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1. DESCRIPTION

1.1 GENERAL
Saftronics DC12 thyristor converters are intended to power DC motors from S HP to 1000

HP in all four quadrants of speed control.
The basic converter unit consists of. (Refer to Fig. 1)

a) Two 6 SCR fully-controlled thyristor bridges connected in “‘Back-to-back.” (Refer to
drawing DC72-100 to 1250)

b) A single control card, type AA1200, mounted on the power stack assembly. The entire
control circuit is accommodated on this card. (Refer to drawing AA1200).

¢) Synchronizing transformer, upon which is mounted a power supply relay logic PC board.
This Board which is connected to the control card via a flat ribbon cable, also has all the
START/STOP control function relays. (Refer to drawing AA1200-MB).

The standard converter unit is usually supplied complete in a floor-standing cabinet. The
customer is required to connect all incoming/outgoing cables as per diagrams supplled with
the converter.

1.2 STANDARD CONTROL FEATURES OF THE DC12 CONVERTOR

e Four quadrant operation, i.e. fully regenerative operation.
® Regenerative braking from any set speed or direction to stand-still when stopping, usmg tach

feedback.

e Impedance-isolated armature feedback, for' speed regulation of better than 5%.
® Isolated current feedback using current transformers.
e Single control card for quick replacement when faulty.
e Visual indication of all important control points within the single control card (Light emitting
diodes).
O e Adjustable maximum speed with tach feedback.
e Adjustable maximum speed with impedance-isolated armature voltage feedback.
o Adjustable acceleration.
® Adjustable "deceleration.
e Adjustable forward current limit.
® Adjustable reverse current limit.
e Adjustable major and minor loop stabilities.
e Adjustable low voltage trip point (LVT).
e Phase failure protection interlocked with LED indication.
® Phase rotation protection interlocked with LED indication.
e Low supply voltage protection interlocked with' LED indication.
® Low control voltage protection interlocking. .
e [nstantaneous protection against excessive current overload, (ICT current fault trip).
® Automatic resetting of low voltage/current overload trip condmons when operating the

operator's Stop/Start circuit.

1.3 OPTIONAL CONTROL FEATURES OF THE DC12 CONVERTOR

® Tachometer feedback for speed regulation of better than 1%.
® Jog forward operation.

® Jog reverse operation.

Parallel 12-pulse operation.

® Multi-drive systems with load sharing.

® 0-5mA 1-10mA, 4 - 20mA or 10 - 50 mA input programming for follower drive applications.
e Remote control station(s).

e Constant HP operation incorporating a field current regulator.

o Motor overspeed protection.

® Digital control for better than 0.1% speed regulation.

-3-
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1.4 POWER STACK TECHNICAL DATA AND TABLES

1.4.1 Standard Protective features of the Converter

e Fast-acting HRC fuses.
® Instantaneous protection against excessive current overload, (electronic protec-

tion — ICT)
e Thyristor protection against excessive dv/dt and overvoltage by means of individual RC*

circuitry.

e Power stack over temperature protection interlocking (above 85 C) for stacks rated above
60A.

e Blower motor for cooling OC motor supplied via a contactor with thermal overload and
fusing protection interlocked with the run ‘control circuitry (optional).

*RC Resistor/Capacitor networks.

1.4.2 Power Stack Rating Data

The DC12 series covers the power range of 5 HP to 1000 HP with 10 different power stack
assemblies. The control circuil, however, remains the same for the full range.

For power requirements above 1000 HP, power stack assemblies are connected in paraliel,
and are normally phase displaced by 30° with respect to each other for 12-pulse operation.

The different stack assemblies are listed in Table 1 below:

— TABLE 1 —
: Max. HP Maximum
Model*
240V 480V 600V DC Current
DC 12-61 5 10 — 20A
DC 12-61 7.5 15 — 30A
DC 12-61 15 30 - 60A
DC 12-126 30 60 — 125A
DC 12-251 50 100 — 175A
DC 12-350 100 200 250 350A
DC 12-500 150 300 400 500A
DC 12-800 — " 500 700 800A
DC 12-1000 —_ 600 800 1000A
DC 12-1250 — 800 1100 1250A
"Add suffixes as follows for different voltage ratings: -2 (240V) 4 (480V) 6 (600V)

TABLE 2 lists the required supply voltages against maximum allowable DC output voltage.

— TABLE 2 —
NOMINAL LINE VOLTAGE 240 480 600
Maximum armature voltage for 4-quadrant operation line fluctuation 240 460 550
T 10%
Maximum armature voltage for 4-quadrant operation line fluctuation 240 500 600
5%
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1.4.3 Derating Data

TABLE 1 lists the maximum continuous DC output current at 40°C ambient, for a height of
2000 meters above sea level, for the 10 different power stack assemblies.

For ambient temperatures in excess of this value, all power stack assemblies must be
derated by 1.5% per °C.

For altitudes in excess of 2000 meters above sea level, all power stack assemblies must be
derated by 1% for every 100 meters.

1.4.4 Field Excitation Supply

1.4.4.1 Constant Field Excitation (Standard) .
Constant field excitation is supplied form a bridge rectifier having the voltage and current

ratings listed in Table 3.

