
GB2070 352 B      1 SPECIFICATION Method of and apparatus for enabling
soft-failure of modular power converter systems 5 The preset invention
relates to methods of and apparatus for power generation and conversion,
being more    5 particularly concerned with power converters and inverters,
including frequency changers, DC-to-DC power converters, DC-to-AC power
inverters, and RF generators or transmitters in which the basic power
conversion is accomplished with the aid of switching devices, such as
solid-state thyristors and the like- more particularly, SCR type devices.
The invention is more specifically directed to enabling such systems to 10
fail in a soft manner (that is, without causing shut-down of the overall
system).          10 There are several problems that, over the years, have
plagued power conversion systems of these types and have given rise to
partial solutions, later discussed, that have not heretofore, however,
reliably enabled soft failure, particularly if multiple component failures
occur in the system. Such inadequacy has held back the complete automation
of systems that have thus had to be humanly monitored. Among these are
certain 15 RF transmitters, as of the Loran navigation type, in which it is
most desirable if remote stations can be  15 rendered soft-failing with
automatic substitution of a failed module. For exemplary purposes, and for
consideration of a preferred application and embodiment of the invention,
reference will be made to such transmitters, as of the types disclosed in
my United States Letters Patent Nos. 3,889,263 and 4,001,598; it being
understood, however, as later pointed out, that the techniques 20 and
apparatus of the invention are also useful with other power generators and
conversion systems, as well, 20 including those of other patents referenced
in the above Letters Patent. Turning, now, to the type of problem before
mentioned, a serious problem with power conversion equipment embodying SCR
or similar switching devices (hereinafter illustratively described with
reference to the SCR), resides in SCR failures caused by high voltage
transients generated when a change in the phase 25 angle of the load
occurs.                                                                  25
When driving a reactive load of varying phase angle (tuned antennas, AC
motor, etc.,), the amount of energy delivered to the load varies over a
large range. In certain cases, energy flows from the load back into the
inverter stage such that high voltages may be generated in the inverter
which can cause SCR and other component failures. 30  An object ofthis
invention is to provide a method of and apparatus for enabling soft failure
of a power  30 conversion system which alleviates the above-mentioned
problem. According to one aspect of the present invention there is provided
a method of enabling soft failure of a power conversion system comprising a
plurality of power converting modules connected to a common load and
embodying switching components such as SCRs that can fail as a result of
high voltage transients, 35 including those generated by a change in phase
angle of the system load, the method comprising  35 monitoring the voltage
across a module SCR, responding to an increase of the monitored voltage to
a critical value by thereupon inhibiting the trigger of the SCR, thereby to
prevent any further increase in SCR voltage, and thereupon effectively
removing the failed module from influence in the system in response to such
inhibiting. 40  The method may include the further step of automatically
connecting a standby module into the system in  40 place of the failed
module, and the modules may be parallely connected and successively
operated to generate successive portions of a waveform delivered to the
load. The method may also include the step of transferring energy back to
the voltage supply for the module upon the monitored voltage exceeding the
critical value. 45  The load may comprise an antenna and the modules may be
pulse generating modules which are  45 successively triggered to generate
an RF waveform in said antenna. According to another aspect of the
invention there is provided power conversion apparatus comprising a
plurality of power converting modules connected to a common load and
embodying switching components such as SCRs that can fail as a result of
high voltage transients, including those generated by a change in 50 phase
angle of the system load, and including means for monitoring the voltage
across a module SCR,  50 means for responding to an increae of the
monitored voltage to a critical value by thereupon inhibiting the trigger
of the SCR, thereby to prevent any further increase in the SCR voltage and
means for thereupon effectively removing the failed module from influence
in the system in response to such inhibiting. The apparatus may include
means for automatically connecting a standby module into the system in
place 55 of the failed module and may also include means for transferring
energy back to the voltage supply for the    55 module upon the monitored
voltage exceeding the said critical value. In accordance with Rule 24 (2)
made under the Patents Act 1977 attention is drawn to our co-pending Patent
Application No. 7905352 (Serial No.2 015 527A) from which the present
application was divided out 



and to our co-pending Patent Application No.8108646 (Serial No.2 070 351 A)
which was also divided out of 60 our co-pending Patent Application No.
