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Determination of elastic constants of unidirectional
composite using ultrasonic method

Xu Mingxiang, Wang Yaojun
(The Institute of Acoustics, Nanjing University, Nanjing 210093)

Abstract The composite concerned is treated as material of hexagonal symmetry with
five independent elastic constants. The Christoffel equation is solved to give the propaga-
tion velocities of the three elastic waves in this anisotropic medium. A computer-controlled
experimental system is developed for measuring the sound propagation velocties in the
composite plate. The unknown five elastic constants C,;, C3;, Ci3, Cy, and C,, are recon-
structed. The velocity values calculated by using the constructed elastic constants are in
good agreement with the experimental ones.

Key words Unidirectional composite, Elastic constants, Velocities, Reconstruction

RypEya Xt

1 5§

WRBAEF SN, HTHERE/ FE
HAERK, ZFBTHEAKEMETLHE
/R ZHNA EXFHRHRITRER
SREP, ABHEBMEH S E M
BERAENEML, MARK I E St
R R %

NPEE BN BEERY FE L
RSB %R &7 Ex SN2
WHer), B H B MR RS KA RN
EWH —EREME: WH—HE, dTHRP

* AR EM L SESATHRE B RF2EE T BHRE
* » e TAE A 9 BB B A S B9 B (JE s 100080)

o1



MAREESHMHERABAEEFT W AR &
HRED, AR RN R BRI
BedRtem, BETS. WS

RMNBLT —EIHENERNLIRESR,
LB 7= 5 dE AR R D WK &R FE A A B
“RERHEBB AN MBI EERE

R
e —Fb & R AR, HIRE B 4

2

[011] T,y Cp Cy
O Cp Cy Cy
O33 Ci Cu Cy
Oy - 0 0 0
gy; 0 0 0
Lo, L0 0 0

¥ pE(C, 140 A Christoffel 7572

(L — pc?dj[v;] =0

53

Cunt + Cen} + Conf — oc?
(Cy; + Csdmyn,
(Cy; + Conny

U,

U,

|

K, vy oo ANTRBESMNBA R, ningn
HAE BRI T EIRE 0 AHREE, c R
FEBCE .

AR, BATHEE L EH K KT EKR
R, @ 1R NBRESETHS x #F
17, B -z FEH SR EFFT. SAHFEE
(B 1 PEFE D SAETMBERD e W
BB AT B REATRR N

n, = sing sing;

U3

n, = cosf,

(Cy; + Cepdnyny
Ceeni + Cyynj + Cynf — pc?
(Cy3 + Cynyny

BHSHEEE SR REEIEERBY
BAESSIES, ATAA BRI MERBORE
fiE, Ef15 58 CiuCis Crs Cos A Cro. FEM NS
BIRR O-nzpxs B, BREFEF S = #F
17> -z, FEPRERESHREEX. W,
I~ Hooke E@ AT RR A DA, HH, o,k
', e, MY, ANESE, C,o MR
B H Coo=(Cyu—Cyp)/2. KB APFE
EHEBEYE, RITFEOPESHERER

0 0 en
0 0 €5
0 0 e
* )
0 0 Yy
Cu O 4%
0 Cie L 7
(2

.(C13 + Cyining
(st _+ Cu)”zns
Cynt + Cynf + Cyynl — pc*

0
{ ; } o
0
n; = cos@ sind, ¢y,

H, 6, AERERPIT S A BERNHE@E
B TR AR FAR R, % B A 5
R or Moep. XHES, ST HEA @ i1 Christoffel
T3 R AT UK A R4 55 £ 6, B i) P U
¢,» AR Snell 4.

sind;/c, = sinb,/c, )
AR, BF—HEmMEMEERESHER
BRBEVHXE. DL o=45"KF], Wit n=
~2sinb,/2, n,=cosb,, n;=~/2 sinb,/2, |

15%18



B1 FEREAMANM AR SR

R, BRXT o W—=ZKFHE
E (pc?)® + E,(pc?)* + E;(pc®) + E, = 0

(6)

BN TR, BR=AEE, 45N T—1

BHABHARITEDLZHE FENRYE.E.

E, M E, W% LhkLE, TEARIIERMA

THEREMEERBN LR RHFTHRER

B BK.

