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ABSTRACT

A Study on Electromagnetic Interference Shielding

Effectiveness of Composites with Conductive Filler

Kim Ki-Yeoul
Advisor : Prof. Han, Gil-Young, Ph. D
Major in Technology and Home-Economics Education

Graduate School of Education, Chosun University

The unwanted electromagnetic waves generated from information electronic
equipments can influence human body and other nearby appliances and the
malfunction of the affected appliances may bring damages about human life and
property. There is also the alleged possibility that over exposure to such waves
can produce deleterious effects or disorders to human body.

Metal is considered to be the most effective material for electromagnetic
shielding, but it is expensive and heavy. On the other hand, the use of polymer
for housing the electronic device is popular due to its light weight, flexibility and
less cost to make. Nowadays, housing of most electronic appliances is in plastics
for the advantages of not only high production, light weight and design freedom,
but also being natural insulator and reflection and/or absorbing EMI free.

The objective of this thesis is to investigate the influence of material
composition and design on to the electromagnetic interference shielding
characteristics. Several fiber reinforced composite specimens consisting of coarse
copper meshes, fine copper meshes, aluminum films, glass fibers, carbon fibers,
nickel plated carbon fiber were manufactured to perform the electromagnetic

interference shielding experiments.



The goal of this thesis is to investigate into the influence of material composition
and design on electromagnetic interference shielding characteristics. In order to
soak the specimen in electromagnetic fields, flanged coaxial transmission line
sample holder was fabricated according to ASTM D 4935-89. Electromagnetic
shielding efficiency (EMSE) was measured to quantitatively examine the
electromagnetic shielding characteristics of designed specimens. The EMSE was
measured in the frequency range of 300 ~ 1,500 MHz.

The results of electromagnetic interference shielding experiments showed that
maximum EMSE values of specimens with NiCF were 35 ~ 37 dB at frequency of
450 and 900 and 1300 Mhz. But it results of electromagnetic interference shielding
experiments showed that maximum EMSE values of specimens with NiCF were 17
~ 25 dB at frequency of 600 and 1100 and 1500 Mhz. The NiCF would
electromagnetic interference shielding better if it had more Carbon Fiber in Ni.
We fabricated carbon fiber reinforced composites filled with nano carbon black
where they bonded aluminum film and conductive fabric. It is observed that the SE
of the bonded aluminum film and conductive fabric composites is the frequency
dependent, increase with the increase in filler nano carbon black content. The
aluminum film bonded composites showed higher SE compared to that of carbon
black and conductive fabric. The aluminum film bonded epoxy composite was shown
to exhibit up to 80dB of SE. The result that aluminum film bonded composite can be
used for the purpose of EMI shielding as well as for some microwave applications.
The results of electromagnetic interference shielding experiments showed that
maximum EMSE values of specimens with coarse and fine copper meshes were 60
dB at a frequency of 600 MHz and 70 dB at a frequency of 1,500 MHz,
respectively. The maximum EMSE value of sandwich type specimen, which
consists of both two skin sheet with stainless fibers and core with glass fibers,
was 80 dB at a frequency of 1,500 MHz. From these results, it was noted that the
sandwich type specimen consisting of skin sheets with stainless fibers and core
with glass fibers has an excellent electromagnetic interference shielding

characteristics in a high frequency range of electromagnetic wave.
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Fig. 6 Schematic description of reflection and transmission of electromagnetic

wave

Fig 6 oA widlz4%8 vd2= dEE= dxge] Jatst, whatal, Fapake] A

=S 7217 E,, Ei, Ergl 3 A AA A 1EALA 4= (Reflection coefficient, S)¢F 3} A 4
(Transmission coefficient, T)+ 72} ths 21(2.11) 2 2(2.12)=2 Foxlt}

_ ER _ Z2 - Z1
S - E - Z2+Z1 (211)

AZNA, Z,3% Z,= 27 vl v d28] du ' 2ol AAMANA HAApute] whAL
7 dojuA &7 e v dld w29 i Tt Fofok sHal(S=0), ol ¥ g X
1S 4992 A3 (Impedance matching)e] 2t gt} YA AHFro] o] Fo] xS v
YAt B wjd22 F3Ea 2w FaAgE T=1o] "t F3d AAv=
g o] EA SAFHE, &9 sF)ol o3 Fig. 7oA ¢f 2ol dFdold wet
I A7 AEH o7 Atk Axve] 7] Av)E AHAAF (R FAEHE, o=
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Al
=5 (2.13)
-1 €