7905352 (Serial No.2 015 527A).                      60 The invention will
now be described, by way of example, with reference to the accompanying
drawings in which: Figure 1 is a basic block diagram of a preferred power
converter system with which the invention may be used; 65  Figure 2 is a
more detailed block diagram of the pulse generator module of Figure 1;
65    Figures2 (a) through (d) are waveforms at indicated parts of the
circuit of Figure 2; Figure 3 is a circuit diagram of a preferred
embodiment of pulse generator circuit for Figure 2; Figure 4 a and (b) are
voltage and current waveforms, respectively, of the circuit of Figure 3;
Figure is a circuit diagram of a different type of pulse generator that may
be used in the system of Figures 5 1 and 2; Figures 6(a) and {b) are
voltage and current waveforms respectively, of the circuit of Figure 5; and
Figure 7 is a circuit diagram of a low-frequency modification of the pulse
generator of Figure 5. In the illustrative power converter of Figure 1, the
system consistsof a control module, n pulse generator modules, and a
coupling network feeding a load, all so-abelled. The number n of pulse
generator modules is 10 determined by the ratio of the total converter
output power to the output power of each pulse generator  10 module. This
system may, for example, be of the type described in my said Letters Patent
No. 3,889,263 and the patents cited therein. The control module generates
the timing and amplitude control signals for the pulse generator modules.
The outputs of the pulse generator modules are connected to a common bus
which, in turn, feeds the 15 coupling network, the output of which is
connected tothe load, as described in said Letters Patent. In most    15
cases, the coupling network is a filter which eliminates high-frequency
components at the output of the pulse generators. A block diagram of the
pulse generator module is shown in Figure 2. It consists of four units:
circuit breaker, individual DC power supply, pulse generator, and control
unit, all so-labelled. The circuit breaker. 20 connects AC prime power to
the DC power supply unit. When afault occurs in the pulse generator module,
20 the circuit breaker trip coil is energized, thereby disconnecting AC
prime power from the pulse generator module. The circuit breaker is also
designed to trip if the AC current into the power supply unit exceeds the
rated value. The DC power supply unit generates all the DC voltages
required to operate the pulse generator unit and 25 the control unit. As
shown in Figure 2, typical voltages required for the transmitter
applications of said  25 last-named Letters Patent, for example, are 300
volts for the pulse generator unit, and 24 volts and 5 volts for the
control unit. For certain applications, additional voltages may be
required. The DC power supply unit must have a slow-start feature to limit
the in-rush current during initial turn-on. The pulse generator unit
generates a high-power pulse which combines with the outputs of all the
other 30 pulse generator modules of Figure 1 to form the desired output
waveform, as explained in said last-named    30 Letters Patent. This output
pulse may be unipolar with respective voltage and current waveforms as
shown in Figures 2(a) and (b), or bipolar, as shown in Figures. 2 (c) and
(d). Many other waveforms, of course, are also producable. The inputs to
the pulse generator unit are the DC power supply voltage (shown for
purposes of illustration to be 300 volts) and SCR triggers from the control
unit. To control the output pulse 35 amplitude and timing, a feedback
signal, termed "Output Current Sense", is fed to the control unit from the
35 pulse generator unit. This signal is also used, in accordance with the
invention, for fault detection purposes. To protect the SCRs in the pulse
generator unit from overvoltage, an "SCR Voltage Sense" signal is also fed
back to the control unit. The control unit performs the following
functions. It generates SCR trigger pulses for the power supply 40 and and
pulse generator units, provides fault protection and latch-up protection,
controls the main DC output 40 voltage of the power supply unit, controls
the amplitude and timing of the pulse generator output pulse, and generates
the trip signal to the circuit breaker. The inputs to the control unit are
shown as the timing and amplitude control signals, the voltage sense signal
fro the main DC powerto the pulse generator unit, the latch-up sense
signal, the output current sense and SCR voltage sense signals,
before-mentioned, and the 45 24-volt and 5-volt DC voltages from the DC
power supply unit.                                 45 The voltage sense
signal provides the feedback signal to the control unit to regulate the
power supply output DC voltages against AC voltage variations, in
well-known fashion. If a fault occurs in the DC power 



supply unit that causes the voltages generated in this unitto go out of
tolerance, therefore, the control unit trips the circuit breaker. 50  As
