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) - Electromagnetic Compatibility (EMC)
- Electromagnetic Interference (EMI)

h
B

)5 iy g Cublagy asliling

11V gy /) o)lasd /A sla


http://jhsw.tums.ac.ir/article-1-5806-fa.html

Ih 2018

Downloaded from jhsw.tums.ac.ir at 14:18 IRST on Wednesday Octo

)15 ey g Cublagy asllnd

1BV )y /1 oyladd /A sl

alys guablcag)is)l slapw WBlas iiasil y $)Esw Jolge W56 w)p

@105 Pl g By 3l Galojl 090 (b (oSl (325 yrgea N S

Sde S gl el S 4 aY Saia
oy sl Jes osesl 5l e BB ol
N sl ol ek cpay ol eolaiul ouSsl
) &9l Jee slp aids AN 5 #7 FF LYY
AN s 28518 se5T 050 Syl
A g oSl bele 65 18 by oo
(Wy! SONICA Jaw) Suigulysl sl 4o
B39 sk bolie (ol sl dj g oou 4 &5
595 e o 1, S35l el Sl 5 selxils
g bWl oy Suae plee a4 all andls
gy 90 2 Swl S5 oble ab s s o
(V7)) 65 adn, S5 bl » Y S
plxl L2 sla gy 0 &5 (35, Bl
L 5 (YO LYY Y 9) wad asle og oad
S b (UM ,0) @ldgh L by Sae o
30 5500 AY SO gle e aily Dol o
ol Sy jm a5 7 e e VIO x YO ol
Widg JS5 oSt Sl3gl 1Y S doys Can

aS o eoliiwl gl Y 50w (5 105 8L (6l 5 1-N-2-4 o5 Jlo sl - 0
R{PSTCRVNECONN TP S SO SN VN C I UV N POV o
Dgy oo oolaiwl adds Vo LY

VIO bl b g sl iz 31 IS gr e sl B 5l asdllas ol o - 7
A oolaiuwl yie gle ¥ oglas,l 5 YO x

Y S sblas i 3 e s o L8 Dladllas a8 pl g LY
o) s dal s g 09y IS5 Sl , 35 5l g o yd i (55l AT (g a0
A ool @l 39l Jlade lsie 4y Si9 o yo 5l 5 asdllas oyl o

ole 5 cwle ey anld (owjle oS,
5 bl Gl jlae Glge o oLl <l
Oy See Ll et pav ol a5
EI-401 <EI-403 <EI-411D sla ob « 559:‘
abgs e 5l 5o s of e 4 828-RS 4 EI-'410
i B ol ol 5l a8 @35 18 lesl 500
Sly colie yile olsie & EI-403 oS!
Sl Gagh cpl jo LB 055 Gl g Sl
S Sl a3y peas (V) ojlods IS8 s 8
ol 1y @l ol 5 oy 5l e bl 05
LADY <
LMW by Sae olwl g casllas ol o
s 05,5 90 W(pyBgdS) Pl o wldgl
Jols Jgl 09,5 al ags eebloeg xSl
LYl gl Soe L4V ¢ S sl
52 5 S0 lo e Jold pgo 09,5 5 akds )
(aads £7) agp bWl by oo Loy
p9o 5 Jsl 095 loyw (bl Gl p oy
slanl 4 ¥V o5 ) soue Wgdoy (yoges aslal L
SSw 508 Sl eyl 613K slaas

Sl glej Bro S o9, Sagaeils 8590 SlzS g s =¥
Jere plsie & iged 3 Dl 4595 5 oaalie pue 5 g o) Sl s
b as s ks s plel plsy ol ln ead a3


http://jhsw.tums.ac.ir/article-1-5806-fa.html

Downloaded from jhsw.tums.ac.ir at 14:18 IRST on Wednesday October 17th 2018

b axily

iy LS oy Sde ot AT

sle plias Sl nsy Gosl dee @b
Oley o asllae pl o colaiul 0,90 (pj, a5
ol g b > adds £7 5 VY OV oo
O3l cwlie @js 9 iy Sox 1) 09>
O azde A by Goe bojo Ll ogal Laes>
Slles 5l Jol> Y (2o )5 (6551 sl S
5 Sy Ao 4 Gpenh bslde o Sogul sl
Sy90 balde o i Cel a5 o, ol gl Al
b sle Oy @ae plee 50 9, cnl el
oley G Slas (ards £2 4 YY Ne) 5
Gl af g ooy 4 e a5 (aids £F) LY
LS ploy Sae plgie 4 00 S5 (oSl ol

T S =
aids ) LM floy S

oanlive (V) o)les loges jo a5 jsb Lo
5 YOIFO i 4095 (pl )0 a¥ss slo s
I-N2- olo s 4 3laie a5 Conl asy0 F1/44
o dae Vo 5 # Calis L 1-N4-N6 o N4
I e S PO
i 3l yie e £ oCwls o a5 gl 465 4
55 aS oy YAAY aY g sloyen obla
O loged) 09 i bl Y ST e isu ]
5 05,5 Gy ple 250 @S ow)
p2 g 4Y SO Gl Sl S w0y 5 cnl o

