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for providing gate drive signals (FPI,
FPII) for the dual converter. A refer-
ence signal (RU) related to the de-
sired motor armature current is devel-
oped in response to the operation of
the elevator system. The reference

signal indicates when the current
source should be switched from one
converter back to the other converter
bank. The switching is accomplished
by a method which includes retarding
the firing angle of the gate drive
signals applied to the operative con-
verter, until current is extinguished,
applying (QO, 90) the gate drive sig-
nals to the other converter bank, and
advancing (VC, 82) the firing angle
towards rectification to initiate current
flow in the on-coming converter. The
rate at which the firing angle is ad-
vanced towards rectification is a func-
tion of the control signal. Thus, if the
on-coming converter is to supply a
current magnitude which exceeds a
predetermined value, a puli-through
bias is applied and the system selects
an accelerated rate for advancing the
firing angle. If it is to supply a cur-
rent magnitude which is less than the
predetermined value, the firing angle
is advanced at a lower rate.
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SPECIFICATION
Elevator system

The invention relates in general to elevator
systems, and more specifically to new and
improved methods and apparatus for elevator
systems whose drive machines include a DC
motor powered by a dual converter power
supply.

Elevator systems of the traction type include
an elevator car connected to a counterweight
via a plurality of steel ropes reeved over a
drive or traction sheave. The drive sheave is
commonly driven by a DC motor whose power
source is a solid state dual converter. The dual
converter includes two converters, each of
which includes a plurality of controlled recti-
fier devices, connected and gated to exchange
electrical energy between alternating and di-
rect current circuits. One converter is con-
nected such that when operative it provides
armature current in one direction, and the
other converter is connected such that, when
operative, it provides armature current in the
opposite direction. An error or reference con-
trol signal developed in response to the actual
performance of the elevator system versus the
desired response, selects which converter
bank should be operative, and the magnitude
of the armature current to be supplied by the
operative converter.

It is common during the operation of the
elevator system for the error signal to require
the torque output of the drive motor to be
quickly reversed. Converter bank switching is
accomplished by retarding the firing angle of
the gate drive pulses applied to the operative
converter to a limit called the inversion end
stop, to insure that current is extinguished in
the operative converter bank. When current is
extinguished, the other converter bank is ena-
bled and the firing angle of the gate drive
pulses applied to this converter is advanced
towards rectification to develop armature cur-
rent from the on-coming converter bank.

When torque must be quickly reversed, it is
important that bank switching be accom-
plished as quickly as possible, to reduce the
*dead time’’’ during which the converter is
not following the error or reference signal.
Thus, in order to speed up the process of
moving the firing angle back towards rectifica-
tion, a bank switching ‘‘pull-through’ bias is
injected into the current control loop from the
time the new converter bank is enabled until
the start of current flow from the new conver-
ter bank.

While the injection of the “‘pull-through’’
bias during back switching helps to speed up
the bank switching process, it also presents a
problem under balanced load conditions, i.e.,
when the weight of the elevator car and its
load is close to the weight of the counter-
weight. When the elevator car carries a bal-

anced load at constant speed, the armature
current is close to zero. Only small changes in
current are required to overcome disturbances
caused by areas of higher or lower than
normal friction in the hoistway, or to over-
come slight imbalances in compensation. Be-
cause the “’pull-through’’ bias causes the fir-
ing angle to advance by larger than normal
steps, there is a tendency to overstep the
required firing angle when the current to be
supplied by the new bank is close to zero.
When this happens, a “‘bump’’ of current of
5-10 amperes may occur as conduction be-
gins. This “‘bump’’ tends to set off oscillations
in the highly resonant elevator system, com-
monly called bank-switching jitter. The current
““bump’’ also tends to accelerate the elevator
car more than the desired amount, resulting in
an immediate need to decelerate the car by

85 switching back to the other converter bank.
The process may then repeat again. If the
current bumps continue, the oscillations in the
elevator car may build up to the point where
the ride quality is deleteriously affected.

90 The chief object of the present invention is
to provide an elevator system which includes
a dual converter power supply drive control
which obviates the torque reversal problems
in prior art systems.

