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QX (54) ELEVATOR SAFETY DEVICE (71)   We, MrrsuBisHI DENKI KABU- by the
full fusion of the bad contact por- SHIKI KAISHA, of 2-3 Marunouchi 2-chome
tion. In feedback-control elevator -systems, Chiyodaku, Tokyo, Japan, a
company exist- however, the control system has been first ing under the
laws of Japan, do hereby  operated to compensate for the increase in 5
declare the invention, for which we pray  resistance has above described
through the 50 that a patent may be granted to us, and  feedback control
until the control is dis- the method by which it is to be performed, abled
upon the full fusion of the resistance to be particularly described in and
by the  increased portion. Thus the elevator car following statement: -
has increased in speed by means of an 10  This invention relates to an
elevator unbalanced force caused from the load to 55 safety device.
actuate an associated governor. This has In elevator systems  the elevator
car resulted in an emergency that the elevator might stop midway between a
pair of ad- car stops midway between a pair of ad- jacent floors of a
building served by the jacent floors of a building served by the 15 car and
confine passengers therein, with- car and confines passengers therein.
Alter- '60 out the car being able to arrive at its de- natively the
elevator car might rush into sired floor; Alternatively the elevator car
the top or bottom terminal floor while it might rush at a high speed into a
top or a  is maintained at high speed resulting in bottom terminal floor.
One of the reasons large shocks for the passengers. Thus the 20 for this
has been the occurrence of bad  service men have frequently tended to find
65 electrical conduction on one portion of no fault as above described
until the the main circuit arranged to safely supply  occurrence of the
above-mentioned emer- to an associated electric hoist  motor the  gency.
Particularly, upon the occurrence of electric power required for the
elevator car an emergency that the 'elevator car has 25 to travel in the
upward or downward stopped midway between a pair of adjacent 70 direction.
As the main circuit has many  floors, an urgent expedient manually per-
electric components -serially -interconnected, formed in the operation of
rescuing the it includes a multiplicity of terminals and  passengers from
the elevator- car has re- the like connecting those components to  sulted
in the car only falling down through 30 one another. If contacting would
have been  the drawing-down due to a loading on the 75 deteriorated' at any
of the terminals-- by car. Thus the car has been impossible to some rare
accident then heat will be ex- be moved in the desired direction. Con-
cessively generated at the -deteriorated con- sequently, if the  rescue -
operation' is tact portion to fuse it. Accordingly the  erroneously
performed while the rescue 35' fused portion increases in resistance
result- persons do not know the break of the main 80 ing in a' fault that
the electric motor be- circuit with the -hoist motor for the 'car comes
difficult to be smoothly -supplied with  then it can not be said that there
will be electric power.                       no danger that the elevator
car would As a result, elevator systems without have fallen down. 40
feedback control have, shown decreases in  'There have been already
proposed eleva- 85 landing accuracy and/or increase in pas- tor safety
devices for sensing the break senger discomfort, which has aroused the  of
the main circuit for driving elevator attention of' passengers or elevator
service  cars. In known safety devices, the speed men. Therefore such a
fault has easily  comparator involved might not be operated 45 been found
before the control is disabled immediately in response to the sensed break
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of the main circuit and dependent upon  numerals designate the identical or
corre- what load is imposed on the elevator car. sponding components. This
may cause a great failure such as a    Referring now to Figure 1 of the
draw- damage to an associated buffer.       ings, there is illustrated an
elevator system 5   Accordingly it is an object of the present provided
with an elevator safety device con- 70 invention to provide a new and
improved  structed in accordance with the principles elevator safety device
ensuring that an  of the prior art. The- arrangement illu- elevator car is
prevented from accelerating  strated comprises an elevator car 10 con- to
dangerous speed upon the break of the  nected to a counter weight 12
through a 10 -main circuit for -driving the car.      rope 14 trained over
a sheave 16 and an 75 The present invention provides an eleva- armature 18
of a reversible direct current tor safety device comprising a source of
motor for driving the sheave 16 and there- alternating  current, a
controlled- semi- fore-the elevatorcar 10, a pair of brushes conductor
converter connected  to  the  18a and 18b contacting the armature 18, 15
source of alternating current, an- electric a pair of terminals 18c and 18d
-for the 80 motor driven by the source and controlled  armature 18, a
fielding winding 20, and an by the semiconductor converter to drive
