Electromagnetic applications

Topic 6

Reading assignment

» Chung, Composite Materials,
Ch.5.

* No. 81 under “Publications —
carbon” in website
http:/MWwww.wings.buffalo.edu/a
cademic/department/eng/mael/c
mrl
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Electromagnetic
Kuadiation Microwaves appllcatlons
+ Electromagnetic interference
jradiation Radio waves (EMI) shielding
y > ¢ > « Low observability (Stealth)

Wavelength (nm)

+ Electromagnetic transpar ency
(radomes)

Electromagnetic shielding
applications
« Electronic enclosures (e.g., computers,
pacemaker leads, rooms, aircraft, etc.)
» Radiation source enclosures (e.g.,
telephone receivers)
 Cell-phone proof buildings
 Deterring electromagnetic form of
spying

Electromagnetic
applications

» Electronic pollution

* Telecommunication

* Microwave electronics
* Microwave processing
 Lateral guidance
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Reflectivity R

Fraction of energy of the
ectromagnetic radiation that
Isreflected
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Absorptivity A

Fraction of the energy of the
ectromagnetic radiation that
isabsorbed
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Transmissivity T

Fraction of the energy of the
electromagnetic radiation that
istransmitted
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R+A+T=1

Thetransmitted portion is
the portion that has not
been absorbed or

TR

The attenuation in decibels (dB) is defined as
Attenuation (dB) = 20 log,, (E/E),

where E istheincident field and E isthe
transmitted or reflected field. Note thet E > E.

reflected.
Reflected beam Mechanisms of interaction of
R(1-R) [yexp (-) electromagnetic radiation with

materials

* Reflection
» Absorption
* Multiple reflection

Reflection

Mainly due to interaction of
electromagnetic radiation with
the electrons in the solid

Skin Effect

Phenomenon in which high
frequency electromagnetic
radiation interacts with only
the near surfaceregion of an
electrical conductor

LA




Skin depth (d)

where f =frequency,
m= magnetic permesability = mym,
m = relative magnetic permeability,
m, = 4px 107 H/m, and
s = dectrical conductivity in W-m,

Resistance

Frequency

Y

Absorption

Due to interaction of
electromagnetic radiation with the
electric/magnetic dipoles, electrons
and phonons in the solid
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Material attributesthat help
shielding

¢ Electrical conductivity
+ Magnetization

+ Electrical polarization
+ Small unit size

¢ argesurfacearea

Table5.1. Electrical conductivity relativeto copper (s,) and relative magnetic

permeability (m) of selected materials.

Material s, m, sm s/m,
Silver 1.05 1 1.05 1.05
Copper 1 1 1 1
Gold 0.7 1 0.7 0.7
Aluminum 0.61 1 0.61 0.61
Brass 0.26 1 0.26 0.26
Bronze 0.18 1 0.18 0.18
Tin 0.15 1 0.15 0.15
Lead 0.08 1 0.08 0.08
Nickel 0.2 100 20 2x103
Stainless steel (430) 0.02 500 10 4x 105
Mumetal (a 1 kHz) 0.03 20,000 600 15x 106
Superpermalloy (a 1 kHz) 0.03 100,000 3,000 3x107

Electromagnetic shielding

materials

Nanofiber is more effective than fiber, due to
small diameter and the skin effect.
Thermoplastic matrix: nanofiber (19 vol.%) gives
shielding 74 dB at 1 GHz, whereas fiber (20
vol.%, 3000 microns long) gives 46 dB.

Cement matrix: nanofiber (0.5 vol.%) gives 26
dB, whereas fiber (0.8 vol.%) gives 15 dB.

Nanofiber inferior to the
following fillers for shielding

e Carbon fiber (400 microns long)

* Nickel fibers (2 and 20 microns
diameter)

e Aluminum flakes

Nickel coated
carbon nanofiber

Diameter: 0.4 micron

Carbon core diameter: 0.1 micron
Nickel by electroplating

87 dB at 7 vol.% (thermoplastic matrix)

Much better than uncoated carbon
nanofiberand nickel fibers.




Table 1. Electromagnetic interference shielding effectivenessat 1-2
GHz of PES matrix composites with variousfillers

Filler Vol. | EMI shielding
% effectiveness
(dB)
Al flakes (15 x 15 x 0.5mm) 20 26
Steel fibers (1.6 mmdia. x 30 ~ 56 mm) 20 42
Carbon fibers (10 mmdia. x 400 mm) 20 19
Ni particles (1~5mmdia.) 94 23
Ni fibers (20mmdia. x 1 mm) 19 5
Ni fibers (2mmdia. x 2 mm) 7 58
Carbon filaments (0.1 nmdia. x > 100 nm) 7 32
Ni filaments (0.4mmdia. x > 100 mm) 7 87

