ochms/sqg.
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Surface Resistivity

IF

1

Plastics 1012 & up

Antistatic 10721017

Static Dissipative 1012-10%

Conductive 1L'IE-1D1

EMI Products 10%-10"

Matals 107110

B 1-1 Surface resistivity spectrum #

A ? > 10%~10
# % 4 10°-10"
T 1100

EMI 3 fritf o 10%~10*

B RS R #[1,2]

Controlling Damage Modes
During Fatigue Life '

1—MATRIX
CRACKING
0° 0° 0°
w
:
é CcDS oe 0°

2—CRACK COUPLING—
INTERFACIAL DEBONDING

3—DELAMINATION

5 FRACTURE

00

o°

-

4—FIBER BREAKING
|

PERCENT OF LIFE

1
100

Bl 3-1 i 48 A8 & MR A& IS B 7 2 BI[7]
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Bl 34 Ceirtrdl(d 20 £252 12 BT &5 > H@ RS

Y i 275 3% 2 7 B 2 51 02)[23]
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1- He inlet
- —-——
Te pum
pump N )
? bl
; Cathode Ancde Lineur motion
Cmﬂl: femdthrough

e Immml I ®
Flectrodi ‘ Electrode
nnecion - Connection
[ 1

Botiom

B 3-5 7 383z 7 2 (Arc discharge)[26]
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I
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Stirrer/Hot Plate

hot top@.

] 4-4 54 i
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Bl 4-10 #4555 T+ A ficki (SEM)
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B 4-13 3 2 7 AR

ik

g8 5

| |
| |
| |
| CNT/Phenolic |
| |
| |
| |

TR

] 4-14 CNT/phenolic resin #u i = 2538 * &2 42 fp & )

Temperature('C)

180 P
160
1404 |

FEER

1204 T
] [ 3kl 9 hours

1004 [ i

8o (i i

P 1000psi

20{ P
i T T T T T T T T T T
0102530 50 100 150 200 250 300

times(hr)
B 4-15 # R = A8 R R 4 2 pF R
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Specimen thickness Tab th|cknessi

t~1mm
I: :I: :I: :I 5mm
15mm Gauge length=20mm 15mm

Bl 4-16 CNT/phenolic resin & * = < [l

Bl 4-17 225 (-)
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Fl4-18 3 % (=)

Bl 4-19 F i (- )



e g 2 CNT/phenolic resin
Nwt%

L
|

B 4-20 # fiap A P S inAz(=)

‘ez 2 CNT/phenolic resin
Nwt%

‘/‘E & fllz‘ fi (250(: ) -

=
R
i

SEM
Bl 4-21 R F %iAL(2)
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140 4
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100 +

Temperature(C)

-60 — , . , ; : ; ,
0 20 40 60 80 100

times(min)

Fl 4-22 # A TRiR & Pt B B 05

Lo, 5
. =, ¢ :

4

NTHU MSE SEl 100kV 10000 1#4m WD 9.3mm

B 5-1 A5~ frz s F MR
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5 4 5 (%)

Q)
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i

4.0 4

—m—Phenolic resin

—o— 5wt%
/./-
3.5 ./l/-
-
"
n
3.0 ./ °
1 /l/ /o/./.
2.5 P o—°
L "
e /.
2.0 '/.
'/
o
1.5 o
L
104 ;@ °
] /.l
4
T T T T T T T T T T T T T T T 1
0 50 100 150 200 250 300 350 400
time(hr)

B 5-4 #pspEd 2 K RE AR £ ML RS
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B 5-5 & CNT/phenolic 4§ 41 2. ¥ Fe ]

66



4000
T
2]
~
c
E 3000
=
@
7]
O 20004
(O]
(@]
©
5
o 1000+
0 | | : | ;
0 1 2 3 4 5

Wt%

Bl 5-6 %8 CNT/phenolic 4f#+2 # & & re 5 B

1400
1200

1000

Q)

-

600 I

Tt

il

400

200+

. , . , : : , . . .
0 100 200 300 400 500
cycles

B®) 5-7 CNT/phenolic 4§ +1 5 # # % 500 i¥ = 2 T r2 ]
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600+
500+
400
300+

200 ]

surface resistivity(Q/sq)

100

. . , . , . , . ,
0 100 200 300 400 500
cycles

Y

] 5-8 CNT/phenolic 4f +1 ‘8w Ja & 500 ¥ = 2 4 & T L5 R

100+

¢ . & 8

Ultimate Stress(MPa)

owt% W% 2% W% Swt%

Bl 5-9 %8 CNT/phenolic 4f H# 2 # i+ 3 &

68



Bl 5-10 B (25C) T #pam# k£ @ sk ETe (100 )

B 5-11 %8 (25°C)™ 1wi% CNT/phenolic 4 + 2. 4% fi # @ £k 3
%7 (100
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X188 1868 mm

B 5-12 %:8(25°C)™ 2wt% CNT/phenolic 4f 41 2. #% it 3= ¥ sk

15k X188 1868 mm
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Bl 5-14 %% (25°C)™ 5wit% CNT/phenolic 4 + 2 # fi $+ ¥ £ i
g7 (1004

