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Materials Science & Engineering Chapter 15. Composite Materials

Top. ABS plastic having

Bidirectional layers. £45° a low glass transition temperature,

ﬁh;:l[-!h“- Provide torsional Used for containment and cosmetic
stiffness.
purposes.
AN

-
\ N,
1

Unidirectional layers. 0° (and
some 90°) fiberglass. Provide

longitudinal stiffness. =
£ ‘%ﬁ; .

Side. ABS plastic
having a low glass
transition temperature,
Containment and
cosmetic.

Core wrap. Bidirectional
layer of fiberglass. Acts
as a torsion box and
bonds outer layers

to core. _ Core. Polyurethane

plastic, Acts as a filler.
Bidirectional laver.
+45° fiberglass.

Provides torsional
stiffness,

- Damping layer. Polyurethane,
Improves chatter resistance.

Unidirectional layers. 0" (and
some M) fiberglass. Provide
longitudinal stiffness,

Edyge. Hardened
steel. Facilitates
turning by “cutting™
into the snow.

‘Bidirectional layer. +45° fiberglass.
Provides torsional stiffness.

Base. Compressed carbon
learbon particles embedded

in a plastic matrix). Hard

and abrasion resistant. Provides
appropriate surface.

Fig. 15.0
A 7|9
=)
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o - Fr .
/O 4 Matrix

Dispefrsed phase
phase
AN ) il /j - /j o
e% o505 0%0%e e e I e
fa) (h) c)
IV IV IV . 55 .
DACA0ED A A7
LD LD O O
ARG JU U U
(d) fe)
Fig. 15.1 S MR o] H&lo| Fe O|xl= S4H4 URLe| 715 ™, &
2t EZl: (a) & (concentration), (b) 3 7|(size), (c) & & (shape),
(d) & X (distribution), (e) HiI'& (orientation).
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Composites
Particle-reinforced Fiber-reinforced Structural
| | | | | | | | |
Large- Dispersion- Continuous Discontinuous Laminates Sandwich
particle strengthened (aligned) (short) panels
Aligned Randomly

oriented
Fig. 15.2 S8 xizol B3,

gitierm

THE UNIVERSITY OF SLIWON



Materials Science & Engineering Chapter 15. Composite Materials

Particle-Reinforced Composites (At &3t S AHE)

{ Large-particle composites
Dispersion-strengthened composites

Large-Particle Composites (It & S & A=)

~ AL 2AF =& 2 &7 doiLt=
Continuum mechanics (P34 A d&h) HM FZ

Large particle ~ CHZf 100 nm O|&f ol 27|

=200
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=& i = 2| elastic modulus, E. :

Ec(U)=EpVn +EpVy (upper bound)

E.E
E.()= m-b (lower bound)
VimEp +VpEn

E: elastic modulus, V: volume fraction
C: composite, m: matrix, p: particle

- Rule of mixtures (E &%)
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| | T 2

350 |— 50
—_ T
48] (-l

o 45
S 300 |— 2
£ Ec(U) = EqnVin + EpVp 20 3
3 250 — Upper bound =
= —.35 E
"'5 L
L;” 200 — — 30 E
g, Lower bound =
= EnE, |25 B
150 Ec(l)=v =V E =

mEp TVpEm —f 20

I R R N A NN S R 15

0 20 40 60 80 100

Tungsten concentration (vol%)

Fig. 15.3 £ vs. vol % for W particles in Cu matrix (&gt 48tat,
stetaf Atolod #{x[st UF).
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(Examples)
- Spheroidite matrix: 230 o LR B fok— Particles:
steel ferrite (o) Qho&":,;-._\..r S, cementite
(ductile) \i%‘?f"i- -’*,iié_%-, (Fe,C)
or Ok 0@ . R AN . ]
Y jem. Bl e, g (Drittle) Fig. 11.19
A0 lGOMm‘ g '5 ( g )

- WC/Co matrix: particles:
cemented cobalt wC
: ductile (brittle
carbide ( ! !
tough) hard) (Fig. 15.4)
- Automobile matrix: i particles:
tire rubber  rubber o carbon
(compliant) black
0.75um (stiff) (Fig. 15.5)
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Dispersion-Strengthened Composites (E4t 23 S&AHR)

~ XLt EX}F £=F oM D& ol
UXF =3 7(7}F CHEF 100 nmELC}H =

2 0lM 35 URE HIte 3483

—

(0d])
Thoria-dispersed nickel (TD nickel):

Thoria (ThO,) O|A| (XHE 3% E4HAIZINI & 2
9 _I_g 7|'|:

