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A study on the appropriate cycle of ultrasonic flaw detection of rail

Railway Technical Research Institute  2-8-38, Hikari-cho, Kokubunji-City, Tokyo

East Japan Railway Company

Ultrasonic flaw detection of rail is important for management of the crack such as rail squats, and for preventing rail failures.
A lot of cost and manpower are required for inspection of rail, so we have to inspect the rail at frequency as few as possible.

But now, ultrasonic flaw detection is not carried out at the optimum cycle on each line. If the ultrasonic flaw detection can be
carried out at the optimum cycle on each line, an economical effect can be expected while securing safety. In this study, we
estimated the propagation speed of crack, and investigated such length of crack as will cause rail failure on a selected
commuter line. Then, based on those results, we examined the cycle of ultrasonic flaw detection of rail most suitable for this

line.

Keywords: flaw detection of rail, ultrasonic flaw detection, squats, crack propagation, rail crack, simulation

1. [FCBHIC

FREH L — i3, HBOERIZE T, MOBELEL
WIRHHARENS. ORGSO ERSZS
TN D BEMESICL D, L LEEREESIC Y
U EMENSERNPRELET S, ZOFRITYNOL I
SETAT & EATIHERR T 508, HAHARIGERT HE, =R
WL VERTER & FIFICERT 550 (BUF, TRER)
LEY) EL—IVERAEERTAHHO (BATF, THR]
FET) InAET S, BICEENE, L0 L—VESANE
HERT B E, LIVl T AfEmtkEdid 5. T2 THE
HERIT, CNSOHEER - T BT, EMM

2 L=V OFGOHIE & W AR ERE N TN S,
LisL 2o OMBHEIIHRBRK ZLIZaBEnTED,

BEHREIZE L RERARTIThbN T EEF 0
W, Fir, CheOEKIIE<OANDERBERT S
8, 5L —IHESESHIEREO X S i bR S
NTWaAZEMG, BEEIZGUT, TELROLER
KR OMEETITOMBRERHD. ZOXIEHENS, &
BRIZE U BT REEEZHR L ENTE
g, eetEEL DD, BN REN#BTL D
EINTES.

ZITAMRTIE, HLHEHMBEENRE L THITE
BIAW, MEOEREEATNLE, £RBEICHE
LEEL—LoEmalal, BtlEicEs2/0oRES
ZOWTTF—VEEBERLE. FLTEhGO#EREED S
7, U L VREGRIC DLW TR EfT o 7z,

2. HRBEE

AMEDETFIVE LHEIT, FE/EE 80
272 BAROBEBRKBOMEBRE THS. 28,
COBKTIREIC—E, REESETL, TOTFT-FE
H e, L—IVENEN S 2 DO T L — LBz
HMEkeGEaxEs, MENESE V2L THEREGN
fFhh T,

3. Avia7lU—ECLSRBEOERRN

SRR IT BT DR O R IE & RN RkD 572
o, FRERITOSTAEMEL, RifeiTol.

LI BIRETIOHRE

L— oS L EROEREBATT 22012, R
WM ESIZEEABROZEZRRBT SO EEELT
i EfT->TERE. L LBROBE, SRIEROHKE
HAFEEBRIT AR AT TR, AFICEDH
W, L)V RLER R OSERMO RIS EE S, S
THoHIEMS, EIRLEBRATEM EIEEM R
LlikEIMITEINABE NS A, FRERERE, B
FOREMTERERITEERVWLBE, SROERIE
A a2 HRBLTRITETOLERH LD, %
K henEEL, BEICK - TIEMmTEENITAR
WZiebhsd.