15k X118, 1

Bl 5-15 %8 (25°C)T W AspE 2 4% i £ 0 B %76 (10000
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Bl 5-16 % :£(25°C)™ 1wt% CNT/phenolic 4 +1 2. # it + ¥ mL 3k
# 5 (10000

B 5-17 % 8(25°C)™ 2wt% CNT/phenolic i + 2. 4 fi 4 # 235
#¢ % (10000
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Bl 5-18 % :£(25°C)™ 3wt% CNT/phenolic 4 +1 2. # it + ¥ mL 3k
# 5 (10000

Bl 5-19 38 (25°C)™ 5wi% CNT/phenolic 48 + 2 4 i+ ¥ B4
%t (10000 )
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Ultimate Stress(MPa)

-
o
1

Owt%

] 5-20 25°C/ 85%RH CNT/phenolic 4§ + 2 # e 4 1 35 &

X188 16868 mm

B 5-21 25°C/ 85%RH s iz # fi 42 % LK %75 (100 1)
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X188 1868 mm

1 5-22 25°C/ 85%RH 5wt% CNT/phenolic 4 + 2 4 fi + ¥ & 3% 5
# (100 12)

Ultimate Stress(MPa)

-
o
1

Owt% ’ 5Wt%

) 5-23 #: 57k 500 ¥ = CNT/phenolic 4f + 2 # fi £ # % &
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X188 1868 mm

B 5-24 #: i3k 500 & = & pa g2 # f 4 0 BUR 7 G (100 )

X188 1868 mm

B 5-25 #: 7%k 500 @ = 5wt% CNT/phenolic 4 # 2 # fi = ¥ 2t
H¢r5 (100 2)
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80

60
50
40
30
20
10

MPa

B static strength(25°C)

M static strength(25°C/
85%RH)

O static strength(thermal

cycling 500cycles)

B 5-26 W ARG E T2 FELYRAR

MP
W
(-

B static strength(25°C)
B static strength(25°C/ 85%RH)

M static strength(thermal
cycling 500cycles)




100

E 0wt% static strength(25°C)

B Owt% static strength(25°C/
85%RH)

O Owt% static strength(thermal
cycling 500cycles)

W 5wt% static strength(25°C)

B 5wt% static strength(25°C/
85%RH)

Swt% static strength(thermal
cycling 500cycles)

B 5-28 5 5 27 5wtd CNT/phenolic 48 +1 = #7k 5 1F 2 T 2

stress level (%)

e

70.0 1 ®  phenolic. data

— phenolic linear fit

67.5 -

65.0 -

62.5 -

60.0

57.5

55.0

1000 10000 100000
cycle to failure ( logN; )

%5-29 Z R A’fﬁﬂﬁw—y- \#’Vb'fﬂ
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m 5wt%. data
— 5wt% linear fit

62.5

60.0

o

N

w»
1

55.0

stress level (%)

52.5 - EE—

50.0 H

47.5

T T T T L T T T L
1000 10000 100000
cycle to failure ( logN; )

B 5-30 %8 F 5wt% CNT/phenolic4F +1 2. A % & & & R

®  phenolic. data
2o e 5wit%. data
rrrrrrrrrrrrrrrrrrrrrrrr phenolic linear fit
mm . ——>5wt% linear fit
65 n n ~_ m
] L S ‘
— 604 ) ® B EE —
>
: \ °
7]
2]
g 55 - ® ( X ]
/2] \
o 00 —
50
LR | T T T L | T T T |
1000 10000 100000

cycle to failure ( logN, )

B 5-31 %8 T HEsfEe? 5wt% CNT/phenolic 45 4 2. k% & ¢ o

4t (normalized)
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= phenolic. data
e 5wit%. data

55 1 .. .
phen olic linear fit
————5wt% linear fit
8
: |
=
3 B
o
=
o 45 -
IR oot .
1000 10000 100000

cycle to failure ( logN; )

B 5-32 % T % s 2 5wi% CNT/phenolic 4 12 i % 2 & o
M(EHRA)

= phenolic. data
80.0 ——phenolic linear fit

77.5

stress level (%)

70.0 EEE—

67.5

1000 10000 100000
cycle to failure ( logN )
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i
o
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) m  5wt% exp. data
72.5 —5wt% linear fit
7004 = \ L]

.

