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Development of Switching and Heating Devices in Embedded Rack
Track for Environmental-friendly Mountain Railway
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Abstract Eco-friendly mountain railways operate on concrete rack tracks embedded on existing sharp
curved and steep roads to preserve the environment in mountainous areas. Owing to the narrow roads,
single lines are inevitable, and many branches are required. In branches, previous switchers and heating
devices cannot be applied, because of the limited spacing for the rack and the slow removal of thick
ice. To solve these problems, a switch and a heating device have been developed. The switcher changes
the line by moving the block of concrete track with hydraulic actuators. The lack of discontinuity
reduces the derailment risk and makes locking simple. The heating device uses high frequency induction
coils to increase the efficiency and melt the thick ice rapidly. The prototype switcher and heating device
were produced and operated to prove their performance. The heating device yielded a 10 times greater
efficiency than the previous one. The switcher and heating device are the essential core technologies
for the operation of mountain trams in winter and contribute to the spread of mountain railways to
domestic or foreign resort areas by enhancing safety and efficiency. In addition, they can provide
transportation rights to local residents in poor winter traffic, and bring about tourism and local
economic growth.

Keywords : Embedded Concrete Rack Track, Induction Heating, Mountain Tram, Switching Block,
Hydraulic Actuator

E =7 IFETedTY FRAY ATIAR SRES.
*Corresponding Author : Sung-il Seo(Korea Railroad Research Institute)
email: siseo@krri.re.kr

Received October 23, 2019 Revised January 15, 2020
Accepted February 7, 2020 Published February 29, 2020

503



SHEARSH | &8ke]| =22 A2138 A2%, 2020

=2

—

1. M

A A= A 54 T2 QoA S43t

29 5 715240 7o) glol FrHHoR LSt
R ST Wik AEAe} FEsEA E2 9l

HEE FUAE AollA FPstar 9lo
0= 7|& Arels o o g SHTh E9], Aot
A T2 Fo] £ 2344 E27f tiiEo|ung A
= F=2 gAdoz Axdrt. oA #1710 584 23S
Al FAT SolA APy A1717] Y5 BAFCE &
7] F7ro] golxug A3et A=4% 7|&o] HQsitt.
3 ALE A Y ERE AHzio] goug 4
o] thHgt A=87] 259 7HdE SR A=
ggasirt.

71 Az A2 Fig. 1.3 Zo] Hdt 5 d
(tongue rail)o] FL-2 F&sto] 259 7tol= I
SHAX B718 fEsto] A2E vt #Hlo|tHll. #
ZHlE= g Y9 252 Y3t FA(ink of switcher)7k
QoA FEHES MEsit I3 o] W2 Hdo| &
SEojA B4t F39] 7hsol AFEE A A=l
A& 283t 5 QAT Fig. 2,014 R vie} Zo] Fd
ol WiE@d W@y ZITE AxoME gLy 15
B39 Tt FE7E 26l wizo] d-8517] ogoh
53], AP L] A kofA= Fig. 3.3 Zo] =4

%

fAx Az Agke do 7HEslor shm B3t St
agh, vidg 22 Aol o= I3 Zas)
o whebd, 71E AnAs WA vieY ZasE B
753

AzolA HEske A

Fig. 1. Conventional track branches
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Fig. 3. Conventional branches of rack track
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Fig. 4. Embedded concrete rack track covered with
Snow
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Fig. 5. Interruption to movement of rack rail in
embedded concrete rack track
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Fig. 6. Switching process of embedded concrete rack
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Fig. 7. Conventional heating device for tongue rail

Fig. 8. Magnetic field in high frequency induction
heating device for rack rail
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Fig. 9. Block diagram of developed switching
technology
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Fig. 10. Concept of switching technology for
embedded concrete rack track
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Fig. 12. Locking in switching device for embedded
concrete rack track
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Track COHCFetekembledded Ballast rail Table 2. Comparison with conventional heating system
rack rai
Switching Track block transfer Po.im tongue Item This technology Conventional
process rail+Crossing technology
Moving source | Hydraulic actuator Electric motor Heating  |High frequengf induction Resistance heating
Switching source heating
. 28.8kN 3.9kN Heating . . L .
Capacity material Copper wire coil Nickel-crome alloy wire
Locki Half-disk ti 1 dh ati
ocking alldisk rotation Close adherence Location of Inserted in rail Attached to rail side
Moving 1,500mm 30mm heater
displacement i Power In\.'erter 'w1th cooling Constant power
device united to power
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Fig. 13. Induction heating pipe in embedded concrete
rack track
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Fig. 14. Plan view of prototype switching device for
embedded rack track
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Fig. 15. Prototype switching device with induction
heating pipe in test

Fig. 16. Hydraulic actuator in operation
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Table 3. Performance test of switching device
Test type| Inspec- Approving criteria Test Deci-
tion item Result | sion
SWitCh__ ing No abnormal function Good | Pass
function
Installa- Easy installation of
Opera tion of |heating induction coil in| Good | Pass
-tion |heating coil rack
Location of| Thermocouples being
tempera- |located in the center of | Good | Pass
ture sensor| rack with heating coil
Temperature of rack over|
) 45C within 3 min. (Over| Good | Pass
Heating 15C/min.)
efficiency
No abnormal operation of| Good | Pass
switching during heating a
Attaining the target
Keeping temperature (80C) Good | Pass
Perfor-m| tempera- Temperature decreasing
ance ture less than 5T at the presetf Good | Pass
temperature
No damage or
deformation in rack with Good | P
Condi- tion/heating coil and fastening] 00 ass
of device device
Kee.ping good ct.anditiO.n Good | Pass
of inserted heating coil
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Fig. 19. Steep and sharp mountain road
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Fig. 20. Closing mountain roads in winter season
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