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Effect of Dimensions of Crimped Portion upon Sealing Performance of Hydraulic Brake Hose by
Applying Three-Dimensional FEM Analysis

Nao-Aki NODA"', Bongkee KIM, Kento OTA
Hirofumi KAWAHARA and Takahiro SHINOZAKI

"Dept, of Mechanical Engineering, Kyushu Institute of Technology,
1-1 Sensui-cho, Tobata-ku, Kitakyushu-si, 804-8550 Japan

Usually, development of automobile brake hose and power steering hose has been realized through investigating several
actual prototype hoses experimentally. Recently, high durability for brake hose has been required because periodic renewing
the brake hoses has not been requested anymore. In this study, three-dimensional FEM analysis has been applied to the
crimped portion of hydraulic brake hose in order to investigate the effects of manufacturing errors upon the sealing
performance. In order to evaluate the sealing performance, the normal stress 6y appearing between the inner rubber and nipple
is mainly considered. Then, the sealing performance is investigated when the manufacturing error is included for the crimped
portion of hydraulic brake hose. It is found that maximum stress between the nipple and inner rubber decreases by less than 30% when the
manufacturing errors are smaller than the upper limit of tolerance. It may be concluded that the error may causes deterioration of sealing
performance of hydraulic brake hose.
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Fig.1 Hydraulic brake hose with crimping

crimped portion

(a) Hydraulic brake hose
Fig-2 Hydraulic brake hose cuting

(b) Exclude sleeve
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Fig.4 Fiber Reinforced
Table 1 Thickness of three layers
a First crimped portion b Second crimped portion
Eq =E. Inner . Outer E, =E; Inner Reinforcement Outer
[MPa [MPai rubber Reinforcement rubber [MPa]| [MPa] rubber : rubber
40 100 Thickness [mm]| 0.436 1.044 0.461 40 100 Thickness [mm]| 0.657 1.147 0.506
Error  [%]| 4.80 3.96 -6.71 Error  [%]]| 10.1 -9.87 0.20
40 80 Thickness [mm][ 0.43 1.03 0.483 40 80 Thickness [mm][ 0.66 1.133 0.531
Error  [%]]| 6.11 5.24 -11.8 Error  [%]]| 9.71 -8.52 -4.73
60 100 Thickness [mm]| 0.404 1.103 0.437 60 100 Thickness [mm]| 0.635 1.201 0.483
Error  [%] | 11.79 -1.47 -1.16 Error  [%] | 13.13 -15.0 473
40 120 Thickness [mm]| 0.444 1.055 0.445 40 120 Thickness [mm]| 0.66 1.16 0.487
Error [%] | 3.06 2.94 -3.01 Error [%] | 971 -111 3.94
60 120 Thickness [mm]| 0.415 111 0.421 60 120 Thickness [mm]| 0.646 1.207 0.468
Error  [%]]| 9.39 -2.12 2.55 Error  [%] | 1163 -15.6 7.69
Experiment [Thickness [mm]| 0.458 1.087 0.432 Experiment [Thickness [mm][ 0.731 1.044 0.507
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Fig.5 FEM model for crimping
Table 2 Material data used in FEM analysis
. Young’s modulus [MPa] Poisson’s ratio
Material
E.Eo.E; Vr0,Vozy Vzr
. Use of experimental data
Outer Rubber EPDM Use of experimental data
(v=0.45)
. Use of experimental data
Inner Rubber EPDM Use of experimental data
(v=0.45)
Fiber reinforcement
. . PVA 40 0.2
in the r-direction
Fiber reinforcement in
N PVA 100 0.2
the 6- and z-directions
S10C 207000 0.29
Sleeve
Rigid body (3D-model only)
Nipple and Tool Rigid body
6 3 FEM
180° 30 7(@@)
® ()
6 3 FEM 6 = 7(b) 6
7(a)(b) -
14.4[MPa]  15.1[MPa] 4.8%
3 9
« )
FEM
180° 11670 3
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Outer Rubber

Number of elements : 11670
Reinforce Number of nodes : 15810
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Fig.6 FEM model for 3D Analysis

Contact Normal Stress [MPa]

Fig.7 () Real sleeve model Fig.7 (b) Rigid sleeve model

— Real Sleeve
— Rigid Sleeve

Fig.9 Example for real tool shape

Fig.8 Effect of sleeve — 274 — ©2011 The Japan Society of Mechanical Engineers



10

Fig.10 Dimensions of models for manufacturing error
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Fig.11 Normal model (Casel in Table 3)
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Contact Normal Stress [MPa]
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Fig.12 Effect of various dimension e on o,(cont.)
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Fig.14 Effect of various inclination on o,
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Fig.14 Effect of various inclination on o,
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Contact Normal Stress [MPa]

Inclination model (Case4 in Table 3)
Fig.16 Effect of dimension e and angle 6 on o,
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