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Durability Test and Micro-Damage Formation of Rubber Hose for Automotive
Hydraulic Brake

Seung-Bum Kwak, Nak-Sam Choi ", Young-Han Lim~

ABSTRACT

Rubber hose assembly for automotive hydraulic brake during operation is subject to combined stresses of
cyclic pressure, cyclic bending and torsion as well as thermal load. The rubber hose is composed of
ethylene-propylene diene monomer(EPDM) rubber layers reinforced by polyvinyl acetate(PVA) braided fabrics. A
durability tester with loading rigs for inducing the above cyclic stresses was used to investigate failure
mechanisms in the rubber hose assembly. Failure examination was performed at every 100 thousands cycles of
bending and torsion. Hose samples were sectioned with a diamond-wheel cutter and then polished. The polished
surface was observed by optical microscope and scanning electron microscope (SEM). Some interfacial
delamination with a length of about 1mm along the interface between EPDM rubber and PVA fabrics was
shown at the test cycles of 400,000. The delamination induced some cracking into the outer rubber skin layer
to leading the final rupture of the hose.
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Fig. 1 Structure of rubber hose for automotive hydraulic brake.
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Fig. 3 Durability tester of the rubber hose assembly for automotive
hydraulic brake.

Table 1 Dimensions and materials of the brake hose

mm Material
Inner diameter of brake hose 3.4
Outer diameter of brake hose 10.5
Thickness of inner rubber layer 1.27 EPDM
Thickness of outer rubber layer 1.25 EPDM
Outer diameter of inner fabric 6.5 PVA
Outer diameter of outer fabric 8.0 PVA
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Fig. 4 Brake oil pressure cycle
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Fig. 5 Mechanical oscillation cycles

Table 2 Durability test stage of the rubber hose assembly

Test | Loading cycles of | Loading cycles of Remark

stage | bending and torsion | hydraulic pressure

A0 - - Before test

Al 100,000 42,000 -

A2 200,000 84,000 -

A3 300,000 126,000 -

A4 400,000 168,000 -

Af 611,790 256,952 Final rupture
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Fig. 7 Fractured part of the rubber hose assembly.
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Fig. 10 Photographs of the sectioned surface of the rubber hose before
the test.

(a) 100X10% cycles

(c) 300%103 cycles (d) 400X103 cycles

Fig. 11 Photographs of the sectioned surface of the rubber hose after
the durability test stage (Al, A2, A3, A4) of Table 1.
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Fig. 12 Enlarged SEM micrograph of the initial damage formation of the
region A in Fig. 11(d).
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Fig. 13 Damage zone size versus the number of loading cycles of the
rubber hose assembly.
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Fig. 14 Failure mechanism of rubber hose assembly for automotive
hydraulic brake.
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