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**************************************************************************
NOTE:   Thi s gui de speci f i cat i on cover s t he 
r equi r ement s f or  el ect r omagnet i c shi el ded f aci l i t i es.

Adher e t o UFC 1- 300- 02 Uni f i ed Faci l i t i es Gui de 
Speci f i cat i ons ( UFGS)  For mat  St andar d when edi t i ng 
t hi s gui de speci f i cat i on or  pr epar i ng new pr oj ect  
speci f i cat i on sect i ons.   Edi t  t hi s gui de 
speci f i cat i on f or  pr oj ect  speci f i c  r equi r ement s by 
addi ng,  del et i ng,  or  r evi s i ng t ext .   For  br acket ed 
i t ems,  choose appl i cabl e i t em( s)  or  i nser t  
appr opr i at e i nf or mat i on.

Remove i nf or mat i on and r equi r ement s not  r equi r ed i n 
r espect i ve pr oj ect ,  whet her  or  not  br acket s ar e 
present.

Comment s,  suggest i ons and r ecommended changes f or  
t hi s gui de speci f i cat i on ar e wel come and shoul d be 
submi t t ed as a Cr i t er i a Change Request  ( CCR) .

**************************************************************************

PART 1   GENERAL

**************************************************************************
NOTE:   The f ol l owi ng i nf or mat i on must  be shown on 
t he pr oj ect  dr awi ngs:

1.   Assembl y det ai l s .

2.   Typi cal  penet r at i on det ai l s .

3.   Met hod of  mount i ng shi el ded encl osur e wi t hi n 
building.

4.   Shi el d penet r at i on pl an cont ai ni ng wal l  
el evat i ons,  f l oor  and cei l i ng pl ans showi ng t he 
l ocat i ons of  al l  penet r at i ons ( t o i ncl ude al l  
mechani cal ,  el ect r i cal ,  f i r e pr ot ect i on,  et c. )  t o 
t he HEMP shi el d.
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5.   Locat i on of  mechani cal  and el ect r i cal  equi pment  
wi t hi n shi el ded encl osur e.

6.   Det ai l  equi pment  mount ed or  suspended f r om t he 
shi el ded cei l i ng.

7.   Shi el d penet r at i on schedul e t o i ncl ude:
  a.  Locat i on of  t he wavegui de.
  b.  Si ze of  wavegui de ( di mensi ons) .
  c.  No.  of  penet r at i ons i n t he wavegui de.
  d.  Penet r at i on desi gnat i on of  each penet r at i on i n 
t he wavegui de ( i f  mor e t han one) .
  e.  Si ze of  pi pe f or  each penet r at i on i n t he 
waveguide.
  f .  Type of  pi pe f or  each wavegui de penet r at i on.
  g.  Type of  penet r at i on.
  h.  The det ai l / sheet  no.  of  t he wavegui de det ai l .
  i .  Any r emar ks per t ai ni ng t o t he wavegui de.

8.   Fi l t er  schedul e t o i ncl ude:
  a.  Locat i on of  f i l t er .
  b.  Type of  f i l t er  ( power  or  s i gnal ) .
  c .  No.  Of  f i l t er s i n t he f i l t er  encl osur e.
  d.  El ect r i cal  char act er i st i cs of  t he f i l t er  ( ,  
amper age,  no.  of  pol es,  f r equency) .
  e.  Pur pose of  t he f i l t er .
  f .  The det ai l / sheet  no.  Of  t he t ypi cal  f i l t er  
detail.
  g.  Any r emar ks per t ai ni ng t o t he f i l t er .

9.   Typi cal  f i l t er  det ai l s .

10.   Har dness cr i t i cal  i t ems ( HCI )  shoul d be 
i dent i f i ed usi ng t he ( HCI )  symbol  on pr oj ect  
drawings.

Ref er  t o MI L- HDBK 419 f or  speci al  gr oundi ng and 
bondi ng r equi r ement s f or  EM shi el ded encl osur es.   
Ref er  t o t he U. S.  Ai r  For ce Handbook f or  t he Desi gn 
and Const r uct i on of  HEMP/ TEMPEST and Ot her  Shi el ds 
i n Faci l i t i es ( Mar ch 1993) .   Thi s document  can be 
obt ai ned f r om HQ AFI C/ LEEE,  San Ant oni o,  Texas 
78243- 5001.   Al so r ef er  t o AR 380- 19.   MI L- HDBK 423 
shoul d be used f or  pr oj ect s r equi r i ng HEMP 
pr ot ect i on.   The desi gner  shoul d consul t  t hese 
document s and ot her  appr opr i at e sour ces bef or e 
appl y i ng t hi s gui de speci f i cat i on t o l ar ge- scal e EM 
shi el ded encl osur es or  t o HEMP or  TEMPEST pr oj ect s.   
The r equi r ement  f or  t her mal  expansi on j oi nt s 
i nher ent  t o l ar ge- scal e encl osur es i s not  addr essed 
i n t hi s gui de speci f i cat i on.   The ext ent  and 
l ocat i on of  t he wor k t o be accompl i shed and wi r i ng,  
equi pment ,  and accessor i es necessar y f or  a compl et e 
i nst al l at i on shoul d be i ndi cat ed on t he pr oj ect  
dr awi ngs.   The Ai r  For ce cont r act s wi t h an 
i ndependent  t est i ng l abor at or y t o per f or m t hei r  
accept ance t est i ng.   The t est  can consi st  of  a SELDS 
or  equi val ent  t est  and H- f i el d and pl ane wave CW 
t est s per  MI L- STD- 188- 125 and/ or  I EEE 299.   See t he 
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U. S.  Ai r  For ce Handbook f or  t he Desi gn and 
Const r uct i on of  HEMP/ TEMPEST and Ot her  Shi el ds i n 
Faci l i t i es f or  mor e det ai l s .   Met hodol ogy and 
pr ocedur es f or  set t i ng up equi pment  ar e cont ai ned i n 
MI L- HDBK- 423.   Ful l  MI L- STD- 188- 125 accept ance 
t est i ng ( PCI  t est s as speci f i ed i n appendi x B)  
shoul d be avoi ded.   ( Al so see desi gner  not es K and 
U) .   Al t hough not  addr essed i n t hi s speci f i cat i on,  
f i ber  opt i c cabl e has gai ned accept ance as an 
ef f ect i ve met hod of  t r ansmi t t i ng dat a acr oss t he 
boundar y of  shi el ded encl osur es wi t hout  f i l t er i ng.   
I f  f i ber  opt i c cabl e i s used,  descr i be t he wavegui de 
penet r at i on of  t he shi el d i n det ai l .   Fi ber  opt i c 
cabl e i s speci f i ed i n Sect i on 27 10 00 BUI LDI NG 
TELECOMMUNI CATI ONS CABLI NG SYSTEM.

**************************************************************************

1. 1   REFERENCES

**************************************************************************
NOTE:   Thi s par agr aph i s used t o l i s t  t he 
publ i cat i ons c i t ed i n t he t ext  of  t he gui de 
speci f i cat i on.   The publ i cat i ons ar e r ef er r ed t o i n 
t he t ext  by basi c desi gnat i on onl y and l i s t ed i n 
t hi s par agr aph by or gani zat i on,  desi gnat i on,  dat e,  
and t i t l e.

Use t he Ref er ence Wi zar d' s Check Ref er ence f eat ur e 
when you add a Ref er ence I dent i f i er  ( RI D)  out s i de of  
t he Sect i on' s Ref er ence Ar t i c l e t o aut omat i cal l y  
pl ace t he r ef er ence i n t he Ref er ence Ar t i c l e.   Al so 
use t he Ref er ence Wi zar d' s Check Ref er ence f eat ur e 
t o updat e t he i ssue dat es.

Ref er ences not  used i n t he t ext  wi l l  aut omat i cal l y  
be del et ed f r om t hi s sect i on of  t he pr oj ect  
speci f i cat i on when you choose t o r econci l e 
r ef er ences i n t he publ i sh pr i nt  pr ocess.

**************************************************************************

The publ i cat i ons l i s t ed bel ow f or m a par t  of  t hi s speci f i cat i on t o t he 
ext ent  r ef er enced.   The publ i cat i ons ar e r ef er r ed t o wi t hi n t he t ext  by t he 
basi c desi gnat i on onl y.

AMERI CAN HARDBOARD ASSOCI ATI ON ( AHA)

AHA A135. 4 ( 1995;  R 2004)  Basi c Har dboar d

AMERI CAN I NSTI TUTE OF STEEL CONSTRUCTI ON ( AI SC)

AI SC 325 ( 2017)  St eel  Const r uct i on Manual

AMERI CAN WELDI NG SOCI ETY ( AWS)

AWS A5. 18/ A5. 18M ( 2017)  Speci f i cat i on f or  Car bon St eel  
El ect r odes and Rods f or  Gas Shi el ded Ar c 
Welding

AWS BRH ( 2007;  5t h Ed)  Br azi ng Handbook
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AWS D1. 1/ D1. 1M ( 2015;  Er r at a 1 2015;  Er r at a 2 2016)  
St r uct ur al  Wel di ng Code -  St eel

AWS D1. 3/ D1. 3M ( 2018)  St r uct ur al  Wel di ng Code -  Sheet  
Steel

AWS D9. 1/ D9. 1M ( 2018)  Sheet  Met al  Wel di ng Code

APA -  THE ENGI NEERED WOOD ASSOCI ATI ON ( APA)

APA L870 ( 2010)  Vol unt ar y Pr oduct  St andar d,  PS 
1- 09,  St r uct ur al  Pl ywood

ASTM I NTERNATI ONAL ( ASTM)

ASTM A123/ A123M ( 2017)  St andar d Speci f i cat i on f or  Zi nc 
( Hot - Di p Gal vani zed)  Coat i ngs on I r on and 
St eel  Pr oduct s

ASTM A227/ A227M ( 2017)  St andar d Speci f i cat i on f or  St eel  
Wi r e,  Col d- Dr awn f or  Mechani cal  Spr i ngs

ASTM A36/ A36M ( 2014)  St andar d Speci f i cat i on f or  Car bon 
St r uct ur al  St eel

ASTM A568/ A568M ( 2017a)  St andar d Speci f i cat i on f or  St eel ,  
Sheet ,  Car bon,  St r uct ur al ,  and 
Hi gh- St r engt h,  Low- Al l oy,  Hot - Rol l ed and 
Col d- Rol l ed,  Gener al  Requi r ement s f or

ASTM A653/ A653M ( 2017)  St andar d Speci f i cat i on f or  St eel  
Sheet ,  Zi nc- Coat ed ( Gal vani zed)  or  
Zi nc- I r on Al l oy- Coat ed ( Gal vanneal ed)  by 
t he Hot - Di p Pr ocess

ASTM B194 ( 2008)  St andar d Speci f i cat i on f or  
Copper - Ber yl l i um Al l oy Pl at e,  Sheet ,  
St r i p,  and Rol l ed Bar

ASTM B545 ( 2013)  St andar d Speci f i cat i on f or  
El ect r odeposi t ed Coat i ngs of  Ti n

ASTM B633 ( 2015)  St andar d Speci f i cat i on f or  
El ect r odeposi t ed Coat i ngs of  Zi nc on I r on 
and St eel

ASTM E84 ( 2018a)  St andar d Test  Met hod f or  Sur f ace 
Bur ni ng Char act er i st i cs of  Bui l di ng 
Materials

ASTM E90 ( 2009)  St andar d Test  Met hod f or  Labor at or y 
Measur ement  of  Ai r bor ne Sound Tr ansmi ssi on 
Loss of  Bui l di ng Par t i t i ons and El ement s

I NSTI TUTE OF ELECTRI CAL AND ELECTRONI CS ENGI NEERS ( I EEE)

I EEE 142 ( 2007;  Er r at a 2014)  Recommended Pr act i ce 
f or  Gr oundi ng of  I ndust r i al  and Commer ci al  
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Power  Syst ems -  I EEE Gr een Book

I EEE 299 ( 2006;  R 2012)  St andar d Met hod f or  
Measur i ng t he Ef f ect i veness of  
El ect r omagnet i c Shi el di ng Encl osur es

I EEE C62. 11 ( 2012)  St andar d f or  Met al - Oxi de Sur ge 
Ar r est er s f or  Al t er nat i ng Cur r ent  Power  
Ci r cui t s ( >1kV)

I EEE C62. 33 ( 2016)  Test  Met hods and Per f or mance Val ues 
f or  Met al - Oxi de Var i st or  Sur ge Pr ot ect i ve 
Components

I EEE C62. 41. 1 ( 2002;  R 2008)  Gui de on t he Sur ges 
Envi r onment  i n Low- Vol t age ( 1000 V and 
Less)  AC Power  Ci r cui t s

I EEE C62. 41. 2 ( 2002)  Recommended Pr act i ce on 
Char act er i zat i on of  Sur ges i n Low- Vol t age 
( 1000 V and Less)  AC Power  Ci r cui t s

NATI ONAL ELECTRI CAL MANUFACTURERS ASSOCI ATI ON ( NEMA)

NEMA I CS 2 ( 2000;  R 2005;  Er r at a 2008)  I ndust r i al  
Cont r ol  and Syst ems Cont r ol l er s,  
Cont act or s,  and Over l oad Rel ays Rat ed 600 V

NEMA I CS 6 ( 1993;  R 2016)  I ndust r i al  Cont r ol  and 
Syst ems:   Encl osur es

NEMA MG 1 ( 2016;  SUPP 2016)  Mot or s and Gener at or s

NATI ONAL FI RE PROTECTI ON ASSOCI ATI ON ( NFPA)

NFPA 101 ( 2018;  TI A 18- 1;  TI A 18- 2;  TI A 18- 3)  Li f e 
Saf et y Code

NFPA 70 ( 2017;  ERTA 1- 2 2017;  TI A 17- 1;  TI A 17- 2;  
TI A 17- 3;  TI A 17- 4;  TI A 17- 5;  TI A 17- 6;  
TI A 17- 7;  TI A 17- 8;  TI A 17- 9;  TI A 17- 10;  
TI A 17- 11;  TI A 17- 12;  TI A 17- 13;  TI A 
17- 14;  TI A 17- 15;  TI A 17- 16;  TI A 17- 17 )  
Nat i onal  El ect r i cal  Code

NFPA 77 ( 2014)  Recommended Pr act i ce on St at i c 
Electricity

NFPA 780 ( 2017)  St andar d f or  t he I nst al l at i on of  
Li ght ni ng Pr ot ect i on Syst ems

NFPA 80 ( 2016;  TI A 16- 1)  St andar d f or  Fi r e Door s 
and Ot her  Openi ng Pr ot ect i ves

NFPA 80A ( 2017)  Recommended Pr act i ce f or  Pr ot ect i on 
of  Bui l di ngs f r om Ext er i or  Fi r e Exposur es
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U. S.  DEPARTMENT OF DEFENSE ( DOD)

MIL-HDBK-419 ( 1987;  Rev A)  Gr oundi ng,  Bondi ng,  and 
Shi el di ng f or  El ect r oni c Equi pment s and 
Faci l i t i es Vol umes 1 of  2 Basi c Theor y

MIL-STD-188-124 ( 1998;  Rev B;  Not i ce 2 1998;  Not i ce 3 
2000;  Not i ce 4 2013)  Gr oundi ng,  Bondi ng 
and Shi el di ng f or  Common Long 
Haul / Tact i cal  Communi cat i ons Syst ems,  
I ncl udi ng Gr ound Based Communi cat i ons -  
El ect r oni cs Faci l i t i es and Equi pment s

MIL-STD-188-125-1 ( 1998;  Basi c;  Not i ce 1 2005)  Hi gh- Al t i t ude 
El ect r omagnet i c Pul se ( HEMP)  Pr ot ect i on 
f or  Gr ound- Based C41 Faci l i t i es Per f or mi ng 
Cr i t i cal ,  Ti me- Ur gent  Mi ssi ons,  Par t  I  
Fi xed Faci l i t i es

MIL-STD-220 ( 2009;  Rev C;  Not i ce 1 2014)  Met hod of  
I nser t i on Loss Measur ement

UFC 3- 310- 04 ( 2013;  wi t h Change 1)  Sei smi c Desi gn of  
Buildings

UNDERWRI TERS LABORATORI ES ( UL)

UL 1283 ( 2017)  UL St andar d f or  Saf et y 
El ect r omagnet i c I nt er f er ence Fi l t er s

UL 1449 ( 2014;  Repr i nt  Jul  2017)  UL St andar d f or  
Saf et y Sur ge Pr ot ect i ve Devi ces

UL 486A- 486B ( 2018)  UL St andar d f or  Saf et y Wi r e 
Connectors

1. 2   SUBMITTALS

**************************************************************************
NOTE:   Revi ew submi t t al  descr i pt i on ( SD)  def i ni t i ons 
i n Sect i on 01 33 00 SUBMI TTAL PROCEDURES and edi t  
t he f ol l owi ng l i s t  t o r ef l ect  onl y t he submi t t al s 
r equi r ed f or  t he pr oj ect .

The Gui de Speci f i cat i on t echni cal  edi t or s have 
desi gnat ed t hose i t ems t hat  r equi r e Gover nment  
appr oval ,  due t o t hei r  compl exi t y  or  cr i t i cal i t y ,  
wi t h a " G. "   Gener al l y,  ot her  submi t t al  i t ems can be 
r evi ewed by t he Cont r act or ' s Qual i t y Cont r ol  
Syst em.   Onl y add a “ G”  t o an i t em,  i f  t he submi t t al  
i s  suf f i c i ent l y i mpor t ant  or  compl ex i n cont ext  of  
t he pr oj ect .

For  submi t t al s r equi r i ng Gover nment  appr oval  on Ar my 
pr oj ect s,  a code of  up t o t hr ee char act er s wi t hi n 
t he submi t t al  t ags may be used f ol l owi ng t he " G"  
desi gnat i on t o i ndi cat e t he appr ovi ng aut hor i t y.   
Codes f or  Ar my pr oj ect s usi ng t he Resi dent  
Management  Syst em ( RMS)  ar e:   " AE"  f or  
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Ar chi t ect - Engi neer ;  " DO"  f or  Di st r i c t  Of f i ce 
( Engi neer i ng Di v i s i on or  ot her  or gani zat i on i n t he 
Di st r i c t  Of f i ce) ;  " AO"  f or  Ar ea Of f i ce;  " RO"  f or  
Resi dent  Of f i ce;  and " PO"  f or  Pr oj ect  Of f i ce.   Codes 
f ol l owi ng t he " G"  t ypi cal l y  ar e not  used f or  Navy,  
Ai r  For ce,  and NASA pr oj ect s.

The " S"  f ol l owi ng a submi t t al  i t em i ndi cat es t hat  
t he submi t t al  i s  r equi r ed f or  t he Sust ai nabi l i t y  
eNot ebook t o f ul f i l l  f eder al l y  mandat ed sust ai nabl e 
r equi r ement s i n accor dance wi t h Sect i on 01 33 29 
SUSTAI NABI LI TY REPORTI NG.   Locat e t he " S"  submi t t al  
under  t he SD number  t hat  best  descr i bes t he 
submi t t al  i t em.

Choose t he f i r st  br acket ed i t em f or  Navy,  Ai r  For ce 
and NASA pr oj ect s,  or  choose t he second br acket ed 
i t em f or  Ar my pr oj ect s.

**************************************************************************

Gover nment  appr oval  i s  r equi r ed f or  submi t t al s wi t h a " G"  desi gnat i on;  
submi t t al s not  havi ng a " G"  desi gnat i on ar e f or  [ Cont r act or  Qual i t y  Cont r ol  
appr oval . ]  [ i nf or mat i on onl y.   When used,  a desi gnat i on f ol l owi ng t he " G"  
desi gnat i on i dent i f i es t he of f i ce t hat  wi l l  r evi ew t he submi t t al  f or  t he 
Gover nment . ]   Submi t t al s wi t h an " S"  ar e f or  i ncl usi on i n t he 
Sust ai nabi l i t y  eNot ebook,  i n conf or mance t o Sect i on 01 33 29 SUSTAI NABI LI TY 
REPORTI NG.   Submi t  t he f ol l owi ng i n accor dance wi t h Sect i on 01 33 00 
SUBMI TTAL PROCEDURES:

SD- 02 Shop Dr awi ngs

I nst al l at i on;  G[ ,  [ _____] ]
Appr oved Dr awi ngs;  G[ ,  [ _____] ]

SD- 03 Pr oduct  Dat a

EM Shi el di ng Syst em;  G[ ,  [ _____] ]
I nst al l at i on;  G[ ,  [ _____] ]
Qual i t y Cont r ol  Pl an;  G[ ,  [ _____] ]
Qual i f i cat i ons;  G[ ,  [ _____] ]
Qual i f i cat i ons of  Wel der s;  G[ ,  [ _____] ]
EM Door ;  G[ ,  [ _____] ]
Fi l t er  Assembl i es;  G[ ,  [ _____] ]
Penet r at i ons;  G[ ,  [ _____] ]

SD- 06 Test  Repor t s

I mpul se Spar kover  Vol t age
ESA Ext i ngui shi ng Test
ESA Ext r eme Dut y Di schar ge Test
Fi el d Test i ng

SD- 07 Cer t i f i cat es

Qual i f i cat i ons of  Wel der s

SD- 10 Oper at i on and Mai nt enance Dat a

Oper at i ng and Mai nt enance Manual s;  G[ ,  [ _____] ]
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Ser vi ce Or gani zat i on;  G[ ,  [ _____] ]

1. 3   QUALI TY ASSURANCE

Wor k per f or med under  t hi s sect i on shal l  be super vi sed and i nspect ed by t he 
shi el di ng speci al i s t .   Mat er i al s and equi pment  shal l  be appr oved and 
ver i f i ed by t he shi el di ng speci al i s t  bef or e bei ng submi t t ed t o t he 
Cont r act i ng Of f i cer  f or  appr oval .   The submi t t al  shal l  be dat e st amped and 
si gned by t he shi el di ng speci al i s t .   The shi el di ng speci al i s t  shal l  be 
r esponsi bl e f or  coor di nat i ng t he r equi r ed shi el di ng wor k wi t h t he wor k of  
al l  ot her  t r ades t hat  wi l l  i nt er f ace or  af f ect  t he shi el di ng wor k i n any 
way.

1. 3. 1   Shi el di ng Speci al i s t s,  I nst al l er s and Test i ng Speci al i s t s

Pr ovi de t he name and backgr ound qual i f i cat i ons of  i ndi v i dual s who wi l l  be 
r esponsi bl e f or  i nst al l at i on,  super vi s i on,  and t est i ng of  t he shi el di ng 
syst ems on t hi s pr oj ect .   Shi el di ng and t est i ng speci al i s t  cr edent i al s 
shal l  i ncl ude a bachel or ' s degr ee i n sci ence or  engi neer i ng and post - degr ee 
t r ai ni ng and exper i ence wi t h EM shi el di ng.

1. 3. 1. 1   Test i ng Exper i ence

The t est i ng speci al i s t  shal l  have exper i ence dur i ng t he pr evi ous 5 year s i n 
shi el ded encl osur e l eak det ect i on syst em ( SELDS) ,  I EEE 299,  and ot her  
met hods of  shi el ded encl osur e t est i ng.

1. 3. 1. 2   Wor k Exper i ence

The EM shi el ded syst em shal l  be pr ovi ded by an exper i enced f i r m or  
i ndi v i dual  t hat  has been r egul ar l y and successf ul l y  engaged i n t he 
i nst al l at i on,  super vi s i on,  and/ or  t est i ng of  equi val ent  EM shi el ded syst ems 
f or  at  l east  t he pr evi ous 5 year s.   The pr i nci pal  wor k of  t hi s f i r m or  
i ndi v i dual  shal l  be t he sat i sf act or y i nst al l at i on and const r uct i on of  EM 
shi el ded pr ot ect i on syst ems.   Such exper i ence shal l  i ncl ude achi evi ng 
speci f i ed r equi r ement s f or  shi el ded syst em at t enuat i on and mai nt ai nabi l i t y  
of  at t enuat i on l evel s on wor k per f or med.

1. 3. 1. 3   Pr oj ect  Exper i ence

Fur ni sh a pr oj ect  exper i ence l i s t  on pr oj ect s of  s i mi l ar  scope whi ch have 
been compl et ed dur i ng t he pr evi ous 5 year s.   I ncl ude pr oj ect  compl et i on 
dat es and t he name and t el ephone number  of  t he user  and/ or  owner  of  each 
pr oj ect .   Pr oj ect  exper i ence f or  i nst al l er s shal l  i ndi cat e t he i nst al l at i on 
r esponsi bi l i t i es,  per f or mance,  mat er i al s,  and met hods used.   Pr oj ect  
exper i ence f or  t he shi el di ng speci al i s t  shal l  i ndi cat e t he r esponsi bi l i t i es 
per f or med.   Pr oj ect  exper i ence f or  t he t est i ng speci al i s t  shal l  i ndi cat e 
t he t est  met hods per f or med.

1. 3. 2   Qual i f i cat i ons of  Wel der s

Wel di ng shal l  be per f or med by cer t i f i ed wel der s.   Pr ovi de t he names of  t he 
wel der s t o be empl oyed and cer t i f i cat i on t hat  each wel der  has passed 
qual i f i cat i on t est s wi t hi n t he l ast  2 year s i n t he pr ocesses speci f i ed i n 
AWS D1. 1/ D1. 1M, AWS D9. 1/ D9. 1M,  and as r equi r ed by t he Cont r act i ng Of f i cer .

1. 3. 3   Fi l t er  and El ect r i cal  Wor k Requi r ement s

Fi l t er  and el ect r i cal  wor k shal l  compl y wi t h NFPA 70, UL 486A- 486B,  and 
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UL 1283.   The l abel  and l i s t i ng of  t he Under wr i t er s Labor at or i es or  ot her  
nat i onal l y r ecogni zed t est i ng l abor at or y wi l l  be accept abl e evi dence t hat  
t he mat er i al  or  equi pment  conf or ms t o t he appl i cabl e st andar ds of  t hat  
agency.   I n l i eu of  t he l abel  or  l i s t i ng,  a cer t i f i cat e may be f ur ni shed 
f r om an accept abl e t est i ng or gani zat i on adequat el y equi pped and compet ent  
t o per f or m such ser vi ces.   The cer t i f i cat e shal l  s t at e t hat  t he i t ems have 
been t est ed and t hat  t hey conf or m t o t he speci f i ed st andar d.

1. 3. 4   Fi el d Sampl es

**************************************************************************
NOTE:   Request s f or  f i el d sampl es and mock- ups 
usual l y add cost  t o t he pr oj ect .   Sampl es shoul d 
onl y be r equi r ed f or  speci al  appl i cat i ons and shoul d 
be l i mi t ed t o scal ed- down i t ems.   For  exampl e,  t he 
desi gner  may ask f or  a wel ded f l oor / wal l  cor ner  
sect i on.   Do not  nor mal l y ask f or  sampl es of  f i l t er s 
and f ul l - s i ze wavegui de vent s.

