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3.1.5 #eceiver. This equipment must have tne sensitivity to seasure the seall
signals from The connector/conduit assembiy. For 4 mode-stirred chémder with 2 lower
usabie frequancy af [ GHZ. the receiver ausl hive 2 tensitivity of -90 dBm to mcasure
thielding effectivensss values of 90 db from 1-10 GHx. For use of the “lontinuous
Sample Averaging® tecnnique, descrioed 1n parsyriph 3.2.2.2, 1L is desiraole tpat the
recaiver have a variable output tiwe constant capapility for signal averaging. A
‘ocu-in analiyzer, Or eguivalent, has the specifiec sensitivity and the variatle

Sutpul tise anc constant capasiitity.

5.2 Specis] test equipment.

3.2.1 Mode-stirred champer. This snall pe a shielded metal enclosure that has 2
sinisum snic|uing effectiveness above 1| GHz of 60 08 at mesasured by MIL-5TD-2B5.
Modificatioas to the chamber include installation of an input antenna, reference
antenna, and mode-stirrer. Requirements for tne shielded enclasure 4re contained in
Appendix A, along with a description of tne requires (odifications for converting it
to a mooe=stirred Champer.

- 3.2.1.1 ]loput antenna. An input antenna shall be provided by a long wire (>51 at
the lowest test freguency) installed along the sides of the mode-stirred chamber. An
impedsnte Satching taper Can be uwTiltzed st botn ends of this long wire antenoa 10
effectively increase the dynamic range of the measurement system. Thesa tapers are
not necessdry however, for proper mode-stirred champer operation. Construction of
the antenna along with i1ts associated tapers is described in Appendix B. This
instailation of the anteans in the Wode-stirred champer shall be as described in

Appendix A.

3.2.1.2 Referance antenna., A reference snteana, joentical to the input antenna,
shall pe installed in the mode-stirred chamber. Installation and construction of the
antenna s described in Appendices A and B.

3.2.1.3 Mode-stirrer. A mode-stirrer shall pe installed in the sode-stirreg
chamber. This device may be constructed from sheet aluminum by using simple hand
togis a5 descriped in Appendix T, wilh iastallation of the scde-stirrer cescrised in

ADpeadizx A.

3.2.2 Dats collection system. This system, which includes the receiver, must be
capadbie of obtaining an average of the signrals Trom the reference antenna 4Rc Lhe
connector/concuit assemply for one rotation of the sode-stirrer. A two-channe)
system will allow Doth wmessureaents L0 be taken Simultanepusly. Reasureaents in the
sode-stirred chamber are mgde by sampling the signeis from the reference antenna and
connector/tonduit assembly as the mode-stirrer is moved tnrowgn 360" in rotation.
The signal averaging can be accompliisned with the use of one of the following data
collectiop systems: (1) Discrete 5ample Averaging Systes, and (2} Continuous Sample
Averaging Systea.

3.2.2.1 Discreia sampie averaging systém. This system, shown on Tigure [, sadples
tne signals-at a discrete number (e.9., 2UyU} of mode-stirrer positions. Each oeld
value. is then siored in & wmemory device and an average Calculateg afrer tne
secasureaent has been completed, This system amust also control the stepper motor used
for rotation of the mode-stirrer.

3.2.2.2 Continvous sampie averaging system. This system, shown on figure 2,
continuously rotates the mode-stirrer at a moderdte specd wiith tne signsl dverdgeod in
resl time by a device that has & time Constant which is at least thrae (J) times
longer than the time for one mode-stirrer rotation. The receiver and averdging
device may oe the same equipment Qor separate. This averaging system offers the
advantage of reduCed test time and & Simpler as4ts collection Systea.

3.2.3 PFode-stirrer motor. For the “"Uiscrete Sample Averaging® system, & stepper
sotor witn sufficient torque shall be useg for rotation of tne sode-stirrer. A
variaple speed, continuously rotating mpior snall pe used for the “Lontinuous Senple
Averaging” systes,

3.3 Measurement frequencies. Neasurements snall pe taken at ten {10} frequencies
in the range from 1-10 GH2. Tee frequency intervals shall pe such that no
mapsurement frequency may lie within B0 percent orf the next highest or 125 percent aof
tne next lowest measureaent frequency.