Ay a7 =ikl OB R FIEICB W T,
Ay aBbhTICMMETDFIETHS. SROMER
fRirir &, ke BRSO ETIEIEAOBRHITAY o
OEFHELTETEN, AviaTd)—ETHHAY 2
Az, EEOFROSRERICH L TREL 2D
HOFEE, BT ERSETHZENTE DL, BT L
(BNM) 1E Mukherjee and Mukherjee |12 & > TR &
NEAva7 )=k 2TH0, BREFEEN-A L
L, B8N 2R E L THWEFRIETS
%, O, KEiCBELToEMEE Ay 27—
DAYy FERBICEELTEY, HIC=RoRmER
DIRFICEBLTWAEEASNS. TITBNM O=XK
TR T 702 5 LEERL, $IE O KR B e
IRfEHT AT 7.

3.2 BNM @ EFE

SOROICHER M B 5 BNM @ ifb &, Chati et

al. O Mzt o T T 5.
(1) B#EA=F (MLS) T
=RociE BOKIRAB LIz S, B u kKT

(No09-65) HAKEM A 16 MIBHEHATIE o 28R 2 7 Ak CE (2009-12.2~4. H5T]

— g8 =



i a’ t®MLS BIRBEEIT AR TRESND.

u@)=3 p. G-, =p"(s-5%h (1)
f(s)‘—'ip‘(s—ssbizprsusfy (2)
ZZT sldaB LOBIEE (s, s BT DHERD A, sF

EHil SO ERTH S, pildREEECT,

P 6.5)=[15.5,,5,52.55) m=6 ®
£

Eizsf-s,-"" ;. i=12 4)
ai, BIABCTIIE <, KRR CR%E N5 MRS E R
EX€5E5 I REENS,

o= 3wl o G -t he- | &

R,:Z":w(d,)[pr(s'—sﬁ)!-*f,]z ' (6)

=

nidw(d, )= 0 OBERG R, did s & s ORIEREHE
ThHoH., 0, RO, Wil RO OENET
H%., m(IZEHBEET, WA TH Gauss BEZKEL
Iz,

w(d’)=exp{—(i—}2} (7

TIT AR A S ORGSR, o 3R EAMEK
DHKERETHERTHS. a KUK b ITHLTO Ry
R ROEBREENSTRENERD, RQO)RUE)IC
EALSE,

w()=3 0, (), ®

:M=§¢Aﬁ, )
T MREE D, 1T

© (=2 655, 6) e

¢, =(1'8), an

EREOT S, BEFERENICHIHAOELEE TN
SDRRME NS, KA ML TRD L.
(2) BERF AR ERRL

kN e ERIEERIZE T S 3D @EEEIZDOW
TORMENZHEAMD H R, ROLS KRR TES.

0= [, [0 (P.0) (@)~ 7, (P OYu, (©)-u, (P)S,

(12)
IT wé ald, TNENEMLENS I3 X ORS

T,
= ] - (13)
Uy =t [G-av), +rr]
—1 or
T4 fm[{(l =), +3rry }a—(l -2, -",k".)]
(14)

7 GIIHINIERE, »d Poisson Ik, rid P& QDI

BT, nddBHN S QICBITHHMEROK ST TH S, O
RBENAICRAL TOHMKERY. fiiliics A
MLS WiRBI% %, 0B kO ui& % ETH/0ICH L
5. WneERITIHE0, BREMEENVICHBATS.
KO EOEKXADICIRAL, 0B & N.OEMIZHET
5L, KRXEES.

0=:Z;.LB_U"* (P’Q):E;‘DI(Q)“H -
:ri_ljﬁs_ Tit (PvQ){’i;(Dr(Q)}H _g"bl(}));kl }dSQ

(15)
nefli FL A QOEEHEHENICHY, npfliflis POY¥
BEBANICH 5.

I3MhEabEDRE

AWMETIE, KEEMFTI0, BELhabEoFEE 9
EHWE, BEEONN TEZTHEROH 5HMEE
OMEE, FRMSTVEENN D TEZ T DMEE,
REZHABMICECD200 N o k) EHFEEHF SO
— o ZERMICZITHZWMND 5WEEOMED
MmMELTEAOGNS. - TmxDOBED KElX, =&
fiLT— o x)ORHhEZTHHERD KEEEL
W, 22Ty yIMREERAENH L5 FHOEEETH S
(Fig. 1). ZOFECINE, Bsh, B ALES
SIMERMEOMMIC, MBIERT 2N TES.