**************************************************************************

Pr ovi de f i el d sampl es f or  t he f ol l owi ng:   [ shi el di ng sheet  i nst al l at i on, ]  
[ shi el di ng f ast eni ng, ]  [ door s, ]  [ [ 30]  [ 100]  [ _____]  amper e power  f i l t er , ]  
[ communi cat i on f i l t er , ]  [ wavegui de, ]  [ penet r at i on, ]  and [ _____] .

1. 3. 5   Pr e- I nst al l at i on Meet i ng

Hol d a pr e- i nst al l at i on meet i ng wi t h t he subcont r act or s and i nst al l er s 
wor ki ng i n,  on,  or  near  t he EM shi el d.   Di scuss coor di nat i on r equi r ement s 
and i nst r uct i ons shal l  be st at ed t o ensur e t he i nt egr i t y of  t he EM shi el d.

1. 4   DELI VERY,  STORAGE,  AND HANDLI NG

Pr ot ect  equi pment  del i ver ed and st or ed f r om excessi ve humi di t y and 
t emper at ur e var i at i on,  di r t ,  and ot her  cont ami nant s.

1. 5   PROJECT/ SI TE CONDI TI ONS

Per f or m wel di ng of  EM shi el di ng mat er i al  and sheet  st eel  at  an ambi ent  
t emper at ur e of  10 degr ees C 50 degr ees F mi ni mum t o 32 degr ees C 90 degr ees 
F.   Shi el di ng shal l  not  be i nst al l ed unt i l  t he bui l di ng has been weat her  
encl osed.   Sheet  st eel  wel di ng shal l  not  be per f or med i n di r ect  sunl i ght .

1. 6   MAINTENANCE

1. 6. 1   Mai nt enance Suppl i es and Pr ocedur es

Pr ovi de mai nt enance suppl i es suf f i c i ent  f or  a [ 3]  [ _____]  year  per i od or  
[ 50, 000]  [ _____]  open- cl ose cycl es,  whi chever  i s  gr eat er ,  f or  each EM 
shi el ded door .   The mai nt enance i nst r uct i ons r equi r ed t o mai nt ai n t he door  
t hr ough t he cycl e count  shal l  be pr omi nent l y di spl ayed near by.

1. 6. 2   Ext r a Mat er i al s

1. 6. 2. 1   Filters

[ One ext r a EM power  f i l t er ]  [ [ _____]  ext r a EM power  f i l t er s]  and [ one ext r a 
communi cat i ons f i l t er ]  [ [ _____]  ext r a communi cat i ons f i l t er s]  of  each 
di f f er ent  t ype f ur ni shed on t he pr oj ect  shal l  be f ur ni shed as a spar e.
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1. 6. 2. 2   EM Shi el ded Door s

Fur ni sh one set  of  f i nger  st ock and EM gasket s ( i f  used)  f or  each hi nged EM 
shi el ded door  pr ovi ded.   I n addi t i on,  pr ovi de one set  of  manuf act ur er  
r ecommended and Cont r act i ng Of f i cer  appr oved spar e par t s f or  EM shi el ded 
door s of  each st y l e i nst al l ed.

1. 6. 2. 3   Tools

Fur ni sh one f ul l  set  of  t ool s t hat  ar e r equi r ed t o mai nt ai n t he door s and 
ar e not  t ypi cal l y  avai l abl e f r om t ool  vendor s.   Fur ni sh envi r onment al l y  
saf e l ubr i cant s,  c l eani ng sol vent s,  or  coat i ngs i n suf f i c i ent  quant i t i es t o 
l ast  f or  [ 6]  [ _____]  mont hs.

1. 6. 2. 4   Speci al  Tool s

Pr ovi de one set  of  speci al  t ool s,  cal i br at i on devi ces,  and i nst r ument s 
r equi r ed f or  oper at i on,  cal i br at i on,  and mai nt enance of  t he equi pment  as 
f ol l ows:   [ SELDS Test  Set ] [ _____]

1. 6. 3   Oper at i ng and Mai nt enance Manual s

Submi t  manuf act ur er ' s wr i t t en i nst r uct i ons f or  oper at i on and mai nt enance of  
EM Shi el di ng syst em.   The manual  shal l  addr ess al l  component s and aspect s 
of  t he EM shi el di ng and shal l  i nc l ude,  but  not  be l i mi t ed t o,  t he f ol l owi ng:

a.   A compl et e set  of  assembl y dr awi ngs t o i ncl ude penet r at i on l ocat i ons 
and i nst al l at i on det ai l s .

b.   The const r uct i on speci f i cat i on on EM shi el di ng.

c.   Shi el d penet r at i on schedul e.

d.   Power / s i gnal  f i l t er  schedul e.

e.   Test  pl an.

f .   The pr epar ed pr event i ve mai nt enance i nst r uct i ons f or  per i odi c 
i nspect i on,  t est i ng and ser vi c i ng,  l ubr i cat i on,  al i gnment ,  cal i br at i on,  
and adj ust ment  event s nor mal l y encount er ed.   Compl ex pr event i ve 
mai nt enance event s shal l  be ext r act ed f r om or  shal l  r ef er  t o det ai l ed 
vendor  or  manuf act ur er  dat a.   Thi s i nf or mat i on shal l  be der i ved f r om an 
eval uat i on of  engi neer i ng dat a consi der i ng l ocal  envi r onment al  
condi t i ons,  manuf act ur er ' s r ecommendat i ons,  est i mat ed oper at i ng l i f e 
f or  t he speci f i c  appl i cat i on and use of  t he equi pment ,  and t ypes of  j ob 
ski l l s  avai l abl e at  t he oper at i ng s i t e.

g.   Spar e par t s dat a appr oved and ver i f i ed by t he shi el di ng speci al i s t  
pr i or  t o submi ssi on.   The dat a shal l  i ncl ude a compl et e l i s t  of  
r ecommended par t s and suppl i es wi t h cur r ent  uni t  pr i ces and sour ce of  
supply.

h.   Pr ovi de a l i s t  of  har dness cr i t i cal  i t ems ( HCI )  r equi r i ng per i odi c 
i nspect i on t o mai nt ai n EM shi el d i nt egr i t y.   Har dness cr i t i cal  i t ems 
ar e t hose component s and/ or  const r uct i on f eat ur es whi ch s i ngul ar l y and 
col l ect i vel y pr ovi de speci f i c  l evel s of  HEMP pr ot ect i on,  such as t he EM 
shi el d,  sur ge ar r est er s,  EM shi el ded door s,  shi el d wel di ng,  el ect r i cal  
f i l t er s,  honeycomb wavegui des,  and wavegui des- bel ow- cut of f .
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PART 2   PRODUCTS

2. 1   SYSTEM REQUI REMENTS

**************************************************************************
NOTE:   Pr oj ect s i nvol v i ng mi l i t ar y communi cat i ons 
equi pment  must  be desi gned t o i ncor por at e t he 
appl i cabl e r equi r ement s of  MI L- STD- 188- 124,  whi ch 
wi l l  be pr ovi ded i n t he ELECTRI CAL WORK,  I NTERI OR 
specification.

**************************************************************************

2. 1. 1   General

The shi el ded f aci l i t y  shal l  meet  or  exceed mi ni mum at t enuat i on deci bel  ( dB)  
l evel s speci f i ed.   The EM shi el di ng syst em shal l  i ncl ude,  but  i s  not  
l i mi t ed t o,  t he f ol l owi ng:

a.   The [ wel ded st eel ]  [ bol t ed]  EM shi el d.

b.   EM shi el ded door s f or  access i nt o t he f aci l i t y .

c.   El ect r i cal  and el ect r oni c penet r at i ons of  t he shi el d.

d.   EM f i l t er / sur ge ar r est er  assembl i es,  i ncl udi ng t hei r  EM encl osur es.

e.   EM shi el ded pul l  boxes and j unct i on boxes.

f .   EM shi el ded condui t  r uns.

g.   Speci al  pr ot ect i ve measur es f or  mi ssi on- essent i al  equi pment  out s i de t he 
EM shi el d.

h.   St r uct ur al  penet r at i ons.

i .   Mechani cal  and ut i l i t y  penet r at i ons ( such as ai r  duct s,  gas,  and wat er ) .

j .   I nst r ument at i on and cont r ol .

k.   Equi pment  door / access panel s.

l .   Suf f i c i ent  super vi sor y and/ or  qual i t y  cont r ol  per sonnel  onsi t e t o 
super vi se t he i nst al l at i on cr ew and t o conduct  i n- pr ogr ess qual i t y  
assur ance t est s.

2. 1. 2   Fact or y Test s

Per f or m f act or y t est s as speci f i ed.   The Cont r act i ng Of f i cer  r eser ves t he 
r i ght  t o wi t ness t he speci f i ed f act or y t est s.   Not i f y t he Cont r act i ng 
Of f i cer  at  l east  30 days bef or e f act or y t est s ar e schedul ed t o be 
per f or med.   Test  dat a shal l  i ncl ude a det ai l ed descr i pt i on of  t he t est  
i nst r ument at i on and equi pment ,  i ncl udi ng cal i br at i on dat es,  a det ai l ed 
descr i pt i on of  t he t est  pr ocedur e,  and t he r ecor ded t est  dat a.

2. 2   MATERI ALS AND EQUI PMENT

2. 2. 1   St andar d Pr oduct s

Pr ovi de mat er i al s and equi pment  whi ch ar e t he st andar d pr oduct s of  a 
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manuf act ur er  r egul ar l y engaged i n t he manuf act ur e of  such pr oduct s and 
essent i al l y  dupl i cat e i t ems t hat  have been i n sat i sf act or y use f or  at  l east  
2 year s pr i or  t o bi d openi ng.   Suppor t  equi pment  by a ser vi ce or gani zat i on 
t hat  i s ,  i n t he opi ni on of  t he Cont r act i ng Of f i cer ,  r easonabl y conveni ent  
t o t he s i t e.

2. 2. 2   Nameplates

Each maj or  i t em of  equi pment  shal l  have t he manuf act ur er ' s name,  addr ess,  
t ype or  st y l e,  model  or  ser i al  number ,  and cat al og number  on a pl at e 
secur ed t o t he i t em of  equi pment .

2. 2. 3   Testability

Equi pment  and mat er i al s of  t he EM shi el di ng shal l  be desi gned and bui l t  t o 
f aci l i t at e t est i ng and mai nt enance.

2. 3   EM SHI ELDI NG EFFECTI VENESS

**************************************************************************
NOTE:   The desi gner  wi l l  consi der  t he shi el d as 
ear l y i n t he desi gn as possi bl e whi l e t he geomet r y 
of  t he shi el ded encl osur e can be l ocat ed t o ut i l i ze 
component s i nher ent  i n t he st r uct ur e.   Fai l ur e t o 
consi der  t he shi el d conf i gur at i on f i r st  i n t he 
desi gn wi l l  i ncr ease desi gn cost s,  cause pr obl ems i n 
i t s  i ncor por at i on i nt o t he st r uct ur e,  and l ose 
i nst al l at i on s i mpl i c i t y.   The EM shi el ded encl osur e 
desi gn shoul d be coor di nat ed by t he st r uct ur al ,  
mechani cal ,  and el ect r i cal  engi neer s and ar chi t ect .   
The st r uct ur al  and shi el di ng syst ems shoul d dr i ve 
each ot her  on l ar ge pr oj ect s.   Mul t i - st or y shi el ded 
encl osur es r equi r e cont i nuous connect i ons of  
shi el di ng st eel  i nt er connect ed t o t he st r uct ur al  
st eel .   I n t hese cases,  t he shi el di ng wal l  l ayout  
shoul d coi nci de wi t h t he st r uct ur al  st eel  beam 
l ayout .   The shi el d wi t hi n an ext er i or  bui l di ng 
concept  must  empl oy a desi gn whi ch al l ows f or  
set t l i ng,  sei smi c mot i on,  and di f f er ent i al  t her mal  
expansi on bet ween t he st eel  and concr et e of  t he 
bui l di ng and t he st eel  of  t he EM shi el di ng.

**************************************************************************

The EM shi el ded encl osur e compl et e wi t h al l  f i l t er s,  door s,  and/ or  
wavegui des shal l  have t he f ol l owi ng mi ni mum EM shi el di ng ef f ect i veness 
at t enuat i on.   Mi ni mum magnet i c f i el d at t enuat i on shal l  be [ 20 dB]  [ _____]  
at  14 kHz i ncr easi ng l i near l y t o [ 50 dB]  [ 100 dB]  at  [ 200 kHz]  [ 1 MHz]  
[ _____] .   Mi ni mum el ect r i c  f i el d and pl ane wave at t enuat i on shal l  be [ 50 
dB]  [ 100 dB]  [ _____]  f r om 14 kHz t o [ 1 GHz]  [ 10 GHz]  [ _____] .

2. 4   EM SHI ELDI NG ENCLOSURE REQUI REMENTS ( WELDED CONSTRUCTI ON)

**************************************************************************
NOTE:   For  t he EM shi el di ng encl osur e,  choose ei t her  
wel ded or  bol t ed const r uct i on.   The unused met hod 
shoul d be del et ed f r om t he pr oj ect  speci f i cat i on.   
Wel ded const r uct i on wi l l  usual l y consi st  of  
cont i nuous 1. 897 mm 14 gauge t hi ck st eel  pl at e and 
angl es t o f or m t he encl osur e.   Thi cker  mat er i al  may 
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be used i f  i t  i s  mor e cost - ef f ect i ve or  r equi r ed f or  
st r uct ur al  r easons.   Wel ded const r uct i on i s used 
when a shi el ded f aci l i t y  r equi r es a l ong 
mai nt ai nabl e ser vi ce l i f e of  hi gh- l evel  pr ot ect i on,  
100 dB at t enuat i on,  or  HEMP pr ot ect i on,  100 dB.   
Bol t ed const r uct i on i s associ at ed wi t h a l ower  l evel  
( 50 dB)  of  mai nt ai ned shi el di ng ef f ect i veness.   
Bol t ed const r uct i on wi l l  usual l y consi st  of  modul ar  
panel s bol t ed t oget her  wi t h met al  st r i ps or  
channel s.   Panel s ar e commonl y pl ywood wi t h st eel  
sheet s l ami nat ed t o one or  bot h s i des.   Bol t ed 
const r uct i on i s used when a shi el ded f aci l i t y ' s  
ser vi ce l i f e i s  shor t ,  10 year s or  l ess,  or  t he 
syst em i s r equi r ed t o be demount abl e f or  change of  
l ocat i on.   Thi s syst em r equi r es mor e mai nt enance 
t han a wel ded syst em and r equi r es access t o t he 
panel s.   The EM shi el d l ayout  may r est r i c t  
at t enuat i on t est i ng of  t he encl osur e.   I t  i s  
desi r abl e f or  l ar ge f aci l i t i es t o pl ace t he shi el d 
at  l east  1 met er  3. 3 f eet  i nsi de t he ext er i or  wal l s,  
al t hough cost  and const r uct i on r est r i c t  t hi s 
consi der at i on.   The f l oor  shi el di ng can be t est ed by 
SELDS t est  but  not  by I EEE 299 i f  i t  i s  on gr ade.   
The f aci l i t y  l ayout  must  be car ef ul l y  pl anned t o 
al l ow f or  t est i ng and shi el d mai nt enance.

**************************************************************************

2. 4. 1   Wel ded Shi el di ng Encl osur e

**************************************************************************
NOTE:   Shi el di ng st eel  t hi ckness shoul d not  be based 
sol el y on t he mi ni mum t hi ckness r equi r ed f or  
HEMP/ TEMPEST at t enuat i on.   Thi cker  st eel  may be 
necessar y because of  st r uct ur al  f act or s and heat  
def or mat i on or  bur n- t hr ough f r om seam wel di ng.

**************************************************************************

The i nt ent  of  t hi s sect i on and t he dr awi ngs i s t o pr ovi de a compl et e met al  
encl osur e i ncl udi ng f l oor ,  wal l s,  cei l i ng,  door s,  penet r at i ons,  wel ds,  and 
t he embedded st r uct ur al  member s t o f or m a cont i nuous EM shi el ded 
encl osur e.   Shi el di ng sheet s and cl osur es shal l  be [ 3. 416]  [ _____]  mm [ 10]  
[ _____]  gauge t hi ck hot - r ol l ed st eel  conf or mi ng t o ASTM A568/ A568M.   St eel  
pl at es,  channel s,  or  angl es of  mi ni mum 6 mm 1/ 4 i nch t hi ck shal l  be used t o 
r ei nf or ce shi el d sheet s f or  at t achment s of  duct s,  wavegui des,  condui t ,  
pi pes,  and ot her  penet r at i ng i t ems.   Fur r i ng channel s used t o at t ach 
shi el di ng sheet s t o wal l s or  f l oor s shal l  be t he mi ni mum gauge of  t he 
shi el di ng st eel .   The shi el di ng sheet  st eel  gauge may be t hi cker  at  t he 
Cont r act or ' s opt i on t o r educe l abor  and wel di ng ef f or t  onl y i f  s t r uct ur al l y  
t ol er abl e wi t h t he exi st i ng desi gn.   St eel  shal l  be f r ee of  oi l ,  dent s,  
r ust ,  and def ect s.

2. 4. 2   Met al  Member s

St r uct ur al  st eel  shapes,  pl at es,  and mi scel l aneous met al  shal l  conf or m t o 
ASTM A36/ A36M.

2. 4. 3   St eel  and Wel di ng Mat er i al

Wel di ng mat er i al s shal l  compl y wi t h t he appl i cabl e r equi r ement s of  
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AWS D1. 1/ D1. 1M and AWS D9. 1/ D9. 1M.   St eel  and wel di ng mat er i al  shal l  
conf or m t o AI SC 325.   Wel di ng el ect r odes shal l  conf or m t o AWS D1. 1/ D1. 1M 
f or  met al  i ner t  gas ( MI G)  wel di ng met hod.   Wel d f i l l er  met al  shal l  conf or m 
to AWS A5. 18/ A5. 18M.

2. 4. 4   Fasteners

Sel f - t appi ng scr ews shal l  not  be used f or  at t achment  of  shi el di ng.   
Power - act uat ed dr i ve pi ns shal l  be z i nc- coat ed st eel ,  Type I ,  pi n s i ze No.  
4 t o secur e st eel  sheet s t o concr et e sur f aces and t o l i ght  gauge f ur r i ng 
channel s.   The dr i ve pi ns shal l  conf or m t o ASTM A227/ A227M Cl ass 1 f or  
mat er i al s and ASTM B633 f or  pl at i ng.

2. 4. 5   Mi scel l aneous Mat er i al s and Par t s

Mi scel l aneous bol t s and anchor s,  suppor t s,  br aces,  and connect i ons 
necessar y t o compl et e t he mi scel l aneous met al  wor k shal l  be pr ovi ded.   The 
necessar y l ugs,  r ebar s,  and br acket s t o assembl e wor k shal l  be pr ovi ded.   
Hol es f or  bol t s and scr ews shal l  be dr i l l ed or  punched.   Poor  mat chi ng of  
hol es wi l l  be cause f or  r ej ect i on.   Thi ckness of  met al  and det ai l s  of  
assembl y and suppor t s shal l  pr ovi de ampl e st r engt h and st i f f ness.   The 
mat er i al s shal l  be gal vani cal l y  s i mi l ar .

2. 4. 6   Penetrations

**************************************************************************
NOTE:   Conf i gur e t he f aci l i t y  t o mi ni mi ze t he number  
of  met al l i c  st r uct ur al  el ement s r equi r ed t o 
penet r at e t he bar r i er .

**************************************************************************

Penet r at i ons of  t he shi el d,  i ncl udi ng bol t s or  f ast ener s,  shal l  be seal ed 
wi t h puddl e wel ds or  f ul l  c i r cumf er ent i al  EM wel ds.   St r uct ur al  
penet r at i ons i nc l udi ng beams,  col umns,  and ot her  met al l i c  st r uct ur al  
el ement s shal l  be pr ovi ded wi t h cont i nuousl y wel ded or  br azed seams and 
j oi nt s bet ween t he penet r at i ng el ement  and t he shi el d.   Nonmet al l i c  
st r uct ur al  el ement s shal l  not  penet r at e t he el ect r omagnet i c bar r i er .

2. 4. 7   Penet r at i on Pl at es ( Wel ded Const r uct i on)

The penet r at i on pl at e shal l  be t he cent r al  l ocat i on f or  t r eat ment  of  
penet r at i ons.   The panel  shal l  be const r uct ed of  6 mm 1/ 4 i nch t hi ck 
ASTM A36/ A36M st eel  pl at e wel ded t o t he shi el d.   Wavegui de,  condui t ,  and 
pi pi ng penet r at i ons shal l  be c i r cumf er ent i al l y  wel ded at  t he poi nt  of  
penet r at i on t o t he i nner  sur f ace of  t he penet r at i on pl at e.   Penet r at i on 
pl at es shal l  ext end at  l east  150 mm 6 i nch beyond al l  penet r at i ons.

2. 4. 8   Fl oor  Fi ni sh

**************************************************************************
NOTE:   I ndi cat e or  speci f y whet her  ot her  f l oor i ng i s 
t o be pr ovi ded or  hi gher  f l oor  l oads ar e r equi r ed.   
Thi s i s  most  cr i t i cal  when r ai sed f l oor s ar e 
speci f i ed.   Al l owances must  be made f or  el evat ed 
door  t hr eshol ds.   Speci f y speci al  r equi r ement s f or  
l abor at or y l oads,  pr ovi de sei smi c r equi r ement s,  i f  a 
Gover nment  desi gner  i s  t he Engi neer  of  Recor d,  and 
show on t he dr awi ngs.   Del et e t he i nappr opr i at e 
br acket ed phr ase.   Per t i nent  por t i ons of  UFC 3- 310 
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04 and Sect i ons 13 48 00 and 23 05 48. 19 must  be 
encl osed i n t he cont r act  document s.

I f  concr et e f l oor  wear i ng s l abs ar e speci f i ed,  t hey 
shoul d be t hi ck enough t o hol d anchor  bol t s f or  
equi pment ,  suppor t s,  and i nt er i or  par t i t i ons.   
Concr et e wear i ng s l abs may be pr ovi ded i n most  
appl i cat i ons wi t h a mi ni mum t hi ckness of  100 mm 4 
i nches.   The Ai r  For ce i s opposed t o pl aci ng 
concr et e wear i ng s l abs over  shi el di ng st eel  because 
of  pr obl ems wi t h t est i ng and r epai r .   Pl aci ng 
concr et e over  f l oor  shi el di ng r equi r es a wai ver  f r om 
HQ AFCEC/ ENE.

**************************************************************************

Fl oor  EM shi el di ng shal l  be cover ed by a r ei nf or ced cast - i n- pl ace concr et e 
s l ab [ 100]  [ _____]  mm [ 4]  [ _____]  i nch t hi ck.   Sei smi c r equi r ement s shal l  
be [ i n accor dance wi t h UFC 3- 310- 04 and Sect i ons 13 48 00 [ SEI SMI C]  BRACI NG 
FOR MI SCELLANEOUS EQUI PMENT and 23 05 48. 19 [ SEI SMI C]  BRACI NG FOR HVAC and [
09 69 13 RI GI D GRI D ACCESS FLOORI NG] [ 09 69 19 STRI NGERLESS ACCESS FLOORI NG]  
( i f  needed) ] .

2. 5   EM SHI ELDI NG ENCLOSURE REQUI REMENTS ( BOLTED CONSTRUCTI ON)

**************************************************************************
NOTE:   For  t he EM shi el di ng encl osur e,  choose ei t her  
wel ded or  bol t ed const r uct i on.   The unused met hod 
shoul d be del et ed f r om t he pr oj ect  speci f i cat i on.   
Wel ded const r uct i on wi l l  usual l y consi st  of  
cont i nuous 1. 897 mm 14 gauge t hi ck st eel  pl at e and 
angl es t o f or m t he encl osur e.   Thi cker  mat er i al  may 
be used i f  i t  i s  mor e cost - ef f ect i ve or  r equi r ed f or  
st r uct ur al  r easons.   Wel ded const r uct i on i s used 
when a shi el ded f aci l i t y  r equi r es a l ong 
mai nt ai nabl e ser vi ce l i f e of  hi gh- l evel  pr ot ect i on,  
100 dB at t enuat i on,  or  HEMP pr ot ect i on,  100 dB.   
Bol t ed const r uct i on i s associ at ed wi t h a l ower  l evel  
( 50 dB)  of  mai nt ai ned shi el di ng ef f ect i veness.   
Bol t ed const r uct i on wi l l  usual l y consi st  of  modul ar  
panel s bol t ed t oget her  wi t h met al  st r i ps or  
channel s.   Panel s ar e commonl y pl ywood wi t h st eel  
sheet s l ami nat ed t o one or  bot h s i des.   Bol t ed 
const r uct i on i s used when a shi el ded f aci l i t y ' s  
ser vi ce l i f e i s  shor t ,  10 year s or  l ess,  or  t he 
syst em i s r equi r ed t o be demount abl e f or  change of  
l ocat i on.   Thi s syst em r equi r es mor e mai nt enance 
t han a wel ded syst em and r equi r es access t o t he 
panel s.   The EM shi el d l ayout  may r est r i c t  
at t enuat i on t est i ng of  t he encl osur e.   I t  i s  
desi r abl e f or  l ar ge f aci l i t i es t o pl ace t he shi el d 
at  l east  1 met er  3. 3 f eet  i nsi de t he ext er i or  wal l s,  
al t hough cost  and const r uct i on r est r i c t  t hi s 
consi der at i on.   The f l oor  shi el di ng can be t est ed by 
SELDS t est  but  not  by I EEE 299 i f  i t  i s  on gr ade.   
The f aci l i t y  l ayout  must  be car ef ul l y  pl anned t o 
al l ow f or  t est i ng and shi el d mai nt enance.

**************************************************************************
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2. 5. 1   Panel  Const r uct i on

Fl at  st eel  sheet s shal l  be l ami nat ed t o each si de of  a 19 mm 3/ 4 i nch t hi ck 
st r uct ur al  cor e of  ei t her  pl ywood or  har dboar d.   Panel s shal l  have a f l ame 
spr ead r at i ng of  l ess t han 25 when t est ed accor di ng t o ASTM E84.   Fl at  
st eel  shal l  conf or m t o ASTM A653/ A653M wi t h G- 60 coat i ng,  mi ni mum 0. 5512 mm 
26 gauge t hi ck,  z i nc- coat ed phosphat i zed.   Pl ywood shal l  conf or m t o APA L870
 f or  ext er i or ,  sound gr ade har dwood,  Type I .   Har dboar d shal l  conf or m t o 
AHA A135. 4,  Cl ass 4,  SI S,  f or  st andar d t ype har dboar d.   Adhesi ve f or  
l ami nat i ng st eel  sheet s t o st r uct ur al  cor e shal l  be a wat er pr oof  t ype whi ch 
mai nt ai ns a per manent  bond f or  t he l i f et i me of  t he encl osur e.

