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INTRODUCTION

. Tokaido Shinkansen line began its service in 1964 and
has contributed Japanese social and economic development
since then. on the other hand, its maximum speed was
improved only 10km/h, from 210km/h to 220km/h, in 19886.

Central Japan Railway Company (JR Tokai) developed new
shinkansen train, 300 series, to compete with airlines and
automobiles. JR Tokal began the service of the 300 series
in March 1992 to keep an advantage of Tokaido Shinkansen as
a high-speed mass transportation. The 300 series runs at
270km/h and connects between ToKyo and Osaka, 515.4km, in 2
hours and 30 minutes. The 300 series improved its maximum
speed more 50km/h than that of conventlonal Shinkansen
trains. To confirm its performance, we carried out a speed
improvement test for two years from March 1990.

In speed improvement project of Tokaido Shinkansen
line, we have to solve two serious problems, because the
line goes through densely populated area. The first is
reduction of vibration and noise emission along the line
and clearing Japanese environmental restriction. The
second is maintenance of. completely safe and stabilized
service for passengers as much as 100 million per year.

We focused on preservation of environmental conditions
primarily, and build a thoroughly light weight train,
Shinkansen 300 series, to prevent vibration according to
speed improvement. Maximum axle load of the 300 series was
reduced to 11.3 ton from conventional train's 16 ton. To
reduce its weight, we attempted many try-out. For example,
we changed traction unit's component from two cars' unit
to three cars' unit, and 18 cars' configuration became
5(M-T-M)+T. The purpose of the rearrangement is to improve
train's weight balance and reduce its maximum axle load.
One traction unit of 800 series has three heavy electric
elements, one transformer and two convertors. We distrib-
uted one of these elements to each car, and one traction
unit consists of three cars. Trailer car equips a traction
transformer and a pantograph as a power supply car.

The light-weight and high-performance technology of
300 series is described below.
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Table 1

Main Specification of 300 series New Shinkansen Train

tom . 300 sorios ] 100 sorios
1. Twin loimation 300 serlos (3-cor 1-unit)
|[z|: qlsp|7|nrv 1 Hl‘zlululﬂlq
] ] ]
Symbol Te M1 Tpw M2 Niw Tp M2k Mis Tps M2s MIH Tp Mw M1 Tpw M2c

Numberolaeats 65 100 85 300 80 100 75 68 6§
Soating Capacity Comparlson

Car type | Ordinsey car | First c1ons cas | Totat

100 serfes - 1153 168 1321
300 series 1122 200 1323

es 63 100 2 100 80 73

100 sores (2-car 1-uniy
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T

O < O s .
1 2 3 4 3 e 7 10
alala
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Symbol M' MS TeBO TsD Mi M7 M M M M Tc
Numbergfaaats 65 100 90 100 90 100 80 42 53 8 73 100 % 100 0 75
2.  Eloctric systom 25 kV ac 60 Hz
3.  Maximum service spead (kmyh) 270 220
4,  Traction motor output (kWArain) 12,000 11,040
5. Axlo load (lon) MaxImum 11.3 lons or loss Maximum 16 tons or loss
8.
w | (1) Maximum longth (mm] 25,800 (loading car) / 24,500 (intarmodiate car) 25,800 (laadling car) / 24,500 (intermodiste car)
c N
B3 | (2 Miximum width (mm) 3,380 3,380
oz,
£ & @ Maximum hoight (mm) 3,050 4,000 (4,490 in caso of double-dackor)
aT
(4) Center dislanca betwean trucks (mm) 17,500 17,500
7. Corbody structura Aluminum alioy extrusions Mild stsel
Truck Bolsterloss, alr-spring suspension type 2-axle truck, Bolstar, alr-spring suspansion type 2-axie truck, goar
geor coupling drive coupling drive
9. Goar rotic 23:68 = 1:2.96 27:65 = 1:2.41
10.  Air conditioning and ventilation sysiem Cenlralized heat pump air-conditioning aqulpment, Semi-cantralized hoat pump alr-conditloning equipmont,
Invertar drive scroll comprossor, I ilati rocip I comprossor, conlinuous ventilation system
systom with shared prossuro reloasing unit
11, ATC systom 2-frequency system 2-lrequoncy systom
12.  Powerng control VWF lavertsr contral using asynchronous motor Thyristor phass control systom using OC motor
13.  Broking control Conlrol subject to edhosive pattarn, olaclre command Control subloct to adhasive pattern, slectric command
phoaumatlc brake, AC regencretive brake (Trallln? cars pnoumetlc brake, dynamic braks (Troiling cars oquipped
oquippad with oddy current broke), ali cars oquippod with oddy current broka)
with variable load ectualor
14, Auxiliary power supply systom

