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Derivation of Effective Material Properties of Reinforced Braid
Layer Using Detailed 3-D Finite Element Model
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Abstract

Reinforced braid layer (RBL) in automobile power steering hose plays an important role in power
steering system. When the working oil is applied to the power steering hose, RBL suppresses rubber
hose deformation from internal pressure and heat expansion. RBL is woven textile composites having a
double-row structure of nylon cords twisted with the specific helix angle. In this paper, effective
material properties of RBL are estimated using a detailed 3-D finite element model considering its
complicated geometry. Numerical experiments based on a superposition method are carried out to
simulate uniaxial tensile loading condition.

.M 8 2 UE F o nRIAE Y nREo
o]folA gli Zt nFF Aol Nylon6s A2
3} 9] ~E]o] Y (Power Steering, PS) AlAHL 2 o] BRAL Zo] AUHe] ).

A7t 2FAES FEde I 4L A48 HEg Asat FE33% vl 2 PSEAE of
o AL YPozw FHH == AAHold o F 7tEe #AHdA FAFdch 32 URe 3AF
AN2EL olAdE EY, BlA So )y o) froll &3l 150°Ce] 127 140bare] ¢to] &
¢ AgAdon, AETE AEA RFHUA 8L, B2 SRE dIozREH 135°C oY
-5E A¥AeE FEsHA HAYY PSEAE o g BA g9
A2Eol 85 ZFHE PSEZZRE 2 ol g 7tE #AoA FAZE NHEH E
Zloit2g Agdte 98E 3te AYEL2E T g HFE A HYE 32 Aol Astd ¥ of
@} Fig. 1¢ 2 AT psEA AL U
B glon AR AFEatd AMSEHI gle Al
Zolt}. pSEAE HA 1FIZIA RED FF

t AJAA, HY, FANEGE A AT
E-mail : jrcho@hyowon.pusan.ac.kr
TEL : (051)510-2467 FAX : (051)514-7640 (a) Metal fitting (b) Rubber hose
* FAdign Y ZAAAE
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Fig. 8 3-D finite element model
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Table 1 Dimensions of unit cell

Helix angle| ZAdmm) | dy(mm) | dz(mm)
53.5° 21.45 15.854 1.022
50° 19.643 16.453 1.022
45° 18.027 18.03 1.022

(a) Boundary condition {b) Nusnerical result

Fig. 9 Analysis of the sub-problem 1

(b) Numerical result

{2) Boundary condition

Fig. 10 Analysis of the sub-problem 2
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(a) Boundary condition (b) Numerical result

Fig. 11 Analysis of the sub-problem 3

(h) On the bottom surface

{2) On the upper surface
Fig. 12 Specification of iy for the sub-problem 3

Table 2 Numerical results of reaction force

Reaction force | F, (kgf) | F,(kgf) | F,'(kaf)
Sub-problem 1| 63.705 11.128 23.803
Sub-problem 2| 12.25 100.126 17.09

Sub-problem 3| 2.708 2.249 112.676
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Table 3 Coefficients for superposition method

Simple tension a B 4
x-direction | 0.80816 | -0.08627 | -0.15764
y-direction | -0.09589 | 0.51132 | -0.05730
z-direction | -0.01751 | -0.00813 | 0.44869

Table 4 Strains under simple tension

Simple Tension € € 4 € 3

x-direction | 0.037676 |-0.005442 {-0.01542

y-direction | -0.004470 | 0.032254 {-0.00561

-0.000816 | -0.000513 |0.043891

z~direction

Table 5 Effective material properties

Young's modulus (kgf/mm?®) || Poisson’s ratio
E, 81.88 v | 014445
E, 707 s | 0.17378
E, 335 v | 00186

{b) Numerical result

{a) Boundary condition

Fig. 13 Shear deformation analysis (G.y)
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Displacement z (mm)
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(a) Boundary condition (b) Numerical result

Fig. 14 Shear deformation analysis (Gx;)
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{a) Boundary condition (b) Numerical result

Fig. 15 Shear deformation analysis (Gy.)
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Table 6 Numerical results of shear analysis

Loading | Loads P | Shear |Srear modulus
case (kgf) strain (kgf/mm°)
X-Y 20.45 0.063076 14.79
X-Z 602.93 |0.293460 6.045
Y-Z 42313 | 0.293462 4.242

Table 7 Effective material properties to the helix angle

53.5° 50° 45°
E | (kgf/mm’) | 8188 83.62 79.7

E; (kgf/mmd) | 707 81.97 90.5

E; (kgf/mmd| 335 3394 | 40135
Vi 0.14445 | 0.12098 | 0.10509
1h 0.17378 | 027987 | 0.28579
U1 00186 | 001828 | 0.01748

G 1 (kgf/mmd)| 1479 156 | 169557

Gy (kgf/mm?)| 6045 | 6453 | 54237

G (kgf/mm?)| 4242 515 | 63487
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