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A study on the analysis of relative behaviors of carbodies and the
design of a coupler in a mountain tram running on steep curved
tracks
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Abstract Mountain trams are an all-weather public transportation system that can operate on roads in
mountainous regions. Manufacturing a mountain tram that can run safely on sharp curves and steep
slopes requires an understanding of the characteristic behaviors of the carbodies and the design of a
coupler that can sufficiently absorb the relative deformations between the carbodies. This paper presents
the theoretical equations for carbodies on a curve or a spiral track to analyze the pitching, yawing, and
rolling displacements caused by the relative rotational deformation of the carbodies. Numerical analysis
was performed using a CAD to verify the accuracy and validity of the presented theoretical equations.
Simple theoretical equations can quickly identify the effects of various changes in design variables on
the behaviors of the carbodies. For a mountain tram under development, a coupler absorbing the
relative behaviors of the carbodies was designed based on the results of carbody behavior analysis. The
coupler can absorb pitching, yawing, and rolling displacements between the carbodies into in-plane and
out-of-plane rotational deformations. Applying the designed coupler will allow mountain trams to run
safely and smoothly on sharp curves and steep slopes.

Keywords : Carbody, Coupler, Mountain Tram, Relative Displacement, Sharp Curve, Steep Slope,
Theoretical Equation
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Fig. 1. Mountain tram on a steep curved track
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Fig. 2. Dimensions of mountain tram composed of
3cars and 2bogies

Table 1. Major specifications of mountain tram

Specification Dimension Remarks
Tram Formation Mc+T+Mc Mcil\'/loto'r Car
T:Trailer
Overall Length 19.5 m 3 Cars
Length 6.95 m
Carbody Breadth 2.4 m
Height 3.8 m
Coupler Length 0.9 m 2 units
Wheel Diameter 610 mm
Bogie Wheel Base 1650 mm
Pmlc.)n Center 427 mm Rack&pinion
Distance
50 km/h Normal
Speed
10 km/h at Curve
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Fig. 3. Simple geometry of 3 cars on the curve
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where, R denotes the curve radius, Z; denotes

the half length of the first car between the
couplers, L, denotes the length of the second car

between the couplers.
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where, L, denotes the length of the track, and «
denotes the slope of the track, h denotes the

height of the track from the base.
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Fig. 4. Spiral track of constant radius
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curved track
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Table 2. Comparison of theoretical relative angular
displacements with numerical ones

Rotation Type| Yawing | Pitching | Rolling Remarks
Theoretical | 35 530 | 3380 | 5730 Eqs.(D)~(6)
Analysis
Numerical o o o Analysis by 3D
Analysis 32.43 3.4 5.4 CAD
Difference
Error 0.6% | 03% | 6% between
theoretical analysis
and numerical one
10% margin to the
Defagn 35.8° 18° 6.3° theoretical analysis
Requirement results for
dynamic effects
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Fig. 8. Coupler design with ball joint
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