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Chapter IX Composite Materials

§ 9-1 Introduction
9.1.1 The classification of composite materials

) b) c) dy&”

Schematic of structure of composite materials
a) laminated composite b) and d) fiber-reinforced composite
c) particle-reinforced composite
e )P ;
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9.1.2 The property feature of composite materlals
1. High specific strength and specific modulus
®92 ERME S EEwE SRRt &L
mee | BE | HUEE | LERE o fE HEE

#Ek /gem” | /10WPa /10\Pa /10Nmkg™ | /10N emekg"
M 7.8 1.03 2.1 0.13 27

h 2.8 0. 47 0.75 0.17 27

% 4.5 0.96 1.14 0.21 25

B HEAN 2.0 1. 06 0.4 0.53 20

B ER AR IR 1. 45 1.5 1.4 1.03 97
BB FE-TE 1.6 1.07 2.4 0.67 150

P -3 2.1 1.38 2.1 0.66 100

E 44 PRD-3FE 1.4 1.4 0.8 1.0 57

SiC A3 H 2.2 1.09 1.02 0.5 46

et dE—45 2.65 1.0 2.0 0.38 75
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Experimental composite Cat”
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The application of composite materials in plane
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2. Good fatigue resistance and fracture safety property

i

BRAFAES AR
1500
The comparison &
of fatigue strength [ = 1000F B
among the three = _—
kinds of materials | 1z S00r R

103 103 107
TESE N T

3. Nice high-temperature property
4. Fine damping property

SCHOOL OF MATERIALS SCIENCE AND ENGINEERING OF XI'AN JIAOTONG UNIVERSITY




FHXAA Y munzsTrsn

S 9-2 Reinforcer and reinforcing mechanisms

9.2.1 The reinforcers
1. The fiber reinforcers

KO3 FAERFESSEHRENT
M e EE | fifEE | fEEE HaE WiEE

Pt Jgrem” | /10MPa | /10°MPa /10Nmkg' | /10N em e kg
TR 4 2.55 3. 40 0.71 1.33 28
EREAE (1IH) 1. 74 2. 42 2. 16 1. 39 124
ERELAE (TH) 2. 00 2.23 3.75 1. 12 188
Kevlar49 1. 44 2. 80 1. 26 1.94 88

i g:d 2. 36 2.75 3. 82 1.17 162
SiC 44 (85T 2. 69 3. 43 4, 80 1.28 178
kx4 7.74 4,20 2. 00 0. 54 26
L 19. 40 4,10 4. 10 0.21 21
HHe 10. 20 2.20 3. 60 0.22 35
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Fiberglass Cloth
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2. The particle reinforcers

% 9-4 % FER B B Ee

. L, .| BE | ARKER AGE | BE | TR | BEE
FRLZ R FE/gon ) \ /_6\; | | | =
/C £/106C1 | /W- (mK) 1| /GPa | E/MPa | £/GPa
BALEE (SiC 321 2100 40 7531 %65 |
1 . . . .
i (5iC) (7 #8) 300
300~ | 360~
. 2.52 2450 5.73 29.4
rACER (B4C) 500 460
FrALEE (TiC) 429 3300 74 255 | 500
SALE (ALOY) 2050 9.0
2100
AME (SiNY) 3.2~335 2532 | 12.55~29.29 | 19.0 | 900 330
(7 f8)
EXRA (3ALO; #25i0)) 3.17 1850 4,2 319 | ~1200
TEILER (TiBy) 4.5 2980
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9.2.2 The brief introduction of reinforcing mechanism
1. Fiber reinforcing

Cracks in the fractured fibers The fractured fibers being
propagating along interface drawn out the matrix
between fiber and matrix

2. Particle reinforcing reinforcing
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S 9-3 The common composite materials
9.3.1 The plastic-matrix composite materials
#9-5 JUAPRAEEME B AN B M e
1 &E EE ALY THEEEE IR REL
B R /g-em” /MPa /10°MPa /10°%-C"
JE Tz 66 1.37 182 91 3.24
ABS 1.28 101.5 17 2.88
BRI 1.28 94.5 91 3.42
PR 1.43 1295 84 234
# 9-6 JLAH A EVEBIE AN B M RE
i3 HE LBz PUEBE MERE
EA R /g-em” /MPa /10°MPa /MPa
HBe 1.7~1.9 180350 210~250 210~350
B 1.8~2.0 70. 3~—298. 5 180~300 70. 3—~470
[0 1.6~1.85 70~280 100~270 270~1100
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Bicycle Manufactured by y (},,.t
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Tuff Wheel Made of Glassie
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Turbine
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SR 3R A
Glass Fiber Reinforced
Polyme r F-.__lp.e.a
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Canbon Reinforced Composite
q_%ﬁ

Spring-Weigh about 60% 1;& :

_ than Steel That i
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9.3.2 The metal-matrix composite materials

“\‘ SN N

7 III II s

Aplastic-metal three-layer composite material
1—plastic layer 2—porosity bronze interlayer
3—steel-based
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Schematic of structure of automobile tire

1—tread layer 2—Dbuffer layer

3—cord fabric layer

7 9-7 RZEXTHE B EIE SRR
. Ak JE B Fidr5aE /MPa gl p )
RNz 2 Nz 2 MR EEE/ RINFKEEE
RIRIZ IR 20~30 30~34.5 1~1.6
I B 15~20 20~28 1~1.8
T EERR 2~3 15~25 5~12
T EER 2~4 15~25 4~12
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= 9-8 ML AL FIEsR AT E R e EL B
MEBE WrZE = MEEE WrEdE =
FIR /MPa /MPa-m!? L /MPa /MPa-m!”?
AlLOz 550 55 WH-Fa% 200 2.0
Al,05/SiC 790 8.8 W -k &/ SiC 830 17.6
SiC 495 4.4 SizN, (FE) 470 4.4
SiC/ SiC 750 25.0 SisN, /SiC 800 56.0
7rO 250 5.0 I 1 62 1.1
7r0Q/ SiC 450 22 ¥/ SiC 825 17.6
+9-9 ERA-Z10, B &M ElEge
m-Z10, oy MPa K/ (MPam™*)
¥ H HE s
b | AERE | 0 [ Za 300°C ] 800°C
H=RAY 1650,C 0 236 274 25 3.1
60min
B549P 1480,(3 88.1 612 440 5.1 4.4
80min
D EFRA: AISIi=68/32 (JREH)
@) Zr0,: (Y,05-Z10,): FEFRFH=25:25:50 (fEFAEE)
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