2. 5. 2   Framing

Panel s shal l  be j oi ned and suppor t ed by speci al l y  desi gned f r ami ng member s 
t hat  c l amp t he edges of  t he panel s and pr ovi de cont i nuous,  uni f or m,  and 
const ant  pr essur e f or  cont act  t o connect  t he shi el di ng el ement s of  t he 
panel s.   The wal l s shal l  be sel f  suppor t i ng f r om f l oor  t o cei l i ng wi t h no 
br aci ng.   Def l ect i on of  wal l s under  a st at i c l oad of  335 N 75 pounds 
appl i ed nor mal l y  t o t he wal l  sur f ace at  any poi nt  al ong t he f r ami ng member s 
shal l  not  exceed 1/ 250 of  t he span bet ween suppor t s.   [ Cei l i ngs shal l  be 
sel f - suppor t i ng f r om wal l  t o wal l . ]  [ Cei l i ngs shal l  be suppor t ed by 
adj ust abl e,  nonconduct i ng,  i sol at ed hanger s f r om t he st r uct ur al  cei l i ng 
above. ]   Cei l i ngs shal l  be desi gned t o have a def l ect i on under  t ot al  
wei ght ,  i ncl udi ng cei l i ng f i ni sh,  of  not  mor e t han 1/ 270 of  t he span.   A 
one- pi ece f act or y pr e- wel ded cor ner  sect i on or  t r i hedr al  cor ner  f r amed wi t h 
a br ass machi ne cast  cor ner  cap assembl y consi st i ng of  i nner  and out er  
par t s shal l  be pr ovi ded at  al l  cor ner  i nt er sect i ons of  wal l s and f l oor  or  
cei l i ng.   The modul ar  encl osur e shal l  be desi gned f or  ease of  er ect i on,  
di sassembl y,  and r eassembl y.

2. 5. 3   Channel

The f r ami ng- j oi ni ng syst em member s shal l  consi st  of  3 mm 1/ 8 i nch t hi ck 
z i nc- pl at ed st eel  channel s havi ng a mi ni mum 16 mm 5/ 8 i nch over l ap al ong 
each si de of  t he cont act i ng sur f ace.   Scr ew f ast ener s shal l  be spaced at  75 
or  100 mm 3 or  4 i nch i nt er val s.   Scr ew f ast ener s shal l  be ei t her  z i nc or  
cadmi um- pl at ed st eel ,  mi ni mum si ze 6 mm 1/ 4 i nch,  wi t h a pan or  f l at  
Phi l l i ps head.   Fast ener s shal l  be heat - t r eat ed and har dened wi t h a mi ni mum 
t ensi l e st r engt h of  931 MPa 135, 000 psi .

2. 5. 4   Sound Tr ansmi ssi on Cl ass ( STC)

Encl osur e panel s shal l  have an STC of  [ 30]  [ _____]  dB mi ni mum when t est ed 
accor di ng t o ASTM E90.

2. 5. 5   Penet r at i on Pl at es ( Bol t ed Const r uct i on)

Pl at es shal l  be a mi ni mum 3 mm 1/ 8 i nch t hi ck ASTM A36/ A36M st eel  pl at e,  
s i zed [ 450]  [ _____]  by [ 450]  [ _____]  mm [ 18]  [ _____]  by [ 18]  [ _____]  i nch 
and shal l  have a 6 mm 1/ 4 i nch t hi ck ext r uded br ass f r ame f or  mount i ng t o 
t he shi el ded encl osur e wal l  panel .   Penet r at i on pl at es shal l  ext end at  l east
 150 mm i nch beyond al l  penet r at i ons.

2. 6   EM SHI ELDED DOORS

**************************************************************************
NOTE:   Edi t  t hese par agr aphs dependi ng on t ype of  
door  used on pr oj ect .
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**************************************************************************

2. 6. 1   General

Mat er i al  i n shi el ded door s and f r ames shal l  be st eel  conf or mi ng t o 
ASTM A36/ A36M or  ASTM A568/ A568M and shal l  be st r et cher - l evel ed and 
i nst al l ed f r ee of  mi l l  scal e.   Met al  shal l  be t hi cker  wher e i ndi cat ed or  
r equi r ed f or  i t s  use and pur pose.   Met al  t hr eshol ds of  t he t ype f or  pr oper  
shi el di ng at  t he f l oor  shal l  be pr ovi ded.   Fi r e r at ed shi el ded door s and 
assembl i es shal l  meet  NFPA 80 and NFPA 80A r equi r ement s and shal l  bear  t he 
i dent i f y i ng l abel  of  a nat i onal l y  r ecogni zed t est i ng agency qual i f i ed t o 
per f or m cer t i f i cat i on pr ogr ams.   The EM shi el ded door s shal l  be pr ovi ded by 
a s i ngl e suppl i er  who has been r egul ar l y engaged i n t he manuf act ur e of  
t hese i t ems f or  at  l east  t he pr evi ous 5 year s.   The assembl i es shal l  be 
suppl i ed compl et e wi t h a r i gi d st r uct ur al  f r ame,  hi nges,  l at ches,  and par t s 
necessar y f or  oper at i on.   The pr oduct s suppl i ed shal l  dupl i cat e assembl i es 
t hat  have been i n sat i sf act or y use f or  at  l east  2 year s.   The door  f r ame 
shal l  be st eel  sui t abl e f or  [ wel di ng]  [ bol t i ng]  t o t he sur r oundi ng 
st r uct ur e and shi el d.   The EM f i l t er s,  EM wavegui de penet r at i ons f or  door  
syst ems,  and mi scel l aneous mat er i al  shal l  be pr ovi ded f or  a compl et e 
syst em.   The encl osur e door  shal l  be nonsaggi ng and nonwar pi ng.   The EM 
shi el ded door  shal l  pr ovi de a shi el di ng ef f ect i veness of  [ 10 dB]  [ 20 dB]  
gr eat er  t han t he mi ni mum EM shi el di ng ef f ect i veness r equi r ement s.   The door  
shal l  have a c l ear  openi ng [ as shown on t he dr awi ngs]  [ of  [ 915]  [ _____]  mm 
[ 36]  [ _____]  i nch wi de and [ 2135]  [ _____]  mm [ 84]  [ _____]  i nch]  hi gh.   The 
door  and f r ame assembl y shal l  have a sound r at i ng of  STC [ 30]  [ _____]  
mi ni mum.   Test i ng shal l  be per f or med i n accor dance wi t h ASTM E90.

2. 6. 1. 1   Door  Lat ch

The door  l at ch shal l  be l ever  cont r ol l ed wi t h r ol l er  cam act i on r equi r i ng 
not  mor e t han 67 N 15 pounds of  oper at i ng f or ce on t he l ever  handl e f or  
bot h openi ng and cl osi ng.   The door  shal l  be equi pped wi t h a l at chi ng 
mechani sm havi ng a mi ni mum of  t hr ee l at chi ng poi nt s t hat  pr ovi des pr oper  
compr essi ve f or ce f or  t he EM seal .   The mechani sm shal l  be oper abl e f r om 
bot h s i des of  t he door  and shal l  have per manent l y l ubr i cat ed bal l  or  t hr ust  
bear i ngs as r equi r ed at  poi nt s of  pi vot  and r ot at i on.

2. 6. 1. 2   Hinges

Door s shal l  be equi pped wi t h a mi ni mum of  t hr ee wel l - bal anced adj ust abl e 
bal l - bear i ng or  adj ust abl e r adi al  t hr ust  bear i ng hi nges sui t abl e f or  equal  
wei ght  di st r i but i on of  t he shi el ded door s.   Hi nges shal l  al l ow adj ust ment  
i n t wo di r ect i ons.   For ce necessar y t o move t he door s shal l  not  exceed 22 N 
5 pounds.

2. 6. 1. 3   Thr eshol d Pr ot ect or s

Thr eshol d pr ot ect or s shal l  be f ur ni shed f or  each EM shi el ded door .   
Pr ot ect or s shal l  consi st  of  por t abl e r amps t hat  pr ot ect  t he t hr eshol d when 
equi pment  car t s or  ot her  wheel ed vehi c l es ar e used t o move heavy i t ems 
acr oss t he t hr eshol d.   The r amps may be asymmet r i cal  t o account  f or  
di f f er ent  f l oor  el evat i ons on each si de,  but  t he s l ope of  t he r amp shal l  
not  exceed 4: 1 on ei t her  s i de.   Ramps shal l  be desi gned t o suppor t  a [ 227]  
[ _____]  kg [ 500]  [ _____]  pound ver t i cal  f or ce appl i ed t o a 75 by 13 mm 3 by 
1/ 2 i nch ar ea f or  a per sonnel  door ,  and a [ 907]  [ _____]  kg [ 2, 000]  [ _____]  
pound ver t i cal  f or ce appl i ed t o a 75 by 13 mm 3 by 1/ 2 i nch ar ea f or  an 
equi pment  doubl e l eaf  door .   The f or ce shal l  be appl i ed t o t he cont act  ar ea 
bet ween t he t hr eshol d and t he door .   Mount i ng br acket s,  conveni ent  t o t he 
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ent r y,  shal l  be pr ovi ded t o st or e t he r amp when not  i n use.

2. 6. 1. 4   Fr equency of  Oper at i on

Wi t h pr oper  mai nt enance,  door  assembl i es shal l  f unct i on pr oper l y t hr ough 
100, 000 cycl es and 15- year  ser vi ce l i f e mi ni mum wi t hout  t he shi el di ng 
ef f ect i veness decr easi ng bel ow t he over al l  shi el d r equi r ed at t enuat i on.

2. 6. 1. 5   El ect r i c  I nt er l ocki ng Devi ces

El ect r i c  i nt er l ocki ng devi ces shal l  be pr ovi ded f or  vest i bul es equi pped 
wi t h shi el ded door s at  each end.   El ect r i c  i nt er l ocki ng devi ces shal l  be 
pr ovi ded so t hat  shi el ded door s at  t he ends of  t he vest i bul e cannot  be 
opened at  t he same t i me dur i ng nor mal  oper at i on.   A manual  over r i de shal l  
be pr ovi ded t o al l ow emer gency egr ess,  and an audi bl e al ar m shal l  be 
pr ovi ded t o i ndi cat e t hat  door s at  each end of  t he vest i bul e ar e open.   The 
al ar m wi l l  cont i nue t o sound whi l e bot h door s ar e open.   Pr ovi de a l ow-  
pi ezoel ect r i c- t ype al ar m,  i n a t amper pr oof  encl osur e,  at  a l ocat i on shown 
on t he pr oj ect  dr awi ngs or  as di r ect ed by t he Cont r act i ng Of f i cer ' s  
r epr esent at i ve.   The sound i nt ensi t y shal l  be 45 dBA mi ni mum at  3. 05 m 10 
f eet .   Li ght s shal l  be pr ovi ded on t he s i de of  each door  out s i de t he 
vest i bul e t o i ndi cat e t hat  t he ot her  door  i s  open.   I nt er l ock syst ems may 
be i nt egr at ed i nt o a cypher  l ock syst em.   The i nt er l ock syst em shal l  be 
power ed by an uni nt er r upt i bl e power  sour ce and shal l  be f ai l - saf e i n an 
unl ocked condi t i on i n t he event  of  a power  f ai l ur e.

2. 6. 1. 6   El ect r i c  Connect i v i t y

El ect r i c  connect i v i t y f or  sensor s,  al ar ms,  and el ect r i c  i nt er l ocki ng 
devi ces shal l  be i nst al l ed i n accor dance wi t h t he door  manuf act ur er ' s 
i nst r uct i ons,  t he appr oved dr awi ngs,  and Sect i on 26 20 00 I NTERI OR 
DI STRI BUTI ON SYSTEM.   Submi t  det ai l  dr awi ngs showi ng l ocat i on,  number ,  and 
met hod of  penet r at i ng t he shi el di ng mat er i al .   Fabr i cat i on det ai l s  f or  
penet r at i ons of  t he shi el di ng mat er i al  and t he compl et e EM shi el ded 
encl osur e t o i nc l ude door s and f i l t er s.   Dr awi ngs shal l  show er ect i on 
det ai l s  and sequence of  er ect i on and shal l  c l ear l y  i ndi cat e t he met hods 
necessar y t o ensur e shi el d i nt egr i t y under  al l  col umns and ot her  st r uct ur al  
members.

2. 6. 1. 7   Thr eshol d Al ar m

A pr ess- at - any- poi nt  r i bbon swi t ch shal l  be appl i ed t o t he t hr eshol d.   The 
swi t ch shal l  enunci at e an al ar m whenever  pr essur e i s appl i ed t o t he 
t hr eshol d of  t he EM shi el ded door .

2. 6. 1. 8   Hol d Open and St op Devi ce

Each EM shi el ded door  l eaf  shal l  be pr ovi ded wi t h a hol d open and st op 
devi ce per manent l y at t ached t o t he door  l eaf .   Shi el ded door s shal l  have a 
f ast ener  pl at e wel ded ont o t he door .   The devi ce shal l  not  i nt er f er e wi t h 
t he f i nger  st ock.   Dr i l l i ng or  t appi ng of  t he shi el ded door  wi l l  not  be 
allowed.

2. 6. 1. 9   Emer gency Exi t  Har dwar e

Emer gency exi t  EM shi el ded door s shal l  be equi pped wi t h s i ngl e mot i on 
egr ess har dwar e.   The f or ce r equi r ed t o l at ch and unl at ch emer gency exi t  
har dwar e on EM shi el ded door s shal l  meet  l i f e saf et y code NFPA 101.   Fi el d 
al t er at i ons or  modi f i cat i ons t o pani c har dwar e wi l l  not  be al l owed.
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2. 6. 1. 10   Finish

EM shi el ded door s shal l  be f act or y pr i me pai nt ed wi t h z i nc chr omat e 
pr i mer .   Door s may be f act or y f i ni sh pai nt ed or  gal vani zed.   Touch up any 
damaged f i ni sh.

2. 6. 1. 11   Door  Count er

A door  oper at i on count er  shal l  be pr ovi ded on t he encl osur e i nt er i or .

2. 6. 1. 12   Addi t i onal  Har dwar e

**************************************************************************
NOTE:   Al ar ms woul d nor mal l y be speci f i ed i n Sect i on 
28 10 05 ELECTRONI C SECURI TY SYSTEMS ( ESS) .   
Har dwar e wi l l  be speci f i ed i n t he har dwar e sect i on.

**************************************************************************

See door  schedul e on dr awi ngs and Sect i on 08 71 00 DOOR HARDWARE,  f or  
addi t i onal  har dwar e r equi r ement s.   Fi r e r at i ng and STC sound r at i ngs shal l  
be as r equi r ed by t he door  f i ni sh schedul e on t he dr awi ngs or  i n t he 
specifications.

2. 6. 2   Lat chi ng Type Door s

**************************************************************************
NOTE:   The kni f e edge shal l  be made of  st ai nl ess 
st eel  430 ser i es i f  i t  wi l l  be exposed t o moi st  ai r  
cont ai ni ng sal t  ( near  t he sea coast )  or  i n an 
uncont r ol l ed or  cor r osi ve envi r onment .

**************************************************************************

Door s shal l  be [ st eel ]  [ l ami nat ed]  t ype.   [ St eel  door s shal l  be a mi ni mum of
 3. 416 mm 10 gauge t hi ck st eel  sheet  el ect r i cal l y  and mechani cal l y j oi ned 
by wel ded st eel  f r ames over l appi ng j oi nt s wi t h cont i nuous EM wel ds. ]  
[ Lami nat ed t ype shal l  be t he same const r uct i on as encl osur e panel s,  except  
t he st eel  f aces shal l  be el ect r i cal l y  and mechani cal l y j oi ned by channel s 
or  over l appi ng seams,  bot h of  whi ch shal l  be cont i nuousl y seam wel ded or  
sol der ed al ong al l  j oi ned sur f aces. ]   The cl osur e seal  shal l  ut i l i ze an 
ext r uded br ass channel  cont ai ni ng a r ecess i nt o whi ch [ t wo]  [ _____]  set s of  
[ ber yl l i um copper  condi t i on HT i n accor dance wi t h ASTM B194]  [ st ai nl ess 
st eel  430 ( magnet i c t ype)  ser i es]  cont act  f i nger s and a c l osed cel l  f oam 
r ubber  ai r  seal  ar e f i t t ed and can be easi l y r emoved and r epl aced wi t hout  
t he use of  speci al  t ool s and wi t hout  t he appl i cat i on of  sol der s.   The door  
shal l  mat e t o t he f r ame i n a manner  t hat  al l ows t he i nser t i on of  a br ass 
kni f e edge bet ween t he t wo r ows of  t he r adi o f r equency f i nger  st ock,  t o 
obt ai n opt i mum conduct i v i t y and el ect r omagnet i c shi el di ng.   
Hi gh- t emper at ur e s i l ver  sol der  shal l  be used t o at t ach t he br ass kni f e edge 
component s t o t he door  panel s and t he f r ame.   The f i nger s t hat  f or m a 
cont act  bet ween t he door  and i t s f r ame shal l  be pr ot ect ed f r om damage due 
t o physi cal  cont act  and shal l  be conceal ed wi t hi n t he door  and f r ame 
assembly.

2. 6. 3   Pneumat i c Seal i ng Door s

Pneumat i c seal i ng mechani sms shal l  achi eve EM shi el di ng by usi ng pr essur e 
t o f or ce t he door  panel  agai nst  t he f r ame sur f ace.   Cont act  ar eas of  door  
and f r ame shal l  be a per i pher al  s t r i p not  l ess t han 75 mm 3 i nch wi de 
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compl et el y ar ound t he door  wi t h a t i nned or  hi ghl y conduct i ve noncor r osi ve 
sur f ace.   Af t er  t he door  i s  i n a c l osed posi t i on,  t he pneumat i c seal i ng 
mechani sm shal l  exer t  pr essur e i n not  mor e t han 10 seconds.   The seal i ng 
mechani sm r el ease shal l  be act uat ed i n not  mor e t han 5 seconds.   Manual  
[ over r i de]  [ oper at i on]  shal l  not  exceed a maxi mum of  [ 155]  [ _____]  N [ 35]  
[ _____]  pounds.   When t he door  i s  seal ed,  t he at t enuat i on ar ound t he edges 
shal l  meet  t he EM shi el di ng ef f ect i veness r equi r ement s of  t hi s 
speci f i cat i on.   Swi ngi ng door s shal l  have a t hr eshol d of  z i nc- pl at ed st eel ,  
not  l ess t han 9. 5 mm 3/ 8 i nch t hi ck.   The door  shal l  be pr ovi ded wi t h a 
pneumat i c syst em t hat  mai nt ai ns a nomi nal  seal i ng pr essur e of  [ 240]  [ _____]  
kPa [ 35]  [ _____]  psi .   A l abel  shal l  be at t ached t o pneumat i c door s war ni ng 
agai nst  pai nt i ng of  t he mat i ng sur f aces.

2. 6. 3. 1   Door  and Encl osur e Desi gn

Door s shal l  be desi gned f or  l ong l i f e and r el i abi l i t y  wi t hout  t he use of  EM 
gasket s,  EM f i nger  st ock,  or  ot her  seal i ng devi ces ot her  t han t he di r ect  
met al - t o- met al  cont act  speci f i ed.   The EM seal i ng devi ce shal l  be f ai l - saf e 
upon l oss of  ai r  pr essur e and shal l  r eadi l y al l ow manual  openi ng of  t he 
door .   For  ei t her  nor mal  or  f ai l - saf e oper at i on,  t he maxi mum t i me t o r each 
t he open posi t i on shal l  be no mor e t han 7 seconds.   The encl osur e desi gn 
shal l  i ncl ude pr ovi s i on f or  r emovi ng t he door  f or  r out i ne mai nt enance 
wi t hout  di st ur bi ng i t s al i gnment  and EM seal i ng pr oper t i es.

2. 6. 3. 2   Cont r ol  Panel

The i nsi de and out s i de of  t he shi el ded encl osur e shal l  cont ai n a cont r ol  
panel  i ncl udi ng t he necessar y openi ng and cl osi ng pneumat i c val ves.   The 
out s i de cont r ol  panel  shal l  al so have a pr essur e r egul at or  and f i l t er .   The 
door  ai r  suppl y shal l  be capabl e of  qui ck openi ng f r om i nsi de t he encl osur e 
t o al l ow escape when openi ng pneumat i c val ves f ai l  or  mal f unct i on.

2. 6. 3. 3   Ai r  Syst em f or  Pneumat i c Seal i ng

A compl et e ai r  syst em i ncl udi ng compr essor ,  f i l t er  al ar m,  t ank,  l i nes,  ai r  
f i l t er ,  dr yer ,  ai r  cont r ol  val ves,  and cont r ol s shal l  be pr ovi ded.   Ai r  
t ank capaci t y shal l  be s i zed so t hat  t he ai r  vol ume and pr essur e ar e 
suf f i c i ent  t o oper at e t he door  t hr ough t en compl et e cycl es af t er  t he l oss 
of  nor mal  power .

2. 6. 4   Magnet i c Seal ed Door  Type

An EM seal  shal l  be f or med by a sol i d met al - t o- met al  cont act  ar ound t he 
per i pher y of  t he door  f r ame.   The mat er i al s at  t he cont act  ar ea shal l  be 
compat i bl e and cor r osi on r esi st ant .   The cont act  f or ce f or  t he door  EM seal  
shal l  be pr ovi ded by el ect r omagnet s.   When t he el ect r omagnet  i s  ener gi zed,  
t he door  l eaf  shal l  be pul l ed i n t o ensur e a sol i d and cont i nuous cont act  
wi t h t he door  f r ame.   When t he el ect r omagnet  i s  de- ener gi zed,  t he door  l eaf  
shal l  be f r ee t o swi ng.   The EM shi el ded door s may use el ect r omagnet s or  a 
combi nat i on of  per manent  magnet s and el ect r omagnet s.

2. 6. 5   Sl i di ng Type Door

A sl i di ng shi el ded door  shal l  be of  t he s i ze and oper at i ng di r ect i on 
i ndi cat ed.   Cl ear  openi ngs i ndi cat ed on t he dr awi ngs shal l  not  r equi r e 
di smant l i ng of  any par t  of  t he door .   The door  shal l  be manual l y oper abl e 
f r om ei t her  s i de,  i nsi de or  out s i de,  wi t h a maxi mum pul l  ( f or ce)  of  155 N 
35 pounds t o set  t he shi el ded door  i n mot i on.   Shi el ded door  f ace panel s 
and f r ames shal l  be const r uct ed of  r ei nf or ced st eel  sui t abl e f or  achi evi ng 
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t he speci f i ed at t enuat i on.   Fr ames shal l  be const r uct ed of  st eel  shapes 
wel ded t oget her  t o f or m a t r ue r ect angul ar  openi ng.   I n t he seal ed 
posi t i on,  t he shi el ded door s shal l  pr ovi de t he mi ni mum shi el di ng 
ef f ect i veness speci f i ed wi t hout  any der at i ng.   The door s shal l  be desi gned 
f or  l ong l i f e and r el i abi l i t y  and shal l  not  use EM gasket s,  EM f i nger  
st ocks,  or  ot her  seal i ng devi ces ot her  t han t he speci f i ed di r ect  
met al - t o- met al  cont act .   A l abel  shal l  be at t ached t o s l i di ng door s war ni ng 
agai nst  pai nt i ng of  t he mat i ng sur f aces.

2. 6. 6   Power  Oper at or s

Power  oper at or s shal l  be [ pneumat i c]  [ el ect r i c ]  t ype conf or mi ng t o NFPA 80 
and t he r equi r ement s speci f i ed.   Readi l y adj ust abl e l i mi t  swi t ches shal l  be 
pr ovi ded t o aut omat i cal l y  st op t he door  i n i t s  f ul l  open or  c l osed 
posi t i on.   Al l  oper at i ng devi ces shal l  be sui t abl e f or  t he hazar dous c l ass,  
di v i s i on,  and gr oup def i ned i n NFPA 70.

2. 6. 6. 1   Pneumat i c Oper at or s

**************************************************************************
NOTE:   Desi gner  wi l l  coor di nat e wi t h t he dr awi ngs t o 
ensur e compr essed ai r  i s  avai l abl e at  door  l ocat i ons.

**************************************************************************

Pneumat i c oper at or s shal l  be heavy- dut y i ndust r i al  t ype desi gned t o oper at e 
t he door  at  not  l ess t han 0. 2 m/ s 2/ 3 f ps or  mor e t han 0. 3 m/ s 1 f ps wi t h 
ai r  pr essur e of  [ _____]  kPa psi .   A pr essur e r egul at or  shal l  be pr ovi ded i f  
t he oper at or  i s  not  compat i bl e wi t h avai l abl e ai r  pr essur e.   Dr yer ,  f i l t er ,  
and f i l t er  al ar m shal l  be pr ovi ded.   Pneumat i c pi pi ng shal l  be pr ovi ded up 
t o t he connect i on wi t h bui l di ng compr essed ai r ,  but  not  mor e t han 6 m 20 
f eet  f r om door  j ambs.   Oper at or s shal l  have pr ovi s i ons f or  i mmedi at e 
emer gency manual  oper at i on of  t he door  i n case of  f ai l ur e.   The oper at or  
shal l  open,  c l ose,  st ar t ,  and st op t he door  smoot hl y.   Cont r ol  shal l  be 
[ el ect r i cal ,  conf or mi ng t o NEMA I CS 2 and NEMA I CS 6;  encl osur es shal l  be 
Type 12 ( i ndust r i al  use) ,  Type 7 or  9 i n hazar dous l ocat i ons,  or  as 
ot her wi se i ndi cat ed]  [ pneumat i c]  [ wi t h]  [ pushbut t on wal l  swi t ches]  [ cei l i ng 
pul l  swi t ches]  [ r ol l over  f l oor  t r eadl e]  [ as i ndi cat ed] .

2. 6. 6. 2   El ect r i c  Oper at or s

El ect r i c  oper at or s shal l  be heavy- dut y i ndust r i al  t ype desi gned t o oper at e 
t he door  at  not  l ess t han 0. 2 m/ s 2/ 3 f ps or  mor e t han 0. 3 m/ s 1 f ps.   
El ect r i cal  cont r ol s shal l  be [ pushbut t on wal l  swi t ches]  [ cei l i ng pul l  
swi t ches]  [ r ol l over  f l oor  t r eadl e]  [ as i ndi cat ed] .   El ect r i c  power  
oper at or s shal l  be compl et e wi t h an el ect r i c  mot or ,  br acket s,  cont r ol s,  
l i mi t  swi t ches,  magnet i c r ever si ng st ar t er ,  and ot her  accessor i es 
necessar y.   The oper at or  shal l  be desi gned so t hat  t he mot or  may be r emoved 
wi t hout  di st ur bi ng t he l i mi t  swi t ch t i mi ng and wi t hout  af f ect i ng t he 
emer gency oper at or .   The power  oper at or  shal l  be pr ovi ded wi t h a s l i ppi ng 
c l ut ch coupl i ng t o pr event  st al l i ng of  t he mot or .   Oper at or s shal l  have 
pr ovi s i ons f or  i mmedi at e emer gency manual  oper at i on of  t he door  i n case of  
el ect r i cal  f ai l ur e.   Wher e cont r ol  s di f f er  f r om mot or  vol t age,  a cont r ol  
vol t age t r ansf or mer  shal l  be pr ovi ded i nsi de as par t  of  t he st ar t er .   
Cont r ol  vol t age shal l  be 120 vol t s or  l ess.

