JUN 70 DEC 77 JUN 77 

Comparison of the shielding effectiveness of the 
three room types versus aging (10 kHz frequency) 

Figure 20 

JUN 60 JUN 79 DEC 78 JUN 78 DEC 77 JUN 77 

AGING 

of the shielding effectiveness of the 
versus aging (50 kHz frequency). 

Figure 21 



JUN BQ JUN70 DEC 78 JUN 79 DEC 79 

AGING 

shielding effectiveness of the three room 
(200 kHz frequency). 

JUN 79 DEC 77 JUN 77 

Comparison of the 
types versus aging 

Figure 22 

JUN 80 

shielding effectiveness of the three room 
(1 MHz frequency). 

DEC 79 JUN 79 DEC 78 DEC 77 JUN 77 

Comparison of the 
types versus aging 

Figure 23 
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PLYWOOD 

PARTICLEBOARD 

JUN8D DEC 79 JUN 79 DEC 70 JUN 78 DEC n 

of plywood and particleboard-cored panel 
ig (50 kHz). 

Figure 25 

IHEfflPKPiP 
: ; 

Figure 24 

PLYWOOD 

PARTICLEBOARD 

JUN 77 DEC 77 JUN 79 DEC 78 
JUN 80 

Comparison between particleboard and plywood-cored panels 

versus aging (10 kHz). 
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Figure 26. Comparison between plywood and particleboard-cored panels 
versus aging (200 kHz). 

no 

IOO 

90 

80 

PLYWOOÜ 

PARTICLEBOARD 

JÜN 77 DEC 77 JUN 70 DEC 70 JUN 79 

Figure 27 Comparison of plywood and particleboard-cored panels versus 
aging (1 MHz). 
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SHIELDING EFFECTIVENESS TEST DATA ANALYSIS 

APPENDIX A: 

This appendix presents the results of the computerized analysis of all 

test data taken during this study. 

The families of curves presented show the shielding effectiveness versus 
aging trends for each room studied. In addition, each graph shows, for each 
interval test, the number of test points within dynamic range, the mean of 
points included, and the standard deviation of these points. Figure A1 pro¬ 
vides a graphical key as an aid in interpreting the data. 

The computerized graphs shown present shielding effectiveness versus 
aging for averages of the test points indicated in Fig-ire 12. For each room 
and frequency, two graphs are presented. The first excludes out-of-range data 
from the average, while the second includes all data points. Out-of-range 
data are shielding effectiveness data where the measurement range of the_ 
equipment used is less than the actual shielding effectiveness at the point 
being measured. At some frequencies there are no out-of-range data points and 
the two consecutive graphs are identical. 

The numbers within the graphed lines represent the range (in decibels) of 
shielding effectiveness. Thus the curves show the percentage of the test 
points which fall within the range identified. For example on p 45 the 
number "2" represents the range from 0 to 60 dB. The December 1977 (DEC 77) 
test shows 70 percent of all test points being between 0 and 60 dB, while only 
about 3 percent are between 0 and 50 dB and all are within 0 and 90 dB. A 
rising trend versus aging in the curve families thus shows a decrease in aver¬ 

age shielding effectiveness. 
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30 MHZ FOH THt APK 
OUT OF HANGEi INCLUDEÜ RUN DATEI 

2«0- 

100+ 
1 
1 
I 
1 

90t 
I 
I 

60 l 
I 

801 

l 
i 

70 i 
l 

70t 

1 
1 

80 1 
i 

60t 

b0' 

1 
401 

i 

30t 

1 
l 

2¾1 

JUN 77 DEL 77 JUN 78 DEC 78 JUN 79 DEC 79 
i — « — —4 —“■ 

JUN 80 

i i Q fflCT OQ.ÜS 107.8b 120.70 
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MEAN 
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COUNT 

92.47 
2.ÔT 
45 
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2.29 
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4.7b 
45 
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X 100* 
1 
I 
I 
I 