— TABLE 3 —
STANDARD AC DC FIELD _ MAXIMUM
SUPPLY VOLTAGE SUPPLY VOLTAGE DC CURRENT
240 150 Volts 10 Amps
480 300 volts 10 Amps
600 200 - 300 Volts 10 Amps

1.4.5 SYNCHRONIZING TRANSFORMER

The standard transformer has a 240/480 volt, 3-phase input, and would therefore require an
auxiliary supply transformer for supplies greater or lower than 10% of the nominal 480 volt

value. (for example 600V input)

2. INSTALLATION OF DC12 CONVERTERS

2.1 GENERAL
The DC12 drive unit is usually contained in a floor-standing cabinet which should be
positioned directly above a cable channel. In most cases, all cable entry is from the top of the
cabinet and cable exit is from the bottom of the cabinet.

Unless the unit has been specifically designed for poor environmental conditions, it must be
installed in an area where the following conditions exist:

a) Ambient temperature does not exceed 40°C.
b) Altitude above sea level in excess of 2000 meters must be taken into account as in

- -Derating Data, section 1.4.3.
c) Ambient air is reasonably clean and dry, and free of flammable, or combustible vapor,

steam, etc.
d) The clearance around the cabinet must be sufficiently large enough to:

i) Provide full accessibility to the front and rear.
ii) Provide a non-restricted air flow from the intake and exhaust ventilation louvres.

-6-
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2.2 CONSIDERATIONS FOR EXTERNAL CABLING TO THE CONVERTOR

It is most important to establish that the available input AC supply is of the correct voltage and
current rating. _
All external connections must be made according to the engineering drawings supplied in

this manual.
All power cabling and control cabling ratings should be referred to Cable Current Rating

Table 4, next page.

2.2.1 Cable Current Ratings
TABLE 4 lists required cable sizes for the various currents.

— TABLE 4 —

CABLE RATING
ARMATURE CURRENT CORAENT (MY
VOLTAGE INSULATION
20A 600 25A
30A 600 40A
60A 600 80A
125A 600 150A
175A 600 225A
350A 600 450A
| ' S00A 600 600A
, 800A 600 1000A
1000A 600 1250A
1250A 600 1500A

2.2.1.1 Field Cable Current Ratings
Field cable current ratings are determined by the motor being used. This can normally be
ascertained by referring to the motor nameplate. A cable rating of 20A would be adequate

for the full range up to 500 HP.
It can safely be stated however, that a cable rating in excess of 20 amps would be’

adequate for the full range up to 1000 HP.
The cable insulation rating should not be less than 600 volts. -

2.2.1.2 Control Signal Cable Consideration
All control signal cables must have a current rating of at least 5 amps, and the voltage in-
sulation rating should be 600 volts.
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Tachometer and speed control signals should be inter-connected by means of shielded
twisted conductor cable and should be run completely in separate steel conduit
The shields should then be terminated together at one point in the control cabinet, at the
ground lug provided.

It should be noted that the screens must be grounded at one point only. to avoid unwanted
ground current loops, and that the screens must be continuous, with no breaks in the
shield.

Signal cable must be run in separate steel conduits, away from power and AC control
cabling. '

2.2.2 MOTOR CONNECTIONS TO DC12

Al A2 - SERIES
E 0 0 FIELD
St S2

— Y —

E DO NOT CONNECT*
SHUNT
FIELD
23— 4
F2 F4 s00v
I50VDC CONNECTION
SHUNT
FIELD

P1
T0 MOTOR
START/STOP —— THERMAL
LOG!IC OVERTEMP

*NOTYE: For extra starting torque duty connect series field via a tull wave bridge rectifier: (Consult Factory)

SERIES
FIELD

?Al

A2

@—G A2
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2.3 START-UP PROCEDURE

2.3.1 Adjustments to be made prior to Operation
When all' external cable connections have been thoroughly checked out according to the
engineering drawing supplied, power may be applied to the drive unit, but the START cir-
cult must not be operated at this point.

The following adjustments should be made on the AA1200 control card:

MAXIMUM SPEED (Tach feedback) . — Fully counterclockwise
RATE 1 (Acceleration Rate) — Fully counterclockwise
RATE Il (Deceleration Rate) — Fully counterclockwise
STABILITY (Speed) — Mid position
FWD. TORQUE LIMIT — Fully counter clockwise
REV. TORQUE ULIMIT — Fully counter clockwise
LVT (Low voltage trip adjustment) — Fully counter-clockwise
FS (Forward Current Stability) — Mid position
RS (Reverse Current Stability) — Mid position
AV (Max. Armature Voltage) (RV3) — Fully counter clockwise
8! SWITCH (Fwd. Inhibit Lock) — Out
811 SWITCH (Rev. Inhibit Lock) — Out

. The state of the LED's on the A1200-R control card should be as follows:
-V (-12 Volt Supply) . — Glowing brightly
R (Run Indication) — Off
+D (Positive Reference Indication) — Off
-D (Negative Reference Indication) — Off
TF (Tach Fail indication) - - —oft
TR (LVT, ICT Trip Indication) — Not imporant initially
0S (Zero speed/Zero Current Indication) — Oft
LV (Low Supply Voltage Indication) — Glowing brightly
@ (Phase Rotation/Loss Indication) — Glowing brightly
+V (+12 Volt Supply) — Glowing brightly
B! (Top or Bridge | Inhibit Indication) — Off
Bil (Bottom or 8ridge ! Inhibit Indication) — Off
21 to @6 (Comparator Qutput Indication) — Glowing dimly

NOTE: If any of the lights do not conform to the pre-start 7ist shown, do not imrf;ediately suspect

the AA1200 card of being faulty.
@ First check out all external connections for short circuits and cross connections, efc.
R The AA1200 card has been thoroughly tested out at our factory and it will be unlikely that this

card would be at fault.
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23.2

2.3.3

Phase Rotation Correct Indication
If the phase rotation/phase loss LED 2" is not glowing. the supply should be discon-
nected and any two phases of the supply reversed.