2. 6. 6. 2. 1   Motors

Dr i ve mot or s shal l  conf or m t o NEMA MG 1,  shal l  be hi gh- st ar t i ng t or que 
r ever si bl e t ype,  and shal l  be of  suf f i c i ent  out put  t o move t he door  i n 
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ei t her  di r ect i on f r om any posi t i on at  t he r equi r ed speed wi t hout  exceedi ng 
t he r at ed capaci t y.   Mot or s shal l  be sui t abl e f or  oper at i on on [ [ 120]  [ 208]  
[ 277]  [ 480]  vol t s,  60 Hz]  [ [ 220]  [ 240]  [ 380]  vol t s ,  50 Hz] ,  [ s i ngl e]  
[ t hr ee]  phase,  and shal l  be sui t abl e f or  acr oss- t he- l i ne st ar t i ng.   Mot or s 
shal l  be desi gned t o oper at e at  f ul l  capaci t y over  a suppl y  var i at i on of  
pl us or  mi nus 10 per cent  of  t he mot or  vol t age r at i ng.

2. 6. 6. 2. 2   Controls

Each door  mot or  shal l  have an encl osed r ever si ng acr oss- t he- l i ne t ype 
magnet i c st ar t er  wi t h t her mal  over l oad pr ot ect i on,  l i mi t  swi t ches,  and 
r emot e cont r ol  swi t ches.   The cont r ol  equi pment  shal l  conf or m t o NEMA I CS 2; 
encl osur es shal l  conf or m t o NEMA I CS 6,  and shal l  be Type 12 ( i ndust r i al  
use) ,  Type 7 or  9 i n hazar dous l ocat i ons,  or  as ot her wi se i ndi cat ed.   Each 
wal l  cont r ol  st at i on shal l  be of  t he t hr ee- but t on t ype,  wi t h t he cont r ol s 
mar ked and col or  coded:   OPEN -  whi t e;  CLOSE -  gr een;  and STOP -  r ed.   When 
t he door  i s  i n mot i on and t he st op cont r ol  i s  pr essed,  t he door  shal l  s t op 
i nst ant l y and r emai n i n t he st op posi t i on.   Fr om t he st op posi t i on,  t he 
door  shal l  be oper abl e i n ei t her  di r ect i on by t he open or  c l ose cont r ol s.   
Cont r ol s shal l  be of  t he f ul l - guar ded t ype t o pr event  acci dent al  oper at i on.

2. 6. 6. 3   Leadi ng Edge Saf et y Shut down

Leadi ng edges of  t he door  wi t h oper at or s shal l  have a saf et y shut down 
swi t ch st r i p t he ent i r e l engt h of  t he l eadi ng edge.   The saf et y st r i p shal l  
be pr ess- at - any- poi nt  r i bbon swi t ches.   Act i vat i on of  t he st r i p shal l  shut  
down t he oper at or  and r el ease t he door  wi t h r eset  r equi r ed t o cont i nue door  
operation.

2. 6. 7   EM Shi el ded Door  Fact or y Test

**************************************************************************
NOTE:   When speci f y i ng nonl at chi ng door s,  del et e 
door  st at i c l oad and sag t est s and cycl e t est  f or  
door  l at ches.   Ret ai n cycl e t est  f or  door  hi nges.

**************************************************************************

Test  dat a shal l  be pr ovi ded on at  l east  one shi el ded door  of  each t ype 
pr ovi ded f or  t he f aci l i t y  t o ver i f y t hat  t he EM shi el ded door s of  t he 
desi gn suppl i ed have been f act or y t est ed f or  compl i ance wi t h t hi s 
speci f i cat i on.   Test  door s shal l  not  be f ur ni shed on t he pr oj ect .   Test  
dat a r epor t s shal l  be submi t t ed i n accor dance wi t h par agr aph SUBMI TTALS.

2. 6. 7. 1   Swi ngi ng Door  St at i c Load Test

The door  shal l  be mount ed and l at ched t o i t s  f r ame,  t hen set  down i n a 
hor i zont al  posi t i on such t hat  i t  wi l l  open downwar d wi t h onl y t he f r ame 
r i gi dl y and cont i nuousl y suppor t ed f r om t he bot t om.   A l oad of  195 kg/ psm 
40 l b/ psf  shal l  be appl i ed uni f or ml y over  t he ent i r e sur f ace of  t he door  
f or  at  l east  10 mi nut es.   The door  wi l l  not  be accept abl e i f  t hi s l oad 
causes br eakage,  f ai l ur e,  or  per manent  def or mat i on whi ch causes t he 
c l ear ance bet ween door  l eaf  and st ops t o var y mor e t han 1. 6 mm 1/ 16 i nch 
f r om t he or i gi nal  di mensi on.

2. 6. 7. 2   Swi ngi ng Door  Sag Test

The door  and i t s  f r ame shal l  be i nst al l ed nor mal l y  and opened 90 degr ees.   
Two 45 kg 100 pound wei ght s,  one on each si de of  t he door ,  shal l  be 
suspended f r om t he door  wi t hi n 130 mm 5 i nch of  t he out er  edge f or  at  l east  

SECTI ON 13 49 20. 00 10  Page 26



10 mi nut es.   The door  wi l l  not  be accept abl e i f  t hi s t est  causes br eakage,  
f ai l ur e,  or  per manent  def or mat i on whi ch causes t he c l ear ance bet ween t he 
door  l eaf  and door  f r ame t o var y mor e t han 1. 6 mm 1/ 16 i nch f r om t he 
or i gi nal  di mensi on.

2. 6. 7. 3   Door  Cl osur e Test

Each door  desi gn shal l  be oper at ed 100, 000 compl et e open- cl ose cycl es.   The 
door  wi l l  not  be accept abl e i f  t he c l osur e t est  causes any br eakage,  
f ai l ur e,  or  per manent  def or mat i on whi ch causes t he c l ear ance bet ween t he 
door  and door  f r ame t o var y mor e t han 1. 6 mm 1/ 16 i nch f r om t he or i gi nal  
dimension.

2. 6. 7. 4   Handl e- Pul l  Test

The door  shal l  be mount ed and l at ched t o i t s  f r ame.   The handl e shal l  have 
a f or ce of  1100 N 250 pounds appl i ed out war d ( nor mal  t o t he sur f ace of  t he 
door )  at  a poi nt  wi t hi n 50 mm 2 i nch of  t he end of  t he handl e.   The door  
wi l l  not  be accept abl e i f  t hi s t est  causes any br eakage,  f ai l ur e,  or  
per manent  def or mat i on exceedi ng 3 mm 1/ 8 i nch.

2. 6. 7. 5   Door  El ect r omagnet i c Shi el di ng Test

The EM shi el ded door  shal l  be f act or y t est ed i n accor dance wi t h t he 
r equi r ement s of  t hi s speci f i cat i on bot h bef or e and af t er  t he mechani cal  
t est s descr i bed above.

2. 7   ELECTROMAGNETI C FI LTERS

**************************************************************************
NOTE:   Al l  EM f i l t er s f or  power  and si gnal  l i nes 
shoul d be schedul ed on t he dr awi ngs.

Thi s gui de speci f i cat i on cover s el ect r omagnet i c 
f i l t er s f or  50,  60,  and 400 Hz power  l i nes and 
si gnal  l i nes f or  Gener al  Use Onl y.   Thi s 
speci f i cat i on i s  NOT appl i cabl e f or  f i l t er s t o be 
used wi t h a speci f i c  i ndi v i dual  i t em of  el ect r oni c 
equi pment .   Fi l t er s f or  use wi t h speci f i c  i ndi v i dual  
i t ems of  equi pment  must  be schedul ed on t he dr awi ngs 
showi ng vol t age,  cur r ent ,  i nser t i on l oss,  passband,  
f r equency,  baud r at e,  and cut of f  f r equency.

**************************************************************************

A f i l t er  shal l  be pr ovi ded f or  each power ,  dat a,  and si gnal  l i ne 
penet r at i ng t he encl osur e.   These l i nes shal l  i ncl ude,  but  ar e not  l i mi t ed 
t o,  power  l i nes,  l i nes t o dummy l oads,  al ar m ci r cui t s,  l i ght i ng c i r cui t s,  
and s i gnal  l i nes such as t el ephone l i nes,  ant enna l i nes,  HVAC cont r ol ,  and 
f i r e al ar m.   Fi l t er s [ and ESAs]  shal l  be encl osed i n met al l i c  cases whi ch 
shal l  pr ot ect  t he f i l t er  el ement s f r om moi st ur e and mechani cal  damage.   Al l  
ext er nal  bondi ng or  gr oundi ng sur f aces shal l  be f r ee f r om i nsul at i ng 
pr ot ect i ve f i ni shes.   Al l  exposed met al l i c  sur f aces shal l  be sui t abl y 
pr ot ect ed agai nst  cor r osi on by pl at i ng,  l ead- al l oy coat i ng,  or  ot her  
means.   The f i ni sh shal l  pr ovi de good el ect r i cal  cont act  when used on a 
t er mi nal  or  as a conduct or ,  shal l  have uni f or m t ext ur e and appear ance,  
shal l  be adher ent ,  and shal l  be f r ee f r om bl i st er s,  pi nhol es and ot her  
def ect s.   The f i l t er  [ and ESA]  assembl i es shal l  al so meet  t he r equi r ement s 
of UL 1283.   I nser t i on l oss i n t he st op band bet ween t he l oad s i de of  t he 
f i l t er  and t he power  suppl y s i de shal l  be not  l ess t han t he EM shi el di ng 
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at t enuat i on speci f i ed.   The f i l t er  used f or  400 Hz shal l  be pr ovi ded wi t h 
power  f act or  cor r ect i ng coi l  t o l i mi t  t he r eact i ve cur r ent  t o 10 per cent  
maxi mum of  t he f ul l  l oad cur r ent  r at i ng.   Each f i l t er  uni t  shal l  be capabl e 
of  bei ng mount ed i ndi v i dual l y and shal l  i ncl ude one f i l t er  f or  each phase 
conduct or  of  t he power  l i ne and t he neut r al  conduct or .   The si gnal  f i l t er s 
shal l  i ncl ude one f i l t er  f or  each conduct or .

2. 7. 1   Enclosure

**************************************************************************
NOTE:   The i nt ent  of  t hi s par agr aph i s t o pr eser ve 
t he i nt egr i t y of  t he f i l t er  and t o shi el d t he i nput  
and out put  c i r cui t s f r om each ot her .   Usual l y,  t hi s 
i s  accompl i shed by mount i ng t he f i l t er s i n an 
EM- modi f i ed NEMA Type 1 encl osur e wi t h separ at e 
compar t ment s f or  t he i nput  and t he out put  
t er mi nal s.   I f  a weat her pr oof  or  hazar dous ar ea t ype 
encl osur e i s needed,  i t  must  be speci f i ed.

**************************************************************************

Fi l t er  uni t s shal l  be mount ed i n an EM modi f i ed NEMA Type [ 1]  [ _____]  
encl osur e i n accor dance wi t h NEMA I CS 6 and meet  t he r equi r ement s of  UL 1283.   
Encl osur es shal l  be made of  cor r osi on r esi st ant  st eel  of  1. 9837 mm 14 gauge 
mi ni mum t hi ckness wi t h wel ded seams and gal vani zed bul khead cover  pl at es.   
The encl osur e nonconduct i ve sur f aces shal l  be f i ni shed wi t h a 
cor r osi on- i nhi bi t i ng pr i mer  and t wo coat s of  baked or  f i ni sh enamel .   The 
i nput  compar t ment  shal l  house t he i ndi v i dual  l i ne f i l t er s and t he i nput  
t er mi nal s of  t he f i l t er s and mount i ng f or  t he sur ge ar r est or .   Li ve par t s 
shal l  be spaced i n accor dance wi t h NFPA 70.   Fi l t er  l eads shal l  be copper .   
Fi l t er  encl osur es shal l  be shi el di ng ef f ect i veness t est ed i n accor dance 
with I EEE 299 and Tabl e I  of  t hi s speci f i cat i on.   [ Test  l eads and coaxi al  
connect or s t hr ough t he encl osur e shal l  be pr ovi ded f or  HEMP t est i ng. ]  [ The 
i mbedded conf i gur at i on shal l  be used f or  f i l t er  encl osur es as r equi r ed by 
MIL-STD-188-125-1 .]

2. 7. 1. 1   Fi l t er  Uni t  Mount i ng

Each f i l t er  uni t  shal l  be mount ed i ndi v i dual l y i n an encl osur e cont ai ni ng 
one f i l t er  f or  each penet r at i ng conduct or .   One end of  t he i ndi v i dual  
f i l t er  case shal l  be at t ached t o t he r f  bar r i er  pl at e bet ween t he t wo 
compar t ment s t o pr ovi de a r f  t i ght  seal  bet ween t he r f  bar r i er  pl at e and 
t he f i l t er  case.   The t er mi nal s of  t he f i l t er s shal l  pr oj ect  t hr ough 
openi ngs i n t he r f  bar r i er  pl at e i nt o t he i nner  t er mi nal  compar t ment .   The 
case of  each f i l t er  shal l  be at t ached t o bot h t he encl osur e and t o t he 
bar r i er  pl at e t o pr event  undue st r ess bei ng appl i ed t o t he r f  seal  bet ween 
t he f i l t er  case and t he r f  bar r i er  pl at e.   I ndi v i dual  f i l t er s shal l  be 
r emovabl e f r om t he encl osur e.   Li ke f i l t er s shal l  be i nt er changeabl e.

2. 7. 1. 2   Condui t  Connect i ons t o Encl osur es

The l oad t er mi nal  and i nput  compar t ment s shal l  have no knockout s,  and each 
compar t ment  shal l  have wel dabl e t hr eaded condui t  hubs.   The hubs shal l  be 
c i r cumf er ent i al l y  EM wel ded i n pl ace and shal l  be s i zed and l ocat ed as 
r equi r ed f or  t he condui t s i ndi cat ed.

2. 7. 1. 3   Access Openi ngs and Cover  Pl at es

Encl osur es shal l  have separ at e c l ear  f r ont  access cover  pl at es on t er mi nal  
and power  i nput  compar t ment s.   Access cover  pl at es shal l  be hi nged wi t h EM 
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gasket s and 75 mm 3 i nch maxi mum bol t  spaci ng.   The desi gn shal l  i ncl ude 
t hi ck cover  pl at es and f ol ded encl osur e edges t o pr event  encl osur e 
def or mat i on,  bol t  spacer s t o pr event  uneven gasket  compr essi on,  and gasket  
mount i ng t o f aci l i t at e r epl acement .   Al l  gasket  cont act  ar eas shal l  be 
t i n- pl at ed usi ng t he el ect r odeposi t ed t ype I  met hod i n accor dance wi t h 
ASTM B545.   Nut s and bol t s shal l  be per manent l y f ast ened t o t he encl osur e 
by wel di ng or  capt i ve at t achment s.

2. 7. 1. 4   Oper at i ng Temper at ur e

The f i l t er  and ESA assembl y shal l  be r at ed f or  cont i nuous oper at i on,  wi t h 
f i l t er s at  r at ed vol t age and f ul l - l oad cur r ent s,  i n ambi ent  t emper at ur es 
f r om mi nus 55 t o pl us 65 degr ees C ( measur ed out s i de t he EM f i l t er  
encl osur e) .   Fi l t er  component s shal l  be sui t abl e f or  cont i nuous f ul l  l oad 
oper at i on at  a t emper at ur e f r om mi nus 55 t o pl us 85 degr ees C.

2. 7. 1. 5   Shor t  Ci r cui t  Wi t hst and

Fi l t er s shal l  be l abel ed and bui l t  t o have st andar d shor t  c i r cui t  wi t hst and 
r at i ngs i n accor dance wi t h UL 1283.   The mi ni mum r at i ngs shal l  be as 
follows:

FI LTER RATED CURRENT,
RMS AMPERE

SHORT CI RCUI T FULL LOAD
AMPERES SYMMETRI CAL

0-100 10,000

101-400 14,000

2. 7. 1. 6   Fi l t er  Connect i ons

I ndi v i dual  f i l t er s shal l  have pr ewi r ed st andof f s and sol der l ess l ugs.   The 
l ugs shal l  be of  t he hexagonal  head bol t  or  scr ew t ype and shal l  conf or m t o 
UL 486A- 486B.   Li ve par t s shal l  be spaced i n accor dance wi t h NFPA 70.

2. 7. 2   I nt er nal  Encapsul at ed Fi l t er s ( Fi l t er  Uni t s)

**************************************************************************
NOTE:   Ther e ar e t wo ki nds of  power  f i l t er s,  
commonl y known as " W"  and " X"  ser i es.   The " W"  
ser i es f i l t er s ar e desi gned t o achi eve r at ed 
i nser t i on l oss under  l oad when t est ed i n accor dance 
wi t h MI L- STD- 220,  whi ch onl y r equi r es t est i ng under  
l oad condi t i ons f r om 100 kHz t o 20 MHz.   The " X"  
ser i es devi ce dat a sheet s wi l l  cont ai n t he phr ase 
" t est ed usi ng ext ended r ange buf f er  net wor ks"  and 
wi l l  sat i sf y t he st at ed per f or mance under  f ul l  l oad 
at  f r equenci es bel ow 100 kHz.   The " X"  ser i es 
f i l t er s wi l l  al so be t est ed i n accor dance wi t h 
MI L- STD- 220.   The " X"  ser i es f i l t er s can al so be 
di f f er ent i at ed f r om " W"  devi ces by t he f act  t hat  
t hey ar e usual l y  t wo t o t hr ee t i mes gr eat er  i n 
weight.

Fi r e al ar m,  s i gnal ,  ener gy moni t or i ng and cont r ol  
syst em,  t el ephone,  and cont r ol  l i nes r equi r e f i l t er s 
t hat  pass a speci f i c  f r equency,  vol t age,  and number  
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of  conduct or s.   Fi r e al ar m ci r cui t s wi t h gr ound 
f aul t  i ndi cat or s wi l l  show a gr ound f aul t  when 
connect ed t hr ough a f i l t er  and shoul d be avoi ded.   A 
f i ber  opt i c connect i on t hr ough t he shi el d i s 
r ecommended.   Conduct or s penet r at i ng t he shi el d 
per i met er  shal l  be kept  t o a mi ni mum.   Syst ems 
penet r at i ng t he shi el d wi l l  have speci al  
r equi r ement s i n t hei r  speci f i cat i ons f or  
compat i bi l i t y  bet ween syst em si gnal  and cont r ol  
c i r cui t s and t he EM f i l t er s.

**************************************************************************

2. 7. 2. 1   Fi l t er  Const r uct i on

I ndi v i dual  f i l t er s shal l  be heavy- dut y t ype seal ed i n a st eel  case.   Af t er  
t he f i l t er  i s  f i l l ed wi t h an i mpr egnat i ng or  encapsul at i ng compound,  t he 
seams shal l  be wel ded.   When a sol i d pot t i ng compound i s used t o f i l l  t he 
f i l t er ,  t he f i l t er s may be mechani cal l y secur ed and seal ed wi t h sol der .  
Her met i cal l y  seal ed i mpr egnat ed capaci t or s shal l  be used,  or  t he compl et e 
f i l t er  assembl y shal l  be vacuum i mpr egnat ed.   I ndi v i dual  f i l t er  cases shal l  
be f abr i cat ed of  not  l ess t han 2 mm 14 gauge t hi ck st eel  and f i ni shed wi t h 
a cor r osi on- r esi st ant  pl at i ng, or  one coat  of  cor r osi on- r esi st ant  pr i mer  and 
t wo coat s of  f i ni sh enamel .   The f i l t er  shal l  be f i l l ed wi t h an 
i mpr egnat i ng or  pot t i ng compound t hat  i s  chemi cal l y i nact i ve wi t h r espect  
t o t he f i l t er  uni t  and case.   The compound,  ei t her  i n t he st at e of  or i gi nal  
appl i cat i on or  as a r esul t  of  havi ng aged,  shal l  have no adver se ef f ect  on 
t he per f or mance of  t he f i l t er .   The same mat er i al  shal l  be used f or  
i mpr egnat i ng as i s used f or  f i l l i ng.   Fi l t er  t er mi nal s shal l  be copper  t hat  
can wi t hst and t he pul l  r equi r ement s speci f i ed and measur ed i n accor dance 
wi t h par agr aph ELECTROMAGNETI C FI LTERS.

2. 7. 2. 2   Ratings

**************************************************************************
NOTE:   I ndi cat e maxi mum cur r ent ,  vol t age,  and pass 
band f r equency r at i ngs on t he dr awi ngs.   I f  no 
dr awi ngs ar e f ur ni shed wi t h t he speci f i cat i ons,  
speci f y t he r at i ngs her e.

**************************************************************************

[ Fi l t er s shal l  be pr ovi ded i n t he cur r ent ,  vol t age,  and f r equency r at i ngs 
i ndi cat ed on t he dr awi ngs. ]   [ Fi l t er  cur r ent  shal l  be [ _____] . ]   [ Fi l t er  
vol t age shal l  be [ [ 120]  [ 208]  [ 277]  [ 480]  vol t s,  60 Hz]  [ [ 230]  [ 250]  [ 400]  
vol t s,  50 Hz] . ]   [ The pass band f r equenci es [ _____]  Hz t o [ _____]  Hz shal l  
be sui t abl e f or  use wi t h t he [ 50]  [ 60]  [ _____]  [ and]  [ 400]  [ _____]  Hz power  
sour ce and si gnal  l i ne f i l t er s as i ndi cat ed. ]

2. 7. 2. 3   Vol t age Dr op

Vol t age dr op t hr ough t he f i l t er  at  oper at i on f r equency shal l  not  exceed 2 
per cent  of  t he r at ed l i ne vol t age when t he f i l t er  i s  f ul l y  l oaded wi t h a 
r esi st i ve l oad ( uni t y power  f act or ) .   Vol t age dr op measur ement s shal l  be i n 
accor dance wi t h par agr aph Vol t age Dr op Measur ement s.

2. 7. 2. 4   I nput  El ement s

Fi l t er s shal l  be pr ovi ded wi t h i nduct i ve i nput s.   I f  i nduct i ve i nput  i s  
used an ESA i s r equi r ed t o pr ot ect  t he f i l t er .   The i nduct or  shal l  ensur e 
f i r i ng pot ent i al  f or  t he pr ecedi ng ESA and shal l  l i mi t  t he cur r ent  t hr ough 
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t he f i l t er  capaci t or .   The i nput  i nduct or  shal l  be desi gned t o wi t hst and at  
l east  a 10, 000- vol t  t r ansi ent .

2. 7. 2. 5   Dr ai nage of  St or ed Char ge

Fi l t er s shal l  be pr ovi ded wi t h bl eeder  r esi st or s t o dr ai n t he st or ed char ge 
f r om t he capaci t or s when power  i s  shut  of f .   Dr ai nage of  st or ed char ge 
shal l  be i n accor dance wi t h NFPA 70.

2. 7. 2. 6   I nser t i on Loss

**************************************************************************
NOTE:   Use 100 dB i nser t i on l oss at  14 kHz t o 10 GHz 
f or  appl i cat i ons such as secur e communi cat i ons 
i nst al l at i ons.   For  ot her  appl i cat i ons,  i nser t  
appr opr i at e i nser t i on l oss and f r equency r ange f or  
t he speci f i c  pr oduct .   Consul t  f i l t er  manuf act ur er  
f or  det ai l ed r equi r ement s.   Al so consul t  t he 
manuf act ur er  when l eakage cur r ent  i s  i mpor t ant ,  such 
as i n l i f e saf et y ar eas.   Ther e i s a t r adeof f  
bet ween l eakage cur r ent  and i nser t i on l oss when 
i nser t i on l oss i s measur ed accor di ng t o MI L- STD- 220 
because of  t he t est  connect i on and t he 
l i ne- t o- gr ound capaci t ance.   Har moni c l oadi ng of  EM 
f i l t er s wi l l  r equi r e al t er at i ons t o t he el ect r i cal  
syst em desi gn t o pr ot ect  t he f i l t er s f r om damage.   
Lar ge i ndi v i dual  l oads,  such as adj ust abl e speed 
dr i ve and uni nt er r upt i bl e power  suppl i es,  shoul d 
have shi el ded i sol at i on t r ansf or mer s on t hei r  i nput  
l i ne s i de.   Mul t i pl e smal l  i ndi v i dual  l oads,  such as 
comput er s,  shoul d have EM f i l t er s der at ed or  
shi el ded i sol at i on t r ansf or mer s bet ween f i l t er  
out put  and t he har moni c gener at i ng l oads.   EM 
f i l t er s shoul d be der at ed by 50 per cent  when ser vi ng 
l oads wi t h subst ant i al  har moni c component s.   I f  a 
f aci l i t y  i s  f or mal l y r equi r ed t o f ul l y  compl y wi t h 
MI L- STD- 188- 125,  f i l t er  and ESA char act er i st i cs 
shoul d meet  t he st andar d' s r equi r ement s as appl i ed 
t o t he f aci l i t y .   The f aci l i t y ' s  el ect r i cal  syst em 
shoul d be desi gned t o meet  t he r equi r ement s of  
MI L- STD- 188- 125 wi t h commer ci al l y  avai l abl e f i l t er s 
and ESA.   The commer ci al  el ect r i cal  power  f eeder  
shoul d be ar r anged i n a manner  t hat  wi l l  meet  
MI L- STD- 188- 125 r equi r ement s.   Voi ce and dat a l i nes 
shoul d be conver t ed t o f i ber  opt i cs pr i or  t o 
penet r at i on of  t he EM shi el d.   The r equi r ement s of  
MI L- STD- 188- 125 shoul d be appl i ed by a shi el di ng 
speci al i s t  exper i enced i n t he st andar d' s 
r equi r ement s and appl i cat i ons.

**************************************************************************

I nser t i on l oss shal l  meet  or  exceed t he l evel s compl yi ng wi t h EM shi el di ng 
ef f ect i veness at t enuat i on r equi r ement s her ei n when measur ed i n accor dance 
with MIL-STD-220 .   I nser t i on l oss measur ement s shal l  be per f or med i n 
accor dance wi t h MIL-STD-220  and t he par agr aph ELECTROMAGNETI C FI LTERS.

2. 7. 2. 7   Oper at i ng Temper at ur e Range

I ndi v i dual  f i l t er s mount ed i n t he f i l t er  encl osur e oper at i ng at  f ul l  l oad 
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amper age and r at ed vol t age shal l  not  exceed pl us 85 degr ees C 185 degr ees F 
based on an ambi ent  t emper at ur e of  65 degr ees C 150 degr ees F out s i de t he 
f i l t er  encl osur e.   Cont i nuous oper at i on f r om mi nus 55 t o pl us 85 degr ees C 
mi nus 67 t o pl us 185 degr ees F shal l  be demonst r at ed accor di ng t o par agr aph 
" Fi l t er  Li f e Test  ( at  El evat ed Ambi ent  Temper at ur e) " .   Fi l t er s shal l  al so 
wi t hst and t emper at ur e cycl i ng as speci f i ed i n par agr aph ELECTROMAGNETI C 
FI LTERS.   The f i l t er  shal l  r emai n at  r at ed vol t age and f ul l - l oad cur r ent  
unt i l  t emper at ur e equi l i br i um i s r eached or  24 hour s,  whi chever  i s  gr eat er .