A%, FREY HFREADL ALSES Ase el o8 7

Fig. 7 Attenuation of electromagnetic wave in a lossy media

BE 0 ~ 10 dB A# a7 Ao glvka g s 10 ~ 30 dBS HAdw=e A
A&7 30 ~ 60 dBL H# A A&, 60 ~ 90 dBLS Hirol, 90 dBolde] =
Aads 24D 717G AR A Ad Ao vledl od Asades oy

g Faum YA S8S flEiAe 40 dBeld, EAMA &S SlElA = 80 dBol

.

wep A agol 10 dBY ANt A At 4719 10 %l g A5t

7F FoE A2 AASAAE wg- veiek 20 whde] 100 dBY AS-olE YA
Azrgke] A717F 1/10°02 Haso] FiEE A¢a wfje S5 AHideS Bt
g gl
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AAoA 26 SAY o dxa dALdo=RE X3 A5k Agldd ot
AADAHAE F Y92 72T 5 Avh AAg Ao =RE 23 A 5THA 9
A} AAFae]l AN ¥ d/A7F 127K Y & 7459+ far—field shielding©]
g Aolsta, w2 1278t 22 7 $-oi= near—field shielding ©]#tx2 A 2] 3gtc}.
far-field 92 49 AxgzatdlE FHI(plane wave) °|2S 7|22 34 dAH
th Wb near-field ¥ AF W7l A A(electric dipole)¢t A7 AFAH
(magnetic dipole)e] 7]ol& ¥ 3}olok 8 noise sourced] €% HE| To] 1w ¥
of gt}

AAps 24 54 o= 27 AAR7E AEA RS FHete] o= dAAue] Al
715 A4 A= A3 SAYH, RF (Radio frequency) &2 #4715 o] &3}
of Zt Fub el dAF dApste] gy PR el AR 54 dydas A
ato] AAp7]vh A &S

e
H 'é‘
Au| A gt A7 9 AAEES] AARFYH A< ZdXVljJr AAaes F4E

10 ins

Test Holder

N,

Load Reference
0 0
Frequency © O O Measurement
generator of noise
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Frequency l- l l Measurement
generator of noise

specimen’

Fig. 8 Experimental set-up electromagnetic compatibility test system

2 ATl e Ay S8UHOE ASTM D4935-89 4l W& HAxta A#AasE

S =As7] Y Wy WEYA EA7] A28 (Vector Network Analyzer System)
o] Anritsu 37369C EE3 ZAAE 5 AED AFE AbEste] ZF AlgHAe dAA
3 A EE&S Skt Fig. 8ol AH&HE dAAst 54 A3 4A A2"ds el
t}.

AbEE REe Axpup el AlY A7) 9 AR 7 S AA R Faa e
= 247} 40 MHz ~ 40 GHz |t} Al #sk Alf¥lS Fig. 8% o] ZA:AYE w5 A
S AT T AN F AR SAHGA] A2 ASHAT]E o] &k A
g FurE BAANT I, AlFHe] FE FWAY s ASH ATE THete] A
Abat s Al A7 e AR A RS S350

_14_



Al 37 ANEA A L AR AHEE SF

3. UAEF 8424dfF ZASEIAE AFH AZHY
3.1.1 A5 AA

B Ao AFEE YAEF AN (Nickel Coated Carbon Fiber)+= A 3]A}<¢]
=S AFE3gT. o] Al59 EAL Table 19 YEFWRA T Fig 9, Fig 100= A g
A A Al AV UAES SRR dAEN A ARFE YERA QLT

_>rL

|

Table. 1 Typical properties of nickel coated carbon fiber

EA e NICF
Diameter(um) um 6.5~7.0 (5% 7.0~7.8)
Structural 5
] Surface area m°/g 300~500
Properties
Coating Thickness um 0.3~0.5
Electrical Specific Resistivity Q-cm 26 x 10™
Properties Electrical conductivity | (Q<cm)™’ 3.8 x 10°
Thermal ..
Thermal conductivity W/mK -
Property
Max.tensile strength GPa 2.9
Mechanical ]
) Strain at Max. Load % 2.5
Properties
Density g/cm® 2.6
CF grade (Toray 7|<%) T700
Other
Process Electoless plating
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MewREC 3.0kV B.5mm x10.0k SE{U) 128

Fig. 10 Micro-structures of nickel coated carbon fiber
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3.1.2 A1dH A=

=,

EF A4 (Nickel Coated Carbon Fiber): EFAAl 5
MfFo YAS =73t AZF 34 Fig 119 =

Al
A = BAAF FS 10wt%, 15wt%, 20wt% =

aj

Fig. 11 Manufacturing process of nickel coated carbon fiber
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yUATHF g2 H (Nickel Coated Carbon Fiber : NiCF) ¢ NiCF Chop ¥ NiCF