When power is restored. this LED should glow brightly. If this LED remains in the “OFF"
condition, the supply to the drive should be checked for the correct phase to phase voltage.

LVT (Low Supply Voltage) Adjustment

S‘lowly rotate the LVT adjustment clockwise until the LV LED begins to decrease in inten-
sity. Back off the adjustment until the light glows brightly once again.

Bearing in mind that the AC supply voltage can fluctuate by 10%. the LV Tcontro! should be
backed off a little further to accommodate this fluctuation.

This step will prevent the low voltage sensing circuit fronT locking out the drive unit
prematurely.

It is important that the supply voltage does not fall below 10% of the nominal value. to
prevent faulty operation during regeneration.

The LVT circuit ensures that the drive unit will automatically be locked out under such con-
ditions, and this would be indicated by the LV light.

2.3.3.1 +12 Volt Failure Protection

A further feature of the LVT circuit is that it will automatically lock out the drive unit
should the +12 volt supply fall to a value less than 80%.

2.3.3.2 -12 VoIt Failure Protection

234

2.3.5

A further feature of the ICT trip circuit is that it will automatically lock out the drive unit
should the -12 volt supply fall to a value less than 80%.

Checks Before Stanrting the Drive

Prior to running the DC motor, make sure that the motor is free to rotate at maximum speed
in both directions without damage to the machine to which it 1s coupled.

It is preferable to de-couple the motor from the machine during this test

Where compound motors are used for applications requiring maximum speed and torque in
both directions of operation, remove the series field connection from the armature circuit.
(But consult factory for a series field bridge to allow high torque starting). See 2.2.2.

Initial Operation of the Converter
Before operating the drive. it will be necessary to carry out the following:

a) Set operator's speed control to a mid-position

~b) Set the "BI" switch on the control card to the In position.

¢) Where tachometer feedback is used, it will initially not be certain whether the signal is of
the correct polarity. It is therefore suggested that the tachometer be temporarily discon-
nected. The drive will automatically revert to the correct polarity armature feedback signal,
and the drive can be set up initially on this feedback signal.

d) Ensure that the shunt field voltage is as its maximum value.

Depress the Start pushbutton and slowly adjust the Fwd Torque control in a‘clockwise
direction until the B/ light switches on and the motor starts to turn. The motor will then ac-
celerate under current limit to the Set speed on the operator's control.

Check that the motor is turning in the right direction. If the motor is not turning in the correct
direction, switch off the power and reverse the field connections to the motor.

Restore power to the drive again, and run once more. The motor should be turning in the
correct direction.

-10-
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2.3.6

2.3.7

While the motor is running, check the polarity of the voltage generated by the Tachometer.
When this polarity has been determined, switch off the drive and reconnect the Tachometer
to the drive with the polarity indicated in the Wiring Diagram.

NOTE: Unlike most other SCR drives, the polarity of the Tachometer signa.l must be the
same as that of the Reference, i.e. for a positive relerence, the tachometer signal must be

positive, and vice-versa.

Restore power to the drive and run once more. The drive should be running under the in-
fluence of the tach, and the tach fail LED TF should be glowing brightly.

Set the Speed Control to maximum, and check the motor speed by holding a Hand
Tachometer to the motor shaft, or by checking the actual tach voltage.

The standard 5PY tachometer used by SAFTRONICS is rated at 50 volts per 1000 RPM.
(87.5 volts at 1750 RPM)

It will be noticed that the positive reference light ““+ D" will be glowing brightly on the con-
trol card at the maximum setting of the Speed control.

Maximum Speed Adjustment with Tach Feedback (Optional)

Adjust the Maximum Speed control on the control card for the required maximum speed.
with the Speed control set to maximum. Note the armature voltage. This should not be in

excess of that given in Table 2.
Caution: Armature voltage must be less than RMS Line Voltage plus 20 volts. Example: for
460V line, set to 480V Max.

Ifthe armature voltage is in excess of the value givenin Table 2, the field supply voltage wili
have to be trimmed such that the correct armature voltage is obtained.

NOTE: Adjustment of the supply to the SHUNT FIELD should only be carried out once
the motor has warmed up, as the armature voltage will automatically decrease as the
motor warms up, i.e. the SHUNT FIELD current decreases as the lield windings warm

up.

Maximum Speed Adjustment with Armature Voltage Feedback
When step 2.3.6 is complete, the maximum speed of the drive can now be adjusted.

With the drive ready to run, disconnect one end of the DC tachometer if a tach is to be -
used in this application.

