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Fi'el d' of the Invention The present invention relates to a power suppl y
apparatus 5 for a direct-current type electric railroad, and m)r(
particularly to a power supply apparatus having a thyristor rectifier which
rectifier perforns powering and regenerating functions. 2. Description of
the Prior Art In general, a power supply-ipparat us for a direct-current 10
type electric railroad i s arranged to receive alternating-current electric
power froma three-phase alternating-current electric source and transforns
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The power supply apparat us then suppl | es the direct-current electric power .
to electric raBACKGE i OFUR ‘ Ncar line. Further, when an
electric railcar isqn a eperRl i ation, the power supply appar at us
control s the genera 'mthe electric railcar so as to
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rectifier performs powering and regenerating functions.
2 Descrinti £ the Prior 4
In general, a power supply apparatus. for a direct-current

10 type electric railroad is arranged to receive alternating-current
electric power from a three-phase alternating-current electric
source and transforms the alternating-current electric power to
direct-current electric power. The power supply apparatus then
supplies the direct-current electric power 10 electric railcars

15 through an electric-car line. Further, when an electric railcar is
in a regenerating operation, the power supply apparatus controls
the generative electric power from the electric railcar so as to be
absorbed to the other powering electric railcar through the
electric-car line, or so as to be returned to the altemating-current

20 electric source through an reverse electric-power inverting
device. As shown in Fig. 2, a conventional direct-current type
power supply apparatus is arranged to cxecutc powering and
regenerating by using a right-and-reverse inverter. This power
supply apparatus is arranged to receive alternating-current

25 electric power from an electric transformer 21 10 an
alternating-current side of a right-and-reverse inverter 22, and
to supply a direct-current output of the inverter 22 to an
electric-car line 25 and a rail 26 through a direct-current reactor
23 and a powering-and-regenerating selector switch 24. The

30 selector switch 24 is constituted by a right-direction diode 241
installed to an positive-electrode output of the inverter 22, a
right-dircction diode 242 installed from the rail 26 to a
negative-electrode end of the inverter 22, a right-direction
thyristor 243 installed from the electric-car line 25 to a

35 negative-electrode output end of the inverter 22 and a




power supply apparatus is. arranged to execute powering and regenerating by
using a right-and-reverse inverter. This power supply apparatus is
arranged to receive alternating-current 25 el ectric power from an
electric.transformer 21 to an alternating-current side of a
right-and-reverse inverter 22, .and to supply a direct-current output of the
inverter 22 to an electric-car line 25 an®=a rail 26 through a
direct-current reactor 23 and a powering-and-regenerating selector switch
24. The 30 selector switch 24 is constituted by a right-direction diode
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and 244 and 242 to the electric railcar 27. During a rcgencrating
operation of the electric railcar 27, the thyristors 243 and 244
are turned on., Therefore, at predetermined time, the
regenerative electric power is supplied to the thyristor 243, the
10 inverter 22 and the thyristor 244, and is regencrated in the
alternating-current electric source through the electric source
transformer 21 upon being reversely transformed at the inverter
22. This switching between the powering and regenerating is
detected from an average value of the electric-car line voltage VG
15 by a filter 28, a DC/DC converter 29 and an averaging circuit 30.
When this average value becomes larger than or equal to a circuit
selecting set-value of a selecting control circuit 31, it is judged
that the regenerating operation should be executed and the
thyristors 243 and 244 are turmed on by means of the output of
20 the selecting control circuit 31. Further, an output signal
indicative of an execution of the regenerating operation is applied
from the selecting control circuit 31 to an automatic voltage
control circuit 32, A phase control signal corresponding to the
average voltage value is applied from the automatic voltage
25 control circuit 312 to a gate control circuit 33, The inverter 22 is
reversely operated according to a gate pulse which is
phase-controlled by the gate control circuit 33.
However, this powering-and-regenerating selector switch
24 and the circuits 31, 32 and 33 thereof complicates the
30 conventional power supply system. :
SUMMARY OF THE INVENTION
It is an object of the present invention to provide an
improved power supply apparatus of a direct-current type
railroad which apparatus is simplified in structure and eliminates



are put in an off conditi.on, and therefore direct-current electric 5 power
S supplled fromthe inverter 22 through the diodes 241 and 242 to the
electric railcar 27. During a regenerating operation of the electric
railcar 27, the thyristors 243 and 244 are turned on. Therefore, at
predeterm ned tine, the regenerative el ect Eglc power is supplied to the
thyristor 243, the 10 Inverter 22 and the?thyristor 244, and is
regenerated in the alternating-current electric source through the electric
source transfonner 21 upon being reversely transformed at the inverter 22.
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regenerating of the electric railcar. A voltage ensuring rectifier is

10 connected to the clectric source transformer and to the electric
railcar through the electric-car line. The voltage ensuring
rectifier is arranged parallel with the thyristor rectifier and
outputs a voltage lower than a direct-current voltage of the
thyristor rectifier to the electric railcar.