NiCF
Roll

=y Sized

w NiCF

U2FHATS

= _

NiCF chop

A
Carbon Fiber(CF) NiCF - WHEY
Compounding| =&

U RLFT)
: Master chip

Fig. 12 Producinging process of nickel coated carbon fiber

o] NiCF¢ A& AEFA= I ENylon)S A& oM GRADEE KN-1208 Al
Sl AEAY 2HoEE 27 0m/s, E S 130MPaol At A A THAME W
zb, HeE AN F 120s o] Agth. 2#@iA NiCF Chopg AH&3ste] HFAIE

Owt%, 15wt%, 20wt%e] T FH =2 SdAq5E Al 2sth

T
>

>

e

o,

ot

]

p—
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A AT 2T G 5 9

Fig. 24 o 22 WA Y
| ASTM °llA4 1983 el

A 2gk Al e A S
=& AFstHy. ASTM D4935-89 742 Fig. 13 3 #o
& sx5H FAHAF  (Circular coaxial

.

1LS!

133

(B)Load

(a) Reference
Fig. 13 Dimensions of reference and load specimens
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3.2 CFRP, Aluminum film/CFRP, Conductive fabric/CFRP
B3R 5o AZHH

3.2.1 A5 ¢

BTN AgH AuEde

A4

Ao} 7t EE 9 JHI-BLACK 41YE Abgstglon,

o FH > SAM-A ALUMINUM 3]AF9] AG3381, =4 A4/ 98 EMT3AL

2] Ni+Cu Fabric A|%&S AFE3FAE 72 A 59

=] [©)
E/‘E}t‘

Table 2 Typical properties of HI-BLACK 41Y

Table 2, Table 3, Table 4

. Apparent
TRAD NAME Surface  Particle Density pH
Area(mg/g) Diameter(nm)
(Kg/m3)
HI-BLACK 41Y 150 19 170 8
Table 3 Typical properties of Aluminum
TRAD Thickness Tensile Strength
EL(®
NAME (1m) (kg/mm2) (%)
AG3381 5.1 7.6 2.0
Table 4 Typical properties of Conductive Fabric
Thickness T/S Bursting Strength
TRAD NAME
R (1m) (kg/mm?2) (kg/cm2)
HR2201 100 262 ~ 252 9
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el e fsioluale] Qwa wadg tlE(Toray CAT-300)E A3}
o, NAA ol EA sk AehAls 27t LR-67% LH-3302 §7748 Al Eoju,
FEARAE BGAR AANZ AFHAAY ZY Fol AHgHE ARl

322 AlgHA AF

FHEEH S &l ofMEF E3Ele] EAAZ F o] &I o FZAE E3HEY
2000 rpme. & 30% =<t wuk 3} 1} o 1 A]

h=]
Atk o] HAA ofMES] FA% VstE
1 40C =2 FA3FA . Fig. 142 1¥7] (homogenizer)

Homogenizer

RPM controller

Heating mantle

Temp. controller

o] &ME AFolA 12417, 80T AA 24A17F &<t 220 Ho] &ujE A7
&3 t}. Moldsttel| &Fnlw H&E, A

73 2 119 HE&EE £geto] olPdAE
71 5 80ColA gtz ~g b= st 4
S A 23S Fig. 1650 =48t}
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Meold

Releasing paper
poxy + Carhon Black

Fiber met

B Pt TR 3 : Al film or
Ni+Cu sheet

Fig. 15 Manufacturing process of electromagnetic interference shielding specimens

FHEE ol FEnE 2+ 1.3wt%, 2.0 wt%, 2.7 wt%= WHIA|AA] o Z Ao &
st o, sty s o] &35to] 350x250mme] A|EHE F74 07, 1.1, 1.6mm= 7t
Zkol Al z7ol diste] 3 #dS A ARG Fig. 16 (@) 7H2E9 9 YAE,
Fig. 16 (b)& 13wt%elA o] 7HEE o] H7te o F A HFAR HH FAHAAE M|
7 (scanning electro microscopy: SEM)AFZo]t}. Fig. 16 (b)¢} %] Carbon blacke]

AAAQA N FA Aole] mEA & FEH Aee FAT 5 AT

12.0kV 8.4mmX40.0k

3.0kV 7.5mm x40.0k SE(M)

(a) | (b)
Fig. 16 (a) Microstructures of Carbon black powder, (b) Microstructures of
specimen with 1.3wt% carbon black
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115