Sintered aluminum powder (SAP):
Alumina (Al,0,)& Z &S O/M Al BEYE A4S ZE
O|ZdZ Al matrix LHOl| 2&HA|Z |4 Z & ¢
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Fiber-Reinforced Composites (823l S &M F)

Influence of Fiber Length (A5 Z0[|2| ¥&h

~ SERZ 9| strength & stiffness &7t /3™ critical fiber
length |, O|4O| Z|o{oF &

> 0| Z 0] o|stof4d Aol
SEt s MES ot X| &

R0l ol Bt

*
| — o d d: fiber diameter, o : fiber ultimate strength
c 7. shear strength of fiber-matrix interface

27

{Continuous fibers (or long fibers): | > 15l

Discontinuous fibers (or short fibers): | <15l

gitierm
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Maximum
3 applied load *
I"]}- ____________ ”'f ____________
2 | 2 I |
£ | £ ! I
i I &n | |
| | |
| | |
| | |
| | |
PR L |
0 Position ' 0 Position !
f’;«:— ( D— “’F Tf e ( D— ”}f
o ede - ol
fa) (b
ff; __________
L]
@ . =
5 Fig. 15.7 S&xZ oM M2
Zo|of| (HE S™ EX

° Position ! (a) I — IC’ (b) I > IC’ (C) I < IC'
UF{_[ ) —= U’F
FJ{Q—#
fe)
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Influence of Fiber Orientation & Concentration

MO Sk Ol '=- O| 045k
Longitudinal ( =TT HH o x © —|—-—| o O)
direction

‘ Transverse L1 || 1]

direction
— =
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Continuous and Aligned Fiber Composites

ﬂ'}r' —————— j‘c
| E|- A‘l H %4 I
; | L- O L_- O
Fiber [ | ~ I Fiber
!
| v
: St?ge f! Composite
| el 'l Failure
I
# w |/ | Matrix
% Om[ ==~ _I ___________ I & f I R
4 = ' .r-'-’
e I Matrix I 2 Il | __,.--""
, 1 _
Ty | A AdH4{ S
% I | ;' L_,": i o L)
| I I 1 /
| | Ifr |
I | Iy |Stﬁge|
I Iy |
En? I : /i I'ﬁ
I | | |
| | E
EF E;a Eym E,F
Strain Strain
fa) fhi

Fig. 15.9 (a) brittle fiber@} ductile matrix A{= 2| S&-HHHE 7HS,
4o
=)

(b) S M= 0| HF

oO=20 0O

—
XMaddlsfo 2 2342 7tst
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Elastic Behavior-Longitudinal Loading (EtA7{S-Z4 0¥ & 51 8)
Isostrain condition : &, =&y =€+
t (l= HiSd &= E)
F. = Fy + Fs
i F=cA
(Al gE)i | o=E¢
i Vi, +Vs =1

Eq =En(@-Vs)+EfVy

|:|'|_|'\

119.'-'
>
o s

|IO|I-

o

O|X} EFAM 2
L- O o=

s v
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Ex. 15.1) Continuous & aligned glass fiber-reinforced composite

L]

40% glass fibers, E; = 69 GPa
60% polyester resin, E., = 3.4 GPa

(a) Elastic modulus of this composite
In the longitudinal direction ?

(Ans.) ECl = Em(l—Vf)-I— Efo

= (3.4) (0.6) + (69) (0.4)
= 30 GPa

=200
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IS)

(o]

Elastic Behavior-Transverse Loading (Bt E7HS-Z 4 &

Isostress condition : o, =0, =0

= o 24
S S T

c=0clE

Al © -—
(5 7= {vm+vf =1

1
1
1
1
1
1
1
1
1
v

EmEf
Bt = VB, +VLE
/ (1-V¢)Es +VsEp
=

s v
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Ex. 15.2) Continuous & aligned glass fiber-reinforced composite

40% glass fibers, E; = 69 GPa
60% polyester resin, E., = 3.4 GPa

(a) Elastic modulus of this composite
In the transverse direction ?

Em Ef
Ect =
(1-V¢)Es +ViEpy
(3.4)(69)

~ (0.6)(69) + (0.4)(3.4)
= 5.5 GPa

(Ans.)