W* 
I 
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1«0- 60 1 
1 

Ö0 + 
1 
1 

2«0- 70 1 
I 

7 0* 
I 
1 

3»0- 60 1 
1 

60* 
I 
I 

«■0* 90 1 
1 

50* 
I 
1 

5B0-lüß I 
1 

«0* 

1 

30' 

i 
1 
* 
1 
1 
I 
I 

30* 
1 
1 
i 
V 

i 
10* 

1. 
I 
I 
I 

0 * 

JUN 77 DEC 77 JUN 7ß DEC 76 JUN 79 DEC 79 JUN 80 

MEAN 
ST UEV 

COUNT 

93,16 
2.93 
56 

99,00 
2.ti0 
56 

106,07 
4.08 
56 

108,37 
6,43 
5b 

96.12 
3.13 
56 

90,93 
6,45 
56 

96,00 
5.37 
56 

56 
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2,U ÛHZ FDM THfc AKK 
OUT OP KANlitl INCLUüEb RUN DATEI 

mean 
5T DEV 

COUNT 

73,7b 
iU,46 

bfc 

03,80 
9.37 
bb 

83.34 
10.38 

bb 

72.84 
11.21 

5b 

76.54 
9.23 
5b 

69,29 
7,58 
5b 

72.52 
8,60 
5b 
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50 KHZ POR ThÊ M 
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RUN DATt 

90 

1 ■ 0*1 60 

70 

3*0- Ö0 

60* 
1 
1 

90 1 
I 

60* 
I 
I 

510-100 i 

4«0' 

HtAN 

ST UEV 
COUNT 

r * s *■ 
6.95 
¿4 

9.16 
44 

10.26 
5b 

17.76 
47 

12.23 
56 

11.24 
51 

9,95 
50 



FQK THt UM I 
HANGE! INC:.LUUEU 

MEAN 
ST DEV 

COUNT 



200 KHZ FÜH THE LH1 
EXCLUDED RUN DATE: OUT OF RANGE 

100 + 

MEAN 
ST DEV 

COUNT 





run date EXCLUDED 

MEAN 
ST DEV 
COUNT 



1 MHZ Für Trtt LM I 
OUT Of- HANGE! INCLUDE!/ 

MEAN 
ST DEV 

COUNT 



— V' 

FOR THt LMX 
KANGtI EXCUUUEU DATE I 

MEAN 
ST DEV 

COUNT 

ass****™ '■ 



363 MHZ KOK THt LMI 
OUT OF KANGfc! 1NCLUÜEO RUN OATt 



at>0 MHZ FOH THE LMI 

DUT OF K ANGE • EXClUDEL/ RUN DATEI 

90 + 

00 + 

70 2"0 

7 0 + 

Ö0 3 ■ 0 

b0 + 

a»0 

b0 + 

510-100 

110 + 

30 + 

¿0 + 

10 + 

+ •»-- ---+-- 
JUN 79 JUN 76 

—————— 

DEt 77 
JUN 60 DEC 79 DEC 76 JUN 77 
87 • bb 

6.^9 
56 

69,12 
6,09 

5b 

8 3,64 89.36 99,07 

5.26 

56 

96,22 96,16 MEAN 

ST DEV 
COUNT 

7.55 5,70 7.17 2.Ö7 



4S>0 MHZ FüK THt LMI 
OUT OF RANGt! INCLUUÜU RUN DATES 

88 

. . •. .'.r. 'i.-'ïî .1 ' 
.-V^V - v'/.U'.-'-Sj-;; 

iV. si!..' . 