2. 7. 2. 8   Cur r ent  Over l oad Capabi l i t y

Fi l t er s shal l  be capabl e of  oper at i ng at  140 per cent  of  r at ed cur r ent  f or  
15 mi nut es,  200 per cent  of  r at ed cur r ent  f or  1 mi nut e,  and 500 per cent  of  
r at ed cur r ent  f or  1 second when t est ed i n accor dance wi t h par agr aph 
Over l oad Test .

2. 7. 2. 9   React i ve Shunt  Cur r ent

The r eact i ve shunt  cur r ent  dr awn by t he f i l t er  oper at i ng at  r at ed vol t age 
shal l  not  exceed 30 per cent  of  t he r at ed f ul l - l oad cur r ent  when measur ed i n 
accor dance wi t h par agr aph React i ve Shunt  Cur r ent  Measur ement s.

2. 7. 2. 10   Di el ect r i c  Wi t hst and Vol t age

Fi l t er s shal l  be pr ovi ded whi ch conf or m t o t he mi ni mum val ues of  di el ect r i c  
wi t hst andi ng vol t age.   Fi l t er  di el ect r i c  wi t hst and vol t age t est  shal l  be i n 
accor dance wi t h par agr aph " Di el ect r i c  Wi t hst and Vol t age Test " .   HEMP 
f i l t er s shal l  be capabl e of  oper at i ng cont i nuousl y at  f ul l - r at ed vol t age 
and of  wi t hst andi ng an over vol t age t est  of  2. 8 t i mes t he r at ed vol t age f or  
1 mi nut e.   I n addi t i on,  each f i l t er  shal l  be capabl e of  wi t hst andi ng a 
20- kV or  4- kA peak t r ansi ent  pul se of  appr oxi mat el y 20 ns pul se wi dt h at  
f ul l  oper at i ng vol t age,  wi t hout  damage.

2. 7. 2. 11   I nsul at i on Resi st ance

The i nsul at i on r esi st ance bet ween each f i l t er  t er mi nal  and gr ound shal l  be 
gr eat er  t han 1 megohm when t est ed i n accor dance wi t h par agr aph I nsul at i on 
Resi st ance Test .

2. 7. 2. 12   Par al l el  Fi l t er s ( Cur r ent  Shar i ng)

Wher e t wo or  mor e i ndi v i dual  f i l t er s ar e el ect r i cal l y  t i ed i n par al l el  t o 
f or m a l ar ger  f i l t er ,  t hey shal l  equal l y shar e t he cur r ent .   Equal l y 
shar i ng i s def i ned t o be wi t hi n 5 per cent  of  t he aver age cur r ent .   The 
t est s shal l  be i n accor dance wi t h par agr aph ELECTROMAGNETI C FI LTERS.

2. 7. 2. 13   Har moni c Di st or t i on

Har moni cs gener at ed by t he i nser t i on of  a f i l t er  shal l  not  i ncr ease l i ne 
vol t age di st or t i on mor e t han 2. 5 per cent  when measur ed wi t h a uni t y  power  
f act or  i n accor dance wi t h t he par agr aph ELECTROMAGNETI C FI LTERS.

2. 7. 3   Mar ki ng of  Fi l t er  Uni t s

Each f i l t er  case shal l  be mar ked wi t h HCI  t ags and wi t h t he r at ed cur r ent ,  
r at ed vol t age,  manuf act ur er  s name,  t ype of  i mpr egnat i ng or  pot t i ng 
compound,  oper at i ng f r equency,  and model  number .   I n addi t i on,  i ndi v i dual  
f i l t er  cases,  t he f i l t er  encl osur es,  and suppl y and l oad panel boar ds of  
f i l t er ed c i r cui t s shal l  be mar ked by t he manuf act ur er  wi t h t he f ol l owi ng:   
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" WARNI NG:   Bef or e wor ki ng on f i l t er s,  t er mi nal s shal l  be t empor ar i l y  
gr ounded t o ensur e di schar ge of  capaci t or s.   Namepl at es and war ni ng l abel s 
shal l  be secur el y at t ached.

2. 7. 4   Mi ni mum Li f e

Fi l t er  assembl i es shal l  be desi gned f or  a mi ni mum ser vi ce l i f e of  15 
year s.   Submi t  f i l t er  schedul e i ncl udi ng vol t age,  amper age,  encl osur e t ype 
( l ow,  hi gh,  band pass) ,  l ocat i on,  cut - of f  f r equency,  band pass f r equenci es,  
and el ect r i cal  sur ge ar r est er s ( ESA) .   Submi t  dat a and/ or  cal cul at i ons f or  
desi gn of  EM door  i ncl udi ng schedul e of  EM penet r at i ons.

2. 7. 5   Power  and Si gnal  Li ne Fact or y Test i ng

**************************************************************************
NOTE:   I n most  cases,  t est  r esul t s f or  equal  f i l t er s 
ar e suf f i c i ent  t o det er mi ne compl i ance wi t h 
speci f i cat i on r equi r ement s.   Fact or y t est s on 
i ndi v i dual  f i l t er s may be r equi r ed f or  hi gher  t han 
aver age t emper at ur e appl i cat i ons,  speci al  f i l t er  
conf i gur at i ons,  and ot her  speci al  pr oj ect  
requirements.

Fi l t er s wi t h nonst andar d conf i gur at i on or  r at i ngs 
may r equi r e t est i ng by an i ndependent  t est i ng 
or gani zat i on.   These r at i ngs woul d be f or  f i l t er s 
above 1, 000 amper es.

**************************************************************************

Fact or y t est  r epor t  dat a shal l  be submi t t ed f or  each f i l t er  conf i gur at i on,  
vol t age,  and amper age whi ch shal l  show t he abi l i t y  of  f i l t er s t o meet  t he 
speci f i ed r equi r ement s.   Fi l t er  t est  r epor t s shal l  be based on pr i or  t est s 
of  t he same f i l t er  assembl y desi gn and component s.   Test  dat a r epor t s shal l  
be submi t t ed i n accor dance wi t h par agr aph SUBMI TTALS.   Test  dat a shal l  
i ncl ude t he f ol l owi ng:

a.   Vol t age Dr op Measur ement s.

b.   I nser t i on Loss Measur ement s.

c.   Fi l t er  Li f e Test .

d.   Ther mal  Shock Test .

e.   Over l oad Test .

f .   React i ve Shunt  Cur r ent  Measur ement s.

g.   Di el ect r i c  Wi t hst and Vol t age.

h.   I nsul at i on Resi st ance Test .

i .   Cur r ent  Shar i ng.

j .   Har moni c Di st or t i on.

k.   Ter mi nal s.
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2. 7. 5. 1   Vol t age Dr op Measur ement s

The vol t age dr op measur ement s on bot h ac and dc f i l t er s shal l  be per f or med 
wi t h t he component s mount ed i n t he f i l t er / ESA assembl y encl osur e or  mount ed 
on a met al  pl at e by t he same hol di ng met hod t hat  wi l l  be used f or  mount i ng 
i n t he encl osur e.   For  ac r at ed f i l t er s,  measur ement s shal l  be made by 
usi ng expanded scal e- t ype met er s.   For  dc r at ed f i l t er s,  measur ement s shal l  
be made by usi ng a dc met er  when t he f i l t er  i s  car r y i ng r at ed cur r ent  and 
r at ed vol t age.

2. 7. 5. 2   I nser t i on Loss Measur ement s

I nser t i on l oss measur ement s f or  power  f i l t er s shal l  have t he f ol l owi ng 
modi f i cat i ons.   The f i l t er s shal l  be i nst al l ed i n t he f i l t er / ESA assembl y 
encl osur e.   The l oad cur r ent  power  suppl y shal l  oper at e at  t he r at ed 
vol t age of  t he f i l t er s and shal l  be capabl e of  pr ovi di ng any cur r ent  f r om 
no- l oad t hr ough r at ed f ul l - l oad cur r ent .   The r f  s i gnal  gener at or  shal l  be 
a swept  cont i nuous wave ( cw)  sour ce.   The buf f er  net wor ks shal l  be modi f i ed 
t o per mi t  val i d measur ement s over  t he ent i r e f r equency band on whi ch 
i nser t i on l oss r equi r ement s ar e speci f i ed ( 14 kHz- 1 Ghz) .   The r ecei ver  or  
net wor k anal yzer  shal l  be capabl e of  oper at i ng over  t he ent i r e f r equency 
band on whi ch i nser t i on l oss r equi r ement s ar e speci f i ed ( 14 kHz- 1 Ghz) .   
Sensi t i v i t y shal l  be adequat e t o pr ovi de a measur ement  dynami c r ange at  
l east  10 dB gr eat er  t han t he i nser t i on l oss r equi r ement .   The l oad 
i mpedance shal l  be r esi st i ve and shal l  be capabl e of  di ssi pat i ng t he r at ed 
f ul l - l oad f i l t er  cur r ent .   I nser t i on l oss measur ement s shal l  be made at  20 
per cent ,  50 per cent ,  and 100 per cent  of  t he f i l t er  f ul l - l oad oper at i ng 
cur r ent .   I nser t i on l oss measur ement s f or  communi cat i on/ s i gnal  l i ne f i l t er s 
shal l  be per f or med t he same as f or  power  f i l t er s except  t hat  t he i nser t i on 
l oss measur ement s ar e r equi r ed at  a l oad i mpedance equal  t o t he i mage 
i mpedance of  t he f i l t er .   No l oad i nser t i on l oss measur ement s shal l  be 
per f or med over  t he f r equenci es def i ned i n t he EM shi el di ng ef f ect i veness 
at t enuat i on r equi r ement s f or  bot h power  and communi cat i on f i l t er s.   
[ Test i ng shal l  be l oad t o sour ce f or  TEMPEST. ]   [ Test i ng shal l  be sour ce t o 
l oad f or  HEMP. ]

2. 7. 5. 3   Fi l t er  Li f e at  Hi gh Ambi ent  Temper at ur e

Thi s t est  i s  conduct ed f or  t he pur pose of  det er mi ni ng t he ef f ect s on 
el ect r i cal  and mechani cal  char act er i st i cs of  a f i l t er ,  r esul t i ng f r om 
exposur e of  t he f i l t er  t o a hi gh ambi ent  t emper at ur e f or  a speci f i ed l engt h 
of  t i me,  whi l e t he f i l t er  i s  per f or mi ng i t s oper at i onal  f unct i on.   Sur ge 
cur r ent ,  t ot al  r esi st ance,  di el ect r i c  st r engt h,  i nsul at i on r esi st ance,  and 
capaci t ance ar e t ypes of  measur ement s t hat  woul d show t he del et er i ous 
ef f ect s due t o exposur e t o el evat ed ambi ent  t emper at ur es.   A sui t abl e t est  
chamber  shal l  be used whi ch wi l l  mai nt ai n t he t emper at ur e at  t he r equi r ed 
t est  t emper at ur e and t ol er ance.   Temper at ur e measur ement s shal l  be made 
wi t hi n a speci f i ed number  of  unobst r uct ed mm i nches f r om any one f i l t er  or  
gr oup of  l i ke f i l t er s under  t est .   Thi s t est  shal l  be made i n st i l l  ai r .   
Speci mens shal l  be mount ed by t hei r  nor mal  mount i ng means.   When gr oups of  
f i l t er s ar e t o be t est ed s i mul t aneousl y,  t he mount i ng di st ance bet ween 
f i l t er s shal l  be as speci f i ed f or  t he i ndi v i dual  gr oups ot her wi se t he 
mount i ng di st ance shal l  be suf f i c i ent  t o mi ni mi ze t he t emper at ur e on one 
f i l t er  af f ect i ng t he t emper at ur e of  anot her .   Fi l t er s f abr i cat ed of  
di f f er ent  mat er i al s shal l  not  be t est ed s i mul t aneousl y.   The t est  
t emper at ur e shal l  be 85 + 2 degr ees C 184 + 34 degr ees F.   The l engt h of  
t he t est  shal l  be f or  5, 000 hour s.   Speci f i ed measur ement s shal l  be made 
pr i or  t o,  dur i ng,  or  af t er  exposur e.
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2. 7. 5. 4   Ther mal  Shock Test

Thi s t est  i s  conduct ed f or  t he pur pose of  det er mi ni ng t he r esi st ance of  a 
f i l t er  t o exposur es at  ext r emes of  hi gh and l ow t emper at ur es,  and t o t he 
shock of  al t er nat e exposur es t o t hese ext r emes.   Sui t abl e t emper at ur e 
cont r ol l ed syst ems shal l  be used t o meet  t he t emper at ur e r equi r ement s and 
t est  condi t i ons.   Envi r onment al  chamber s shal l  be used t o meet  t est  
r equi r ement s and t o r each speci f i ed t emper at ur e condi t i ons.   Fi l t er s shal l  
be pl aced so t hat  t her e i s no obst r uct i on t o t he f l ow of  ai r  acr oss and 
ar ound t he f i l t er .   The f i l t er  shal l  be subj ect ed t o t he speci f i ed t est  
condi t i on.   The f i r st  f i ve cycl es shal l  be r un cont i nuousl y.   Af t er  f i ve 
cycl es,  t he t est  may be i nt er r upt ed af t er  t he compl et i on of  any f ul l  cycl e,  
and t he f i l t er  al l owed t o r et ur n t o r oom ambi ent  t emper at ur e bef or e t est i ng 
i s r esumed.   One cycl e consi st s of  st eps 1 t hr ough 4 of  t he appl i cabl e t est  
condi t i on f or  dual  envi r onment al  t est  chamber s ( one l ow t emper at ur e and one 
hi gh t emper at ur e t est  chamber )  and st eps 1 and 3 f or  s i ngl e compar t ment  
t est  chamber s wher e bot h hi gh and l ow t emper at ur es ar e achi eved wi t hout  
movi ng t he f i l t er .   The t est  condi t i ons ar e as f ol l ows:

1.   - 55 deg C.  0 deg and - 3 deg
2.   25 deg C.  +10 deg and - 5 deg
3.   85 deg C.  + 3 deg and - 0 deg
4.   25 deg C.  +10 deg and - 5 deg

The ef f ect i ve t ot al  t r ansf er  t i me f r om t he speci f i ed l ow t emper at ur e t o t he 
speci f i ed hi gh t emper at ur e shal l  not  exceed 5 mi nut es.   The exposur e t i me 
i n ai r  at  t he ext r eme t emper at ur es i s a f unct i on of  t he wei ght  of  t he 
f i l t er .   The mi ni mum exposur e t i me per  t he wei ght  of  t he f i l t er  shal l  be as 
follows:

1 oz.  and bel ow 15 mi nut es

Above 1 oz.  t o 4. 8 oz. 30 mi nut es

Above 4. 8 oz.  t o 3 l b. 1 hour

Above 3 l b.  t o 30 l b. 2 hour s

Above 30 l b.  t o 300 l b. 4 hour s

Above 300 l b. 8 hour s

Speci f i ed measur ement s shal l  be made pr i or  t o t he f i r st  cycl e and upon 
compl et i on of  t he f i nal  cycl e,  except  t hat  f ai l ur es shal l  be based on 
measur ement s made af t er  t he speci men has st abi l i zed at  r oom t emper at ur e 
f ol l owi ng t he f i nal  cycl e.

2. 7. 5. 5   Over l oad Test

Fi l t er s shal l  be mount ed i n t he f i l t er / ESA assembl y encl osur e or  mount ed on 
a met al  pl at e by t he same hol di ng met hod t hat  wi l l  be used f or  mount i ng i n 
t he encl osur e.   A speci f i ed cur r ent  shal l  t hen be appl i ed f or  a speci f i ed 
per i od of  t i me.   Af t er  t he f i l t er  has r et ur ned t o r oom t emper at ur e,  t he 
i nsul at i on r esi st ance and vol t age dr op shal l  be measur ed.   The i nsul at i on 
r esi st ance shal l  be measur ed usi ng t he met hod i n par agr aph ELECTROMAGNETI C 
FI LTERS.   AC vol t age dr op measur ement s shal l  be made by usi ng expanded 
scal e- t ype met er s whi ch wi l l  enabl e vol t age di f f er ences of  l ess t han 1 vol t  
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t o be r ead.   DC vol t age dr op measur ement s shal l  be made by usi ng a dc 
r eadi ng met er  when t he f i l t er  i s  car r y i ng r at ed cur r ent  and r at ed vol t age.   
The i nsul at i on r esi st ance and t he vol t age dr op wi l l  be measur ed af t er  each 
separ at e over l oad t est .   Fi l t er s wi l l  al so be v i sual l y exami ned f or  
evi dence of  physi cal  damage af t er  each t est .

2. 7. 5. 6   React i ve Shunt  Cur r ent  Measur ement s

The r eact i ve shunt  cur r ent  measur ement s shal l  be per f or med wi t h t he f i l t er s 
mount ed i n t he f i l t er / ESA assembl y encl osur e or  mount ed on a met al  pl at e by 
t he same hol di ng met hod t hat  wi l l  be used f or  mount i ng i n t he encl osur e.   
The f i l t er  shal l  be t er mi nat ed i n t he i nner  compar t ment  i n an open 
ci r cui t .   Rat ed ac vol t age shal l  be appl i ed bet ween t he f i l t er  out er  
compar t ment  t er mi nal  and t he encl osur e or  met al  pl at e.   The ac cur r ent  i nt o 
t he out er  compar t ment  t er mi nal  shal l  be moni t or ed.   The measur ed cur r ent  i s  
equal  t o t he f i l t er  r eact i ve shunt  cur r ent .

2. 7. 5. 7   Di el ect r i c  Wi t hst and Vol t age Test

The di el ect r i c  wi t hst andi ng vol t age t est  ( al so cal l ed hi gh- pot ent i al ,  over  
pot ent i al ,  . vol t age br eakdown,  or  di el ect r i c- st r engt h t est )  consi st s of  t he 
appl i cat i on of  a vol t age hi gher  t han r at ed vol t age f or  a speci f i c  t i me 
bet ween mut ual l y  i nsul at ed por t i ons of  a f i l t er  or  bet ween i nsul at ed 
por t i ons and gr ound.   Repeat ed appl i cat i on of  t he t est  vol t age on t he same 
f i l t er  i s  not  r ecommended as even an over pot ent i al  l ess t han t he br eakdown 
vol t age may i nj ur e t he i nsul at i on.   When subsequent  appl i cat i on of  t he t est  
pot ent i al  i s  speci f i ed i n t he t est  r out i ne,  succeedi ng t est s shal l  be made 
at  r educed pot ent i al .   When an al t er nat i ng pot ent i al  ( ac)  i s  used,  t he t est  
vol t age shal l  be 60 Hz.  and shal l  appr oxi mat e a t r ue s i ne wave i n f or m.   
Al l  ac pot ent i al s shal l  be expr essed as r oot - mean- squar e val ues.   The KVA 
r at i ng and i mpedance of  t he sour ce shal l  per mi t  oper at i on at  al l  t est i ng 
l oads wi t hout  ser i ous di st or t i on of  t he wavef or m and wi t hout  ser i ous change 
i n vol t age f or  any set t i ng.   When a di r ect  pot ent i al  ( dc)  i s  used,  t he 
r i ppl e cont ent  shal l  not  exceed 5 per cent  r ms of  t he t est  pot ent i al .   A 
vol t met er  shal l  be used t o measur e t he appl i ed vol t age t o an accur acy of  5 
per cent .   When a t r ansf or mer  i s used as a hi gh- vol t age sour ce of  ac,  a 
vol t met er  shal l  be connect ed acr oss t he pr i mar y s i de or  acr oss a t er t i ar y 
wi ndi ng pr ovi ded t hat  t he act ual  vol t age acr oss t he f i l t er  wi l l  be wi t hi n 
t he al l owabl e t ol er ance under  any nor mal  l oad condi t i on.   Unl ess ot her wi se 
speci f i ed,  t he t est  vol t age shal l  be dc and shal l  be as f ol l ows:

DC r at ed onl y 2. 5 t i mes r at ed vol t age

For  f i l t er s wi t h ac and dc r at i ngs 2. 5 t i mes r at ed dc vol t age

AC r at ed onl y 4. 2 t i mes r at ed r ms vol t age

The dur at i on of  t he dc t est  vol t ages shal l  be 5 seconds mi ni mum,  1 mi nut e 
maxi mum,  af t er  t he f i l t er  has r eached t her mal  st abi l i t y  at  maxi mum 
oper at i ng t emper at ur e pr oduced by passage of  r at ed cur r ent .   The t est  
vol t age shal l  be appl i ed bet ween t he case ( gr ound)  and al l  l i ve ( not  
gr ounded)  t er mi nal s of  t he same ci r cui t  connect ed t oget her .   The t est  
vol t age shal l  be r ai sed f r om zer o t o t he speci f i ed val ue as uni f or ml y as 
possi bl e,  at  a r at e of  appr oxi mat el y 500 vol t s ( r ms or  dc)  per  second.   
Upon compl et i on of  t he t est ,  t he t est  vol t age shal l  be gr adual l y r educed t o 
avoi d vol t age sur ges.   The changi ng cur r ent  shal l  be 50 mA maxi mum.   Dur i ng 
t he di el ect r i c  wi t hst andi ng vol t age t est ,  t he f aul t  i ndi cat or  shal l  be 
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moni t or ed f or  evi dence of  di sr upt i ve di schar ge and l eakage cur r ent .   The 
sensi t i v i t y of  t he br eakdown t est  equi pment  shal l  be suf f i c i ent  t o i ndi cat e 
br eakdown when at  l east  0. 5 mA of  l eakage cur r ent  f l ows t hr ough t he f i l t er  
under  t est .   The t est  shal l  be per f or med wi t h t he component s mount ed i n t he 
f i l t er / ESA assembl y encl osur e.   Fi l t er s f or  ac c i r cui t s shal l  be t est ed 
wi t h an ac sour ce whi l e f i l t er s f or  dc c i r cui t s shal l  be t est ed wi t h a dc 
sour ce.   Af t er  t he t est  t he f i l t er  shal l  be exami ned and measur ement s shal l  
be per f or med t o i ncl ude i nsul at i on r esi st ance measur ement s t o det er mi ne t he 
ef f ect  of  t he di el ect r i c  wi t hst andi ng vol t age t est  on speci f i c  oper at i ng 
characteristics.

2. 7. 5. 8   I nsul at i on Resi st ance Test

Thi s i s  a t est  t o measur e t he r esi st ance of f er ed by t he i nsul at i ng member s 
of  a f i l t er  t o an i mpr essed di r ect  vol t age t endi ng t o pr oduce a l eakage 
cur r ent  t hr ough or  on t he sur f ace of  t hese f i l t er s.   I nsul at i on- r esi st ance 
measur ement s shal l  be made on an appar at us sui t abl e f or  t he char act er i st i cs 
of  t he f i l t er  t o be measur ed such as a megohm br i dge,  megohm- met er ,  
i nsul at i on- r esi st ance t est  set ,  or  ot her  sui t abl e appar at us.   The t est  
shal l  be per f or med wi t h t he component s mount ed i n t he f i l t er / ESA assembl y 
encl osur e or  mount ed on a met al  pl at e by t he same hol di ng met hod t hat  wi l l  
be used f or  mount i ng i n t he encl osur e.   The bl eeder  r esi st or  shal l  be 
di sconnect ed.   The di r ect  pot ent i al  appl i ed t o t he speci men shal l  be t he 
l ar gest  t est  condi t i on vol t age ( 100,  500,  or  1, 000 vol t s +10 per cent )  t hat  
does not  exceed t he r at ed peak ac vol t age or  t he r at ed dc vol t age.   A 
separ at e dc power  suppl y may be used t o char ge t he f i l t er s t o t he t est  
vol t age.   The measur ement  er r or  at  t he i nsul at i on- r esi st ance val ue r equi r ed 
shal l  not  exceed 10 per cent .   Pr oper  guar di ng t echni ques shal l  be used t o 
pr event  er r oneous r eadi ngs due t o l eakage al ong undesi r ed pat hs.   
I nsul at i on- r esi st ance measur ement s shal l  be made bet ween t he mut ual l y 
i nsul at ed poi nt s or  bet ween i nsul at ed poi nt s and gr ound.   The i nsul at i on 
r esi st ance val ue shal l  be r ead wi t h a megohmmet er  and r ecor ded af t er  t he 
r eadi ng has st abi l i zed.   When mor e t han one measur ement  i s  speci f i ed,  
subsequent  measur ement s of  i nsul at i on r esi st ance shal l  be made usi ng t he 
same pol ar i t y as t he i ni t i al  measur ement s.

2. 7. 5. 9   Cur r ent  Shar i ng

Test i ng shal l  be per f or med wi t h t he f i l t er s mount ed i n t he f i l t er / ESA 
assembl y encl osur e or  mount ed on a met al  pl at e by t he same hol di ng met hod 
t hat  wi l l  be used f or  mount i ng i n t he encl osur e.   The f i l t er  i nner  
compar t ment  t er mi nal s shal l  be l oaded wi t h a r esi st or  equal  i n val ue t o t he 
r at ed oper at i ng vol t age di v i ded by t he sum of  t he cur r ent  r at i ngs of  t he 
devi ces i n par al l el .   The r esi st or  shal l  be capabl e of  di ssi pat i ng t he 
t ot al  cur r ent .   Rat ed oper at i ng vol t age shal l  be appl i ed at  t he f i l t er  
out er  compar t ment  t er mi nal s.   The cur r ent  i nt o each f i l t er  out er  
compar t ment  t er mi nal  shal l  be moni t or ed.

2. 7. 5. 10   Har moni c Di st or t i on Test

Har moni c di st or t i on measur ement s shal l  be made usi ng a spect r um anal yzer  
havi ng a dynami c r ange of  [ 70 dB]  [ _____]  and a f r equency r ange f r om [ 10 
kHz t o 1. 7 GHz]  [ _____] .   Tot al  har moni c di st or t i on shal l  be measur ed at  
t he i nput  and out put  t er mi nal s of  t he f i l t er  when oper at i ng at  25,  50,  and 
100 per cent  of  r at ed f ul l - l oad cur r ent .

