2 40 %3 10 3
2004 4 10 H

LIRS B =
CHINESE JOURNAL OF MECHANICAL ENGINEERING ~ Oct.

Vol.40 No.10
2004

ET ST M G R A % 5 R AT 5T

X g

fEE X &

FA- TG

AR TR 2L 2B bt 100022)

TR M 7 RN A 5 ) 2 AR P R 0 P AR R o R R, A5 20 e AR O 2 W A T 2 i 5
(EgCI

RERRCRAR ZE o ARIARZS P R BIE , KF I3 v S A S PR I P T S M s 0 7 R A N, 3 ST T

Hh it

PRGN 2 B B. FUATEE SRR IR, ARSI B SRR 1, 3R T — s H

1R 7 R S s s v T 1k
KA, HE M BEASRS SU M
FES%ES: TG115.28

0 Fis

FERG) ZNHT R A, AT R
LA A SRR TMEER T . T4 i T4
WIS AR S, AR, Y Pk
W, IR SEAGHE MR s, R, fRER
R TE A 4% A (IS AT R B AT W RS
7. 75 % 5 (Acoustic emission, AE)E ARAE K —Fhzh
AT J7ik, T SIS 45 P [X sk B 3 44 1) K
FELRSTI, O6F 14 i U IR AT LA R A 35, Bk [

B MR S AR T Jm TS A RN S, B
ORI MR I 75 RSP AL M 2 ik —, H
SR ELAH SR I3 I 0 48 8 e 14 A B AE AR
KA JRBRE BT SRR, R AR G0 Jr IR
ETE MR E AL, BT 5 RE th 2R B L it
P ARG 5 AT A AR A BTHCRS P, T ] CP
ABCBE A BN A I B R A 5 b it s b 155 5
AR5 RS, R AR S R I ) D A JR s A 41 12
IR AR, SEhs b, BB ELTP BB
S AR X HAR AR BRI Rk,
I PG S AE AR R R A B KA 2 [ E A3
(K7, I Bt AT AR P 88 PR B AL A R RS Dy ™ 3
LNLTES S QBTN PSP R W= (ER] 8 SR VA E Y
AR, Lancel™ 75 2% RE AT MO 7090 2% P bR 7
FIHE SRR LR b, ST M A A
PRSP A AR G s S T A T A A0 7
PV ENL o AER 58 MAR rp 75 22 [ N 3RAG 45
TE VR A A B R P A 5 R L, R RE
figp, DRI A T R A D00 e /D> S Y

* [ 5 [ SRR 342 (N0.19972003, 10272007)F1-b 5t [ AR R4 H i 4k
4x(3011001) % B0 H . 20031107 W EIHIH, 20040610 W EIE Mhi

Tk 5 AR UE W] T % VA AT R

75 75 K5 (Modal acoustic emission, MAE) /2
TEAL IR AR SR R R b, Ik gk
SR 7 2 SR T AR 0, DA Ay e 0 4 ) o Pt
PRGBS R P AR R SR MRS e
S5, i HAT BUR S i — B NS
RS HET NP R I ) e, s E AN L A
PR R AE , NG A3 TR AR R R R I
RGBS A HE, KU T E A K
SRS I, R N R SE R AR
TR PR 75 A S A T

1 B TE N = A AT

11 EEMRSESE RSN EFRE AT

MRS P AN R, () AR A PR
PR ANBAS 5 T RAE 5, AT ORI R 3
PAR BRI SLAE T8 A R FRREA T 0 M, 1 A I
U P RS RT ISR, ] 1 B . RGBT TE TR
FFERAHE S o0 PRSI S, B IE
Bofss () irkosh

=250 ®
AU s, () —— MR 5o n RS 3k
i

Sh(w) = Isn (Hexp(iot)dt = A (w)exp(ip,) (2)
A A(w), @, —MIEHUHE T A n M
ST AE FIAR AL
AR B rh A R RS, RS R
A4k, AR EE B YR AR S A B X AR 3 i) P
BHE S u(x,t) i LR R A
u(xt)=> s, (t-x/c, ) =Y s, (t+x/c,) (3)