Start the drive and set the speed reference to maximum, first in the forward direction and
then reverse,

Note: To run the drive in both directions, be sure both switches Bl and Bll are enabled.

Adjust AV (RV3) on the control card AA1200 for the maximum armature voltage given in
table 2. Ensure the armature voltage in the forward direction is within 10 volts of that in

the reverse direction.
Caution: Armature voltage must be less than the RMS line voltage plus 20 volts. Example:

for 460V line, set 480V Max.
Restore the Tach connection, and the drive should automatically revert to tachometer

feedback. This will be indicated by LED TF glowing brightly. When the tachometer is
removed, the drive will automatically revert back to tachometer feedback.

-11-
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Removal of the Tach signal will automatically cause the drive to revert to impedance
isolated armature voltage feedback.

2.3.8 Speed Stability Adjustment
When in operation, the drive unit regulator may be unstable and the Stability control on
the control card should be adjusted if necessary.

2.4 Forward Torque Limit Adjustment
With the motor running at maximum speed, adjust the FWD torque control to minimum until

the motor speed starts to drop and eventually stalls.

Stop the drive and switch off the AC power. Disconnect the motor field supply and jumper the
field loss relay (FLR) in the AC control logic. Lock the motor shaft to prevent rotation.

Note: Make sure that switches Bl and Bil are out.

Note: Compound wound motors generate considerable torque even without the shunt field
connected. It is advisable to leave the series field winding disconnected from the armature
circuit until all adjustments have been made see section 2.2.2.

Set the operators speed reference to zero, apply AC power to drive, and press the start push
button. While monitoring the armature current increase the speed reference slowly to maxi-
mum. Slowly increase the FWD torque potentiometer to rated armature current. Once the
forward armature current has been set, decrease the speed reference to zero and stop the

drive.

2.4.1 Reverse Torque Limit Adjustment
For reverse motor rotation, it will be necessary to operate the drive from a negative speed
reference.

Remove AC power from the drive, and confirm that the speed reference is negative. Make
sure that switch Bl is out, Bllis in and the speed reference is at zero.

Apply AC power to the drive and press the start pushbutton. While monitoring the armature
amps increase the speed reference slowly to maximum. Slowly increase the REV torque
potentiometer to rate armature amps. Once reverse armature current is set, decrease the
speed reference to zero and stop the drive.

Remove AC power from the drive, switches Bl and Bll should be in the "IN position, recon-
nect all motor connections, speed reference polarity, and remove jumper across the field loss

relay FLR.

The drive and motor current have now been set.

CAUTION!!
Bl and Bll SWITCHES MUST NOT BE
OPERATED WHILE DRIVE UNIT IS IN
OPERATION

2.4.2 Acceleration/Deceleration Adjustments

Controls Rate | and Rate Il can be adjusted for the required acceleration and deceleration@\
rates to suit the application. 4

-12-
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Removal of the Tach signal will automatically cause the drive to revert to impedance
isolated armature voltage feedback.

2.3.8 Speed Stability Adjustment
When in operation, the drive unit regulator may be unstable and the Stability control on >
the control card should be adjusted if necessary.

2.4 Forward Torque Limit Adjustment
With the motor running at maximum speed, adjust the FWD torque control to minimum until

the motor speed starts to drop and eventually stalls.

Stop the drive and switch off the AC power. Disconnect the motor field supply and jumper the
field loss relay (FLR) in the AC control logic. Lock the motor shaft to prevent rotation.

Note: Make sure that switches Bl and Bll are out.

Note: Compound wound motors generate considerable torque even without the shunt field
connected. It is advisable to leave the series field winding disconnected from the armature
circuit until all adjustments have been made see section 2.2.2.

Set the operators speed reference to zero, apply AC power to drive, and press the start push
button. While monitoring the armature current increase the speed reference slowly to maxi-
mum. Slowly increase the FWD torque potentiometer to rated armature current. Once the
forward armature current has been set, decrease the speed reference to zero and stop the

drive.

2.4.1 Reverse Torque Limit Adjustment
For reverse motor rotation, it will be necessary to operate the drive from a negative speed
reference.

Remave AC power from the drive, and confirm that the speed reference is negative. Make
sure that switch Bl is out, Bll is in and the speed reference is at zero.

Apply AC power to the drive and press the start pushbutton. While monitoring the armature
amps increase the speed reference slowly to maximum. Slowly increase the REV torque
potentiometer to rate armature amps. Once reverse armature current is set, decrease the
speed reference to zero and stop the drive.

Remove AC power from the drive, switches Bl and Bll should be in the "IN position, recon-
nect all motor connections, speed reference polarity, and remove jumper across the field loss

relay FLR.

The drive and motor current have now been set.

CAUTION!!
Bl and Bll SWITCHES MUST NOT BE
OPERATED WHILE DRIVE UNIT IS IN
OPERATION

2.4.2 Acceleration/Deceleration Adjustments

Controls Rate | and Rate Il can be adjusted for the required acceleration and deceleration
rates to suit the application.
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3. DESCRIPTION OF OPERATION

3.1 GENERAL
As was mentioned in section 1.1, the SAFTRONICS DC12 converter consists basically of:
a) Two fully controlled 3-phase, 6 SCR bridges connected in anti-parallel at their DC outputs,
i.e. there are 12 SCR's mounted on a common heatsink power assembly.
b) A single AA1200 control card mounted directly on the heatsink assembly. This card per-

forms all the speed-current and SCR trigger functions. _
¢) A synchronizing and control transformer upon which is mounted the AA1200-MB run func-

tion card.
A flat ribbon cable connects this card to the AA1200 control card.