Cement pastes
(with 1 vol. % conductive admixture)
for EMI shielding at 1 GHz

« Steel fiber (8 microns) 58 dB
« Carbon fiber (15 microns) 15dB
« Carbon nanofiber (0.1 micron) 35dB
« Graphite powder (0.7 micron) 22 dB

* Coke powder (less than 75 microns) 47 dB

Cement pastes (with 1 vol.%
conductive admixture)

« Steel fiber (8 microns) 40 ohm.cm
« Carbon fiber (15 microns) 830 ohm.cm
« Carbon nanofiber (0.1 micron) 12,000 ohm.cm
« Graphite powder (0.7 micron) 160,000 ohm.cm

« Coke powder (less than 75 microns) 38,000 ohm.cm

EMI| gaskets

+Shielding
effectiveness
*Resiliency

EMI gasket materials

» Metal coated elastomers

» Elastomers filled with
conductive particles

 Flexible graphite

Reasons for outstanding
performance of flexible graphite
(130 dB at 1 GHz)

* High specific surface area
* Resilience
* Conductive




esistivity of various EMI

Material Shielding Thickness Resistivity
effectiveness (mm, +0.02) (Wm)
m ML =10
GHz (dB)

lexible graphite A 1254+51 3.10 (7.5+0.2)x 106

Flexiblegraphite A 1254+65 1.60 (7.5+0.8)x 106
lexiblegraphite A 1226+89 0.79 (7.10+0.03) x 106

lexible graphite B 1206+7.0 114 (1.6+£0.3)x 105

Silicone/Ag-Cu 1204+95 3.00 (7.5+1.4)x 104

Silicone/Ag-glass 116.0+12.6 3.00 (9.8+0.7)x 104
Silicone/Ni-C 937+141 2.74 (1.17 +0.13) x 103
licone/carbon black 14.92 +0.56 159 (4.46 £0.15) x 103
licone/oriented wire 0.31+0.13 159 (1.07 £0.17) x 103

JIT

Carbon materialsfor EMI

shielding

+ Flexible graphite (130 dB at 1 GHz)

+ Nickel coated carbon nanofiber (7
vol. %) polymer-matrix composite
(87dB at 1 GH2)

+ Coke particle (1 vol. %) cement-
matrix composite (47 dB at 1 GHz)

ransverse electrical resistivity of carbon fi
compositesat 1.0— 1.5 GHz.

le 1 Attenuation upon transmission, attenuation upon reflection

er epoxy - matrix

Attenuation upon | Attenuation upon | Resistivity

29.6+09 1.3+02 20.7+24
23.8+08 1.7+02 70.9+38

OXY - matrix

composites. Standard deviations are shown in parentheses

Elongation at
Streng%—%—w_—
- recei ved 718 (11) 85.5(3.8) 0.84 (0.03)
SREpoxy coated 626 (21) 73.5(4.4) 0.85 (0.03)

carbon fiber composites.

Table 1 Attenuation under transmission and under reflection of

Attenuation upon Attenuation upon
Fiber type transmission (dB) reflection (dB)
As-received 29.6+0.9 1.3+02
Activated 38.8+0.8 1.2+02

Table2 Tensile properties of carbon fibers before and after activation.
Standard deviations are shown in parentheses.

Fiber type Strength (M Pa) Modulus (GPa)
As-received? 665 (87) 126 (7)
Activated® 727 (151) 138 (15)

a Six specimens tested
b Eight specimens tested




1 EMI shielding effectiveness (attenuation upon transmission), attenuation upon
ionand electrical resistivity .

Attenuation | Attenuation
upon upon

Material on Mylar transmission | reflection | Resistivity
(ratio of ingredients by volume) (dB) (dB) (Wem)
None 0.7+0.1 21.6+0.8 10182
Base paint 13+02 16.8+0.9 1014
Base paint +mumetal (100 : 2) 32+03 159+0.8 |330+16
Base paint + mumetal (100 : 5) 53+04 89+06 |[27.8+09
Base paint + mumetal (100 : 10p 6.9+03 64+04 |[254+08

DuPont’s datasheet for Mylar.
imum possible filler content.
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1 EMI shielding effectiveness (attenuation upon transmission), attenuation upon
tionand electrical resigtivity (cont'd).

Attenuation | Attenuation
upon upon

Materia on Mylar transmission | reflection |Resistivity
(ratio of ingredients by volume) (dB) (dB) (Wecm)
Base paint + graphite flake 85+04 56+05 22010
(100: 10p
Base paint + graphite flake 88+05 57+05 |225+08
+mumetal (100: 10: 2)

DuPont’s datasheet for Mylar.
ximum possible filler content.

1 EMI shielding effectiveness (attenuation upon transmission), attenuation upon
ionand electrical resitivity (cont'd).

Attenuation | Attenuation
upon upon

Material on Mylar transmission | reflection | Resistivity
(ratio of ingredients by volume) (dB) (dB) (Wcm)
Base paint + nickel powder | 58+04 77+05 |235+12
(100 : 10p
Base paint + nickel powder | + 56+03 79+04 |[253+09
mumetal (100: 10: 2)

TR TG

om DuPont’s datasheet for Mylar.
aximum possible filler content.