METHOD 3008
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J.4 Preparation ang installstron of connectcrisnielaed cond

uil dstembly.

J.a Preparatiun. Tne connector unoer Lesl snal! pe connelted to tne snielded
conduit ang mOunted on & Chember wall as ghown on figyre 1. The connector shall oe
Locates & distance, D, of one wavelangtn off Lhe wall at thne Jowest test freguency
Ine length of the connector/coaduit assemply snall De 4.0 aD.]l wavelengins &1 Ine
| lowest test frequen:y. Agaptors may be used to fit tne conduitl to the connectar

unoer test. Ail retuiting jointy snail be peripherdaiily sealed to obiein maximym
\ shielding. The pickup wire inyide Lhe cunnector shall be 2 5.0 ¢0.5 centimeter
lengta of the center conductor of the conduil oblaineg by removing the outar shield,
\ The pitkup wire snhall be positioned in the center of the ctonneCtor and held in place

oy gislectric retaingrs Or the diglectric insert of tne Connector.

3.e. Installetion. The coaneclor/conduit agiemoly thall pe tacurely fistensd to
. the :ua.b er wAll with the conduit passing through the wali and teraifated 1n lype-N
connectors 43 shown on figure ). Care shouly De taken Lo enture Lhnal the saieiding

intagrity of the champer i3 maintained 4t the points of asttacnment of the conduit to
the chasner wall.

3.5 Swept fregquency YSHR seasurement on connector/conduitl sisembly
fregquency ¥3Wk measurgaent snall be PerfQrmed On the compliete CONMRCLOr /tonduit
dsseacty shown on figure 3. The freqQuency range of the seasureamegnt shelil De 1-10 GH2
| and & plot of tne vYS5MR versus frequency shal( Ou made on an X-Y recorder 1Or avery

conngctor testaa. Tmis VYSWR plot shaell be included wilh the shieldinyg affectiveness
data ootained from the ssesurement descriosd in parayrapn &.

4. TEST PROCEOQUNE .

] 4.1 Test procedure, WItn TNhE CONMgCROr 4nd COndult A5SemDiy prepared &% descriped
in garagraph 3.4 i

and the moQe-stirrey Champer configured 4% gestribed 10 parggraph
3.2, tne tollowing procedures shall be performed at each frequency. These procedyres
utilize the test configuratiaas shows on figures 1 4na 2.

A twept

4
-

&. Lonnect "the tqn!p-eﬂt for meisyring i€ average SiIgndl 10 the reference
sntenng.

b. Terminate Doth endy of the coanector/catle 4ssemdly 1n SO.onm loads.
{ I €. Apply sufficient input power L0 Lhe ChamdDer 1O QOServeé tne Signdl op tre
1
]

- ———

reference antenns.
Qotatn tne average signal tPgE;j on the reference antenna for mode~gtirrer
rotation.

Recors thiy everage value 43 well as tne cnamber inpul power (Pyq REFS.
Repeal at sagcn rrequenty.

4.3 Shieid measurements. At the S4me fregueniy (w
rafarants asaturemen? wat 11

nerfaraua gerfors the fa
Le Aeazu =it Per L 11U ine IS

Disconnect & 50-0hm lode from one enc aof tne Conneclpriconduit a23seonly ang
connett tne egui1paent for medsuring the qverage si1gnal.

8. Connect a SD-onm !ocd to the referunte anileénne 1nput,

€. Apply sufficient inpvl power LG Lhe ChRaMper 10 gusérve Che Signal On tue
Conqecliar/candyil gssemyly.

4, Optain tne sverqge signai
tne MoOg-3lirrer rotation.

Recore this sversge value 45 well a1 tue cnasoer input power (Pyy cyurl-
Repeatl 4t sach freguency.