95 With this object in view the invention re-
sides in a method of switching from one
converter bank to the other converter bank of
a dual converter motor drive system for an
elevator car, comprising the steps of: provid-

100 ing a control signal indicative of the desired
motor current, detecting the need to change
converter banks in response to said control
signal, extinguishing the current in the opera-
tive converter bank, in response to the detect-
ing step, by retarding the firing angle of the
gate drive pulses applied to the operative
converter bank to a pre-determined inversion
end stop, applying the gate drive pulses to
the other converter bank, and advancing the
110 firing angle of the gate drive pulses towards
rectification at a rate dependent upon the
control signal.
The invention further resides in an elevator
system operating according to the method of
115 the above, comprising: an elevator car, motive
means for said elevator car including a DC
drive motor having an armature circuit in-
cluded in a load circuit of said DC drive
motor, electrically connected to a source of
120 alternating potential, dual converter means
including first and second converter banks
each having controlled rectifier devices, said
controlled rectifier devices being connected to
interchange electrical energy between said
125 source of alternating potential and said load
circuit, and means providing a control signal
indicative of the desired motor armature cur-
rent, means for providing gate drive signals
for the controlled rectifier devices of a se-
130 lected one of said first and second converter
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banks, with said gate drive signal having a
firing angle responsive to said control signal,
within predetermined rectification and inver-
sion end stop restraints, said gate drive signal
means including means for switching the gate
drive pulses from one converter bank to the
other converter bank, in response to said
control signal, said gate drive means further
including means for retarding the firing angle
to the inversion end stop to extinguish the
current in the operative converter bank,
means for switching the gate drive pulses to
the other converter bank, and means for ad-
vancing the firing angle of the gate drive
pulses back towards rectification, and includ-
ing means responsive to the control signal for
controlling the rate at which the firing angle is
driven back towards rectification.

The invention will become more readily
apparent, from the following exemplary de-
scription, taken in connection with the accom-
panying drawings, in which:

Figure 1 is a schematic diagram of an
elevator system constructed according to the
teachings of the invention;

Figure 2 is a detailed schematic diagram of
a circuit which may be used for a function
shown in block form in Fig. 1, which function
detects when bank switching is required with
a pull-through bias;

Figure 3 is a detailed schematic diagram of
a circuit which may be used for a function
shown in block form in Fig. 1, which function
provides certain signals in response to conver-
ter bank current;

Figure 4 is a detailed schematic diagram of
a circuit which may be used for another
function shown in block form in Fig. 1, for
logically relating the signal from the circuit of
Fig. 2 with other system signals, in order to
properly enable and disable the *“puli-
through’’ bias;

Figure 5 is a timing diagram which illus-
trates certain system signals when bank
switching is accomplished with “‘pull-
through’’ bias; and

Figure 6 is a timing diagram which illus-
trates the system signals shown in Fig. 5
when the bank switching is accomplised with-
out “‘pull-through’’ bias.

Briefly, the present disclosure reveals an
improved elevator system which eliminates
bank switching jitter, without sacrificing bank
switching speed when rapid torque reversal is
required. The new elevator system, in effect,
anticipates the magnitude of the initial current
to be supplied by the on-coming converter,
and it automatically selects the rate at which
the firing angle is to be advanced. If the on-
coming converter is to supply a current mag-
nitude which exceeds a predetermined value,
the pull-through bias is applied, and the sys-
tem selects an accelerated rate for advancing
the firing angle towards the rectification end
stop. If the on-coming converter is to initially

supply a current which is less than this pre-
determined magnitude, the pull-through bias
is not applied, and the firing angle is ad-
vanced at a second rate, which is less than

70 the first rate. Thus, when the actual current
requirement is hovering near zero, any bank
switching will take plate without overstepping
the required firing angle of the gate drive
pulses applied to the on-coming converter,

75 eliminating the current "bump’’ which initi-
ates oscillations and undesirable acceleration
of the car. :

Referring now to the drawings, and to Fig.

1 in particular, there is shown an elevator

80 system 10 constructed according to the teach-
ings of the invention. Elevator system 10 is of
the traction type, having a direct current drive
motor 12 which includes an armature 14 and
a field winding 16. Armature 14 is electrically

85 connected to an adjustable source of direct
current potential, which is in the form of a
dual converter 18. Dual converter 18 includes
first and second converter banks I and I,
which may be three-phase, full-wave bridge

90 rectifiers connected in parallel opposition.
Each converter bank includes a plurality of
static, controlled rectifier devices connected to
interchange electrical energy between alternat-
ing and direct current circuits. The alternating

95 current circuit includes a source 22 of alter-
nating potential and line conductors A, B and
C. The direct current circuit includes buses 30
and 32, to which the armature 14 of the DC
motor is connected. The dual bridge converter

100 18 enables the magnitude of the current
flowing through armature 14 to be adjusted,
by controlling the conduction or firing angle
of the gate drive pulses applied to the con-
trolled rectifier devices, and it allows the di-

105 rection of the current flow through the arma-
ture to be reversed, when desired, by selec-
tively operating the converter banks. When
converter bank | is operational, current flow in
the armature 14 is from bus 30 to bus 32,

110 and when converter bank 1l is operative, the
current flow is from bus 32 to bus 30.