before explained SCR latch-up may be caused by two conditions: SCR
failures, or spurious SCR trigger  60 signals. It is of importance to
distinguish between these two conditions. Spurious SCR trigger signals may
be transient in nature, particularly those caused by line transients and
lightning impulses. Such signals should not cause the circuit breaker to
trip, unless these spurious signals cause component failure. When a
latch-up condition occurs, therefore, the control unit inhibits both the DC
power supply and the pulse generator SCR 55 triggers, for a sufficient
period of time, to allow the DC power supply completely to discharge and to
reset the 55 slow-start feature. Power supply triggers are then reapplied,
and when the output DV voltage has reached the desired value, pulse
generator triggers are reapplied. If normal operation results, no
additional action is taken. If, however, the pulse generator latches
immediately upon the application of the pulse generator trigger signals,
the control unit trips the circuit breaker. Repeated latch-up of this
nature thus indicates an 60 actual component failure in the pulse generator
module.                                       60 SCR overvoltage in the
pulse generator unit is caused by either a change in the phase angle of the
load or by improper timing of the output pulse. Both conditions may be
transient in nature, and may occur during initial start-up or when a pulse
generator module recovers from a latch-up. For these transient conditions,
the circuit breaker should not trip; and proper transient overvoltage
protection must be provided for the 65 SCRs in the pulse generator unit. If
the overvoltage condition exists for an extended period of time, however,
65    3
GB2070352 B         3 a fault condition in indicated and the circuit
breaker is tripped. This operation, as well as other failure-indications
above discussed, may also cause a relay R (Figure 2) automatically to
connect a stand-by module in substitution, if desired. Again, adequate SCR
overvoltage protection must be provided during this extended period. 5  It
is now in order to illustrate specific circuits that can achieve these
operational requirements. A preferred   5 circuit for Pulse Generator #1 is
shown in Figure 3. This circuit consists of a two-winding inductor L1 with
primary winding P connected in series with SCR1 and secondary winding S in
series with SCR3. The cathode of SCR1 is connected to thejunction of shunt
capacitor C1 and inductor L2. Inductor L2, in turn, is connected in series
with SCR2. The anode of SCR3 is connected to ground. Across capacitor C1 is
connected a clamping 10 network consisting of diode CR1, capacitor C2,
resistor R1, and an individual D.C. powersupply.  10 The operation of this
circuit is explained with the aid of the voltage and current waveforms
shown in figures 4(a) and (b). Initially, the voltage on capacitor C1 is
negative and of magnitude E[err] SCR1 is turned on at time to and capacitor
Cl is resonantly charged to the value E[err] during the charging interval
to tot1. The charging current [err] is half a sine-wave, as shown in Figure
4(a). Amplitude regulation of the Cl voltage (e[err]) is 15 obtained by
means of the secondary winding S on L1 and SCR3. During the latter part of
the charging  15 interval, to to [err], the voltage across the secondary
winding S of L1 is negative and of greater magnitude than the D.C. power
supply voltage. Thus, the voltage across SCR3 is positive. By turning SCR3
on (at time [err]), the voltage across SCR1 is caused to go negative. This
action turns SCR1 off, the current through SCR1 is transferred to SCR3 (as
shown in Figure 4(b)), and the energy stored in L1 is returned to the power
supply. In 20 this manner, in stantaneous voltage regulation can be
achieved. At time t2, some time after [err], SCR2 is turned  20 on, and the
energy on Cl is transferred to the load in the form of a sinusoidal current
pulse [err]. The time interval [err] tot2 must be of sufficient duration to
allow SCR1 to recover. When discharging capacitor C1 into the load, the
voltage on Cl reverses polarity. The magnitude of this voltage reversal
depends upon the characteristics of the load. If the load is resistive,
most of the energy on Cl 25 is delivered to the load and the reverse
capacitor voltage is low. For a purely reactive load, the reverse  25
negative voltage is equal to the positive voltage. For energy-storage
loads, such as high Q tuned circuits and rotating machinery, the load
voltage may be negative when Cl is discharged. For this case, energy is
absorbed from the load and the reverse voltage on Cl becomes much greater
than the positive voltage. Since the forward voltage across SCR1 is the sum
of the Cl reverse voltage and the D.C. power supply voltage, this 30 large
Cl reverse voltage may cause the SCR1 forward voltage rating to be
exceeded. One method of reducing  30 the Cl reverse voltage is to connect
the before-described clamping network (diode CR1, capacitor C2, resistor
R1, and the D.C. power supply) across C1, as shown in Figure 3. The D.C.