3.2 GENERAL SYSTEM OPERATION
Figure 1 is a simple block schematic of the DC12 4-quadrant controller.

The 0-12V speed reference which can be either positive or negative is fed to the ac-
celeration deceleration function (Circuit 1).

The output of Circuit 1 is rate controlled. (adjustable 1 - 60 seconds) so that for a step
reference input. the output of 7 rises linearly at a certain rate to a value equal to this
reference. For a step reference decrease, the output of 1 decreases at a set rate to this new
value.

The circuit is included as standard for applications requiring slow acceleration and/or
deceleration. .

The reference voltage derived from 7 is fed to the input of speed error amplifier2. An op-
posing speed signal. derived either from the motor armature voitage or tachometer coupled to
the motor. is fed in opposition to the reference voltage at the input of 2.

The resulting error voltage between these two signals is amplified by 2, and used for the
following:

a) Negative current reference for the forward current regulator 4 .
b) Positive unlocking signal for reverse inhibit amplifier 6.

The output of inverter amplifier 3 is used for:

a) Negative current reference for the reverse current regulator 7.
b) Positive unlocking signa!l for forward inhibit amplifier 5.

The forward and reverse inhibit amplifiers must not operate simultaneously as this would cause
both bridges 77 and 12 to operate together via trigger circuits 8 and 9.

The forward and reverse inhibit amplifiers are therefore cross-interlocked so that they cannot
operate simultaneously.

For a positive speed reference signal, the forward inhibit amplifier 5 will unlock both the forward
current regulator 4 and the forward trigger 8, as well as lock-out the reverse inhibit amplifier6 .

The current reference fed to the input of the forward current regulator 4 is opposed by a forward
positive current signal derived from the forward current transformer. The resulting error signal is
amplified by 4. the output of which is used to control the forward trigger circuit 8.

For forward operation, the forward current sense amplifier 74 locks the forward inhibit amplifier 5
inthe On condition and futher locks the reverse inhibit amplifier 6 in the Off condition. This
locking action persists until the motor current falls to zero. Therefore, with speed and/or direc-
tional changes. the motor current must first fall to zero before bridge change-over can take place.

-13-
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A further delay of 4 milliseconds is added to this change-over action, i.e. forward and reverse
inhibit amplifiers have a built-in 4 millisecond switch-on-delay.

For a negative speed reference signal, the reverse inhibit amplifier 6 will unlock both the reverse =
current regulator 7 and reverse trigger 9, as well as lock-out the forward inhibit amplifier 5.

The current reference fed to the input of the reverse current regulator 7 is opposed by a positive
reverse current signal derived from the reverse current transformer. The resulting error signal is
amplified by 7, the output of which is used to control the reverse trigger circuit 9.

For reverse operation, the reverse current sense amplifier 15 locks the reverse inhibit amplifier 6
in the On condition and further locks the forward inhibit amplifier in the Off condition. This locking
action also persists until the motor current falls to zero. Here again, with speed and/or directional
changes, the motor current must first fall to zero before bridge change-over can take place. The
further 4 millisecond delay also applies here.

The impedance-isolated armature voltage derived from circuit block 710 is autdmatically used as a
feedback speed signal in the absence of a tachometer speed signal.

Where tachometer feedback is used, the impedance isolated armature feedback signal is
automatically locked out, and should the tach signal fail, the control will automatically revert back
to this armature feedback signal.

The shunt field of the motor normally has a constant excitation voltage supplied by a diode bridge,
or for applications requiring constant kW/HP, a field regulator is included. This is depicted by
Block 13.

3.3 POWER STACK OPERATION

The DC12 power stack consists of 12 SCR’s mounted on a common vertical heatsink assem-
bly. :

The SCR's peak inverse voltages (PIV) are:

All rated 1600 volt.

Each SCR is protected against high- voltage changes (dv/dt) and high voltage spikes by
means of resistor-capacitor networks.

The output voltage of both the forward and reverse bridges are illustrated in Figure 2, as the
trigger angles of the SCR's for each bridge are advanced from 180° to 0°.

FIGURE 2

PHASE SHIFT RANGE

+100%

FORWARD
BRIDGE
%
MOTORING
REGION

I 1
T T

30 DEGREES

Reverse
Bridge H

-100% BRIDGE OUTPUT VS. DELAY ANGLE
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Flgure 4 illustrates the trigger pulse timing requirements for each SCR of both the forward and
reverse bridges. As can be seen from Figure 4, each SCR receives a second trigger pulse
60°(electrical) after the first, thus ensuring conduction when the power converter operates in the
discontinuous conduction mode.

Flgure 3 illustrates the percentage of output DC volits versus the delay angle with continuous con-
duction. As can be seen, the DC output at 90° delay angle is zero, and will become negative for
delay angles greater than 90°, i.e. regenerative region.