Static inverter: 100 Vac / DC powor supply: 100 V
Auxillery trensformer. 100 Vac / Tartlarywinding: 440 V

Static inveriar: 100 Vac / DC powaer supply: 100 V
Auxiliory trensformor: 100 Vac / Tortiory w nding: 440 V
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1. ELECTRIC EQUIPMENT

In a development of electric equipment of 300 series,
we focused on light-weight and high-performance, needed for
high speed. train. For success of the development of 300
series, progressed electronic technology contributed very
much.

1.1 Light-weight technology of main electric circuit

Reactor .elements were eliminated from main electric
circuit to reduce its total weight. Instead of the reactor
elements, active control, based on recent micro electronic
technology, was applied to solve the problems, caused by
elimination of reactor elements. Figure 2 shows a diagram
of main electric circuit of 300 series. It presents that
there is no reactor element in main electric circuit,
increasing reactance of traction transformer instead.

In electric control with switching devices such as PWM
control, the output includes electric harmonic current
inevitably. As for AC electric car, the output of conver-
tor includes harmonic current, whose frequency is doubled
that of AC power supply, and it causes 'the beat phenomenon.
To prevent this phenomenon, reactor element was often
inserted to main electric circuilt and smoothed the output
by the passive control. For example, ICE, German high-
speed train, uses many reactor elements in main electric
circuit to smooth the ripple in the circuit.
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Reactor element is so heavy and disadvantageous for
light-weight. We eliminated reactor elements in main
electric circuit of 300 series, and some problems, such as
beat phenomenon and electric saturation of traction trans-
former, occurred according to the elimination. The control
methods against these problems are described below.

poa <> T

Con.-Inv. X vC8 Con.-Inv.
------------- FArc» |emmeoowa=o-ms

HR=1

%

Cx
G
C

_____________

;

I

Fiéure 9 Main circuit diagram

frraction xomJ MTr Traction Hotor

L

1.1.1 Beatless control

In a process of development of 300 series, beat phe-
nomenon occurred and over current protection for traction
motor acted, when the output frequency of convertor comes
doubled frequency of power supply. Reactor element is
useful for this problem, but it is much disadvantageous for
light-weight. Therefore, we applied the beatless control
with recent micro electronic technology to this phenomenon.

Figure 3 shows the principle of beatless control. To
overcome the beat phenomenon by active control, the pulse
width 1s controlled according to input current. When
input voltage increases because of ‘the ripple, the pulse
width is controlled to be narrower. On the other hand,
when input voltage decreases, it is controlled to be
broader. By means of this control method, the input volt-
age for each phase of traction motor is regulated, and the
beat phenomenon is prevented.

input voltage for
traction motor

uncotrolled 0 1 1

| pulse <to —_—
— l

frequency cotrol 0
>t

Figure 3 Principle of Beatless control
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Figure 4 shows the test result of beatless control.
Figure 4 presents output current waveform of inverter
around 120Hz. It is observed from Figure 4 that beat
phenomenon is not perfectly eliminated. Beat phenomenon
can be eliminated perfectly, if the pulse width is con-
trolled in each half wave length, but the output might be
instability. As a2 result of this test, designed output is
produced, so, we limited its control within practical
level.

Traction Motor Voltage(U-V)
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Figure 4 Beat of Traction Moter Current

1.1.2 Electric saturation of traction transformer

In electric main circuit of 300 series, specific
reactor element is not inserted in front of convertor, and
secondary winding of traction transformer acts to regulate
the input current of the convertor. Thus, when the elec-
tric saturation occurs, reactance of transformer decreases
and the input for the convertor rapidly increases over
limitation.

