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The standard overhead contact line (OCL) system for the 
Shinkansen is compound catenary equipment, while simple 
catenary equipment is used for the projected Shinkansen lines.  
The Tohoku and Joetsu Shinkansen are at a time of OCL 
system renewal as almost 30 years have passed since the start of 
operation.  One of the issues in OCL renewal work is replacement 
of auxiliary catenary wires.  However, looking at the recent labor 
situation (worker shortage, insufficient skill of workers, etc.), we 
have to say it will be difficult to overcome the current situation 
and efficiently move forward the renewal work.  In light of that, 
we decided to change the Shinkansen OCL system to simple 
catenary equipment.

Shinkansen OCL System2

For Sanyo and later Shinkansen lines, compound catenary 
equipment (Fig. 1) composed of a messenger wire, an auxiliary 
catenary wire, and a contact wire has been the standard OCL 
system for the Shinkansen.

Introduction1
The advantage of compound catenary equipment is that 

the auxiliary catenary wire between the messenger wire and 
the contact wire functions as a buffer and reduces fluctuation 
of the spring constant of the contact wire between power 
poles (a “span”) in the longitudinal direction of the track.  As 
a result, vertical displacement of pantographs becomes more 
constant, stabilizing contact of pantographs to the contact wire.  
Furthermore, by increasing the total tension of OCLs (53.9 kN 
for the Shinkansen, compared to the standard tension of 19.6 to 
29.4 kN for conventional lines), compound catenary equipment 
can control increase of OCL vibration that occurs with use of 
many pantographs.  Tokaido and Sanyo Shinkansen trains of 16 
cars used eight pantographs in the past.

<Spring constant of OCL>
When a contact wire is pushed up at force F, the wire is 

displaced upward by y.  Here,
k = F/y
is the spring constant of the OCL.  It varies mostly as 

cosine wave in the cycle of a span in the longitudinal direction 
of the track.

On the other hand, for the projected Shinkansen lines now 
under construction, simple catenary equipment composed of two 
wires thinner than those of the usual Shinkansen OCL (Fig. 2) has 
been adopted, taking into account the smaller load due to fewer 
train runs by shorter trainsets on the line and the need to reduce 
construction costs.  Traditionally, simple catenary equipment has 
been regarded as unsuitable to high-speed operation such as with 
Shinkansen trains.  However, projected Shinkansen trains have 
fewer pantographs per trainset, so increase of OCL vibration 
is relatively small.  Moreover, a contact wire with large tensile 
strength (steel-reinforced copper contact wire) that can handle 
large tension while keeping small diameter (light weight) has 
been developed.  Those have made simple catenary equipment 
more feasible for use on projected Shinkansen lines.

Simplification of Structure of Shinkansen 
Overhead Contact Lines

The Tohoku and Joetsu Shinkansen are at a time of renewal of facilities since their operation started almost 30 years ago.  In this 
project, we are planning to change their overhead contact line system to simple catenary equipment.  Compared to the current 
system composed of three wires, simple catenary equipment has only two wires, so changing to simple catenary equipment is 
expected to reduce construction costs and need for maintenance.  With Shinkansen speed increases, load current is expected to 
increase too.  In order to overcome these issues, we studied an overhead contact line system structure that can withstand high 
frequency and heavy current load, and we laid the test system on Tohoku Shinkansen between Furukawa and Kurikoma-Kogen.  It 
has shown good potential in current collecting, and we will continue testing it for further application.
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Fig. 1  Compound Catenary Equipment
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3.3 Selection of OCL Structure
In selecting wire material for the OCL system, electric 
characteristics (allowable current, etc.) and mechanical 
characteristics (tensile strength, etc.) need to be considered.

Although compound catenary equipment consists of three 
wires, main current channels are the copper auxiliary catenary 
wire and contact wire.  Table 1 shows the specifications of 
individual wires.  As shown, continuous allowable current of the 
OCL is around 1,000 A when wear of the contact wire reaches 
its limit.  In order to secure an allowable current almost equal to 
that, use of copper messenger wire for simple catenary equipment 
will be appropriate.

