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Development and performance evaluation of traction system for steep
gradient and sharp curve track
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Abstract In this study, core technologies of a traction system on a mountain tram operating on the track of mountain
road full of sharp curves and steep gradients were developed. In domestic mountain resort areas, sometimes the
transportation service is not provided in winter because of ice and heavy snow on roads, so a mountain railway service
independent of the climate and geographic conditions is needed. A traction system was designed taking into account
of the power of a traction motor to climb the gradient of 120 %, which is common in domestic mountainous areas.
and power transmission system was designed to consider the installation space for the traction system. In addition,
a reduction gear and a propeller shaft were developed. An elastic pinion was developed and applied to the rack &
pinion bogie system for steep gradient so that noise and vibration generated by contact between the steel gears could
be reduced. Impact comparison tests showed that the vibration level of the elastic pinion is one-third lower than that
of previous steel pinion. Independent rotating wheels and axles were developed for the bogie system to operate on
the sharp curve of a 10 meter radius. In addition, the band braking system was developed to enhance the braking
force during running on the steep gradient. A test for the braking force showed it exerts the required braking force.
The performance of the developed core components were verified by the tests and finally they were applied to the
bogie system running on the track of steep gradient and sharp curve.

Keywords : band brake system, elastic pinion, steep gradient, independent rotating wheel, mountain tram, rack&pinion
bogie system, sharp curve
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Fig. 2. Gradients of a candidate route for mountain tram
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Table 1. Major

specifications of the prototype mountain

tram
Contents Specification
Vehicle Type LRT (Wireless Low Floor Tram)
Vehicle - .
Arrangement 3module 3 driving bogie, (Mcl-M-Mc2)

Operation Type

Manual operation by 1person

Supply Voltage 750 V, DC
Gauge 1,000 mm
Tare | 46,000
W[eé;“ Load | 8,000
Full | 54,000
Capacity 82(Seats34, Standing48, 3person/m)
L 19,300 mm
Dimension 2,300 mm
H 3,400 mm

Floor Height

MCI1, MC2, M Car 790 mm (Entrance 350 mm)

Max. Speed

Flat 50 km/h

Uphill (120 %) 15 km/h, (180 %) 5 km/h

Max. Acceleration

Adhesion 3.5 km/h/s

Uphill (120 %) 1.0 km/h/s, (180 %) 0.5 km/h/s

Deceleration

Service 3.5 km/h/s (Adhesion)

Emergency 4.5 km/h/s
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Table 2. Calculation for powering of traction motor

Description Result
Running Resistance 1.2 kN
Gradient Resistance 63.5 kN
Inertia Resistance 16.5 kN
Total Resistance 81.2 kN
Required Power 338 kW
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Fig. 5. Reduction gear

tlo

70

50

30

20

10

=)

T/M CURRENT (/4A), LINE CURRENT (/8A), T/M VOLTAGE (/16V)



T @ A A RAALY AL D A

s §

H

8 4
ey
o | Bl e | e K o
i s |=|&|&]| & 4 T
= 2w | ] wn __Aﬂm
ER = m MWM...W hal
* g 5 | = Ry T
7 3 __o__n_Al
& £ = AT
ks 8 5 e = 1z
8 m g m - |
o 3 LI s |- il %
g E g E &% |w F 2
m o .m rm .Dm..mmm f
2 E s 8 2 3lslzlel o
S « 2 22| e 0 X
© o - z | =
2 £ s 2 3 _A_ui
5 5 - £ -
! m s 15 A;]E
2 s ;M C. = _.._ﬁm.rm
= = s o |Elz|flg| mT
0 o - o |Z|55]2] <=
o o g & s R o a [5]=] 5|~ NI
i iC g z s 2 8 2 qr [
FRPRVEREETTTETITEMNNTT oKD
= E o N N 1X|.| M B X ‘Cl*o m 70 2} ,,HAI L3 o ok 5 o 1 2!
TR e TE R e P E R Ty om oW g
do B R OGE Mp NN qp o IS W oL %o n%ummu]m
R LI - L
TR B B> Mo T £ g B o o
5 M GRS S S O 5 % S 5
S Xom &2 e #n BK gp A
z AT = e Ly o 3T T N 2ol gy T
2 ﬂﬁﬂﬂﬁé%%%ﬂm%ﬂﬂ%w%%zﬂooﬁﬂ
z = - B n B
g ﬁﬁW&%zwﬁ%ﬂn%ﬂ@EyﬂW{% s%n%urw
g HUvﬁ_HTaﬂﬂn%,oweizwulﬂaau%__o@FEML@JE
5 gEw  MaprERg¥ Mepowm ol F
2 T =) P PICY ol op &= = mr R R N - r= ok
2 XV pE g d TN T T TN B G M
5 W w o By Wl oge 3o T < "ol e
g i =l W oo Mwm noa X o T ap T o R T of o o
& g ___M_.mﬂ%mﬁmff%%ﬂHT@Wﬂ%ggéﬂﬁo%ﬂ%
5 g RO ol -l T B R ORI S
3 S FRAPMIR TR R R LN T w o
5 E ORI g Rt ¥ g e T R 0
| ~~
= ML e A I L i ol
© ~ o ST B OB gy m A e oW g oo B
. . .JﬂL[Eﬂ = B 2 | &) = = N ox oy
o o N iy ol & N2 ol - T o ERG ™ T ®
i i PARTTHFRXTITTBTIFIHT N H+w 2