power supply charges capacitor C2 through resistor R1 to the maximum
acceptable reverse C1 voltage. Thus, if the C1 reverse voltage tends to
exceed the C2 voltage, the diode CR1 conducts and clamps the C1 voltage to
the C2 voltage. Note that the 35 capacitance of C2 is designed to be much
greater than Cl, such that effective clamping is accomplished. If the  35 



negative output voltage exists for an extended period of time, the C2
voltage builds up, and the SCR voltage sense circuit, Figure 2, alarms the
control unit, which, in turn, generates SCR1 trigger inhibit signals. Thus,
in this manner, the C1 reverse voltage is prevented from exceeding the
maximum acceptable value. As mentioned previously, it is required thatthe
output impedance of the pulse generator be high even 40 when an SCR failure
occurs. This feature permits afailed pulse generator module to stay on line
without  40 affecting the operation of the overall converter system. The
pulse generator circuit of Figure 3 is designed to have this property. When
SCR2 fails, it becomes a short circuit; and the circuit output impedance is
the series combination of L2 and C1. Since the inverter consists of a large
number of pulse generator modules (Figure 1) connected in parallel, each
module output impedance magnitude, given by the expression 45
45 [err] 50
50 is high compared to the load impedance. A different type of suitable
pulse- generator circuit is shown in Figure 5. This circuit generates both
negative and positive sinusoidal current pulses, as shown in Figure 6(a).
The circuit consists of capacitors C1 55 and C2, series inductors L1 and
L2, series thyristors SCR1 and SCR2, and a clamping circuit consisting of
55 diodes CR1 and CR2, and transformer T1. The operation of the circuit is
as follows. Initially, at time [err], Figure 6(b), capacitor Cl is charged
positively and capacitor C2 negatively. At time To, SCR1 is turned on, and
a positive half sine-wave of current [err] is generated and delivered to
the load during the time interval to to t1. At time [err], both voltages on
C1 and C2 have been reversed, such that the C2 voltage is positive [err]
and the C1 60 voltage is negative [err]. The next time interval, [err] to
t2, must be sufficiently long to insure that SCR1  60 recovers. At time t2,
SCR2 is turned on, and a negative half-sine-wave of current [err] is
generated and delivered to the load during the time interval [err] to
[err]. At time [err], both voltages on C1 and C2 have been reversed,
returning to the initial voltage polarities at time to. In the time
interval t3 to t4, SCR2 recovers, and at time t4, a new cycle of operation
is initiated. 65  The relation between the forward and reverse capacitor
voltages depends on the load characteristic. For a  65    4       GB2070352
B
4 resistive load, energy is delivered to the load. Thus, for this case, the
reverse capacitor voltage is less than the forward voltage, and this
difference in capacitor voltage reflects the energy delivered to the load.
For a regenerative load in which energy is delivered from the load to the
pulse generator,on the other hand, the reverse capacitor voltage is greater
than the forward voltage. For this last case, dangerous high voltages 5 may
be generated in the pulse generator circuit that may exceed the SCR maximum
voltage rating. The  5 clamping circuit (transformer T1 and diodes CR1 and
CR2) eliminates these high voltages and thereby permits safe operation into
regenerative loads. When the load is resistive, the voltage at this common
point is a symmetrical flat-topped wave shown as [err] in Figure 6(b). This
voltage increases in magnitude when the load becomes reactive or
regenerative. Even for 10 a resistive load, the magnitude ofthevoltagee1
exceeds the D.C. supply voltage [err]. In ordertoclampthee1  10 voltage to
a desired value, a secondary winding S is added to transformer T1. The
turns ratio between the primary and secondary windings P and S is selected
such thatthe secondary winding voltage is equal to one half the D.C. supply
voltage [err] when [err] is equal to the desired clamping voltage. If e1
increases beyond this value, either of the diodes CR1 and CR2 (depending
upon voltage polarity) conducts and thus transfers 15 energy back to the
power supply. Thus, the voltage [err] cannot exceed the clamping voltage
level.  15 This circuit also has a high output impedance even when an SCR
failure occurs. This output impedance is again represented by a series
connection of an L and a C; in this case, L1 and C1, or L2 and C2. As seen
from Figure 6(a) the output of the pulse generator circuit of Figure 5 is
bipolar, half-sine-wave current pulses. This circuit is ideally suited for
use in high frequency power generation equipment, such as 20 induction
heating equipment and RFtransmitters.