150

172

344

[e)
e

olol2E # AHE ol §ate] Fig. 179 & FAAY %
o] Fig. 26¢} #2 ASTM D4935-89 1t
o @ zAME 3 A4 AL,

(e} [e) it

#Haste] A7 o] 133mm
B9 o

&r!ﬁ.\m"

s pAX)
"fjA-s

{1 LU 726

1)

4 ’s
:"' /,/
i

Fig. 17 Flannged coaxial transmission line holder
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3.3 AR A&

3.3.1 Algo AA

rie

Abgstl e,

AN AHg

dFrE FE (Aluminum film) 2 S AL AEF&

Z = A

L o

o
fi

PR=S

qa7s BRAR AR $y

F}E-E2 (Carbon black) & K 3|A}9]
S A= A |

Al &

=4 Table 5, Table 6 ol Z-zF YEFHATE Fig. 18 o A1@ A A2 A AFE-H
AR

7}E‘ﬂ 2N
=
Table 5 Typical properties of carbon black
Surface Area | Particle Diameter | Apparent Density
Trad Name 5 pH
[mg/g] [nm] [Kg/m’]
HI-BLACK 41Y 150 19 170 8
Table 6 Typical properties of aluminum film
Thickness Tensile Strength
Trad Name ) EL [%]
[um] [kg/mm°]
AG3381 5.1 7.6 2.0
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Fig. 18 Micro-structures of a carbon black power

Aldd AZ A AREE o & 2] W4l (Fine copper mesh) ¢F W& JIT&
T-2] "4l (General copper mesh) = E 3|49 AFE& AREstl o, Fig. 19 o i
Mg g Wadeh He Are o WM Fxo dAnA RS =AEgo”

(a) Fine copper mesh (b) General copper mesh

Fig. 19 Micro-patterns of fine and general copper mesh (x 40)
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a ATe e A B8 Jhae el vl o A=l =42 Table 7 3%

zr}
Table 7 Typical properties of fine and general copper mesh
Trad Name Thickness [um] Width [um] Pitch [pm]
Fine copper mesh 10 10 300
General copper mesh 20~30 30~50 200

AeA] A Y Ak dFebe ol&d A dRd FedwE AbEsith
)

Table 8 Typical properties of glass fiber

Fiber Diameter T/S Melting Temperature
Trad Name Structure .
[um] [MPa] n=10" poise [TC]
Glass fiber Plain weave 9~10 3,100 1,350

Fig. 20 Micro-structures of a glass fiber(x 100)
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ARZAL §IQ oPHE (Acetone) 3 EFs] B F, o] g} o FAE
EFste] 2000 rpm ©.Z 30 ¥ Fob s o HHolN ohMES FAF 75
2 wom golo AL Bl HA87] I8 40 T = FASA Fig 14 o A
A AR A AEE wN|(Stirens SRS §A87 9@ AL " AE

filo
1
>

(Heating mantle ]
Table 9 ¢ 10 o Z}zF A@dH A2 Al AREE w7 e 3|& W&

Wl

lo
>
o2
tlo
T
o

Table 9 Specifications of direct driven digital stirrer

Voltage [V] Max. motor speed [RPM] Wattage [W]

AC 220 3,000 100

Table 10 Specifications of heating mantle

Voltage [V] Capacity [cc] Wattage [W]

AC 220 2,000 450

FHE =, oAl E, ol ZAZE EFHE &S A2olA 12 AR Fig. 21 ¢F 28 7=
°] 80 T A 24 AZF ¥o] il ofAlES A7
Pz

o7l EFEL Atk olw) AHgE W72 A

H
(Electric muffle furnace) & o]-&3}
Stal FHELE 3} of Z A 2Rt o]

Table 11 ¥} 7t}

Ju
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Table 11 Specifications of electric muffle furnace

Voltage [V]

Heater [kw]

Temperature [T]

AC 220

Max. 1.200

Timer

Temp. controller

2

% Ho
E‘L
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<---: Releasing paper

- Mixture
“***(Epoxy + Carbon black
+ Hardener)

“**s.. Glass fiber met

Al film or
"**«  Fine/General
copper mesh

(a) Normal

<4--:- Releasing paper

Mixture

"**:(Epoxy + Carbon black
+ Hardener)

"**+.. Glass fiber met

I...

