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Running on Sharp Curves
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Abstract A mountain tram is an eco-friendly public transportation system that runs on steep and sharp
mountain roads regardless of geographic and climatic conditions. It provides transportation for residents
and comport mobility for tourists. In this study, the characteristic behaviors of the cars in a mountain
tram on a sharp curve with 10m radius were analyzed using a theoretical method. The method's
accuracy was verified with numerical results by CAD. It was also confirmed by a 1/20-scale model test.
Based on this confirmation, the performance of a tram that had 3 cars and 3 bogies was reviewed, and
problems with the initial design were found so that the alternatives could be presented. It was concluded
that the tram passes through the sharp curve smoothly, but relative angular displacements occurred
between carbodies and between a carbody and bogie. The displacements between carbodies could be
absorbed by the couper's rotation, but those between the carbody and bogie generated excessive
expansion of the shaft connecting the traction motor on the carbody and the reduction gear on the
bogie. This caused safety issues. To solve these problems, the initial design was changed to a tram with

3 cars and 2 bogies. After the change, the displacements did not occur, and the problems were fixed.
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Fig. 1. Mountain tram of 3cars with 3bogies

Table 1. Major specifications of mountain tram

Specification Dimension Remarks
Length 6m
Carbody Breadth 2.4m
Height 3.8m
Train Length 19.8m 3 Cars
Wheel Diameter 610mm
. Wheel Base 1650mm
Bogie
P1n1(?n Center 427mm Rack&pinion
Distance
50km/h Normal
Speed
10km/h at Curve
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9, =2tan_l(%) o))

angular

the

displacement between cars, L denotes the half

Where, 6, denotes relative

length between coupler and coupler, and R

denotes the curve radius.

Fig. 2. Relative angular displacement between
the first car and the second car on
the curve
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Fig. 3. Relative angular displacement between
the second car and the third car on the
curve entrance
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Where, s denotes the length between the curve
and the coupler, 6, denotes the relative

displacement between the third carbody and the

straight line, 6, denotes the rotation between the
carbody center and the coupler, and 05 denotes

the relative displacement between the second

carbody and the third carbody.
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Fig. 4. Relative angular displacements between cars
calculated by CAD(the first car and the
second car on the curve entrance)

Table 2. Comparison of theoretical relative angular
displacements with numerical ones

Rotation Theoreti.cal CAD Remarks
Calculation
The first car and the
90 38.07° 38.07° |second car are located
on the circle.

0, 9.65° 9.65° The third car is
located on the straight
) 28.69° 28.69° line and the coupler
3 8.69 8.69 on the end of the line.
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Fig. 5. 1/20 scaled model running on the curve
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Fig. 6. Plan view of the bogie under the carbody
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Where, 6,5 denotes the angular displacement of

£AOC, d, denotes the length of the line OA, s;
denotes the length of the line OC, and L,

denotes the length of the line AC(initial length
of the shaft).
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Where, L, denotes the length of the line BC.
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Fig. 9. 3cars with 2bogies on the curve(the
second coupler on the start of the curve)
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