JR East recently has been introducing spring type tension 
balancers (STB) as a type of automatic tension controller that 
keeps OCL tension within a given range.  As STBs have been put 
into use at many locations, we will use the same STBs for simple 
catenary equipment too, so the total tension of the OCL will 
be 53.9 kN.  This tension needs to be shared by the messenger 
wire and the contact wire of the simple catenary equipment.  
Assuming use of 150 mm2 copper stranded wire as the messenger 
wire and 170 mm2 bronze wire as the contact wire based on the 
wire material of compound catenary equipment, the allowable 
tension may be as little as 43.8 kN including maintenance leeway.  
That means those wires cannot stand the tension of STBs.  We 
thus decided to use wire material of larger diameters.

As a result, we selected the wire material shown in 
Table 2.  Table 3 shows the specifications of OCL system 
after examination.  As clarified in the both tables, the simple 
catenary equipment with those wires allows total tension 
roughly equal to that of the compound catenary equipment 
and larger allowable current.

Simplification of OCL3

3.1 Issues in OCL Renewal
As described above, one of the major issues in the renewal of 
OCL is replacing auxiliary catenary wires.  To replace them, 
first the contact wire needs to be temporarily supported by the 
messenger wire or other wire to free the auxiliary catenary wire.  
Then the current auxiliary catenary wire is removed along with 
the droppers (set at around 10 m intervals).  A new auxiliary 
catenary wire is laid and suspended from the messenger wire 
using droppers, and the finally the contact wire is set to the 
new auxiliary catenary wire using hangers (set at around 5 m 
intervals).  Carrying out such work involving many processes in 
maintenance time in a single night involves large risk in terms 
of time and skill.  In contrast, with simple catenary equipment 
without auxiliary catenary wires, such processes can be omitted, 
allowing renewal work to be done with a great reduction in risk.  
Considering the labor situation such as manpower shortage and 
insufficiently skilled workers, simplifying and making work 
easier is an absolute necessity.  Under those circumstances, we 
decided to simplify the Shinkansen the OCL system.

3.2 Technical Improvement Helping Overcome Issues
At the same time, technologies principally for noise reduction 
have advanced recently.  Those include improvement of 
pantograph compliance characteristics (note 1) and connection 
of pantographs using bus lines.  They enabled reduction in 
the number of pantographs per trainset of not only projected 
Shinkansen trains but also other Shinkansen trains, with two 
pantographs now being the standard.  Furthermore, tension can 
be applied to simple catenary equipment that is almost equal to 
that applied to compound catenary equipment because copper 
alloy wire with large tensile strength has been developed.  Those 
are the key to allowing us to proceed with simplification of the 
Shinkansen OCL system.

Note 1: The performance of a pantograph whereby it does not lose 
contact with the contact wire even when the pantograph vibrates 
vertically.

Table 2  Specifications of Messenger Wire and Contact Wire 
(Simple Catenary Equipment)

Type Conductivity
Cross-

sectional 
area

Tensile 
strength

Allowable 
current

Messenger wire 
(copper stranded wire) 97 % 200 mm2 77.4 kN 730 A

Contact 
wire 

(copper - tin 
wire)

New wire
80 %

170 mm2 72.1 kN 560 A

Wear limit 128 mm2 54.5 kN 467 A

Table 1  Specifications of Auxiliary Catenary Wire and Contact Wire 
(Compound Catenary Equipment)

Type Conductivity
Cross-

sectional 
area

Tensile 
strength

Allowable 
current

Auxiliary catenary wire 
(copper stranded wire) 97 % 150 mm2 58.7 kN 610 A

Contact 
wire 

(bronze 
wire)

New wire
70 %

170 mm2 58.9 kN 500 A

Wear limit 136 mm2 47.4 kN 467 A

*Allowable current is continuous allowable current.

