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ABSTRACT

A study on electromagnetic interference shielding
effectiveness of the nano carbon black / fiber reinforced

composites

Kim, Jin—Seok
Advisor : Prof. Han, Gil—Young, Ph. D.
Dept. of Mechanical Engineering

Graduate School of Chosun University

It has been increased greatly environmental pollutions such as air |,
water, noise pollutions as make rapid progress of industialization. This
environmental pollution can be confirmed through an eye, a nose, an ear.
But the electromagnetic waves called the fourth of pollution can not see
and hear so that there are some serious problem.

Recently, it has been largely gone up the concern about how the
electromagnetic waves emitted from electronic products and various
phones affects a human body such as EMI( electromagnetic interference),
EMS ( electromagnetic susceptibility), EMC( electromagnetic compatibility).
the necessity of material development that can absorb and shield the
electromagnetic waves has been demanding.

The metal 1s the great material as a electromagnetic waves shield



because the electric conductivity is high, but there are disadvantages with
a material that the cost is expensive and the weight is heavy. Great fiber
reinforced composites with specific rigidity, specific strength, bending,
lightweight are being used mainly as housing materials of electronic
equipment. However it can be protected from the electromagnetic
interference. Composites filled with a high molecular substance almost
have no electromagnetic shielding effectiveness because of an insulator
electrically. Fiber reinforced composites in order to shield the
electromagnetic have been researched mechanical methods to use the filler
mixed such as metal powder, carbon black which the electric conductivity
i1s high.

Therefore, in this paper, we has analyzed the variation of mechanical
properties  through tensile experiments and characteristics on
electromagnetic shielding effectiveness at the frequency range of 300MHz
and 1GHz to manufacture Aluminium sandwich panel made a core material
using conductive metal fabric and fiber reinforced composites mixed metal
powders and carbon black.

We carried out electromagnetic shielding experiments of GFRP, CFRP
filled with at regular weight rate metal powder of Ti, Ni, Mg and carbon
black. When an additive does not add, we analyzed characteristics of
electromagnetic  shielding effectiveness to perform electromagnetic
shielding experiments of GFRP and CFRP. Also, we tried to perfrom
tensile experiments to consider mechanical characteristic variations with
an amount of additives.

Other, we brought to effect electromagnetic shielding experiments to



turn out sandwich panel made of the outer plate A1050 to use Ni—Cu
textile fiber as a core material and analyzed characteristics of
electromagnetic  shielding effectiveness to perform electromagnetic
shielding experiments about A1050 panel of same thickness and carried
out tensile experiments to consider mechanical character variations at
each condition.

Finally, we carried out an analysis to use Moldflow( MPI5.0) program
for analyzing injection molding on Muticap cover product which emitted
much electromagnetic.

Using trial and error to solve problems and poor products under the
injection molding process can not be corresponded effectively about
quality improvement, reduction of the due date, cost and also can be
declined about searching cause and solution. In this part, not only
obtaining the optimum design to analyze all of the problems predicted
before manufacturing really mold is low—cost, but also has the original
purpose to settle for finding the cause of problems.

In this paper, we investigated flow characteristic such as fill pattern,
the optimum gate location, etc to carry out injection molding analysis and

analyzed to predict short shot, weldlines.
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Fig. 1 Schematic diagram of basic scalar co—axial system for
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A2 AR ¥ dd AF T4

2.1 Az} 29§ AF33 ERARY AF P

2.1.1 A5 A

B Ao AFRE HEES gElolsRE Al o HI-BLACK 41YE AF&-3}
dom EXLE Table 13 T} Table 2= & AFolA A3 wEa9-r] ¢
2e] 2715 dERdTh AEAd Afe sastolwAabe] fEjAl R 2W HE
(Woven roving met:CM 380 A) 2} 43k &AM F wWlE (Toray CAT-300)
= ARgstow, 1A AR o A8k sl 242 LR-673 LH-33°0 % $h=
7hE AlFol, F2 AF743 SRR VIANE AFEHAY 7" Fell A
¥ A golth

Table 1 Typical properties of HI-BLACK 41Y

Surface Area|Particle Diameter| Apparent Density
Trad Name pH
(Mg/g) (mm) (Kg/m)
Hi—BLACK
150 19 170 8
41Y

Table 2 Mesh of metal powder

ofN
Ju

Ti Ni Mg

A A7 500mesh 400mesh 100mesh




2.1.2 A& WUy

Feres gulel oldEN EFs] LANZ F, o] Foln EAE E
kol 2000 rpm e 30% EF Wik s1eAth of wpAelA ohuEe] FAF