— \\

X 67.54 L =

= IS

g o
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) ™

£ 65.01 oAt

© '\

3 1 S
62.5 - ﬁ—»
60.0

L T T T L T T T L
1000 10000 100000
cycle to failure ( logN, )

) 5-34 25°C/ 85%RH 5wt% CNT/phenolic 45 1 2. % & & & &

®  phenolic. data
e 5wt%. data

] N R phenolic linear fit
77.5 T - —5wt% linear fit

80.0 4

~
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o
1

stress level (%)

(2] (2] ~ ~
o N o N
o 3 =} 13
1 1 1 1

62.5 -

60.0

1000 10000 100000
cycle to failure ( logN; )

] 5-35 25°C/ 85%RH % s i £ 5wit% CNT/phenolic 4 +1 2 k. & &

& o A (normalized)
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= phenolic. data
50 e 5wt%. data

————-—phenolic linear fit
—5wt% linear fit
45 -
©
o
s —
o
® 401 L u
- ]
35 — . — . —
1000 10000 100000

cycle to failure ( logN; )

] 5-36 25°C/ 85%RH ' fiz fig 22 5wit% CNT/phenolic 48 11 2 & % &
Gl ()

®  phenolic. data
75.0 —— phenolic linear fit

72.5

70.0

67.5

65.0

stress level (%)

62.5 -

60.0

—_ . —— . ——
1000 10000 100000
cycle to failure ( logN, )
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stress level (%)

67.5 —

65.0 —

62.5 +

60.0 —

57.5

stress level (%)

m 5wt%. data
——— 5wt% linear fit

—TT
1000

T
10000

cycle to failure ( logN,)

T
100000

] 5-38 #: #% 500 ¥ =t 5wit% CNT/phenolic 4F #4 2. & ¥ & & o
®  phenolic. data
0
[ I . rrrrrrrrr psir:latn/:;lliéj Tit:‘ear fit
72.5 Ll .. —5wt% linear fit
70.0 - o =-m .
S LR
65.0—- ‘ - [ J .
62.5- o o v o )
60.0 - o e
57.5- o oo—o
55.0 e
52.54 —— —rT T
1000 10000 100000

cycle to failure ( logN, )

Bl 5-39 #t i/ %k 500 ¥ =x ¥ fs fE & Swit% CNT/phenolic 4F 4 2. J&

s

¥ 2 &4 s (normalized)
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m  phenolic. data

40 - e 5wit%. data
phenolic linear fit

—5wt% linear fit

35

stress (MPa)

30

1000 10000 100000
cycle to failure ( logN, )

] 5-40 £: ¥ 7% 500 ik = 4 fis 5 22 5wit% CNT/phenolic 4f 41 2

stress level (%)

¥ & md S (aHRt)

B original(25C ) exp. data
® wet exp. data
thermal cycling exp. data

80.0 ---original(25°C ) linear fit
1 —wet linear fit

77.5 4 thermal cycling linear fit

75.0 —

725 —

70.0 — 00 06—

67.5 ] oM. W

65.0 ] -I L —

62.5 —- ---

57.5 —

55.0 -

T T T T L T T T L
1000 10000 100000
cycle to failure ( logN, )

Bl 5-41 #pspg ez BB IEE T 2 04 & & ¥ s (normalized)
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® wetexp. data

original(25°C ) exp. data

thermal cycling exp. data

7259 -——original(25°C ) linear fit
| wet linear fit
70.0 thermal cycling linear fit
67.5
65.0
;@ _
= 62.5 —
) )
2L 60.0 = wm
[2]
% -
S 5754 TE. | =
72 i
55.0 - . mm —
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1000 10000 100000
cycle to failure (logN, )
] 5-42 5wt% CNT/phenolicg 44t = R B E 2 T2 g ¥ 4 & o

st(normalized)
m  original(25°C ) exp. data
55 ® wetexp. data
thermal cycling exp. data
———0riginal(25°C ) linear fit
50 - - m m wet linear fit
thermal cycling linear fit
W -
g_a 45 I ] P
<
(/2]
O 40
»
351
30 L | T T (L L L T T T
1000 10000 100000
cycle to failure ( logN; )
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m  original(25°C ) exp. data
® wet exp. data
60 — thermal cycling exp. data

-eee-0riginal(25°C ) linear fit
i wet linear fit
55 —— thermal cycling linear fit
" R ®
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=
13
173
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=
n 40+
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—
30 +——— . ———ry : T
1000 10000 100000

cycle to failure ( logN, )

B 5-44 5wt% CNT/phenolic4f ## &= R B E 2 T2 g ¥ & & ¥
A HE)

M Phenolic original(25C ) exp. data
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+ 5 wt%_thermal cycling exp. data
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ffffffffff Phenolic wet linear fit
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5 wt% _wet linear fit
55 -5 wt% _thermal cycling linear fit
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X188 1868 mm

Bl 5-47 %8 (25°C)™ s pspEz gk & AL 7 (89763 =
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188 188 kmm

B 5-48 %8 (25°C)™ 5wt% CNT/phenolic 4F 41 2. & % 8L 7o

X188 1868 mm

B 5-49 %R (25°C)™ 5wt% CNT/phenolic 4§ +1 2_ J& & B3k 475
(89932 i¥ =)
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X188 1868 mm

&) 5-50 25°C/ 85%RH 5wt% CNT/phenolic 4§ +1 2 i & &L 1% %5 5
(89422 it =)

Y

X188 1868 mm

] 5-51 # 957k 500 ¥ = ¥ fm g 2 % ¥ ALK %75 (1458 i =)
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15k X188 1868 mm

] 5-53 #: ¥4 7% 500 ik = 5Wt% CNT/phenolic if + 2 & #LHk %
& (2283 i =)
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