AUBgh) 1339 —3)lg (5HA0 GAe ~SHhes (S3ain sanl —oiled (e

ol asle e Lo Fe T Y Gl Cwlrs o
O S5 LA Sl aYed sl s al> e o
K sy 2w S gla s fgalold
WY S gla s &5 pl @ axg b o 4y
Wad aBle e o P ¥V Cwlrs aw o
PL N-6 gN-2¢ N-4 slous b i i 4 (ol sy
iz e gl Vs slo e W S IS
oS b wad ags aY 5 sl i
S wags S 635 ol N-4-6 o N-2-4¢ N-2-6
e I R N e R CUL RS
ST D3l 5y ways e (sl (Sas
e VY gsame 5o adlllae ol o aivg S
g Y I e £) eebliieg iSU iblis
Zloel 55 rals jlade .aial ags (Y90 pew
5 Bl s 1 Glsie 4 g ol 5 5,50l
S5 o0 Ol b (oS e 5 (B Djse &
i Sl (6,8 o3lail ¢ gt cpl o (YA-YY)
S ey b Ve 5 5 ol blis
) el el oad l) L5 aalllas o
S Jdes oKlws l solatul L aS O jge pas
(5 0] Agilent <5 5 E8362B  Jow) 4
yai Seig S g Slple o8 hagh )0 S92 9e
5 x5 sl (SassTy sla el )b lawl ¢ Gl
bl s 5 L3 doles 5l eolitl b ure
VYD sl b g o), wil o b 0,00 (gl s
proge ol Gaeles Wb 4 a5 5,5 A
aaseie (Y YY) () dolee) od acule col
b adllas o 4Y S lay 35l Ll

(VD) el o ]| Bt g

Pi 1
SE(+dB) = 10log 5~ — SEy, = <1 - <T>) X100 ())
1010

A -Without Air Space
4 - Shielding Effectiveness (SE)

h
<

)5 iy g Cublagy asliling

11V gy /) o)lasd /A sla


http://jhsw.tums.ac.ir/article-1-5806-fa.html

Downloaded from jhsw.tums.ac.ir at 14:18 IRST on Wednesday October 17th 2018

)
<

)5 sl § Cublagy asliliosd

1RV )ley /1 a)ledds /A o

algs guablBesgys)) slapw (Iblas ¢iisayl 3 $)Eslw Jsloc WG W)y

> 100
YW
o A 0%"’ & 90 ¥
3 o AV 80 W
R £ o 70
& v o X » Q -
© v\? w0 b?;l/ wo 60 .7?
50 i
40
30 .
o
0
0 7,
SR O N RN R R 3
VAN VAN NSNS N

d.x.JUa.o 6)5.4 Lng)u.a.:

05 (galiany w3l 55 aslllne 3550 4 Y90 § ST (5L ypuw (BLa> (Ll 1 (1 Silao ) jlog0d

Sy 4 S ugene g dxgi JU LalS
o il aslae ) gaoge ol el onl Y ST
OleSy Cualies o a¥ss 5 U lo e bl
28 Sl 65 0005 (o0 (phg) S e ¢
$loyw Sbli> (a5l ¢ e (e 7o calis
Forleo £ ggezme j0 a5 2-N2-N4 ) 4¥ 4o
izl 5l 5 WS ae e YAAY (o) cwlbs
o () Jloged) wil o BBl &Y 5 e
Sl Al Lol plas e ol mls oex
WY S la e o bl i ST e Sle
el a8l oS Y g sl o LI o8l
2 sl eSiln Dl wialind il L
g+ YPITF iy w095 pl Y SO sle
Glp Ol cpl a5 Jl o 00g s yo + B/FF
Qo , =YIVY o =FIVY iy a4 aY g0 sl ,en

iblis sl LS Gloj e il gl
(V) o)lods Jlogas o 4iS a5 job lan

09,5 95y lp 1) bl iswil (WSSl

Sl g9890 (nl G 23w nl o a8l i
09,5 pl AV¥es oy 0 Cwlko e oS
Bl Dldi )3 (pwgaie g atuie MBS
Cales oli8l b aST > ol aslas b yew oyl
LY SO ey jo cisu ST Sl O s
039 do,d T VA g+ YY/AA i w05 opl
O Y 90 b glp ol plas Jb o