interpole winding .,22 connected between an associated elevator car, a
ripple current the armature terminal 18d and an inter- sensor  circuit
operative in.response to a pole terminal 22a.. 20 ripple current produced
by the semicon-   The arrangement further includes a set 85 ductor
converter and inoperative in re- of normally open contacts 24A and a set
sponse to the disappearance of the ripple  of normally closed contacts 24B
of a main current, and an emergency braking circuit contactor (not shown)
disposed in the cir- for urgently braking the electric motor in  cuit
driving the electric motor. 25 response to the ripple current sensor
circuit   The set of contacts 24A is connected 90 being. brought into' its
inoperative state.   between a contact terminal 24a and an- Preferably the
ripple current sensor cir- other contact terminal 24b subsequently cuit may
include a filter formed of a re- connected to the interpole terminal 22a
actor  and  a  capacitor serially  inter- and the set of contacts 24B is
connected 30 connected to be tuned to a frequency of on one side to the
contact terminal 24b and 95 nected to the filter to damp the filter, a  on
the other side to. a contact terminal 24c. rectifier circuit connected
across the resistor, Then a dynamic braking resistor 26 is con-. and a
ripple current sensor relay connected  nected at one end to the contact
terminal across a pair' of outputs of the rectifier 24c and atthe other end
.to the armature 35 circuit.     ,                              terminal
18c through a junction 28.       100 rent sensor relay connected across a
pair  .A source, of three-phase alternating cur- of outputs of the
rectifier circuit. -.   .   rent 30 is connected to the- semiconductor
Advantageously the emergency braking  convert  32 including semiconductor
de- circuit may include a dynamic braking  yices -such as thyristors. The
converter 32 40 circuit formed of at least a set of contacts  normally
includes twelve thyristors and six 105 and a dynamic braking resistor
serially  fuses having respective terminals. although connected across an
armature of the elec- the thyristors, fuses and terminals are not tric
motor to apply a dynamic braking  all shown in the figure. However the
semi- .torque to an armature of the electric  conductor converter 32 is
shown in Figure 45 motor.                                 1 as being of
full-wave rectification type 110 The present invention will become more
and includes a pair of terminals 32a and readily apparent from  the
following de- 32b. The terminals 32a -is connected to a tailed description
taken. in  conjunction  direct current reactor 34 through a ter- with the
accompanying drawings in which:  minal 34a and the terminal 32b is con- 50
Figure 1 is a schematic circuit,, diagram  nected to the contact terminal
24a. The re- 115 of an elevator system including an elevator actor 34 is
connected via a terminal 34b safety device  constructed in accordance  to
the junction 28. with the principles of the prior art,      Further a
tachometer generator 36 is Figure 2 is a graph useful in explaining
connected to the motor armature 18 to be 55 the- operation of the
arrangement shown  driven thereby -and produces an actual 120 in Figure. 1
with the main circuit for speed signal 36a representative of. the driving
the elevator car partly broken;    actual. speed of the elevator -car 10.
Figure 3 is a schematic circuit diagram A command speed- generator circuit
38 of an elevator system including an elevator generates a command speed
signal 38a 60 safety device constructed in accordance  which is, in turn,
supplied to both a firing 125 with the principles of the present invention;
control circuit 40 and a comparator circuit 



and Figure 4 is a diagram similar to Figure  42. Both circuits 40 and 42
are also sup- 3 but illustrating a modification of the  plied with the
actual speed signal 36a from present invention.                       the
tachometer generator 36. Thus the 65   Throughout the Figures like
reference  comparator circuit 42 compares the com- 130    3         .
1567672                                       3 mand speed signal 38a with
the actual now closed contacts 24B, resulting in the speed signal 36a to
produce an output 42a  application of a dynamic braking torque to for the
purpose as will be apparent later. the armature 18. At the same time, a The
firing control circuit 40 is responsive  friction brake (not shown) is
actuated 5 to the command and actual speed signals whereby the two apply an
emergency 65 38a and 36a respectively to supply a firing  braking action to
the armature 18 resulting signal 40a: to the converter .32 to control in
the stoppage of'the elevator car 10. the firing of the thyristors (not
shown) dis-   The arrangement of Figure 1 might posed in the converter 32.
cause a danger because the comparator cir- cuit 42 would not be immediately
operated 70 10 Before the start of the elevator car 10, dependent upon what
load is imposed to the set of contacts 24A is in its closed posi-  the
elevator car 10. Particularly, it has been tion while the set of contacts
24B is in its  required to pay attention with a buffer (not open position.
