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Shearography in Tire Industry

Koungsuk Kim, Kisoo Kang, Chulsung Yoon and Seungphil Yang

Key W ords: Quantitative Analysis of an inside defect( ), Shearography(

), The amount of shearing( )

Abstract

In recent years, shearogrpahy has significantly improved capabilities in the areas of unbond and
separation detection in tires. Although shearography has many advantages for qualitative evaluation, the
technique remains the problem of quantitative analysis of inside defects, because shearography needs
several effective factors including the amount of shearing, shearing direction and induced load, which
exist as barrier for the quantitative analysis of inside defects. Since the factors are highly dependent on
inspectors skill and also affect the in-situ workability . The factors were optimized and the size of
cracks inside of pipeline and tire has been quantitatively determined.
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2. Shearography versus ESPI

Shearogrpahy Speckle Pattern Interferometry

ESPI (Electronic Speckle

Pattern Interferometry)

. ESPI

, Shearography 1

. Fig. 1(a)

, Fig. 1(b)

.

(a) Real deformation of an object surface

(b) Comparison of the line profiles

Fig. 1 Relationship between ESPI and

shearography

Fig. 2 A basic arrangement of the speckle

pattern shearing interferometer

, Shearogrpahy 1

[4.5].

Shearography Line profile
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Fig. 2 Shearography .
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3.1

. Fig. 3

Shearogrpahy

.

1, 2, 3 mm, 12 mm

, .

, ,

.

Fig. 3 Pipeline system with artificial defects

Fig. 4 Vacuum chamber

3.2
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.

1 atm 0.9 atm . Fig.

4 .

Shearogrpahy Ettemeyer

.

,

.

( : 240/570R 13)

x , y , +45 -45

,

3 mm, 5 mm, 7 mm, 10 mm, 12

mm, 15 mm

. (

: 195/65R 15, 225/60R 16, 235/45ZR 17)

.

4.

4.1
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. Fig. 5

Shearography
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대한기계학회 2003년도 춘계학술대회 논문집

 300



.

, . ,

(STS304 : A =

206 GPa) 10%
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.

(a) 5 mm (b) 10 mm

(c) 12 mm (d) 15 mm

(e) 18 mm (f) 20 mm

Fig. 5 Shearography Fringe Patterns with the

amount of shearing

(a) The amount of shearing vs. Crack size

(b) Normalized pressure vs. Crack size

Fig. 6 Evaluation of thecrack size due to the

change of the effective factors (t : Wall thickness,

D : Crack depth, P : Induced pressure, AP:

Allowable pressure)

4.2 Separation

. Fig. 7

4

. Fig. 7(a) 1

(Belt edge)

.(

) Fig. 7(b) 2

.

Fig. 7(c)

.

Separation .

(a) 1st step : Starting of point defects from belt

edge of the tire
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(b) 2nd step : one of many points grows up

rapidly

(c) 3th step : Connection of the small defects

(d) Fourth step : Progress to a tread.

Fig. 7 The progress of separation in actual

traveling tire (The bottom of image)

Fig. 7(d)

(Separation) .

Tread

Tread

.

4.3

,

,

.

,

. 45

. Fig.

8

.

7 mm, 7 mm, +45 5 mm, -45

7 mm .

(a) The defect size with the amount of shearing in

x-direction shearing

(b) The defect size with the amount of shearing in

y-direction shearing
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(c) The defect size with the amount of shearing in

+45-direction shearing

(d) The defect size with the amount of shearing in

45-direction shearing

Fig. 9 The defect size with the amount of shearing

and shearing direction
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