20 By adding a down converter (SCR3 through 6), coupled by transformer T2,
and an appropriate output filter, (15-C3), as shown in Figure 7, this pulse
generator circuit of Figure 5 may be adapted to generate low frequency a.c.
power, such as 60 Hz and 400 Hz. Thus the method and apparatus of the
invention, with its power conversion and RF generator systems 25 using SCR
circuits configured in a modular fashion, provides the followings features:
25 1) The systems can withstand many types of transient electrical
disturbance without physical damage or malfunction; 



2) The failure of any module component results only in the loss of function
of that module without affecting the operation of the other modules or the
performance of the system; and 30  3) Failed modules may be replaced and
restored to operation without interruption of system operation.   30 Such
may be done automatically, as by a relay-controlled switch R of Figure 2,
responsive to the before-described signal indications of module failure
remotely to insert a standby module in substitution. Further modifications
will also occur to those skilled in this art, and such are considered to
fall within the 35 scope of the invention as defined in the appended
claims.                                  35 CLAIMS 1. A method of enabling
soft failure of a power conversion system comprising a plurality of power
40 converting modules connected to a common load and embodying switching
components such as SCRs that  40 can fail as a result of high voltage
transients, including those generated by a change in phase angle of the
system load, the method comprising monitoring the voltage across a module
SCR, responding to an increase of the monitored voltage to a critical value
by thereupon inhibiting the trigger of the SCR, thereby to prevent any
further increase in SCR voltage, and thereupon effectively removing the
failed module from 45 influence in the system in response to such
inhibiting.                                    45 2. A method as claimed in
Claim 1, including the further step of automatically connecting a standby
module into the system in place of the failed module. 3. A method as
claimed in Claim 1 or Claim 2, including the step of transferring energy
back to the voltage supply for the module upon the monitored voltage
exceeding the critical value. 50  4. A method as claimed in any preceding
claim, wherein the modules are parallely connected and  50 successively
operated to generate successive portions of a waveform delivered to the
load. 5. A method as claimed in any preceding claim, wherein the load
comprises anantenna and the modules are pulse generating modules and are
successively triggered to generate an RF waveform in said antenna. 6. Power
conversion apparatus comprising a plurality of power converting modules
cnnected to a 55 common load- and embodying switching components such as
SCRs that can fail as a result of high voltage   55 transients, including
those generated by a change in phase angle of the system load, and
including means for monitoring the voltage across a module SCR, means for
responding to an increase of the monitored voltage to a critical value by
thereupon inhibiting the trigger of the SCR, thereby to prevent any further
increase in the SCR voltage, and means for thereupon effectively removing
the failed module from influence 60 in the system in response to such
inhibiting.                                              60 7. Power
conversion apparatus as claimed in Claim 6, including means for
automatically connecting a standby module into the system in place of the
failed module. 8. Power conversion apparatus as claimed in Claim 6 or Claim
7, including means for transferring energy back to the voltage supply for
the module upon the monitored voltage exceeding the said critical value.
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4 resistive load, energy is delivered to the load. Thus, for this case, the
reverse capacitor voltage is less than the forward voltage, and this
difference in capacitor voltage reflects the energy delivered to the load.
