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Conceptual Design and Analysis of Rotation-Aligning Bogie
Mechanism for Inter-modal Automated Freight Transport Systems
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Abstract This paper presents the conceptual design and reaction force analysis of a bogie structure for an inter-modal
automated transportation system, including road and rail transportation. The proposed system was based on a train
with rotation-aligning bogie mechanism that can save significant time and cost. One of the critical issues in conceptual
design is the lateral forces applied to the rail caused by the characteristic shapes and structure of the rails and bogie.
In particular, the lateral forces are significant in the transition section between the driving and platform sections. This
paper provides design guidance for the transition section through reaction force analysis. Based on the analysis result,
it was confirmed that the proposed concept can be a valid design candidate of a practical system, and the radius of
the rail and the distance between rails are major factors for reaction force generation.

Keywords : Inter-modal Transportation, Rotation-aligning Bogie, Train, Multi-body Dynamics, Reaction Force

1. M2 = wEAAE AFske] e EROR 1Y =S

7k B2 A fARS vE 5L WSSl e

A =l HEAALE EA0] A S B2 T JL 7] 2 &g, BRI fYPuEA 5 A

Aol WEEFAAR s A7k s Exte] oPlsa Ao BaAlg A&e) Jorlm Uk [2]. wWehA 715

Qom, veel e A Ae] AEA QAT Stk A 5} g 5 ABE 7o} A% A d el )

A ATt frirart S7HE AR AYET wusle) S84 giHs] fleiME A% AbEdE Al
(1] &3 dad 872 S48 B23E 9159 3b EFAAY Aol ash Aol [3].

B ATE TRELSY WEEFATARIS A7H A (18TLRP-B134108-02)9 2|3 A= At
"Corresponding Author : Changsun Ahn(Pusan National Univ.)

Tel: +82-51-510-2979 email: sunahn@pusan.ac.kr

Received February 8, 2019 Revised March 12, 2019

Accepted April 5, 2019 Published April 30, 2019

632



FERG AEETEALEE AT JNHEE A MgdA 2 sy

A AA

MT e g+ Ny TTRT LT 0 Mp oo T WOROR

Xy H g ®Eg LR T KR N M M A= H ,.

SEErEatEiTIIiTIsC Pl

SETETIELT ot E TR m TEELILe

S N S U o T A

e o0 S S S A 22X ey &

do N o 0 . lo X — w —_ = O o 1 o

= _ 5 %44%%4%1%%%;@ X Lz Edw

S T S B e FERRPX o

I S L (SN R W= K RTINS

SR A U 5 ZicdslE

T ~ RO — A NI " [P L% o -

cE ez iy m lyMIIEd

= o) T+ < %2 o oo Ry R P X ™ <~ Zool MR

DT S P O R R e O 2

?%m@ﬂ%wﬁ%%@ﬂwﬂ%i?mw =l ﬂ%#ﬂﬂ%%@udm i
1o _—

mmka.ﬂﬁmw%_cA_.ﬂ:f%ﬂni_m_uwm.m ___Ad o EET TR E T

_mo»aaﬂwwzro%aeiwx_eid.ﬂ_{ﬁcﬂ N W e g T DL |

CAER AR RS T T wE T el  ®ToewXE LD b

AR TR FEAE S Sl EH s TIY

%ﬂﬂﬂ%ﬂa&;? ﬂ?ﬂékﬂA% B R

s T T e - Bl O ol RIS

oW TR NT R TR T W THEE T T

T E M T oo oo T T ; g

BeghPE CHod 1 ]

— m~— = X z

FETaEE 2554 (139 | 5 91 -

N 2 JEER K =

SR S O O 2

‘Mu_lEll.ﬁio_o.io E#E .A.._ o.._oﬂ wﬁ | n..ll..

,]Mﬂotﬂgotliam:ﬁo 3

TS 8 e X - ﬁ g

ol 9 =~ - e e . g

.ILT_JI‘_Z sU_I[»Ao.._o,._lo_m‘_‘DrE] 5

o Aﬂ.ﬂé.e ;Lbr,lxm U.._D &

AR~ e X e T s “ P

I w ﬂﬁwuﬂzw%eT.}ﬂ] ! 8

FEEFQE TG _ “ -

o~ ! - a |

AR L EEE I BRI

wTﬂLEE%}%i%ﬂn%kmuL 3 i ) ;

i o) ! T o_u_q‘_lqoﬂ H H = 55 ;%LL = ﬂmA -“ ] s

ﬁria]eiommzomﬂWﬂi@je -“ . &

PRI B SN N A

wold g W LR ! EURNGE-

ﬂuﬁzﬁ%_]@wwuwﬂﬂﬂ%ﬂaw g - -

By BN Tk g W  —l Y e— T T

BEE PR M OT RN . u i

Fig. 3. Conceptual operation of automated inter-modal
freight transport system
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Fig. 2. Conceptual operation of rotation-aligning bogie
mechanism
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Fig. 5. Rail shape in transition section
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Fig. 6. Configuration of simplified 3-car train
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Reaction Force vs. Length of Transition
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Table 1. Stability Criteria for Running Train

Category Criteria Note

Run Stability Derail Factor 0.8 Regular Rail

Run Stability Lateral Force 68 kN KTX
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