The field winding 16 of DC motor 14 is
connected to a source 34 of direct current
voltage, represented by a battery in Fig. 1,

115 but any suitable source, such as a single
bridge converter, may be used.

The DC drive motor 12 includes a drive
shaft, indicated generally by broken line 36,
to which a traction or drive sheave 38 is

120 attached. An elevator car 40 is supported by
wire ropes 42 which are reeved over the
traction sheave 38. The other ends of the
ropes are connected to a counterweight 44,
The elevator car 40 is disposed in a hatch or

125 hoistway 46 of a building having a plurality of
floors or landings, such as floor 48, which
floors are served by the elevator car 40.

The movement mode of the elevator car 40,
and its position in the hoistway 46, are con-

130 trolled by a floor selector 48. The magnitude

Py
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and polarity of the DC voltage applied to
armature 14 is responsive to a velocity com-
mand signal VSP provided by a speed pattern
generator 50. The speed pattern generator 50
provides a speed pattern signal VSP in re-
sponse to a signal from the floor selector 48.
A suitable floor selector and speed pattern
generator which may be used are shown in
U.K. Patent No. 1,436,743, which is as-
signed to the same assignee as the present
application.

A suitable control loop for controlling the
speed, and the position of the elevator car 40
in the hoistway 46, in response to the velocity
command signal VSP includes a tachogenera-
tor 52 which provides a signal responsive to
the actual speed of the elevator car 40. The
speed pattern signal VSP is processed in a
processing function 54, such as disclosed in
U.S. Patent 4,258,829, which is assigned to
the same assignee as the present application.
The processed speed pattern VSP’ is com-
pared with the actual speed signal from tacho-
generator 52 in an error amplifier, such as
disclosed in U.K. Patents 1,431,832 and
1,431,831, which are assigned to the same
assignee as the present application.

The output or error signal RB from error
amplifier 56 is compensated and amplified at
various summing points, such as by an accel-
eration feedback signa! developed by accelera-
tion feedback means 57, and a signal for
suppressing certain oscillations or jitter, which
signal may be developed by jitter suppression
feedback means 58. U.K. Patents 1,436,892
and 1,555,520 disclose acceleration and jitter
suppression circuits, respectively, which may
be used for these functions. The error signal
RB and the acceleration feedback signal from
function 57 are summed at summing point
59 and amplified by amplifier 60, such as an
operational amplifier connected in a summing
configuration. Motor armature feedback, not
shown, may also be applied to summing point
59.

The output of amplifier 60 is connected to a
summing point 61, as is the jitter suppression
signal provided by means 58, and the
summed signals are applied to a switching
amplifier 62. A suitable switching amplifier
configuration which may be used for function
62 is disclosed in the hereinbefore mentioned
U.K. Patent 1,431,832, which patent should
be consulted for a more complete understand-
ing thereof. Signal RB, after compensation,
serves as a current reference for the operation
of the dual converter 18, with the motor
armature 14 being the load. The function of
the switching amplifier.62 is to provide a
substantially unidirectional reference signal
RU in response to the bidirectional, compen-
sated error signal RB. Converter bank selec-
tion is responsive to the logic level of a signal
Q,. and the logic level of this signal is used to
select a transfer function of + 1, or — 1, for