e Al film

________ S “**v.. Glass fiber met

(b) Sandwich

Fig. 22 Manufacturing process of electromagnetic interference shielding specimens
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AR A Al AR LEA AR FHEEY HE SRS 27 wt ol oR
S A FAe Aol Eobkd AFEH AFo] oy JHEEe el T
S5 dAxy A as T3 UM Ao oY AJgH JPo ooz A
FHEEE e H7l TEHE 2.7 wtk = sto] AdE AT TtE S o FAE
g3l TgES 112 TYPAE o]&de] 350 x 250 x 2 mm ¢ AVE MR = 7Y
Aas RAAZ 3 F84d 75743 5845 (Glass fiber reinforced plastics) Al &3
(GFRP), GFRP Algd#e] &% W 7}zt ¢Fng 5, @247 4dst 53A=

FH(CFRP), 2L A& T W4, 4& 72 v
AA (AG), 2 & & W4 A¥8 (FCG), H&
T2 WA AFEA (GCG), ¢F1H BE5S AoAEs L Ao A FFe GFRP 21§84
(GAG) & A&t Table 12 & Alg#H A& Al AFE-

o
H AFEHE YEr AL ) Fig. 23 & A ZE Al oW EA]gE Al o]t

Table 12 Staking materials of specimen

Specimen Material
GFRP Glass fiber mat
GFRP/Carbon black Glass fiber mat / Carbon black (2.7 wt%)
CFRP Carbon fiber mat
AG Aluminum film / Glass fiber mat
FCG Fine copper mesh / Glass fiber mat
GCG General copper mesh / Glass fiber mat
GAG Glass fiber mat / Aluminum film / Glass fiber mat
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Mixture
(Epoxy+Hardener)

*

Glass fii:)er met

2.0 mm

(a) GFRP specimen

Aluminym film

Mixture Glass fiber met
(Epoxy + Carbon
e black +Hardener) 2.0 mm

| T

(b) AG specimen
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Mixture
(Epoxy + Carbon
black +Hardener)

(c) FCG specimen

Mixture
(Epoxy + Carbon :
black +H.ardener) Glass il.ber met

(d) GCG specimen
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Mixture

(Epoxy + Carbon Glass fiber met

black +Hardener) o
Q. 0.:
bl Phgii:

(e) GAG specimen

Fig. 23 Micro-structures in the specimens (x 40)

174 0] 133 mm, W74 76 mm

2 %
Z7A¥E 2 7]F (Reference) Al @A} F3} (Load) A 3FHES

N me

2

3

zk 3 WA A Al T

ASTM D4935-89 742> ASTM ol A4 19831 Aotk ASTM ES 7-83 A2 <

& S5 FHAF  (Circular coaxial transmission-line holder with continuous

conductor) ¢ @S Bt Ao UF A9 9 F o] 32 mm, &F FWHA 9 7
©] 133 mm, WA°] 76 mm ¢ A2 Fo]t}”
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(a) Reference

(b) Load

Fig. 25 Dimensions of reference and load specimens
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34 482 %

3.41 UAES B24% %43 BgA4s A9AY 349 A9z

Fig 262 UA=Z chop &S 10 wt%, 15 wt%, 20 wt% s d&= 2743t NiCFe] =}
35 394 SAalo] A3 gl Y W RS LY =AF Avjoln,

90 r
B ==Nylon + 10%NiCF
70 - “==Nylon + 15%NiCF
Nylon + 20%NiCF
a <3
= 50 |
-
bl " e —
m Jssor e, | '.‘\r‘ - T . |
| & o N : e
- 30 7 \o \/ \\
LiJ L - N
10
- 1 0 » B » Il » 'l » 'l » 'l » |

300 500 700 900 11001300 1500
Frequency (MHz)

Fig. 26 EMSE as a function of frequency measured in the 300 ~ 15GHz range of
Ni(10wt%)CF and Ni(15wt%)CF and Ni(20wt%)CF specimen

AA Aoz F34 450 MHz, 900 MHz, 1300 MHz H-oll A= A=y 29 589
35 ~ 37 dBY =2 AFgE YERUIQITE o]o wka] 600 MHz, 1100 MHz H-<-f A
= AR ZAd g&0] 25 dBe @S Aygks JER e, 1500 MHzAA = 4
3 Adggo] Bojx 17 dBY 7MY @2 AAFE 2T =3 YA T 3

fraFel Ni(10wt%)CF 2tk Ni(15wt%)CFeF Ni(20wt%)CF7F Btk 2 dzjat 219
FES YepdS #9l & 4 gk T3 NiCFE 473 dAtyut A a&o] s 7HAa
el e AH &L AolE EO]% Aoz gt