4.8 (alculated shielaing effectiveness. For eech fest frequency, Cdlcylete ine
thielding effectiveness (S.E.) of

1

{

|

L

\

{

[ S t.) lne connectur from tRe abOve dJdald and tne following
} formuly:

|

Prer
S.E. » 10 10gi0 ¢
®in REF Pin Cut

{Peyr) on tne comnectur{Cundutt assempiy with

- &

|

|
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S. DOCUMENTATION.

¢: Title of test, oate sng name of operator.
8. Sample gestription - Include fiature,

fats sneets snall contain:

1f applicenle.
€. Test equipsent used and date of latest Calioration,
9. VYaluss and observatliuns.
§. SuRMARY. The following oetatts shail pe specifiad in tne individual
specification:
&

Ffrequencies to be testsd 1f Other tnan tnuse listed im 1,1

b. Shielding effectiveness Of the Connector pair.

METHOD 3008
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APPENDLL A
DESIGN UF MUUE-STIRKED TEST CHAMBER
10. General.

10.1 The moge-stirred technique utilizes a test Chamder wnich exaposes 4 test item
to statistically random incident fieldas. Basically, this test melnod empioys &
shieloed test champer configured Lo assure the ezcitation of statisticatiy rangon
fields. The test chamber s wssentially & low loss, snhielded encloture wniCh has
peen motified by the instellatiun of an input antenny, reference antenns, 4ncd &
aoge-stirrer, Oesigas for thess ttems are provided in Appendices B anao C,
respectively, Guidelines for integrating tnese items into the chambeér 4re provided

in thie annanais,
If SRIL SgEEnt i

20. Degign reguirements.

20.1 Tne siniaue Chamber dimension thall be at Jeast three free space wavelengtng
at the lowest frequency atl whicn tests are to oe performed. In sodition, the mimiaus
distance between tne test item and tne cnamper walls shal) be atr least one wivelengtn
at tne lowest frequenty at whiCch tests are Lo De performed.

30. Detailea proceoures.

Ju.l Chamwper enclosure. Tris 3hali 0e & shielded metal enclosure wnose Ainimua
snielding effectiveness above L GHz is 60 oB as messured by MIL-5TD-285. Tne chamder
snell be constructed of low-1p8s materiais. Lossy materials such as floor coverings,
tapies, lignt wiring, etc., snouid pe eliminates or minisized to the maximy® extent
pessiole.

30.2 Access door. An access 90or or panel snhall se placed 1n one wall of the
chamoer. 1tnis goor snall be large anpugh to allow entry of tne test item and shall
grovide sufficieat access for working with the test ftem. Tne 60 o8 snielarng
1ateyrity of the Chasber shall D¢ maintarnea, [f jo0itionsl dogrs ere required, LRey
sn.l? mest tnese same reguiremeantl.

30.) Input antennd. AR iaput 4ntenna shall oe provided Dy & long wire (> 51 at
the lowesSt test frequency) installev along the sides of lne chasoer. [mpedance
®atching tapers may be utilirzed at both enos. Layout of tne input dntenna shaill ce
83 snown on figure A-l. In tmis figure, ine 1APuUL 15 Provided via & type-N bulcheas
connectar (HF power 1nput) locdtwu approximately at the center of one end of tne
chamier. Insiae the Chamber, the center conduilar s ConneCted Lo 4 taper which
extends diagonally toward the upper right Corner of Lhis sa@e wall OfF Cne chemper.

At tnis poinl, tne taper 15 conneCled L0 4 10AG wire Lhen genlly DeNnas arounyd tne
corner 4nu geoaelrically o0sCHItates n & piene paraliel to the side wall of tne
chamber. At the far gnd, the long wire gently Denos argund the Corner «ngd 13
tonnectled Lo 4 second taper terminetec 'n 4 S0-onm loed. Stanooft insuigtors of wery
low loss, such as styrofoam, shall pe used to support Lhe iong wire ano tapers. The
gistence of the long wire from the chaoner wall snall be as determineg 1n Appenyix

B. Tne distance shall pe maintaingy witnin 4 40 pertent tolergance «t all Jocdlions
except wnere tne trynsmission line penas 4round 4 corner. At corners, the line shall
te pent Lo provide 4 SBOOLh Curve 4rounc tne corner 45 Shown on figure A-2 40 as ta
4Chieve & radrus of Curvalture, H, equal 10 the Typicel Qistance Detwern Lhe lung aire
antenna and the champer wall,