89 



2.« GHZ FOR THE UNI 
OUT OF RANGfcî INCLUDED RUN DATE 



r-’ --'v ' ' --J•.1 ---- 

7 GHZ FOR THfc UHI 
OUT OF WANGtS tXCtUUEu RUN DAIM 

1*0' 

Ü«0< 

103 + 
1 
1 
1 
1 

90 + 

1 
1 

b 0 1 
1 

Ö0 + 
1 
1 

H■B- 70 1 
I 

70 + 
1 
i 

3«0- Ö0 1 
I 

Ò0 + 
I 
I 

90 1 
i 

50 + 
1 
1 
1 
1 

40* 
i 
i 
i 
1 

¿0 + 

i 
J 

¿0 + 

1 
l 

l 
10 + 

I 
1 
1 
1 

0 + 

MEAN 
ST üEV 

COUNT 

JUN 77 Otl 77 JUN 76 DEC 78 JUN 79 DEC 79 JUN 80 

73,81 
11.22 

53 

83.68 
11.59 

56 

62,14 
11.72 

56 

67.34 
6.02 
56 

64.48 
8.13 
56 

57.52 
6,28 
5b 

57,66 
7,10 
56 

91 



T GHZ FUR THF UNI 
OUT OF hange: INCLUDED HUN DATE: 

mean 
ST DEV 

COUNT 



Ir 

m 

APPENDIX B: 

SHIELDING EFFECTIVENESS DATA FOR 
PARTICLEBOARD- AND PLYWOOD-CORED PANELS 

The graphs in this appendix show shielding effectiveness versus aging for 
the two different panel core material types (particleboard and plywood). 

Th' cell-type test module was fabricated using two different types of 
panels -- one with a 3/4-in. (19-mm) plywood core separating the two steel 
sheets, and the other with a 3/4-in. (19-mm) particleboard core. Two adjacent 
walls had plywood cores and two had particleboard cores. The data presented 
allow a comparison of shielding degradation versus aging for each type. Fig¬ 
ure B1 is a graphical key aid for interpreting the data. 

v$ 



T
E

S
T
 

F
R

E
Q

U
E

N
C

Y
 

R
O

O
M
 

M
A

N
U

F
A

C
T

U
R

E
R

 

c\ir> 

coto m 

î N I*-» ' nu> 
i u öcsj m 

saninvd 3A«no acu saoiVNOisaa 
30NVM 0P SS3N3AIÍ033J3 0Niai3!HS 



IkJ KHZ THt L"1 
OUT OP RANbfcS EXCLUUEU RUP' DATE: 

MEAN 
ST UEV 

COUNT 



! 

IB KHZ PD^ THt LMI 
OUT OF «Ar.GEí INCLUDEU 

X 100* 

90 

1■B* EB 

«0* 

2«0- 70 

70 + 

3«B- 60 

60 

«»0- 90 

50 

«0 

30 

¿0 

10 

RUF DATES 

0* r 'i 

JUN 77 DEC T/ JUN 76 DEC 76 JUN 79 DEC 79 JUN 76 

fit AN 
8T PEV 

COUNT 

92,54 
12.69 

26 

62.3b 60.29 71.16 70,b« 70,29 
15.65 11.19 15.96 13.66 10,63 

26 26 26 26 26 

71,50 
13,94 

26 

96 



50 KHZ FOh THE Uhl 
OUT OP HAwGtl EXCLUUtu 

MEAN 
ST OEV 

COUNT 

BSüjffiíSSíSí 



5B KHZ FOR THb LfU 
OUT OF RANGfc: iNCLUt'Ew 

MfcAN 
ST UEV 

COUNT 

feáÍMfliiÉiii 



.„MJ..1 

20^ KHZ FOR THE Lf*¡I 
OUT OF RANUtt tXCLUOtU RUN DATL 

Mt AN 

st oev 
COUNT 



Mt AN 
ST ÛEV 
COUNT 



1 MHZ FÜR TME LMI 
OUT Oh K ANGE I ExCUUütu RUN DATE 

MEAN 
ST UEv 
COUNT 



,!-_., ., i,; «,i« 

FOW THE. LMI 

RAN&fci JNCLUDEL 

MEAK 
ST DEV 

COUNT 



30 MHZ eOK THfc LHI 
DUT OK HANßfcS tXCLUULi, HUN DATE 

1 m+ 

MEAN 
ST DEV 

COUNT 





MHZ Fük Tut LMI 
OUT DF HÄNGt: tKCLUUtu 

?a&tiü!ys%v 

KUN DATE.! 





