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R632
BASIC REGULATING SYSTEM

INTRODUCTION

The R632 Regulator is a general purpose regulator which is designed for use with thyristor con-
trolled rectifiers. The rectifier system can be controlled by regulating for either output voltage
with current limit or output current with voltage 1imit. Rectifier output voltages are presently
restricted to approximately 1000 volts DC. Rectifier output currents are basically Timited by the
equipment. Figure 1 is a typical single line diagram of the controlled rectifier.
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Figure 2 depicts the load characteristics for different Toad lines. For load 1ines AB or AB' the
system will regulate for output current 1_ with voltages V] and V]' respectively. For these two curves
the system is regulating for current and ~ the output current I_ would be determined by
the setting of the current set potentiometer. For load lines AC or AC' the system will regulate for
output voltage V_ with currents I] and I]‘ respectively. For these two curves the system is regulating
for voltage and ~ the output voltage V0 would be determined by setting of the voltage set
potentiometer.

LOAD LINES
FIGURE 2

As the load requirements change which correspond to different load lines, the output from the controlled
rectifier must be along the horizontal line corresponding to V0 or along the vertical Tine corresponding
to 1.

0

When the R632 Regulator is applied to a thyristor rectifier system, the regulator must be properly inter-
faced with the rectifier equipment. This interfacing requires the selection of the correct components
that are needed for the particular system being designed. The regulator has a minimum set of components
which are always used to control a thyristor rectifier. In addition, there are optional components
which can be used with the regulator and these options would be selected per the job specifications.

BASIC SYSTEM

Figure 3 shows the basic R632 Regulator with some optional components shown dotted. These optional
components are primarily associated with the thyristor power equipment and they may or may not exist
in a particular system.

The options shown in Figure 3 involve thyristor paralleling to increase the output current capability
and an option on the type of current sensing: shunt or Halmar. The ac current sensing option is not
s hown,

When the thyristors are paralleled in quantities greater than two, GPA's (gate pulse amplifiers), a
GPA power supply, a control transformer and its input fusing are required in order to power the GPA's.
0f this hardware mentioned, only the control transformer and its input fuses are a part of the R632
Regulator hardware. The GPA's and the associated power supply are normally mounted with the thyristors
in the power structure. Normally there are six (6) GPA's required in the power structure and they will
be similar to S#1710A36G01. The GPA Power Supply will be similar to S#1560A56G02.

The output Power Amplifier on the Driver Module is capable of firing either one (1) or two (2) thyris-
tors directly, properly interfaced through a pulse transformer assembly similar to S#1684A47G02. The
wiring of the pulse transformer(s) is (are) shown in Figure 4. When paralleling two thyristors, the
second pulse transformer assembly is wired from the first as shown. The pulse transformer assembly
provides isolation between the regulator electronics and the voltage in the power circuit.

Current sensing in the rectifier can be either from ac CT's, a shunt or a Halmar system depending upon
the current level and the design requirements. uher a Haimar system 1s used, .i5¢ AC tinrough an
isolating transformer is required. The control transformer required for this function is not a part
of the R632 hardware. The 115V AC cannot be supplied from the control transformer mounted with the
R632 hardware.

Westinghouse Electric Corporation Princed in USA



16-800-352

I.L.

L1INDA0 WIMOd AN ITONIS HIiM

v € Idnod SANANOAWOD ﬂdzoFaomﬂII
AOHYIQA WOO'3 WALSKRS O\S SINIANOAWOD SV —
WA S 3IC WyaDvia % A5 va VAOAINOD QRUANYLIS 2¢O H
[ el
{
! | ANYMARYH V3NV _
i J
N SR St ~—= * |
] 1 | o
2 | s || wosras |
> | iwoshast TR ANZ=AND |
| = AYWIYH ! m:
be- - |
_
ALY ONAL _
AATYRXIA ADYLOA |
Nt
SANNAQ _
_ * |
r- . 'y ¥ _
SR _
I | ANNAOW JNAOW 3A7AOW |
| | AanNaa ONLLYD A TOBLNOD
| ™NIW
) | _
¢ L] |
N _ )
_r||AY|||._ _N.W;OQ“ _ _
| ua® i3s i
_|-._ﬁ|| | _ ADYLION AN3AA0D
_ _ : |
ONAS SCBLNOD  201VaEado
— B3l
| _ _
! |
| _ _
i
| | |
_ " |
A _ ! _
|
_ _ |
>~ | RANBOISNYS L 2 22 aaamoasNYA L
i | Aominod XN |
| 1
r |
[
| v |
_ k- _
waed _ HIMO XNY |
NIvW _ e

