RLIGEMBPBRG RERTT RS

DEVELOPMENT AND

ASSESSMENT OF ULTRASONIC INSPECTION SYSTEM FOR POLYETHYLENE
PIPES

Malcolm Spicer
TWI Ltd
Granta Park, Great Abington, Cambridge
CB21 6AL, UK
Tel: +44 1223 899000

Email: malcolm.spicer@twi.co.uk

Mike Troughton Fredrik Hagglund
TWI Ltd TWI Ltd
Granta Park, Great Abington, Cambridge Granta Park, Great Abington, Cambridge
CB21 6AL, UK CB21 6AL, UK
Tel: +44 1223 899000 Tel: +44 1223 899000
Email: mike.troughton@twi.co.uk Email: fredrik.hagglund @twi.co.uk
W
PUR TREIM 2 (ASME) IEAEIF AR —MER ) I EE R PR O (PED (1

MEZH] (N-755) o RMM0, W48, REREHEEZN S (NRO MARAHEIZE IS

i, HrhZz —ghRH A IR TCHAN (NDED) BEARKE & PE EHE iR k. AR
ST — R A O R R G R ARG B ELARAE 125 AT 1000 22K 2 8] /3R LR 8 IRk
ML . ZARGUTELNRER O ERERM B AR . 2 ARG Eh 2 N HHEATIT
fili, JERA IR LR BEERMARSNARE, CaIPR T — D EER TR K
JE PE IR BRI IR SOhR e . B TC BRI R AR RTRLT G g, P T SREEAATVS IR o Il BB R
SRS BEKT R ARSI 200 6 TE 7 Sk (R ST BT R B S 1

7z

Ko (PE) EIEAAMIETAR S B EE . MEEE, MEENRE L EEaE
BERS . BEONE O TE RS s, rLE RS K, EHMRER. RO
MRE R, RIEWLF, ZRMATER, I HERHSEEREHAR, MIFEI K. 2R



H TSR R R B S MR P SO HUI (NDT) 753, B 2RSS (o
B L P AR BE K BB R G0 WA BRG] . DT 7 LT FURIF R BT 12 1
(BF) [2-6] AFLAE (EF) [7-9) #kITEHUG I T i, (HA, IXEE{XPRAA IRVEH 1 E R
AN/EACFERARE. AT T 2012 FE TIRAT L PVP K2 A 7S AN 28 4t 1) K et
J&[10].

HIANEIET S

ot (WFROAHRER, I#CE, Smeiaiis (F D ) TR RSB TE 50 2
2000mm Z A5 LI E

B 1 IR LI E M B

ZHAR AR B (FRARIO RINFAMUEA R A8 m il  — Bimil 78 01
e, B ER, IF BE R TR G B IE R4,

RIERZETE
FE IR, B AN BB — o (B 2D , HhaE nnsekie . HiE
RLZRE, BTSN BRSNS, AR (B 3D



K 2 sk k B 3 3 i H Sk s IR O o

TESTPEP Ii H

TestPEP BRI % B H % M -EAN RGN E 1 17 M. X R—MAM=%MTH, F 2010
2 AR, BE 350 JIRkOG. HHKR I, SEMIGIE— AR A R4, AT
FRERGEEHHEEREFEAEEREI Bk, B, =8 A g
So XSG AN BEE, BEEEESFROG RN LUK MIERSR T Hidm%L
o SUCFEIRS, 8IS E ORI MBS AT K HANUMRIAR, IS5 B GhBa s e g AT
Plass, DA SR i BB ST R0 45 i 1 B B

230 HARYE DL FUA% 0 9 LA SR TAR AL
¥l PESO Il PE100
i8N ~F: 180mm SDR 17
225mm SDR 11
355mm SDR11
450mm SDR 17
710mm SDR 17
ERIEEAY. AR5 % Ok
RS g (WbkL, R kLD
I (FREC WR, W)
BT ERCLTEEA L
I Sk BB e /N TARRE RS . 200 220K

>

bl



PREEECL G

CATERIE P R CIEARL, B 18 R i 7V 26 B 7E Ut B 5 b e S
BRI IR AR Bk

G SR T A5 I DA R 36 WA P 5 R R A SR Rt D) /A e KR, P DK 73k
863 A o B2 T 368 ) 1 S o R o Y P AEURSAUL «

PRMIE ARy CRiFE<45 um) - BNk s 2L
o TR (ORI 150-300 um) - BEIDLHL R 5 4
HEE (25 WCKIE, 1-50 =K EAR) - AT RO .

