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Type Classification and Shape Display of Brazing Defect in
Heat Exchanger
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Abstract: X-ray cross-sectional image-based inspection technique is one of the most useful methods to inspect the brazing joints
of heat exchanger. Through X-ray cross-sectional image acquisition, image processing, and defect inspection, the defects of
brazing joints can be detected. This paper presents a method to judge the type of detected defects automatically, and to display
them three-dimensionally. The defect type is classified as unconnected defect, void, and so on, based on location, size, and
shape information of defect. Three-dimensional display which is realized using OpenGL (Open Graphics Library) will be helpful
to understand the overall situation including location, size, shape of the defects in a test object.
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Fig. 1. Test samples of brazing joint-based heat exchangers.
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Fig. 2. Example of the X-ray cross-sectional image.
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Fig. 3. Examples of the brazing joint defects.
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Fig. 4. A flow chart of the defect inspection process.
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Fig. 5. A window of the defect inspection system.
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Fig. 7. Procedure and data for defect display.
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Fig. 8. A GUI of the defect display system.

Ao] /PR, ol TRy Edldng O RE ofF
4 5 JES S w9 28 25 g 2%
2o Fusk Bejzck

o @

b 3l ClaZao] A Zaf

==
=
el A3 A5 W 9 3ake

<
=]
o2
rH

A Al sl
g dagde] Ads FHst B ARddA A8
Fde 25 HIEY F2(bmp format)e] stdolm, A Al
3t 59 ge] s 791 Hlug Fi 9dFHEE A
Al oz wago =y A A7 FHIATS. L

F 1) FE=Y AlHAAM 712 Zo] 5042 mmE= 5733}
Zollx tg-etar, wEbA 184S Al AlEe] o= 0.088
mm7} "tk I8 1(b)e] AZHO|EY AlHAAME 40.75
mm7} 9058F40]01A] 18k 44 ZolE 0.045 mm, 17

adg

¥ L AESIAES HE AE

=1

Table 1. Detected defect of a pin-block type sample.
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Fig. 9. Defect display of a pin-block type sample.
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Table 2. Detected defects of a pin-plate type sample. Table 3. Detected defect of a jig-plate type sample.
. Accuracy(%) . Accuracy(%)
Actual size Detected value n, —ny Actual size Detected value n, —n,
No| (m mm) | (ng, mm) | =1100| Type No|  (m mm) | (ny mm) |=——%100 Type
a a
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nected nected
2 [1.35%0.16*27.135| 1.337%0.154*27.095| 0.9, 3.7, 0.1 | "™
nected
(a) 3D display. (a) 3D display.
ZEeH ¢ unconnected defect Z2RE | unconnected defect
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e HE 4862790298 mm# ZThHE 14.69269813 e
A2 | | Ax |
(b) Detail information of each defect. (b) Detail information of each defect.
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Fig. 10. Defect display of a pin-plate type sample. Fig. 11. Defect display of a jig-plate type sample.
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