K €5 N IS AR A AT R

.
L4



78 BB LR ¢ 25 40 555 10 3
U(X, t) I 1) (AT U (X, 0) 265K Xa = (% +L)/2 ©)
U(x,@) =Y A (@)expli(xk, (@) + ¢,)] 4) N
" []femas {} femaal ]
L Kn(@)—5 n BB S 3 9 E k(@)= Iop , 1
I T I
?&iﬁﬁ{:} H T l 75 =1 n =1
: — 3 TSR RS 75 R S A

x

-
1=0]‘
K1 B AR S 2 AR
timE & 5HE S IIESRINEEZMR
DA i e T e WOt e 5 5 OB L X, A o
Ly, FERAZER (W 2 o) W R it P A s
Ry 1] — 2% (] A% R IA X Va(a, 7)
Va(@,7) :.[:U (z+X,, @)exp(-iyz)dz

> A @) “explikn(w) - )ad 2

expli(k, (@)x, + ;)] =

1.2

®)

sin(A(k, ()~ 7))
2A X

LA @A

explitk, (@)% +0,)]

Ay =kn(w), HA LRI, L sinc i
Ko st W
sinfAk, (@) =1 _ ¢

~ 6
M@)o ©
Va0, = A @)explitk, @)% +ip] @)

ESERWY, T P AR S AT R A ) A2
ik, AT BLRAG S AR RS T

FeRRERA
fmmﬁ{'}- o, ‘
C |
- T
z=0[" o —z=0

K2 i RINE S IS SR B AR Y
B RS A A S AR R
My =k, (@) 1, FUHERAHERSE AL B I
R g o O 6] — 5 0 B30 1 S M 2
B0 3 75

[Val@,7 Vg (@,7)exp(-i px)de =

[ A@)A, (@)explik, (@)(x, — X )]exp(=i fx)do
A, TERREIE. Y =k (o) I, ERXAE
X=Xy —Xg =X &b, HUORAR o B RAE T B ()£
Xy EI 7 R A G R B2 %2 0 iR
SERARIG T, BT R AR S BB L, )
T L5 U 5 A A 2 1AL B 15

1.3

(8)

14 ETSEECHEEMERZHEMEEZLI

b 7 RIS 5 ARSI L, 5 2R F
WA S BT RN R P R 75 R S 5 o BT s
RSP IRRI e b, AEdn oK A AT FE A [ %
TR P RS S SEAILSE I o R T T SIAEAR LS
SINEE MR R e, H13 % A LA

WRAE R b SR AL, (E QAT T 454
H SRR PR A L, R A ) A A
PSP U g(t), T LR 2 i A N ] —
AT 25 (x, )AL AL FE O u(x, t) 10

u(x,t) = %Z [ 7 c(@)explifk, (@)x-at)]do

U(x, @) = > G(w)explik, (@)X]
Rt U(x0) ——u(xt) T i
G(w) —g(t) HIHiE
K, 257 g(t) A 3 Hhfkisas A BalCRI e iE
W AR T, WA G)TU (2 + Xy, 0) TR
U(Z+Xa, @)=Y G(w)explik, (»)z] (11)

T 30 1R 6 A 3 T A R R A R AT HUE
M, FTRAERAFAE TE h SR R R v, RITAT LA
B P BB T BERE IR AR R R Kn(@).
2 8 B SR r) R A s SR T 1
WOREAS T I B, DRI vy DK SROFH -5 24

U(z+x,,0)=G(w)explik, (w)z] 12)

ZELPTIR, TS U R A T 7RO e

P77 m] LA ] 4 Fios i RE R

Eita e e

(10)

[ sl o

| s —psmRgy |

T ASES

4 BT VPRI MR R A A AR



2004 £ 10 H A A

ST PRI MR 75 AN E BT R AT ST 9

2 B B e A SE N ]

EARIG S P, A T R S R SR G R
4, WK 5 . EEAHE: fARINEE. PCI-DSP
RSB R AEM(PAC) 75 R B A 1 3% (PAC R15.
A3). T BN (PAC 1220A). JEK 3%, 52 M .
PRI 18 My A% 108 mm, JEE 45 mm, K 40m
AN, BIELIMLE, IS E .
EIENFEK, TSN 0~0.5 MPa fJ i, tiFLE S
AT LAAE 0.5~5.0 mm 224k Fl FHAR A 75 & S BeoAR E
AT T I o A RIS T

