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Various Measurement Technologies (Temperature/Stress/Fatigue/Crack)
with the Highly Precise Infrared Thermography and Its Application
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Abstract:

Effective diagnostic technology of defects such as steel structures and machine parts has been developed by
detecting a minute temperature change using highly precise infrared thermography, including the application of
athermal elasticity heat generation method to crack diagnosis and stress measurement. Also JFE Steel Group applied
a supersonic wave excitation method to the crack diagnosis and we achieved various effective deterioration diagnoses

in iron and steel manufacturing facilities. Some selectied technologies have been currently applied to measurement

business of JFE Steel Group.
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Flg.1 Schematic illustration of signal processing method
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Flg.2 Schematic illustration of the test in the laboratory (Offline
test)

(a) Maximum stress = 100 MPa  (b) Maximum stress = 50 MPa

(¢) Maximum stress =20 MPa  (d) Maximum stress = 10 MPa
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Flg.3 Infrared image around cracks in various stress applied
(100, 50, 20, and 10 MPa)
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Flg.4 Relationship between stresses measured by strain gauge
and temperature rise
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Flg.5 Schematic illustration of online test (Box beam girder of
overhead crane system)
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(b) Expanded image of crack area shown in (a)
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Flg. 6 Image of stress distribute in box beam girder of overhead
crane system (No signal processing)
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Flg.7 Stress line-profile in line A-A’ shown in Fig. 6 (b)
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Flg. 8 Comparison of Stress change between crack tip and

sound area (“Reference area” shown in Fig. 6 (a))
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Flg.9 Image of stress distribute after signal processing (Self
reference lock-in method)
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(a) Stress image of spot weld Stress (MPa)
WA | ) [ I
® Pixel cqordinate
160 0001~ e pegrdmate ||
—~ T i P,.-‘U'- ’-,l" o Iﬁlﬂ L Jlf.'l.fr ;“\_..', -
£ 120 000 o TN PV et
2 ‘ N
~ | T ¥ f‘\.,
2 80000 r:—-zD-f g I 1!:—\’
= 40000 | | i
s Y T ;ﬁhﬂh
ooml—P P L P
l\. ) | IK' '|“ 7 "'-.”‘ r ‘._'
#0000 o el L TG | T
-80 000 \

0 60 100 140 180 220
Pixel coordinate >

(b) Stress distribution of a spot weld
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Flg. 10 Example of stress measurement result
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Flg. 11 Relationship between press load of ultrasonic horn and

temperature rise (Plate specimen)
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Flg. 12 Relationship between amplitude of ultrasonic horn and
temperature rise (Plate specimen)
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Flg. 13 Affection of grease in crack detestability (Crack
length = 10 mm, Depth = 5 mm)
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Flg. 14 Schematic illustration of defecting cracks in table roll
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Flg. 15 Infrared image in table roller neck part (Self reference
lock-in method)
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Flg. 16 Measurement principle of thermo-wave method
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Flg. 17 Example of the defect in plastic film
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