57 6 2008 6 Vol.57 No.6 June 2008
1000-3290/2008/57 06 /3613-07 ACTA PHYSICA SINICA (©2008 Chin. Phys. Soc.

100080
2007 10 9 2007 11 18

PACC 4320 4335 4360

1—3 10—15

(a) ®)

* 10774158

F E-mail zhbx@ mail.ioa. ac.cn



3614 57

+oo Im(8)
|
|
i
r I
i
¥ : ¥
2 . 12 .
i 0 Re(8)
|
2 x i
2a Yy i r
16 i —eo
p X z _ J‘p kx iktx-ﬁ-kzz dk 1 3 0
ko= K -k k:% w 3
z=0
1 lxl< a
px0 = 2 4 z=h z>h
0 x> a
z < h {01 [02
x
z a
x'z
px z = JP k, et dk,
. =eeee———— L,
-a a x Xz Xz
p X z _ [f (9 + eilr xsinf+ zcosd d@
T
2 @, = —Lp X z
i ‘OCQ)Z
1 2 |
2sink,a ’
p k., = k. 3 0o Py
I 2 i k ik x+kz - |
p x z :J Sl;: Xae herl dk, . 4 1 [
Y X x'
k. = ksin0
p X z _ J‘f. 6 elk xsinf+ zcosl d@ 5 o .
T
fo
X 2sin kasind
fo = <ind cosl 6
I 3




3615

P

gpl':_ 2Jf€+ae

@tz—%Jf@+a e
Or1@

k

<

k

pp

- _ %J‘f 6 +a eik xsinf + zcosd dﬁ 9
o0
¢, SH
u=Ve +Vx ¢e, . 10

P &

ikhcosf

1

Orw .,
ik xsinf- z—h cosf
X € v, 0 do

ikhcos0

i kysin0+k_ z—h cosl
x e M e g g

12Jfﬁ+ae

O1@

i kﬁ(sin@-ﬁ-ks z—h 00595

ikhcos0

W, 0 do 11
65

0, = cos™' /1 — K*sin’® ﬁ/k?,

0, =cos” v 1 - Ksin”0/k 12

k

s

pp pp ps
z=h

1 2
u, =u,

2 _ 1
Tzz - = p

2
., =0. 13

2 . 2
25,008 20, + z,5in°20,, - z,,

p 3
z,,c08 20, + z,8in°20, + z),

o 22,,c0820,

T 02 z2p005220p + ZZSSin220p + 2y,
2z,.sIn2

__ O z),8in20,, 14

2 2
02 zy,c08 20, + z,,8in°20, + z,,

= pycleosl  zy = prc,lcosl, z,, = pyc./

c c

P s

14 Vv, W

pp pp

ps

11

1

- 2
o1

i kry +m/4

21
©, = Tnf0+ae

_ 1 \/ 2xtan’ 0
b= plwz kritan’ 0 + kprptalnzﬁp

i kro+k r +m/4
1
XfO0+a W, 0e '"rr

1 \/ 2rtan’ §
o1’ N kritan’ @ + k_r tan’ 0,

ikro+k r_+7/4
1 s's

xfO0+a W, 0e 15
0 6

Sbt:

p s

Snell 0+ a

f O0+a

ry r ry

10

15

0 g, 15



3616

57

15

15

N
it
¢ = ge’
%
N »
AR
o= 29
j=
¢j, :—¢j

Ji=1

16

18

6.
6
y Xz
Xz
{173 .
0 \"4(% x
Ak
i
\ 24
6
52 mm 128
0.41 mm. z =30 mm
3 MHz 0.5 mm

0 60 mm



3617

1.0

0.8

0.6

A— B

0.4

0.2

10 mm 60 mm

(@)

-20

-10

0

10

14 17 B 5/ mm

20

30

0 60 mm

H—{b s

\

HEhrR/ mm

I EE / mm

g0

80

70

60

40

30

—30 -20 -10 3] 14 20 30
1) 7 &t/
0 60 mm
10 mm 42 mm
6
[




3618

0 30 mm
10
7
1.0
- (a)

0.8
B L B
& 0.6 =
- :
o 0.4f o

0.2

0.0 I I I I I 0.0 I 1 L L ! !

-20 -10 0 10 20 15 20 25 30 35 40 45 50
1 ) B 8/ mm ) #E B/ mm
10 0 60 mm a b
11 10 mm 30 mm

2[R P mm

20 1 10 5 0 &5 10 s 20
W fa fir &/ mm

11 10 mm 30 mm



6 3619

1 Wooh S C Shi Y J 1998 Ultrasonics 36 736 WCNDT 2057
2 Wooh S C Shi Y J 1999 Wave Motion 29 245 10 Que K L2004 Ph. D. Thesis Qinghua University in Chinese
3 Lawrence Azar Wooh S J 1999 Materials Evaluation 57 134 2004
4 HeZ Q Zou P 1995 Chinese Journal of Ultrasound in Medicine 11 Che X H Qiao W X Yan X Z 2004 Well Logging Technology
11 211 in Chinese 1995 28 108 in Chinese 2004
11 211 28 108
5 Lai P X Zhang B X Wang C H 2007 Chinese Journal of Acoustics 12 Florence D Jean Y C Dominique J C et al 1996 IEEE Trans.
26 246 UFFC 43 991
Abittan Eile 2000 Journal of Nondestructive Testing 5 7 13 David R Gordon 1996 IEEE Trans. UFFC 43 263
Zhan X L Li J 2006 Chinese Journal of Scientific Instrument 14 Li]J Rose J L2002 IEEE Trans. UFFC 49 1720
27 1247 in Chinese 2006 15 Deng F Q Zhang B X 2006 Chin. Phys. Lett. 23 3297
27 1247 16 Miller G F Pursey H 1954 Proceedings of the Royal Society of
8 Zhou Q LiuF]J LiZ] Li X D2002 Ordnance Material Science London Series A 223 521
and Engineering 25 43 in Chinese 17 Brekhowskikb L. M 1960 Waves in Layered Media Beijing Science
2002 2543 Press  in Chinese 1960

9 Blanquet P Demd T Delebarre C et al 1996 Proc. of 14th

Reflection and refraction on the fluid-solid interface of acoustic
field excited by a concave phased array ”

Zhang Bi-Xing" Wang Wen-Long
Institute of Acoustics ~ Chinese Academy of Sciences  Beijing 100080  China
Received 19 October 2007  revised manuscript received 18 November 2007

Abstract
The reflection and refraction on the fluid-solid interface of the acoustic wave excited by a concave phased array are studied
in this paper. The analytical presentations of the refraction and reflection fields of the focused acoustical wave on the fluid-solid
interface are obtained for the first times by the ray approximation method. The refraction fields in the solid are analyzed and
discussed. The ultrasonic phased fields of the refraction compressional and shear waves in the solid are numerical simulated and
investigated by the analytical presentations. It is found that the compressional and shear waves are better focused in the solid with

a cylindrical fluid-solid interface than in that with a planar fluid-solid interface.
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