=

¥
Ry
2
N
i
&
oL

_35_



342 HEEY FFo e A AL

Xy
re
e
)
lo
)
L
oft
o
ofN
L
ol
=)
]
-
Jhu
N
o
oX,
o
o
B

A7) ol A Apukel ApH &
%olde THrer HME A

& Aol Ao Amel o
3%, 2.0%, 2.7%°] AFAINES vl uskeih

CEE IR GRS RN P )

(=]
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~—C.B [C.B=1.3% T=0.7)

EMSE(dB)

300 500 700 900 1100 1300 1500
Frequency(MHz)

(a) Carbon black
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90

70 -*-Ni.Cu [C.B=2.7% T=0.7]

= . Ni.Cu [C.B=2.0% T=0.7]

- —Ni.Cu [C.B=1.3% T=0.7]
= 50 ¢
m b
= 30 |
10 :

_1 0 A 1 i 1 i 1 ; L i L i 1

300 500 700 900 1100 1300 1500
Frequency(MHz)
(b) Conductive fabric

90 ¢

70 | /

2 50} : |

E [ Al [C.B=2.7% T=0.7]

E 30 Al [c:B=2:0% T=0:7]

i —Al [C.B=1.3% T=0.7]
10 }

_1 0 i 1 i 1 i 1 i 1 A 1 i ]

300 500 700 900 1100 1300 1500
Frequency(MHz)

(c) Aluminum film

Fig. 27 SE as a function frequency measured in the 300MHz~1.5GHz range due to
carbon black weight fraction(%) variation
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Fig. 272 Aldd 54 0./mmolA 7t2E49 H7F T3 &
A2 A 5ol SAAR] (a7bEEdS H7HeE CFRP, (A
CFRP, (©¥¢F"+w 25+ H23 CFRPY data AHadE 543 24 doln.
Fig. 279 (a), (b), (0)9] A2 BF k258 H7F THu&°] S7F 5 244
e dFE S7hskdn. 7hEEdRtS H7EsE CFRPY Fig. 27 (a)v AF3 9
¢l 350MHz °]al oA+ H7bse&o] 1.3%EY 2.0%=2 S7FE W ¢ 5dB 4% 37
FH AN = Z ZolE Holx Fa 7t
stth7b 600MHzol Al 7HEE 2 o Fn 2.7%%1 745 AHA w7t oF 37dBE 7+
=4 UEbst Fig. 27 (b= (@) AR A3dS ®olal 3tk o= d=Ad A2
frolM= AH a7 A fles WEhaL dvh webd A=A Aol B
Ni+Cu AF5 Axsh= 230 webd Ao dFAo] ojAA ez A 244
e Avd dFS AA Fa dSs AT = AdH Fig. 27 (0= ¢ A
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EMSE(dB)

EMSE(dB)

90 ¢

70 “=C.B [C.B=2.7% T=0.71
C.B [C.B=2.7% T=1.1]
-=C.B [C.B=2.7% T=1.6]

50 |

_10 1L 1 L 1L L 1L L 1L L 1L L 1
300 500 700 900 1100 1300 1500

Frequency(MHz)
(a) Carbon black

20 ¢
70 |
“-Ni.Cu [C.B=2.7% T=0.7]
Ni.Cu [C.B=2.7% T=1.1]
50 | ~—Ni.Cu [C.B=2.7% T=1.6]

_10 2L 1 2 1 1 1 1 1 1 1 2 |
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(b) Conductive fabric
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90

70

50 |

30 } #Al [C.B=2.7% T=0.8]
Al [C.B=2.7% T=1.5]
' ~—Al [C.B=2.7% T=2.0]

10 |

EMSE(dB)

_10 L L L L L L L L L L L ]
300 500 700 900 1100 1300 1500

Frequency(MH2z)

(¢) Aluminum film
Fig. 28 SE of CFRP due to of thickness variation (carbon black weight fraction 2.7%)

Fig. 289 (a), (b), (0)®] B¢+ WdHF& AFAY FA7F S7M&+5 AHadrt da
v AFS Aoy (a9 HEEATS FHt A9 AlgHe] FA 1.6mmel A F-
7F Llmm Q1 ARt 2Adgdrt gk =4 Jeides 4gS 1o ols d=A
DEAANEE FHE AFgHA] F$ 1.6mm ool T g A gz s 2 o
e MAA Fes d T AT
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344 A2 W] W AR} Ju 5

90 ¢

70 |

50 |

= Al [C.B=2.7% T=0.7]
30 ' C.B [C.B=2.7% T=0.7]
=—=Ni.Cu [C.B=2.7% T=0.71

EMSE(dB)