the switching amplifier 62. As will be herein-
after described, the signal RU, in certain in-
stances, may cross zero and attain a predeter-
mined maximum negative value, before the
70 switching amplifier 62 changes its transfer
function to return to the polarity of its sub-
stantially unidirectional output signal.
The converter apparatus is operated in a
closed current loop mode, using current feed-
75 back to operate the dual converter essentially
as a current amplifier. The current comparison
circuit includes the switching amplifier 62
which converts the compensated signal RB
into a substantially unidirectional signal RU, a
80 reversal detector 63 responsive to control sig-
nal RU, current loop control 64 which in-
cludes an error amplifier, and a current recti-
fier 68. Current transformers 70A, 70B and
70C provide signals responsive to the current
85 flowing in line conductors A, B and C to the
operational converter bank, and the current
rectifier 68 provides unidirectional signals
TSA and IFB responsive to the line currents.
Conductor PSC is the power supply common.
90 Unidirectional current feedback signals IFB
and TSA are proportional to the magnitude of
the current flowing through the load circuit,
regardless of the direction of the current flow-
ing through the load circuit or armature 14.
95 The unidirectional reference signal RU and
the unidirectional feedback signal TSA are
compared in the error amplifier of the current
loop control 64, as will be hereinafter ex-
plained, and an error signal VC is developed
100 which has a magnitude and polarity respon-
sive to the difference between these two sig-
nals.
The error signal VC is applied to a phase
controlier 80 which provides firing pulses FPI
105 and FPII for converter banks 181 and 18I,
respectively. The firing pulses control the con-
duction angle of the controlled rectifier de-
vices in response to the error signal VC. Bank
reversal, and therefore selection of which con-
110 verter bank should be operational, is respon-
sive to the logic level of signal Q.
In order to maintain synchronism between
the phase controller 80 and the dual converter
18, the conduction angle is maintained be-
115 tween predetermined limits or end stops,
which are referred to as rectification and in-
version end stops. A signal ESP is provided
by the phase controller 80 when the inversion
end stop is reached, which signal is applied to
120 the current control loop 64. Current control
loop 64 provides a signal BS which, when a
logic zero, forces the phase controller 80 to
the inversion end stop condition.
Phase controller 80 includes a voltage con-
125 trolled oscillator or VCO 82, a waveform gen-
erator 84, a ring counter 86, a composite
function generator 88, and a power supply
monitor 89. The output of the phase control-
fer 80 is applied to gate drivers 90, which in
130 turn provide the firing pulses FPI, or FPII,
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depending upon which bank is operational.
Gate drivers 90 may be constructed as dis-
closed in the hereinbefore mentioned U.K.
Patent 1,431,832, or in U.S. Patent
4,286,315, which is assigned to the same
assignee as the present application. U.S. Pa-
tent 4,277,825 discloses circuitry which may
be used for the VCO 82, ring counter 86, and
the composite function generator 88. U.S.
Patent 4,286,222 discloses circuitry which
may be used for the waveform generator 84
and the power supply monitor 89.

The present invention anticipates whether
or not the current to be initially supplied by
an on-coming converter, after the current in
the other converter bank has been extingu-
ished, will be minimal, i.e., close to zero, or
more substantial. If the current reference is
hovering around zero, and changing slowly,
such as when the elevator car is operating
with a substantially balanced load at constant
speed, the VCO 82 will retard the firing angle
as the reference signal VC goes closer and
closer to zero, and it will finally reach the
inversion end stop shortly after signal VC goes
through zero. When the inversion end stop is
reached, a signal ESP is provided. The other
converter bank should then be made opera-
tional, but its initial current requirement will
be close to zero, and it will remain low during
the constant speed portion of the run.

If the current requirement to be supplied by
the on-coming converter bank will be more
substantial, i.e., a fast torque change is re-
quired, the current reference signal RU will be
changing quickly, and as the current reference
RU crosses through zero, the actual current
TSA lags behind. Under these conditions, the
current reference RU will reach a predeter-
mined negative threshold before the VCO
reaches the inversion end stop.

The invention includes a new and improved
method of switching from one converter bank
to the other converter bank in the dual con-
verter motor drive system for an elevator
system by providing a control signal RU in-
dicative of the desired motor current, by de-
tecting the need to change converters in re-
sponse to said control signals RU, by extingu-
ishing the current in the operative converter in
response to the detection step, by applying
the gate drive pulses to the other converter,
and then by advancing the firing angle of the
gate drive pulses towards rectification at a
rate which is dependent upon the control
signal.

More specifically, the reversal detection
function 63 shown in Fig. 1, detects when a
predetermined threshold is crossed by signal
RU, and it provides a signal BR upon this
occurrence. The threshold is adjustable from a
slightly positive value to a predetermined
negative value, with the threshold being set to
a negative value in a preferred embodiment of
the invention. Signal BR, when provided by

reversal detection function 63, is applied to
the current control loop 64, and when the
current in the operational converter bank is
extinguished, current loop control 64 provides

70 a signal BS for VCO 82 which forces VCO 82
to the inversion end stop.