M. 

ï 

íMWSft? .G^STP^??® 

20<l GHZ F UW THE IMI 
OUT OF RANGEI EACLUL-El' PUN DATE! 

MEAN 71■b 1 
ST ÛEV Siébfe 

COUNT 26 

bbtP3 
7,hu 
2fc 

61*25 
«í.71 
28 

8e.P0 
6.78 
28 

84.07 
8.12 
28 

66.89 
3.78 
26 

74,07 
7.80 
28 

107 

i*. • 

faiiki&iieliSSääni 





FO« THF. UH T 
KANGt* EXCLUI'PU 

Ht AN 
ST i)EV 

COUNT 





IB HHZ FUH THt UMI 
OUT OF KAN&tï EXCUUi'EU RUN OXTEt 

MEAN 
ST OEV 
COUNT 

'> 'i ;Y '» ’ 



FDH T Ht LM1 
HANGEI INCUUuEi/ 

MEAN 

ST üEV 
COUNT 

^ f;/' - '-• 
' ■¿‘•i': ;"■<: 



5b KHZ FOK THi. LM] 
OUT of RANbti excluuEb run dates 

1K0* 

MEAN 
ST DEV 

COUNT 

IBb.bb 

b 
8.59 
2b 

97.21 
ib.be 

2Ö 

84,00 
23.14 

Bid 

88,14 
11,22 

26 

84,61 
8.46 
23 

86.26 
6.64 
23 



included 

htkN 
5T DEV 
COUNT 



KHZ PDR THE LHl 
Of* rtANbt• tXCLÜL-kb RUN DATEI 

MEAN 

ST DEV 
COUNT 

wicaswawssi 



200 POK ThÊ LMI 
OUT Of RÄNGE I INCLUDED RUN DATE: 

100' 

‘iG- 

li0*> bß 

Ö0* 
i 
1 

5«0- 70 i 
1 

70* 
i 
I 

3»0- Ö0 1 
1 

bß* 
! 
i 

a«o^ s 
¡ 

ÍJ0* 
1 
Í 
» 

5*0"102 1 
A 

«0 + 

1 
I 

¿3* 
1 
1 
I 
1 

20* 
i 
i 

I 
I 

10* 
I 
i 
\ 
I 

0* 

MEAN 
ST UEV 
COUNT 

JUN 77 UEt 77 JUN 7b 

115.Ö* 
16,03 
2S 

10V,R3 
IS.b? 
2b 

106,61 
16,40 

29 

107.21 
17.93 

26 

JUN 79 

104,93 
17.56 

28 

DEC 79 

102.32 
16,07 

26 

JUN 76 

100.25 
19,27 
26 



Füw the ir.i 
hange; exc RUN PATE I 

IH0 + 

MEAN 
ST PEV 

CPUN.T 



1 MHZ FÜR The Lf.I 
OUT OF R ANUËI InCUUmEl- RUN DATEI 

100- 

1 
904 

1«0- b0 

00' 

2«0- 70 

70- 

1 
3*0- Bfc> 1 

b04 
I 
1 

4*0- 9C 1 
i 

b0* 
1 
I 

5B0-100 1 
I 

40* 
1 
i 

3«' 

¿0' 

10* 

*»<*«•»»••■■ 4»' 