For a regenerative load in which energy is delivered from the load to the
pulse generator, on the other hand, the reverse capacitor voltage is
greater than the forward voltage. For this last case, dangerous high
voltages 5 may be generated in the pulse generator circuit that may exceed
the SCR maximum voltage rating. The  5 clamping circuit (transformer T1 and
diodes CR1 and CR2) eliminates these high voltages and thereby permits safe
operation into regenerative loads. When the load is resistive, the voltage
at this common point is a symmetrical flat-topped wave shown as [err] in
Figure 6(b). This voltage increases in magnitude when the load becomes
reactive or regenerative. Even for 10 a resistive load, the magnitude of
the voltage e1 exceeds the D.C. supply voltage [err] In order to clamp the
[err]  10 voltage to a desired value, a secondary winding S is added to
transformer T1. The turns ratio between the primary and secondary windings
P and S is selected such that the secondary winding voltage is equal to one
half the D.C. supply voltage [err] when [err] is equal to the desired
clamping voltage. If [err] increases beyond this value, either of the
diodes CR1 and CR2 (depending upon voltage polarity) conducts and thus
transfers 15energy back to the power supply. Thus, the voltage [err] cannot
exceed the clamping voltage level.  15 This circuit also has a high output
impedance even when an SCR failure occurs. This output impedance is again
represented by a series connection of an L and a C; in this case, L1 and
C1, or L2 and C2. As seen from Figure 6(a) the output of the pulse
generator circuit of Figure 5 is bipolar, half-sine-wave 



current pulses. This circuit is ideally suited for use in high frequency
power generation equipment, such as 20 induction heating equipment and RF
transmitters.                                           20 By adding a down
converter (SCR3 through 6), coupled by transformer T2, and an appropriate
output filter, (L5-C3), as shown in Figure 7, this pulse generator circuit
of Figure 5 may be adapted to generate low frequency a.c. power, such as 60
Hz and 400 Hz. Thus the method and apparatus of the invention, with its
power conversion and RF generator systems 25 using SCR circuits configured
in a modular fashion, provides the followings features:      25 1) The
systems can withstand many types of transient electrical disturbance
without physical damage or malfunction; 2) The failure of any module
component results only in the loss of function of that module without
affecting the operation of the other modules or the performance of the
system; and 30  3) Failed modules may be replaced and restored to operation
without interruption of system operation.   30 Such may be done
automatically, as by a relay-controlled switch R of Figure 2, responsive to
the before-described signal indications of module failure remotely to
insert a standby module in substitution. Further modifications will also
occur to those skilled in this art, and such are considered to fall within
the 35 scope of the invention as defined in the appended claims.
35 CLAIMS 1. A method of enabling softfailure of a power conversion system
comprising a plurality of power 40 converting modules connected to a common
load and embodying switching components such as SCRs that  40 can fail as a
result of high voltage transients, including those generated by a change in
phase angle of the system load, the method comprising monitoring the
voltage across a module SCR, responding to an increase of the monitored
voltage to a critical value by thereupon inhibiting the trigger of the SCR,
thereby to prevent any further increase in SCR voltage, and thereupon
effectively removing the failed module from 45 influence in the system in
response to such inhibiting.                                    45 2. A
method as claimed in Claim 1, including the further step of automatically
connecting a standby module into the system in place of the failed module.
3. A method as claimed in Claim 1 or Claim 2, including the step of
transferring energy back to the voltage supply for the module upon the
monitored voltage exceeding the critical value. 50  4. A method as claimed
in any preceding claim, wherein the modules are parallely connected and  50
successively operated to generate successive portions of a waveform
delivered to the load. 5. A method as claimed in any preceding claim,
wherein the load comprises an antenna and the modules are pulse generating
modules and are successively triggered to generate an RF waveform in said
antenna. 6. Power conversion apparatus comprising a plurality of power
converting modules cnnected to a 55 common load- and embodying switching
components such as SCRs that can fail as a result of high voltage   55
transients, including those generated by a change in phase angle of the
system load, and including means for monitoring the voltage across a module
SCR, means for responding to an increase of the monitored voltage to a
critical value by thereupon inhibiting the trigger of the SCR, thereby to
prevent any further increase in the SCR voltage, and means for thereupon
effectively removing the failed module from influence 60 in the system in
response to such inhibiting.
60 7. Power conversion apparatus as claimed in Claim 6, including means for
automatically connecting a standby module into the system in place of the
failed module. 8. Power conversion apparatus as claimed in Claim 6 or Claim
7, including means for transferring energy back to the voltage supply for
the module upon the monitored voltage exceeding the said critical value.
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5 9.  A method of enabling soft failure of a power conversion system  as
claimed in Claim 1, substantially as hereinbefore described with reference
to the accompanying drawings. 10. Power conversion apparatus as claimed in
Claim 6, substantially as hereinbefore described with reference to the
accompanying drawings. Printed for Her Majesty's Stationery Office, by
Croydon Printing Company Limited, Croydon, Surrey, 1982. Published by The
Patent Office. 25 Southampton Buildings, London, WC2A lAY, from which
copies may be obtained.    