For delay angles less than 90° the DC output becomes positive, (motoring operation).
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3.4 DETAILED CIRCUIT DESCRIPTION OF AA1200 CONTROL CARD

For convenience, the AA1200 | control card circuit detail has been split in two sections: the
speed regulator and logic section given by drawing AA1200 (Sheet 1), and the trigger sec-

tion given by drawing AA1200 (Sheet 2).
We will now first consider the speed regulator and logic section.

3.4.1

34.2

343

344

Positive and Negative Power Supplies
The entire control card is powered by a dual +12 voit and -12 voit regulated supply.

Positive Power Supply
The positive +12 volt supply is generated by the series regulator consisting of amplifier

OA30, and the Darlington transistor pair of AT24 and AT26.

An unregulated voltage of approximately 22 volts, which is filtered by C45, is fed into the
positive regulator via pins 27 and 22 with respect to OV on pins 7 and 20.

Resistors R157 and R158 have been selected so that the output voltage of 12 volts will
balance out the internal reference of OA30, such that this 12 volt value will be maintained.

Resistor R179 is inserted in series with the +12 volt output for linear current limit protec-
tion. This resistor, which has a value of 1 ohm, will limit the maximum output current to ap-

proximately 500 mA, by overriding the regulating action of OA30.
Further filtering of the +12 volt output is added by means of capacitors C9 to C14.
Monitoring of the positive 12 volt output is given by LED L13, denoted by +V on the control

card.
Diode D72 couples the unregulated +22 volts to the primary circuits of all the trigger pulse

transformers.

Negative Power Supply
The negative 12 volt supply is generated by the Constant Current Source Regulator, con-

sisting of amplifier OA719 and the Darlington transistor pair AT23 and AT25.

An unregulated voltage of approximately 22 volts, which is filtered by C44, is fed into the
negative regulator via pins 17 and 18 with respect to OV on pins 7 and 20.

Resistors R120 and R122 are selected such that the negative regulator output voltage will
track almost exactly with that of the positive regulator.

Resistor R178 is inserted in series with the negative regulator input for linear current fimit
protection. Here again, the 1 ohm value of the resistor will limit the maximum output current
to approximately 500 mA by the overriding action of transistor AT13, which responds to the

voltage drop across R778 at a 500 mA load.
Further filtering of the -12 volt output is added by means of capacitors C15 to C20.
Monitoring of the Negative 12 volt output is given by L4, denoted by -V on the control card.

Acceleration/Deceleration Circuit
This circuit consists of amplifiers OA20, OA21 and associated circuitry.

The 0 to 12 volt reference which can be either positive or negative, and which is derived
from pins 23 and/or 19, is fed in at pin 8.

Resistors 8123 and R7124 divide this 12 volt reference down to a value of 10 volts, which is
fed in at the inverting output 2 of OA20.

Diodes D77 and D97 clamp the input reference to a maximum of ¥ 12.5 volts, should the
reference exceed this value.

Capacitor C41 provides decoupling of any unwanted noise at the input of this circuit.

Amplifier OA20 is a comparator, where the reference signal at pin 2 is compared with the
output reference signal at pin 3.
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Amplifier OA21 is an integrator. with integrating action provided by capacitors C30 and C31
connected from the output at pin 6 to the inverting input pin 2.

Since C30 and C31 are of the polarized tantalum type, they cannot be subjected to reverse
voitages. They are therefore series connected with diodes D67 and D62, so connected as
to divert the negative charging currents passing through alternative capacitors. The
capacitive value will therefore also not be affected by the series connection of C30 and
C31.

Transistor AT7 acts as a clamp across integrator amplifier OA21. This will ensure that the
output of OA27 will always be zero at start-up.

Upon start-up, the clamping action of AT17 will be removed from integrator OA27.
Since the speed reference voltage at pin'2 of OA20 could be of any value between 0 and
¥ 12 volts, and the output of OA217 initially at zero, there could be an error voltage at the in-
put of OA20.

If, for example, this reference were positive, OA20 would saturate negatively. This negative
voltage would be impressed upon the input of iniegrator OA21 via diode D99 , RV6 and
R163. Resistor A164 will divide this voitage down in vaiue, thus increasing the integrating
time of OA27.

The negative bias voltage will cause the output of OA27 to rise positively at a rate depen-
dant on the setting of AY6 and C30.

When the output of OA271 equals the reference value, the output of OA20 will fall to zero,
thus removing the integrating bias from OA27. The output of OA27 will therefore remain at
this value.

If the reference voltage is decreased from an already established value, the output of OA20
will saturate positively. This positive voltage would be impressed upon the input of OA271
via diode D88, RV7 and R163.

The positive bias will cause the output of OA27 to decrease at a rate dependant on the set-
ting of RY7 and C31.

When the output of OA21 equals the reference voltage once more, the output of OA20
returns to zero, thus removing the bias from OA27.

This new setting is then maintained until further adjustment.

For negative reference values, the action is reversed, but the same explanation applies.
When the drive is stopped. AT17 will automatically reset the output of OA21 to zero in
preparation for the next. start cycle, regardless of actual input voltage value.

The output of the ACC/DECEL circuit which is monitored by LED's L6 (+D) for a positive
reference, and L7 (-D) for a negative reference, is fed to the input of the Speed Error Am-

plifier 0A22, via resistor R127.

