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Practical Use of Remote Control Crack Diagnosis Technology of Steel Structures

Using High Temperature TOFD Method
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Abstract:

JFE Steel has been conducting the judgment of steel stracture deterioration and remaining life by various diagnosis
devices to assure safe safety operations. As a part of these diagnosis devices, the authors have developed a remote
control weld crack detection device mounted on self runnning cart. The authors have adoptted a time of flight
diffraction (TOFD) method which is suitable for both better accuracy and continuous measurement. Crack detection
device allows measurement of vertical cracks and horizontal cracks at the same time agai st high temperature vertical
surafce of 200°C. Self running cart is mounted with magnetic wheel which is capable of run against 3 dimension

curved 200°C surface. JFE Steel is using this device to daiganos welding area of hot staves of blast furnaces to achive

both efficiency and saftey.
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Photo 1 A temporary scaffold for crack inspection on the blast
stove iron skin welding line
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Photo 2 The remote control crack diagnosis device appearance
by time of flight diffraction (TOFD) method
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Table 1 Specification of remote control crack diagnosis device

Time of flight diffraction
(TOFD) method
Longitudinal crack
Transverse crack

The crack detection method

Object crack of detection

+] mm

Min. 2.0 mm
19-50 mm
0-200°C

1.5 m/min

Crack height detection accuracy

Crack height detection ability

An object thickness of inspection

Temperature of inspection object

Inspection speed
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Fig.1 Crack height detection theory by TOFD method
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Photo 3 Time of flight diffraction (TOFD) screen output example
(D Scan)

5, 2O, EHEOEHEREEZEL VBROMNEY mS L
By s Y,
VICHERNR LT A 22— 7B 2l 2 o
¥ickh, BE3IRT D Ra—FHm»ELNSE, D R
:—7ﬁﬁﬁﬂmD&®@$%amﬁﬁﬁfﬁéﬁ [
SCBARIE T IEREICIBE T 2 5523 A 23— TIE
%%ET%%E#%éo
323 #fiEBh @B ORERAIE
2 [ZVARERRICN S 3 TOFD £ > H P ER %R T .
MEBIL L > ST HERR IS U B A 12852 A5 PRk 1 % i i
FEEIN £ > TR LR 45° 16525 HRfil 1 % Bid
L, —FoEETHER BN Om S 2 HET 5,
BN e BRI NOFRINE, ZhzhoBZIHT 2 HEE
Nt B LUHENE s YOMHEEDE - A 20—
TRIE 2R T 2 2 ¢ THIRETH 5, & 2 12HiEEI v KEE

Lateral crack
sensor

Lateral crack \\j @ \;‘50
Vertical crack

- sensor

N—1\\ Welding line

2 TOFD TV ¥mEEEXN
Fig.2 Time of flight diffraction (TOFD) sensor deployment view
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Talbe 2 Detection sensitivity of vertical and lateral crack
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© : High sensitive detection
O : Sensitive, but relatively low detection
/\ — X : Low sensitive or insensible detection

JFE i No. 27 (2011 4£2 H)

Wedge of
angle probe
Ditch for
coupling
medium PR,
o L
OO0
= 0

Supply hole for
coupling medium

X3 #FF U Iy I OEMMIESEEY T
Fig.3 Machining ditch for wedge coupling medium
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Photo 4  Back of the sensor overview
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Teble 3 Property comparison of the commercial permanent magnet

Item Neodymium | Al-Ni-Co Saén:l:;lltm- Ferrite
Magnetic force O O O VAN
Coercivity (@) JAN O O
Toughness O O A AN

Curie point 300°C 860°C 750°C 450°C
Heat-resistant VAN @) O A

© : Excellent
O : Possible to be used
/\ : Relatively inferior
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Fig.4 Result of magnetic field analysis on the magnetic wheel
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Fig. 5 The optimization of the wheel cross-section
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Fig. 6 Air gap and magnetic wheel absorptive force
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Table 4 Test condition of crack height detection
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Table 5 Actual application examples of the remote control
crack diagnosis device (No. 4 Blast Furnace-2 Hot

[tem Test condition Stove at West Japan Works (Fukuyama))

Specimen piece thickness (mm)| 25

Sham crack width (mm)| 0.5 Item Past way This time

Sham crack length (mm)| 20 Total inspection length (m) 993 993

Sham crack height (mm)| 1.0, 2.0, 5.0, 10 Inspection length by angle beam 993 520

- - technique (m)

Specimen piece temperature (°C) | 20, 200 -
Inspection length by TOFD (m) 473
An application rate of TOFD (%) 48
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=S
1 1 1 1 1

Output of crack

(=

4 6 8
Sham crack height (mm)

K7 20CIcBIT 3 ERENETREREE
Fig.7 Sham crack height detection accuracy in 20 °C
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Fig. 8 Sham crack height detection accuracy in 200 °C
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TOFD : Time of flight diffraction
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