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Abstract A tram is defined as a railway vehicle running along roads with severe inclines and curves. This
study compared the operating conditions on roads for the bogie frame, a major part of a tram bogie,
with those on railways. After examining the loading cases under each condition so that they can be used
on railways and roads, the vertical and lateral loads were determined as the loading cases for railways,
and the longitudinal and torsional loads as those for roads. A prototype frame was designed and
manufactured, on whose critical points gauges were attached. The load tests were conducted in the test
facility following the load cases. The stress measurement results showed that all the stresses were below
the allowable stress, confirming that it was structurally safe under road and railway operating conditions.
The location where the highest stress occurred in each case was the step portion of the transom
connecting side beams. Structural discontinuity and the vertical vehicle weight caused significant
stresses. The highest stress occurring under the torsional load confirmed that the torsional load caused

by the road geometry was an important factor in evaluating the strength of the bogie frame.
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Fig. 1. A tram on Stuttgart[1]
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Table 1. Major requirements in road design

standards
Description Criteria
Minimum Radius 15m
Maximum Gradient 170%
Minimum Speed 20km/h (=5.56m/s)
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Table 2. Major specifications of a prototype tram

Specification Dimension Remarks
Tram Formation Mc+T+Mc MciMot().r Car
T:Trailer
Maximum Gradient 170% Requirements for
Minimum Curve Radius 15m running on the roads
Track gauge 1000mm Narrow gauge
Length 20.6m Overall carbody
?arboijy Breadth 2 4m Maximum dls.tance at
Dimension the section
Height 3.9m From rail top
Full Load 37ton
Total weight of 3cars
Empty Load 34ton
Usprung mass per
Mass Unsprung 2.8ton bogie
Bogie 4.1ton Mass of a bogie
Carboéy & 15.7ton Mass above a bogie
Bogie
Wheel Diameter at a contact
Di 610mm N h i
Bogie iameter point on the rai
Wheel Base 1650mm |Length between axles
40km/h On plain roads
Speed .
20km/h On curve of radius
15m
3-6km/h/s Maximum acceleration
(=1.0m/s?
Acceleration
4.5km/h/s Deceleration at
(=1.25m/s?) emergency

RS AARE Ak Fig. 29F 23, ohE 9
FAFAQ] iR =Y 2A 23= Fig. 33 £t

s

il FEE)

JFETE) I TR0

Fig. 2. General arrangement of the prototype tram

Fig. 3. Design of a prototype bogie frame
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Fig. 4. Prototype bogie frame under construction
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Table 3. Maximum acceleration in each direction
presented in Railway Vehicle Technical

Standards[11]
Vertical Lateral Longitudinal
Direction
Qe a‘yc Qe
Acceleration 3.2m/s’ 3.3m/s’ 1.25m/s*
E;
Acceleration on| Acceleration mergency
Remarks . Braking
switches on curves >
Deceleration
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where, F, denotes the vertical dynamic load, m,

aZC

FZJ

denotes the mass above the bogie frame,
denote the maximum vertical acceleration,
denotes the lateral dynamic load, a,. denote the
maximum lateral acceleration, #, denotes the
longitudinal dynamic load, and a,, denote the

maximum longitudinal acceleration.
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2 5.56°

v 2
e T =2.06 m/s 4
where, a, denotes the lateral acceleration in
m/s?, R denotes the curve radius in m, and v

denotes the vehicle velocity in m/s.
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a, =gsinf=9.8 x0.17=1.67 (m/s?) 5)

where, a, denotes the longitudinal acceleration

in m/s®, @ denotes the road gradient in rad, and

g the gravity acceleration in m/s”
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where, ¢ denotes the twisting angular displacement
of the track, L, denotes the length of the track,
and a denotes the slope of the track, h denotes
the height of the track from the base.

h

Fig. 5. Spiral track of constant radius
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where, d denotes the maximum height difference

7o 9
R

between wheels, and s denotes the distance

between right and left wheels

Table 19] =2 A3 =ZoIA A5 A7}
1800mm¢ W, ¢ AEFHEFH 71 e 7
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Table 4. Dynamic load for the bogie frame of tram
in each direction

Direction | Acceleration Dynamic Remarks
Load
Vertical 3.2m/s 50.3kN Accele.ranon on
switches
Lateral 3.3m/s* 51.8kN  |Acceleration on curves
Longitudinal 2.92m/s’ 45.9kN Acceleratlo.n on steep
gradients
Maximum height
Twisting 21mm difference between
heels on curved slope
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Fig. 6. Vertical test loads
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Fig. 8. Longitudinal test loads
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Fig. 11. Locations of strain gauges for stress
measurement
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Fig. 9. Twisting test loads
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Fig. 12. Strain gauges attached on the frame
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Fig. 10. Hydraulic actuators under test on the
loading frame
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Fig. 13. Real time display of the measured
stresses on the load test and data
acquisition system
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Fig. 15. Maximum stress points in the
vertical load case
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Table 5. Maximum stress in each load case

. Maximum Gauge . Allowable
Direction Location
Stress No. Stress
Vertical 204.5MPa End of
Lateral 184.4MPa stepped
. 5 corner on 305MPa
Longitudinal | 162.1MPa transom
Twisting 209.4MPa surface
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