LR AR, %R Joasierll, s P B [ RE AR fer R AU O K F T BRfa [2] . E
ZHTHISES R, QIR TR baRwkie DURT S 72U s A R 0 B Sk R 7 [10]
Bltn, J9 7 SIS W] B R RS Rk, CIT R T A R DR AR5 2 AR 8
VORATIUE o ftErd (B4 fs) .

Heated iacket
Heavv dutv arill

Porous polymeric

membrane
Cold air in
Kl 4 WA IR I EIfR R Kl 5 n#vumAb b IR
TR AR KRR

P AR 2 PR AR U B AR L2 A A T AR o SRR 0 A R 38 RS Y
B, ELFE B AN R ] A A AP S . CRWE T AL IR ZAGA R AR
RE[10,11] LA Bz 5 IR Ceb e} ROV P sl M vt BE S PR I, R R I e N 18 75 44k
M.

B T IXIUTAR 24, 30 IEAETF R GRFE TR AT E Shok B e B F,  PLevria s R Gt it &
KEEANGHEIER . N TRE A EIORU, XA RS 2B I iR, DUE
REMSAS B INIRZZ DIAMIIE & X o H AR 5 ZARAA R r i 7 30 ) S 0l B A0 1 388 T s 8
(10], P AR & 3& M Ry S FR BT R AR . IR A AR LA A5 & A B P s (PR
{H2 L0 m LA RIP fR 0 0 R o X TR B AR PR BT P A S 80k #0730 A



— AN IEWHEERRREERAEX (E6) , H—AHAM G/, HTH Rt R
KB (E 7 .

r
Phased array probe
Flexible seals
Ultrasonic beam
EF coupler
‘ys |
Water gap ¥ “ v P Pipe
qc\_/g_ggg..o._o,_-pg . v
Kl 6 HLfE R AR R = K K7 T e A i 2 B 7K A

AMAIZITH Q2R EARTI0], X — RFV RS EBSLEAT TR, BUS 1RG04
Ko B8, 910 Eon T 180 Z KR LME TR E SR — RITEER . B8 Bon T —4
B AN R B9 R T B smm AR Ak, B 10 AR T B 2mm BRI
B EL L, XAEBMIRT 2om EARKIE S A i 2. 18 8 o thn] LUE 2 HAZ Lia S ik
%, BIRTERE 9 FIE 10 AR . XAMRAER] ARIRAS A 442 (8, 10] . BRitz 4k, AIEL
HREMEZRANERENES. B 11 ME 12 50588 T 450mm HLE IR i) )T 15
BRI . R B TR HAZ S8R I 227 . AR 12 Frib ] DA B, 78 5 A A A
RITFRZ A A R 1A EoR T R E R RO RIS A o & (1 SR SRR 1 4 25

K] 8 ZEOK AL AR AR P R 7 8 I TEEOHE Kl 9 i 8 = KIRE SR 180 2K L JA & i) s s H Sk K



10 180 ZARMERLIGE 5 —A 2 ZRENA MG EIE 11 450mm PE UG ESLIEG, BA RIFMmE T

Fine Coarse Cold Under
part. weld pen.
part.
180 X

225 X X X
355 X X X
450 X X X
710

12 450 2K E ZIHE W EEIEZ 1 HRE SRR B S5 B sk e

S AR P2 Sk 7 A P R P R P 3, A P DU R AS RIS AR (R A SRR AT 42 X ) 58 42 7
di: HE, XK R, AR TOFD (K 13) .



_ Phased array probe

Tandem ‘ /Pipe
; n

) __ Watergap
e R
Sector ﬁ

pulse-echo ‘

<.