=200
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Longitudinal Tensile Strength (20| & QI ZT)

ol =om(-V¢)+o¢Vy 7

H1

SNzl Zo|g e ot IEZ )
> J 8L (ultimate strength) £

... S

Transverse Tensile Strength (S & QI ZE)

=]
i
|
[
: |
e Nl T

B —— e e e e

= waro| 2 ofpf 2000 et ot q f
(7C=>I_?_o.|| etMe 7|1 A ZEHC S Strain "

Fig. 15.9 (a)
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Table 15.4 Characteristics of Several Fiber-Reinforcement Materials (Ad 19|- él- KH E)

Specific Modulus of
Tensile Strength  Strength Elasticity Specific Modulus

Material Specific Gravity  [GPa (10° psi)] (GPa)  [GPa (10° psi)] (GPa)
CWhiskers> » nm $=&9| &7 ’
Graphite 22 20 9.1 T00 318
CHA%, 1
Silicon nitride 32 5-7 1.56-2.2 350-380 109118 !
(0.75-1.0) (50-55)
Aluminum oxide 4.0 10-20 2.5-5.0 T00-1500 175-375
(1-3) (1002200
Silicon carbide 32 20 625 480 150
(3) (70)
Fibers »> E_|.7=|X-| or I:I A X
Aluminum oxide 3.95 138 0.35 379 9% = o o=y
(0.2) (55) AR | A
Aramid (Kevlar 49™) 1.44 3.6-4.1 25-2.85 131 91 Hm T = °) —! 7o=|
(0.525-0.600) (19)
Carbon® 1.78-2.15 1.5-4.8 0.70-2.70 228-724 106407
(0.22-0.70) (32-100)
E-glass 258 345 1.34 725 281
(0.5) (10.5)
Boron 257 36 1.40 400 156
(0.52) (60)
Silicon carbide 30 39 1.30 400 133
(0.57) (60)
UHMWPE (Spectra 90™) 0.97 26 268 117 121
(0.38) (17)
Merallic Wires> » Z>HH m 2 ZC_ Ol
High-strength steel 79 7.3 0.30 210 26.6 ;_I 7_'=| H I ==
(0.35) (30) A H
Molybdenum 10.2 22 022 34 38 1O, /AT l—-I IS E
(0.32) {47)
Tungsien 19.3 .89 0.15 407 21.1
(0.42) (39)
“ The term “carbon™ instead of “graphite” is used to denote these fibers, since they are composed of erystalling
graphite regions and also of noncrystalline material and areas of crystal misalignment,
2gicierm
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Polymer-Matrix Composites (PMC)
(D=2 7|E SEME)

EA =X[7} 7|E, 477t ZER=E 78

o

~

Y BOl AHE
M= &o|
7t MEH

Glass Fiber-Reinforced Polymer (GFRP) Composites

244 glass fiber (REIMEFL| 22 Table 13.10 & X)
7| & unsaturated polyester

S5 AHS A & 2 E body, plastic pipe, M& &3

gitierm
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Carbon Fiber-Reinforced Polymer (CFRP) Composites

N zmE s T Mol 2xiE R

(or graphite fiber)
=t A M| 9| M2 El(precursor): rayon, PAN, pitch

22X F (EHIUAAM, HAOH, =2=A), &

OH

7|7l & B

I

Aramid Fiber-Reinforced Polymer Composites

\

Kevlar & Nomex < aromatic polyamide
(glass fiber, carbon fiber2t= EE| TEAL &7 &)

/|l
Kevlare| tsf+ = (Fig. 15.10)

&5 bullet-proof vest, A X X &, tire cord, missile case,
223 7|, Edlo|l=22| AT CHAIRH, clutch lining, gasket
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Repeat unit

e

4 \

:i

‘. \
\L_ \ \__’1.

f

<—— Fiber direction ————

Fig. 15.10 Aromatic polyamide (Aramid) < 2| & S/ 2!
Kevlare| t&t3 .

gitierm
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Table 15.5 Properties of Continuous and Aligned Glass-, Carbon-, and
Aramid-Fiber Reinforced Epoxy-Matrix Composites in Longitudinal
and Transverse Directions. In All Cases the Fiber Volume Fraction

Is 0.60

Property

Specific gravity
Tensile modulus
Longitudinal [GPa (10° psi)]
Transverse [GPa (10° psi)]
Tensile strength
Longitudinal [MPa (ksi)]
Transverse [MPa (ksi)]
Ultimate tensile strain
Longitudinal
ITransverse

Source: Adapted from R. F. Floral and S. T. Peters,

Technologies,” tutorial notes, 1989,

Glass
(E-glass)

2.1

45 (6.5)
12 (1.8)

1020 (150)
40 (5.8)

i
0.4

Carbon Aramid
(High Strength) (Kevlar 49)
1.6 1.4
145 (21) 76 (11)
10 (1.5) 5.5(0.8)
1240 (180) 1380 (200)
41 (6) 30 (4.3)
0.9 1.8
0.4 0.5

Composite Structures and
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Metal-Matrix Composites (MMC)
(@5 72 SEAE)

Matrix: ductile metal

(ZEH, Al, Mg, Ti & Cu alloys)