MEAN 
St DF.v 

COUNT 

4UN 77 

109.50 
3.61 
2B 

ÜfcL 77 JUN 76 OEC 76 JUN 79 DEC 79 JUN 76 

107.39 
6,61 
2t 

107.50 
10.65 

26 

106.11 
6,60 
26 

10S.61 
13.15 

26 

107.64 
14.79 

26 

105,39 
14.11 

26 

118 



3kJ hHZ FO^ Thfc LMi 
OUT UK HANGtï tXCLUUEü 

100t 

MEAN 
8T DEV 

COUNT 





450 MHZ FOH THfc LMI 
DUT «ANGE.: EXCLUüEL RUN DATE 

1*0- 

100^ 
i 
1 
i 
l 

J 
1 

e ; 
i 

(Sif.4 

i 
1 

¿■0- 70 1 
A 

n>* 
i 
i 

3«0- ÔP 1 
l 

60 + 
1 
1 

4"0- 90 A 
i 

* 50 + 
I 
A 

5«ß-iße A 
A 

40 + 
1 
1 
i 
I 

30+ 
1 

A 
¿0 + 

i 
A 
1 
i 

10 + 

1 
i 
A 
A 

0 + 

JUN 77 Ufcü 77 JUN 76 DEC 7B JUN 79 DEC 79 JUN 76 

MêAn 
ST DEV 

COUNT 

97 • 24 
0,95 

7 

97.*9 
7,50 
2* 

99.36 
5.02 
28 

90,57 
5.43 
26 

84,54 
7,58 
26 

70.14 
0,17 
26 

89,29 
7,66 
26 

121 



<JÍ0 MHZ FÜR Thfc 1hl 
OUT DF KANöfe.I INCLUDLU 

-■ 

RUN DATt; 

122 







7 GHZ FOR THt LHI 
OUT OF RANGE: EXCLUDEL RUN DATEI 

MEAN 
ST OEV 
COUNT 



T GHZ FUR THE LMI 
OUT OF HANGEI 1NCLUC-EU RUN DATE: 

MEAN 
ST UEV 
COUNT 



APPENDIX C: 

SHIELDING EFFECTIVENESS TEST DATA 



SHIELDED MODULE TEST RESULTS, SHIELDING EFFECTIVENESS 

Room Ark Frequency 200 kHz 

Test 
Point 

Jun 
77 

Dec 
77 

Jun 
78 

Dec 
78 

Jun 
79 

Dec 
79 

Jun 
80 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 

109 
104 

84 
79 
96 

114 
115 
114 
116 

99 
98 

104 
119 
104 
109 

99 
82 
69 
99 

109 
113 
119 
126 
133 
129 
114 
122 
123 

97 
99 
79 
88 

109 
109 
122 
108 
130 
124 
109 
103 
119 
100 
106 

90 
83 

96 
81 
71 
71 
82 

114 
111 
109 
107 

93 
95 

101 
119 
112 
104 

93 
76 
71 
95 

121 
113 
119 
132 
132 
133 
117 
127 
127 

97 
97 
77 
87 

107 
107 
122 
113 
127 
115 
106 
102 
119 

96 
96 
82 
77 

92 
84 
80 
70 
84 

114 
108 
110 
114 

94 
95 

105 
120 
110 
104 

98 
82 
73 
95 

120 
111 
123 
130 
129 
134 
123 
130 
131 

97 
103 

92 
94 

110 
100 
123 
114 
130 
116 
109 
108 
121 
103 

94 
86 
84 

90 
85 
74 
75 
88 

111 
108 
109 
112 

91 
89 

100 
115 
106 
104 
96 
76 
71 
92 

117 
110 
119 
121 
121 
121 
111 
119 
119 

96 
101 
77 
86 

107 
96 

117 
110 
120 
110 
100 

98 
119 

91 
89 
79 
74 

89 
82 
74 
73 
86 

112 
106 
107 
104 

90 
92 

100 
115 
105 
101 

96 
78 
74 
96 

121 
111 
120 
132 
137 
134 
116 
130 
129 
100 
105 

93 
98 

109 
101 
122 
118 
125 
116 
107 
102 
121 

97 
93 
91 
84 

99 
82 
73 
70 
88 

110 
98 
104 
99 
92 
93 
88 
128 
91 
128 
128 
70 
68 
84 
128 
104 
128 
128 
128 
116 
104 
128 
124 
128 
128 
82 
84 
108 
104 
116 
128 
128 
112 
106 

