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Abstract : The rubber bellows, a key component of the air spring in automobiles, must be designed to guarantee a service life
that exceeds a certain threshold under the fatigue load during operation. Fatigue tensile testing machines are employed to
assess the durability of rubber. By inducing cyclic, tensile-compressive deformations at specific intervals, the fatigue
characteristics of the rubber specimen can be measured, allowing for a rapid assessment of the relative durability of the
rubber based on the collected data. Traditional crack measurement methods involved manual interruption of the testing
apparatus, with individuals using a microscope camera to measure the length of cracks directly in each specimen. In this
study, an automated measuring equipment was developed to halt the testing apparatus automatically, and capture and record
crack measurements of the rubber specimens through a camera. This developed measuring equipment reduces unnecessary
manual labor, and enhances productivity during the tensile testing process of the rubber.

Key words : Fatigue tensile test(3] 2 217 A] &), Rubber(3L5), Automation(A15-3}), Image processing(3 % *12]), Edge
detection(+ZH4 =)
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Fig. 1 Fatigue tensile tester FT-3105(Ueshima co, Japan)
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Fig. 2 Device configuration diagram
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Fig. 3 Panel control with solenoid actuator
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Fig. 4 Stage attached on door
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Fig. 5 Camera and LED mounted on stage
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Fig. 6 Program GUI
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Fig. 8 Image processing flowchart

(a) Gaussian blur (b) Canny edge

(d) Hough transform

(c) Morphology close

Fig. 9 Crack measurement steps using image processing
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(a) Characteristics of frame (b) Frame containing two lines
containing cracks

Fig. 10 Frame selection for crack measurement
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Table 1 Fatigue test crack measurement results

Crack length 0 cycle 10,000 20,000 30,000
(mm) cycles cycles cycles
Sample 1 3.0296 4.1059 Broken Broken
Sample 2 3.3924 4.7653 Broken Broken
Sample 3 2.4 2.845 3.48 4.0091
Sample 4 2.7972 3.2392 19.0572 Broken
Sample 5 32 4.303 Broken Broken
Sample 6 2.4433 2.9587 5.0953 Broken
Sample 7 2.92 3.36 10.9206 Broken
Sample 8 3.04 4.2439 Broken Broken
Sample 9 2.5124 3.2295 13.5296 Broken
Sample 10 2.92 3.1558 43198 Broken

(a) Sample 8, N=0

(b) Sample 6, N = 20,000

(c) Sample 9, N =20,000

(d) Sample 2, N = 20,000

Fig. 11 Example of crack measurement results
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Fig. 12 Crack measurement results with increasing cycle in
sample 4
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Fig. 13 Boxplot of crack length by number of tensile cycles
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