Reinforcement: X} or fiber ZEH, 10~60 vol % &7}
(SiC, B, C, Alumina &t LiEt= %)

(B MEE T, FISEMEE T, L2 tet XMEd
SEELY)

gitierm
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Ceramic-Matrix Composites (CMC)
(Mt 7[& SER=)

MEte R 20| & 2 45 2l 5 e
CHEOI F| M nt| EMHE S AIF|7] &5 T oHE
Matrix: M|I2F2! RH=

Reinforcement: M|2F2! &K}, fiber or whisker 234

0d|: AlL,O, (alumina) or ZrO, (zirconia) matrix < 0f
Ot 3HEl zirconia YXRF 4+
- Transformation toughening (24E§ Z&HE S35

00

.2 IfA A ZZS

fis

o u}

o

N

=200
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Monoclinic

ZI'D2
particles

I
OO O Q O O &) g OOEQ-H Stress
O O o

OH 2~ e field

region

O <Crack O O -<—— Crack
0

Ty 4
: Tetragonal Tetragonal
{a) ZFDE ZFDE

particles particles

Fig. 15.12 Transformation toughening0i| CH3H 2 Al
=4, (b) S230d 2|5H ok7|El BIEfof of8t # 24X (monoclinic
ZrO, # 0| tetragonal ZrO, & 2Ct 2 1|7t & - crack ).

- (a) 'HE] O] Q|

-
T
of |
27
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Processing of Fiber-Reinforced Composites

& Q8 MR A3l plastic composite 7S B

Pultrusion (2I1€ 8, 20|24 &F)

~ glass fiber, carbon fiber, aramid fiber=
polyester, epoxy resin0| & &A|Zl = CIO|E X|LIFHM G35t

Eﬁ)?%% Preforming Curing Pullers
JJ—L die die
Fiber !! N\ P

rovings

Resin
impregnation
tank

Fig. 15.13 Pultrusion 370i| CHEF 2 AL,
Zgiierm
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Prepreg Production Process (Prepreg A

EAT S
a3td IEX X2 FEAZ A5 HF 23]

~ tape SEIZ MZX, 728 SHNMEZE AS, HRA| ZEHA
7t4, 7+ ek stod BEHA[7 AL

8, ¥ote FHEE M50z £

Waste release
paper

Hopper containing
heated resin

Release

Fig. 15.14 Prepreg
Mz S&oi CHer

AL

5 Heated calender

Spooled ol

fiber ‘R Spooled

repre
Carrier FACRISE

paper
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=) %)Q/\Q/
<) M)

o-

Circumferential winding

Fig. 15.15 CFESt filament winding 2 01| CH8F R AL,

gitierm
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Structural Composites (X2 & S )

~~

Laminar Composites (&

mo 02
i
1]
pal
W

~ 2%} 9| sheet or panel€ MSA|7{ 74

2 0d) plywood (&), ski
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Sandwich Panels
~ 4 =

—

2 F 712| 2|F sheetl} T 2 SUS2E Fd
Face materials: Al & =&, FRP, Ti, steel, plastics

Core materials: &Y T 2X}, &l 15, A|HE balsa tree,
honeycomb XAl (foil&d MMZ7F 2 cellg

HAdstod 2502 £0l 71X

8L XIS, v, &, HIF7| S & 74

=< =

gitierm
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:
L) -
Yy ---'lu

i W

Adhesive

Fabricated
sandwich
panel

Fig. 15.18 Honeycomb core sandwich panel2| A& g 2 AE.
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(Probs.)
15.1, 15.3, 15.8, 15.10, 15.12,
15.15, 15.23 & 15.28.

=#CH2



	슬라이드 번호 1
	슬라이드 번호 2
	슬라이드 번호 3
	슬라이드 번호 4
	슬라이드 번호 5
	슬라이드 번호 6
	슬라이드 번호 7
	슬라이드 번호 8
	슬라이드 번호 9
	슬라이드 번호 10
	슬라이드 번호 11
	슬라이드 번호 12
	슬라이드 번호 13
	슬라이드 번호 14
	슬라이드 번호 15
	슬라이드 번호 16
	슬라이드 번호 17
	슬라이드 번호 18
	슬라이드 번호 19
	슬라이드 번호 20
	슬라이드 번호 21
	슬라이드 번호 22
	슬라이드 번호 23
	슬라이드 번호 24
	슬라이드 번호 25
	슬라이드 번호 26
	슬라이드 번호 27
	슬라이드 번호 28
	슬라이드 번호 29
	슬라이드 번호 30
	슬라이드 번호 31
	슬라이드 번호 32
	슬라이드 번호 33