Fig.l Crack Shape and Coordinate System

3. 4 E RO AR
Ad BNM S EREHOEOFERZRWETOS S A

T, L= RELMROERETNT S FIRIZLT

DO TH5.

(1) ERHOZWL—)VEHOIGNRITETY, REER
mbEDIEhndH o (x) Z2RDD. ZOHRFITEIRO
HWREEMRET B0, HEHFIC X 55 R0
EHRADETHBIRDHZENTES,

2 VI ERBIREREL, — o (x) % BNM TAw
apBLEETFNOESREIZAR L, EBAAEE S
TERWMED KiiERD 5.

(3) RGBT, KO Paris Al #0952 & Tl D.

ggzcaxmr (16)
clIZFHES NIBELE, C miIMEEKTHS.

FhAKald, RATHAOND KERHTH 5.

Krnax —'Kmin (K
A‘K('I'I' = K

Kmax &U Kmin Li, _""jp’f 7 )I/W@I‘%k[ﬁj} 7 max &U}%
PN Omin I IET D KETHD.

min >0) 17
(K <0) R

— 288 —



3.5 45

FBTRELABMBIIDONT, MELATOYS AT
ik AT 2 1T, MEER &R L /-,

BNM EFIAE L —)VEik % A cin el L, 68k
[T ERMO A% 100, homid 25 & L. () D ald,
{i 5% 100 OEIZDWTIE 0.5, ik 25 D@z
TH 141 &L SHEOMHITTCIE, Z2RIT yElizL
TREREEEL, WIMBRIE EWMESRTNEN 4 b D
/A Mz DWTHEH L. |EHW v S FIHGET S
M z~OWHE Q1L 5 L —)Vikmm OWEREI D, 20°
FRFELE. KEZMEO%S5BIL7- 19 STHITL,
MERLBRIE xRy REEEL, EREBEOTN
SOEEMWERNERELL TR, £/, TRER
O BB V5 HE 8 I O 85 T (ALHT A S5 HE TR 42kN)
kAT AoHaE L. 2t Timoshenko and
Langer O iPEK EOR O IF R 9N S5tE L TR,
OISR EZEBL, 1.5 L T omax = 14 MPa,
F/ Omin=-39MPa & L7z, ELEEHBOEELZED
BoE MY 35MPa & L=, BHERICIE, B4
LHBBELISHOE—2IZ, BT KREL 7 10 WEE
EOWE, EEOBEAEEREDH 1275 %2 1TE0n T
EMahD, EREIFICETS NIZ, ThEEELE.
FEAAG)D CRU miE, THNTN 1x101 TX 3.0 &
L=, BRBEIGAHIE, NI RHTH SN, K & 5%
IZLT, B2 T 100MPa O—& &fRE L7, BREL
7005 AT bHETELN, BFicL 53R
13, L— )L akiE g o iR FE & bR R EE & D A
EVEE, EREEIZIZTNIEEREIIR VWD, ER
L.

Fig.2 i2, MR EEBICHRBETHE LR
Eok#ERT. FEHERLD, BB TREL TWAM
U3, BT 10mm BEOHEEMEMEOR S Nz fRT
BHoh, MITEREFIE-BRLTWS.

ESO
\gzoi---..‘------‘--

210 4k
g 0 L 1
0 100 200 300
Number of Wheel Passage x10*

Fig. 2 Comparison of Analytical Results and Measurements
Crack width(=2a) : Dotted line; Analytical, m; Measured,
Crack depth(=b) :  Solid line; Analytical, A; Measured.
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Fig.3 Analytical Prediction of Crack Depth up to 30mm
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Fig.4 An Example of Observation Result on Crack Face.
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Fig.6 Relation between Crack Progress and Ultrasonic
Inspection.
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Fig.7 Results of Ultrasonic Inspection and Estimating
Method.
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