Printed in USA

BASIC SYSTEM BLOCK DIAGRAM
FIGURE 3

Westinghouse Electric Corporation



G27

I.L. 16-800-~352
PAGE 4

SIMILAR TO
S*16 84 A4NIGO2
T Ty
|
7z N\ /\ l l
N7
1
( —_— —
SIMILAR TO
S¥ I6BARATIGON.
POWER AMPLIFIER r——-=" !
ON DRIVER MODULE [ :

WIRING OF PULSE TRANSFORMER ASSEMBLIES
FIGURE 4
OPERATION OF BASIC SYSTEM

On the basic system shown in Figure 3, it is assumed that an initial set of adjustments and switch
positioning has already been accomplished in the regulator startup.

For the system shown, the controlled rectifier will operate when power is applied: auxiliary and main
power. If auxiliary power is applied first, the requlator will wait until main power is applied fol-~
Towing which the regulator will soft start the rectifier. The only control on the rectifier is the
externally mounted operator botentiometers. These potentiometers provide adjustment levels for either
the output voltage or current. As the system uses the technique of parallel control the system will
reguiate for either voltage or current depending upon the load requirements. For example, if the
external adjustment potentiometers are set for 100% voltage and 100% current and if 100% load current
is obtained at 90% voltage, the system will regulate for 100% load current. Similarly for the same
100% setting of the potentiometers, if 100% load voltage is obtained with 80% Tload current the system
will regulate for 100% load voltage. This type of regulating system can be described as a current
regulating system with voltage limit or as a voltage regulating system with current Timit. Although
there are two external set potentiometers only one of the parameters (voltage or current) will be regu-
lated at any one time, and the parameter being regulated will depend upon the setting of the potentio-
meters and the status of the load.

For the basic system, the sequence of application of power (auxi]iary and main) is immaterial as the
regulator will automatically wait for a fixed time period before starting to regulate. In general,
auxiliary power is applied either before or at the same time as main nower,

When the system is running, the only control is through the external set potentiometers. As shown in
Figure 3, the set pots also have maximum and minimum adjustments which can be used to provide range
1imits on the adjustment range. For example, the external current potentiometer could have a range
from 0 to 100%. Alternately, the voltage potentiometer could have a range from 60 to 105%. The
operator potentiometers have dial indicators with 0 to 100 readings which correspond to a minimum to a
maximum as established by the limit potentiometers.

To shut the system down, the main power breaker should be opened followed by the auxiliary power breaker
or they could be opened at the same time. In general, the auxiliary breaker should not be opened before
the main power breaker in order to prevent transient problems from occurring.
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The following discussion pertains to operation of the regulator electronics as shown in Figures 5 and
6. Assume that auxiliary power is applied before main power. With auxiliary power only applied, all
of the power supply voltages in the regulator should be stabilized at their correct levels. The regu-
lator will be in an Inhibit/Reset mode which means that no thyristor gate pulses are being generated
and that the current and voltage regulators and their appropriate reference ramps, which are used for
soft starting of the equipment, are reset. The only indication of this mode of operation in the
regulator is the STATUS LED (Light Emitting Diode) on the Driver Module. See Figure 7 which shows

a front view of the plug-in modules. When the LED is off, the system is in the Inhibit/Reset mode.
When this LED is on, the system is operating. With main power not appiied and hence no synchronizing
voltage available, the STATUS LED will be off.

When main power is applied, synchronizing voltage is detected and after a time delay of 100ms to allow

power stabilization, the system is automatically released from the Inhibit/Reset mode. The STATUS LED

will come on. The system will soft start and will regulate for either voltage or current depending

?pon the setting of the externally mounted operator potentiometers and depending upon the slope of the
oad line.