86 
128 
86 
128 
84 
82 

105 
99 
71 
73 
109 
102 
111 
97 

110 
85 
83 
93 

102 
81 
94 
81 
83 
68 
82 

112 
103 
117 
124 
122 
124 
107 
121 
123 
88 
94 
71 
77 
99 
89 
118 
102 
121 
109 
107 
97 

113 
82 
87 
77 
74 

128 



SHIELDED MODULE TEST RESULTS, SHIELDING EFFECTIVENESS 

Room Ark Frequency 200 kHz 

Test 
Point 

Worst 
Point 
SE 

-¾¾ 



SHIELDED MODULE TEST RESULTS, SHIELDING EFFECTIVENESS 

Room Ark Frequency 2.4 GHz 

Test 
Point 

Jun 
77 

Dec 
77 

Jun 
78 

Dec 
78 

Jun 
79 

Dee 
79 

Jun 
80 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 

72 
80 
78 
74 
78 
75 
88 
78 
80 
80 
78 
92 
74 
78 
60 
66 
86 
82 
80 
60 
80 
54 
62 
64 
68 
74 
48 
76 
64 
70 
76 
78 
82 
66 
92 
76 
80 
80 
88 
80 
64 
93 
60 
84 
78 

72 
79 
95 
82 
94 
82 
98 
89 
94 
93 
90 
96 
84 
98 
80 
85 
88 
97 
84 
70 
79 
68 
80 
88 
82 
93 
69 
81 
68 
81 
80 
82 
90 
79 
97 
76 
87 
89 
90 
96 
81 
99 
68 
74 
85 

76 
78 
83 
89 
87 
78 
98 
79 
84 
91 
92 
99 
94 
91 
76 
82 
85 

101 
91 
81 
93 
74 
70 
96 
85 
92 
60 
78 
64 
74 
92 
82 
80 
80 
94 
85 
84 
94 
91 
93 
72 
98 
68 
71 
88 

65 
73 
67 
80 
75 
77 
79 
65 
73 
81 
81 
85 
79 
85 
55 
73 
61 
73 
73 
62 
81 
45 
55 
63 
55 
77 
53 
79 
55 
81 
73 
71 
81 
69 
91 
72 
81 
85 
85 
91 
70 
84 
74 
74 
88 

72 
74 
86 
84 
88 
86 
88 
76 
88 
90 
86 
86 
86 
86 
70 
74 
86 
78 
86 
76 
80 
60 
68 
82 
76 
80 
54 
80 
62 
72 
74 
74 
80 
72 
90 
76 
82 
76 
80 
90 
78 
92 
88 
72 
80 

65 
67 
64 
62 
76 
74 
74 
74 
70 
72 
67 
64 
66 
68 
66 
63 
64 
66 
77 
72 
73 
58 
65 
67 
69 
76 
55 
65 
60 
75 
80 
73 
77 
68 
85 
65 
73 
80 
77 
75 
59 
82 
54 
68 
72 

70 
74 
79 
76 
79 
75 
85 
73 
79 
82 
80 
77 
76 
85 
68 
75 
80 
69 
77 
63 
81 
53 
65 
69 
67 
71 
50 
69 
60 
75 
68 
79 
79 
74 
79 
73 
79 
80 
84 
80 
66 
80 
57 
70 
77 



