
PATENT SPECIFICATION    (1) 1 564 877 (21) Application No. 24788/77   (22)
Filed 14 June 1977 (31) Convention Application No. 5.1/071822 (32) Filed 18
June 1976 in (33) Japan (JP) (44) Complete Specification published 1.6
April 1980 (51) INT CL3  H02M  1/18 (52) Index at acceptance H2F  9G4 9J12
9P1 9R21B 9R32B 9R47B 9R48B 9T1 P (54) THYRISTOR FAULT-DETECTING APPARATUS
(71)    We,  HITACHI,  LTD.,  a  phase thyristor bridge with A.C. terminals
50 Corporation organised under the laws of  connectible to a multi-phase
A.C. power Japan, of 5-1, I-chome, Marunouchi,  supply, an inductive load
connected to D.C. Chiyoda-ku, Tokyo, Japan, do  hereby  terminals of said
bridge: means provided 5   declare the invention, for which we pray
respectively for multi-phase lines arranged that a patent may be granted to
us, and the  to connect said power supply and said A.C.  55 method by which
it is to be performed, to be  terminals, each  of said  means being
particularly  described  in  and  by  the  arranged to generate an
electrical signal following statement:-                    which rises with
the rise of the current in the 10    This invention relates to an apparatus
for  corresponding line and disappears at an detecting a fault in  a
thyristor bridge  earlier one  of a time  point after a  60 connected
between multiphase A.C. power  predetermined time has elapsed after the
supplies and a D.C. load.                start of said rise and a time
point when said A thyristor bridge is widely used in many  corresponding
line currents disappear, and 15  fields of application as a power
transducer  means  actuated  in  response  to  the for converting
alternating  current into  disappearance of all of the said electrical  65
direct current or direct current into  signals. alternating current.
According  to  another aspect of the A fault in any of the thyristors in
the  present invention  there  is provided  a 20  thyristor bridge, if not
found early, will  thyristor   fault-detecting   apparatus often lead to a
serious trouble of the  comprising a thyristor bridge including n  70
equipment involved.                      thyristor  arms with  A.C.
terminals Two conventional methods for detecting   connectible to a
multi-phase A.C. power thyristor faults are well known. One is to  supply,
and an inductive load connected to 25   determine whether each thyristor
has a  the D.C. terminals of said thyristor bridge; fault or not by
comparing the gating signal  said apparatus further comprising means  75 of
each thyristor with the output current.  provided respectively for
multi-phase lines The other method is by comparing the  being arranged to
connect said power voltage of each phase with the ouput  supply and said
A.C. terminals, said means 30  current for detecting a fault for each
arranged  to  generate  electrical signals thyristor.
which, rising with the rise of currents of said  80 Both of these methods,
however, have a  respective lines, disappear at an earlier one complicated
circuit configuration and are  of a time point after the lapse of high in
cost as a thyristor fault-detecting 35  apparatus for a multiphase
thyristor bridge               [err] with three or more phases used for
many purposes.                                                 n    n An
object of the present invention is to provide a thyristor fault-detecting
apparatus  (rad) from  the start of said rise of said 40  comprising a
multiphase thyristor bridge  electrical signal and a time point when said
85 with  A.C. terminals  connected  to  a  line currents disappear, and
means actuated multiphase A.C. power supply, and an  in response to the
disappearance of all of inductive load connected to D.C. terminals  said
electrical signals associated with said of the bridge, which is economical
and  respective phases. 45  capable of detecting  any fault in the    The
present invention will be apparent  90 thyristors.