When the system is running, the external operator potentiometers will change the rectifier output. On
the system shown in Figure 3 (the Basic System) there are two additional operating conditions that will
change the status of the system. This discussion will assume that auxiliary power is supplied
separately from main power. If the voltage level of main power drops below the trip level of the
undervoltage detection circuit on the Driver Module, the system will be put into the Inhibit/Reset mode
and will remain in this mode until the input voltage recovers. When the input voltage rises above the
trip level, the pulse stretcher circuit on the Driver Module is allowed to time out and following this
time delay {100ms), the system is allowed to restart in a soft start fashion. The dip in the main
power line could be transitory due to the starting of other equipment or it could be a complete loss
of main power. The system will automatically be controlled by the presence (above trip level) or
absence {below trip Tevel) of main power. Again, the only indication of no gating is the Status LED
on the Driver Module being out. The second condition that will change the regulator status is an
overcurrent condition. The Driver Module has an overcurrent detection circuit and if the rectifier
current exceeds the trip level of this circuit, the regulator will be put into a permanent Inhibit/Reset
mode. This condition would again cause the Status LED to extinguish but it will remain in this state
until some operator action is taken. The lockout condition caused by the overcurrent trip can be
disabled by removing and re-applying main and auxiliary power. Alternatively, switch 3SW (spring re-
turn toggle switch) on the Driver Module can be raised momentarily to clear the fault circuitry. When
the toggle switch is raised, the fault circuitry is reset and when the switch is released, the pulse
stretcher is allowed to time out following which the system will automatically soft start.

There is an option on the basic system which eliminates the overcurrent detection circuit. In this
instance, the system would normally be protected by fuses, breakers and overcurrent protection
associated with the main power transformer. This type of arrangement would be used when it is expected
that load feeder breakers should clear on an overcurrent condition without shutting down the entire
system.

REGULATOR ELECTRONICS

Figures 5 and 6 depict the basic regulator in block diagram form along with the associated peripheral
equipment. Figure 5 is the control system block diagram. Figure 6 is the gating svstem block diagram.
At the end of this IL are the detailed schematics for the Controller Module S#1836A44G01. the Gating
Module S#1836A42G01, the Driver Module S#1836A43G01, the Current Sensor S#1888A75G03 and the Master
Board S#1900A70G01.

Refer to Figure 5 for the following discussion

The system reference signels are supplied by the externally mounted Operator Panel S#1888A57 G--.
Notice that there are maximum and minimum 1imit potentiometers associated with the two operator set
potentiometers. The 1imit pots are set as required during startup.

The two set point voltages LCLV and LCLI are applied through two switches 2SW and 3SW to buffers. 2SW
and 3SW are normally in the down position to accept the associated voltages. When the External Inter-
face Module S#1836A45G01 is used to provide a set point signal from remote equipment, the associated
switch would be repositioned as required. When this happens, the associated set potentiometer is dis-
connected. During startup the local set potentiometers could be used and then the system could be
transferred to the remote reference when the startup is completed.

The buffer blocks buffer the input signals and provide redundant 1imit functions, if required, in the
system. On the basic system these Timit potentiometers (3P and 4P for the voltage reference and 1P
and 2P for the current reference) are normally set during system start up so that their Timit functions
are inoperative. If the External Interface Module is used to provide a remote reference signal the
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associated 1imit potentiometers on the buffers can be used if required to establish Timits for this
signal.

Toggle switch 1SW is used to change the current reference signal from a 5V level (100%) to a 10V level
(200%). Hormally 1SW will be set for 100%. In voltage regulating systems with current 1imit where the
required current 1imit is 200% the switch would be set up. Switch 1SW should be set during start up.

The output signals from the buffers are applied to two duplicate ramp function generators which provide
a soft start function for the system. The ramp times are independently adjustable by potentiometers 8P
and 10P and will be set during start up. The ramps are bidirectional in the sense that when the
associated rate potentiometer 1is preset, the starting and stopping rates will be the same. All
reference changes are rate controlled by the ramps.

The ramps are controlled logically by signals C and B. Logic signal C is used only when the Sequence
and Protection Module option S#1836A46G01 is used. Logic signal C applies (C = 1) or removes {C =0)
the input reference signals to the ramps so that starting and stopping of the system with the external
operator station occurs in a rate controlled manner. Logic signal B resets the ramps. On the basic
system this is controlled by the GPS signal from the Driver Module. In the course of applying power

to the system, the GPS signal changing from a "1" to a "O" causes a corresponding change in Togic signal
B and with the ramps released the system soft starts under the ramp control. On the basic system the
ramps are immediately reset under a fault condition as indicated by the Driver Module. When the S & P
option is used the ramps are reset under a fault or stop (after the system has ramped to zero) command
by the GPS T1ine which is indirectly controlled by the S & P module.