3 TRREMANRSR

AT ERAEREERBORE, K]
BY T—EBAWMRARSE, wE 2 . He
Fr W i T300/Qy8911 B ] 43 i £F 4E AR »
ZEEH 16 MER ST M. BERELT%E
BEGHYBESEIT: XHM&E, p=1.0g/
cm?®, c;=1.5X10°m/sec; XtF4Hx, p=1.75
g/em®, h=1.9 mm. B EZK D, FFHPZT
EBBEFEERFHRES Ki Rk
BE2$4- B E A 5. 0 MHz #1 1. 4 MHz .0 45
. AR RET L B ER, AkEiE
ARG E. Blikeb 2 EH 0. 36°/fk
W, BHESHITEIRL. TR IR HE
GPIB # O X B F MR MR BT ER, MK
BT EWE S RELAE. & 6 A K
MWAYE R BB TR, BRI /DT 50 ns. #E{H-330 v,
EEB®E 0—5 kHz.

B3 trhARNBREE Al 5
P AESR A . ToAR B B B [B] 2 ¢, Z A8 OC
E Y]

v h ok

o Xy

¢, = cs/ \/1 + g% — 2qcosb, D)
Ko, g=ct,/h. HE—BHE, LRMEHN
EERERER, B TRRMBTNE, A

ATV Ao A B R Tt B e |
itk bl
0
% 1
e [N B
W o 3
L— .mw% S Rt (R0 1% 18

B2 HARMEHLRMAREER

———— R

B3 WLt R 2R AR P A

BE B, R A S S R R
FEFTES, ANIBHAERAELBE
T E AR M R R RO
EAERE Bl =0 RBHEERS Cr
Kk HATEE ¢=45°, R RBEAFRAY
A TEEEZRNME, BITEBREY Cu.
C‘]Z\Cl3\C14*uCIZEE/I\ZEJJZ.W%E%\&‘ ﬁ

.3



ERMNBBM ANEEMRE O (m=1,2,
M); EE(G):EQ’ E%Cll\cu\cls\cuﬂ Cr—
EMPME, FiLEMNZNEL, e —-AEE
PR R, BrT8 B M MA BT B
BH P’ (m=1,2,+M), &

d= mf;(c::) — oy (8)
M d WP E/MER, BIIAR IR e REA
BEBEIBRGHEBEFR:

Cu=17o 7 GPa’ C33=114 GPa, C13=2. 9
GPa, C,“=8. 2 GPa, CIZ=7° O GPa.

MBF, RIMNVEEEAS RS BKE
KREERETFEASA, TR RI\EKES
MEMNBHRTUERBRASAE, WH,
AR AR BERIER S IR o AL A
A,

# EEBRSERBERAG, BBAKS
HHERIT MRS L RMBSRALE o
B4, —ERSRE, RO\MBFRRHME.

7.0
5.0
C,
B
3.0 > G
./ Ca . R
1.0 T T
0 30 60 90
mHa (°)
B4 p=4"BAENEEHALER)Y
TRWREC X EE
C: HEH P
Ci MGy DT W HE
4 i
AL AMKR G RAER PR
I

0] b 7 B B, B AT AR T s R A8 B
BORERY. X—BAEHTHE RARE
. MER. WEZITHER, EXREHAT
ERELE. O T A0 5 A AR AR
HERFIE, BRT REMIALEOMESL, RAE
1 2 25 ) B SR AL 4F 4 Bt R B KB R
8. XPRIMMERRE, ATERMHEE
HBAF 2 2 57 1 [R) RE Y SC R BT 5 R4 2 O fRE Y.

P 3%
L ACHES (€ Yo

E,=Apn+Ap+As

E;= A%a +A§z +A§3 —AnAp—AnAp— Az
Ass

E,=24,,A;An+ AnAnAsn— A%sAzz - Afz
Aas_AgsAu

Hrh

Ay =Cy;5in%8;/ 2+ Cyec08?0,+C ysin’8;/ 2

Az, =Csin®;/2+C, c0s20;+C,sin%0,/2

Ay =C\,sin%8;/2+4C c08%0,4C;;sin?6,/2

Az =~/2 (Cy3+C,)sinbcosb,

A= (C3+C,,)sindcosb;

A, =~/2 (Cy,+Cs)sinbcosb;

B RS 625 TR RBRHB AR
R T FEARW A R

$ F X W

[1] Christensen R M., Mechanics of Composite Materials
(Wiley, NewYork, 1979).

[2] Neighbours J R., Schacher, G. E., J. Appl. Phys.
1967, 38(13), 5366—5375.

[3] Rokhlin S1., Wang W. , J. Acoust. Soc. Am. 1989, 86
(5), 1876—1882.

[4] ZimmerJE., Cost JR., J. Acoust. Soc. Am. 1970, 47
(3), 795—803.

[5] RokhlinSL, Wang W., J. Acoust. Soc. Am. 1993, 94
(5), 2712—2730.

15418