B W AL B FARRSW Y

Oloj e b Yoo 5 T (slojes (il ol
4adsy £ L)/
oaalicn (V) o,leds loges ;o a5 job len
bl ci3u il g oS g (RS e 09d (o
9 FEIYY o A 09,5 opl 0 aVes slryw
§2-N2-N4 slo ;s 4y 3laie a5 Cowl o0 OF/Y
Al oo Sy e Vo g P Cwles L 2-N4-N6
3095 (nl Sl (bli> (Li5u Sl anlis
S > 5§ G Salid 37y Lol ol
S e ol jo bl Jise Sl 4Yes

it ol 5 il 51 ol sskine o Cuto eodle anllas ol o )¢
rebliag Sl (gl s GBlis il 20l 1 ol jshiie &
il e


http://jhsw.tums.ac.ir/article-1-5806-fa.html

Downloaded from jhsw.tums.ac.ir at 14:18 IRST on Wednesday October 17th 2018

Plp oy cbla> gly Lola jili8l o)l

250596l (sl ps 3l oolaiul b g Il slagiys
Cadgazme @8 sl e Gl (nl yo el aldl a4y,
99 o s Sl AY SO ebliseg 2SI slo s sl
Al o adllas (pl 0008 eoolatul Y wx b
comeoliiag iUl Y50 s o5 Cles yass b
o luls wile g bl sloyeSt (S
» DS Gloy Gae 5 g b a0 e
D8 o o0 A¥gs Gl p SBla> i )
pll Oldllas ols lis iy jain oy 0 S
bogo eblieg iSUl Glo s ogas )3 oud
S Shaad 5l aY ST gl b anglie jo Y aix
steline Sladllas ¢ e ol jo .l S8 65 5 65
JSoaesT @lydgb 5 (wSel 5l colaxwl L as
il ol asby Y az Lo e agd @
G oSyl jlas (L8 olllas 5 g jo ol
[ey,S SBLIN &350 5l dboges solatwl s olgie
dessS (FF) S 05,8 (F)) sy ppbliie 31,8
(FOSLES pailind 5 o5 apm| (Mpsailis
A Olye 4 alie sla ks ple 5 (F0) )5 SUI
sle Covgase 51 (S el ol iaing 00 )5 ool

Sgr axfllas (] J0 09> 50

AUBgh) 1339 —3)lg (5HA0 GAe ~SHhes (S3ain sanl —oiled (e

Golus Wil o oads ale s 490 5 ST glo s
Sae Gl b asllas ol jo a0 o lis WSOl
s 5o ibli 5 1 Silie LY
L aS )9k @ il aal8l aY 90 5 ST sloyns
Y S o WS by sow il
QY jlase a5 Culbrs iy 4y oidu Sl .Sk
Sade 4 Y 90 sl ;0 g 2,0 VYY) 5 4/FD
Joged) S8l ol 38l as s YY/YY 5 VP/FY LYY/ Q
Cel bW oy o moliél pl egdle ()
bl 2l 8 e Gl polie ials
a8 cplaazg L.V Jaaz) ol aY g0 slo e
Sl sloasla 5l (S jlae Sl Lol ole
ax ool Sl Hob 4y w2 o lis a5 cll
sedlS ol plo wiyls alols hawgie Hlade 5l lade
ol 4y brools ols lad ¢jlaxe Byl polas
ol 4l zalS o ] SaSly g eas 1S0oy
Sl Cawsd @ 55 Y ST 6l s 3,90 0 aidly oy
ab alyl L3 Sla S o ol i o mbs as
a2 oo Hlis (V) o,leds Jloges pl o ogdle (YY)
il il g LS ey Soe Gl
Ll ool |8 cll> 4 Cad Y90 5 ST sl
)5 oS 50 (slo s s ke ol o0 U

Lol Y S5 sl s

(0035 9 i (o3 > 32) (Sl (Getoliany Wil 5 aalllno 35530 4 95 (5l s (BLa> iy 51 (1 ilso ) Jgor

(w2yd) (23 il (ke (b o) e Syl (b o0 (25031 (ks 4Ygo o b
FYIYO VIYY \Ai4 1-N2-N4
FO/F0 VYY Y/5Y 1-N2-N6
£1/a4 “IAY \fAxe 1-N4-N6
FRIVE Vs FIVY 2-N2-N4
FYI-Y - IvY FIY 2-N2-N6
INAR -[§5 YIE. 2-N4-N6

i)
>

)5 iag) g Cublagy asliling

11V gy /) o)lasd /A sla


http://jhsw.tums.ac.ir/article-1-5806-fa.html

Downloaded from jhsw.tums.ac.ir at 14:18 IRST on Wednesday October 17th 2018

h
0

)5 sl § Cublagy asliliosd

1RV )ley /1 a)ledds /A o

algs guablBesgys)) slapw (Iblas ¢iisayl 3 $)Eslw Jsloc WG W)y

o Sl ol Sllug all Ccoge Calys
Joaz g Hloge) 005 L8 clb @ cand by
S oS gl a¥es slo e jo (b nl L Ll ()
ol o2 0 aids £ b ol e sl g
WY S oslop 5l 5 S bl pi5 ]
Oy addllas oS cl J> o pl 0 Jbls
oley S Ll as ol sl Baw g
STy Sae el Pl o alydgl LM
sl polis Gl 5 Gl o b ]
5 oad bl Slides lulpd jo &5 (S)se
50 Sy Logad )0 Azl (nl ol ey
Gl A¥es Ko Oyl @ el s 4 Y
Sblis iz il gl pls e bl 4
Slllas o cuwl S8 LLL woe 5 oS
o pegas ;3 & (Aagh o (LS alis
Sl il LMl Gl Goe 56
35500 (S el ol g o cdl wlsl a¥go
) og asdlas cpl 0 09250 sld Coogae
5l eam ol Jlia! ade 8L gl aslsl o
20,5 oolaiwl Wy pidu il pendlSe (5,055
3l ggeme jI 5 (GBli> a5l e
oo Sl Ghals 4 e ool Lyl b o aulys
zoe Slote sl Wl jo (FYael sble
@ 95,9 abaxd jo 5 be golaa 5l jseel
elael (Kiwaul S Llom Oig) (59,0
z9e 3l o O] A )0 45 05 (0 azlse
GAJ‘SJM)“UT)‘MBOMWTQJB