In this exemplary embodiment of the inven-
tion, means is provided which is responsive to
control signal RU by distinguishing between

75 two different causes of converter bank switch-
ing, which causes are responsive to signal
RU. The first cause is switching due to rever-
sal detector 63 providing a signal BR whose
logic level indicates signal RU has reached the

80 predetermined threshold, and the second
cause of converter bank switching is due to
the generation of signal ESP by VCO 82,
without being forced by a signal BS from the
current loop control 64.

85 Fig. 2 is a schematic diagram of a reversal
detector which may be used for the reversal
detector function 63 shown in block form in
Fig. 1. The reversal detector 63 includes an
operational amplifier (OPAMP) 100 connected

90 to detect when signal RU drops to the predet-
ermined threshold value. In a preferred em-
bodiment, this predetermined value is in the
range of about + .08V to — .07V, as se-
lected by adjustable resistor 102, with a pre-

95 ferred value being about — .04V. Signal RU
is applied to the inverting input of OPAMP
100 via resistors 104 and 106, and the
junction between these resistor is connected
to the power supply common PSC via one end

100 of the adjustable resistor 102. The other end
of adjustable resistor 102 is connected to a
positive source of unidirectional potential. The
non-inverting input of OPAMP 100 is con-
nected to PSC via a resistor 108. A feedback

105 resistor 110, and a capacitor 112 connected
across the feedback resistor 110, complete
the comparator configuration of OPAMP 100.
The output of OPAMP 100 is normally nega-
tive. As signal RU drops towards zero and

110 crosses the predetermined threshold value,
preferably a slightly negative voltage, the out-
put of OPAMP 100 switches positive. An
NPN transistor 114 is used to signify the
reaching of the predetermined threshold. The

115 output of OPAMP 100 is applied to the base
of transistor 114 via a resistor 116, the
collector is connected to a positive source of
unidirectional voltage via a resistor 118, and
also to an output terminal BR. The emitter of

120 transistor 114 is connected to PSC, and a
diode 120 is connected from the emitter to
the base, with the anode of diode 120 being
connected to the emitter. Thus, when signal
RU is above the predetermined threshold, the

125 negative output of OPAMP 100 maintains
transistor 114 in a cut-off state, and signal BR
is at the positive level of the unidirectional
supply voltage. When signal RU drops to the
threshold value, the output of OPAMP 100

130 switches positive, transistor 114 is turned on,

“ye
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and the output terminal BR goes to the logic 2 of incorporated Patent 4,277,825. This
zero level of conductor PSC. Thus, when negative pulse is applied to a PNP transistor
signal BR goes to the logic zero level, it 134, which is turned on, and this brief con-
indicates bank switching is required. duction of transistor 134 briefly gates a

5  Fig. 3 is a schematic diagram of a circuit 70 switching device 136 connected across the
which may be used to provide the current feedback capacitor 124 of the integrating er-
rectifier function 68 shown in Fig. 1. Single- ror amplifier 121. The switching device 1386,
phase, full-wave bridge rectifiers 230, 232 which may be a FET, as illustrated, discharges
and 234 rectify the outputs of current trans- capacitor 124 and resets VC to zero, 360

10 formers 70A, 70B and 70C, respectively, and 75 times per second, to effectively eliminate the
their outputs are added together to produce a 1/s transfer function of this stage, while
current i.. Current i_is thus directly propor- retaining an integrating characteristic between
tional to the load current of the operative the reset pulses.
converter. A resistor R, is connected from the Load current reversal through armature 14

15 negative output terminal 236 of the rectifiers 80 is initiated in response to the detection that
to PSC, and a zener diode 238 is connected (1) current reversal is desired, and (2) the load
from the positive output terminal 240 of the current in the presently operating converter
rectifiers to PSC. During normal operation has ceased. When these two facts occur, the
negligible current flows through diode 238. present invention discriminates between the

20 lts purpose is to provide an alternative path 85 different causes of item (1), and it sets up the
for i, in the event the continuity of the circuit circuitry to select the proper speed for carry-
to which current rectifier 68 is connected is ing out the reversal of the armature or load
broken. Resistor R;, in combination with a current. The logic for this discriminatory func-
resistor R, of like value in current loop control tion includes NAND gates 140 and 142,

25 62, causes a division of i_ to provide the load 90 inverter gates 144, 146 and 148, and “D"-
current feedback signals IFB and TSA. type flip-flops 150, 152, 1564 and 156. The

