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Abstract To improve the running safety of a tram operating on aconcrete embedded track, a bogie, the core system
of the tram, was developed and fabricated. After it was integrated with the prototype carbody, a short distance track
with a sharp curve and steep gradient was constructed for the test operation. A formula to check the interference of
the wheel flange with the track during running was proposed. Based on the results provided by the formula, the track
was designed. Another simple formula wasderived to estimate the derailment quotient and the wheel unloading ratio.
During running on the track, the acceleration of the carbody was measured and the interface status between the wheel
and the track was monitored by a video system. According to the results calculated by these simple formulas, the
derailment quotient and wheel unloading ratio were estimated to be within the safety criteria. In the actual test, no
derailment occurredand the measured acceleration satisfied the criteria. Also, there was no interference between the
wheel and track. The video monitoring results showed no signs of derailment, such as the climbing of the wheel.
The pinion in the center showed good running safety, contacting smoothly with the rack. The measurements of
environmental noise proved that the criteria were satisfied.
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Fig. 1. Roller rig test facility
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Table 1. Major specifications of the prototype tram

Contents Specification

Vehicle Type LRT (Wireless Low Floor Tram)

Vehicle

Arrangement 3module 3 driving bogie, (Mcl-M-Mc2)

Operation Type Manual operation by Iperson

Supply Voltage 750 V, DC
Gauge 1,000 mm
Minumum Curve 10 m
Radius
. Tare 46,000
Weight - 0 d 8,000
[kg]
Full 54,000
Capacity 82(Seats34, Standing48, 3person/m’)
L 19,300 mm
Dimension \% 2,300 mm
H 3,400 mm
Floor Height MCI, MC2, M Car 790 mm (Entrance 350 mm)
Flat 50 km/h
Max. Speed Uphill (120 %) 15 km/h, (180 %) 5
km/h

Adhesion 3.5 kmv/h/s

Max. Acceleration

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

Service 3.5 km/h/s (Adhesion)

Deceleration

Emergency 4.5 kmv/h/s

Charging Equipment

| MS&MF Box | | DC/DC Converter |

Battery Pack

Fig. 3. Test car body on bogie
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Fig. 5. Carbody running on the test track
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Fig. 7. Section details of axle and track

Table 2. Calculation of required width of groove

Variables Digits Remarks
Radius of curve, /2 10m
Distance between right and Given in section
929mm .
left wheel flanges, Sf drawing
Diameter of flange, Df 670mm Given 1nAsect10n
drawing
Diameter of wheel, Dt 610mm Given mAsectlon
drawing
Maximum slack
Track gauge, S 1030mm considered
Width of groove in Required width to avoid
51.5mm
concrete track, Sg contact
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Fig. 8. Final section drawing of concrete track
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Table 3. Calculation process for running stability

Description Figure Remark
Total Weight of carbody and
. 73,304 N
bogie, w
Height of Center of Gravity, 621mm
. . Skmvh
Running Velocity, v (=1.39m/s)
Lateral Force, F;, 1,445 N
Distance, Sl 328mm
Distance, S2 702mm
Left Wheels Load, 12, 50,832 N t(v)vnoe ‘zﬁfg :;Ss
Right Wheels Load, 72, 2472 N 3‘: ‘Sﬁfg ::tss
Quotient of Derailment, Qd 0.028 Allowa(l)alse Limit
Ratio of Wheel Unloading, imi
2 0.037 Allowable Limit
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Plan view of measuring locations

722

Fig. 12. Sensors and camera for measurement

Table 4. Measuring parameters and locations

Designa Recording Measuring
. Parameter _ .
tion Data Vision location
fr f
Acceleration of Under frame o
® car bod 0] car body above
Y the bogie
@ Ol'ae'ration of o Side framc? of
driving gear the bogie
Contact of Before the cross
® pinion with [¢) frame of the
rack rail bogie
Side the car
body for
ing th
@) Noise level 0] feasuring the
outdoor
environment
noise

Table 5. Specifications of measuring models

Model Specification | Quantity Purpose
DAQ(E-DAQ H/W)| 32 Channel 1 Set Data acquisition
(D Accelerometer Measurement of
1 EA
(356A15) 306 acceleration
&) Microphone 2
(GRAS/40AE & 16.000 L 2 EA  |Measurement of noise
26CA) ’ ’
NG . .
@, ® Ca}mera 10S0P 3 EA Video rgonltormg of
(Sony & Lifecam) operating process
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Fig. 14. Video monitoring of wheel contact

Table 6. Test results after car body’s running
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Parameter Target Criteria Test result
Less than 15m/s® | 1st | 0.56ms> | VeI
Vertical for ride S.IWh
acceleration on comfort 2nd | 0.73mvs velocity
vehicle body |-Less than 3nvs” for SAOkI.n/h
. 2 velocity
running safety 3rd | 0.90m/s 4.8knvh
-Less than 1.5m/s” 2 velocity
for ride Ist | 1ABmST )5 mih
Latel"al comfort ond | 1.32m/6 velocity
accelﬁratlon On | 1 than 2.6m/s’ n - s 5.0km/h
vehicle body for ; velocity
running safety” 3rd | 1.22mv/s 4.8kmh
Interface -No interference or
performance of contact
bogie between No interence
traction suspensions &
system components
Operating -Stable
stability of operation of
driving gear driving gear, Good
and no leakage of oil operation
propulsion and no
shaft abnormal noise
Environment Maximum
noise level | ¢S than 100dB(A) Leg: 90dB(A)

Reference criteria in small radius of curve
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