s sibe a¥es S asdlae cpl e
Oleesd  eebling 2SI Y 5 ol
st pdy ad g o ol Sbli> a5 Sl
ooy e elal ) aY g3 pew 098 g0
Gy sido Sl anlie Lo 5 ags (LS
aS pl boole olis 09,5 90 2,0 AVes 4 SO
Y Sl 4 cad Y g0 la
i Bl Wog ey n 65 e Sulbrs
5 eS exS pir o oa b o] bl
alio )5 g3o9e (nl op 4Y S lo g
Sy boaYes Gl sbl> o255l
e AP G Ol Celbs o Y SO
s GBli> (i pl a5 Gl 45 40,5 (o
@ p90 5 Jsl 098 )0 e e 7 aVgs sla
Cawls 5l 5 oS as,0 VWAL g YVIOA 5 )5
Jogei)aisg Y 5 cloys o 093 bl
Sl Lyls o aes e olis el ol )
Sebe b yew il a¥gs  adllas (nl )5 S92 90
Gbli> il el carge WSWb g 058
ALdS sl iogh 5l golawi gwy ol b e
195« (Voo V) o, g o8 Slllas alos
(Vo) oKed g plpde ¢ (VoY) 0,50
ol phles 5 90 5 (V210) glilSen 5 Gl
pol> adlas ;0 04350 sl adl M 5 ol
b Yo b (L3 sla taghy Sl golass js
asl, Gl s sbles Jise il de O3
YA-Y2 LY Vel
ool oyl dalllae ol o Koo args bl asSs
Cge 4B FF 4 LS| ey D isldl as
S5 sl Bl 251 Sla Gl
Gode polie gals u> w2005 Ve o
LYE ploy e Lighl ols 5lis Lae Gl il


http://jhsw.tums.ac.ir/article-1-5806-fa.html

Downloaded from jhsw.tums.ac.ir at 14:18 IRST on Wednesday October 17th 2018

I SoaSdl lawe ol sdlen wud 518
a g, ol sl s als adel Jlake < /YPA 4
S5 G B (nl )0 398 Bee w00 LS
sialS 4 e ol yo 4 sog ol culks
RO I WA P T PR |
ol plis asllae (pl mls oz oo
3 P Jolse 5l (Soa¥es Gl Culis
ol 039 o o] sbla>  _asu Sl ol s
ol b as ol 4s8 @ clla by s sz 5
i Bl Sl aml e pew pl o Cwls
oedlS o 0 YITF e g iuliEl as o YUY
oley Lpgs 09,5 aV¥oo la w0 cils
5 atie LiE Cwlbks (aids £ LS
68 a4 cull b Jisw il o Gl caals
oSl do e ol 0 Cls ulEl LoaS sl
Gy 0 Ko Oyl 4 8l ralS i
Sloged) Lol g bl Jisw Sl oeansS
pll Sldllas olass (ggi50 S5 Jdo a4 ()
OY SO e 4 S Y 50 CueSgl
Slllae ole ol jo il (oo 5 oS Sl
WSsy gadge pl 4 aS wl cdl Sl alis
e o a8 i Olllae 51 S 0 aiil
Sgs odds plxl 4¥gs oy Sblas> Lis
G Ve gl o Gud AY cwlrs
b ol Bl i1 55 s Jole lyie
Y Yoare 4Y g0 glo W3l o .l ooy ol
aY olye bpgs Y 5 ek Y plsie b !

V¥ - Matching Layer

AUBgh) 1339 —3)lg (5HA0 GAe ~SHhes (S3ain sanl —oiled (e

a0z b 5l ey Iame s 3,lg g 03,8
23 Ol ey oo GRim Som s
5 Sl s oo cwilogel (Siwsnls il
9998 (o0 515 Wi Joe cnl g 090 (o0 JU
ol esay ol 4 (FF) wisl o slasl wpauis
398 ag jl e Cuslius ST oS e Jlse
6 only o Jlsie gl elSail il 5 oS
g8 1, S blis casu il )k ©)ee
9o 6L&b).~w 99 Sy &° )Ja.» L (fYJ)MQ °
V3085 Gee il dallae pl 0 Sgmge aY
ool o o] sbla> _isu il pall Coge