Fig. 4 is a schematic diagram of a circuit circuitry for detecting the extinction of load
which may be used for the current loop con- current includes PNP transistor 158 and NPN
trol function 64 shown in block form in Fig. transistor 160. The circuitry for selection of

30 1. Current loop control function 64 includes 95 bank switching speed includes resistor 162
an error amplifier 121, which may include an and diodes 164 and 166. Figs. 5 and 6 are
OPAMP 122. The error amplifier 121 com- timing diagrams which illustrate various sig-
pares the unidirectional current reference sig- nals during the operation of the current loop
nal RU with the unidirectional signal TSA control function 64 for the two different

35 responsive to the actual converter current. 100 causes of bank reversal, and they will be
Error amplifier 121 provides an output signal referred to during the following description of
VC which controls the firing angle of the gate the operation of the current loop control 64.
drive pulses applied to the operative converter It will first be assumed that rapid torque
bank, to provide the desired armature current reversal is required by the elevator system 10,

40 in motor armature 18. 105 and thus signal RU will be rapidly changing

The error amplifier 121 is connected as an and it will reach the threshold voltage which
integrator, having a feedback capacitor 124. triggers BR, as described relative to Fig. 2.
The rectified current signal i, from the current The timing diagram of Fig. 5 is pertinent to
rectifier 68 flow through diodes 126 and this situation. When the bank reversal thresh-

45 128, and it divides at junction 127 to flow 110 old trigger is reached by the rapidly changing
through resistor R, in Fig. 3 and through a signal RU, signal BR goes to a logic zero, as
resistor R,’ in Fig. 4, to provide a voltage shown at 168 in Fig. 5. Base drive current for
across resistor R,’, at terminal 131, propor- transistor 158 is responsive to the load cur-
tional to load current, The voltage at terminal rent signal |FB, the voltage drop across diodes

50 131, and the unidirectional signal RU, which 115 126 and 128 produced by signal i.. When
has a polarity opposite to the polarity of the signal |FB drops to a predetermined small
voltage across resistor R,’, are summed by value, transistor 158 stops conducting, and if
summing resistors 130 and 132 and inte- transistor 158 remains non-conductive for
grated by error amplifier 121. Thus, the out- about 1 ms, transistor 160 stops conducting

55 put signal VC is proportional to the integral of 120 and the voltage at the junction 170 between
the difference between the desired motor ar- a diode 172 and a resistor 174, which are
mature current, represented by signal RU, and serially connected from PSC to the collector of
the actual motor armature current, repre- transistor 160, goes from the logic zero level
sented by the signals IFB and TSA. to the logic one level, as shown at 176 in Fig.

60 Each time a thyristor or controlled rectifier 125 5. NAND gate 142, which is responsive to
device in one of the power converter banks is signal BR via inverter gate 144, the logic
gated “‘on”’, a short duration pulse (about 25 level of junction 170, and the Q output of
us) is produced at input terminal P’. These flip-flop 152, now has all logic one input
pulses may be provided by the Q output of signals and its output goes low, as shown at

65 the monostable 110 of VCO 82 shown in Fig. 130 178. Output signal BS thus goes low to force
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VCO 82 towards the inversion end stop condi-
tion, to insure that load current is extingu-
ished in the operative converter. When the
output of NAND gate 142 goes low, inverter
gate 146 applies a logic one signal to flip-flop
156, to clock flip-flop 156 and cause its Q
output to switch to the logic one level, as
shown at 180 in Fig. 5. This “enables’ the
pull-though bias for increasing the speed of
current reversal, with the pull-through bias
being provided by the Q output of flip-flop
152, resistor 162, and diode 164. Diode 164
is connected to the junction 182 between a
resistor 184 and the anode electrode of a
diode 186. The other end of resistor 184 is
connected to a source of negative unidirec-
tional potential, and the cathode electrode of
diode 186 is connected to the inverting input
of OPAMP 122. When the Q output of flip-
flop 156 is low, it ties the anode of diode
164 to logic zero, and thus the pull-through
bias cannot be applied. When the Q output of
flip-flop 156 is high, it enables the pull-
through bias feature.