The output from the ramps are applied to the appropriate controllers. The controllers are reset when
the ramps are reset and are operative when the ramps are operative. This is done with logic signal A
which statically is the opposite of logic signal B.

The voltage controller is an integratal type controller and the normal inputs are the reference signal
from the ramp and the feedback signal from the voltage sensor.

The voltage sensor is a differential input amplifier which is indirectly connected to the TPM output
voltage through the external voltage attenuator which is selected during design for the application.
Associated with the voltage sensor are two gain range jumpers (1J and 2J) which are set depending upon
the TPM voltage and a voltage limit potentiometer 5P which is set during startup so that the output
signal VFB is -5 volts when the TPM is producing rated output voltage.

Additional inputs to the voltage controller are droop and load share error. Droop can be from the local
current signal or from a remote current signal. Toggle switch 45W down selects Tocal droop which is
adjustable with 7P. Toggle switch 4SW up selects the remote droop signal. Whether or not droop is used
depends upon the system application. On the basic system if droop is not used, 4SW should be placed

up to insure that no droop is inadvertently injected in the event 7P is not set correctly. The load
share error signal LSE is used only when the EIM module option is used and systems are paralleled in

a voltage regulating mode.

The current controller is a proportional plus integral type controiler with an adjustable lead time
constant (9P) which is used to compensate for different load time constants. The normal inputs are
the reference signal from the ramp and the current feedback signal from the externally mounted current
sensor S#1888A75G03. Note that this signal is obtained by a jumper on the master board terminal blocks
_IFB to -I. In cases where the current feedback is from other than the local current sensor, the
external current feedback signal is connected to input point -IFB. The local current sensor which
provides magnetic isolation between the power circuit and the electronics is connected to either a shunt
or to a Halmar converter or to a burden resistor on the ac CT's depending upon the system design.

The outputs from the two controllers are diode auctioneered to allow the system to operate as a parallel
type controller. This signal is inverted and then attenuated by 6P before being applied to the Gating
System. 6P is used to adjust the output signal level to correspond to the setting of the Gating Range
Select jumper 3J. 3J sets the maximum gating angle of the system to either 120° or 180° depending upon
the system requirement. 3J and 6P should be set during startup.

The power supply block takes input voltages from the auxiliary transformer, rectifies and filters it
and creates the various voltages required to operate the system.

Refer to Figure 6 for the following discussion.

The Gating Module receives two signals from the control system: the control voltage VC which determines
the gating angle in conjunction with the VBIAS voltage which sets the maximum phase delay (a). The gain
of the Gating Module is approximately 30°/v. The Gating Module is a digital gating system which utilizes
a phase locked loop and multiplexing to create the six output pulse trains which are ultimately used to
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fire thyristors. The system time coordination is provided by the synchronizing signal SP which is
obtained from the Sync Transformer. The input to this transformer should be connected to the U and W
input ac terminals on the TPM assembly.

The functions provided by the Driver Module are as follows:
1. Power amplification for picket fence pulse train.

2. Overcurrent detection circuit with an adjustment potentiometer (1P) for setting the trip point
level of instantaneous overcurrent (if selected by 1SHW).

3. Switch (2SW) to select the basic fault condition or the fault condition associated with the
Sequence & Protection (S&P) Module option.

4. GPS (Gate Pulse Suppression) reset by 3SW when switch 2SW is in the BASIC position.
5. Sync. Monitor circuit

6. Pulse Stretcher

7. Status LED indication

8. Power supply (P30) for output power stage.

Figure 6 shows the simplified diagram of this module. On the simplified diagram and the schematic
diagram (DN) and (UP) refer to down and up: the physical orientation of the switch.

The power amplifier stage amplifies the picket fence pulse train to a power level capable of driving
either pulse transformer assembly S#1684A47G02 or a gate pulse amplifier module similar to S#1710A36G0].
The basic design of this module is for a 6 pulse system. If the external power equipment requires

only 3 pulse sets then external wiring is left off. The output power stage can drive either 1 or 2
pulse transformer assemblies S#1684A47G02 in parailel. MWiring for the pulse transformers is shown in
Figure 4.