- Ultrasonic beam
Creeping ]

wave l
Time-of-flight w‘ g W ? @
N7

diffraction Y

g

K 13 AR A iR R AR

fEFIIUE IF A B IR R T =R ok [10], W& 13 Fos, X — R R E kit T Ve s, s
TARBFIIEE R . AR R TOFD £ .

B H BB AP TT R I — AT A, 5T, S BARE AR I ks, (HE
afit 02 S PR T 5 30 P R T ) DXk

J TRk [ 35 5 AR A B 270 o B B AT T 3R B — AN e, ROt @ E A . % EoR
BT T HRLAN R LR MG I B e TR R IR X, .

AP B A s R AR A SR A X8k, XA PR SRR I (AR SR — 870 o AR B 1
e B {6k Y o A P B AT, 7 AR A T 5 S RO (0 s i ip, VARG T B R AT R T SR

TORD AT 7 3 A A XIS, FA0 T i BT S RS I 3 EL R o /3N I00 H A A P ) T A A5 P A
A XA B IR R B, e AN IR FLAR R S AR i o B MR R KR

K. BRI i, DU MRS TR e (B 14) o iz &E7R 1 TOFD e
BRI AIES IR . AT HEM =R, RS E Rk,

Kl 15,16 il 17 &7 7 355mm PE i H R I BVE ek — R AEHE . B 15 B T — N
BRI R AR . B 16 o T B Smm AR ARk, Wi 17 Bon T BA 4nm SRAL 0B, EH
Z/b Amm BB ERZHPREIE] . B AREE R — S IR AT E Ay . IRk F K
WG S, P TAEIEEHERXEES . B 18 Bon TEAS A 355mm & rf i) 5 X fik =]
BHERAE AR A IR B 3.

B2 BT IR B 0 RS RIS A4S 2 (1R B S8 R ) B 2



C sectorial scan Sector 50-83:Azimuthel R 6500 A-Scan

Cl
!E * Wedgéinternal ﬁignals
‘ i

Bl 14 TR v b e ) AR 15 7 355MM PE & H1 1 BF 5K ATEIR,  BOA BRI

G sectorial scan Sector 50-83:Azimuthal R: 67.00 A-Scan

16 4 8mm & 4 F%E 1) 355mm PE &1 BF B2k & 17 £ — dmm 55 & ALK 355mm PE & FR I BF B2k 1K

Coarse Cold
part. weld
180 X

225 X



355 X X

450
710 X X
VC-Side (B) Meve 01 Apa
iop ik i“-
40.98 56.98 mm
18 HIF B (@) BIBMGT R (o) BT AR 2 R BRI ST B S e i R T

HLJE AR A DI ) L S BRI UM (ADRD (R RIS T — bk . Sidih g = A LD IR,
< KL 5 IR ELLAR RS R X 3 (& 19)
g 34 (20D
HE A (B 21)

s co -~ >

“we ~gge®n

Defect Indication

™ T — DO

ET T NET" 20 40 60 80
Along Pipe Along Pipe

P 19 Aari 5 I FAVER AR 5% 1 X 3 20 i £k



700 l
A 600
. _
o
500 5 /
u
: :
d 400 §  Defect Indication
3 5
i 300
p
e 200 i
100
e
20 40 60 80
Along Pipe
21 B E I E
WA R R R

IT A 2 P A R P R S AT SR G A AT LRI K o BT A Ao AN ] ) SR o A TR 3 e i ) 28 SRk
1T 3H, ISR MO BREE AR R4S R AT LU AL SRR ARIOREY S e /KPR A P AR 5 T b FX) 3% i 7
PrEeRRIE . N T IHERAEIEMEL, BB SRR, BRI 42 52 Bk ISR I 5 RE /K
R AR R RO RTRLTS Bk SR RE 5% 2 i 2k [10].

e P T VAl e 12 S e B O LI o L 4 -

PIEATRARSE: A EN 12814-7 (BT R AR IR [12]
FEIG AR W 2RI T & EN 12814-3 HRifE[13]
BRI AR W 2R 0 [14]

IR IESE: RS EN 12814-4 HHATRIG IR [15)

W8 4 150 13955 [16]