from  the following detailed description According to one aspect of the
present  taken  in  conjunction   with  the invention, there is provided a
thyristor fault  accompanying drawings in which: detecting apparatus
comprising a multi-    Fig. I is a circuit diagram  showing a    2
1,564,877                                       2 preferred embodiment in
which a thyristor  windings 82, 92 and 102 wound on the fault-detecting
apparatus according to the   magnetic  cores  respectively.  Output  55
present invention is used with a three-phase   voltages produced across the
respective 



full-wave thyristor bridge:                output. windings are converted
into -direct 5     Figs. 2 and 3 are time charts showing   current by
full-wave rectifiers 18 to 20 waveforms of voltages and currents at
respectively and applied across zener diodes various parts under normal
conditions at the   21 to 23 respectively. The zener diodes 21 to  60
firing angles [err] of                         23 are connected in series
with each other, so that the voltage sum 28 of the terminal [err]
voltages 24 to 26 are applied to a resistor 27. In this configuration, the
operation of this apparatus in the absence of any fault of the  65
thyristors will be explained with reference 10   respectively:
to Figs. 2 to 4. Figs. 4 to 6 are time charts associated with    Fig. 2
shows normal conditions of the a fault of thyristors at the firing angle 0
of  apparatus with the thyristor-firing angle [err] of 90 degree [err]. In
(a) of Fig. 2 are shown phase  70 [err]                     voltages of
respective phases (thin lines), the -                      voltage at the
D.C. terminal Dl (thick line) 6                      and the voltage at the
D.C. terminal D2 (thin dashed line). The voltages of the D.C. when a
thyristor arm is non-conducting, a  terminals [err] largely depend on the
75 15  thyristor acts as a diode on account of  commutation of the
thyristors II to 16. Such failure thereof, and two thyristor arms are
dependent changes are denoted by the non-conducting, respectively;
numerals of the associated thyristors fired Figs. 7 to 9 show fault
conditions at the  respectively. In this drawing, the angle [err] is firing
angle [err] of                          defined as a firing angle, which is
90 degree for the  80 case under consideration. In the case where [err]
the load has no time constant such as a 20                      -
resistance load, reversal of the interphase 6                      voltage
causes the deenergization of a thyristor. For instance, when the phase  85
respectively in the time charts of Figs. 4 to  voltage of phase U is
reduced below that of 6;                                        the phase V
after the thyristor II was fired, Fig. 10 is a circuit diagram showing an
the thyristor II is de-energized. In the case example of the circuit for
producing a  where an inductive load is involved, on the 25  thyristor
fault-detecting signal; and       other hand, even when the phase voltage
of  90 Fig. II is  a circuit diagram  showing  phase U becomes lower than
that of phase another embodiment of the invention.       V, the thyristor
II continues to be kept on An embodiment of the invention which is  by the
load voltage due to the inductance applied to a three-phase thyristor
bridge will  until a gating signal is applied to the 30   be described
below with reference to Fig. 1.  thyristor 12.                           95
In this drawing, reference numeral 6 shows    An output voltage of the
thyristor bridge a three-phase full-wave thyristor bridge.  6 which is
supplied to the load 17 is shown in The A.C. terminals Al, A2 and A3 of
this  (b) of Fig. 2, and the relative times of bridge are connected to a
three-phase A.C. currents [err] flowing in respective 35  power supply 7 by
phase lines U, V and W   phases in (c) of Fig. 2. Further, the voltages
100 respectively. The thyristor bridge 6 has six  24 to 26 applied to the
zener diodes 21 to 23 thyristor arms having thyristors II to 16  in Fig. I
are shown in (d) of Fig. 2, and the respectively. The D.C. terminals [err]
voltage 28 which is the sum  of all the of the thyristor bridge 6 are
connected with  voltages in (d) of Fig. 2 and applied to the 40  an
inductive load 17. From a gating signal-  resistor 27 is shown in (e) of
Fig. 2.   105 generator not shown, a phase-controlled    The upper limit of
the voltages of the gating signal is applied between the gate and  output
windings 82 to 102 of the saturable the cathode of each of the thyristors
II to  reactors 8 to 10 are respectively limited to 16, thereby enabling
application and receipt  the sumof the blocking layer voltages of two 45
of power between the three-phase A.C.  of the diodes included in the diode
bridges  110 power supply 7 and the D.C. load  17  18 to 20 and the
voltages of the zener diodes through the thyristor bridge 6.            21
to 23. Assuming that the saturable The  phase  lines U, V  and  W   are
reactors 8 to 10 are designed to be saturated connected with saturable
reactors 8, 9 and  at 600 of the phase of the A.C. power 50   10 with
respective output windings. The  supply, therefore, the voltages 24 to 26
115 saturable reactors 8 to 10 include saturable  shown in (d) of Fig. 2
are applied to the magnetic cores 81, 91 and 101 excited by  zener diodes
21 to 23 respectively. each  phase  line  current, and  output    Under
normal conditions in the absence    3
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of any fault of the thyristors, a sum 28 of  immediately  before  the  time
point t2 these voltages assumes a fixed value as  when a gating signal is
to be applied to shown in (e) of Fig. 2.                    the thyristor
11. Before the time point The normal operation of the apparatus at [err]
the  apparatus operates normally  as 5   the firing angle 0 of 30 degree
[err] of the  in Fig. 3. At time point t2 when the gating   70 thyristors
is shown in Fig. 3. In this case, the  signal is applied to the thyristor
I1, the D.C. output voltage of the thyristor bridge 6  thyristor 11 fails
to be fired due to the fault. shown in (b) of Fig. 3 has a negative  As a
result, the thyristor 13 which was polarity.