Figure 8 shows a typical pulse train supplied to two parallel pulse transformer assemblies. With a
single pulse transformer or with a gate pulse amplifier the amplitude dscay of the trailing pulses will
not be as pronounced. The six output pulse trains will be spaced at 60 increments in numerical order
1 through 6. The six output pulse trains are time coordinated to provide full control over either of
the arrangements shown in Figure 9 provided that the system synchronizing transformer is energized from
the appropriate points as shown.

TYPICAL PULSE TRAIN TO THYRISTORS
FIGURE 8
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The instantaneous overcurrent gate pulse suppression trip level is adjusted by potentiometer 1P. The
available trip range is 125% to 225%. The percentage levels listed are approximate values as the type
of system and the ripple content of the output current will influence the trip level. Switch 1SW in
the OFF position (DN} allows the overcurrent detection circuitry to function. Switch 1SW is the ON
position (UP) inhibits the overcurrent circuitry.

A toggle switch 2SW with positions BASIC (DN) and S&P (UP) is to be oriented depending upon the system
hardware configuration. For the basic system, the switch should be placed in the BASIC (DN) position.
If the S&P Module option is used, the switch should be placed in the S& (UP) position. In the BASIC
position, this switch allows a memory circuit to seal in on an overcurrent fault. In the S&P position,
the memory circuit on this module is disabled; and the appropriate memory circuit on the S&P Module is
used.

When the prior switch is in the BASIC position, the GPS Reset switch 3SW is used to clear the fault
circuitry to allow system restarting. On the basic system there are no controls to clear the fault
circuit. 3SW can be used to clear the fault in the event of an overcurrent condition.

The sync monitor circuit is primarily used to detect the presence of synchronizing voltages. If the
synchronizing voltage drops below 50% of rated synchronizing transformer secondary voltage, an output
signal is generated. As it is expected that applications will require operation of the synchronizing
transformer at less than rated voltage, the system trip levels for this circuit will vary from 50%
to 80%.

The pulse stretcher circuit is equivalent to an on delay function. When an input is Tow, the output is
high and will remain in this state until all inputs have recovered to the one (high) state. The pulse
stretcher is retriggerable and has a recovery delay of 100ms.

The status LED (green) is 1it when all required operating conditions are satisfied. When the LED is on,
the system will regulate.

The P30 power supply rectifies,filters and regulates the secondary voltages of the auxiliary transformers
to provide the required operating voltage for the power amplifiers. (P30 supply is actually +28.6 volts).
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When the system is powered up it it is assumed that auxiliary power will be first applied. This will
allow the system power supplies to come to a stable operating Tevel. On the Driver Module, the absence
of synchronizing voltage will generate a high GPS signal and the Status LED will be off. The high GPS
signal will inhibit the generation of any pulses from the Gating Module and will completely reset the

former, the Pulse Stketcher is allowed to time out and when the GPS line goes Tow the system is allowed
to operate. The Status LED will be on.

Normal inputs to_the Pulse Stretcher are from the I'nstantaneous Overcurrent circuit, the Sync Monitor
circuit and the 0D (on delay inhibit) signal from the Controller Module. If any of these signals goes
Tow, the system will go into an Inhibit/Reset mode for the duration of the input Tow signal plus 100ms.
If an instantaneous overcurrent faylt occurs, the system will be permanently reset until the GPS Reset
switch 3SW on the Driver Module is toggled. The toggle switch 2SW in the BASIC position causes a
memory circuit to be established.

If the S&P Module option is used, an additional input (TOPS) is applied to the Pulse Stretcher circuit
from the S&P Module. The toggle switch 2SW should then be placed in the S&P position. When an over-
current occurs, the Pulse Stretcher is triggered and a signal is applied to the S&P Module. Fault
memory is available on the S&P Module and not on the Driver Module. When the S&P Module option is used,
the Status LED will be out if the system is in the stop or the fault mode. The Status LED will come

on after the faults have been cleared and/or a start command has been generated,

The following brush recordings were taken on an R632 basic system with auxiliary and main power being
applied simultaneously.

Figure 10 shows the system voltage and current from breaker closing to breaker opening with the
reference ramps set for the slowest ramp. Brush time is 5mm/sec.