3J0.4 Reference antenna. A reference antenna of the sime leagth 4s tne 10put
antenna shall pe 1nstalled inside the champer. The distance af tnis &ntenna from tre
Chamter walls is the Seme a3 fOr e input antenna. A suggested layout 1% illustrated
on tigure A-l. The design and faorication of this 4ntenna, diong wiln 1LS AS30C1aled
impedance matching tapers Shail be i1dentical tuv Lhe in0utl 4ntenns.

10.5 moge~itirrer. A pode-Stirrer, as 1noic4ted un figure A-l, shall pe 1nastalled
inside the chamoer, The mode-Stirrer may D¢ CONYtruCtled with somple nand toois «s
gescriged in Appendix C. To provigde rotation, tne Center of Lhe mode-Stirrer 1§
connacteq to CLhe Center of o nONCuUnUUCtIng rog wnose gradeler 1§ less than |
centimeter. A ac¢tal tube snail oe placed 1n tne cnamper wall for the rud tu exnt

METHOD 3008
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the chamoer. The Lube shall have & @exr1oum Ins1de Jiemeter of | .0 centimeter and 4
lemgth greater Lnan § centi®eters. The webal Lume shall pe electricai(y pondey
(soloereq or welsed) around ity entire perlonerY to tne champer will at the exit
pasnt. Tnis pond shall preserve the 6U d¥ snrelded integrity of the chember. The
BUOR-S1I1PFRT may DE Placed 4% any tonvenrent location wathia the test cnemper Lo
oplimize availanle space for testing large test items. The gistances of the

aode-stirrer o tne test ited gr Lhe walls of the M5 chgmder are rOt crilica) as long
4% thevr i3 no interference with rotaetion of the mode-Stirrer.

W.6 luﬁétiiillon of test item. The test item shall pe placec 1n Lhe Chamber 30
trat the $hOriest dist4nce Delueen any poinL On tLRAE last :lem and any NS Chambyr well
is 4t Jpast 12 for the lowest tesl freguency. Styrofoas shell he used L0 Suppurt thae
weignt of the fest (tes. .

J0.7 Relstionships between gimeEnsi1Ons. (nCe e1taer the Chamber Size Or lowest
oparatlin requency has been chosen,

the Oimensions of severa!) relaten rtems Decumes
fineg, or example, figure A-] illustrates the innerent relytionships Delween
chasver sife, lowest operating frequency, moge-stirrer si2e, lengih of long wire
antennas, 1L4ndaff heignt of long wire anlennal above Chesber walls and the lengtlh of
any one of the ispeoince WATChing Lipers. For esample, 4 thamper desiynreu to yperdte
4t & Bintaum freguency of 1 GH: would require the set of Corecsponding dimensigns
provideq in table A-l,

TABLE A-1{
Sample dimensions for mode-stirred champer

Smallest test cnamber gimension = Ju = 90 centimeters « 0.9 selers
Minimum operating frequency « LUUD MHz

Recommended sinimum mode-stirrer 3iZe » la » 0.} seters

Length of & singie impedince sstChing teper = )1 « 30 centimelers

Stenge?! Keight of loag wire anteans 400ve chasder wally o /4 »
7.5 centimeters « 0.075 setars

Minimus lengin of Jong wire antenna = 52 « 150 centimeters

METHOD 3008
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FIGURE A-2. Transmission line bend around corner..
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APPENDII B
DESIGHN PROCEDURES FOR LONG WIME ANTEWNRAS
ARD IWPEDANCE MATCWING TAPERS

1v. General

10.1 To ainimize fnput pawer regquiresments and Saximize CLest sensitivity, impedance
m4tching tapers comprised of 4 section of tapered transi®ission may be utilizea at
both ends of tne input and referenmce antenns as indiceted on figure B«l. Ffor tnis
appliication, tapering is accomplished Oy varying the specing betwean tne # 10 AWG
construction wire and tne wall of the mode-itirreds cChamover. The purpose of the
tapers is to snable the yser to make more efficient use of the power aviilaple frowm
the source. The Procedures Contiined n Thiy section are for Jong wire antennas and
tapers dasignag far iastailation in Chaspers whose lowest operating fregquencies are
10UU MMz, S0U MNI, anc 200 WHz. If & champer is designed for some higher frequency,
the gesign grocedures for the next lowest rrequency snall be utiliteq: i.e,, and
800 MMz chamober shouls use the sPtenna and teper designs provigdea for 50U MHZ.