conducting from before the time point [err] is 10     Under this condition,
the power stored in  incapable of commutation to the thyristor   75 the
inductive load 17 is returned to the A.C.  11  and  is kept conducting
after time power  supply.  Notwithstanding,  each   point t2. The line
current [err] of phase W thyristor conducts for 120, and the currents
continues to flow after the time point [err] as [err] flow in the phase
lines U, V and   shown in (c) of Fig. 4, while no line current 15   W
respectively with the phase difference of  [err] of phase U flows.
80 1200 therebetween for the period of 120 degree      The saturable
reactors 8 to 10 are set so as respectively.
to  be saturated  after the line currents As a result, the output voltage
28 of the  associated therewith continue to flow for apparatus according to
the invention as  the period of 60 degree respectively. Therefore, 20
shown in (e) of Fig. 3 continues to assume a  the saturable reactor 9 is
saturated at time   85 fixed value as in Fig. 2.                   point
[err] after 600 of the time point [err] when Under the normal conditions
where the  the line current [err] of phase V begins to flow,
thyristor-firing angle is larger than 90 degree, on   and the voltage 25 is
extinguished at time the other hand, the D.C. output voltage of  point t2.
Since the phase-U line current [err] 25   the thyristor bridge 6 is
positive in polarity,  fails to be generated, the voltage 24 is also   90
so  that the  apparatus  functions  as a  kept zero. Although  the  phase-W
line converter (for forward conversion) (not  current i,, continues to
flow, the saturable shown in the drawings). In this case, power  reactor 10
is already saturated at time point is supplied to the load 17 from the A.C.
t, and therefore the voltage 26 is also kept 30   power supply 7. It will
be understood that  zero. The result is that, after the time point  95 even
under this condition, the  output  [err], all the voltages 24, 25 and 26
are reduced voltage 28 of the apparatus according to the  to zero, so that
the sum 28 of these voltages invention is kept at a fixed value.         is
also reduced to zero. This indicates a fault As apparent from  the
explanation with   of the thyristor bridge 6. 35   reference to Figs. 2 to
3, so far as the       Subsequently at time point [err], a gating  100
thyristor bridge 6 is in normal operation, the  signal is applied to the
thyristor 16 and com- output voltage 28 of the apparatus is kept at
mutation occurs from the thyristor 15 to the a fixed level. By use of this
feature, the  thyristor  16. The  voltage  across  the absence of any fault
may be detected.       inductive load 17 causes the only current 40     The
operation of the apparatus in the  flow in the closed loop including the
load  105 presence of a fault in the thyristor bridge 6   17, the terminal
D2, thyristor 16, thyristor will be explained next. There may be any of
13, terminal Dl and load 17, with the result three types of fault of the
arms of the  that the currents [err] for respective thyristors: (i)
non-conductive state in both   phases cease to flow. Further, at the time
45   forward and reverse directions (breaking),  point [err] when a gating
signal is applied to the  110 (ii) continuation  of conduction  only in
thyristor 12, the phase-V voltage is lower forward  direction  (diode),
and  (iii)  than  the  phase-W  voltage, so that no continuation of
conduction in both forward   commutation occurs from the thyristor 13 to
and  reverse  directions (short-circuited),  the thyristor 12 but the
current continues to 50   where  the  words in  parentheses show   flow in
the closed loop. The thyristor 13 is  115 equivalent conditions.
subsequently kept conductive, and only the In order to evidence that the
apparatus  thyristors 14, 15 and 16 on the negative side according to the
invention is capable of  are successively subjected to commutation.