I P B S (R R I AR I 258, 4R EN 12814-3 3% C.
R4 BS EN 12201-3 [17]#5E 1) 80° C /K K ik 5e:

RO R IR AR T A

K 22 SR 1ok B PIE SRR R, B 23 BoR TR E 225mm 5B 2R 1 s RE ) 2
T B I R e R M S8 (1 23a) , 1L RIS A TS Yo i 2 e A T MR I 2 3
(B 23b) o B 24 B TKE 225mm & 1)L R B 00 W R . Bl 24a B8 TAS 6
Bk b 2R, JHBR 7B A PR E R . B 24b /R H TR B A S AR EMEL T
WigdRih, It H SR 7@ AR S R



P 23 225 ZEKIRVE LRI it () W 43 T
(A) LR, A (B) sEaMith kL.

24 (a) EILINALLETHAPITERTR, A (o) JER IR IR METEWTRE, A 225mm &7 (i B Sk R B
FEGL 1 24 AR

FoiA I A% 2% BT A

Beih 1 AP RENE AR AT T AR AR R R e R MR (1 25) o TR A A P T 0
R HH R AT RGN TUH T Ao B A IR ARz ) F 1 B0 (02 B E A GRS Y 1R s b
BIEAEREATH . JFHAAE ADR S92 T H N SE it -

25 TESTPEP NDE {3 2% UM & B Fr



ZAXE A 25 PR, BA LU A
BERl UT B AT PC AR

TEREVT I AT R AR CBUKPEL WiFiD
64 x 64 PA JHIH

4 MELGIIE
FEAIRE (<0.5m) [ 1P67 B4 .
FT-$ 4% 7746 (1) SSD N 7E (100GB)
AN RT3 L AT S A 4 /N
HE: 5 Q)T

JR~F: 320x240x 100 Z%.

HERGENRE

— MRS AE M 90mm 2| 1000mm HIETE T (K 26) FAEXTEAN UG 12K A il 360° ek (44
ARG CZYHIE. SO TR, BT USSR HUAR L B TE A . R —
AR A, SRE IR AT RGBSk IR SR SO

Bl 26 i EAE R PR B R 1) SR A i A X
SRR R R G A B AL

AN SRR R S QAR VE 2 IR AT ALY, P s, RGN R S
PAVPAS RGEH RO, ATE AN 5 Ik . RO — 2 W TE EUIT B RS HCRE3EAT T — k&, Prid
P ARGARMEH . H2, il FaRERL (B27) , R E THk, JHER 28 hE/RT —AM it
BEER, fEHF RSB WP T2 £ D, — /N4 g [ i8Sk ATl i
RGEEATWIT R 53— PAUT RGUHTHAT T E. £ DRk, A - NIZERENA R G
WE] C(E129) o ZICAIEAERE— DA, D@ AR A R R o THRIFE R AR 22 v i [X 9
AT 3BT I SE A 2 K B ik



Linear Linear L1 : 1.32 A-Scen

R BT R

Void around Wire

.
¥

28 A ffliAIe 4 R

Geometric
echoes

y
Z g7
=7
Weld root £ Geometric echo

from wedge

Bl 29 w7y Tk E 2k
T RTAE
XA H R AR S5
* 5T ST NI R B T R o B R FRL AR B 1 i
* SE RS AT N IR (R AR A (A 7, DB AT R 2208 1 5 L ) R 9
* SERCETA NIGBRFE RGN, LA 52 SC B R B b RO RS e f s
I3 T ¥ TE BRI ASC 25 o
* 58 R R A B SR AR (R TR
* Gk SEVTAl 5 B 1 JE A T B D 2R G 5 EAT I IR

B

X ezt BT 5T 455] T REA-Research Executive Agency [PF7 / 2007-201314R 4% 55 243791-2 5 % Bhihil
BRI R R 5 EAE ST R A B B