20. Design requirements.

20.1 DOesign requireaents for the separation distance Detween the long wire and Che
wall as well as the reguirements for design of tne tapered sections are baled vhpon
tne wavaiength at tne lowest frequency for which the chémper i5 designed.
Constryction tolersocas 1n the oraer of 10 percent are edequéte. Consequently, the
majority of the construction may oe perforeed oy cerefylly oending the wire by hend

infta Tna dhanaz sanuvirad +a Faem tna lnas wise twaneaszcine liaa ana tha r1mnadancs
*HRT NS SAEPSF TRGQUITEC (9 TOFFE LOR JONg WEIFQ LVENIEISSION VOE AR wng ISpUGanLc

|atching tapers 31 vach end. A wire size of J10 AMG small pe wtilized fur ait
construction describes in thts sppendtx,

30. petatled procedures.

30.1 Champer designed for 1 6Mz. A1 shown on figure B-l, the tors) lengen, L,,
8f the lgag =irs salshda wila LeperTs #itaChad Lo Dofnm ends shall be &t jeast 150

Ceatimsters accorcing to tanle

30.1.1 Loag wire transajssion line. the length, L,.2Ly, of the long wire
transaission line snall be longer, 1f nacessary, t0 satisfy the minimum overai!
lengtn requiresent as wall a3 to parmit edse of iastalistion in test champer s
descrioed in Appendis A. As shown on figure B-2. the gistante, H, of the ceater of
tae long wirs from lne chemdar walls shall oe 7.5 caatimeters. AL & COrner, the wits
shall ba pent &3 descriosd Is Appendis A, Sp4cing shall De aChnieved Dy the use of
low loss Atelectric spacers such as styrofasm.

36.1.1 Jlmpedance matching. Tme lengtn, Ly, of e4ch impedance matching taper
snall pa 35.0 cantiagters 2t agatured from the canter of tne type-N connector Lo the
InnA mieon trsnemiteinan 1ines ae slAacn an Fimnama B _ 3 Ba  dma - [y fi-“__

ong =trg lransmitsicon 1io¢ 45 shown on figere B.2. A3 =4y Be seen in thys

gurse,
the Curviature of the taper rasultt tn Lhe actudl length, £, of tae wire from waich
the taper s conastrycted to Be sligntly longer than L7. For this frequency, -

10.8 centimaters 43 measyred from thne end conrtaining the connector. Detarls of the
Connector installatign are showps on figure B-3, Taole B+l susmarites the 4towe
oimansions and praoviges soditiomal Qata for construction the Taper 1TSelf ag
describes tn the foilowing procedures:
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TAULE B~1
Data for coastructing 1wpecance malining Laper

1 Guz chimder
Ly > LS50 centimecers
H» 7.5 centimeters
Ly » 10 centimeters

2y = 0.8 cont insears
A7 = 295 cantiagiers

ot e g A=t

i-{cm n {2} (cm
.0 0.05%
3.v 0.13
6.0 0.16
5.0 g.21
12.0 6.8
15.0 v.41
18.0 0.6)
21.0 1.02
24,0 1.8
27.0 1.42
30.0 7.7

4. Tadla 8- Ynclutes tne distances, =, 1 centlimeters, along the teper as
seatured fros the type-N connector as well 44 LAy Corresponding distances,
hia}, 1n centimeters, of the nearest eoge Of CLhe wire apGve Lhe plane Of the
champer wall,