3.4.5 Speed Error Amplifier
As mentioned in 3.3.4 the speed reference is fed via the acceleration circuit and R127 to

the input 2 of the Speed Error Amplifier OA22.

An actual speed signal is also fed in at pin 2 of OA22 in opposition to the reference signal.

The method of obtaining this actual speed signal will be discussed in Section 3.5.

The error voltage that exists between the speed reference signal and the actual speed
signal is amplified byOA22  the output of which is used to drive the emitter-follower pair

AT14 and AT15 via R132.

The output of the emitter-follower pair can be limited from +0.5 to +8 volts and -0.5 volts to -
8 volts by diode clamp circuits D94 and D93 respectively, as determined by RV12 and

RV11.
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3.4.6

3.4.7

Clamp controls RV11 and RV12 ensure that maximum current reference to the current error
amplifiers is never exceeded.

The output of the emitter-follower pair AT15 and AT14 is fed out on pin 15 as a Current
Reference. Pin 1§ is normally linked via pin 12 to the Current Error Amplifiers, to be
discussed in Section 3.4.6.

Stability of the Speed Error Amplifier is provided by components C36, R135, R165 and RVS.
R169 is included to improve the DC drift characteristic of this amplifier.
Transistor AT16 acts as a clamp across the output and input of the speed error amplifier so
that the output of this stage will always be at zero before operation. This will prevent any
jerking of the motor upon starting.

Diodes D85 and D88 prevent any voltage overloading at the input of 0A22.

Current Reference Input Circuit _ _
As discussed in section 3.3.5, the output of the Speed Error Amplifier circuit is used as a

Current Reference Signal.

For Forward operation this reference signal fed in at pin 712, would be of the correct

polarity for the Forward Current Error amplifier OA7.

However, for Reverse operation, this reference would be of the incorrect polarity for the

Reverse Current Error amplifier OAS8.

The Current Reference Inverter amplifier OA23 is therefore included. This amplifier which

has a gain of unity by virtue of R171 and R99, ensures that the Reverse Current error am-

plifier OA8 receives the correct polarity reference signal for reverse operation.

The function of the CURRENT REFERENCE INPUT therefore is to:

a) Provide a Current Reference for the Forward Current amplifier OA7 via R92.

b) Unlock the Reverse Inhibit amplifier OA10 via R110, R73 at input 2 for reverse
operation.

¢) Drive inverter amplifier OA23 via R171

The function of the CURRENT REFERENCE INVERTER is:

a) Provide a Current Reference for the Reverse Current amplifier OA8 via R98.
b) Unlock the Forward Inhibit amplifier OA9 via R101 and R67 for forward operation.

Forward/Reverse Inhibit Amplifier Operation

The Forward and Reverse - inhibit amplifiers OA9 and OA70 respectively, ensure the
correct changeover action of the Forward and Reverse Trigger Circuits, while also resetting
the Forward and Reverse current amplifiers to zero when in the "“Locked” condition.

Prior to operation, a strong positive 12 volt bias is fed via R172 to both inputs of the For-
ward and Reverse Inhibit amplifiers via 071-R75 and D70-R74 respectively. This bias will
ensure that the outputs of both inhibit amplifiers will be “Locked’ at a positive output poten-

" tial of 10 volts.

The monitoring lights L2 and L3, denoted by Bl and Bll on the control card will both be off
under this condition. '

The positive output potential of both the INHIBIT amplifiers will ensure that:

a) Both Trigger Circuits will be locked .out via switches 8/ and 8I/.
b) Both Current Amplifiers OA7 and OA8 will be clamped at zero volts because of the
positive bias that clamping transistors AT711 and AT12 receive via R69 and RZ1 respec-

tively.
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NOTE: /f the Bl and Bll swltches are In the “OUT" position, the Trigger Circults are
automatically locked through R54 and RS5S.

T;/'Z Trigger Clrcults wlll therefore not be under the controlling Influence of the INHIBIT am-
pilfiers. )
This feature is required for the Initlal checking out of the correct control function of the contr-' ‘.- /
card without actually running the motor concerned.

Upon Start-up, the INHIBIT LINE Is clamped to the -12 volt rail via relay contact AL3-1 on the
A1200-M8 mother board (seae Drawing No. A1200-MB-2).

This action will automatically remove the positive bias from:

a) The clamp transistor AT17, allowing the Acceleration circuit to function normally.
b) The clamp transistor AT16, allowing the Speed Error Amplifier circuit to function nor-

mally.
¢) Both the /nhibit Amplitiers.

At start-up, the Speed Error Amplifier output can rise to a positive or negative value,
dependent on the polarity and value of the speed reference.

For a positive output from the Speed Error Amplifier, the Reverse Inhibit amplifier OA10
will unlock, whereas for a negative output, the Forward Inhibit amplifier OA9 will uniock
because of the action of /nverter .amplifier OA23.

If we consider the case where a positive speed reference is used. the output of the Speed
Error amplifier goes negative, and the Forward Inhibit amplifier is unlocked i.e. the output
of OA9 switches from a +10 volt value to a -10 volt value.