15 With this apparatus, even if the output of the thyristor
rectifier becomes zero at a moment of the switching between
powering and regenerating, a momentary stoppage of the electric
railcar is prevented by an operation of the voliage ensuring
rectifier. Accordingly, a secure operation of the electric railcar is

20 ensured.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a circuit diagram which shows one-line wiring of an
embodiment of the present invention; and

Fig. 2 is a circuit structural diagram of a conventional

25 example.

DETAILED DESCRIFTION OF THE INVENTION

Referring to Fig. 1, there is shown an embodiment of a
power supply apparatus of a direct-current type railroad
according to the present invention.

30 The power supply apparatus comprises an electric source
transformer 1 whose primary coil la is connected to an
alternating-current electric source AC. A secondary coil 1b of the
electric source transformer 1 is connected to an input end of a
thyristor rectifier 2 which transforms the alternating-current

35 electric power to the direct-current electric power. A




25 control CIrCUIt 312 to a gate control circuit 33. The inverter 22 is
reverSely operated accofding to a gate pul se which is phase-controlled by
the gate control circuit 33. However, this powering-and-regenerating
selector, swtch 24 and the circuits 31, 32 and 33 thereof conplicates the
30 conventional power supply system It is an object of the present

I nvention to provide an inproved power su@ply apparatus of a direct-current
type railroad which apparatus is sinplified in structure and eli m nates
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pert O[-',m aug-contri & contro{ % angle of retard) and a B-control (a control
of angle of advance) which control a phase of the thyristor
rectifier 2 for powering and regenerating, respectively, A section
5 is disposed in the electric-car line 4. A rail 8 is connected to a
negative-electrode of the thyristor rectifier 2. An electric railcar

10 9 is provided with a direct-current motor (although not shown)
and receives the electric power from the electric-car line 4. A
voltage ensuring thyristor 10 is of a bridge type, and its
alternating-current side is connected to a tertiary coil ic of the
electric source transformer 1. A direct-current side of the

15 voltage ensuring thyristor 10 is connected with the
direct-current output side of the thyristor rectifier 2 so as to be
arranged parallel with the thyristor rectifier 2.

This voltage ensuring rectifier 10 is constituted for
ensuring a voltage at a moment when the powering operation

20 (rcgenerating operation) is moved to the regenerating operation

‘(powering operation). This voltage ensuring rectifier 10 is a
small capacity rectifier not taking account of eleciric current. and
the output voltage of direct current is set to be lower than the
direct-current output voltage of the thyristor rectifier 2.

25 For example, in case that the voltage of thc clectric-car line
is 1500V and the capacity of the thyristor rectifier 2 is 300kw, if
the direct-current voltage during converter (powering) is 1500V
and the direct-current voltage during inverter (regenerating) is
1600V, the capacity of the voltage ensuring rectifier 10 is set at

30 100kw and the direct-current output voltage is sct at 1300V.

Explaining the operation of the above-mentioned structure,
during a normal powering operation, electric power is supplied to
the electric railcar 9 by executing the o -control (0°-90°) of a gate
of the thyristor rectifier 2, as indicated by a solid line arrow.



regenerating of the eJectrlc railcar. A voltage ensuring rectifier is 10 °
connected to the electric source transformer and to the electric railcar
through the electric-car line. The voltage ensuring rectifier is arranged
parallel with the thyristor rectifier and outputs a voltage |ower than a
direct-current voltage of the thyristor rectifier to the electric railcar.
15 Wth this apparatus, even if the§eutput of the thyristor
rectifier beconmes zero at a . nonment of the sw tching between powering and
regenerating, a nonentary stoppage of the electric railcar is prevented by
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~according t oSt haltprnatiagrcumeniniat e tyristor 2 aphdndicated dypel dotigdar at us
conprises an el HEkr hoWQUARE returned to a side of an aliernating- current
electric source AC through the electric source transformer 1.
With the thus arranged power supply apparatus, even if
the output of the thyristor rectifier 2 changes so that the phase
10 control passes through zero point at a moment of a switching
from the a-control to the P-control, an electric cusrent indicated
by a dot and dash line arrow is flowed in the electric railcar since
the output voltage of the voltage ensuring rectifier 10 is always
applied to the direct-current bus. Therefore, the electric railcar 9
15 is not put in nomn-voltage applied condition. Accordingly, the
undervoltage relay in the electric railcar 9 is prevented from
being operated, and the electric railcar 9 is prevented from being
stopped during the switching.
Although the thyristor rectifier 2 and the voltage ensuring
20 rectifier 10 are operated in parallel, the voltage ensuring rectifier
10 is never put in an overload condition since the direct-current.
electric power is supplied from a high voltage side, that is, from a
side of the thyristor rectifier 2.
Although the preferred embodiment has been shown and
25 described so that the alternating-current electric power to the
voltage ensuring rectifier 10 is supplied from the tertiary coil of
the electric source transformer 1, it will be understood that such
alternating-current electric power is supplied from the secondary
coil through a transformer for decreasing voltage.




