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Dynamic analysis of the inboard bogie for developing a capsule
type high-speed bogie
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Abstract The inboard bogie, which is a bogie frame mounted inside the wheelset, was investigated, and
the basic concept of that was developed. The major components and factors, such as the configuration
of suspension and coefficients, were based on the HEMU-430X train. The dynamic model of the inboard
bogie for dynamic performance analysis was configured using SIMPACK software. The inboard bogie
based on HEMU has a lower critical speed than HEMU. The optimal series stiffness and damping
coefficient of a yaw damper increased the critical speed. Dynamic performance assessments based on
EN 14363 were carried out to determine which wheel profiles were suitable for an inboard bogie. One
of the major objectives of the inboard bogie is increasing the energy efficiency of railway vehicles. To
this end, another type of inboard bogie with single secondary lateral and vertical dampers and a mono
link for the center pivot was also considered. Dynamic performance assessments were carried out for
HEMU, inboard bogie type I, and II. Those inboard bogies had a lower critical speed than HEMU but

were similar in running safety and ride characteristics and had better performance in the comfort index.

Keywords : Bogie Design, Dynamic Performance Assessment, EN 14363, High-Speed Train, Simulation

2 =52 §REDTEdTY FARIK-500 AEF 1&dA SH7Ie )] Ados SIS
*Corresponding Author : Ji Hwan Shin(Korea Railroad Research Institute)

email: jihwan.shin@krri.re.kr

Received September 20, 2022 Revised November 2, 2022

Accepted November 4, 2022 Published November 30, 2022

813



AR &85 =5 A A123d A11E, 2022

1. M2

F 712 &5T 714 ol 5ol BAI7F o] A ET ¢
A} AAYoHHA A AlAH o2 7Tt bi-§5t7] ¢
3 e AF3] ulEslar Qitt oo S A=
EU 84%0|(Taxonomy)E 209 790 ®Hasto] Hot
Hazoz g4 ¢ 7135 EA o] o835k eH1]. S
ESH K-"Halen] BRE B AIAHRI SO Y
I Qleh

219 =] Fopd 2A47IA & H|F AL AFROA
5 o] AR|oh= HIEL 14.4%=2 FHA g2 &
o|th2]. Ty, =% HEoA I&HEXTFo] 247tA
&R AT H5S oF 2.4% $EBIC0E vwE W
Agt, o g &34 Eolgd AR Ayl o8
< v|Fo] B 1 B4 viE AR {Jg olvA] a&
stE flgt d7E "dFolt

Az oy G&3ts gt A= tHstA <=
P k. B3] IHHEAF FL w2 &9 9
3 Aol FYAFo] o] & & FFS HIX
£, o] SEst] Yol AFE BAAE HHT ok 9
gt A7} o] FolA] ghtH4,5). F&HAX] B A}
o o5t A2 WA zpego] Aol HA| A< Hut
7¥ES AA6IsH] wizo] tiabrh xske 9] XA
shgRel =0 TRl T izt HAE IR FEet
TAH ATE Bl FRINTS E0lEe S A&t
I 9ItH6,7-9]). IEHEARFO] o] G835t FAS
EXE g3 AHE e a3 IHE H8s]
sl 27} Bk QEFoll YAIok= 1EE tixKinboard
bogie) FEi7F 12jd &= qiek. SLollA= ol1] Velaro
Novol714¥ QIEE g 7fdole] 83+ Mot
I gloy, FioAe AP QA Frt. I&HEA;
ZFo] olvA] &S wolil AW 1T VedS
slet7] fIeiA QIEE thRiet 22 M2& FEH tiat
£ g 294gdo] Ut

2 AFoAe JAEE thzte] HdS $al 712l
=S AR v 54 HES TEol 554 &
< Boto] tixt e 7127t He AT FFH
. QIEE th219] 712l £8 AP FiollA E
t HEMU-430X(°]3} HEMU) I&HEARFS 7|9k
stglod, A7pA ATt 28 Alg 52 Lokl
. HEMU 70t 7121 &<t ohefst A3} 9 s 74
Z A7} 0|20z oH[10,11], T HE&L AR
2} o] ggatgirt

T

iy

JAEE izt /g 93t 7|2 RS o837t 554
12 5 78 dAEY HHs A 2 ARE =F
Foch o] 98] HEMUS M1 A8k 7|2oa &8
sidon, HE At HEH Ao M1 A 1L
W Ao 2 soch ARE iR mE AL 98 =
R UARE] g JPS RSO, e B4 A
3e ot e Saeldct old sHHe 9
SIMPACK AIZESo|[1218 A3t HFH oz 7
48 JAEE izt P FH Q| JIRE Hix}, 183
HEMU & 37H4] Hli t/dZ ol8sto] 554 B4

s

oft

32

Zesiglon, B QoA Aok QlRE thite] 7R
e Azsiert.

2. 22

2.1 QIEE CHxt 7|12 +4

2.1.1 QHE iR} 2 =tM

JIEE thzte] 554 AT-E o UA 7HF 71Eo]
e T fixte] 4 mdS AEAT a0 A
=, A9 A= 9 37] 5 gl PEet ofa) x|
A 712A 27| 219 12 E 22 A7PER|E0] A3
HE A2 AAsHtt. HEMUS M1 %] 75 tf
21| izt e Qlo] 25 <ol YXE 4= YA A7E A
gk, 12} 9 224 @77 A2 0] gl RE
AAstgiet. JIEE gzt 71 mdS 495 st 3
7] 9 S} #E 7|22 UA= Table 10 27|35}
fct.

Table 1. Parameters for inboard bogie

Parameter Value
Wheel diameter 0.92 m
Mass of wheelset 2104 kg

Mass of bogie 3129 kg
Journal distance 1.0 m
Air spring distance 1.3 m
Wheelbase 2.5 m
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Fig. 1. Overview of the inboard bogie designed using
SIMPACK software

Fig. 2. Overview of the M1 car with inboard bogie
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Fig. 3. Configuration of track including initial
irregularity for critical speed analysis
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Table 2. The critical speed of M1 car with an
inboard bogie along a number of times
factors of yaw damper

Number of times factors Critical speed (km/h)
1.0 550
1.5 590
2.0 635
2.5 670
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Fig. 4. Track irregularity generated by the PSD
function defined by ERRI B176
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Table 3. Comfort analysis results along multiple
factor of yaw damper

Number of times Comfort Ny Assessment
factors
1.0 1.81 Very comfortable
1.5 2.08 Comfortable
2.0 2.30 Comfortable
2.5 2.56 Medium
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