detecting a fault of the thyristor arms under  After the breakdown of the
thyristor II or 55   any controlled condition, explanation will  the arms
of the thyristor I1, therefore, the  120 be made below with reference to
the firing   current flows only in one direction in the angles [err] of 30
degree and 150 degree separately.        phase lines U, V and W. In other
words, in The diagram of Fig. 4 shows the operation   the U and V phase
lines where the thyristors of the apparatus in the case of a fault by   II
and 12 fail to conduct, only the current in 60   which the thyristor II or
an arm including   negative direction flows, while in the W-  125 the
thyristor II is broken under the con-  phase line where the thyristor 13 is
kept trolled condition of the firing angle (0) of  conducting, the current
only in the positive 300.                                        direction
continues to flow for a period Assume that the thyristor II or the arm
other than the period when the closed loop 65   including  the  thyristor
II  is  broken  is formed.                                   130  



4                                       1,564,877
4 For this reason, as well known, the    The  case in which 'the thyristor
11 saturable reactors 8 to 10, once saturated,  functions as a diode at the
firing angle (0) of are kept saturated and the output. voltages  150 degree
is shown in Fig. 8. It was already 24 to 26 are  kept at zero. In short
upon  explained that  as long as the firing angle 0 is 5   occurrence of a
breakdown in 'an arm, the  larger than 120 degree,  the U-phase voltage is
in  70 output  voltage  28  of  the  apparatus  no way higher than the
W-phase voltage if according  to the invention is kept reduced  the
thyristor 14 is fired, so that both the to zero.
thyristors II and 12 are not in conductive Thus any breakdown within the
thyristor  state. As a result, the phase current is 10   bridge 6 may be
detected quickly.          continuous as shown in (c) of Fig. 8. This  75
The diagram  of Fig. 5 shows a case in  makes it impossible for the
conventional which the thyristor 11 functions as a diode  systems to detect
a fault. According to the at the firing angle (0) of 30 degree. The output
apparatus of the present  invention, the voltage thereof becomes very high
to the  saturable reactors 8 to 10 are adapted to 15   positive side with
the firing of the thyristor  produce an output only for the phase   80 15
as shown in (b) of Fig. 5. Since the  section of 60 degree of the power
supply, and thyristor 11 acts as a diode, the thyristor  therefore the
voltages 24 to 26 applied to the 12 is de-energized if the V-phase voltage
zener diodes 21 to 23 take the form as shown is rendered lower than that of
U-phase.  in (d) of Fig. 8. By adding these voltages to 20  As a result,
the U-phase current is inter-  each other, a section appears as shown in
(e)  85 rupted as shown in (c) of Fig. 5. It is  of Fig. 8 where no output
is produced for only in V-phase that the phase current flow   30 degree  in
phase. This indicates that an alternates between positive and negative
arrangement should be made to produce an sides. In view of the fact that
the thyristor 12  output  for  a  period  less  than  90 degree 25  is cut
off in the range where the V-phase  (=60 degree +30 degree). Any fault is
thus capable of  90 voltage is lower than the U-phase voltage,  being
detected even if a continuous phase however, the phase current on positive
side  current flows. flows in that range only for the section of    Fig. 9
shows the case in which both the 30 in phase. As a result, the output of
the  thyristors II and 12 are broken at the firing 30  saturable reactor 9
is produced only for the  angle (0) of 150 degree. The phase currents of U,
V   95 section of 30, so that the voltage as shown  and W all flow only in
one of the directions in (d) of Fig. 5 is produced. In  his way, the  of
positive or negative, so that the output of output voltage of the apparatus
according to  the saturable reactors 8 to 10 becomes zero. this embodiment
never fails to assume the  As shown in (d) and (e) of Fig. 9, therefore, 35
value of zero as shown in (e) of Fig. 5, thus  the applied voltages and the
voltage sum  100 making fault detection possible.           thereof are
both reduced to zero. The cases of breakdown of both the    When an element
is broken by the short- thyristors 11 and 12 at the firing angle (0) of
circuiting, the breakdown thereof or a 30 are shown in Fig. 6. Since the
thyristors  burnt-out fuse prevents the flow of phase 40   11 and 12 fail
to be fired, the same principle  currents, And several milliseconds after
the  105 applies to this case as the case of Fig. 4  fault, the apparatus
is actuated to generate a involving the breakdown of the thyristor 11
detection  signal as in the case of the for the section of 30 degree in 0,
and will not be  aforementioned breakdown of an element repeated.
