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Durability Evaluation of Gangway Ring for the Articulated Bogie of
High speed Railway Vehicle

Gil-Hyun Kang
Technical Division, SR Corp.
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Abstract To improve ride quality and running stability of high speed train(HST), it is important that
connection between coaches adopts the articulated bogies by using a gangway ring, unlike the
conventional independent bogies assembled with car bodies. Although the gangway ring should be
ensured absolute safety against passenger movement between coaches during train operation, there is
still a lack of quantitative durability criteria of that. Therefore, in order to improve the passenger safety
of HST, it is important to study the test requirements on durability evaluation for the ring. In this study,
seven mixed loading cases were derived from the triaxial loading(vertical/lateral/longitudinal) modes.
The safety factor of each component is at least 2.4 or more from the results of the finite element
analysis. In addition, fatigue safety was evaluated through durability analysis from the viewpoint of
strain-life design. Durability tests for the gangway ring carried out a total of 10 million cycles in 4 phases
load conditions. After the durability test, the defect of each component was investigated using

nondestructive testing techniques.
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Fig. 1. Gangway ring assembly of articulated bogie
type train (a) Articulated bogie (b) Fixed ring
(c) Carrying ring (d) Gangway ring assembly
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A(applied stress history tensor)= A& 49 3-8
gk} shsAIl ofsto] FAAsHE 7479 skl
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H(superposition method)oll 25| ol HIAZF
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'Reqwred [ Static analysis ] [ Load time history } {Material property]
input data ; ; ;
. . [2170) [0, siatic strain tensor
Calibration S0 P.." load applied in the finite element analys
b P@: corresponding loading history
e L] [0,1(®): strain tensor at time domain
Superposition Te10=151,0
- [0,1,(®: strain tensor by superposition
Resolution [CAROETHO) «.0% convered with scalar component

Cycle counting Ao sirain amplitude

£.(0=(8).(0%)
(48),(7,,) = Fatigue Damage

Fig. 2. Durability analysis process based on the
strain-life approach
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2 739o] Yol 28512 Xz
sk, $Asks 2 9ok s RE
%515 (longitudinal load, £, )~
&3 AE2ANA FHskeS T4

% 189 Flol, el

m}a} A5
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O]‘:‘r. Eltﬁﬂ“dr _;I‘-Zio}oﬂ 7‘4770%% o AQlgorr
B = AA710 BF 59249 7Pgstel] 105 |
AaFe] AA 2 AQlZ(maximum tractive effort)
9] 1/2%1 105 kN ©oJc}10]. A7t AA7]ol| A= o2
AZslFo] 28 A, o] g2 AR o E 7 A}
o] =gFo 2 HE| GRAMXNend trailer car) Alo] =&
EAZA] 45.2 kNOZA[11], o]d9] Hdff AU =4
Ho} Zo} E3 I&oMe A7 Ale S 4 85t
150 km/h °]3t9] £E P oA Z7|AES =2 AL
St= A8AITAIY BHAEES 447.5 kNol™ 10%F
Ago] #-5 FEAlE AT 44.75 kN o[t} o] 2R E
AFskz9] AlERA2 4 (D Z2TH10-12].

F,= (m, +my +my +my +my)xa= 105 kN
M

Where, F, denotes longitudinal load, m,~mj

denote full mass of each carbody, ¢ denotes

acceleration.

A5k (vertical load, F,)2 T} AEj9] HA51E
Z7oERE FE FAM-FEARF FA7IEC] ©it
T3 42 9 EN 12663 F5t] ¢2u2sg2 4
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(2)9F ZrH1]
F=H3(F,, )+ 5315(F,,:0.2F,,) = 210+£42 kN
)
Where, F, denotes vertical load, s and d denote

static and dynamic component of the load.

295k (transverse load, F,)2 EN 13749; 2011
of &sto] Fo=RE 4 (3)x ZTH2].

F= +0.5(F, +0.5m, + g) = £6545 kN (3)
Where, £, denotes transverse load, m, denotes

mass of bogie, g denotes acceleration of gravity.
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Fig. 3. Combined loadings of fatigue Test for Gangway:
vertical, longitudinal and transverse loads
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Table 1. Load cases based on fatigue test conditions

Vertical Longitudinal Transverse

load(Fz) load(Fx) load(Fy)
Load case® +168 0 0
Load case® +252 0 -65.45
Load case® +252 0 +65.45
Load case® +252 +105 +65.45
Load case® +252 -105 +65.45
Load case® +252 +105 -65.45
Load case® +252 -105 -65.45
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Fig. 4. Finite element model of gangway ring assembly
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Table 2. Yield strength of gangway ring components

Components Material Yield strength[MPal
Ring body AC42200 240
King Pin 42CD4 930
Bushing SM45C 490
Articulation AF508 385
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Fig. 5. Maximum principal stress distribution under

load condition ®
(a) assembly (b) carrying ring
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Table 3. FEA results of the assembly under 7 load

conditions

Max. principal Safet

Spec. stre SF; (MP BS Weak component factoz
Load case @ 423 Bushing > 11
Load case @ 67.1 Bushing ) 6.8
Load case ® 69.4 Bushing > 6.6
Load case @ 69.5 Carrying ring > 2.4
Load case ® 76.3 Bushing > 6.0
Load case ® 66.9 Carrying ring > 25
Load case @ 75.1 Bushing ) 6.1
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Fig. 6. Durability analysis result of the assembly
(a) Strain-life curve(AC42200) (b) Fatigue life
distribution
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Fig. 7. Flowchart of durability evaluation process of
gangway ring
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Fig. 9. Non-destructive test results after 10 million
cyclic load (a) Carrying ring (b) Fixed ring
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