Ol yo a8 cul w5l Selbs 394 Bes Lol
Lojis b - IWPA b o 4 (S st lace
YO FY) Wb oo prals 093 adgl Jlade %YV
g oblas Lidu il gebs a0 (FY
bl isu il 4 azg b eplplo (FF) oy
Sode adllas (pl j0 Sgzge aVgo Ly
sl LolSal oll b oanusles g oo Y SO
dslio 005 Y S gryw L alie o b
a) 2-N2-N4 a¥ g0, bl i)l
Ry G a5 Y g0 gl e canles lgie
e 4 aY 0 e, Gl ol piSu )l
50 b lineg Sl o obla> _isu 51 L (0]
O Gl s g AAPA L ol aS 3585 Bos
J992) wled (oo (phy,y G Sl G | Eg2se
Gy a5 285 axmd Glg e nlple O
adllas 350 il (nl jo 4T Guiz e Y90

) -Skin Depth
- By - 1 _
' _SE(+dB) =20log E 20log 0368 8.683

124
°

)5 iy g Cublagy asliling

11V gy /) o)lasd /A sla


http://jhsw.tums.ac.ir/article-1-5806-fa.html

Downloaded from jhsw.tums.ac.ir at 14:18 IRST on Wednesday October 17th 2018

>4

)5 sl § Cublagy asliliosd

1RV )ley /1 a)ledds /A o

algs guablBesgys)) slapw (Iblas ¢iisayl 3 $)Eslw Jsloc WG W)y

S5 Ao

5 gl s blis i anglie b
> ol lis asdllas (pl 0 3990 4V g0 g a0
Vs gl s bili> ey 31 e Ly i i
saY S5 gloyp (JBli> sl 5 G
4 Sl Sad 5 25 i pelS s asly s
30 (du Sl Sgugs 9o LIS (e Do iol38l
Ol oo Ll wo S 4 5 S5 laps g9 90 2
35 05 s (slo e (Hlis ikl oSl
o WS ley Do ]38l g 09 Y ST glo s
Oley D Al iz o Al (i el el
b yons ol o el Lt 4¥50 (gl pps yo LS
cdly ials oblas s il calis il L
Sy ) ooliia] aslllas ol 45 Sy oo S &
Gl & e 4Yes lo s a0 iz o2
GRlS s 5o 5 st slo ulSal 5 395 50
ol Y90 sy o sbla> Jisu Sl LT i
coanl la magh 0 00,8 e olgiion il
bl il de egas 0 Slllhs Lo

DS Oy iz w0 4Y90 slo s

S10yad g S
dlo, 5l obs 5l 43,5, ol iag
Rl sl a3y Ziblagy (gwige 095 50 (60
S 5l alewg poy il (oo pde S o
ok sl @ il o olStylel sl
o iR g (mpde o oS (Al (WSl andl
i 21y Lo a5 Glad el Sig 2SIl g Sl
6)‘}5 u*’l-‘-“’ Jl-of (S ga d)l-). S Q-.’.‘ Oy

Al oo Jas

Slallas o (Yo-1F)ogd 0 00y pb T3>
Jol Y o eolawl 050 Cwls )], SKen 5 o
2 5 NS Jelge Oy 4 (Gl 4Y)
b I Y g sl il blis i
Gl asu il polie iSlas LT aadlas o
YN YN YR Gl Cwlbes o cud a4V g0
(Yl Cawd 4 e Lo YIY 4

b S5l gl G &S b ples
Jole Cald piie (p9d 095 4¥sd (o p
s opl o sblis s il cailS aas
L 3988 goe a5 pl @ azgi b 0g by 3l
0 ol ombliie o pdidsh slaytal )l
oSe dbaly e (S bls; g S
Ol oo olple (FA) (F 5 ¥V S¥oles) o)ls
G 5o Cwlrs ll a5 CdF A
60 Sl ¢ pwnbline 6 pdden polie aVeo
by 2l 5o 1) Sl Qb 5 Sl
S9di Bee Gl Bl corge ol jo o5 ols als
oads e cpl jo bl i Sl asas
LFALFE YY) el

a=o 5 {1+ (i)z]% 1y ™
5=- ™)