o] Aol %

(cone) Fgo]7] uf

=

3HA €l 2#d), ¥4 10m

S

[e)

&

s R e il

10m7}

497



FEAS71E8 8] =g A AlTd A9E, 2016

[ =S
'LTZ_:’]_

W st o5 A 2 o] Aol
o Whze] &Ho] WAsHA dct. w3 SHI} A A=

9le] FA7ZNangle of attack) o2 3] 2Fo] 7o A

o A%} ERPHOR e Y
Fabe] 59 AL A%o) glo] U
A5t o)A He SRS HAT 5 ¢
W3 ek o8 AAsH] 9 Fig. 12 % Fig. 133}
| A% A A5 A Aol welele 4

to] 2bgol A3k R B 5= Al Sl

=

=

m
o

0

O

)|

5

[¢]

7
!

o

(e}
T

12 ot m
N

o
£ L

Fig. 11.

and outer curves

Fig. 12. Assembly of traction shaft

Difference of traveling distances between inner

498

>

A AEgA ] AEd
sk ez AAE
= i T 18
2(6)2 ol

e

Ak

F, =0.3a,W+9.8G,,, Wx10"?

A Aol Baz A
o e}, 1

e
El

=
o
il

b xi]

go It fo




74 € 334 A= FAA 2 A D H5 B}
mEef e o] ALtEH MEe] £ Mee 58 AlTS T AHdA 2 AAdA Ay R oY
AES 43 JS o U A®) ol Alteh Jkste] @ AEeo] e f7ta] AE AHE 93 }

£ A gelstdk Fig. 16< Fig. 159 7ol we} A
7; Y 345 AT AP AAola, AlFHS Fig. 177 2
B=— 8
it ® °] 25.1kN(=2565kgf)°] IJrS’Jr/H ST7HE e A5
(232 kN) °o]Fs gl
W= fuol kA= 2442 Fig. 14914 8t5 4
g AN ERE the 2(9)9F Zo] dojxirh fEan gEiza
o=

Fig. 14, Force equilibrium in band braking

r a+be

F=
l e —1

&)

Table 19 AAE S 7|22 AA 8F A5 EA
o} Al Z Yue] 22g A4S Table
49} 7t} Table 49] AlAl Ao 71%3}04 A= =

= o

Ty W

2 Azetn WE AB7]9) 45 Fla) 8 Ad
& Akt WE A AFAE AZE] 919
Fig. 157} o] $qraaid@ gulo] 2482 7l

Table 4. Calculation for design of band braking system

Parameter Result
Total Braking Force, £} 111.5 kN
Total Required Band Braking Force 69.5 kN
Required Band Braking Force per Band, 7 232 kN
Braking Torque, 7’ 44,0 kN-m
Tension of Band, Z; 34.5 kN
Required Breadth of Band, B 100 mm
Lever Force, F' 17.02 kN

Fig. 15. Diagram for measuring band braking force

Fig. 16. Test equipment for band braking force
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