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Abstract: Aiming at defect detection of polyethylene (PE)pipes, finite element method was used to simulate transient heat transfer in PE
Pipes. In the computational model, constant heat flux boundary condition was applied to the internal surface of the PE pipes. The internal

defects would affect the temperature distributions on the external surface of PE pipes and, therefore the relationships between the
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temperature distributions and the sizes and positions of defects were established. An infrared thermography system with thermal excitation

by an electrical heating bar, was built for the verification of the FE model for defect detection of PE pipes. A high speed infrared camera

with high sensitivity was employed as a detector. The temperature curves at the positions of defects with different dimensions were

obtained and compared. The FE simulation results well agreed with the one obtained from the infrared imaging experiments. The results

indicate that finite element numerical method can be an effective method to analyze infrared imaging, it can provide the numerical model

for thermal imaging based defect detection and precise theoretical foundations of using infrared thermography in non—destructive testing.

Key words: polyethylene (PE) pipes; internal defect; infrared thermography; finite element simulation; nondestructive testing and

evaluation

0 51 "

B 2% (PE) 518 HAT 2890 S L2226 )5 (8 it
% TS ot TRHAEE R e A | LR KRR R
BRAEHE I T R RIS SR
WK . PE B UL — R P REOL R4S
18, 7F 1995 4 H A il P b iZ v, PE RS TE IR K
TR S I R G, IR, H ARG
KITHES PE GBI 1, BB E S B
T Z R T L 1 B 2 Rl R R K
SRR RS GRS, o5 R R g 7
Y ety it N AN

SR A 13 LA X0 L A X
S INISENE A LGNNI A Yy pleg i
SRR T BEAETE A% Pl IR A B , 3 BEAAR R R
AT AL JAED PEASIE M BN %
AVEREA % B PERII , BRI, 6 PE A5 18 P9 E B
FOR A 2% T TR X, BRI LB 2
A, W ZT R AR AT S 9 S R B T AR s
FURIT , X PE A5 T8 BB RSN 7 12 P A e
WA, W R E AR AT A FAR SR 45 N
AR A R AR T3 205 T A B Sk BB O 1
W, B T BT 1A R ; Frederick 7 T Hagglund ™ 4524
A 7R I AR 7 T4 B S RO B B R 0, T % B
8 37 A0 R R0 25 B 5 B 5 N ) PR A A
HEARN IR AR I S B AT T BB R, 56
E 7 B R U IT A 4 T R 2 A 3 R 4 S
TAFAERBE LA Bl A

ST AR AR AT A 56 5B 3 3o R
WA THT PRI £T AN RS 4 5 g 3 T %) D 43 A
AR TE G B AR 2D SRR A Tl 45
S B 07 ) R TR | A VA 7R W
CTANIRARAT T 220, 02 e e G D P e |
BRAS TR EHE BRI | RE A4S P 0 e , 460
BRIGHR) KIS S Y 5245, B ) 2 TR

PR DU 5T

ABIFTERG L1 A POAR TEAGS I B A ] T 2R 0
B IE AR R R . SEF A ABAQUS A7 FROCAK
PHELILL PE A T8 1 B S AL IR e, i R i B 0 A 5
BRI A/ NI B 2 (8] 15 2R, $5 AR A T b FAR
Jih 75 F R A B LA PRI 6, XA FROG
SR SR ATl

1 Hff 5 308 oA R T A

11 #EFER

ARG AREE 3 P AT R PL T BT RI R
BRI, AL TR 0 T 2l T AR G — bR
Hz i 07 =X

i R i AT BE 1) — il 4% 328
EEWE 1R,

th

25—, P TR

4 t,

"
K1 PSR A
- BE R ZE ML g ¢, AR o P BEJRJE
N6 o BB R « J5 1A% 1, IR A58 i i BE I )
SRR (D) ol PR (¢) o] AT AN 4 Bt
TEFRE RN -

R
b= AA—dx (1)
0%
_D__\dt



512

R 8,4 R LIRS TE B LT AN AR UL K SEGF 5T - 1515 -

A A — 5 IR R T B5 () LAY S B A A —
OB S IARE, Wem ™ K 5 55— L 128 07 1)
IELIEE T R 7 T AH B o
1, 2) PN R PR R TT L
TE—HEFBERS S R BTG DL T, AR S IR M5
TR Al X (8 L e A ek SRl T LAAR
EZF

L~ _A
5 _SAt (3)

(3 YT, T i — 2P BE 3 B T 7 ) LB
A2 T AR5 ARG B 5 T RE 2 [A) AR TRLBE 22 ( Ar ) JIE.
F, 5P EERY R (8 ) U L o

Aot YRR 0] [ 1R AR SR BT, Joy B A 2 R
WU 51208 B EEAR BE IR HE, T AR B . HAey:
EAFEA

q=A

g=-Agardi= —)\g—:lﬁ (4)

