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Development of Local Ground Pantograph for Power Supply to
Wireless Mountain Trams
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Abstract In domestic mountain resort areas, a catenary system cannot be installed for the protection of
the natural environment and view. Therefore, mountain trams must be operated wireless. In this study,
a local ground pantograph, which supplies electricity to the battery on board, was developed for this
purpose, and its performance was verified by tests. The system is installed on ground at stops or repair
shops. While a bogie goes to the pantograph, the arms and collection shoes are raised by a spring force
to make contact with the collection bar under the bogie so electric power can be supplied to the battery.
Because it is a local ground type, it does not require a roof pantograph and catenary system. The system
enables the mountain tram to run wireless. In addition, there is no separation and arc because it collects
current while standing at stops or shops. The system has a long life because moving contact, which
generates wear and damage to shoes, is avoided. The insulation resistance was above the criteria of 10 MQ,

and there was no abnormal temperature increase when a current of 335A was supplied for one hour.
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Fig. 1. Mountain tram on roads

o d | — =
2.1 7|1& HTEX0| CHet M

71& A71ARe] AARAE Fig. 29 2o] A
2o YH|stel RARE YABET AT HEsHol
A B Fehe U JrH4lL T B )

TEE oH"H T

Ej2jo] 34517] 95 Fig. 2(b)e} o] ARzt Aefol A

269

N
ofr

9lo] JAYAE ol fate] FAuky FEste] HY
T Wens] 2y *M%é&oﬂ»ﬂ X%x]—ﬁg zgx]

[O=]

oft FUIO
FI,F

pois
rlo

=

do qor £ =2
oL

i

Abgro] A=
P 2.

Fig. 2. Conventional aerial pantograph
(2) Pantograph of electric multiple unit
(b) Pantograph of tram
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Fig. 3. Local ground pantograph

(a) (b)
Fig. 4. Current collection of local ground pantograph
(a) Front view (b) Side view
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Fig. 5. Moving mechanism of local ground
pantograph
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Fig. 6. Forces acting on moving arm
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Where, o0, denotes bending stress, A4, denotes

bending moment, Z, denotes section modulus of

moving arm.
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Where, 7, denotes shear stress, 4, denotes shear area.
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Where, 7,, denotes shear stress of pin, A4,

denotes shear area of pin
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Table 1. Specification of ground pantograph

Item Specification

Collecting

Displacement 33mm

Tension of spring connected to end
plate

246.5+3mm

Rising force

Maximum rising height
of collecting shoe
Embedded depth of
collecting shoe
Supplying power
Load current

180mm below rail top

DC 750 V (DC 500V~900V)
1C, 670A (1 hour continuous)
117+£15N

Contact force
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Table 2. Differences of ground pantograph from
conventional pantograph

Function Ground Pantograph Overhead
Pantograph
Concentrated Continuous
Current Path X X
collection collection
On board Collection bar Pantograph
component
Location Ground Roof of carbody
Infra-structure Wireless Catenary
Compressed

Source of

Spring force

air and spring

Upward Force (120N) force (GON)
Structure Simple Complicated
Weight 6.5kg 120kg
Separation No Yes
Collection

efficiency

100%

98%
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Fig. 8. Operation and performance tests
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Table 3. Test results for basic operation
Results
Inspec- M -
tion Procedure and Criteria eazur Deci-
Item N sion
value
- To test the insulation resistance
Insula- between the shoe plate of ground
.tlon pantograph and the insulator using| - PASS
resistance| a mega tester of 1,000V
test + Good in case the measured value ig
over 10MQ
+ To confirm no failure of insulation|
after supplying the electricity of
AC3000V to the shoe plate of
High fground pantograph and the
R insulator
potential ) . . o PASS
rest + To test the insulation resistance
failure using a mega tester of
1,000V
+ Good in case the measured value ig
over 10MQ
+ To confirm no abnormal operation|
of the ground pantograph due to
impact after the collector bar No
contacts the collection 10 times abno-
Qpera— repea'tfadly at the level of full load| rmal | PASS
tion test | condition opera-
+ To confirm restoration of the P
. tion
original shape of ground
pantograph after the collector bar
passes
+ To test the contact force of shoe
Contact plate at the acting height of
226mm from the mounting base 118 PASS
force test . .
+ Good in case the measured value ig
within 117 + 15N

Table 4. Test results for temperature limit

Inspection
Item

Results

Measured
Value

Location Limit

Decision

+ To supply constantly the electricity 335A, 50% of

the rated current for 1 hour

+ To supply the electricity 804A, the maximum

Testing current for 5 minute
procedure |, To measure the temperature
» Good in case the measured temperature is below
the limit temperature
Neighboring 4
air 0t 22.6T PASS
Measur= | caple(-) 150T 27.8¢ PASS
Teniggrat- Copper plate| 200T 31C PASS
ure (Heat- Shoe plate ZOO:C 31.9C PASS
ing check) Shoe body 200T 32.5C PASS
Shunt 200C 42.6C PASS
Cable[+] 150C 29.5C PASS
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(a)
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Fig. 9. Resonance and vibration test on the exiting
facility

(a) Prototype ground pantograph in vertical direction
(b) Side view

Table 5. Test results for endurance of ground pantograph

Inspection Item Results

sual . ¢ Screw loose Not found

VISU?Q:;EEZEZH ° Crack Not found

Distortion Not found
Vibration Vertical No resonance
resonance test in Transverse No resonance

the frequency range

less than 30Hz Longitudinal No resonance
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Table 6. Endurance test method for ground pantograph

Direction Frequency | Acceleration Duration Time

Vertical 10Hz 13.7m/s* 4h
Transverse 10Hz 13.7m/s* 2h
Longitudinal 10Hz 13.7m/s’ 2h

(b)

Fig. 10. Vibration endurance tests
(a) Transverse (b) Longitudinal
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Table 7. Test results for endurance of ground

pantograph
Inspection Item Results
Screw loose Not found
Visual Inspection of Crack Not found
components
Distortion Not found
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