transforrrer 1 whose prl mary coil la is connected to an alternating-current
el éctTkEc source AC. A secondary coil |Ib of the electric _s*otrﬁee—t—pansiaLtcL ,

1 is connected to an input end of a thyristor rectlfler: sforms
the alternating-current 35 electric power to the di rect- &wmﬁm””m
power. A -4- positive-electrode of the thyristor recti

connected to an electric-car line 4 throug. a direct- current bus 3 and

direct-current high-speed breakers 6 and 7. The thyristor rectifier 2 is of
a bridge type rectifierx and is arranged to execute 5 a [err]-control (a

control of anglgﬁwﬁba%w [err]-control (a control of angle of
advance) which lFhe thyristor rectifier 2 for powering
and regeneratinly, reSppewrrcsupply, apparatos of & diregionarenintypee ed@asticr i c- car
line 4. Arail ﬁ:lr&a&oeﬂﬁfﬁrﬁ% O a negative-el ectrode of the thyristor
rectifier 2. An electric r.allc m@ls provi de with a direct-current

not or (al t hough not %tﬁ!ﬁ\'ﬂ'f aﬁﬂ“’rc@c SBECHIE BoBRr from the
el ectric-car |iskerhatibgvaitrent electri¢ ngpuriceyi stor 10 is of a bridge type,

and its a thyristor rectifier connected to said electric source
transformer and to an electric railcar so as to perform functions
of powering and regenerating of the clectric railcar; and

a voltage ensuring rectifier connected to said electric source

transformer and to the electric railcar through the electric-car
line, said voltage ensuring rectifier being arranged parallel with
said thyristor rectifier and outpuiting a voltage lower than a
direct-current voltage of the thyristor rectifier to the clectric
railcar.

2. A power supply apparatus as claimed in Claim 1, wherein
said electric source transformer has primary, secondary and
tertiary coils, the primary coil being connected to the
alternating-current electric source, the secondary coil being
conne¢cted to said thyristor rectifier, and the tertiary coil being
connected to said voltage ensuring rectifier and outputting a
voltage lower than that of the secondary coil.

3. A power supply apparatus as claimed in Claim 1, wherein
said thyristor rectifier and said voltage ensuring rectifier are
connected to the electric railcar through a direct-current bus, a
direct-current breaker and an electric-car line.

4. A power supply apparatus as claimed in Claim 1, wherein a
capacity of said voltage ensuring rectifier is smaller than that of
said thyristor rectifier.

S. A power supply apparatus as claimed in Claim 1, wherein a
powering operation is executed by a a-control of a gate of said



alternatlng current side.is connected to a terti ary—eott—tcoftheefectric
soturte transfornmer 1. A'direct-current side of the ring
thyristor 10 is connected with the direct-current. oﬂ!}t{m “n (ﬂtm
thyristor rectifier 2 so as to be arranged paraIIeI yrlstor
rectifier 2. This voltage ensuring rectifier 10 is constltuted f.or ensuring
a voltage at a nonent when the powering oBeration 20 (regenerating

operation) is noved to the regenerating operation (powering operation).
This voltage ensuring rectifier 10 is a small capacity rectifier not taking

account of el eﬁiﬁﬁoﬁuidbﬁﬁer, and hhfcgonerating dpergtiorfisdexentied Lby emt i s
set to be | owneg -}:o !t%?Fa':’r gﬁ%ﬂgrr&g@tm WisRitt et &ifgﬂge of the thyristor

rectifier 2. 2 ase t at e voltage of the

el ectric-car line is 1500V and the capacity of the thyristor rectifier 2 is
300kw, if the direct-current voltage during converter (powering) is 1500V
and the direct-current voltage during inverter (regenerating) is 1600V, the
capacity of the voltage ensuring rectifier 10 is set at 30 100kw and the
direct-current output voltage is sot at 1300V. Expl aining the operation of
t he above-nentioned structure, during a normal powering operation, electric.
power is supplied to the electric railcar 9 by executing the [err]-control
[err] of a gate