To prevent this problem, the input current for conver-
tor is observed and compared with demand signal, and com-
pensated according to demand signal by real-time control.
By means of this control method, in case of the distortion
of the secondary voltage waveform, input. current waveform
.is controlled and formed to sinusoidal waveform, and we
overcame the problem.
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1.2 Light-weight techmnology of traction motor

1.2.1 Adoption of AC asynchronous motor
DC motor has been used as a traction motor for a long
time, because of its easy control and good traction charac-

teristics.
AC asynchronous motor is widely used in industry,
because of its easy maintenance and simple structure. We

have discussed to adopt asynchronous motor as a traction
motor of railway vehicle, but there are many parameters for
traction control of asynchronous motor and its control is
complicated. Recent micro electronic technology realizes
high-speed digital calculation and overcomes these diffi-
culties.

-AC asynchronous motor does not need commutation
and does not have commutation brush, so, its maintenance
becomes easy. Moreover, there is no rotation speed limited
by commutation, and its rotation speed is improved up to
rolling bearings' performance.

Nowadays AC asynchronous traction motor becomes to be
adopted for railway vehicle, because of its easy mainte-
nance. As for 300 series, AC asynchronous traction motor
is adopted, mainly because it realizes light-weight trac-
tion system.

Light-weight system is required for high-speed train
to prevent vibration, noise emission and damage to rallway
track. The 300 series has totally 40 traction motors per
train. Therefore, its light-weight effect is enormous.

1.2.2 The progress of light-weight traction motor

Table 2 shows the progress of light-weight tractlon
motor from 1984 to 1991. The table indicates that we have
remarkably reduced the power-weight ratio by 50 percent in
several years. '

Table 2 Progress of light-welght traction motor

Fabrication Power Weight Weight/Power Note

year (kW) (kg) Ratio

1984 330 750 3.27 prototype
1985 330 650 1.96 prototype
1989 300 400 1.33 mass-pro.
1991 500 475 0.95 tentative
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1.3 Trend of traction system

We developed light-weight traction system for Shinkan-
sen .300 series. adopted AC asynchronous traction motor. We
applied high-speed digital calculation to prevent beat
phenomenon and electric saturation. For these accomplish-
ments, recent micro electronic and power electronic tech-
nology contributed very much.

Today, AC traction system, composed of voltage type
inverter and AC asynchronous traction motor, becomes world
standard for traction system of high-speed train. The
traction system of 300 series is one of the most progressed
systems, because it realized thoroughly light-weight system
and applied progressed electronic technology.

2. BOGIE

New bolsterless bogie was developed and adopted for
Shinkansen 300 series.

The development of the bolsterless bogie for Shinkan-
sen train began at Railway Technical Research Institute in
1980. Then, we made several prototypes of bolsterless
bogie and continued experiments of them. In 1987, we build
new bogies to run on the track and carried out endurance
test twice with adopted them to conventional Shinkansen
train. '

On the basis .of these test results, new bolsterless
bogie for 300 series was developed to realize high stabili-
ty on high-speed region and marvelous light-weight. Table 3
shows the specification of this bogie.

Table 3 Comparison of Bogié‘Specification

Series ‘300 100

Bogle type . - 7208 | TTAv00r o2 | TRIO0

Catbody suspension system Bolsterless type Bolstered type .

Axle distance (mm) : 2500 Semeo as lof

Wheal diameter i

{new) (mm) 860 910

Maximum {sagth (mm) 3420 4200

Maximum width (mm) 3120 3160

Center distance

(between axle boxes) (mm) 2000 2100

Standard helght of fittings .

above air :prgmg 1000 1190

Drive system Pacallel cardan, gear codpling Same as loft
Mechanicel :zgsr:nﬂzl:‘d%g';‘k. Seme es left

Breke system
Regeneralive Eddy current Rheostatic E curtent
Electrice! braka rake breke ddgﬂkb
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2.1 Features of the bogie of 300 series