When signal BS goes to logic zero, the
inversion end stop condition of VCO 82 will
be reached within one-third of a power fre-
quency cycle, and VCO 82 provides an end
stop pulse signal ESP, as shown at 188 in
Fig. 5, NAND gate 140, which is responsive

to ESP and to the logic level of junction 170,

now has two logic one input signals, and its
output switches to logic zero. Iinverter gate
148 inverts the low output of NAND gate
140 and clocks flip-flop 150, causing its Q
output to go to logic zero, as shown at 190.
A second ESP pulse 192 occurs one sixth of a
power frequency cycle after the first pulse
188, which causes flip-flop 150 to be clocked
again, such that its Q output is a logic one, as
illustrated at 194. This logic one at the Q
output of flip-flop 150 serves as a clock signal
for flip-flops 152 and 154. Thus, the Q
output of flip-flop 152 goes to a logic one
level, as shown at 196, applying a “pull-
through’’ bias to the error amplifier 121.
Also, the Q output of flip-flop 154 goes low,
as shown at 198, which causes signal Q, to
go to a logic zero and initiate the switching of
gate drive signals from one converter bank to
the other. When signal Q, goes to logic zero,
the switching amplifier 62 switches signal RU
positive, and signal BR goes to a logic one, as
shown at 199. When flip-flop 152 is clocked,
its Q output goes to a logic zero, driving the
output of NAND gate 142 and thus signal BS
to a logic one, as shown at 200, to release
the forcing of the firing angle of the phase
controller 80 to the inversion end stop. The
’pull-through’’ bias produces a negative out-
put signal VC, causing VCO 82 to rapidly
advance away from the inversion end stop
towards the rectification end stop, to speed up
the process of establishing current flow in the
on-coming converter bank. As soon as the

firing angle has advanced sufficiently to cause
armature current to flow in armature 18,
transistors158 and 160 will conduct and
junction 170 will go to the logic zero level, as

70 shown at 202, resetting flip-flops 152 and
156 via an inverter gate 204. Thus, the “"pull-
through’’ bias terminates at 206, simultane-
ously with the termination of the "’bias ena-
ble’* at 208.

75 Now, it will be assumed that the switching
of the converter banks has been caused by
signal RU gradually going through zero with-
out reaching the threshold level which triggers
a low signal BR. The timing diagram of Fig. 6

80 applies to this operation of the current loop
control 64. As signal RU approaches zero, the
phase controller 80 will attempt to follow it by
retarding the firing angle of the gate drive
pulses. Transistors 158 and 160 will detect

85 when the current is substantially zero, causing
junction 170 to go to a logic one level, as
shown at 210 of Fig. 6, and the firing angle
will continue to be retarded until the inversion
end stop condition is reached. When the

90 inversion end stop is reached, an ESP pulse is
provided by VCO 82, as shown at 212 of Fig.
5.

When the ESP pulse 212 is provided,
NAND gate 140 and inverter 148.clock flip-

95 flop 150, causing its Q output to go to logic
zero, as shown at 214. This forces BS to logic
zero through diode 215, as shown at 217 in
Fig. 6. This insures that one sixth of a power
cycle later a secon ESP pulse 216 is provided.

100 The second ESP pulse 216 clocks flip-flop
150, and the Q output of flip-flop 150 goes
to a logic one, as shown at 218. When the Q
output of flip-flop 150 goes to a logic one at
218, signal BS goes back to a logic one at
105 219, and flip-flops 152 and 154 are clocked,
causing the Q output of flip-flop 152 to go to
a logic one level, as shown at 220, and the Q
output of flip-flop 154 to go to the logic zero
level, as shown at 222. Thus, signal Q, goes
110 low at 222 to change the gate drive from one
converter bank to the other. The high Q
output of flip-flop 152, however, applies no
“’pull-through’’ bias to the error amplifier
121, as the bias enable has not been pro-
115 vided by flip-flop 156. Flip-flop 156 has not
been clocked during this process, and its Q
output remains low throughout the entire
bank switching process, tying junction 182 to
the logic zero level. Thus, bank switching
120 occurs, but the firing angle is not forced back
towards the rectification end stop with the
speed at which it is advanced in the first
example. The initial current in the on-coming
converter will thus not appear as a relatively
125 large “'bump’’, and oscillation of the elevator
system 10 during bank switching is not pro-
duced. Further, no undue acceleration of the
elevator car is caused, thus making it un-
necessary for the control to immediately initi-
130 ate bank switching to provide an off-setting

)y

-
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deceleration. When current is established in
the on-coming converter, transistor 160 will
conduct, junction 170 goes to the logic zero
level, as shown at 224 and flip-flop 152 is
reset, as shown at 226.