or a fault of a diode condition. Therefore, 45     Next, explanation will
be made about the  the trouble due to the short-circuiting of an  110 case
in which the firing angle [err] of 1500 is  element will not be explained.
involved. Under normal conditions of the    The diagram of Fig. 10 shows a
circuit for thyristors, the only difference from the case  producing a
detection signal in response to involving the firing angle [err] of 30 lies
in  the  voltage  sum  28  detected  by  the 50  that a positive output
voltage is produced  apparatus of the invention, only at the time  115 from
the thyristor bridge. The other points  of a thyristor fault. In other
words, as long will not be explained as they are easily  as the thyristor
is not in trouble, a fixed inferred from the case of [err] of 30 degree.
value of the voltage sum 28 is continuously The diagram of Fig. 7
illustrates the case  produced. Adjustment is so made as to 55  of
breakdown of the thyristor II at the firing  cause the transistor 31 to
conduct at this  120 angle [err] of 150 degree. Since the U-phase current
constant value  of output, when  there flows only in the negative
direction, the  appears a section in which the voltage sum voltage 24
applied to the zener diode 21 is  28 becomes zero at the time of fault of
the zero. In view of the fact that the phase  thyristor, the transistor 31
is cut off and a 60   currents of V and W phases change between  detection
signal is produced at the output  125 positive  and  negative  sides,
voltages  33. By the way, in the drawing, numeral 29 corresponding to the
phase section of 600 of  shows a capacitor, numeral 30 a diode, the power
supply are applied in the form of  numeral 32 a resistor, and character P a



the voltages 25 and 26. Thus the voltage sum   positive electrode of a D.C.
power supply. 65   as shown in (e) of Fig. 7 is obtained.       In the case
of a fault in which one of the  130    5
1,564,877                                      5 thyristor elements of a
three-phase full-    Another embodiment of the present wave rectification
thyristor bridge functions  invention  is shown in Fig. 11. In this  55 as
a diode, the conventional systems have  drawing,  like  reference  numerals
or the disadvantage that, because of the above-  characters  denote  like
or  equivalent 5   mentioned interruption of phase currents  component
elements in Fig. 1. According to above 1200 in the firing phase angle 0, no
this embodiment, saturable reactors 34 to 36 fault of the thyristors can be
detected. In the  are provided for the three-phase A.C. lines  60 detecting
apparatus  according  to  the  U, V and W  respectively to detect line
embodiment under consideration, however,  currents, and a voltage is
produced that, 10   all faults associated with up to 180 degree in the
rising with the rise of the line currents, has a firing phase angle [err]
may be detected by  maximum time length of selecting the saturation angle
of the saturable reactor at 60 degree to 120 degree.
27r  47r In view of this, the relation between the               -to-
65 15   saturation angle of the saturable reactor and              n    n
the firing angle [err] will be discussed below. Now, assume that the firing
angle of [err] is  and   disappears  immediately   upon involved, which is
not smaller than 1200. If  disappearance of the line currents. Outputs the
firing angle is less than 120 degree, a fault may  of the waveform-shaping
devices 37 to 39 20   be successfully detected even when the  are applied
to an AND circuit 40, so that the upper limit of the saturation  angle is
output of the AND  circuit 40, i.e., the  70 determined at 1200.
output 41 of the detecting device is used to The magnitude of the firing
angle 120 degree  detect a fault of the  thyristors. The when the sum of
phase currents begins to  waveform-shaping devices 37 to 39 may of 25
continously flow is subtracted from   [err], as  course be made up of logic
circuits. shown below.                                The foregoing
description is concerned   75 with a thyristor bridge of three-phase full-
(1)   wave type. The present invention, however, is not limited to the
three-phase full-wave Here, the angle [err] means a lack of margin of
system but may of course be applicable also saturation angle. By
subtracting [err] from the  to the detection of a fault of thyristors of a
80 30  saturable  maximum   angle  of  120 degree,  thyristor bridge of
three-phase half-wave therefore, the upper limit of the saturation  type,
six-phase half-wave or other multi- angle at the firing angle [err], is
obtained. Thus,  phase type. For application to a three-phase half-wave
type of thyristor bridge, for [err]           (2)   example, the maximum
time length of the   85 pulse ranges from 1200 to 2400 for n is 3; As a
result, the tolerable range of the  and for application to a six-phase
half-wave 35  saturation angles of the saturable reactor at  type, it
ranges from 60 degree to 120 degree because of n the firing angle [err]  is
from 60 degree to (120degree-[err]).  being 6. This will be described more
specifically    It will be seen  from  the foregoing   90 with reference to
Fig. 8. Since the firing  description that according to the present angle
[err] is 150. the equation (3) below is  invention, any type of fault of
thyristors 40  derived from equation (1).                 included in a
power converter comprising a multi-phase  thyristor  bridge  and  an [err]
(3)   inductive  load  may  be instantaneously  95 detected with a simple
apparatus. From equation (2), WHAT WE CLAIM IS:- [err]        (4)       1.