cwia Foacpoe w o 8 bxul o

2 60 (oueblite 2303485 il u

@bl « G p 3l)18) o iSUl (g0 el ¢ (e

o2 sl agly oy (e o 3) S0 S
Ak (oo B9 e g

V¢ - Absorber Layer


http://jhsw.tums.ac.ir/article-1-5806-fa.html

Downloaded from jhsw.tums.ac.ir at 14:18 IRST on Wednesday October 17th 2018

REFERENCES
Dehghani A, Ranjbarian M, Mohammadi A,
Soleimanzade M, Ahangar Ad. Radiation Safety
Awareness Amongst Staff And Patients In The
Hos-pitals. International Journal Of Occupational
Hygiene. 2014;6(3):114-9.
Hazrati S, Sadeghi H, Amani M, Alizadeh B,
Fakhimi H, Rahimzadeh S. Assessment Of Gamma
Dose Rate In Indoor Environments In Selected
Districts Of Ardabil Province, Northwestern Iran.
International Journal Of Occupational Hygiene.
2010;2(1):42-5.
Majidi F, Abedi K, Pirsaraei SRA. Occupational
Exposure to Infrared Radiation in Aluminum and
Cast-Iron Foundries in Zanjan, Iran. International
Journal of Occupational Hygiene 2011;3(1):33-7.
MADIJIDI F. Application of a Model to Evaluate
Infrared Exposure Limits in Aluminum Foundries
Based on Threshold Temperature in the Range
of 770-1400 nm. International Journal of
Occupational Hygiene 2015. 2015;7(1):17-21.
Golmohammadi R, Ebrahimi H, Fallahi M,
Soltanzadeh A, Mousavi SS. An investigation of
Extremely Low Frequency (ELF) Electromagnetic
field emitted by common Laptops. Journal of
Health and Safety at Work. 2014;4(1):11-20.
Zaroushani V, Khavanin A, Jonidi Jafari A,
Mortazavi SB. A New Microwave Shield
Preparation for Super High Frequency Range:
Occupational Approach to Radiation Protection.
Journal of Research in Health Sciences.
2016;4(16):206-11.
zaroushani v, Khavanin A, Mortazavi S, Jonidi
Jafari A, Moeini M, Javadzadeh M. The Role of
a New Electromagnetic Shielding in Reducing
the Microwave Radiation (A Case Study for the
X-Band Frequencies). Iran Occupational Health
Journal.12(5):90-9 [Persian].
Zaroushani. V, Khavanin. A, Jafari. AJ, Mortazavi.

SB, Khajenasiri. F. Investigation of factors

AUBgh) 1339 —3)lg (5HA0 GAe ~SHhes (S3ain sanl —oiled (e

10.

11.

12.

13.

14.

15.

17

influencing the efficacy of electromagnetic

shielding in X band frequency rang. Journal of

Health and Safety at Work  2017;6(4).

Qiu G, Wang Q, Nie M. Polypyrrole-Fe304

Magnetic Nanocomposite Prepared by Ultrasonic

Irradiation.  Macromolecular ~ Materials  and

Engineering. 2006;291(1):68-74.

Qing Y, Zhou W, Luo F, Zhu D. Epoxy-silicone

filled with multi-walled carbon nanotubes and

carbonyl iron particles as a microwave absorber.

Carbon. 2010;48(14):4074-80.

Qing Y, Min D, Zhou Y, Luo F, Zhou W. Graphene

nanosheet- and flake carbonyl iron particle-filled

epoxy-silicone composites as thin-thickness and
wide-bandwidth microwave absorber. CARBON.
2015;86:98-107.

Sunny V, Kurian P, Mohanan P, Joy PA,

Anantharaman MR. A flexible microwave absorber

based on nickel ferrite nanocomposite. Journal of

Alloys and Compounds. 2010;489(1):297-303.

Bayat M, Yang H, Ko FK, Michelson D, Mei

A.  Electromagnetic interference  shielding

effectiveness of  hybrid multifunctional

Fe304/carbon nanofiber composite. Polymer.

2014;55(3):936-43.

Aphesteguy JC, Damiani A, DiGiovanni D, Jacobo

SE. Microwave-absorbing characteristics of epoxy

resin composites containing nanoparticles of

NiZn- and NiCuZn-ferrites. Physica B: Condensed

Matter. 2009;404(18):2713-6.

Lee C-C, Cheng Y-Y, Chang HY, Dong-Hwang C.

Synthesis and electromagnetic wave absorption

property of Ni—Ag alloy nanoparticles. Journal of

Alloys and Compounds. 2009(480):674-80.

.Shen G, Xu M, Xu Z. Double-layer microwave
absorber based on ferrite and short carbon fiber
composites. Materials Chemistry and Physics.
2007;105:268-72.

. Qiao M, Zhang C, Jia H. Synthesis and absorbing

| g bl (lod [
9 Cuwlags as =

)5 A

1RV lgy /) oylaids /A sla


http://jhsw.tums.ac.ir/article-1-5806-fa.html

Downloaded from jhsw.tums.ac.ir at 14:18 IRST on Wednesday October 17th 2018

| g Cublagy aslilins %

)5 A

1RV )ley /1 a)ledds /A o

19.

20.

21.

22.

23.

24.

25.

algs guablBesgys)) slapw (Iblas ¢iisayl 3 $)Eslw Jsloc WG W)y

mechanism of two-layer microwave absorbers
containing flocs-like nano-BaZn1.5C00.5Fe16027
and carbonyl
Physics. 2012;135:604-9.

. Meshram MR, Agrawal NK, Sinha B, Misra PS.

iron. Materials Chemistry and

Characterization of M-type barium hexagonal
ferrite-based wide band microwave absorber.
Journal of Magnetism and Magnetic Materials.
2004;271:207-14.

Das S, Nayak GC, Sahu SK, Routray PC, Roy AK,
Baskey H. Microwave absorption properties of
double-layer composites using CoZn/NiZn/MnZn-
ferrite and titanium dioxide. Journal of Magnetism
and Magnetic Materials. 2015;377:111-6.