In operation an alternating  shown) used in 'conjunction with an emer-
current power from the source 30 is con- gency terminal speed limiting
device dis- 75 15 verted to a direct current voltage by the  posed at
either of the top and bottom ter- converter 32 and then applied to thearma-
mminal floors of an associated building, the ture 18 of the driving motor
through the buffer having an operating stroke shorter reactor 34.: This
causes the armature 18 to than that required upon the elevator car. be
rotated thereby to drive the elevator car   The emergency terminal speed
limiting 80 20 10 via-the sheave 16 in either one of the  device will now
be described with referenc upward and  downward directions as 'the  to
Figure 2. In Figure 2 the elevator car case may be. The rotation of the
armature is started from a floor designated by the 18 also causes the
tachometer generator reference A and accelerated to a maximum 36 to
generate the actual speed signal 36a  speed B following a normal speed
curve 85 25 while the firing control circuit 40 generates AB and then
decelerated along a normal a firing signal 40a as determined by a dif-
ference between the command and actual speed curve BO to a zero magnitude
at a speed signals 18a and 36a respectively. The  terminal floor 0 where
the car is stopped. firing 'signal 40a controls the converter 32  The
reference character N  designates a 30 with the results that armature 18 or
the  position where the elevator car will strike 90 elevator car 10 has a
speed controlled in  against the buffer; disposed at that terminal
accordance with the command speed signal 38a with a high accuracy. It is
noted that floor 0 and horizontal broken' line XX' in the normal mode of
operation the dif- designates a car speed at which an over- 35 ference
between the command and actual speed switch of a governor (not shown) is
speed signals 38a and 36a respectively is  operated. Also the emergency
terminal 95 maintained at a magnitude equal to or less speed limiting
device is so designed and than. a predetermined magnitude resulting in
constructed that, when the elevator car has no output. 42a from the
comparator 42.   a speed hiher than a speed designated by horizontal broken
line YY' even -after its 40  If the main circuit for driving the arma-
passage through a point Z. an emergency 100 ture 18 and therefore the
elevator car 10  braking torque is immediately applied to is broken
anywhere during the travel of the armature 18, and therefore to the car the
elevator  car 10 then no voltage' is  10, to reduce to a- speed not higher
than applied to- the' armature 18. As a result, a maximum striking speed
for the buffer 45 the armature 18 has a rotational speed not before the
car 10 will: strike against the 105 following up the command speed signal
38a Thus the difference between the com- buffer Therefore the speed YY' is
selected mand and actual speed signals 38a and  to be equal to or less than
the maximum 36a becomes larger until it exceeds the pre- striking speed for
the buffer. 50 determined magnitude. At that time the    As  above
described  an  emergency comparator 42 produces its output 42a that braking
action results from both the dyna- 110 



is operated to deenergize the main: con- mic braking and the  friction
braking. If tactor (not shown) in the main circuit    the contact terminal
24b is' boken' during the descent of the car, under heavy. loading then
the. elevator   car   freely    falls' down    as This denergization  of
the  contactor 55 causes the opening of the contact set 24A  shown by
broken line AC. Under these 115 and the  closure of the contact set 24B.
circumstances, the resulting acceleraion de- Thus the armature 18 is
disconnected from  pends upon  the inertia of 'the particular the converter
32 and instead connected to  moving system and/or 'a load within the .a
dynamic braking circuit including the  car 10 and the car under heavy
loading is 60 dynamic braking resistor 26 and the' set of  accelerated with
a magnitude of. 1 to 1,5 120    4                                        1
567 672                                        4 meters per second per
second. Then the  ing 58. Therefore the main contactor (not emergency
terminal speed limiting device  shown) is maintained energized to keep the
disposed at an associated one of the top  contact sets 24A and 24B in the
closed and and bottom  terminal floors is actuated at open positions
respectively whereby the 5  a car speed of C to apply an emergency
elevator car travels as determined by the 70 braking action to the motor
armature and  command speed. signal 38a from the com- therefore the car. In
this case, as the dyna- mand speed generator circuit 38. mic braking torque
is not applied to the    If any portion of the main circuit is armature,
the car strikes against the buffer broken then the ripple current is not
sup- 10 at a speed exceeding the maximum striking  plied to the rectifier
circuit 56 resulting in 75 speed for the latter as shown by broken  the
deenergization of the relay winding 58 and hence the main contactor (not
shown). line CD in Figure 2. This has resulted in  This means that the
contact (not shown). the occurrence of a great failure such as a  opened
while the contact set 24B is closed damage to the buffer or the like.
to   apply an emergency            torque to 80 15   The present invention
contemplates  to apply an emergency bracking torque to 80 eliminate the
objections as above described the armature 18 as above described in con- by
the provision of an elevator safety de- junction with Figures 1 and 2. vice
ensuring that an elevator car is pre-    n the arrangement of Figure 3 it
is to vented from  accelerating to a dangerous  be noted that if a current
path extending 20 speed upon the break 'of the main circuit from the brush
terminal 18c to the brush 85 for driving an elevator car.