A thyristor fault-detecting apparatus comprising a multi-phase thyristor
bridge It is thus found that the upper limit of the  with A.C. terminals
connectible to a multi- 100 45  saturation angle of the saturable reactor
is  phase A.C. power supply, an inductive load 90 and that the tolerable
angles range from   connected to D.C. terminals of said bridge; 60 degree
to 90 degree.                               means provided respectively for
multi-phase This range of saturation angles [err] of the  lines arranged to
connect said power supply saturable reactor is generally expressed by  and
said A.C. terminals each of, said means 105 50  the equation (5) below.
being arranged to generate an electrical signal which rises with the rise
of the current [err]                 in the corresponding line and
disappears at 



[err]    an earlier one of a time point after a n    n
predetermined time has elapsed after the  110 start of said rise and a time
point when said where n is the number of thyristors making  corresponding
line currents disappear, and up a multi-phase thyristor bridge.
means  actuated  in  response  to  the    5
1,564,877                                      5 thyristor elements of a
three-phase full-    Another embodiment of the present wave rectification
thyristor bridge functions  invention is shown in Fig. I1. In this  55 as a
diode, the conventional systems have  drawing,  like  reference  numerals
or the disadvantage that, because of the above-  characters  denote  like
or  equivalent 5   mentioned interruption of phase currents  component
elements in Fig. 1. According to above 1200 in the firing phase angle
[err], no  this embodiment, saturable reactors 34 to 36 fault of the
thyristors can be detected. In the  are provided for the three-phase A.C.
lines  60 detecting  apparatus  according  to  the   U, V and W
respectively to detect line embodiment under consideration, however,
currents, and a voltage is produced that, 10   all faults associated with
up to 180 degree in the  rising with the rise of the line currents, has a
firing phase angle [err] may be detected by  maximum time length of
selecting the saturation angle of the saturable reactor at 60 degree to 120
degree.                         [err] In view of this, the relation between
the                                    65 15  saturation angle of the
saturable reactor and the firing angle [err] will be discussed below. Now,
assume that the firing angle of [err] is  and   disappears  immediately
upon involved, which is not smaller than 1200. If  disappearance of the
line currents. Outputs the firing angle is less than 1200, a fault may  of
the waveform-shaping devices 37 to 39 20   be successfully detected even
when the  are applied to an AND circuit 40, so that the upper limit of the
saturation  angle is  output of the AND  circuit 40, i.e., the  70
determined at 1200.                       output 41 of the detecting device
is used to The magnitude of the firing angle 1200  detect a  fault of the
thyristors. The when the sum of phase currents begins to  waveform-shaping
devices 37 to 39 may of 25   continously flow is subtracted from [err] as
course be made up of logic circuits. shown below.
The foregoing description is concerned 75 with a thyristor bridge of
three-phase full- [err]           (1)   wave type. The present invention,
however, is not limited to the three-phase full-wave Here, the angle [err]
means a lack of margin of  system but may of course be applicable also
saturation angle. By subtracting [err] from the  to the detection of a
fault of thyristors of a  80 30  saturable  maximum   angle  of  120
degree,  thyristor bridge of three-phase half-wave therefore, the upper
limit of the saturation  type, six-phase half-wave or other multi- angle at
the firing angle [err] is obtained. Thus,  phase type. For application to a
three-phase half-wave type of thyristor bridge, for [err]            (2)
example, the maximum time length of the   85 pulse ranges from 120 degree
to 2400 for n is 3; As a result, the tolerable range of the  and for
application to a six-phase half-wave 35  saturation angles of the saturable
reactor at  type, it ranges from 60degree to 120 degree because of n the
firing angle [err] is from 60 degree to (120-[err]).  being 6. This will be
described more specifically    It will be seen  from  the  foregoing   90
with reference to Fig. 8. Since the firing  description that according to
the present angle [err] is 1500, the equation (3) below is  invention, any
type of fault of thyristors 40  derived from equation (1).
