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Development of Automated Ultrasonic Testing System for Partial
Joint-Weld of Heat Exchanger’s Header to Tube in Power Plant
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Abstract A power plant’s heat exchangers work under poor conditions, such as high temperature, high pressure,
corrosion, mechanical stress and vibration. Especially, partial joint-weld of heat exchanger’s header to stub-tube is
the place where incomplete penectration flaws can easily occur. But, it is hard to evaluate the safety of the
structure by conventional nondestructive testing techniques. So it is necessary to test integrity of the weld inside
and to develop testing technique and equipment that can detect the flaws at the weld point in order to enhance
reliability of the test result. In this study, we developed a suitable automated ultrasonic testing system that can
inspect the partial joint-weld of header to stub-tube of power plant. Finally, we showed the efficiency of the
automated ultrasonic-testing-system from the application.
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Fig. 1 Picture of boiler heat exchanger
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Fig. 2 Structure of header to tube weld
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Fig. 3 Simulation of ultrasonic propagation using
CIVA software
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Fig. 4 Schematic diagram of automated ultrasound
testing system

Fig. 6 Program window with A, B, C-scan
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Fig. 7 Mock-up specimen with defect in the weld

Table 1 Substance of flaws in the mock-up
specimen

Substance (unit : mm)
Height length width
P Thickness : 7.3mm
P Flaw : Nothing
P Thickness : 7.3mm
P Flaw : IP in the whole weld
P Thickness : 7.3mm
P Flaw: #1: 0.5x5x2
C #2: 0.5x5x9
#3: 5x0.5%4
#4: Tx2x9
P Thickness : 7.3mm
D P Flaw :  #1,2: 0.5x3x8,5
#3,4: 0.5%6x9
P Thickness : 6.2mm
P Flaw : Nothing
P> Thickness : 6.2mm
P Flaw : IP in the whole weld
P Thickness : 6.2mm
P Flaw :  #1: 0.5x5x2
G #2: 0.5x5%9
#3: 5x0.5%4
#4: Tx2x9
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Fig. 8 Test result of specimen C
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Fig. 10 Test result of the heat exchanger weld

Fig. 11

The detected flaw in the weld
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