Hou C, Li T, Zhao T, Zhang W, Cheng Y.
Electromagnetic wave absorbing properties of
carbon nanotubes doped rare metal/pure carbon
nanotubes double-layer

Materials and Design. 2011(10):1016-22.

polymer composites.
Liu Y, Liu X, Wang X. Double-layer microwave
absorber based on CoFe204 ferrite and carbonyl
iron composites. Journal of Alloys and Compounds.
2014;584:249-53.

Meng W, Yuping D, Shunhua L, Xiaogang L,
Zhijiang J. Absorption properties of carbonyl-iron/
carbon black double-layer microwave absorbers.
Journal of Magnetism and Magnetic Materials.
2009;321(20): 3442-6.

Zaroushani V, Khavanin A, Mortazavi SB,
Jnonidi Jafari A. Improvement of electromagnetic
shielding effectiveness for radar frequencies
using dispersion factor. Iran Occupational Health
Journal. 2016;13(1):1-10.

Zaroushani V, Khavanin A, Mortazavi SB,
Jonidi Jafari A. Efficacy of Net Epoxy Resin for
Electromagnetic Shielding in X-Band Frequency
Range. Health Scope. 2016;5(3):1-7.
Zaroushani V, Khavanin A, Jonidi Jafari A,
Mortazavi SB, Khajenasiri F. Investigation of
factors influencing the efficacy of electromagnetic

shielding in X band frequency range. Journal of

26.

27.

28.

29

30.

31.

32.

33.

34.

. Wang Y,

Health and Safety at Work. 2016;6(4):1-16.
Billmeyer FW. Textbook of Polymer Science.
second ed: John Wiley and Sons; 1971.

Khastgira NC, Dasa D, Chakia TK, Chakrabortyb
A.  Electromagnetic interference  shielding
effectiveness of carbon black and carbon fibre
filled EVA and NR based composites. Composites:
Part A 2000; 31:1069-81.

Hemming LH. shielding theory. In: Shaw L,
editor. Architectural Electromagnetic Shielding
Handbook-A Design and Specification Guide-. New
York: The Institute of Electrical and Electronics
Engineers(IEEE); 1992. p. 13-34.

Jing X.

Intrinsically conducting

polymers for electromagnetic  interference
shielding. Polymers for Advanced Technologies.
2005;16(4):344-51.

Bonaldi RR, Siores E, Shah T. Characterization of
electromagnetic shielding fabrics obtained from
carbon nanotube composite coatings. Synthetic
Metals. 2014;187:1- 8.

Wu J, Ye Z, Ge H, Chen J, Liu W, Liu Z. Modified
carbon fiber/magnetic graphene/epoxy composites
with effect for

synergistic electromagnetic

interference shielding over broad frequency
band. Journal of colloid and interface science.
2017;506:217-26.

Jani RK, Patra MK, Saini L, Shukla A, Singh CP,
Vadera SR. Tuning of Microwave Absorption
Properties and Electromagnetic Interference (EMI)
Shielding Effectiveness of Nanosize Conducting
Black-Silicone Rubber Composites over 8-18 GHz.
Progress in Electromagnetics Research M. 2017;58.
Wang Y, Luo F, Zhou W, Zhu D. Dielectric and
electromagnetic wave absorbing properties of TiC/
epoxy composites in the GHz range. Ceramics
International. 2014;40(7, Part B):10749-54.

Das S, Sahu S, Oraon R, Routray P, Baskey H,
Nayak G. Reduced-graphene-oxide-and-strontium-
titanate-based double-layered composite: an

efficient microwave-absorbing material. Bulletin


http://jhsw.tums.ac.ir/article-1-5806-fa.html

Downloaded from jhsw.tums.ac.ir at 14:18 IRST on Wednesday October 17th 2018

35.

36.

37.

38.

39.

40.

of Materials Science. 2017;40(2):301-6.

Zhang J, Xiao P, Zhou W, Hong W, Luo H.
Preparation and microwave absorbing properties
of carbon fibers/epoxy composites with grid
structure. Journal of Materials Science: Materials
in Electronics. 2015;26(2):651-8.

Shen G, Xu M, Xu Z. Double-layer microwave
absorber based on ferrite and short carbon fiber
composites. Materials Chemistry and Physics.
2007;105(2a€3):268-72.

Qiao M, Zhang C, Jia H. Synthesis and absorbing
mechanism of two-layer microwave absorbers
containing flocs-like nano-BaZn1.5C00.5Fe16027
and carbonyl iron. Materials Chemistry and
Physics. 2012;135(24€“3):604-9.

Meshram MR, Agrawal NK, Sinha B, Misra PS.
Characterization of M-type barium hexagonal
ferrite-based wide band microwave absorber.
Journal of Magnetism and Magnetic Materials.
2004;271(23):207-14.

Chung DDL.
shielding effectiveness of carbon materials.
Carbon. 2001;39(2): 279-85.

Electromagnetic  interference

Huo J, Wang L, Yu H. Polymeric nanocomposites
for electromagnetic wave absorption. Journal of
materials science. 2009;44(15):3917-27.