terminal 18b through the armature 18 is Referring now  to Figure 3, there
is broken anywhere, this. break can not be illustrated one embodiment of
the present sensed unless a current path traced from invention. The
arrangement illustrated is the converter 32 through the reactor 34, 25
different from that shown in Figure 1 only  the. junction 28, the brush
terminal: 18c, 90 in that in Figure 3 a safety device is con-  the resistor
50, the reactor 52, the capacitor -- nected across the terminals 18c and
18d for  54. the interpole winding 22, the interpole the armature 18. As
shown in Figure 3 the  terminal 22a and thence to. the. converter safety
device includes a resistor 50, a- re-  32 is broken. 30 actor 52, and a
capacitor 54 serially inter-   Figure 4 shows another modification of 95
connected in the named order, a bridge  the present invention wherein the
objection type. full-wave rectifier circuit 56 including  just described is
eliminated. The arrange- a pair of input terminals connected across  ment
illustrated is different from  that the resistor 50 and a winding 58 of a
ripple  shown in Figure 3 only in' that in Figure 35 sensor relay connected
across a pair of-out-  4 the rectifier circuit 56 with the relay 100 put
terminals of the rectifier circuit 56. The  winding 58 is connected across
a filter in- ripple sensor relay senses a ripple current  cluding a direct
current reactor 34A and a from the converter 32. When deenergized,
capacitor 60 but not across the resistor 50 that relay is' operative to
deenergize the  (see Figure 3) and,the reactor 34A is mag- 40 main
contactor (not shown).     netically coupled to the reactor 34. The 105 The
reactor 52 and the capacitor 54 form  reactor 34A  and the capacitor 60
forms a filter preventing a ripple current - pro-  another flter tuned to a
frequency equal duced by the converter 32' from  flowing  to six times the
frequency of the source into the armature. 18 and also suppressing  30 that
is to say, the frequency of the 45 noise generated by the winding- 20. With
ripple, current from the converter. 32. As 110 



the converter 32 put in the three-phase  in the arrangement of Figure 3,
the recti- Greatz connection, it produces a ripple  fier circuit 56 has a
pair of ' output ter- current having a frequency equal to six  minals
connected across the relay winding times the source frequency applied
thereto.  58. 50 For example, when the source 30 has a    It is seen that
if a break occurs anywhere 115 source frequency of 50 hertz, the magni- in
the arrangement of Figure 4 that. no tudes of the reactor 52 and the
capacitor  ripple current is induced across the reactor 54 are selected to.
tune the filter 52-54 to a  34A  to denergize the relay winding 58.
frequency of 300 hertz. The resistor 50  Therefore an emergency braking
torque is 55 serves to damp the flter 52-54         immediately applied to
the armature 18. and 120 When the main circuit is operated in the
accordingly to the elevator car 10. normal mode, the ripple current
generated   From  the foregoing it is seen that the by the converter 32 and
having its fre-  present invention  provides an' elevator 'quency equal to
six times the frequency of  safety device by which, when a ripple cur- 60
the source 30 is caused to flow through the  rent produced from a
semiconductor con- 125 resistor 50 and the filter 52-54.' A ripple  verter
is sensed, an. electric motor and voltage. developed across the resistor 50
hence an elevator car is operated in the due to the ripple current flowing
there-  normal mode and in which an-emergency through is full-wave-
rectified by the recti-  braking torque is immediately applied to 65 fier
circuit 56 to energize the relay wind-  the electric motor in response to
the ab- 130    5                                      1567672
5 sence of the sensed ripple current. There-    4. An elevator safety
device comprising fore the present invention can prevent the  a source of
alternating current, a con- elevator car from  accelerating to a dan-
trolled semiconductor converter connected gerous speed upon a break of the
main  to said source of alternating current, a re- 5 circuit.