TR

1’ EMI shielding effectiveness (attenuation upon transmission), attenuation upon
tionand electrical resitivity (cont'd).

Attenuation | Attenuation
upon upon
Material on Mylar transmission | reflection | Resistivity
(ratio of ingredients by volume) (dB) (dB) (Wcm)
Base paint + nickel powder |1 16.2+05 39+01 83+0.3
(100: 10)
=t Base paint + nickel powder 11 262+06 | 18+01 | 47+03
] (100 : 20y
Base paint + nickel powder |1 29.3+05 19+01 49+04
+mumetal (100:20: 2)

om DuPont’s datasheet for Mylar.
aximum possible filler content.

1 EMI shielding effectiveness (attenuation upon transmission), attenuation upon
ionand electrical resistivity . (cont’d)

Attenuation | Attenuation

upon upon
Materia on Mylar transmission | reflection | Resistivity
(ratio of ingredients by volume) (dB) (dB) (Wcm)
Base paint + nickel flake 257+0.6 26+02 43+03
(100: 10)
Base paint + nickel flake 324+05 15+0.1 34+02

T TR

(100 : 20p
Base paint + nickel flake +| 38.5+0.7 16+0.1 35+03
mumetal (100: 20: 2)

om DuPont’s datasheet for Mylar.
aximum possible filler content.

M

« Design an aircraft that cannot be detected by radar.

*  We might make the aircraft from materials that are
transparent to radar. Many polymers, polymer-matrix
composites, and ceramics satisfy this requirement.

* We might design the aircraft so that the radar signal
is reflected at severe angles from the source.

¢ The internal structure of the aircraft also can be
made to absorb the radar. For example, use of a
honeycomb material in the wings may cause the
radar waves to be repeatedly reflected within the
material.

¢ We might make the aircraft less visible by selecting
materials that have electronic transitions of the same
energy as the radar.




Table 5.1 Electricd resistivity (DC), absolute thermoelectric power (20-65°C) and Carbonfiber37 (10 mm diameter) 036 | 137 10# -05 /

EMI shielding effectiveness (1 GHz, coaxial cable method) of cement pastes containing (crystalline, pristine)

T e — Ressivity | Absolute | EMI shidding Stee fiber® (8 nm diameter) 054 z ! !
% |(Wem) | thermoelectric | effectiveness Stee fiber# (60 rm diameter) 050 | 14”103 +26 /

power (mv/°C)a (dB) Carbonfiber37 (15mm diameter) 048 | 157 10¢ -0.9 /

None 0 [61 106 20 4 (amorphous, pristine)

None, but with graphite powder | / 7 7 14 Carbonfilamen®4 (0.1nm diameter) 05 137 10 ! 30

(<1nm) coating Graphite powder 73 (<1 nm) 046 | 237 105 / 10

Steel fiber % (8 nm diameter) 0.09 | 45" 103 / 19 Coke powder33 (< 75 nm) 051 | 69" 10¢ / 44

Steel fiber# (60 nm diameter) [0.10 | 5.6 10 -57 / Stee! fiber® (8 nm diameter) 0.72 16 / 59

Steel fiber % (8 nm diameter) 018 | 1.4 103 +5b 28 Steel fiber @ (8 nm diameter) 0.90 40 / 58

Steel fiber# (60 nm diameter) [0.20 | 3.2 10 -68 / Carbonfiber37 (15mm diameter) 1.0 837 102 +0.5 15¢

Steel fiber @ (8 mm diameter) | 0.27 | 9.4° 10° / 38 (amorphous, pristine)

Steel fiber# (60 nm diameter) | 0.28 | 8.7 10° 0 / Carbonfiber 7 (10nm diameter) 10 717 102 +17 /

- - — (crystalline, intercalated)

Carbonfiber37 (10nm diameter) | 0.31 | 6.7 103 +12 / - - ”

(crystalline, intercalated) Carbonfilamen®4 (0.1nm diameter) 10 127 10 ! 35

Stedl fiber® (8 nm diameter) 0.36 57 ] 52 Graphite powder 73 (<1 mm) 092 | 167 105 ! 22

Stee! fiber# (60 nm diameter) |0.40 [ 1.7" 103 +20 120

Coke powders3 (< 75 nm) 1.0 |38" 104 / 47

Steel dust (0.55 mm) 6.6 / / 50

Graphite powder 30 (< 45 nm) 37 | 487 102 +20 !

Seebeck coefficient (with copper as the reference) minus the absolute thermoelectric
power of copper. The Seebeck coefficient (with copper as the reference) is the voltage

difference (hot minus cold) divided by the temperature difference (hot minuscold).

b Ref. 72.

©0.84 vol.% carbon fiber in cement mortar at 1.5 GHZ4.
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