10

_10 i 1 i 1 i 1 -4 1 i 1 i 1
300 500 700 900 1100 1300 1500

Frequency(MHz)

Fig. 29 SE as a function frequency measured in the 30071500MHz range due to

material variation

Fig. 29+ Algd 7 0.7mm, 7} Y "7 T &) 27%%0  FHEEY k] &
¥ CFRP (a), o171 Ni+Cu A=4 A=x4d#F5 F&3 CFRP (b), %2— "E 2E5s
423k CFRP (c)o] At X}lﬂ&ﬁre HlaLgE Zolth (a)et (b)el A= 71 AL
g A EoE Bola oy (o9 &FrE FEol Jad AldHol A gk A
1

_S-J/]r%: BAT
, (D& (0o AHAE = oF 600MHzel A 2H2+eF 31dB, 61dB= 5748 %310, (a)
9Hb = A A S el 9 (09 A %7F (a) (b) Bk °F30dBe] =A o
EP4~ Bt o= AR AR AHAAdsS AY 24 st Jow, 71 Ul
= T UA AFE A2 o AgEo] AE(fabric)d] dEAHS "olrmd AR
ke vh, ek oF 1GHzOA (a), (b= A&7t aA Astgt 9 (o)== Askst
2 4

paoRh Asst AL Bolt AL AR WA 54 Fusdeld w4
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3.4.5 GFRP Al¥¥ 7} GFRP/Carbon black A|@#H9] Axtg A#| &8 Hal

A a&2 AmQl 7hEEHo] AApu AH s vA= TS dotrr] 9st
of FeldHE o] &3 AdH (GFRP) ¥ GFRP Al@d#d] 7H2EHS 27 wt% I7}
gk Ald¥ (GFRP/Carbon black) ¢ #ztat A#A 5 &S 7438t ow, 5443+ Fig.
30 3 2ol vElwth A4 Fug W99l 300 MHz ~ 1,500 MHz g 9olA 7pEE
S H7beA] @2 GFRP Alg# e AAEZ&2 002 dB ~ 096 dB °]™, GFRP A&

o
=
o
=

Hol| 7} LS H7}s GFRP/Carbon black A& 7% GFRP AldAHT &
1.0 dB ~ 20 dB ¢ AH &S el o]y A= GFRP Algde #H7kd

AR @2 Qe 7HEEH0] 2.7 wtke T EFH W WelA s Axa A 5 &

=
2 Qge T4 $ee I 5 AU ARA DEA AR AREA] W} T
Z7h AR5 gAY AE4ge]l FgEel nnt ¥ ANEE gol ey Row

of H7F sFHl S7F Al AlEHE AP oA wel Es Aldd Al

GFRP/Carbon black ~—GFRP

EMSE(AB)
© = N W A O

300 500 700 900 1100 1300 1500
Frequency(MHz)

Fig. 30 EMSE as a function of frequency measured in the 300 MHz ~ 1,500 MHz
range of GFRP and GFRP/Carbon black specimens
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3.4.6 AG N @HH} GAG N EHY AAS ¥ EE B

FEeE BEo AYA FHWl FAH0 FUAR AFAUL Wk F2 fUHF
Apole] solAlz &5 Wel AHEEL Fobrr] 915ke] GFRP f\lt‘éﬁd o o

"E dEs FAT AEY (AG) 3 dFvE 25S ZojAlE 3 GFRP AM=9A

g9 (GAG) ¢ st AvaaS vastsitt. 2L 23 Fig 31 oF 2] AG Algdd2
SAFIT 992 300 MHz ~ 1,500 MHz ©llA4 51 dB ~ 74 dB ¢ & A#Ha&
= YERd ¥ GAG Al 300 MHz 3 gl AHEHE 7Y 7HA L

l

U F4 Faart SbekdA AdEs w13 A S7hske] ok 600 MHz
oAM= 60 dB F=o] dAd AHEE @S HAE 545 Fd A
=74 43 300 MHz ~ 600 MHz o] F3k4= theol A= AG Aldde] At
A a&o] GAG Al@dl Hs) =A vesten 53 300 MHz oA ¢F 50 dB %=
= e o] F 700 MHz ~ 900 MHz 315 Welol = A9 U3 Adad
S YERRS
1.0 GHz ~ 12 GHz A= BA] AG A8 Adlgso] GAG A1dHe A#H