2. 7. 5. 11   Ter mi nal s Pul l  Test

The pur pose of  t hi s t est  i s  t o det er mi ne whet her  t he desi gn of  t he f i l t er  
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t er mi nal s can wi t hst and t he mechani cal  st r esses t o whi ch t hey wi l l  be 
subj ect ed dur i ng i nst al l at i on or  di sassembl y i n equi pment .   Test i ng shal l  
be per f or med wi t h t he component s mount ed i n t he f i l t er / ESA assembl y 
encl osur e or  mount ed on a pl at e by t he same hol di ng met hod t hat  wi l l  be 
used f or  mount i ng i n t he encl osur e.   The f or ce appl i ed t o t he t er mi nal  
shal l  be 89 N 20 pounds.   The poi nt  of  appl i cat i on of  t he f or ce and t he 
f or ce appl i ed shal l  be i n t he di r ect i on of  t he axes of  t he t er mi nat i ons.   
The f or ce shal l  be appl i ed gr adual l y t o t he t er mi nal  and t hen mai nt ai ned 
f or  a per i od of  5 t o 10 seconds.   The t er mi nal s shal l  be checked bef or e and 
af t er  t he pul l  t est  f or  poor  wor kmanshi p,  f aul t y desi gns,  i nadequat e 
met hods of  at t achi ng of  t he t er mi nal s t o t he body of  t he par t ,  br oken 
seal s,  cr acki ng of  t he mat er i al s sur r oundi ng t he t er mi nal s,  and t he changes 
i n el ect r i cal  char act er i st i cs such as shor t ed or  i nt er r upt ed c i r cui t s.   
Measur ement s ar e t o be made bef or e and af t er  t he t est .

2. 8   ELECTRI CAL SURGE ARRESTERS ( ESA)

**************************************************************************
NOTE:   ESA appl i cat i on gui dance i s f ound i n MI L- HDBK 
423.

**************************************************************************

2. 8. 1   Power  and Si gnal  Li ne ESA

2. 8. 1. 1   ESA Gener al

ESAs shal l  be met al  oxi de var i st or s ( MOVs)  or  spar k gaps.   When a spar k gap 
i s speci f i ed,  t he ESA shal l  be encl osed wi t hi n a met al  case.   Di schar ges 
shal l  be cont ai ned wi t hi n t he case;  no ext er nal  cor ona or  ar c i ng wi l l  be 
per mi t t ed.   ESAs shal l  be f act or y i nst al l ed wi t h mi ni mum l ead l engt hs 
wi t hi n t he out er  compar t ment .   For  al l  power  f i l t er / ESA assembl i es,  t he 
ESAs shal l  be i nst al l ed a mi ni mum of  75 mm 3 i nch apar t ,  wi t h t er mi nal s at  
l east  75 mm3 i nch f r om a gr ounded sur f ace.   For  t el ephone f i l t er / ESA 
assembl i es,  t he ESAs shal l  have a mi ni mum cl ear ance spaci ng of  25 mm 1 i nch,  
and t er mi nal s shal l  be at  l east  75 mm 3 i nch f r om a gr ounded sur f ace.   Each 
phase,  neut r al  and t el ephone ci r cui t  conduct or  shal l  be connect ed t hr ough 
an ESA t o t he gr ound bus.   The ESA shal l  be i nst al l ed [ i n t he power  i nput  
compar t ment  of  t he f i l t er ]  [ i n a separ at e EM shi el ded encl osur e] .   ESA 
uni t s wi t hi n t he f i l t er / ESA assembl y shal l  be i ndi v i dual l y r epl aceabl e.   
Li ke ESAs shal l  be i nt er changeabl e.   ESA t er mi nal s shal l  wi t hst and t he 89 N 
20 l b pul l  t est .   Li ve par t s shal l  be spaced i n accor dance wi t h NFPA 70.   
ESA l eads shal l  be copper .   I ndi v i dual  ESAs shal l  be mar ked wi t h HCI  t ags 
and shal l  be mar ked wi t h t he manuf act ur er ' s name or  t r ademar k and par t  
number .   The ESA shal l  meet  t he r equi r ement s of  I EEE C62. 11, I EEE C62. 41. 1, 
I EEE C62. 41. 2,  and UL 1449.

2. 8. 1. 2   Wiring

**************************************************************************
NOTE:   Some desi gner s pr ef er  coi l i ng t he wi r e 
bet ween t he ESA and t he f i l t er ,  because i t  cr eat es 
enough i nduct ance t o devel op t he ESA f i r i ng 
pot ent i al  dur i ng t r ansi ent s f or  HEMP appl i cat i ons.   
Shor t  l eads,  as r ecommended her ei n,  i mpr ove t he 
vol t age- l i mi t i ng ef f ect i veness of  t he ESA.   Fusi ng 
of  t he ESA i s not  r ecommended because pr ot ect i on may 
be l ost  wi t hout  t he oper at or ' s knowl edge.   I f  f usi ng 
i s necessar y,  a l i ght  t o i ndi cat e a bl own f use wi l l  
be pr ovi ded on t he ESA encl osur es.

SECTI ON 13 49 20. 00 10  Page 38



**************************************************************************

The ESAs shal l  be l ocat ed so t hat  l eads of  mi ni mum l engt h connect  t he ESA 
gr ound t er mi nal  t o t he encl osur e.   The t ot al  l ead l engt h connect i ng t he ESA 
t o t he f i l t er  and t he ESA gr ound t er mi nal  t o t he encl osur e shal l  be l ess 
t han 300 mm 12 i nch.   Power  l i ne ESA wi r i ng shal l  be No.  4 AWG mi ni mum.   
Communi cat i on/ s i gnal  l i ne ESA wi r i ng shal l  be of  t he same or  heavi er  gauge 
t han t he communi cat i on/ s i gnal  l i ne conduct or .

2. 8. 1. 3   Vol t age Char act er i st i cs

**************************************************************************
NOTE:   Cl ampi ng vol t age r equi r ement  i s  i nt ended t o 
ensur e t hat  t he ESA does not  have excessi ve ser i es 
r esi st ance.   The speci f i c  val ue shoul d be chosen 
af t er  r evi ewi ng manuf act ur er ' s dat a.

Speci f i ed dc br eakdown vol t age ( or  MOV vol t age at  1 
mi l l i amper e dc cur r ent )  f or  dc and si ngl e phase ac 
power  shoul d be i n t he r ange of  150 t o 200 per cent  
of  t he peak ( not  r ms)  oper at i ng vol t age.   Use 200 t o 
250 per cent  on t hr ee- phase ci r cui t s,  so t hat  a 
shor t - c i r cui t  f aul t  i n one phase wi l l  not  f i r e ESA 
on t he ot her  t wo phases.

The spar k gap dc br eakdown vol t age r equi r ement  i s  
i nt ended t o ensur e t hat  t he spar k gap i s a 
l ow- i nduct ance,  f ast  devi ce.   The pr eci se val ues ar e 
not  cr i t i cal  and shoul d be chosen af t er  r evi ewi ng 
ESA cat al og i nf or mat i on.

**************************************************************************

Measur ement s of  ( MOV)  vol t age at  1 mA dc cur r ent  and spar k gap dc br eakdown 
vol t age shal l  be made i n accor dance wi t h t he f ol l owi ng pr ocedur e.   Test i ng 
shal l  be per f or med wi t h t he ESAs mount ed i n t he f i l t er / ESA assembl y 
encl osur e or  mount ed on a met al  pl at e by t he same hol di ng met hod whi ch wi l l  
be used f or  mount i ng i n t he encl osur e.   A var i abl e dc power  suppl y shal l  be 
connect ed bet ween t he ESA t er mi nal  and t he encl osur e ( or  pl at e) .   The 
appl i ed dc vol t age shal l  be i ncr eased at  a r at e not  t o exceed 10 per cent  of  
t he r at ed f i r i ng vol t age per  second.   The ( MOV)  vol t age at  1 mA dc cur r ent  
i s  t he power  suppl y out put  vol t age,  when t he out put  cur r ent  i s  1 
mi l l i amper e.   The spar k gap dc br eakdown vol t age i s t he appl i ed vol t age 
j ust  pr i or  t o br eakdown ( i ndi cat ed by a r api d decr ease i n t he vol t age 
acr oss t he devi ce) .    The power  suppl y shal l  be de- ener gi ze i mmedi at el y 
af t er  t he val ue has been r ecor ded.   MOV di r ect  cur r ent  br eakdown vol t age at  
1 mi l l i amper e dc cur r ent  shal l  be at  l east  [ 340]  [ 500]  [ 1, 000]  [ _____]  
vol t s and l ess t han [ 425]  [ 1, 500]  [ _____]  vol t s.   MOV t est i ng shal l  be i n 
accor dance wi t h I EEE C62. 33.   Spar k gap di r ect  cur r ent  br eakdown 
( spar kover )  vol t age shal l  be at  l east  [ 500]  [ 1, 000]  [ _____]  vol t s and l ess 
t han [ 1, 500]  [ 3, 000]  [ _____]  vol t s.   Spar k gap i mpul se spar kover  vol t age of  
t he ESA shal l  be l ess t han 4, 000 vol t s.   Thi s vol t age shal l  be on sur ges of  
ei t her  pol ar i t y havi ng a r at e of  r i se of  1, 000 vol t s/ nanosecond.   Test i ng 
of  t he ESA i mpul se spar kover  vol t age shal l  be per f or med wi t h t he spar k gaps 
mount ed i n t he f i l t er / ESA assembl y encl osur e or  mount ed on a met al  pl at e by 
t he same hol di ng met hod whi ch wi l l  be used f or  mount i ng i n t he encl osur e.   
The pul se gener at or  shal l  be connect ed bet ween t he spar k gap t er mi nal  and 
t he encl osur e ( or  pl at e)  wi t h a mi ni mum i nduct ance connect i on.   The pul se 
gener at or  shal l  be capabl e of  pr ovi di ng a r amp vol t age of  1 kV/ ns t o a peak 
vol t age whi ch i s  at  l east  t wi ce t he open ci r cui t  i mpul se spar kover  
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vol t age.   Vol t age acr oss t he spar k gap shal l  be moni t or ed on an 
osci l l oscope or  t r ansi ent  di gi t i z i ng r ecor der ,  capabl e of  at  l east  1 ns 
r esol ut i on.   The peak t r ansi ent  vol t age dur i ng t he pul se i s t he i mpul se 
spar kover  vol t age.   Response t i me shal l  be l ess t han 4 nanoseconds.   
Cl ampi ng vol t age of  t he ESA shal l  be l ess t han [ 900]  [ _____]  vol t s at  a 
cur r ent  pul se of  10 kA.   ESA cl ampi ng vol t age measur ement s shal l  be 
per f or med wi t h t he ESAs mount ed i n t he f i l t er / ESA assembl y encl osur e or  
mount ed on a met al  pl at e by t he same hol di ng met hod whi ch wi l l  be used f or  
mount i ng i n t he encl osur e.   The pul se gener at or  shal l  be connect ed bet ween 
t he ESA t er mi nal  and t he encl osur e ( or  pl at e)  wi t h a mi ni mum i nduct ance 
connect i on.   The pul se gener at or  shal l  be capabl e of  pr ovi di ng a 10 kA 
cur r ent  pul se,  on an 8-  by 20- mi cr osecond waveshape i nt o t he ESA.   Cur r ent  
t hr ough t he ESA and vol t age acr oss t he ESA shal l  be moni t or ed on 
osci l l oscopes or  t r ansi ent  di gi t i z i ng r ecor der s.   The asympt ot i c vol t age 
dur i ng t he 10 kA por t i on of  t he pul se i s t he c l ampi ng vol t age.

2. 8. 1. 4   ESA Ext i ngui shi ng Char act er i st i cs

The ESA shal l  ext i ngui sh and be sel f - r est or i ng t o t he nor mal  nonconduct i ve 
st at e wi t hi n one- hal f  cycl e at  t he oper at i ng f r equency.   The ESA 
ext i ngui shi ng t est  shal l  be per f or med wi t h t he ESA mount ed i n t he 
f i l t er / ESA assembl y encl osur e or  mount ed on a met al  pl at e by t he same 
hol di ng met hod whi ch wi l l  be used f or  mount i ng i n t he encl osur e.   The 
ext i ngui shi ng t est  shal l  use an ac power  sour ce connect ed bet ween t he ESA 
t er mi nal  and gr ound whi ch shal l  be at  t he r at ed vol t age and f r equency 
capabl e of  pr ovi di ng at  l east  25 amper es i nt o a shor t - c i r cui t  l oad.   A 
pul se gener at or  capabl e of  pr ovi di ng a shor t  pul se whi ch wi l l  f i r e t he ESA 
shal l  al so be connect ed acr oss t he ESA.   Vol t age acr oss t he ESA shal l  be 
moni t or ed on an osci l l oscope or  t r ansi ent  di gi t i z i ng r ecor der .   A ser i es of  
t en pul ses shal l  be i nj ect ed.   Per f or mance of  t he ESA i s sat i sf act or y i f  
t he ar c ext i ngui shes ( i ndi cat ed by r e- occur r ence of  t he s i nusoi dal  
wavef or m)  wi t hi n 8. 5 mi l l i seconds af t er  t he st ar t  of  each pul se.

2. 8. 1. 5   ESA Ext r eme Dut y Di schar ge Cur r ent

The ESA shal l  be r at ed t o sur vi ve t he ext r eme dut y di schar ge cur r ent  of  a 
s i ngl e 8-  x 20- mi cr osecond pul se wi t h a 10 t o 90 per cent  r i se t i me of  8 
mi cr oseconds and f al l  t i me t o a val ue of  36. 8 per cent  of  peak i n 20 
mi cr oseconds.   The ESA f or  hi gh vol t age power  l i nes ( above 600 vol t s)  shal l  
have an ext r eme dut y di schar ge capabi l i t y  equal  t o or  gr eat er  t han 70 kA.  
The ESA f or  l ow vol t age power  l i nes ( bel ow 600 vol t s)  t o such t hi ngs as 
bui l di ng i nt er i or s,  ar ea l i ght i ng,  and ext er nal  HVAC equi pment  shal l  have 
an ext r eme dut y di schar ge capabi l i t y  equal  t o or  gr eat er  t han 50 kA.   The 
ESAs f or  cont r ol  c i r cui t s such as i nt er i or  al ar ms,  i ndi cat or  l i ght s,  door  
access cont r ol l er s,  HVAC cont r ol s,  and t el ephones,  shal l  have an ext r eme 
dut y di schar ge capabi l i t y  equal  t o or  gr eat er  t han 10 kA.   The ESA ext r eme 
dut y di schar ge t est  shal l  be per f or med wi t h t he ESA mount ed i n t he 
f i l t er / ESA assembl y encl osur e or  mount ed on a met al  pl at e by t he same 
hol di ng met hod whi ch wi l l  be used f or  mount i ng i n t he encl osur e.   A pul se 
gener at or  shal l  be connect ed bet ween t he ESA t er mi nal  and t he encl osur e ( or  
pl at e)  wi t h a mi ni mum i nduct ance connect i on.   The pul se gener at or  shal l  be 
capabl e of  suppl y i ng an 8-  x 20- mi cr osecond waveshape and a onl y s i ngl e 
pul se i s r equi r ed.   Cur r ent  t hr ough t he ESA and vol t age acr oss t he ESA 
shal l  be moni t or ed on osci l l oscopes or  t r ansi ent  di gi t i z i ng r ecor der s.   The 
ESA shal l  be v i sual l y moni t or ed dur i ng t he t est  and af t er  t he pul se 
i nspect ed f or  char r i ng,  cr acks,  or  ot her  s i gns of  degr adat i on or  damage.  
Test  shal l  be on a pr ot ot ype onl y.   The dc br eakdown vol t age t est  shal l  be 
repeated.
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2. 8. 1. 6   Mi ni mum Oper at i ng Li f e

**************************************************************************
NOTE:   Sur ge l i f e t est  wi l l  be per f or med onl y when 
r equi r ed by t he user .   Coor di nat e cur r ent  ampl i t ude 
wi t h manuf act ur er .

**************************************************************************

The ESA oper at i ng l i f e t est s shal l  be per f or med wi t h t he ESA mount ed i n t he 
f i l t er / ESA assembl y encl osur e or  mount ed on a met al  pl at e by t he same 
hol di ng met hod whi ch wi l l  be used f or  mount i ng i n t he encl osur e.   A pul se 
gener at or  shal l  be connect ed bet ween t he ESA t er mi nal  and t he encl osur e ( or  
pl at e)  wi t h a mi ni mum i nduct ance connect i on.   The pul se gener at or  shal l  be 
capabl e of  suppl y i ng r epet i t i ve 4 kA cur r ent  pul ses,  wi t h a 50 ns x 500 ns 
waveshape,  t o t he ESA.   A ser i es of  t en pul ses i s r equi r ed.   Cur r ent  
t hr ough t he ESA and vol t age acr oss t he ESA shal l  be moni t or ed on 
osci l l oscopes or  t r ansi ent  di gi t i z i ng r ecor der s.   The ESA shal l  be v i sual l y 
moni t or ed dur i ng t he ser i es of  pul ses f or  i ndi cat i ons of  ext er nal  
br eakdown.   The ESA shal l  be abl e t o conduct  2, 000 pul ses at  a peak cur r ent  
of  4 kA and 50 nanoseconds x 500 nanoseconds wavef or m.   Post - t est  shal l  
i ncl ude i nspect i on f or  char r i ng,  cr acks,  or  s i gns of  degr adat i on.   The dc 
br eakdown vol t age t est  shal l  be r epeat ed.

2. 8. 1. 7   Oper at i ng Temper at ur e

The ESA shal l  be r at ed f or  cont i nuous oper at i on i n ambi ent  t emper at ur es f r om
 mi nus 25 t o pl us 125 degr ees C mi nus 12 t o pl us 255 degr ees F.

2. 8. 2   ESA Test i ng

ESA f act or y t est  dat a shal l  be submi t t ed whi ch shal l  show t he abi l i t y  t o 
meet  t he r equi r ement s her ei n,  based on pr i or  t est s of  t he same ESA assembl y 
component s and desi gn.   Test i ng shal l  be per f or med wi t h t he ESA mount ed i n 
t he f i l t er / ESA assembl y encl osur e or  mount ed on a met al  pl at e by t he same 
hol di ng met hod whi ch wi l l  be used f or  mount i ng i n t he encl osur e.   The pul se 
gener at or  shal l  be connect ed bet ween t he ESA t er mi nal  and t he encl osur e ( or  
pl at e)  wi t h a mi ni mum i nduct ance connect i on.   Cur r ent  t hr ough t he ESA and 
vol t age acr oss t he ESA shal l  be moni t or ed on osci l l oscopes or  t r ansi ent  
di gi t i z i ng r ecor der s.   Test  dat a shal l  i ncl ude t he f ol l owi ng:

a.   Br eakdown Vol t age.

b.   I mpul se Spar kover  Vol t age.

c.   Cl ampi ng Vol t age.

d.   Ext i ngui shi ng.

e.   Ext r eme Dut y Di schar ge.

f .   Sur ge Li f e.

2. 9   WAVEGUI DE ASSEMBLI ES

Wavegui de- bel ow- cut of f  ( WBC)  pr ot ect i on shal l  be pr ovi ded f or  al l  pi pi ng,  
vent i l at i on,  f i ber  opt i c cabl e penet r at i ons and mi cr owave communi cat i ons 
bar r i er  penet r at i ons of  t he HEMP el ect r omagnet i c bar r i er .   These WBC 
penet r at i ons shal l  be pr ot ect ed wi t h cut of f  f r equenci es and at t enuat i on no 
l ess t han t he EM shi el di ng ef f ect i veness val ues l i s t ed her ei n.   The cut of f  
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f r equenci es shal l  be no l ess t han 1. 5 t i mes t he hi ghest  f r equency of  t he 
shi el di ng ef f ect i veness.   For  1 GHz,  t he maxi mum r ect angul ar  l i near  
di agonal  di mensi on shal l  be 100 mm 4 i nch and t he maxi mum ci r cul ar  di amet er  
shal l  be 100 mm 4 i nch.   The l engt h- t o- cel l  cr oss- sect i on di mensi on r at i o 
of  t he wavegui de shal l  be a mi ni mum of  [ 5: 1 t o at t ai n 100 dB]  [ 3: 1 t o 
at t ai n 50 dB] .   Penet r at i on l ocat i ons shal l  be ar r anged t o f aci l i t at e 
i nst al l at i on and t est i ng by mi ni mi zi ng t he number  of  l ocat i ons.   Wavegui des 
of  each assembl y t ype shal l  be f act or y t est ed i n accor dance wi t h I EEE 299 
and Tabl e I  of  t hi s speci f i cat i on.

2. 9. 1   Wavegui de- Type Ai r  Vent s

**************************************************************************
NOTE:   Occur r ence of  di ssi mi l ar  met al s wi l l  use 
cor r osi on r esi st ant  desi gn.

**************************************************************************

Each vent i l at i on WBC ar r ay shal l  be a honeycomb- t ype ai r  vent  wi t h a cor e 
f abr i cat ed of  cor r osi on r esi st ant  st eel  as shown on t he dr awi ngs.   
Wavegui de const r uct i on shal l  i ncl ude heavy f r ames t o di ssi pat e t he heat  of  
wel di ng t o t he shi el d.   A wel ded WBC ar r ay shal l  be const r uct ed f r om sheet  
met al  or  squar e t ubes.   Ar r ay cel l s shal l  be f or med by wel di ng t he sheet s 
at  i nt er sect i ons or  wel di ng adj acent  t ubes al ong t he ent i r e l engt h of  t he 
WBC sect i on.   The maxi mum cel l  s i ze shal l  be 100 mm 4 i nch on a di agonal .   
The l engt h of  t he WBC sect i on shal l  be at  l east  f i ve t i mes t he di agonal  
di mensi on of  t he cel l s.   Ai r  vent s shal l  be a per manent  par t  of  t he 
shi el ded encl osur e and shal l  have a shi el di ng ef f ect i veness equal  t o t hat  
of  t he t ot al  encl osur e.   St at i c pr essur e dr op t hr ough t he vent s shal l  not  
exceed 3. 4 gpscm 0. 01 i nch of  wat er  at  an ai r  vel oci t y of  305 m/ s 1000 f pm.   
Wavegui des f or  ai r  vent s ( honeycomb)  shal l  have access door s i n duct  wor k 
f or  mai nt enance.   The f r ame of  t he honeycomb panel  shal l  be [ wel ded]  
[ bol t ed]  i nt o t he penet r at i on pl at e [ wi t h cont i nuous c i r cumf er ent i al  EM 
wel ds. ]  [ wi t h bol t s 75 mm 3 i nch on cent er . ]   Wel ds f or  f abr i cat i on and 
i nst al l at i on of  honeycomb wavegui de panel s ar e pr i mar y shi el d wel ds and 
shal l  be i nspect ed as i ndi cat ed.   Accept ance t est i ng of  al l  honeycomb 
panel s shal l  be i ncl uded wi t h t he f i nal  accept ance t est .   Conduct or s,  such 
as wi r es and l ouver  oper at i ng r ods,  shal l  not  pass t hr ough t he wavegui de 
openings.

2. 9. 2   Pi pi ng Penet r at i ons

Al l  pi pi ng penet r at i ons of  t he HEMP bar r i er  t o i nc l ude ut i l i t y  pi pi ng,  f i r e 
mai ns,  vent  pi pes,  and gener at or  and boi l er  exhaust s shal l  be made wi t h 
pi pi ng WBC sect i ons.   The WBC mat er i al  shal l  be st eel  wi t h a composi t i on 
sui t abl e f or  wel di ng t o t he HEMP shi el d.   The mi ni mum wal l  t hi ckness shal l  
be 3. 2 mm 0. 125 i nch.   The maxi mum i nsi de di amet er  shal l  be 100 mm 4 i nch 
or  a met al l i c  honeycomb i nser t  wi t h a maxi mum cel l  di mensi on of  100 mm 4 
i nch shal l  be i nst al l ed.   The WBC sect i on shal l  have an unbr oken l engt h of  
at  l east  f i ve di amet er s t o f or m a mi ni mum cut of f  f r equency of  1. 5 t i mes t he 
hi ghest  f r equency of  t he shi el d ef f ect i veness.   The pi pi ng WBC sect i on 
shal l  be c i r cumf er ent i al l y  wel ded or  br azed  t o t he HEMP shi el d,  pi pe 
s l eeve or  a penet r at i on pl at e as shown on t he dr awi ngs.   Gener at or  and 
boi l er  exhaust s shal l  be const r uct ed as shown i n t he dr awi ngs and shal l  be 
conf i gur ed as a WBC or  WBC ar r ay.   The ci r cumf er ent i al  penet r at i on wel ds 
ar e pr i mar y shi el d wel ds and shal l  be i nspect ed and t est ed as i ndi cat ed.

2. 9. 3   Wavegui de Penet r at i ons

Wavegui de penet r at i ons f or  di el ect r i c  f i ber s or  hoses shal l  be i mpl ement ed 
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i n t he same manner  as pi pi ng penet r at i ons.   Di el ect r i c  hoses or  pi pes shal l  
be conver t ed t o met al  wavegui de pi pi ng bef or e penet r at i ng t he shi el d.   
Conduct or s,  such as wi r es and f i ber  cabl e st r engt h member s,  shal l  not  pass 
t hr ough t he wavegui de openi ng.

2. 9. 4   GROUNDI NG STUD

**************************************************************************
NOTE:   Gr oundi ng st ud wi l l  be pr ovi ded onl y f or  
smal l  ( under  100 squar e met er s 1, 000 squar e f eet  of  
f l oor  ar ea)  bol t ed and wel ded encl osur es.

**************************************************************************

Encl osur e shal l  have 13 mm 1/ 2 i nch di amet er  st ud c i r cumf er ent i al l y  wel ded 
t o each si de of  t he shi el di ng penet r at i on pl at e.

2. 10   PENETRATI ON PLATES

Penet r at i on pl at es shal l  be mi ni mum 6 mm 1/ 4 i nch t hi ck and si zed as shown 
on t he dr awi ngs.   The penet r at i on pl at e shal l  over l ap t he shi el d 
penet r at i on cut out  di mensi on by a mi ni mum of  150 mm 6 i nch on each si de.   
The penet r at i on pl at e shal l  be [ wel ded]  [ bol t ed]  t o t he HEMP shi el d [ wi t h 
cont i nuous c i r cumf er ent i al  EM wel ds. ]  [ wi t h bol t s 75 mm 3 i nch on cent er . ]

2. 11   GALVANIZING

Gal vani z i ng,  when pr act i cal  and not  ot her wi se i ndi cat ed,  shal l  be 
hot - di pped pr ocessed af t er  f abr i cat i on.   Gal vani z i ng shal l  be i n accor dance 
with ASTM A123/ A123M,  or  ASTM A653/ A653M,  as appl i cabl e.   Exposed 
f ast eni ngs shal l  be gal vani cal l y  compat i bl e mat er i al .   El ect r ol yt i c  coupl es 
and di ssi mi l ar  met al s t hat  t end t o sei ze or  gal l  shal l  be avoi ded.  