B R R O R A R R B —
e SN W
~_ [ Ox7, dx 7, Ox7
q= )‘(ayl+8y1+8yk) (5)
FEAEE 1 N BERE IR — 2830 BEAc A, RIS i ik
(AL B IR 5 W A SR T 1] B X i e R R 4, LR
BT IE
Jat -
—/\%n

=hit, =1,) (6)

MG TG 7 FE 5 AR A G IR A
8, SRR R - A IR I B 40 A o T XA J
ABIFTE T R LA B SR R RS AL AR
1.2 ARTER

AW SR A ABAQUS A FR T AR AU Bk 1Y)
ROIGEENBEM 2, ROBEHEAFRE
& @ 100, BEJEE 10 mm , 158 36 N BE B Bl 1] T B2 A
AR CEHARSr 5 10 mm .8 mm .6 mm, J& A FLARAAE
RS54 6 mm .5 mm .3 mm B£L.

BB Y 3R SR TE N R 2 s o

B R B
10 mm 8 mm 6 mm
Rt mm (O o
i L s
% ...... /
LT . RN
VR :3 mm L4 ES]

A

BRI ER
K2 ROIEERBRE T

ROBEBRIMHS IR PR,
F1 BZETEOHRSE

1/ (kg-m®)  SHEF/(W-m'-K') IV -kg'-K")

952 0.53 2 300

A FEAEE TH N AMNEE il A R A A A, A
R E BRSO R AAT . R 7SR A
£ S 250 DC3D20, 43T E] A 120 s

A BRICAERIAN ] 3 TR

H3 BZAEBRRELT
120 s JEAT BROCHADAR AT 4 5% (o
MR K) o

El4 PEEEXREMHRTEMNGE
HI P 4 T LU 6k T4 ) Al B R B2, s AR
/)N, P I 119 3R TR PS8 AT 5 o IR sl B, ik
B TR HE R, PE AR IE AR IR By o X BRGT L
33 SRARRE, ISR ARG L ¢ AN, BRI TR
T, HLREJRE & OB, i A S EGIE 25 A BOR

2 I M HIRVTE

N T BAEAT FROTRAL, AR T — B S5ATIR
iw BLE EPONVAINE SR AW) AL s NIUE YA R ST
N TRBRIE R I ) SE 80 R GE . SR R LR LIRS
ASC R IR PR L RS, SE - R AL 5 i

S5 T A ZE N PSR AYCA S T Optris 22 7] Y
PI450 ZEANPGA, TARBEBEN 7.5 pm~13 pm , il EEKS
T AR AE 2R T R 40 mk, BRAX I 2 (8] 43 5 H1 R



- 1516 - HL )

ERIES

z :I A

an || ] ]

BRI

I FEL I

L X

(b) S RGSIA
K5 STra

384x2881RZ . A IE A FE R R R IR Tk
A TE A 120 s

TR A N T A ROST J2& 1A% 100 mm, BEJREH
10 mm WYR CIRETE . Hl 3 m e, A5 1
ITAnEL 2 09 R AT BB R B T, 7R 48 18 P
I TSR R AL, A Tl e 3R T 4]
6 7.

El6 A7 PIFSBIG I ER 2R3 A Tk
TG TR 2 AT 48 S 0 A Ak — B ), 17
W 2Z M2 PE A5 o B4, 7 S — BT i s il 7 =X
WA BRFA R PE AN 120 s ZLAMAS AT 3 S0 %
FLanE 7 s (B g B R ) o

K7 RIS R

Xof L L 4 1A BR TR IEL, T LA 1 40 W 51
0 45 SRR AU 285 5 ELAT [RIRE ()3 B AR L R A X F A
[ S B ELAR , Bl o R R TR, P 4573 119 % T ek B
o TR R A BRBE R B, Bl AN, PEATIE AY
FER BRI PR TR S M, R Ak I B T
FRITRLE | WSO SR 1) A7 5 T RAR e b 2 B O
PRI, 21 AP 3R A5 A4 AR 5 2 5 A R e o A L
AR FNEE S

R T 2 IR BRTTRH R S AR A
ARG LA T AN IR BE AN [R] ELAR (4 350 o 1
2o B R R A B AR TR R £

PG E PR S mm  HAE5350°0 10 mm .8 mm
6 mm [FEREETE 120 s BB B AR Tl 2 ant&l 8 i o

46 F lOImn]

7/°C

100 120 140 160 180 200

Distance/mm

0 20 40 60 80
El8  SFATREEAS mm HAAH 10 mm .8 mm.6 mm
AR e e 2 o TR Bt ) AR At 4k