versible electric motor controllably driven 45 WHAT WE CLAIM  IS: -
by said source through said semiconductor 1. An elevator safety device
comprising  converter to drive an associated elevator a source of
alternating current, a controlled  car, a first direct current reactor
connected semiconductor converter connected to said  between  said
controlled  semiconductor 10 source of alternating current, a reversible
conductor  converter  and  said  electric 50 electric motor controllably
driven by said  motor, a second direct current reactor source through said
controlled semicon- magnetically coupled to said first reactor ductor
converter to drive an associated  and  forming a  filter with  a  capacitor
elevator car, a ripple current sensor circuit  serially connected to said
second reactor, a 15 operative in response to a ripple current rectifier
circuit connected across the series 55 produced by said semiconductor
converter  combination of said second reactor and and inoperative in
response to the dis-  said capacitor, a ripple current sensor relay -
appearance of said ripple current, and an  connected across a pair of
output of said emergency  braking  circuit for urgently  rectifier circuit
to be operative in response 20 braking said electric motor in response to
to a ripple current, and an emergency 60 said ripple current sensor circuit
being  braking circuit for urgently braking said brought into its
inoperative state.        electric motor in response to said ripple 2. An
elevator safety device as claimed  current sensor relay being brought into
its in claim  I wherein said ripple current inoperative state. 25 sensor
circuit includes a filter formed of    5. An elevator safety device as
claimed 65 a reactor and a capacitor serially inter- in claim 4 wherein
said emergency braking connected, a resistor serially connected to
comprises includes a dynamic braking cir- said filter to damp said filter,
a rectifier  cuit formed of at least a set of contacts and circuit
connected across said resistor, and  serially connected across an armature
of 30 a ripple current sensor relay connected  said electric motor to apply
a dynamic 70 across a pair of outputs of said rectifier  braking torque to
said armature. circuit.                                     6. An elevator
safety device substantially 3. An elevator safety device as claimed  as
herein described with reference to and in claim  1 or claim 2 wherein said
emer- as illustrated in Fig. 3 or 4 of the accom- 35 gency braking circuit
comprises a dynamic  panying drawings.                         75 braking
circuit formed of at least a set of          MARKS &  CLERK, contacts and a
resistor serially connected         Chartered Patent Agents, 



across an armature of said electric motor          57-60 Lincolns Inn
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Press Ltd., Berwick-upon-Tweed, 1980 Published at the Patent Office, 25
Southampton Buildings, London, WC2A 1AY, from which copies may be obtained
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ripple current. There-    4. An elevator safety device comprising fore the
present invention can prevent the  a source of alternating current, a con-
elevator car from  accelerating to a dan-  trolled semiconductor converter
connected gerous speed upon a break of the main  to said source of
alternating current, a re- 5 circuit.
versible electric motor controllably driven 45 WHAT WE CLAIM  IS: -
by said source through said semiconductor 1. An elevator safety device
comprising  converter to drive an associated elevator a source of
alternating current, a controlled car, a first direct current reactor
connected semiconductor converter connected to said  between  said
controlled  semiconductor 10 source of alternating current, a reversible
conductor  converter  and  said  electric 50 electric motor controllably
driven by said  motor, a second direct current reactor source through said
controlled semicon-  magnetically coupled to said first reactor ductor
converter to drive an associated  and  forming a  filter with  a  capacitor
elevator car, a ripple current sensor circuit serially connected to said
second reactor, a 15 operative in response to a ripple current rectifier
circuit connected across the series 55 produced by said semiconductor
converter  combination of said second reactor and and inoperative in
response to the dis- said capacitor, a ripple current sensor relay
appearance of said ripple current, and an  connected across a pair of
output of said emergency  braking  circuit for urgently  rectifier circuit
to be operative in response 20 braking said electric motor in response to
to a ripple current, and an emergency 60 said ripple current sensor circuit
being  braking circuit for urgently braking said brought into its
inoperative state.        electric motor in response to said ripple 2. An
elevator safety device as claimed  current sensor relay being brought into
its in claim  I wherein said ripple current inoperative state. 25 sensor
circuit includes a filter formed of    5. An elevator safety device as
claimed 65 a reactor and a capacitor serially inter-  in claim 4 wherein
said emergency braking connected, a resistor serially connected to
comprises includes a dynamic braking cir- said filter to damp said filter,
a rectifier  cuit formed of at least a set of contacts and circuit
connected across said resistor, and  serially connected across an armature
of 30 a ripple current sensor relay connected  said electric motor to apply
a dynamic 70 across a pair of outputs of said rectifier  braking torque to
said armature. circuit.                                     6. An elevator
safety device substantially 3. An elevator safety device as claimed  as
herein described with reference to and in claim  1 or claim 2 wherein said
emer- as illustrated in Fig. 3 or 4 of the accom- 35 gency braking circuit
comprises a dynamic  panying drawings.                         75 braking
circuit formed of at least a set of          MARKS &  CLERK, contacts and a
resistor serially connected         Chartered Patent Agents, across an
armature of said electric motor          57-60 Lincolns Inn Fields, to
apply a dynamic braking torque to said            London, WC2A  3LS. 40
armature.                                          Agents for the
applicant(s). Printed for Her Majesty's Stationery Office by The Tweeddale
Press Ltd., Berwick-upon-Tweed, 1980 Published at the Patent Office, 25
Southampton Buildings, London, WC2A lAY, from which copies may be obtained