2.1.1 Light-weight bogie

The features of the bolsterless bogie of 300 series
are as follows.
(1) Axle distance, Drive system and Axle box structure are
as same as 100 series'.
(2) To reduce unsprung weight, drilled axle, small diameter
wheel, and other light-weight devices are adopted. These
devices contributed to reduce a damage to track, to
progress stability in high-speed region and to reduce
rolling noise between wheel and. truck.
(3) Bolster anchor, center pin, and side beams are elimi-
nated to reduce unsprung weight and to realize a simple
structure and easy maintenance. Because of this simple
structure, its running stability can be maintained for a
long time.
(4) Axle box suspension with rubber cylinder is adopted,
and both end beams are eliminated.
(5) Axle box and gear box are made of aluminum alloy.
(8) Light-weight AC asynchronous traction motor is adopted.

As a result of the try-out, the weight of DT203 bogie
of 800 series is reduced by 30 percent less than that of
DT202 bogie of conventional 100 series. (Figure 5)

sprung veight
(13} [ma]
. =z veight betreen privary
10000 - ¥=3 ynd secondary spring

fig vASPrung velght

100"s botie  100°s bogle 300°s bogie 300°s bogie
(01202) (TR1000) (07203) (T1R7001)

Figure § Cohparisoh of bogie weight of 10075 and 300’s

2.2.2 Running stability on high-speed region

To realize a good balance between running stability on
high-speed region and curve transit performance, conven-
tional IS axle box suspension is replaced by the axle box
suspension with rubber cylinder. Yaw damper realized sta-
bility of bogie's rotating resistance and damping force,
and improved its reliability. As a result of these ef-
forts, sufficient and accurate damping force was obtained,
and running stability and smooth curve transit performance

was improved.
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3. BODY STRUCTURE
3.1 Progress of alumipum alloy body for Shinkansen train

shinkansen's body consists of airtight structure to
prevent from pressure change in passenger's room in enter-
ing tunnels. Steel is used for body structure, because it
is cheaper and .easy to weld continuously to construct
airtight structure. Thus, all conventional Tokaido Shinkan-
sen train's body is made of iron.

Aluminum alloy structure was applied for experimental
trains, type 951 (build in 1969, 2 cars' configuration,
maximum speed 288km/h) and type 961 .(build in 1973, 6 cars'
configuration, maximum speed 319km/h), to realize 1light-
welght body. On the basis of these test results, aluminum
alloy structure was adopted for Shinkansen 200 series for
Tohoku and Joetu Shinkansen line. Although, manufacturing
technology of aluminum alloy was not progressed at that
time, it is much improved recently.

3.2 Body structure of 300 series

Body structure is changed from steel to aluminum alloy
to reduce its weight. The number of welded points is
decreased by using long extruded aluminum parts. Thus,
high reliability was realized and its weight was reduced
two thirds less than that of steel structure.

As for body size of 300 series, to keep the capacity
of passengers, the width 1s as same as conventional

train's. on the other hand, the height 1s lower than
conventional train's (100's 4000mm : 300's 3650mm), al-
though, height of passenger's room is maintained. Thus,

light-weight structure, improved aerodynamics, and body
with low center of gravity were realized.

The body structure endures the pressure change of
750mmAq and its bending rigidity is over 1.5kg/mm.

Figure 6 shows body structure of 3800 series. Long
extruded aluminum parts are widely used for body side
structure. Roof structure is composed of solid structure
with ribs, and the ribs are welded with main structure.
Structures are made to be long and thin, such as its width
of 800mm, length of 24500mm, and thick of 2.3mm.

Outside plate is mainly made of 6N01, Al-Mg-Si alloy,
and main structure is made of 7NO1, Al-Zn-Mg alloy. We

change the materials according to its strength.
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3.3 Other light-weight facilities

There are a number of seats in the car, and the effect
of their weight reduction is magnificent. Aluminum alloy
and rivets are adopted to lose weight. Thus, the weight of
the -seat for second class .is 12kg per person (convention-
al's 28kg) and for first class 1s 20kg per person (conven-

tional's 42kg).
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Figure 6 Car body structure

4. COUNTERMEASURE AGAINST ENVIRONMENTAL RESTRICTION
4.1 Requirement for environmental preservation

In speed improvement projects in Japan, we have to
solve environmental problems, noise emission, vibration,
and shock wave in tunnels inevitably. Although, Governmen-
tal restriction level for noise emission is under 70dB(A),
it is 75dB(A) provisionally in densely populated area.