Figure 11 shows the system voltage and current from breaker closing to breaker opening with the
reference ramps set at their midrange point., Brush time is 5mm/sec.

Figure 12 shows the system voltage and current from breaker closing to breaker opening with reference
ramps set for the fastest ramp. Brush time is 5mm/sec.

Figure 13 is the same as Figure i2 except the brush time is 25mm/sec.

Figure 14 shows the system voltage and current with the reference ramps set for the slowest ramp.
The recording also shows what happens when the reference potentiometers are changed,

In Figures 10, 11, 12 and 13 note that when the breaker is closed, the reference signals come up
rapidly to a steady level but no voltage or current is generated by the power rectifier until various
delays in tne system are timed out. When the breaker is opened, the undervoltage detection immediately
notices the loss of power and the system is put into the Inhibit/Reset mode. A1l thyristor gating
would be stopped.

In Figure 14 the system is started under soft start control. 1In addition, all reference changes must
pass through the reference ramp so that any changes in the system operational level as determined by
the operator potentiometer are soft. Note in Figure 14 the voltage reference change at point G, There
is a slight delay before the voltage feedback signal starts to change which indicates that the system
was operating in a current regulating mode. As the voltage reference ramps down to a point correspond-
ing to the new potentiometer setting, the system switches into the voltage regulating mode and the
output voltage reduces to the required operating level. At points H, I and J the current reference
potentiometer setting is changed but as no changes are seen in the current feedback, this indicates
that the system is still in the voltage regulating mode. The current raference level is still above
the current being produced in the system. At point K, the current reference was turned to 0. Following
a time delay allowing the current reference ramp to reduce, the system transfers into the current
regulating mode; and the output current follows the reference down to the zero level. Note that al]
changes in the output voltage and current as indicated by the voltage feedback and current feedback
signals are smooth,

In the mode of operatign where the overcurrent detection is inhibited, the basic system will operate
similar to a diode rectifier with the exception being the Inhibit/Reset condition which occurs on
transient undervoltage conditions. In a diode system, the output voltage/current would show a transient
condition; but in the R632 basic system, the output is held at zero unti] the input line recovers.
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BASIC HARDWARE & ASSOCIATED OPTIONS

The hardware used in the basic R632 regulator is shown in Figures 5 and 6. This hardware, except for the
Operator Panel, contains a cage assembly and associated peripheral hardware which is mounted on a panel.
The cage assembly always contains the Controller Module S#1836A44G01, the Gating Module S#1836A42G01 and
the Driver Module S#1836A43G01.

The associated peripheral equipment is selected to meet the requirements of the particular rectifier.

The Operator Panel can have a single turn or a 10 turn current set potentiometer and when used with the
Sequence and Protection Module option these potentiometers would be part of an assembly which contains
operator pushbuttons and indicator lights.

The voltage attenuator is selected for the particular rectifier voltage from a group which will have
several different voltage taps.

The auxiliary transformers are normally operated from 3@, 460V, 60 hz but they could be operated from
3P, 380V, 50 hz in which case there would be wiring changes associated with these transformers. These
transformers would then be connected with the primary windings on each transformer connected in parallel
with the three transformers connected in a wye configuration on the primary side.

System current feedback as shown in Figure 5 is supplied by the current sensor shown in Figure 6. This
signal is supplied by a wire jumper between -I and -IFB as shown in Figure 5. In Systems where the
current feedback is to be supplied by an external device, the feedback signal could be brought directly
into the terminal block point -IFB.

The synchronizing transformer shown would be used on an industrial rectifier (250V dc). In other
rectifier systems where the rectifier output voltage is different, the synchronizing transformer would
be selected for the appropriate rectifier input voltage. The transformer used would be similar to those
shown in Figure 15 and would be selected from a pre-designed set of transformers with multiple primary
taps.

SYNC TRANSFORMER SYNC TRANSFORMER
S#1761A17G01 or GO2 S#1761A17G03 or GO4 or GO5

e —C —
; )| ¢ SP v:_{Hz <

% “ —& o3|
H2 g o H3 C
Lt
' 3 - Ha &—ﬂ
H3 j i\l H5 ) SN
O— ) C s

ALTERNATE SYNCHRONIZING TRANSFORMERS
FIGURE 15
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