In this second example of bank switching,
should signal BR go to the logic zero level at
any time between when bank switching is
initiated at 212 and when bank switching has
been completed at 224, flip-flop 1566 will be
clocked to enable the “’pull-through’’ bias to
be applied to the error amplifier 121.

In summary, there has been disclosed a
new and improved elevator system which in-
cludes new and improved methods and appa-
ratus for accomplishing current reversal in the
DC drive motor of an elevator system. The
elevator system includes a dual solid state
converter, and control for selecting a conver-
ter bank switching speed which is responsive
to the actual needs of the elevator system at
the instant of switching. The actual need of
the elevator system at this instant is deter-
mined by control signal RU. When signal RU
is changing quickly and it reaches a predeter-
mined threshold magnitude, it indicates that
quick torque reversal is desired, and the error
amplifier 121 is biased during the switching
process to reduce the time between the ex-
tinction of load current in one converter bank,
and the start of load current in the on-coming
bank. When control signal RU goes through
zero, but it does not reach the predetermined
threshold, a quick torque reversal is not re-
quired and, in fact, is undesirable. In this
instance, the invention accomplishes bank
switching without any added or pull-through
bias.

CLAIMS

1. A method of switching from one con-
verter bank to the other converter bank of a
dual converter motor drive system for an
elevator car, comprising the steps of: provid-
ing a control signal indicative of the desired
motor current, detecting the need to change
converter banks in response to said control
signal, extinguishing the current in the opera-
tive converter bank, in response to the detect-
ing step, by retarding the firing angle of the
gate drive pulses applied to the operative
converter bank to a predetermined inversion
end stop, applying the gate drive pulses to
the other converter bank, and advancing the
firing angle of the gate drive pulses towards
rectification at a rate dependent upon the
control signal.

2. An elevator system operating according
to the method of claim 1, comprising: an
elevator car, motive means for said elevator
car including a DC drive motor having an
armature circuit included in a load circuit of
said DC drive motor, electrically connected to
a source of alternating potential, dual conver-
ter means including first and second converter

banks each having controlled rectifier devices,
said controlled rectifier devices being con-
nected to interchange electrical energy be-
tween said source of alternating potential and
70 said load circuit, and means providing a con-
trol signal indicative of the desired motor
armature current, means for providing gate
drive signals for the controlled rectifier devices
of a selected one of said first and second
75 converter banks, with said gate drive signal
having a firing angle responsive to said con-
trol signal, within predetermined rectification
and inversion end stop restraints, said gate
drive signal means including means for
80 switching the gate drive pulses from one
converter bank to the other converter bank, in
response to said control signal, said gate drive
means further including means for retarding
the firing angle to the inversion end stop to
85 extinguish the current in the operative conver-
ter bank, means for switching the gate drive
pulses to the other converter bank, and means
for advancing the firing angle of the gate
drive pulses back towards rectification, and
90 including means responsive to the control
signal for controlling the rate at which the
firing angle is driven back towards rectifica-
tion.
3. The elevator system as claimed in claim
95 2 including at least first and second different
means responsive to the reference signal for
initiating the switching of the converter banks,
with the rate selection means being respon-
sive to the reference signal via said first and
100 second different means.
4. The elevator system as claimed in claim
3 wherein the first and second different
means initiate converter switching according
to the parameter of the reference signal indica-
105 tive of the magnitude of the current to be
initially provided by the on-coming converter,
with the second means initiating switching
when the on-coming current requirement is
less than a predetermined magnitude, and
110 with the first means initiating switching when
the current requirement will be greater than
said predetermined magnitude, and wherein
the rate selection means selects a lower rate
when the second means initiates switching,
115 than when the first means initiates switching.
5. The elevator system as claimed in claim
2, 3 or 4 wherein the first means includes
means indicating converter bank switching is
required when the reference signal drops to a
120 predetermined threshold value, and the sec-
ond means includes means indicating conver-
ter bank switching is required when the firing
angle of the gate drive pulses is retarded to a
predetermined inversion end stop value, with
125 the rate selection means selecting the first rate
when the first means indicates converter
switching is required, and the second rate,
which is less than the first rate, when only the
second means indicates converter bank
130 switching is required.
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6. An elevator system operating according
to the method substantially as hereinbefore
described with reference to and as illustrated
in the accompanying drawings.
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