713b2 oA &) A= 9HA FASH] f8l 40 T2 A8 Fig.
32 9] (homogenizer) 8} 55 FA8H7] flst A& HolFET, o &
= AZelA 124%F, 80 TellA 24413 Fk e Qo &uiE A|Asta 7}
EEHI o FA 2T o]Folxl =S AUk I Fof o] EdEH} AsHA
5 2019 BlEE EFSt] olFAE viE EEe FojA AfmEe] 127
FHAINS 80 TolM sz rz kA et AFf4dst SFARE A=t

Ack. @A AL L Fig. 40 JERAQ

o

Homogenizer

RPM controller

Heating mantle

Temp. controller

Fig. 3 Homogenizer and temperature control system

ey, YA, vf2dlg WeEa--510 wt%, 20 wt%, 30 wt%, 40 wt%E o
Z Ao Egslo] w7 S o] §38ke] 2000 rpm 2 30%-3F Wkl o, g
dag ol gato] FUT A PA S A=k



Fig. 4 Manufacturing process of electromagnetic interference shielding

specimens

Fig. 5 (a) &= 7FEE29] A= Fig. 5 (b)+= 1.3 wt% 2] 7FEEo] H7te
o ZAl EtAls we] FAF AAF v (scanning electro microscopy
SEM) A}z ot} Carbon blacke] o ZA] Afo]e] 2 HxEo] 9l&L &e1d &

AT

12.0kV11.1mmX40.0k

Fig. 5(a) Microstructures of carbon black powder



Stxg Az 4= AP T/ 1.8mme 9 (panel @ 300mm x 170mm x
1.8mm) & 247+ Al 2AE R 5/ A &Zskeltr A sk 2k S 2SS 5)
71 98] tholofE = FE (powermet 2000 abrasive cutter) &2 A thalo]

200mm x 150mm x 70mm¢] BrASH e &2 A Zstg] ow, zhzte] nAlg RES 1)

A7) S1ske] AgA AAga FA EFul ARG EFELS o) g3l
wAlE] BES uHA AL AR A2 A4S Pig. 69 AT
70mm
.
150mm
J
200mm 'I

Fig. 6 Shape of electromagnetic interference shielding specimens
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B

A
< EMD = ARgstalon 242
AxFd= 300W= gk ARdolrh. 3w

DEVCONALE] 2TON EPOXYE AHE8F3ith. 2TON EPOXY+ w5 &
F2A o] A Agolth

FFE 9 AR FelolyHE 5

< g8t

e W Al e mol A BEA AEA

AT A AFEE S FuE
AQZE ZgoAH Aol Nidk CuE F&3l9] 2=

HI-BLACK 41YE AF&3}9ith

A= A10500.=

Table 49} v}, Fig.
A 2}

o
s
Te ARA FEAe

oA HHA=

Table 3 Typical properties of A1050

Thickness Tensile Strength Elongation
Trad Name )
(mm) (Kg¢y/mm®) (%)
A1050 0.5 10 20

Table 4 Typical properties of conductive fabrics

Thickness Tensile Strength | Bursting Strength
Trad Name ) )
(pm) (Kg/25mm°) (kg¢/cm”)
HR2201 100 26.2 ~ 25.2 9
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Fig. 8 Manufacturing process of electromagnetic interference shielding



specimens
Axg BAZ A4 A3 ZHAES a7] 98t 200mm X 150mm x
70mm<el AR A&t AR A&t JAS Fig. 99 =AI8)
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Fig. 9 Shape of electromagnetic interference shielding specimens
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A 3R AATS A 5} =24

Axpak A @35 S48k Slete] gFolM o] Axpute] gk ddFe A
T S FR1 A o] A Holgls EMC Alg Al AES o] &3k X}t 2}
H SA4AES stk & AgelM e Ax 54 AR AR (EMC test
system : Rohde & Schwarz) & AF&3F 01, Fig. 109 S A0} A]¥H 2

4% A STk

o - em = -

Measurement
of noise

Specimen

_—_)

Signal generator Frequency Precision
(50KHz ~ 3.0GHz) generator half-wave dipole

Fig. 10 Photographs of EMC test system (Rohde & Schwarz)



Azt 7 A@Re] Az A @S S48 et Fukg wA AR o A
WA skE T o] dxpukE half-wave dipole FEIUE &35te] WE3ith, 1
F-S EMI test receivero|4] 5743 ¢ 200mm x 150mm x 70mm AFo] 2= 2] Al
JHe) half—wave dipole FEIUE YW1l Fap45 S 7]H SAAH dxpaotE
AlgA oA 258t al 2HE-F k] X3 AAFgE EMC test receiver© A
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(a) Unloaded specimen