2. 12   EM SHI ELDED CABI NETS AND PULL BOXES

Cabi net s and pul l  boxes shal l  be modi f i ed NEMA [ 1]  [ _____]  i n accor dance 
with NEMA I CS 6 made of  cor r osi on r esi st ant  st eel  of  not  l ess t han  2 mm 14 
gauge t hi ck wi t h wel ded seams and gal vani zed bul khead cover  pl at es.   Access 
cover  pl at es shal l  be hi nged wi t h EM gasket s and 75 mm 3 i nch maxi mum bol t  
spaci ng.   Desi gn shal l  i ncl ude t hi ck cover  pl at es,  f ol ded encl osur e edges,  
and bol t  spacer s t o pr event  uneven gasket  compr essi on and encl osur e 
def or mat i on.   Gasket  shal l  be easy t o r epl ace.   Gasket  cont act  ar eas shal l  
be t i n- pl at ed usi ng t he el ect r odeposi t ed t ype I  met hod i n accor dance wi t h 
ASTM B545.   Condui t  hub shal l  be c i r cumf er ent i al l y  EM wel ded t o t he 
encl osur e.   The cabi net s shal l  be f i ni shed wi t h a cor r osi on- i nhi bi t i ng 
pr i mer  and t wo coat s of  baked or  f i ni sh enamel .   Cabi net s shal l  be pr ovi ded 
wi t h mount i ng br acket s f or  wal l  mount i ng or  l egs f or  f l oor  mount i ng.   
Cabi net s and boxes of  each t ype shal l  be f act or y t est ed i n accor dance wi t h 
I EEE 299 and Tabl e I  of  t hi s speci f i cat i on.

2. 13   QUALI TATI VE MONI TORI NG SYSTEM

A bui l t - i n shi el d moni t or i ng syst em f or  SELDS t est i ng shal l  be pr ovi ded.  
The syst em shal l  consi st  of  ei t her  mul t i pl e i nj ect i on poi nt s or  a sur f ace 
l oop syst em.   Dr i v i ng conduct or s shal l  be br ought  t o a s i ngl e l ockabl e EM 
shi el ded connect i on box,  l ocat ed out s i de t he shi el d i n a cont r ol l ed space.
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PART 3   EXECUTI ON

3. 1   EXAMINATION

Af t er  becomi ng f ami l i ar  wi t h al l  det ai l s  of  t he wor k,  ver i f y di mensi ons i n 
t he f i el d,  and advi se t he Cont r act i ng Of f i cer  of  any di scr epancy bef or e 
per f or mi ng t he wor k.

3. 2   INSTALLATION

3. 2. 1   Coordination

The EM shi el di ng i nst al l er  shal l  i nst r uct  ot her  t r ades i n t he pr esence and 
wi t h t he di r ect i on of  t he Gover nment  r epr esent at i ve,  i n advance of  t he EM 
shi el di ng syst em i nst al l at i on,  t o ensur e t hat  al l  i ndi v i dual s ar e awar e of  
t he cr i t i cal  i nst al l at i on r equi r ement s.   Submi t  manuf act ur er ' s dat a,  
cat al og cut s,  and pr i nt ed document at i on r egar di ng t he wor k.   Cl eaner s,  
sol vent s,  coat i ngs,  f i ni shes,  physi cal  bar r i er s,  and door  t hr eshol d 
pr ot ect or s shal l  be pr ovi ded as r equi r ed t o pr ot ect  t he shi el di ng syst em 
f r om cor r osi on,  damage,  and degr adat i on.   The shi el di ng i nst al l at i on pl an 
shal l  be appr oved bef or e const r uct i on begi ns.

3. 2. 2   Verification

Bef or e,  dur i ng,  and af t er  t he EM shi el di ng and penet r at i on pr ot ect i on 
subsyst em i nst al l at i on,  t he shi el di ng speci al i s t  shal l  ver i f y and appr ove 
t he i nst al l at i on f or  compl i ance wi t h t he speci f i cat i ons.   Mat er i al s  and 
met hods,  shop dr awi ngs,  and ot her  i t ems f or  t he shi el di ng subsyst em shal l  
bear  an appr oval  st amp of  t he shi el di ng speci al i s t .   Compl i ance 
not i f i cat i on shal l  be pr ovi ded t o t he Cont r act i ng Of f i cer  bef or e mat er i al s 
ar e i nst al l ed or  met hods per f or med.

3. 2. 3   Inspection

Dur i ng and af t er  EM shi el di ng and penet r at i on pr ot ect i on subsyst em 
i nst al l at i on,  i ncl udi ng EM f i l t er s and wavegui des,  a qual i f i ed shi el di ng 
speci al i s t  shal l  i nspect  t he i nst al l at i on f or  compl i ance wi t h t he 
speci f i cat i ons.   Compl et e t he i nspect i on bef or e a f i ni sh or  concr et e 
t oppi ng coat  i s  i nst al l ed.

3. 2. 4   Manuf act ur er ' s Ser vi ces

Pr ovi de t he ser v i ces of  a manuf act ur er ' s r epr esent at i ve who i s exper i enced 
i n t he i nst al l at i on,  adj ust ment ,  and oper at i on of  t he equi pment  speci f i ed.   
The r epr esent at i ve shal l  super vi se t he i nst al l at i on,  adj ust ment ,  and 
t est i ng of  t he equi pment .

3. 2. 5   Post i ng Fr amed I nst r uct i ons

Post  f r amed i nst r uct i ons cont ai ni ng wi r i ng and cont r ol  di agr ams under  gl ass 
or  i n l ami nat ed pl ast i c.   Condensed oper at i ng i nst r uct i ons,  pr epar ed i n 
t yped f or m,  shal l  be f r amed as speci f i ed above and post ed besi de t he 
di agr ams bef or e accept ance t est i ng of  t he syst em.

3. 3   ENCLOSURE I NSTALLATI ON -  WELDED STEEL CONSTRUCTI ON

**************************************************************************
NOTE:   Ei t her  t he wel ded or  bol t ed const r uct i on wi l l  
be used f or  t he EM shi el di ng encl osur e.   Choose t he 
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appr opr i at e const r uct i on and del et e t he 
non- appl i cabl e par agr aphs.

Wel ded const r uct i on wi l l  usual l y consi st  of  
cont i nuous 1. 897 mm 14 gauge t hi ck st eel  pl at e and 
angl es t o f or m t he encl osur e.   Thi cker  mat er i al  may 
be used i f  i t  i s  mor e cost - ef f ect i ve or  r equi r ed f or  
st r uct ur al  r easons.   Wel ded const r uct i on i s used 
when a shi el ded f aci l i t y  r equi r es a l ong 
mai nt ai nabl e ser vi ce l i f e of  hi gh- l evel  pr ot ect i on,  
100 dB at t enuat i on,  or  HEMP pr ot ect i on,  100 dB.   For  
bol t ed const r uct i on see t he NOTE and par agr aphs 
bel ow under  t he t i t l e ENCLOSURE I NSTALLATI ON -  
BOLTED CONSTRUCTI ON

**************************************************************************

I nst al l  t he EM shi el ded encl osur e i n accor dance wi t h t hi s speci f i cat i on,  
t he dr awi ngs,  and t he r ecommendat i ons of  t he manuf act ur er  and EM shi el di ng 
speci al i s t .   Handl e and i nst al l  shi el di ng st eel  wi t hout  damage.   
Penet r at i ons of  t he shi el d,  ot her  t han t hose i ndi cat ed on t he dr awi ngs,  
wi l l  not  be per mi t t ed,  i ncl udi ng f ast ener s and mount i ng bol t s,  wi t hout  
pr i or  wr i t t en aut hor i zat i on f r om t he Cont r act i ng Of f i cer .

3. 3. 1   Sur f ace Pr epar at i on

Cl ean and buf f  cont act i ng sur f aces t o ensur e f i r m cont act  wi t h shi el di ng 
steel.

3. 3. 2   Cont r ol  of  War pi ng

**************************************************************************
NOTE:   St eel  pl at es exposed t o sunl i ght  and changi ng 
envi r onment al  condi t i ons i ncr ease war page and 
buckling.

**************************************************************************

Keep war pi ng of  st eel  shi el di ng pl at es dur i ng i nst al l at i on and wel di ng 
wi t hi n 1 mm i n 1 met er  1/ 8 i nch i n 10 f eet .   use embeds,  dr i ve pi ns,  and/ or  
anchor  bol t s or  t i es t o hol d pl at es i n pl ace dur i ng wel di ng.   Ot her  
t echni ques such as ski p wel di ng shal l  al so be used t o r educe war page.   The 
syst em chosen shal l  be f ul l y  coor di nat ed and appr oved by t he Cont r act i ng 
Of f i cer .   Fast ener s,  dr i ve pi ns,  and ot her  shi el d penet r at i ons shal l  be 
seal ed wi t h f ul l  penet r at i on c i r cumf er ent i al  EM wel ds.

3. 3. 3   Pl acement  of  Fl oor  Shi el d

**************************************************************************
NOTE:   The shi ngl e over l ap met hod i s one successf ul  
met hod of  f l oor  shi el d pl acement .   Desi gner s have 
t he opt i on t o sel ect  ot her  met hods.

**************************************************************************

Pl acement  of  t he f l oor  shi el d shal l  not  begi n unt i l  at  l east  14 days af t er  
t he pour i ng of  t he f l oor  s l ab and Cont r act i ng Of f i cer  appr oval  of  al l  
r equi r ed submi t t al s.   [ The pl acement  of  t he f l oor  shi el d shal l  ut i l i ze [ t he 
shi ngl e over l ap met hod]  [ _____] . ]   [ I ndi v i dual  f l oor  sheet  shal l  be 
at t ached on t he t op and one si de onl y wi t h ai r - pr essur e dr i ve t ool s t o t he 
f l oor .   Fl oor  shi el di ng sheet s shal l  be over l apped 50 mm 2 i nch at  j oi nt s,  
bent  and l ai d f l at  on t he concr et e f l oor  wi t hout  voi ds or  gaps,  and seal ed 

SECTI ON 13 49 20. 00 10  Page 45



wi t h cont i nuous EM wel ds at  al l  seams and j oi nt s. ]   The f l oor  shi el d 
i nst al l at i on shal l  s t ar t  at  t he cent er  of  t he space.

3. 3. 4   Pl acement  of  Over sl ab

Bef or e pl acement  of  t he over sl ab over  any por t i on of  t he f l oor  shi el d,  t he 
Cont r act i ng Of f i cer ' s appr oval  i s  r equi r ed.   Bot h v i sual  and SELDS t est i ng 
of  t he shi el di ng wi t hi n t he ar ea t o be cover ed shal l  be successf ul l y  
compl et ed,  any def ect s r epai r ed and r et est ed,  and f ul l  t est  r esul t s  
suppl i ed t o t he Cont r act i ng Of f i cer  pr i or  t o pl acement  of  t he over s l ab.   A 
vapor  bar r i er  shal l  be pl aced over  t he f l oor  shi el d.

3. 3. 5   Welding

The shi el di ng wor k shal l  be pr ovi ded i n accor dance wi t h t he per f or mance 
cr i t er i a speci f i ed.   Shi el di ng st eel  st r uct ur al l y  wel ded t o t he st eel  f r ame 
shal l  be wel ded i n accor dance wi t h AWS D1. 1/ D1. 1M and AWS D1. 3/ D1. 3M.   EM 
shi el di ng seams shal l  be seal ed EM- t i ght  by t he MI G met hod,  usi ng 
el ect r odes st r uct ur al l y  and el ect r i cal l y  compat i bl e wi t h t he adj acent  st eel  
sheet s.   [ Sheet  st eel  shal l  be wel ded t o suppor t  s t eel  by pl ug or  t ack 
wel di ng at  300 mm 12 i nch on cent er ,  and t hen sheet  seams shal l  be 
cont i nuousl y EM wel ded t o seal  t he encl osur e]  [ _____] .   Sl ag i ncl usi ons,  
gas pocket s,  voi ds,  or  i ncompl et e f usi on wi l l  not  be al l owed anywher e al ong 
wel ded seams.   Wel d f ai l ur es shal l  be cor r ect ed by gr i ndi ng out  such wel ds 
and r epl aci ng wi t h new wel ds.   A qual i f i ed wel der  shal l  per f or m wel di ng,  
bot h st r uct ur al  and EM seal i ng.   Wel dment s cr i t i cal  t o shi el di ng 
ef f ect i veness ar e shown on t he dr awi ngs and shal l  be per f or med i n t he 
manner  shown on t he dr awi ngs.   Wher e bot h st r uct ur al  i nt egr i t y and 
shi el di ng qual i t y  ar e r equi r ed f or  a gi ven wel dment ,  bot h cr i t er i a shal l  be 
met  s i mul t aneousl y.   Br azi ng shal l  conf or m t o t he document s di scussed 
above,  wher e pr act i cal ,  and shal l  al so conf or m t o r equi r ement  of  AWS BRH.   
St r uct ur al ,  mechani cal ,  or  el ect r i cal  syst ems penet r at i ons shal l  be seal ed 
by pr ovi di ng a cont i nuous sol i d per i met er  wel d,  or  br aze t o t he shi el d as 
speci f i ed.   Al l  shi el d j oi nt s and seams shal l  have a mi ni mum 50 mm 2 i nch 
over l ap and shal l  be seal ed wi t h a cont i nuous sol i d wel d.   Af t er  t est i ng,  
t he Cont r act i ng Of f i cer  wi l l  i nspect  and appr ove t he i nst al l at i on pr i or  t o 
cover i ng by ot her  t r ades.

3. 3. 6   Wal l  Shi el di ng At t achment

**************************************************************************
NOTE:   The wal l  at t achment  met hod out l i ned i n t hi s  
par agr aph i s one successf ul  exampl e.   Si t e- speci f i c  
met hods must  be edi t ed at  t hi s poi nt  i n t hi s 
speci f i cat i on.   Not e t hat  al l  at t achment  
penet r at i ons must  be wel ded cl osed.   Met al  wal l  
s t uds or  f ur r i ng st r i ps shoul d be of  equal  or  
gr eat er  t hi ckness ( gauge)  t han t he shi el d st eel  when 
shi el d st eel  i s  wel ded t o suppor t i ng met al .

**************************************************************************

Cont i nuous [ 1. 613]  [ _____]  mm [ 16]  [ _____]  gauge t hi ck f ur r i ng channel s 
spaced not  mor e t han 600 mm 24 i nch on cent er  shal l  be secur ed t o st eel  
wal l  s t uds by usi ng sel f - t appi ng sheet  met al  scr ews.   The st eel  sheet s 
shal l  be t ack wel ded t o t he f ur r i ng st r i ps ever y 400 mm 16 i nch on cent er  
hor i zont al l y  and 600 mm 24 i nch on cent er  ver t i cal l y .   A cont i nuous f ul l  
penet r at i on EM wel d shal l  be made t o j oi n t he sheet s and f or m t he shi el d.   
Wel ds shal l  not  f or m di mpl es or  depr essi ons causi ng f i sh mout hs at  t he edge 
of  t he sheet .

SECTI ON 13 49 20. 00 10  Page 46



3. 3. 7   For med Cl osur es

I nst al l  f or med c l osur es wher e i ndi cat ed and/ or  necessar y t o compl et el y 
c l ose al l  j oi nt s,  openi ngs,  encl osur es of  pi pe chases,  and st r uct ur al  
penet r at i ons,  col umns,  and beams.

3. 3. 8   Sequence of  I nst al l at i on

Er ect i on of  t he st eel  shal l  be sequenced t o pr event  st eel  sheet  war page.   
I nst al l  shi el di ng component s t hat  have passed i ni t i al  t est i ng ( par t  1)  
bef or e const r uct i on of  any f eat ur es t hat  woul d l i mi t  access f or  r epai r s t o 
t he shi el d.

3. 3. 9   Door  Assembl i es

Mount  door s t o per f or m as speci f i ed.   Door  f r ami ng shal l  be cont i nuousl y 
wel ded t o t he EM shi el d.   The st r uct ur al  syst em suppor t i ng t he door  f r ame 
shal l  pr ovi de pr oper  suppor t  f or  door s and f r ame.

3. 4   ENCLOSURE I NSTALLATI ON -  BOLTED CONSTRUCTI ON

**************************************************************************
NOTE:   Ei t her  wel ded or  bol t ed const r uct i on wi l l  be 
used f or  t he EM shi el di ng encl osur e.   For  wel ded 
const r uct i on see t he NOTE and par agr aphs above.

Bol t ed const r uct i on i s associ at ed wi t h a l ower  l evel  
( 50 dB)  of  mai nt ai ned shi el di ng ef f ect i veness.   
Bol t ed const r uct i on wi l l  usual l y consi st  of  modul ar  
panel s bol t ed t oget her  wi t h met al  st r i ps or  
channel s.  Panel s ar e commonl y pl ywood wi t h st eel  
sheet s l ami nat ed t o one or  bot h s i des.   Bol t ed 
const r uct i on i s used when a shi el ded f aci l i t y ' s  
ser vi ce l i f e i s  shor t ,  10 year s or  l ess,  or  t he 
syst em i s r equi r ed t o be demount abl e f or  change of  
l ocat i on.   Thi s syst em r equi r es mor e mai nt enance 
t han a wel ded syst em and r equi r es access t o t he 
panel s.   The EM shi el d l ayout  may r est r i c t  
at t enuat i on t est i ng of  t he encl osur e.   I t  i s  
desi r abl e f or  l ar ge f aci l i t i es t o pl ace t he shi el d 
at  l east  1 met er  3. 3 f eet  i nsi de t he ext er i or  wal l s,  
al t hough cost  and const r uct i on r est r i c t  t hi s 
consi der at i on.   The f l oor  shi el di ng can be t est ed by 
SELDS t est  but  not  by I EEE 299 i f  i t  i s  on gr ade.   
The f aci l i t y  l ayout  must  be car ef ul l y  pl anned t o 
al l ow f or  t est i ng and shi el d mai nt enance.

**************************************************************************

3. 4. 1   Encl osur e Panel  I nst al l at i on

I nst al l  panel s,  wi t hout  damage t o t he shi el di ng st eel ,  i n accor dance wi t h 
t he shi el di ng manuf act ur er ' s r ecommendat i ons.   Exposed sur f aces shal l  be 
c l eaned of  di r t ,  f i nger  mar ks,  and f or ei gn mat t er  r esul t i ng f r om 
manuf act ur i ng pr ocesses,  handl i ng,  and i nst al l at i on.   I nst al l  el ect r i cal  
condui t s as c l ose t o t he EM shi el d as possi bl e.   Fr ami ng- j oi ni ng syst em 
bol t s shal l  not  be used t o mount  mat er i al  and equi pment .   Mat er i al  and 
equi pment  whi ch penet r at e t he shi el ded encl osur e shal l  be seam wel ded or  
sol der ed t o bot h shi el di ng sur f aces.
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3. 4. 2   Sur f ace Pr epar at i on

Cl ean and buf f  sur f aces t o ensur e good el ect r i cal  cont act  wi t h shi el di ng 
sur f ace.   Pai nt  or  ot her  cover i ngs on mat i ng sur f aces of  speci al  boxes such 
as f or  f i r e al ar m syst ems,  buzzer s,  and si gnal  l i ght s,  i ncl udi ng ar eas 
bet ween box and cover ,  box and wal l ,  and box and condui t ,  shal l  be 
r emoved.   Remove i nsul at i ng mat er i al  t o mai nt ai n a l ow- r esi st ance gr ound 
syst em and t o ensur e f i r m mat i ng of  met al  sur f aces.

3. 4. 3   Fl oor  Panel  Set t i ng

Pl ace a pol yet hyl ene f i l m 0. 15 mm 6 mi l  t hi ck vapor  bar r i er  over  t he 
st r uct ur al  f l oor  of  t he par ent  r oom bef or e any ot her  wor k i s set  t her eon.   
Pr ovi de a 3 mm 1/ 8 i nch t hi ck l ayer  of  har dboar d over  t hi s f i l m wi t h j oi nt s 
l oosel y but t ed.   Over  t hi s l ayer  an addi t i onal  l ayer  of  s i mi l ar  f i l l er  
mat er i al  of  equal  t hi ckness as t he pr oj ect i on of  t he f r ami ng- j oi ni ng member  
f r om t he bot t om sur f ace of  t he f l oor  panel  shal l  be pr ovi ded l eavi ng no 
mor e t han 6 mm 1/ 4 i nch of  space bet ween t he har dboar d and t he 
f r ami ng- j oi ni ng member .

3. 4. 4   Fr ami ng- Joi ni ng Syst em

Ti ght en scr ews wi t h a cal i br at ed adj ust abl e t or que wr ench wi t h equal  t or que 
set  f or  each scr ew.   Pr oper  t or que val ues shal l  be i n accor dance wi t h t he 
manuf act ur er ' s r equi r ement s.

3. 4. 5   Door  Assembl i es

Mount  t he door  t o per f or m as speci f i ed.   The door  shal l  be t hr ough- bol t ed 
t o t he EM shi el d.

3. 4. 6   Fi l t er  I nst al l at i on

**************************************************************************
NOTE:   When t he f i l t er  uni t  must  be i nst al l ed i nsi de 
t he shi el ded encl osur e,  t he i nput  t er mi nal  
compar t ment  wi l l  be EM- t i ght  i nst ead of  t he l oad 
t er mi nal  compar t ment ,  and t he f i l t er s wi l l  be 
l ocat ed i n t he l oad t er mi nal  compar t ment .   Thi s 
ar r angement  i s  necessar y t o pr event  r adi at ed EM 
ener gy wi t hi n t he shi el ded encl osur e f r om i nduci ng 
EM ener gy i n t he power  conduct or s bet ween t he 
f i l t er s and t he poi nt  wher e t he conduct or s pass 
t hr ough t he shi el ded encl osur e wal l .   To pr ovi de f or  
t hi s ar r angement ,  change t he wor di ng as necessar y;  
i . e. ,  change t he wor d " l oad"  t o r ead " i nput "  and 
change t he wor ds " i nput "  t o r ead " out put "  or  " l oad, "  
as appr opr i at e.

**************************************************************************

Suppor t  f i l t er s i ndependent l y of  t he wal l  shi el di ng.   Conduct  i nspect i ons 
on f i l t er s pr ovi ded under  t hi s speci f i cat i on,  t o ver i f y compl i ance wi t h t he 
speci f i ed r equi r ement s.   Fi l t er s shal l  be shi pped af t er  successf ul  t est i ng 
and shal l  be exami ned pr i or  t o i nst al l at i on t o det er mi ne i f  damage occur r ed 
dur i ng shi pment .   Damage,  no mat t er  how sl i ght ,  wi l l  be r eason f or  
r ej ect i on of  t he f i l t er .
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3. 5   WAVEGUI DE I NSTALLATI ON

Penet r at i ons of  t he EM shi el d shal l  be t r eat ed wi t h t he appr opr i at e 
wavegui de met hod.   Wavegui des shal l  be sui t abl e f or  pi pi ng and f or  f l ui ds 
or  gases cont ai ned wi t hi n,  i n accor dance wi t h speci f i ed r equi r ement s.

3. 6   SHI ELDI NG PENETRATI ON I NSTALLATI ON

Penet r at i ons shal l  be i nst al l ed i n accor dance wi t h r equi r ement s of  t he 
penet r at i on schedul e and coor di nat ed wi t h syst em i nst al l at i on.

3. 7   FI ELD QUALI TY CONTROL

Devel op a qual i t y  cont r ol  pl an t o ensur e compl i ance wi t h cont r act  
r equi r ement s;  mai nt ai n qual i t y  cont r ol  r ecor ds f or  const r uct i on oper at i ons 
r equi r ed under  t hi s sect i on;  and submi t  t he qual i t y  cont r ol  pl an t o t he 
Cont r act i ng Of f i cer .   Fur ni sh a copy of  t est i ng r ecor ds,  as wel l  as t he 
r ecor ds of  cor r ect i ve act i ons t aken.   The i n- pr ogr ess and f i nal  accept ance 
t est i ng of  EM shi el di ng and penet r at i on pr ot ect i on syst em wor k shal l  be 
per f or med as speci f i ed.  Cor r ect  def i c i enci es at  no addi t i onal  cost  t o t he 
Gover nment .   Legi bl e copi es of  t he dai l y i nspect i on r epor t s shal l  be 
mai nt ai ned by t he shi el di ng speci al i s t  at  t he pr oj ect  s i t e,  and t he copi es 
of  t he Const r uct i on Qual i t y Cont r ol  Repor t  shal l  be del i ver ed t o t he 
Cont r act i ng Of f i cer  on t he t hi r d wor kday f ol l owi ng t he dat e of  t he r epor t .   
The dai l y i nspect i ons shal l  i ncl ude t he t ype of  wor k bei ng per f or med dur i ng 
t he r epor t  per i od and l ocat i ons,  t ype of  t est i ng,  def i c i enci es,  cor r ect i ve 
act i ons,  unsol ved pr obl ems,  and r ecommendat i ons t o assur e adequat e qual i t y  
cont r ol .   Resul t s of  i nspect i ons and t est s per f or med i n accor dance wi t h 
t hi s speci f i cat i on shal l  be at t ached t o t he dai l y Const r uct i on Qual i t y 
Cont r ol  Repor t .

3. 8   FI ELD TRAI NI NG

Pr ovi de a f i el d t r ai ni ng cour se f or  desi gnat ed oper at i ng and mai nt enance 
st af f  member s.   Tr ai ni ng shal l  be pr ovi ded f or  a t ot al  per i od of  [ 8]  
[ _____]  hour s of  nor mal  wor ki ng t i me and shal l  s t ar t  af t er  t he syst em i s 
f unct i onal l y compl et e but  pr i or  t o t he f i nal  accept ance t est .   Fi el d 
t r ai ni ng shal l  cover  al l  t he i t ems cont ai ned i n t he Oper at i ng and 
Mai nt enance Manual s.

3. 9   SHI ELDI NG QUALI TY CONTROL

The Cont r act or ' s  or gani zat i onal  s t r uct ur e f or  shi el di ng qual i t y  cont r ol  
shal l  be i nt egr at ed i nt o t he j obsi t e management .   Test i ng shal l  be 
per f or med by [ an i ndependent  t est i ng f i r m]  [ t he shi el di ng i nst al l er ] .

3. 9. 1   HEMP Har dness Cr i t i cal  I t em Schedul e

Har dness cr i t i cal  i t ems shal l  be i dent i f i ed dur i ng t he det ai l  dr awi ng 
submi t t al  per i od.   These i t ems ar e t hose component s and/ or  const r uct i on 
f eat ur es whi ch s i ngul ar l y and col l ect i vel y pr ovi de speci f i ed l evel s of  HEMP 
pr ot ect i on,  such as t he EM shi el d,  sur ge ar r est er s,  EM shi el ded door s,  
shi el d wel di ng,  el ect r i cal  f i l t er s,  honeycomb wavegui des,  and 
waveguides-below-cutoff.