included in a power converter comprising a multi-phase  thyristor  bridge
and  an [err]        (3)   inductive  load  may  be instantaneously  95
detected with a simple apparatus. From equation (2), WHAT WE CLAIM IS:-
[err]         (4)       1. A thyristor fault-detecting apparatus comprising
a multi-phase thyristor bridge It is thus found that the upper limit of the
with A.C. terminals connectible to a multi- 100 45  saturation angle of the
saturable reactor is  phase A.C. power supply, an inductive load 90 degree
and that the tolerable angles range from   connected to D.C. terminals of
said bridge; 60 degree to 90 degree.                                means
provided respectively for multi-phase This range of saturation angles [err]
of the  lines arranged to connect said power supply saturable reactor is
generally expressed by  and said A.C. terminals each of, said means 105 



50  the equation (5) below.                    being arranged to generate
an electrical signal which rises with the rise of the current [err]
in the corresponding line and disappears at (5)    an earlier one of a time
point after a predetermined time has elapsed after the  110 start of said
rise and a time point when said where n is the number of thyristors making
corresponding line currents disappear, and up a multi-phase thyristor
bridge.        means  actuated  in  response  to  the    6
1,564,877                                        6 disappearance of all of
the said electrical  at an earlier one of a time point after a  45 signals.
predetermined time has elapsed after the 2. A thyristor fault-detecting
apparatus  start of said rise and a time point when the according to Claim
1, in which said means  output  of  said  respective  current 5   for
generating an electrical signal comprises  transformer disappears. a
saturable reactor, which in turn includes a    8. A thyristor
fault-detecting apparatus  50 saturable magnetic core excited by said line
comprising a thyristor bridge including n currents and an output winding
wound on  thyristor  arms  with  A.C.  terminals said saturable magnetic
core.               connectible to a multi-phase A.C. power 10     3. A
thyristor fault-detecting apparatus  supply, and an inductive load
connected to according to Claim  2, further comprising  the D.C. terminals
of said thyristor bridge;  55 means for rectifying the voltage across said
said apparatus further comprising means output winding.
provided respectively for multi-phase lines 4. A thyristor fault-detecting
apparatus  being  arranged  to  connect said  power 15   according  to
Claim  1, in  which  said  supply and said A.C. terminals, said means
detecting means include means for adding  arranged  to  generate
electrical signals  60 said  electrical  signals  associated  with  which,
rising with the rise of currents of said respective phase lines to each
other, and  respective lines, disappear at an earlier one means  actuated
in  response  to  the  of a time point after the lapse of 20
disappearance of an output signal of said adder means.
.          [err] 5. A thyristor fault-detecting apparatus according  to
Claim  1, in  which  said predetermined time is set within the range 25
from                                        (rad) from  the start of said
rise of said  65 electrical signal and a time point when said [err]
line currents disappear, and means actuated in response to the
disappearance of all of said electrical signals associated with said
respective phases.                          70 (rad), where n is the number
of thyristor    9. A thyristor fault-detecting apparatus arms in said
thyristor bridge.              according to Claim 8, in which said means 6.
A thyristor fault-detecting apparatus  for generating electrical signals
comprises a 30   according to Claim  I, further comprising  saturable
reactor, which in turn includes a means for converting said electrical
signals  saturable magnetic core excited by said line   75 into voltage
signals with a fixed crest value,  currents and an output winding wound on
said converting means being actuated in  said magnetic core. response to
the disappearance of all of said    10. A thyristor fault-detecting
apparatus 35  voltage signals associated with respective  substantially as
hereinbefore described with phases.
reference to the accompanying drawings.    80 7. A thyristor
fault-detecting apparatus according to Claim 1, in which said means for
generating an electrical signal includes          LANGNER PARRY 40  current
transformers each associated with a          Chartered Patent Agents,
respective one of said multi-phase lines, said        High Holborn House,
means generating an electrical signal which,          52-54 High Holborn,
rising with the rise of an output signal of said       London WCIV 6RR
respective current transformer, disappears          Agents for the
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