SR =4 yElgker 1.1 GHz dA+= ¢F 30 dB 4% =4 Yetst gF+ & GAG
ANFdART AG Ad3He 4A$7F 300 MHz ~ 1500 MHz F35 HYolA 3k 2
WELS R oldF AT FHARY FE BVEEL AA% Fr I 2
HaE& Hups HkAbol] 93t Adg&o] 5357 widd €FvE ZES ZoAT) ofF
O ERAR AEE 497 09 $5E AW age] et Ao Byt
100 | <+~ac —=+aacs |

80
2 60
& 40
=
w20

(0]

300 500 700 900 1100 1300 1500
Freauency(MHz)

Fig. 31 EMSE as a function of frequency measured in the 300 MHz ~ 1,500 MHz
range of AG and AGS specimens
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347 FCG NE383 GCG NEH9 AAd A AL H L

w50 W4 Feol wE Az AHEss SASY] fste]l 2 s e HlS
E ol&3 AFEA (FCG) ¥ HE /M7& 78 vAE o1& AdA (GCG) = A%
sto] AHl a2 S5t SAAT Fig. 32 & Zol F Agd =EF 300 MHz +
g GGl FEH 600 MHz T3k G744 AHEE kel S7ksts SA4& WE
RNew 300 MHz ~ 1500 MHz F3t5 @ <ol 7o fFARE dele] datat 2o &a
& 545 YERSH

300 MHz S35 9ol FCG Al@d#Ho] GCG AldART 14 dB A% =& A9
TEES HYoY 400 MHz ~ 800 MHz 3 9994+ 03 dB ~ 3 dB %= =
ol2 AL FYd AHE &2 YERST 900 MHz ~ 1,500 MHz T35 9 Joll A&
FCG Agd#o] GCG Ag® ®Hrh 3dB ~ 12 dB A% =2 4285 el
ol GCG A g#He g w#e Zo] FCG AlgHe 8 w4 4Rt 7| o
ol JAretE Azt wAbE A ko Tt Hlg] Abo]l® FaE Y] ujite] uEbbE
Az AztEch
1, FCG Al@d# e 4% 15 GHz T3 F9olA M =& 71 dB A= A3
‘4'E]r‘;”°‘f] GCG AlgHe 4% 600 MHz F35 990l 71 =2 64 dB
°of AHa&S B

Olt

ol
H ot Jm
filo

o

100 [ ~FCG -*GCG
80 |
2L 60
» 40
P~
w 20
0 - ] - ] » ] » ] » n » ]
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Frequency(MHz)

Fig. 32 EMSE as a function of frequency measured in the 300 MHz ~ 1,500 MHz
range of FCG and GCG specimens
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3.4.8 GFRP$ CFRP9 Aztd z¥ & & H L

Fig. 33& 7HE 599 A7t T 0 & 27wt%ol A ZdatAe] Wale we Adans
H] gk A o]t}

CFRP$ GFRPe| 43 ZA3 CFRP7} GFRPR.t} x}# & 37} 300MHz~15GHz 3}
7 HelA 1GHz s AL oo Fog WA =A AT
600MHzol A+ CFRP7} GFRPX.t} oF 34db A%E ¢ 43 2#&xE el
o]= CFRP7} GFRPHE.T} dmAJo] 48 A5 o]7] wio]|th

90 } -=-CFRP [C.B=2.7%]
' GFRP [C.B=2.7%]
70
8
e 50
g 5
LJ 30 E
10 | /ﬂ

~

I- il b 'l | | 1 1 il 1 il 1 il ]
-10
300 500 700 900 1100 1300 1500

Frequency(MHz)

Fig. 33 SE as a function of frequency measured in the 300 MHz ~ 1,500 MHz
range of CFRP and GFRP
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B AFolME AR AHAR e EHoR FEAAFE o]&3te] Table 12
Fig. 12, Fig. 15 ¥ 22 AlgdHS A Zste] ASTM D4935-89 44 & #WE Y E
A3 BA7] A== Anritsu 37369C 2E ¥ ZAAY 5 AEHA A FE ALEE
o] 300 MHz ~ 1500 MHz2] S35 ol vjg Axa Al as&e F43 47 o
%jﬂr Z:l—.g. éip_ [ JEeN :": 01041;]_.

) UASH &S24 48 5dAas 7 29 aAdage] ¢s 7HAx 2
Qo Fu= 450 MHz, 900 MHz, 1300 MHz ol A e A xpab xp9 &&0] 35 ~
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Adp 2w G&o] 17 ~ 25 dBe] @g A JEbdTh wek YA T 3t
o] Ni(10wt%)CF HEth= Ni(16wt%)CFeF Ni(20wt%)CE7F Btk v dx4a 2po &

S UERS E & F AN
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