I H B RO R R, SRS TIEECE S (EWF) , LREfET4 (AEND) , R %% SR A
(SMART Group) , HiE T4, = KF|Ph<2 (AIPnD) Vermon, M2M, Plasflow, Isotest
Engineering, E.ON Ruhrgas, JE[EREJR, Hessel Ingenieurtechnik, FHZHHElIF K2, Consorzio Catania
Ricerche Fl TWIo ASCRYH FIME B4 FEAERR AL, ARUEELARIIES B & TR R e g . HH PRI
A5 B Y M — XU A T A



51 FSCHR

1. ASME, 2008, ASME Boiler and Pressure Vessel Code Case N-755, American Society of Mechanical Engineers,
New York.

2. Munns, 1.J., and Georgiou, G.A., 1999, “Ultrasonic and radiographic NDT of butt fusion welded polyethylene
pipes”, Insight, 41(5), British Institute of Non-Destructive Testing, Northampton, UK.

3. Troughton, M.J., 2001, “Welding with integrated non-destructive examination of polyethylene pipes”,
Plastics Pipes XI Conference, Institute of Materials, London.

4. Messer, B., Yarmuch, M., and den Boer, P., 2003, “Novel high-resolution defect detection for thermoplastic
buttwelds”, Pipeline and Gas Journal, March, Oildom Publishing Company of Texas, Houston.

5. Crawford, S.L., Doctor, S.R., Cinson, A.D., Cumblidge, S.E., and Anderson, M.T., 2009, “Preliminary
assessment of NDE methods on inspection of HDPE butt fusion piping joints for lack of fusion”, PVP2009-
77958, ASME 2009 Pressure Vessels and Piping Conference, ASME, New York.

6. Frederick, C., Porter, A., and Zimmerman, D., 2009, “High-density polyethylene piping butt-fusion joint
examination using ultrasonic phased array”, PVP2009-77783, ASME 2009 Pressure Vessels and Piping
Conference, ASME, New York.

7. Shin, H.J., Jang, Y.H., Kwon, J.R., and Lee, E.J., 2004, “Nondestructive testing of fusion joints of polyethylene
piping by real time ultrasonic imaging”, Plastics Pipes XII Conference, Plastics Pipes Conferences Association.

8. Bird, C., Caravaca, D., and Raude, A., 2006, “The inspection of cold welds in electrofusion joints”, Plastics
Pipes Xlll Conference, Plastics Pipes Conferences Association.

9. Caravaca, D.S,, Bird, C., and Kleiner, D., 2007, “Ultrasonic phased array inspection of electrofusion joints in
polyethylene pipes”, Insight, 49(2), British Institute of Non-Destructive Testing, Northampton, UK.

10. Troughton, M., Spicer, M., and Hagglund, F., 2012, “Development of Ultrasonic Phased Array Inspection of
Polyethylene Pipe Joints”, PVP2012-78860, ASME 2013 Pressure Vessels & Piping Conference, ASME, Toronto.

11. Mazeika, L., Sliteris, R., and Vladisauskas, A., 2010, “Measurement of velocity and attenuation for
ultrasonic longitudinal waves in the polyethylene samples”, Ultragarsas, 65(4), Kaunas University of
Technology, Kaunas, Lithuania.

12. BS EN 12814-7, 2002, “Testing of welded joints of thermoplastics semi-finished products — Part 7: Tensile
test with a waisted test specimen”, British Standards Institution, London, UK.

13. BS EN 12814-3, 2000, “Testing of welded joints of thermoplastic semi-finished products — Part 3: Tensile
creep test”, British Standards Institution, London, UK.

14. Brown, C.1., and Troughton, M.J., 2004, “Qualifying longterm performance of butt fusion welds in PE pipes
from short-term tests”, Plastics Pipes XII Conference, Plastics Pipes Conferences Association.

15. BS EN 12814-4, 2001, “Testing of welded joints of thermoplastic semi-finished products — Part 4: Peel test”,
British Standards Institution, London, UK.

16. 1SO 13955, 1997, “Plastics pipe and fittings — Crushing decohesion test for polyethylene (PE) electrofusion
assemblies, International Organization for Standardization, Geneva, Switzerland.

17. BS EN 12201-3, 2003, “Plastics piping systems for water supply — Polyethylene (PE) — Part 3: Fittings”,
British Standards Institution, London, UK.