Fig. 2  Simple Catenary Equipment
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Verification of Characteristics by 
Motion Simulation4

Ahead of test installation to a commercial line, we verified 
practical usability of the simple catenary equipment by 
simulating the motion of the pantographs and the contact wire.1)  
The verification model used two PS208 pantographs (for a train 

with series E5 and E6 cars coupled as “Hayabusa” and “Komachi” 
Shinkansen trains) with OCL is as shown in Table 3.

The indexes evaluating contact performance between 
a pantograph and a contact wire include contact loss ratio, 
contact wire uplift, and contact wire strain.2)  A large contact 
loss ratio might cause problems such as erosion of power 
collecting components and unstable power supply to electric 
motor cars.  If uplift is too large, that might make the 
pantograph hit fittings of the OCL and damage both.  And 
if strain is too large, that might cause fatigue fracture of the 
contact line.  In order to avoid those risks, the allowable values 
if the indexes are set to 20% or less, 100 mm or less, and 660 × 106 
or less respectively.3)

Fig. 3 to 5 show the calculation results for those indexes.  
The poorer calculation values of the two pantographs are 
shown in those figures; however, all of the indexes meet the 
allowable values, so it is assumed that the can by put into 
practical use.
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Fig. 6  Measurement Results of Contact Loss Ratio 
(Simple Catenary Equipment)

Fig. 7  Measurement Results of Uplift 
(Simple Catenary Equipment)

Fig. 8  Measurement Results of Strain 
(Simple Catenary Equipment)
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Fig. 5  Calculation Results of Strain 

(Simple Catenary Equipment)

Fig. 3  Calculation Results of Contact Loss Ratio 
(Simple Catenary Equipment)

Fig. 4  Calculation Results of Uplift 
(Simple Catenary Equipment)

Table 3  Specifications of Overhead Contact Line 
(Simple Catenary Equipment)

Type Wire type Cross-sectional 
area of new wire

Standard 
tension

Propagation 
speed

Messenger 
wire

Copper 
stranded wire

200mm2

1.838 kg/m 31.36 kN

Contact 
wire

Copper-tin wire
170mm2

1.506 kg/m 22.54 kN 440 km/h

* Propagation speed is the speed at which the wave motion excited by the pantographs is propa-
gated through the contact wire.  To keep good contact between pantographs and the contact 
wire, this speed needs to be sufficiently large in relation to the running speed.
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Test Laying on Commercial Line5

Based on the favorable results of the motion simulations, we next 
decided to conduct tests on a commercial line.  We selected part 
of the inbound line between Furukawa and Kurikoma-Kogen 
on the Tohoku Shinkansen line, and we laid simple catenary 
equipment there at the end of May 2016.

Fig. 6 to 8 show the measurement results of the three 
indexes when series E5 and E6 coupled trains (“Hayabusa” and 
“Komachi” Shinkansen trains) pass.  As in Fig. 3 to 6, the poorer 
measurement values of the two pantographs are shown in the 
figures.

Those measurement results for the most part tended to be 
equal to the simulation results and all of them satisfactorily met 
the allowable values.  We were thus able to obtain test results that 
we believe can be applied to actual operation.  We continue to 
check the condition change of the contact surface of the contact 
wire and have found no abnormal wear thus far.

Conclusion6

In this article, we explained the development of an OCL 
structure suitable to the Tohoku Shinkansen (between Omiya 
and Morioka).  We will continue development of a structure 
suitable for train speed increases in excess of 320 km/h and for 
the Joetsu Shinkansen where load on the facilities is smaller due 
to fewer train runs than the Tohoku Shinkansen.

Simplification of the Shinkansen OCL system to simple 
catenary equipment is expected to have excellent potentials 
such as allowing simpler and easier construction, reducing 
maintenance work due to fewer components, and enabling 
longer lifespan of the system by using copper stranded wire 
for messenger wires (steel stranded wire is used for compound 
catenary equipment).  With an eye to starting to put the simple 
catenary equipment developed into practical use at opportunities 
provided by renewal, we intend to judge its feasibility within 
fiscal 2017.
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