AUBgh) 1339 —3)lg (5HA0 GAe ~SHhes (S3ain sanl —oiled (e

41.

42.

43.

44.

45.
46.

47.

48.

Geetha S, Satheesh Kumar K, Rao CRK, Vijayan
M, Trivedi D. EMI shielding: Methods and
materials—A review. Journal of applied polymer
science. 2009;112(4):2073-86.

Zhang CS, Ni QQ, Fu SY, Kurashiki K.
Electromagnetic interference shielding effect
of nanocomposites with carbon nanotube and
shape memory polymer. Composites Science and
Technology. 2007;67(14):2973-80.

Al-Saleh MH, Sundararaj U. Electromagnetic
interference shielding mechanisms of CNT/
polymer composites. CARBON. 2009;47:1738-46.
Cheldavi A. Design and manufacture of
electromagnetic shielding. Tehran: Iran University
of Sciences and Technology [persian]; 2013.
Carver GW. Electromagnetic Wave Propagation.
Al-Saleh MH, Sundararaj U. X-band EMI shielding
mechanisms and shielding effectiveness of high
structure carbon black/polypropylene composites.
Journal Of Physics D: Applied Physics. 2013;46:1-7.
Bellucci S, Micciulla F. Nanostructured Polimer
Coatings for Electronic Circuit Protection. Rivista
Italiana di Compositi e Nanotecnolgie. 2012;7(1).
Mohammadi S. electromagnetic wave propagation.
Electromagnetic-2. Tehran: Payam noor university;
2011[Persian]. p. 47-106.

19 Cuiblagy aslbos = &
9 Cuwixgd -

)5 A

1RV lgy /) oylaids /A sla


http://jhsw.tums.ac.ir/article-1-5806-fa.html

Downloaded from jhsw.tums.ac.ir at 14:18 IRST on Wednesday October 17th 2018

Journal of Health and Safety at Work Vol. 8; No. 1; Spring 2018

Investigation on the effect of structural factors on shielding

effectiveness in double-layer electromagnetic shields
Ali Khavanin', Ahmad Jonidi Jafari*’, Ali Safari Variani’, Vida Zaroushani>®*

! Associate Professor, Department of Occupational Health Engineering, School of Medical Sciences, Tarbiat Modares University,
Tehran, Iran

2 Professor, Department of Environmental Health Engineering, School of Public Health, Iran University of Medical Sciences,
Tehran, Iran

3 Research Center for Environmental Health Technology, Iran University of Medical Sciences, Tehran, Iran

* Associate Professor, Department of Occupational Health Engineering, Faculty of Health, Qazvin University of Medical Sciences,
Qazvin, Iran

3 Assistant Professor, Department of Occupational Health Engineering, Faculty of Health, Qazvin University of Medical Sciences,
Qazvin, Iran

¢ Social Determinants of Health Research Center, Qazvin University of Medical Sciences, Qazvin, Iran

Abstract

Introduction: Nowadays, demand for protection against radar radiation using electromagnetic shielding is on
the rise. Double-layer or multilayer shielding were devised in order to improve the single layer electromagnetic
shielding properties. In this study, we tried to prepare a new double-layers electromagnetic shield and
investigate the effect of structural factors such as thickness, similarity in layers and mixing time on the shielding
effectiveness for double-layers shields.

Material and Method: This study used the Resin Epoxy EI-403 and Nickel Oxide nanoparticles to prepare
single layer shields by casting method (with two different mixing time: 10 and 66 min) in 2, 4 and 6 mm
thicknesses and 7 wt% Nickel oxide nanoparticles. Then, in order to prepare double-layers shields, single-layer
shields were placed on each other without air space. Scattering parameters were measured by a Vector Network
Analyzer (V.N.A) and shielding effectiveness were calculated in X-band radar frequency range.

Result: The highest and the lowest averages of shielding effectiveness in single layer shields were 84.14% and
46.05%, respectively. These values were 66.34% and 41.99 %, in double layers electromagnetic shields. The
averages of shielding effectiveness values in the double-layers shields (with 10 min in mixing time) in 6, 8 and
10 mm in thickness were 41.99%, 45.45% and 43.25%, respectively. These values in 66 min in mixing time,
increased to 54.30%, 62.07% and 66.34%, respectively.

Conclusion: In this study, the shielding effectiveness in double-layers were less than single layer electromagnetic
shields. Although the increase in mixing time improved the shielding effectiveness of both single and double
layer shields, it could not increase the shielding effectiveness in double layer shields in comparison with single
layer. Also, the increase in mixing time in double-layer shields showed that shielding effectiveness decreased
with increasing thickness in these shields. Also, it was seen that using a similar single-layer shield in the
structural of a double-layer shield led to an increase in skin depth and multi reflections .It finally reduced the
shielding efficiency in double layer. It is suggested that in the future, other studies be conduct to improve the
shielding effectiveness in these electromagnetic shields.

Key words: Single Layer Electromagnetic Shield, Double Layer Electromagnetic Shield, Radar Radiation,
Shielding Effectiveness
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