SHIELDED MODULE TEST RESULTS, SHIELDING EFFECTIVENESS 

Room Ark Frequency 2.4 GHz 

Test 
Point 

46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 

Door 

Worst 
Poi nt 
SE 

Jun 
77 

80 
76 
52 
78 
48 
64 
66 
74 
78 
62 
76 

72 

50 
48 

Dec 
77 

89 
91 
63 
95 
63 
78 
82 
84 
82 
74 
81 

95 

48,50 
63 

Jun 
78 

87 
96 
52 
81 
66 
80 
72 
80 
89 
82 
89 

96 

48 
52 

Dec 
78 

83 
81 
57 
75 
45 
62 
78 
71 
77 
65 
90 

83 

22,50 
45 

131 

Jun 
79 

86 
88 
50 
86 
64 
70 
70 
80 
82 
70 
88 

86 

48 
50 

Dec 
79 

79 
80 
50 
77 
54 
67 
73 
76 
73 
64 
65 

68 

48 
50 

Jun 
80 

73 
79 
47 
77 
56 
69 
66 
71 
77 
60 
79 

79 

48 
47 
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SHIELDED MODULE TEST RESULTS, SHIELDING EFFECTIVENESS 

Room Lindgren Frequency 200 kHz 

Test 
Point 

Jun 
77 

Dec 
77 

Jun 
78 

Dec 
78 

Jun 
79 

Dec 
79 

Jun 
80 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 

118 
115 

92 
111 
107 
127 
125 

94 
99 
96 
88 
87 

>131 
109 
120 
128 
112 
126 

97 
108 
114 

87 
113 
130 
115 

81 
105 
111 
118 
109 
128 
109 
113 
127 

>131 
94 

100 
108 
117 
113 

>131 
>131 

129 
130 

>131 

118 
128 
118 
114 
123 
115 
131 

92 
84 
94 
86 
94 

135 
107 
111 
115 
114 
108 

93 
111 
107 
134 
106 
135 
113 

80 
99 

107 
119 
109 
118 
106 
112 
129 
134 
107 

90 
98 

110 
119 
134 
133 
127 
118 
120 

120 
125 
13? 
120 
136 
124 
132 

80 
94 

100 
91 
95 

124 
107 
106 
110 
111 
108 

98 
102 
111 

71 
106 
135 
121 
83 

100 
115 
110 

98 
113 
111 
111 
132 
130 
95 
90 
98 

117 
115 
133 
133 
118 
115 
121 

114 
128 
104 
102 

>129 
120 

>130 
78 
78 
94 
88 
98 

120 
97 
98 

108 
114 
98 
96 
96 

102 
68 

102 
128 
108 

75 
98 

120 
117 
111 
116 
110 
114 
128 
128 
86 
87 
92 

116 
116 
126 

>129 
107 
116 
118 

98 
122 
120 
116 
112 
118 
122 
69 
79 
90 
86 
96 

120 
96 

106 
108 
108 
88 
86 

104 
104 

72 
104 
121 
106 

74 
99 

116 
116 

99 
107 
100 

92 
120 
122 

83 
82 
87 

108 
112 
122 
122 

96 
104 
104 

103 
126 
107 
107 
120 
102 
114 
bl 
77 
98 
76 
90 

100 
95 
93 

108 
95 
88 
89 
86 
88 
68 

110 
126 
100 

80 
98 
93 

104 
100 
108 

94 
108 
110 
124 

89 
78 
89 

100 
99 

107 
118 
103 
106 
108 

111 
120 
105 
109 
106 
107 
122 

66 
69 
90 
78 
83 

111 
78 
99 

104 
93 
76 
73 
97 
96 
68 
96 

110 
99 
70 
96 

104 
111 

99 
99 
97 
92 

111 
123 

74 
68 
85 

103 
101 
116 
122 
104 

98 
105 





SHIELDED MODULE TEST RESULTS, SHIELDING EFFECTIVENESS 

Room Lindgren Frequency 2.4 GHz 

Test 
Point 

Jun 
77 

Dec 
77 

Jun 
78 

Dec 
78 

Jun 
79 

Dec 
79 

Jun 
80 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
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