of the thyristor rectifier 2, as indicated by a solid I'ine arrow Next ,
whén the regenerating operatlon i s executed, t.he gate of the thyristor
rectifier 2 is noved to an inverter operation by executing the
[err]-control [err]. At this tinme, the generated electric power of the
electric railcar is converted into 5 alternating-current at the thyristor
2 as indicated by a dotted line arrow, and returned to a side of an
alternating-current electric source AC rngh the electric source
transfornmer 1. Wth the thus arranged power supply apparatus, even if the
output of the thyristor rectifier 2 changes so that the phase 10 control
passes through zero point at a nonent of a switching fromthe [err]-contro
to the [err]-control, an electric current indicated by a dot and dash |ine
arrowis flowed in the electric railcar since the output voltage of the
vol tage ensuring rectifier 10 is aI!E“E?pllled to the direct-current bus.
Therefore, the electric railcar hdt put in non-voltage applied
condition. Accordingly, the undervoltage relay in the electric railcar 9
is prevented from being operated, and the electrlc railcar 9 is prevented
from bei ng
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stoppgd during the switching. Although the thyristor rectifier 2 and the
voltage ensuring 20 rectifier 10 are operated in parallel, the voltage
ensuring rectifier 10 is never put in an overload condition since the
direct-current electric power is supplied froma high voltage side, that
is, froma side of the thyristor rectifier 2. A though the preferred
enbodi nent has been shown and 25 described so that the
alternating-current electric power to th.ﬁoltage ensuring rectifier 10 is
supplied fromthe tertiary coil of the el’eCtric source transformer 1, it

wi |l be understood that such alternating-current electric power is supplied
fromthe secondary coil through a transforner for decreasing voltage.

-6- WHAT IS CLAIMED IS: 1. A power supply apparatus of a direct-current
type electric railroad conprising: a electric source transforner connected
to an alternating-current electric source;
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thyrrstor rectifier connected to said electric s ce transforner and to

an electric railcar so-ds to perform functions of WBHBE’@HSQS@‘ rating
of the electric railcar; and a voltage ensuring re¢ Eq C N7?O sai d
Erf—ret:

el ectric. source transformer and to the electric rates

el ectric-car |ine, sar d voltage ensuring rectifier be| ng arranged par al | el
with said thyrist ABNERAUT OF THE DISCLOSURE: Vol t age Iowe(Flgham a

di rect-current voItage of the thyrrstor rectifier to the electric railcar.
2. A power supply apparatus as clainmed in Caim 1, wherein said electric

source transfor e POWER SUPPLY APPARKTUSFOR gnnemmﬁmtmr | mary

coil being connected to the alternating-current electric source, the
secondary coil being connected to said thyristor rectifier, and the

tertiary coil being ,Qo gh ﬁrqr#g%tﬁqe a8 f-&ﬁ'réfﬁq}”ﬁé e‘erle&ﬁ@
outputting a voltag th h se Qgg ower
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and said vol ta werng |ﬁmir1e emérmﬁ armdcanrvonh émsuting eécfier c rail car
through a d rr C ur, Kk c-car
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a direct-current voltage lower than that of the thyristor rectifier.

Therefore, even when the output voltage of the thirstier rectifier

2 approaches zero, the voltage to the electric railcar is cnsured,

and a stoppage of the electric railcar due to operation of an

10 undervoltage operation is prevented.
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gapacity of said voltage ensuring rectifier is smaller than that of sai d

thyristor re -—E——-—-A—mweir :supply apparatus as clained in Claim 1.
wherein a po rHBonamsmm;mEms executed by a [err -control of a gate of
sai d -7- t yrlstop"eﬂ r{l and a regermad2sttyie she ANUATY I3 g
by a [err]- ol...Lhe..gat.e. ¢f said thyrigtor rectlfler

ABSTRACT OF THE DISCLOSURE
POWER SUPPLY APPARATUS FOR ELECTRIC RAILROAD
A power supply apparatus for a direct-current type electric
railroad includes a thyristor rectifier which performs functions of
powering and regenerating, and a voltage ensuring rectifier
5 which is arranged parallel with the thyristor rectifier and outputs
a direct-current voltage lower than that of the thyristor rectifier.
Therefore, even when the output voltage of the thirstier rectifier
2 approaches zero, the voltage to the electric railcar is ensured,

and a stoppage of the electric railcar due to operation of an
10 undervoltage operation is prevented.

(Figure 1)