PAC
PCI—-DSP

HE B

AE %
[T 3 (7T

C ]
K5 iy kR RS
EM LA 2 mm, JE 0 0.5 MPa, P K
LSRRI EE R 37 m 5L T 3REAT 75 R S A
WREG, P 6 A AL BB RIS B ()98 T B AT

0.010

[if:4 9.5

0. 005

WHEU/V

B [ ¢ /ms

WEU/V

i} [ ¢/ms

(a) MR PETH
1.5
Z 1op
#
= 0.5k
0 20 40 60 80 100
$i# f/kHz

BELV

B l.of

40 60 100

#i# f/kHz
(b) Hilk

Kl 6 PP AN A I B B A A R 7 AN (5

X AR G 2 Y 1) 78 7K 3 1 i A A R AT 5
BT, RERREIE D SRR Z, WK 7
Fzse rTLVER Y, FE/KEIE b 33k 3 B o
R, T EUN AL GEAH 5G4 (0 T VR AR MR
SEMIRALE . AR A T AR AL AR A
3 O e AR BER S R DS T Vit vy Tl @ g i
TN B E I SPRAS I BARNE, ARt
FERMAR 5 I L EIB A, JE PRI T RS N BAT -
BTG, BORIRNA LR, BRI AL A A
BN B

121

10+

AR % BE cp/ (mm ¢ s™1)
-

-
/

0 10 20 30 20
W% f/kHz

K7 A% 108 mm. JEEE 4.5 mm FE KR BTN 2

b, R A RORHE S REE AT B S
ETE AR AT U 5T (A B A SR A 2 45)
K1 IR SR G R Z ARG, %
5tk A R SHE T B AE DL S0 G

b TV I P R SRTHE S8 T S R A A ) )
R, TR IE R 38 S s A T K R B A B T B
FERRRFEAE DL, B2 F(L, )RS 3 i AT s 2 07 .
I RS P A S b s o 7 B0, BRI —11) F(1,2)
BT MR AL, Ha Rk 8 s, #iE itk
TR B MR R R 25 22 0 20.2 m, ) 2 (9) ff o A K
& A HilJELMEE RN 28.6 m, HsERRfhEday A
AUMRALIEE 25 28 m AHEL, 45%HRZ 4 0.6 m, X
2N 2.1% . 2B LA 2 mm. JE /524 0.5 MPa

600
5001
400F

300%

HEARYC

200F

100+

Aads ‘ lhm N

0 AT s 200 25 30 35 40
BEE % Al/m

Kl 8 I MRS R G A AR




80 BB LR ¢

40 455 10 1

TEOLT, (EAN R AR IS AP AT RS 7 R A e Aor
R, AL RE 1R,

h T E R E M HIE R e, AR
159 mm, JEEEkh 6 mm, K 90.4 m (AN LTS

PRI P R SRR . fEE JJA 0.5 MPa, it
FLEAEA 2 mm HOLT, K AL B 1A B R e A
75 m, BTSRRI, iRk 2
7R o

F1 40mEKFRKEBMFEMLER
[ AE:%!EZ%I‘HJ ?ﬁ4%52%§'jitﬁﬁ¥LH@ IR A (IR A STl é’ﬁXﬁ%% Wt 61%
¥ L/m i 2 Al/m LR B 1a/m BREE 25 1/m S§/m
1 12 5.24 8.62 8 0.62 7.70
2 15 4.50 9.75 9 0.75 8.30
3 18 6.70 12.35 12 0.35 2.90
4 21 6.99 13.99 14 0.01 0.07
5 24 7.68 15.35 16 0.65 4.10
6 27 8.40 17.70 18 0.30 1.67
7 29 12.90 20.95 20 0.95 4.80
8 31 13.30 22.15 22 0.15 0.68
9 33 10.80 21.90 24 2.10 8.75
10 35 23.80 29.40 26 3.40 13.00
11 37 20.20 28.60 28 0.60 2.10
12 39 24.50 31.75 30 1.75 5.80
F2 04mKRSEEMBEMLER
K AE {535 7] M%!EX%%%Y‘J%{LH‘J iﬁ%%ﬁiﬂﬂ@é@%& AL 1%!&3%%;;% Af‘i/%q‘w\f HX iR 7 xR 6/%
¥ L/im PR ZEAl/m I ALEETE 1a/m fEF S 1/m Sim
1 75 24.0 49.50 50 0.50 1.0
2 75 249 50.35 50 0.35 0.7
3 75 25.8 50.40 50 0.40 0.8
4 75 23.7 49.35 50 0.65 13
5 75 20.8 47.90 50 2.10 4.2
6 75 27.0 51.00 50 1.00 2.0
7 75 27.6 51.30 50 1.30 2.6
8 75 26.7 50.85 50 0.85 1.7
‘ 5 % x W
3 4y
1 R PR E A b T A TEROR 5 ¥ %, 1998,