(a) Loaded specimen

Fig. 11 A typical arrangement for measuring shielding effectiveness of
materials
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WAsHE AAbake] WE S (AD Y dEguey W gtEEHS HulekA] 9k
GFRP(G1) &fCFRP(C1) &] 3= 9o w2 HAAp vkt 395 e o

100

EMSE (dB)

- === Normal{A1)
50 | —&— Only Carbon Fiber(C1)
=&- Only Glass Fiber{G1)

40 "I TR W Y NN TN TR N TN W TN N U NN WO NN T SN NN NN SN SN S N SR S

300 400 500 600 700 800 900 1000
Frequency (MHz)

Fig. 12 Shielding effectiveness as a function of frequency measured in the

300—1000MHz range of CFRP(C1) and GFRP(G1)

A ES A gabA] 2 A (A1) ¢ GFRP(GD) Z 283 3971 719 A= &f
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Fig. 13 Shielding effectiveness as a function of frequency measured in the

300—800MHz range of GFRP(G2) and CFRP(C2) with mixed 30wt%

Ti—powder
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—— Normal(A1)
50 —&- Ni Powder+Glass Fiber(G3)
—4— Ni Powder+Carbon Fiber(C3)
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Frequency (MHz)

Fig. 14 Shielding effectiveness as a function of frequency measured in the
300—800MHz range of GFRP(G3) and CFRP(C3) with mixed 30wt%

Ni—powder
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—+— Normal{A1)
50 ¥ =& Mg Powder+Glass Fiber(G4)
R —i— Mg Powder+Carbon Fiber{C4)

40|||I|||I|||I|||I|||I|||I|||I

300 400 500 600 700 800 900 1000
Frequency (MHz)

Fig. 15 Shielding effectiveness as a function of frequency measured in the
300—1000MHz range of GFRP(G4) and CFRP(C4) with mixed 30wt%

Mg—powder
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3.3.3 FHEEH S HItFo] wE AAY Av ad

7HEE 2.0 wt%old H7He - A2 Aol 7] Wl Aldd A9
of el gt} ek shBele] ko] kb B AAbsh A wast -
T ZA0R AFEY 2 Aol TFH 1.3 wtet 1.6 wt e A E3H=
S TR 24
100
90 |
280
E =
w 70
)
= 60 |
(11 | —— Normal(A1)
50 | -4~ GFRP Carbon black 1.3wt%(G5)
R -8- GFRP Carbon black 1.6wt%(G6)
40|||I|||I|||I|||I|||I|||I|||I

300 400 500 600 700 800 900 1000

Frequency (MHz)

Fig. 16 Shielding effectiveness as a function of frequency measured in the
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Fig. 22 Set—up for tensile test of CFRP
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Table 5 Results of tensile test (FRP)

Tensile
Young's Modulus
Specimen Strength
(Gpa)
(Mpa)
GFRP 227.8 9.6
GFRP GFRP-C/B 1.3wt% 217.8 9.8
GFRP—-C/B 1.6wt% 199 9.9
CFRP 631.9 34.8
CFRP CFRP—-C/B 1.3wt% 586.3 34.7
CFRP-C/B 1.6wt% 548.5 34.3
2 2343 GFRP/CFRPO JAGE+= 725 (C/B) o] g5Fo] F7hshel u}p
o aEe & 5 QG ol AR B Brkw Ad A EA ) By F7he) of
ZA9) A frre] $2S Wolmel o A %
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Fig. 24 Design parameters of specimen
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Table 6 Results of tensile test(Al)

Tensile
Young's Modulus
Specimen Strength
(Gpa)
(Mpa)
Al 191.9 26.3
Al sandwich 221.1 23.5
Al sandwich(C/B) 204.4 26.6
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Fig. 29 Final meshes (MoldFlow MPI 5.0)

Table 7 Number of nodes and triangles

Nodes Surface Triangles| Mesh Volume Mesh Area
(EA) (EA) (Cm?) (Cm?
40,058 20,039 90.85 997.59
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Table 8 Typical properties of Lexan JK2500

Family Abbreviation ABS + PC
Melt Density (g/Cm?) 1.542
Solid Density (g/Cm”) 1.3006
Melt Temperature (C) 291
Fillers 20% Carbon fiber high modulus

g HA9 ACE AAE FH7] 9l & AFelA= MPI 5.0 o] &3to] A&
AAstGlTE Table. 9= A% 34



Table 9 Design parameter

Gate Location
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