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Loading tests and strength evaluation of bogie frame for intermodal tram
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Abstract In this study, loading tests and a strength evaluation of the bogie frame were conducted to verify the
structural safety of the bogie system in an intermodal tram, which runs with cars on a road track. The loads were
calculated taking into account the features of the road track with many sharp curves and steep gradients, which are
different from the track of conventional railway. They were compared with the loads specified in the previous standard
specifications. After the comparison, it was confirmed that the loads acting on the bogie system operating on a road
track are slightly different from the specified loads. The specified vertical load of the standard specification for all kinds
of trains is conservative, but the specified lateral and longitudinal loads are less than the calculated loads. The
application of the actual loads was proven to be reasonable in the development of a new railway system. Based on
the defined loads, the bogie frame was fabricated on which strain gauges were attached. It was set on the large loading
frame so that the stresses could be measured when loads were applied by hydraulic actuators. After measuring the
stresses, it was shown that they were below the allowable stress, which verified the structural safety of the bogie frame.

Keywords : Bogie frame, loading test, intermodal tram, rack and pinion, sharp curve, steep gradient, strength
evaluation, stress measurement
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Table 1. Major specifications of traction bogie system sl atzolth F9-sks2 A 9 Wl o
Aske BelEd W A 2AL Een walee
Contents Spec.
oA Ho] T 2} 5% 7] ©) A= s=0
Bogie design weight 47.5kN Al dete A tiAbze]lel ZeiA= skl
Empty weight 156.8kN EotE A A9 w98 EAY A Yol 9
Passenger weight 24 4kN 3 A=), o2& o7 ALl 7besihy el H
Maximum shaft load 9ton 27F B7] wWjEo 71& AE A gE 885t= Ao] ¢
Maximum Weight on bogie 133.7kN ;510] E]— QJHE_% E%Eﬂ- _?T_/\]_?:;_ _:[147]_,3 E%JQ] A]gﬂ;/}j
Wheel 610 - 580mm = 2] =1 = .
2elA AZT AA 7HE L A3e T Table 29 2
Wheel base 1,650mm
Lateral distance of EHS]
. . 1,550mm
primary spring
Secondary spring Coil spring x 4 Table 2. Measured accelerations on Wireless Tram
Lateral distance of 1775mm > P
secondary spring ! N Max(m/s”) RMS(m/s”)
0.
Minimum curve radius 10m Lateral Vertical Lateral Vertical
Max. Gradient 180%o 1 0.60 1.14 0.11 0.23
Flat 70km/h (straight), 25km/h (R20m), 2 0.35 0.86 0.08 0.22
Max. Specd 10km/h (R10m) 3 039 1.06 0.09 022
Uphill (120%) 15kn/h, (180%) Skmvh p 030 18 007 026
3.5km/hjs 5 036 122 0.10 023
Max. Acceleration Uphill (120%) 1.0km/hs, (180%:) e 0.40 1.09 0.09 0.23
-Skv/hvs ' (0.04g) (0.11g) (0.01g) (0.02¢)
3.5km/h/s (service)
Max. Deceleration
4.5km/h (emergency) ) ) ) ) )
Table 2& & 23} 29 W Folso] HHA
& 4% 4+ Q. Al 7 A5 AA FD3 57
NEE a0 g Bl TyHol LA, $H3)

Fig. 2. Designed bogie frame
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Fig. 3. Vertical loading case



Jemg = gzl s AY L F= B

F, =M, + G gM;, < 107 (1

a y
= ;"’ Gmax X 10 I/Vt

o714, F= Hr| A58}

a = ‘%]EH 7\:}'/51\_—‘;—

ofy

‘Loading t 1 (X=FIX, Y=FIX, Z=FIX) t . (X=FREE, Y=FREE, Z=FIX)

Fig. 4. Longitudinal loading case
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‘ Loading t : (X=FIX, Y=FIX, Z=FIX) t : (X=FREE, Y=FREE, Z=FIX)

Fig. 5. Lateral loading case
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1), (2)& ol&3t Huvlstes At ths Table 3
3} g,

Table 3. Loading conditions for testing

Condition Standard Spec. Caleulated Max Remarks
Load
Vertical 1.3W, L1W, a, =1.09m/s’
a, =0.4m/s’
Lateral 0.3W; 0.39W, R=20m
v =8.33m/s
o @, =1.25m/s"
Longitudinal 0.3W; 0.31W,
G'=180%
Table 30l EAIAERETA4]1A AAE dapA
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Fig. 6. Completed bogie frame
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Fig. 7. Locations of strain gauges
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Table 4. Testing loads

Condition Load Figures

Vertical 1.3W, 173.8kN

Lateral 0.39W, 52.1kN

Longitudinal 0.31W; 41.4kN
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Fig. 8. Application of vertical loads to the bogie frame on
the loading frame
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Fig. 9. Measured stresses under vertical load
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Fig. 10. Application of lateral loads to the bogie frame
on the loading frame
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Fig. 11. Measured stresses under lateral load

Fig. 12. Application of longitudinal loads to the bogie
frame on the loading frame

+ 2 AA

Vv‘l ¥y

L4

©
L —

, Stress(Mpa)
)
53

Gauge Number

Fig. 13. Measured stresses under longitudinal load
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Table 5. Measured stresses in loading tests

Condition Measured Stress (MPa) Yield SS;EI;%?;(MP&)

Vertical 89.8

Lateral 106.3 320
Longitudinal 266.7
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