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Abstract: To evaluate the structural integrity and dynamic characteristic of the knuckle part of a KTX anti-roll bar,
an experimental and a numerical approach were used in this study. In the experimental approach, the acceleration
and strain data for the knuckle parts of the KTX and KTX-SANCHUN anti-roll bar were respectively measured to
evaluate and compare its structural dynamic characteristics under the operating environments of the Honam line. In
the numerical approach, the evaluation of its structural integrity was conducted using LS-DYNA 3D, and then, the
reliability of the finite element model used was ensured by a comparative evaluation with the experiment. The
numerical results showed that the stress and velocity field of the knuckle part composed of a layered structure of a
thin steel plate and rubber were more moderate than those of the knuckle part made of only a thick steel block
owing to the reduction of relative contact between the knuckle and the connecting rod. It was found that the
knuckle part made of a thin steel plate and rubber was recommended as the best solution to improve its structural
integrity resulting from the elastic behavior of the KTX anti-roll bar being enabled under a repeating external force.
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Fig. 1 Configurations of anti-roll bar of KTX
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(b) Elastic knuckle of KTX-SANCHUN

Fig. 2 Configurations of rigid knuckle and elastic
knuckle

3. CtE|EH} HEFR

3.1 ﬁliAl%-l II-;'(|O| __I.LA-I
OLE| ZH} YEE ZEA moks 93 A3
TEAE Esle KTX9F KTX-ARH 2] of

aff 24z} sttt ol 1HA A} shi-e] <F
ElEul v3el wAshs 3WUEx, y, 2 VMR
5 SAson AYYERE=e] 7} 91X]o] A5}
= WEES SA Fig 32 UEN 54
ASA DS AT 7HE5%E AA e 2E#R] Alo]A
5 &% A4S BT yEdd EAste vt
LEE Q}Pr% shol 3% THEREAE F-2Ed
om, Ua# AYEHEEY] 43 AAF 95
F2sk 3% 2EYQ AlojAlE Fa el wE
HEE olgs S48t ol25Y $HAHRE &
=3kt

32715 ol 2 HEE =M Ao

E]EH UEH 554 ASAES F3 53
H 7SR ol¥e A A st oE AL
%E}Oﬂgtq, KTXE & 117H T7F, KTX-AHH &

FEA W 72 kA P 1037

Acceleration sensor

B : One-axis strain gauge
A : Three-axis strain gauge

@ : Three-axis acceleration sensor

Fig. 3 Experimental setup for measurement of
acceleration and strain data
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Fig. 4 Acceleration measurement data at lksan-Gimje
section for KTX and KTX-SANCHUN
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Table 1 Material properties used to finite element
analysis
Material SCM 435 Steel S235
roperties . Rubber
prop (Connecting rod) | (Knuckle)
Elastic Modulus
(GPa) 210 210
Poisson's ratio 0.3 0.3 0.499
Yield Stress(MPa) 205 225
Constant A 0.5404
Constant B 0.0476
Density (kg/m’) 7850 7850 1.120
Information of FE-Model

v Element Type : Solid
v Material_card

«Mat_024-Piecewise_Linear Plasticity (Steel)

v No. Element : 132,155

\

Outer rim N

Connecting rod Inner ball

(a) Rigid knuckle of KTX

Information of FE-Model
Y Element Type : Solid

v Material_card

, Linear Plasticity (Steel)

*Mat 027-Mooney Rivlin Rubber (Rubber)

*Mat_024-Piece

% No. Element : 161,478

Outer rim(rubber & steel) Taner ball

Connecting rod

(b) Elastic knuckle of KTX-SANCHUN

Fig. 5 Finite element models of rigid knuckle and
elastic knuckle
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Fig. 6 Load and boundary conditions of anti-roll
bar knuckle parts of KTX
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Table 2 Comparisons of analysis and experiment results
of KTX and KTX-SANCHUN

Location of stress Max.
[Unit : MPa] Von-Mi
31| 32| 33| 3.4 | VoEMises
I Test 247 | 1.57 | 1.86 | 1.84
Principal
Stress Analysis | 2.12 | 1.71 | 1.79 | 1.77
KTX*
Von-Mises Test 193 | 1.29 | 1.38 | 1.37
Stress 14.24
Analysis 1.40 | 1.05 | 1.12 | 0.98
™ Test 2.11 | 2.80 | 2.10 | 2.40
Principal
KTX-SAN Stress Analysis 1.99 | 245 | 2.24 | 231
ek
CHUN . Test 1.56 | 2.06 | 1.52 | 1.78
Von-Mises 21.01
Stress .
Analysis 135 | 1.82 | 1.37 | 1.45

*Rigid knuckle, **Elastic knuckle
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Fig. 7 Contours of velocity field for KTX and
KTX-SANCHUN
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Table 3 Analysis results of KTX-rigid knuckle and
KTX-elastic knuckle

1% Principal Stress(MPa) Max.

Von-Mises

3-1 3-2 3-3 3-4 Stress(MPa)
KTX* 2.12 1.71 1.79 1.77 14.24
KTX** 1.55 0.47 0.98 1.26 11.01

*KTX with rigid knuckle of 75mm diameter
**KTX with elastic knuckle of 90mm diameter
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LS-DYNA keyword deck by LS-PrePost
Time= 12§ Fringe Levels

Contours of Effective Stress (v-m) )
min=4.6803¢-05, at elem# 76396 1.424e-02
Max=0.0302407, at elem# 91491 1.296¢-03

1.112e-03

Max 7.419e-03 _
KTX — Rigid Knuckle 5.571e-03 _
(Von-Mises Stress :Unit — GPa) 3.722e-03 _§

1.874e-03 |
2.780e-02 _
9.267e-03
6.245e-04
7.365¢-05 |

(a) KTX with rigid knuckle

LS-DYNA keyword deck by LS-PrePost B
Time= 125 Fringe Levels

Contours of Effective Stress (v-m) "

min=0.00150817, at elem# 337565
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KTX — Elastic Knuckle
(Von-Mises Stress :Unit — GPa)

9.321e-04
8.238e-06

%_Z
(b) KTX with Elastic knuckle

Fig. 8 Contours of Von-Mises stress for KTX and
KTX-Elastic knuckle
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