. Lo5cirvdl & ful! scale patters similar (o figure 8-4 oy witlizing the daté
of tapie B-1. (Note: The horizontal scale of figure B=4 is 4cluslly
oupe-ne it scale P37 Lhe déie in taolie ¥-].] The actusl lemgth of wire
reqQuiredq for consiruciing the laper s R7.

c.

utilizimg #10 AMG wire for construction, piice CLAg wire Over The patiern snt

@

- s ——

bend the wire 50 that the edge of the wird wpich will be closest to the
cnater wall ts dlong tae patiera. (Toe sharpest oend DCCurs 4t the
Junttion of Lthe taper and Lhe long wire antenna at 4 Qistence 21 swesured
along the wire froa tae eagd to wnich the conngclur Snel) De attachey. [t
saguid D4 noted CLHAL 4t tnis GI1SLANCE (2 » £7 & 30.0 Centimeters) n{a} «
7.37 centimeters whith COvrelponas to the Dolloud guge wt JLU AWG conuuctor
whode Ceater is loCated at H « 7.5 centimeters.

. knen installing the teper in Ltne Champer Crittcal SpECing DElwwwn Chemper
=xtly sng tas =ire taper =2y pe 2CRigved By Sullding up appropTiste layers

of nbn-conouCtive electrice! Cdpe 4Ga1nLL whiCA the taper may De reésfed.

30:7 Cnamber designed-for 500 MNI. Tne devign procedures fOr the luny wire
trafsmission line dac ta€ 4350Cr1ated Lapers are jaentical Lo those I8 peragrapn
JO.l. For this redason refer to that paragrepn for procedures sfter ngling the
following differences. The totei leagin, L,, of the long wire antenns wilh tapers
attacned to ‘both ends shail pe &t least Ul centimelers.

du.2.1 Long wire transaission line, Tne drstance, W, of the center Of tne long
wire from the Chamder wails sna

oe L5 cyntrimeters.

30.2.2 lmpetaance miatching teper. Tne Jemgtn, Ly, of c4ch Crensmission line
taper shall pe

centimelers anu the cOrreLpOnding £1 13 R1.9 contimeters. Taple

B.1T summirizes the 4bove QImEASIONS 4Nd Provides 4dditicad) gata for coAstrutLing
the laper itself 43 described 'n the procedures of paregrapn 10.1.2.

METHOD 3008
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TABLE B-I1]
Cata for constryCting 1mpedence Matching Ltaper

500 MMz champer
Ly > 300 ceatimeters
H a 15 centimeters
LT o 50 centimetery

2T = 61.9 centimaters

(4]

« s v oo .

BN~ OCOoOCCDO
ml‘nml.-uhuu-—-:—o
= U 0D D P N s LN

-

10.3 Chamber deslancd for 200 MHz. Tne design procedures for the long wire
transmissaan line an € 4330CT1aled L4pers are fdentical to thoSe 1N paragraph
30.1. For this reason refer t¢ Lhat paragraph for procedures «fter noting the
arffarences inodicated pelow. The tatai lengtn, L,, of the long wire antenna with

tapers attached to both ends shall De at least 750 centimeters.

30.3.1 Long wire transmission line. Tne distence. W, of the center of tne long

wireg fro® the chasber walls Snall be 17.5 centimeters.

3V.3.2 Jepedance matching taper, Tne length, Lt, of each transmission line
teper shalT de 150 centimetars and the correspoading 31 13 155.7 centimeters.
Table B-1]] summarizes tne above dimensions and provices sdditional ddts for
constructing Lhe t4per itselr a3 descrived in the procedures of paragrapn 10.1.2.

-

(1]

CVoOVLOWOLOoWwmD
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—— e e
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TABLE B-1L1I
Oats for constructing impedance Matihiang Laper

200 MH: cChamber
Ly » 750 centimeters
H = 17.5 centimeters
Ly « 150 centimeters

171 = 155.7 centimeters

METHOD 3008
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FIGURE B-1. Typical trangmission line with taper.
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FIGURE B-2. Impedance matching tiper,
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FIGURE B-3, Impedance matching taner: Section A.
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FIGURE B-4. Sasple pattern for constructing iwpedance matching taper,
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