The light-weight technology to reduce vibration was
described above, and the countermeasures against noise
emission are described Dbelow.

4.2 Countermeasures against noise emission

Table 4 shows the countermeasures against noise emis-

sion. - We confirmed these countermeasures by running test
and modified the shape of pantograph cover and cable-head
cover, and considered the place of pantograph. Thus, we

almost cleared governmental restriction in 270km/h opera-
tion. The bus line system with two pantographs contribut-
ed for noise reduction and prevention of electric satura-
tion of traction transformer.
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Table 4 Countermeasures against noise emission

source of Countermeasures

noise

Current > Low noise pantograph

collection > Decrease of the number of pantograph
systems (3 equipped, 2 of 3 used)
(pantograph > Current bus line ’

ete.) > Cover of pantograph and cablehead

Aerodynamic > Small cross-sectional area of body

noise (low height of body)

> Flush and slant nose .

> Flush surface of the roof

> Flush surface of the side windows
and doors .

> Flush surface of the bottom of body
(covered equipment)

Wheel and > Reduction of axle load
track :
Structure > Reduction of axle load

(bridge,etc.)

5. SAFETY DEVICES FOR HIGH-SPEED OPERATION
5.1 Automatic Train Controller (ATC)

ATC has been used as a safety device for Shinkansen

operation since Tokaido Shinkansen started. Conventional
ATC system had 6 signals, 220, 170, 120, 70, 30, and Stop,
sent by single frequency method. We changed this system

for 300 series' operation. Two more .signals, 270 and 255,
are added, according to improvement of operation speed and
the system was changed to double frequency method.(Table 5)

In this double frequency method, ATC receives both
main frequency and sub frequency from ground facilities and
judges from mixed information and presents signal in the
cab. By this method, reliability is improved, because
train stops, if it does not receive both frequencies by
accident or noise. . )

Figure 7 and 8 show the signal pattern of ATC. As for
300 series, the braking distance from 270km/h to 230km/h
and that of from 230km/h to 170km/h are almost the same as
that of conventional train's 220km/h to 170km/h. Thus, 300
series' operation 1s realized on the present signal block-
ing system.
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Table 5 ATC double frequency system

Sub-(requency(Hz)
Naster 1 12.0 16.5 | 210 21.0 | 32.0 | 38.5
(requency(fz}
— . [ sreviaus )
0.6 220 210 1230 255 220 20 10 0
15.0 170 T e—
2.0 120 Sritch Cpreseat )
2 stol 2710 — 230 — 170 — 30
3.0 70 03 —
Slgaal . l 'r— r— !— r =
3.0 0
4.5
PR Fugure 7 Signal Pattern
Sigas) 30 x Polat P| E{
900 Ez (dovn) 03
840 Hz (wp)
¥o signsl 02

Legead:# indicate the curreatty used 220 slznal.
Kate that thls signal I3 replaced with the 220 signal far the
0 and 100 series and vitd the 230 sigaal far the 300 serles.
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succeedlnls_l\raln — — — Poial P[— p’gc\eedm: trala
7 1 T T U | —

Cah Signai [ @ I@)@ ]

apprax | approx |  apprax
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Figure 8 Signal Pattern in approaching preceeding train

Legend:Pofnt P:The point af slopping operatinn. 30 siznal ciaoges lo
stap sigaal on this pofal P vhen the preceeding traia
exists next blocklag section.

6. CONCLUSION

JR Tokai developed Shinkansen 300 series and performed
tests of vehicles, tracks, electric facilities and environ-
mental problems for speed improvement. The 300 series
achieved new Japanese speed record, 325.7km/h, in February
1991. Then, the endurance test of approximate 280,000km
was carried out, and the maintenance standards of vehicle,
track, and electric facilities were confirmed. At last,
the service of the 300 series started in March 1892.

‘The Shinkansen 300 series adopted state-of-the-art
technologies for main electric circuit, body construction
and bogie. We are sure that Shinkansen 300 series becomes
an origin of the new Japanese high-speed railway age.
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