3. 9. 1. 1   Per f or mance Test  Pl an

Submi t  a per f or mance t est  pl an f or  Cont r act i ng Of f i cer  appr oval .   Test i ng 
shal l  be accompl i shed i n t hr ee par t s:   ( 1)  i n- pr ogr ess;  ( 2)  i ni t i al  
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shi el ded encl osur e ef f ect i veness;  and ( 3)  f i nal  accept ance,  shi el d 
encl osur e ef f ect i veness.   I ncl ude i n t he t est  pl an equi pment  l i s t i ngs 
( i ncl udi ng cal i br at i on dat es and ant enna f act or s)  and t he pr oposed t est  
r epor t  f or mat .   The pl an shal l  al so i ncl ude speci f i c  t est  dat es and 
dur at i ons dur i ng t he over al l  const r uct i on per i od so t hat  t he Cont r act i ng 
Of f i cer  may be schedul ed t o obser ve t he t est i ng and so t hat  r epai r s may be 
made t o t he shi el d and r et est s conduct ed.   Thi s separ at e t est i ng schedul e 
f or  t he EM encl osur e shal l  show t he poi nt s,  dur i ng const r uct i on,  when i t  
begi ns and ends as wel l  as a day- by- day t est  schedul e.   The t est  pl an shal l  
i ndi cat e pr oposed dat es and dur at i on of  l owest  and hi ghest  f r equency t est s 
so t hat  t he Cont r act i ng Of f i cer  may be avai l abl e f or  t hese f i nal  accept ance 
t est s.   A t est  gr i d shal l  be i dent i f i ed and t he pl an f or  cor r el at i on of  
t hat  gr i d t o t he st r uct ur e shal l  be pr ovi ded.

3. 9. 1. 2   Test  Repor t s

**************************************************************************
NOTE:   Speci f i cat i ons and/ or  qual i t y  assur ance t est  
r esul t s of  t hi s par agr aph may be c l assi f i ed f or  some 
pr oj ect s.   Pr ovi de appr opr i at e i nst r uct i ons when 
t hi s occur s.

**************************************************************************

Test  r epor t s shal l  i ncl ude t he met hod of  t est i ng,  equi pment  used,  
per sonnel ,  l ocat i on of  t est s,  and t est  r esul t s.   Dai l y r epor t s of  r esul t s 
of  each t est  per f or med on each por t i on of  t he shi el di ng syst em shal l  be 
submi t t ed t o t he Cont r act i ng Of f i cer  wi t hi n 3 wor k i ng days of  t he t est .  
Locat i on of  t he ar ea t est ed shal l  be c l ear l y i dent i f i ed.   Leaks det ect ed 
dur i ng t est i ng shal l  be i dent i f i ed wi t h suf f i c i ent  accur acy t o per mi t  
r el ocat i on f or  t est i ng i n accor dance wi t h t est  pr ocedur es.   Repor t s of  
t est i ng shal l  be submi t t ed t o t he Cont r act i ng Of f i cer  wi t h r equi r ed 
cer t i f i cat i on by t he t est i ng agency r epr esent at i ve or  consul t ant .   Thr ee 
r epor t s ( i n- pr ogr ess t est  r epor t ,  i ni t i al  t est  r epor t ,  and f i nal  accept ance 
t est  r epor t )  shal l  be submi t t ed i n accor dance wi t h t he f or mat  descr i bed 
below.

Cover  Page:
A cover  page i s r equi r ed.

Admi ni st r at i ve Dat a:
Test  per sonnel .
Cont r act  number .
Dat e of  t est .

Aut hent i cat i on.   Cont r act or  per sonnel  r esponsi bl e f or  per f or mance 
of  t he t est s and wi t nessi ng or gani zat i on or  r epr esent at i ves.

Contents:
Shi el ded f aci l i t y  descr i pt i on.
Nomencl at ur e of  measur ement  equi pment .

Ser i al  number s of  measur ement  equi pment .   Dat e of  l ast  cal i br at i on of  
measur ement  equi pment .   Type of  t est  per f or med.   Measur ed l evel  of  
r ef er ence measur ement s and ambi ent  l evel  at  each f r equency and t est  poi nt .   
Measur ed l evel  of  at t enuat i on i n deci bel s at  each f r equency and t est  poi nt .  
Dynami c r ange at  each t est  f r equency and t est  poi nt .   Test  f r equenci es.  
Locat i on on t he shi el ded encl osur e of  each t est  poi nt .   Act ual  at t enuat i on 
l evel  at  each t est  poi nt .
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Concl usi ons:   Thi s sect i on shal l  i ncl ude r esul t s of  t he t est s i n 
br i ef  nar r at i ve f or m.

Number  of  Copi es of  t he Repor t :
[ Thr ee]  [ _____]  copi es.

3. 9. 2   Fi el d Test i ng

**************************************************************************
NOTE:   I f  a f aci l i t y  i s  r equi r ed t o f ul l y  compl y 
wi t h MI L- STD- 188- 125 by t he Joi nt  Chi ef s of  St af f ,  a 
mi l i t ar y depar t ment  headquar t er s,  or  a maj or  
command,  coor di nat e wi t h t he usi ng or gani zat i on t o 
est abl i sh t est  r equi r ement s.   Qual i t y assur ance and 
t he t est i ng r equi r ed by appendi x A of  t hat  st andar d 
shoul d be per f or med.   However ,  t he usi ng 
or gani zat i on may i nsi st  on f ul l  t est i ng i n 
accor dance wi t h appendi x B as wel l .   I n t hat  case,  
advi se t he user  t hat ,  based on l i mi t ed t est i ng t o 
dat e,  no exi st i ng EM f i l t er / ESA devi ces have 
sur vi ved t he E- 2 and E- 3 wavef or ms.   I ncl ude 
appr opr i at e cost  and schedul i ng consi der at i ons i f  
appendi x B t est i ng i s r equi r ed.   I f  MI L- STD- 188- 125 
i s not  a r equi r ement ,  avoi d i t s  r ef er ence.

**************************************************************************

Submi t  r epor t s of  cer t i f i ed t est  r esul t s and r esul t s of  al l  f i el d and 
f act or y t est s as speci f i ed and as r equi r ed by t he Cont r act i ng Of f i cer .   
Test i ng shal l  be accompl i shed i n t he t hr ee par t s descr i bed bel ow.

3. 9. 2. 1   Test i ng -  Par t  1

Per f or m Par t  1 as i n- pr ogr ess t est i ng i ncl udi ng i nspect i on,  v i sual  seam 
i nspect i on,  and seam t est i ng of  al l  EM shi el di ng mat er i al s and 
i nst al l at i on.   [ I n- pr ogr ess t est i ng of  wel ded shi el di ng shal l  i ncl ude 
t est i ng t he st r uct ur al  wel ds t o be embedded pr i or  t o concr et e pl acement  by 
dye penet r ant  and magnet i c par t i c l e t est i ng and 100 per cent  t est i ng of  
wal l ,  cei l i ng,  and f l oor  shi el di ng wel ds by t he SELDS t est s. ]  [ I n- pr ogr ess 
t est i ng of  bol t ed const r uct i on shal l  i ncl ude 100 per cent  t est i ng of  f l oor ,  
wal l ,  and cei l i ng shi el di ng seams by t he SELDS t est i ng. ]   Af t er  successf ul  
compl et i on of  i n- pr ogr ess t est i ng,  i ncl udi ng def ect  r epai r s and r et est ,  and 
wi t h pr i or  appr oval  of  t he Cont r act i ng Of f i cer ,  pl acement  of  embedment s 
cover i ng may be made t o compl et e t he st r uct ur al  syst ems.   Submi t  an 
i n- pr ogr ess t est  r epor t .

3. 9. 2. 2   Test i ng -  Par t  2

Par t  2 i ni t i al  t est i ng shal l  consi st  of  i nspect i on,  v i sual  seam i nspect i on,  
seam t est i ng,  and shi el ded encl osur e ef f ect i veness t est i ng af t er  shi el di ng 
and shi el di ng penet r at i ons ar e compl et ed,  but  bef or e t he i nst al l at i on of  
f i ni sh mat er i al s  over  t he shi el di ng.   Access t o penet r at i ons i s r equi r ed.   
Al l  [ seams]  [ wel ds] ,  i ncl udi ng shi el di ng and penet r at i ons not  t est ed i n 
par t  1,  shal l  be SELDS t est ed.   The i ni t i al  shi el ded encl osur e 
ef f ect i veness accept ance t est  shal l  consi st  of  a MIL-STD-188-125-1  t est  
ut i l i z i ng speci f i ed t est  f r equenci es f or  magnet i c and pl ane wave.   Test i ng 
shal l  be conduct ed i n accor dance wi t h t he par agr aph EM Shi el di ng 
Ef f ect i veness Test i ng.   These t est s shal l  be per f or med wi t h t he number  of  
shi el d penet r at i ons l i mi t ed t o t hose r equi r ed t o suppor t  t he t est .   Af t er  
successf ul  compl et i on of  Par t  2 i ni t i al  t est i ng,  i ncl udi ng def ect  r epai r s 
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and r et est ,  and wi t h pr i or  appr oval  of  t he Cont r act i ng Of f i cer ,  pl acement  
of  any cover i ng may be made except  i n ar eas wher e penet r at i ons ar e 
l ocat ed.   Submi t  an i ni t i al  t est  r epor t .

3. 9. 2. 3   Test i ng -  Par t  3

Per f or m Par t  3 f i nal  accept ance t est i ng consi st i ng of  a v i sual  i nspect i on 
and a shi el ded encl osur e ef f ect i veness t est  of  t he EM shi el di ng mat er i al s 
and i nst al l at i on.   Al l  [ seams]  [ wel ds] ,  i ncl udi ng shi el di ng and 
penet r at i ons not  t est ed i n par t s 1 and 2,  shal l  be SELDS t est ed.   Par t  3 
t est i ng shal l  be per f or med upon compl et i on of  const r uct i on and when t he 
bui l di ng i s r eady f or  occupancy.   Faci l i t i es r equi r i ng HEMP pr ot ect i on 
shal l  be t est ed f or  shi el di ng ef f ect i veness i n accor dance wi t h accept ance 
t est  pr ocedur es i n MIL-STD-188-125-1 .   Not i f y t he Cont r act i ng Of f i cer  i n 
wr i t i ng 14 days pr i or  t o t est s t o per mi t  adequat e moni t or i ng by aut hor i zed 
r epr esent at i ves.   Cor r ect i ve wor k shal l  be accompl i shed i mmedi at el y upon 
det ect i on t hat  any ar ea has f ai l ed t o meet  t he r equi r ement s speci f i ed.   
Ret est i ng shal l  be per f or med t o ver i f y t hat  r emedi al  wor k done t o meet  t he 
r equi r ed at t enuat i on has been pr oper l y i nst al l ed.   Submi t  a f i nal  
accept ance t est  r epor t .

3. 9. 3   Wel d I nspect i on

**************************************************************************
NOTE:   Addi t i onal  wel di ng t est s may be speci f i ed,  
such as ul t r asoni c or  r adi ogr aphi c t est s,  but  t hese 
t est s ar e cost l y .

**************************************************************************

The wel d seams shal l  be v i sual l y i nspect ed by a qual i f i ed wel der  dur i ng t he 
wel di ng oper at i on and af t er  wel di ng i s compl et ed.   Compl et ed wel ds shal l  be 
i nspect ed af t er  t he wel ds have been t hor oughl y c l eaned by hand or  power  
wi r e- br ush.   Wel ds shal l  be i nspect ed wi t h magni f i er s under  br i ght  l i ght  
f or  sur f ace cr acki ng,  por osi t y,  s l ag i ncl usi on,  excessi ve r oughness,  
unf i l l ed cr at er s,  gas pocket s,  under cut s,  over l aps,  s i ze,  and i nsuf f i c i ent  
t hr oat  and concavi t y.   Def ect i ve wel ds shal l  be gr ound out  and r epl aced 
wi t h sound wel ds.

3. 9. 4   Shi el ded Encl osur e Leak Det ect i on Syst em ( SELDS)  Test i ng

**************************************************************************
NOTE:   SELDS t est i ng t he wel ds i n t he f l oor  
shi el di ng i s usual l y per f or med on t he i nt er i or  onl y 
because i t  i s  not  possi bl e t o " sni f f "  on bot h s i des 
( assumi ng t he shi el d i s on t he gr ound l evel ) .   Dye 
penet r ant  may al so be used t o t est  t he wel ds wher e 
SELDS t est i ng i s  not  possi bl e.   The SELDS can be 
obt ai ned commer ci al l y  f r om t he f ol l owi ng:   1.   
Car nel  Labs Cor por at i on 21434 Osbor ne St r eet  Canoga 
Par k,  CA 91304 Tel ephone:   ( 818)  882- 3977  2.   
Raypr oof  Shi el di ng Syst ems Cor por at i on 50 Keel er  
Avenue Nor wal k,  CT 06854 Tel ephone:   ( 203)  838- 4555  
3.   Ret l i f  Cor por at i on 795 Mar coni  Avenue 
Ronkonkoma,  NY 11779 Tel ephone:   ( 516)  737- 1500

**************************************************************************

The l eak det ect i on syst em shal l  use a 95-  t o 105- kHz osci l l at or  and a 
bat t er y oper at ed hand- hel d r ecei ver .   The r ecei ver  or  " sni f f er "  shal l  have 
a f er r i t e l oop pr obe capabl e of  sensi ng l eaks wi t hi n 6 mm 1/ 4 i nch of  t he 

SECTI ON 13 49 20. 00 10  Page 52



pr obe l ocat i on wi t h a dynami c r ange of  140 dB.   Test i ng shal l  be conduct ed 
i n accor dance wi t h t est  equi pment  manuf act ur er ' s i nst r uct i ons.   Test  l oops 
or  l eads shal l  be pl aced under  t he shi el d f l oor  or  i nt o i naccessi bl e 
l ocat i ons pr i or  t o i nst al l at i on t o assi st  i n t he det ect i on of  seam l eaks i n 
t he f l oor ,  cei l i ng and wal l s.   The l oop or  l ead wi r es shal l  be pl aced 
bet ween t he vapor  bar r i er  and t he st r uct ur al  s l ab f or  t he f l oor  shi el d wi t h 
t he l eads br ought  t o an accessi bl e l ocat i on.   The t est  l eads shal l  be 
i nsul at ed st r anded copper  conduct or s 2 t o 2. 5 mm 5/ 64 t o 3/ 32 i nch di amet er  
and bonded t o t he shi el d onl y at  t he end.   Test  l eads shal l  be pl aced i n 
pl ast i c condui t  f or  pr ot ect i on and shal l  not  exceed 45 m 150 f t  i n l engt h.   
The sur f ace ar ea of  t he shi el d wi l l  det er mi ne t he number  of  t est  l eads 
( dr i ve poi nt s)  t hat  ar e r equi r ed.   Dr i ve poi nt s shal l  be i nst al l ed on t he 
shi el di ng ext er i or  and at t ached t o t wo set s of  di agonal l y opposi ng cor ner s 
dur i ng const r uct i on.   The di st ance bet ween t est  l ead connect i ons on a 
shi el d sur f ace shal l  not  be mor e t han 20 m 66 f t .   The maxi mum t est i ng ar ea 
shal l  be 400 sm 4300 sf .   I f  t he shi el d ar ea exceeds t hi s r equi r ement ,  
addi t i onal  dr i ve poi nt s shal l  be pr ovi ded.   Bondi ng of  t he t est  l eads t o 
t he shi el d i s accompl i shed by br azi ng or  hi gh- t emper at ur e sol der i ng.   Test  
l eads f r om t he dr i ve poi nt s shal l  be r un t o a l ockabl e t est  cabi net  f or  
connect i on t o t he SELDS osci l l at or .   I f  mor e t han one t est  cabi net  i s  
r equi r ed f or  a gi ven ar ea or  bui l di ng,  t est  l eads t hat  woul d be common t o 
di f f er ent  sur f ace ar eas shal l  be dupl i cat ed at  each t est  cabi net  t o ensur e 
t hat  t est  poi nt  par i ngs ar e mai nt ai ned.   Recor d t he l ocat i on of  t he 
per manent  t est  l eads and shal l  pr ovi de t hi s i nf or mat i on t o t he Cont r act i ng 
Of f i cer  f or  per manent  r ef er ence.   Wel ds and seams shal l  be 100 per cent  
t est ed.   Seams shal l  be cont i nuousl y pr obed wi t h t he t est  r ecei ver  set  t o 
det ect  abr upt  changes of  shi el di ng l evel  gr eat er  t han 10 dB on t he 
shi el di ng uni t  scal e.   Poi nt s havi ng a change gr eat er  t han 10 dB shal l  be 
c l ear l y mar ked and shal l  have t he wel d r epai r ed t o meet  t he speci f i ed 
r equi r ement .   Each r epai r ed poi nt  shal l  be r et est ed unt i l  t her e ar e no 
poi nt s on seams whi ch f ai l  t he t est .

3. 9. 5   EM Shi el di ng Ef f ect i veness Test i ng

Ser vi ces of  an EM shi el di ng t est i ng speci al i s t ,  appr oved by t he Cont r act i ng 
Of f i cer ,  shal l  be f ur ni shed t o t est  t he shi el ded encl osur e.   The l abor at or y 
shal l  be equi pped and st af f ed t o per f or m f i el d t est s of  EM shi el ded 
encl osur es and shal l  per f or m t hese t est s as a nor mal  ser vi ce.   Test  
equi pment  used shal l  have been cal i br at ed wi t hi n t he l ast  12 mont hs.

3. 9. 5. 1   Test  Pr ocedur e

Test  pr ocedur e and equi pment  shal l  be s i mi l ar  t o t hat  speci f i ed i n 
MIL-STD-188-125-1 .   Test  f r equenci es ar e speci f i ed her ei n.   Test  poi nt s 
shal l  be as i ndi cat ed i n Tabl e I .   Cor ner  poi nt s of  t he gr i d shal l  occur  at  
t he i nt er sect i on of  t hr ee pl anes ( t wo- wal l  sur f aces and cei l i ng or  t wo wal l  
sur f aces and f l oor ) .   Measur ement  dat a at  al l  t est  poi nt s shal l  be 
r ecor ded,  and a gr i d map f or  each sur f ace t est ed shal l  be pr ovi ded.   For  
any t est  poi nt  wher e r equi r ed at t enuat i on i s not  pr ovi ded,  cor r ect  t he 
di scr epancy and r et est .   Bot h t he r esul t s of  t he t est  f ai l ur e and t he 
successf ul  r esul t s shal l  be pr ovi ded.   Encl osur e ef f ect i veness t est  f or  
magnet i c at t enuat i on shal l  be per f or med wi t h t he ant ennas l ocat ed di r ect l y 
opposi t e each ot her  and separ at ed by a di st ance of  600 mm 2 f t  pl us t he 
wal l  t hi ckness.   Pl ane wave at t enuat i on t est s shal l  be per f or med wi t h t he 
ant ennas l ocat ed di r ect l y opposi t e each ot her  and wi t h t he t r ansmi t t i ng 
ant enna pl aced 300 mm 1 f t  away f r om t he encl osur e wal l  and wi t h t he 
r ecei v i ng ant enna set  300 mm 1 f t  f r om t he wal l  f or  st at i onar y measur ement s 
and 50 t o 600 mm 2 i nch t o 2 f t  f r om t he wal l  f or  swept  measur ement s.   The 
magnet i c f i el d t est  and t he pl ane wave t est  shal l  be per f or med usi ng t he 

SECTI ON 13 49 20. 00 10  Page 53



f ol l owi ng sequence.   The cal i br at i ons shal l  be per f or med at  t he begi nni ng 
of  each t est  day.   Then t he t est  ar ea shal l  be set  up f or  t he 100 t o 400 
MHz st at i onar y measur ement  i n on t o t he t wo r equi r ed pol ar i zat i ons.   Wi t h 
t he t r ansmi t t er  of f  check t he r ecei ver  sensi t i v i t y .   Ener gi ze t he 
t r ansmi t t er ,  and r ecor d t he f i xed measur ement  dat a.   Remove t he r ecei v i ng 
ant enna f r om t he t est  st and and per f or m t he swept  measur ement  at  t he same 
f r equency and t r ansmi t t i ng ant enna pol ar i zat i on.   Rot at e t he t r ansmi t t i ng 
ant enna,  and per f or m t he second 100 t o 400 MHz st at i onar y measur ement .   
Per f or m t he swept  measur ement  f or  t he second t r ansmi t t i ng ant enna 
pol ar i zat i on.   Reconf i gur e t he equi pment  f or  t he 900 t o 1000 MHz t est  
f r equency,  and r epeat  t he ser i es of  f our  measur ement s.   To per f or m t he 
swept  measur ement ,  r emove t he r ecei v i ng ant enna f r om t he t est  st and and 
hol d wi t h a di el ect r i c  r od at  l east  300 mm 12 i nch i n l engt h.   A di el ect r i c  
spacer  shal l  be at t ached t o t he sweepi ng ant enna t o assi st  i n mai nt ai ni ng 
t he 50 mm 2 i nch di st ance f r om t he shi el d.   A r api d sweep t o l ocat e hot  
spot s shal l  be made by r ot at i ng t he pol ar i zat i on and wavi ng t he ant enna 
t hr ough t he speci f i ed vol ume.   The f i nal  act i v i t y of  each t est  day shal l  be 
t o r epeat  t he cal i br at i ons and ver i f y t he consi st ency wi t h t he pr evi ous 
cal i br at i on r esul t s.   Test  pr ocedur es shal l  i ncl ude a def i ni t i on of  al l  
t est  poi nt s i ncl udi ng but  not  l i mi t ed t o wal l s,  door  f r ames,  accessi bl e 
j oi nt s,  and ar ound f i l t er s and penet r at i ons.   Each EM door  shal l  be t est ed 
at  t he l ocat i ons i ndi cat ed i n Tabl e I .

TABLE I  -  SHI ELDI NG EFFECTI VENESS TEST POI NTS

Test i ng Locat i on Test  Poi nt s Spaci ng

Joi nt s bet ween st eel  panel s f or  r oof ,  
wal l s,  and f l oor s

Test  ever y 3 m 10 f eet
( Not e 1;  mi ni mum of  one t est  poi nt  per  
side)

Cor ner  seams f or  wal l s t o f l oor ,  wal l s t o 
r oof ,  and wal l  t o wal l

Test  ever y 3 m 10 f eet
( Not e 1;  mi ni mum of  one t est  poi nt  per  
cor ner  seam)

Cor ner s ( i nt er sect i on of  t hr ee sur f aces) Test  at  al l  cor ner s i n Shi el d

Si ngl e door s Test  at  each cor ner ;  at  mi dpoi nt  of  each 
si de l onger  t han 1. 5 m 5 f eet ;  and at  
center

Doubl e door s Test  each separ at el y at  same t est  poi nt  
as s i ngl e door s

WBC vent s and panel s Test  i n cent er  ( on axi s)  f or  al l  s i zes 
( i ncl udi ng si ngl e) ;  at  al l  f our  cor ner s 
i f  300 by 300 mm 12 by 12 i nches or  
l ar ger ;  and at  t he mi dpoi nt  of  each si de 
l onger  t han 1. 5 m 5 f eet

At  t r eat ed penet r at i ons of  shi el d ( and 
ent r y panel  and backshi el d)

Test  as c l ose t o " an- axi s"  as possi bl e,  
or  or i ent  f or  maxi mum si gnal
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TABLE I  -  SHI ELDI NG EFFECTI VENESS TEST POI NTS

Test i ng Locat i on Test  Poi nt s Spaci ng

Al l  ot her  shi el d j oi nt s,  seams,  or  cor ner s Sweep al l  sur f aces at  one f r equency i n 
t he r ange of  400 MHz t o 1 GHz.   Test  
ever y 3 m 10 f eet  max.  pl ane wave

Doors Door  handl es

EM f i l t er  encl osur es Test  at  each seam cor ner  and mi dpoi nt  of  
each si de l onger  t han 1. 5 m 5 f eet  at  
center

EM cabi net s and encl osur es Test  at  each seam cor ner  and each si de 
1. 5 m 5 f eet  on cent er

NOTE 1.   Each poi nt  shal l  be swept  i n space 600 mm 2 f eet  ar ound t he poi nt .

3. 9. 5. 2   Test  Poi nt s

Addi t i onal  t est  poi nt s shal l  be measur ed i n accor dance wi t h 
MIL-STD-188-125-1  f or  f aci l i t i es r equi r i ng HEMP pr ot ect i on.   Test  poi nt s 
i ncl ude t he per i pher y of  door s and cover s,  handl es,  l at ches,  power  f i l t er  
penet r at i ons,  ai r  vent  f i l t er s,  communi cat i ons l i ne f i l t er  penet r at i ons,  
and poi nt s of  penet r at i on by pi pes,  t ubes,  and bol t s.

3. 9. 5. 3   Test  Met hodol ogy

Ant ennas shal l  be or i ent ed f or  maxi mum si gnal  pi ckup.   Each t est  poi nt  
shal l  be pr obed f or  ar ea of  maxi mum l eakage,  such as ar ound door  f r ames,  
accessi bl e j oi nt s,  f i l t er s,  pi pes,  and ai r  duct s.   Magni t ude and l ocat i on 
of  maxi mum si gnal  l evel s emanat i ng f r om t he encl osur e shal l  be det er mi ned 
f or  each accessi bl e wal l  at  a mi ni mum of  t wo l ocat i ons on each wal l ,  ar ound 
door s,  and at  penet r at i ons and seams of  t he encl osur e.   Measur ement  of  
at t enuat i on shal l  be accompl i shed i n accor dance wi t h Tabl e I .

3. 9. 5. 4   Test  Fr equenci es

**************************************************************************
NOTE:   Test  f r equenci es wi l l  be i n accor dance wi t h 
MI L- STD- 188- 125 when appl i cabl e.

**************************************************************************

Test i ng f r equenci es f or  shi el ded encl osur es shal l  be as f ol l ows:

Magnet i c f i el d [ 14 kHz, ]  [ 400 kHz, ]  and [ 10. 1 MHz]  [ _____]

El ect r i c f i el d [ 200 kHz]  and [ 16 MHz]  [ _____]

Pl ane wave [ 100 MHz] ,  [ 415 MHz] ,  and [ 1. 29]  [ 18]  [ _____]  [ GHz]

MIL-STD-188-125-1  f r equenci es ar e as f ol l ows:
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Magnetic [_____]

Pl ane wave [_____]

3. 9. 6   Wel d Test i ng

St r uct ur al  wel ds t o be embedded shal l  be t est ed i n accor dance wi t h 
AWS D1. 1/ D1. 1M usi ng magnet i c par t i c l e i nspect i on or  dye penet r ant  
i nspect i on and 100 per cent  of  t he shi el di ng seams by t he SELDS t est i ng 
pr i or  t o embedment .

3. 10   GROUNDING

**************************************************************************
NOTE:   Gr oundi ng met hod wi l l  be i n accor dance wi t h 
MI L- STD- 188- 124.   An equi pot ent i al  gr ound pl ane i s  
r ecommended f or  shi el ded f aci l i t i es.

**************************************************************************

The cont r act  dr awi ngs i ndi cat e t he ext ent  and gener al  ar r angement  of  t he 
shi el ded encl osur e gr oundi ng syst em.   The gr oundi ng met hods shal l  be an 
equi pot ent i al  gr oundi ng pl ane met hod i n accor dance wi t h UL 1283, NFPA 70, 
NFPA 77, NFPA 780, I EEE 142, MIL-STD-188-124 ,  and MIL-HDBK-419 .   For  
addi t i onal  f aci l i t y  gr oundi ng r equi r ement s,  see Sect i on 26 20 00 I NTERI OR 
DI STRI BUTI ON SYSTEM.

        - -  End of  Sect i on - -
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