&8 EZR R AR B A R, SRR TR A5 R, 3
N 1 o By R e 7 VA= WO VA P e T AR B
FEfE . FTLAE Y, BRIG AR EOK IR B ; I HA R
TURALL Y AN S50 (14 1 2 AL 2 A W) G

BFA BN 8 mm, IR/ 6 mm.5 mm. 3 mm
(1) 3~k B Al 2 7 7 AR 120 s BB B 7 A8
e aniE 9 B

MAIEN9 Hha] LIAG 3], S /NN R B BRI
FE S, XA e A ) IR ¢ AR,
25 Ar SEEJR & BUE X —3ie

NI 9 Hadk T LA H , TR, R A 1 1 P 7



12 B AT MR GBI R SRR L1517 -
. 6mm .
s ° e imulated data 22 3 ik (References) :
4L — experimential data
j E [1] O’CONNOR C,DENTON G N. The nature of polyethylene
o Mr : pipe failure[]]. Pipeline & Gas Journal, 2012,239(12):
=

ol

40

38 . . . . .
0 10 20 30 40 50 60 70 8 90 100

Distance/mm

Ko HAAHHNS mm, HESN N6 mm.5 mm.3 mmH
BREATEINAR 120 s BhIRLREBE A 8 R AL h 2k
BRZE . S, A R ITHRAD B AN S 56 B i 2 A8 At
AW S YERAS R T A IROc L SR B A B
AL B2 A A S, () B0nE A FROTE T3 )y

T LR AT LLAMA R BRI — M T B

3 ZERE

AT I ABAQUS A FRITHK (41540 PE &3 11
WA AL PR B, 754573 19 PN 2 T it n B IR 0 R A
4, PN I 2 XS T 2% 1T B4 T RE 40 A 7 AR RS, DA
17 AN R Y 43 A 55 I ) R/ NI, B 2 (B R

J T B UEA BRI MR B AR RS T AT
FEL I A R il 7 2R 3R 0 A8 T 40 AR AR S 5
-5 %A BRI, A TR

SR SR A SR 25 SR LA W) A, Ui B
T A BRICEUE 7 1 7T LIAE R R 58 20 AM AR B
R —FhF-Br, I T ARG A R O IiE
PRI ER B A 2 AR B AL T AR (B AT

LT ARG B0 25 SR T, LTSN AR B AR AT
DIAR - X 5 2045 18 P e 1 A 5 A RT3, mT
DI FH T 3R 485 18 TR I R 5 PPN

A5 AtE:

76-717.

(2] feiEfE. PEAEMERE A VG BT[], JETH2
HAR,2008(1):154-156.

(3] BB, W4 EVL, 55, A R O e
PREHSLBRIERITRL) . TR 12845, 2013,30(2) : 73-76.

[4] ZHENG J,SHI J, GUO W. Development of nondestructive
test and safety assessment of electrofusion joints for con-
necting polyethylene pipes [J]. Journal Pressure Vessel
Technology,2012,134(2) : 1-6.

[5] SHI J, ZHENG J, GUO W, et al. A model for predicting
temperature of electrofusion joints for polyethylene pipes
[J]. Journal of Pressure Vessel Technology, 2009, 131
(6):3-8.

l6] #zfa, £ Wl RBOMEEIEEEL WA B[],
R 5#7,2011,31(12) : B29-31.

[7] FREDERICK C,PORTER A,ZIMMERMAN D. High—Den-
sity Polyethylene Piping Butt—Fusion Joint Examination Us-
ing Ultrasonic Phased Array[C]. ASME 2009 Pressure Ves-
sels and Piping Conference,2009.

[8] HAGGLUND F, SPICER M, TROUGHTON M. Develop-
ment of Phased Array Ultrasonic Inspection Techniques for
Testing Welded Joints in Plastic(PE)Pipes[C]. 18" World
Conference on Nondestructive Testing,2012:16-20.

(9] BUBH W47 RE VL. TR OSBS54 IR B b
V14 Al D A 0 0 2 A 9 [0 ). s ) 45 4% L 2013, 30
(9):54-59.

[10] Z=RE%E, Rarfi, 5 #%, 5. MMM EOR B H i)
FEHERELT ). DM SHOE T, 2004,33(3) : 227-230.

[11] AVDELIDIS N P. A Look On Thermography: form Passive
to Active NDT & E surveys [c]. Proceeding of SPIE,
2007:1-9.

[ ity 2 ] BH

BE T ARSI, M, 5. R ORI BB ML AN S SRR T[T ], AL TR, 2014,31(12) : 1513-1517.
QIU Xu, ZHONG Shun—cong, ZHU Zhi-bin, et al. Infrared thermography simulation and experiments of polyethylene pipe defects[J]. Journal of Me-

chanical & Electrical Engineering,2014,31 (12):1513-1517.

CHLHL T2 Y448 < http : //’www.meem.com.cn