FRYEASEAS A AR B, B [ T AL FR B e
I FH A8 R 1 RS ARG . AR LR
gt

(1) %7 AT LA o i b o A T U 10 A
Ho MR LA, EARZERKN 13%, K2 H
TE5% AN

(2) AL R E R . R 2 nTn, 8
RE AR AR ZE I AE 5% LA o

(3) %€ N 7k AT H T A AOR 70 VR T () I e
SERTRIIN . 2 1. 2 2 435 R I 78 K R e s 4
A IR s A 4G

T SR HER Lﬁﬁﬁ&%ﬁﬂﬁﬁ&
%%%%Tﬂﬁ%&?%%@%z@%ﬁﬁEM@

s AESN TR LA T AR IR AMI S DL, 8
U A P AN s 2 AN A 2, DR T S T T
WAL A AT EALE, BN FLAL T P AL I8
AN (UG IS 5 57 25 S /N T P AR SRt 2 T (R B ) o

14(2): 40~42

2 BRBUE. EIETHREATEMEOR. Al Tt b
A, 1997, 18 (1): 59~62

3 Lee MR, Lee JH. Acoustic emission technique for pipeline
leak detection. Key Engineering Materials, 2000,183~
187: 887~892

4 Miller R K. A reference for the development of acoustic
emission pipeline leak detection techniques. NDT&E,
1999,32(1): 1~8

5 Amanda M C, Lance E R, Ron R R. Experimental studies
on the role of backfill and pipeline characteristics in the
application of acoustic leak location to underground
pipelines. Review of Progress in Quantitative Nondestruc
tive Evaluation,1997,16: 467~473

6 Lance ER, RonR R, Amanda M C. The role of propagation
characteristics in acoustic emission pipeline leak location.
Review of Progress in Quantitative Nondestructive Evalua-
tion,1998,17: 501~508



2004 4% 10

SRR A IR T U T TE IR A R A BT BRI 5T 81

7 Lance E R, Ron R R, Amanda M C. Dispersion compensat-
ion in acoustic emission pipeline leak location. Review
of Progress in Quantitative Nondestructive Evaluation,
1997, 16: 427~434

8 Surgeon M, Wevers M. Modal analysis of acoustic emission
signal from CFRP laminates. NDT&E International, 1999,
32: 311~322

9 XfaF, Michael G, WRAAR. A5 RS R DI B A E B
¥y, 2000, 22(1): 38~41

10 Wilcox P D. A rapid signal processing technique to remove
the effect of dispersion from guided wave signals. IEEE
Transaction on Ultrasonics, Ferroelectrics and Frequency
Control, 2003, 50(4): 419~427

NEW TECHNIQUE FOR MODAL
ACOUSTIC EMISSION PIPELINE LEAK
LOCATION

Jiao Jingpin He Cunfu WuBin Fei Renyuan

(College of Mechanical Engineering & Applied

Electronics Technology, Beijing University of
Technology, Beijing 100022 )

Abstract: Due to the multi modes and dispersion nature of
acoustic emission (AE) propagating in pipeline, traditional
cross correlation technique do not perform well for acoustic
leak location. Based on the theory of modal acoustic emission,
the principle of guided waves in pipe is applied to AE leak
location, and an acoustic leak model with dispersive
multi-mode is developed. With the disperse characteristic of
guided waves in pipe, an individual mode is isolated by the
time-space analysis of the acoustic leak signals. Further more
using the information of the individual mode a new leak
location model is brought out. Leak location experiments are
conducted to verify the validity of the location technique. It is
indicated that the acoustic leak location model is practical and
effective to locate the leak both of the liquid and gas.

Key words: Pipeline Leak location
Modal acoustic emission
Guided waves Disperse
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(State Key Laboratory of Fluid Power Transmission
and Control, Zhejiang University, Hangzhou 310027 )

Deng Yaowen Wu Huimin
(Commercial Vehicle Research & Development
Center, Dongfeng Motor Co., Ltd., Shiyan 442001)

Abstract: A kind of truck as the researched object, mensurated
the front axle’s fatigue characteristic curve, and it’s load-time
history when truck is running on the proving ground
enhancement roads, mountainous roads and tar-paved roads,
obtained the distributing function of loads by means of

rain-flow counting met-hod and statistical theory. According to

the fatigue characteristic curve and routine loads spectrums of
each roads, calculated the front axle’s fatigue life respectively,
taking advantage of amended Miner linear accumulated fatigue
damage theory, obtained the enhancement coefficients of each
roads by comparative norm of tar-paved roads. Provided an
important foundation for precisely evaluating automotive
reliability and establishing a reasonable principle of automotive
reliability enhancement test.
Key words: Automobile Reliability test

Enhancement coefficient
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