The clamping across the Forward Current amplifier QA7 is therefore removed. and the
Forward Trigger circuit is “"Unlocked”.

Where a negative speed reference is used, the output of the Speed Error amplifier goes
positive, and the Reverse Inhibit amplifier is unlocked. i.e. the output of OAT0 switchgg:
from a +10 volt value to a -10 volt value. . ‘
The clamping across the Reverse Current amplifier OA8 is therefore removed and the
Reverse Trigger circuit is “Unlocked’.

As was mentioned previously, it is absolutely essential that the Forward and Reverse
Inhibit amplifiers do not “Unlock™ at the same time.

To ensure that this cannot happen, amplifiers OA9 and OA710 are cross-interiocked.
Consider the case where the Forward Inhibit amplifier OA9 is unlocked. i.e. it has swit-
ched from +10 volts to -10 volts.

This -10 volts is impressed upon input 2 of the Reverse /nh/b/t amplifier OA10 via R49 and

D44.
This -10 volt bias ensures that OA10 cannot be unlocked oy other associated mput signals.

Where the Reverse Inhibit amplifier OA10 1s unlocked. i.e. it has switched from +10 volts
to -10 volts. the Forward Inhibit amplifier OA9 will be kept in the locked condition by the
-10 volt signal being impressed on input 2 of OA9 via R47 and D43.

Capacitors C32 and C33 ensure a 4 millisecond delay before either Inhibit amplifier will

unlock.
Resistors A44 and R48 are included to add a limited amount of hysteresis to the Inhibit
amplifiers. thus ensuring a more stable operation from these circuits.

3.4.8 Forward/Reverse Current Sensor Circuit Operation
When the drive unit is in operation. a voltage signal derived from either the Forward or
Reverse AC CT’s will be fed in at pins 9 and 70 respectively. >

For forward operation the current signal fed in at pin9 will operate Forward Current Sens&
amplifier OA11 via R113 and R88. The output of OAT7 will switch from -10 voits to +10
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volts. This +10 voit signal will be impressed on input 2 of the Forward Inhibit amplifier
OA9 via D56 and R72, thus keeping it in the “unlocked’ condition until the motor current
becomes discontinuous or disappears completely.

This feature will allow the motor current to commutate to zero before bridge switch-over can
take place.

A further protective feature of this action is that OA10 is kept well in the locked condition by
the action of the output of OA71 via D46 in input 3 of OA70.

For reverse operation, the current signal fed in at pin 70 will operate Reverse Current
Sense amplifier OA12 via R114 and R87. The output of OA712 will switch from -10 volts to
+10 volts. This +10 volt signal will be impressed on input 2 of the Reverse Inhibit am-
plifier OA10 via D55 and R76, thus keeping OAT0 in the "“unlocked” condition until the
motor current becomes discontinuous or disappears completely.

Here again, the motor current must commutate to zero before bridge switch-over can take
place. .

The action of OA10 on the Forward Inhibit amplifier OA9 input 3 via D45 will ensure fur-
ther locking of this amplifier.

Resistors RS0 and AST ensure a small bias at the inputs of both Current Sense amplifiers
OA11 and OAT12 to exclude any noise switching of these amplifiers.

It is interesting to note that if the fault condition occurred where there were current signals at
pins 9 and 10 at the same time, both Inhibit amplifiers will be kept in the *locked' condition
by the action of OA711 and OA12.

Forward/Reverse Current Amplifier Operation
As was mentioned previously, the Forward Current amplifier OA7 receives a current

reference signal via R92.

With forward operation, OA9 will be in the "‘unlocked” condition, removing the clamping
from Forward Current amplifier OA7, and allowing the trigger circuit to function normally.

The positive forward current signal at pin 9 is fed to the input of the Forward Current am-
plifier OA7 via R113, RV4 and R83.

The current signal opposes the reference signal, and the error that exists between these
signals is amplified by OA7, the output of which controls the forward trigger circuit such that
a balance of the two signals is maintained.

Stability of this circuit is provided by C271 and RV1.

Zener diode D41 clamps the output of OA7 to a minimum of -0.5 volts.

With reverse operation, the Reverse Current amplifier OA8 receives a current reference

signal via R98.
Reverse Inhibit amplifier OAT10 will be in. the “'unlocked” condition, thus removing the
clamping from OA8, and allowing the reverse trigger circuit to function normally.

The positive reverse current signal at pin 70 is fed to the input of the Reverse Current am-
plifier OA8 via R114, RV5 and R82.

The current signal opposes the reference signal, and the error that exists between these
signals is ‘amplified by OA8, the output of which controls the reverse trigger circuit such
that a balance of the two signals is maintained.

Stability of this circuit is provided by C22 and RV2.
Zener diode D42 clamps the output of OA8 to.a minimum of -0.5 volts.

Diodes D50 - D51 and D53 - D54 provide input protection to OA7 and OA8 respectively.
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3.5 LOW VOLTAGE TRIP (LVT) CIRCUIT OPERATION
The Low Voltage Trip (LVT) circuit has been included in the AA1200 ' control to guard against
malfunction during regeneration with low AC supply voltage. It is important that the AC sup-=g
ply voltage does not decrease by more than 10% of the nominal value since with regeneratlon )
Shoot-Through could occur when braking from maximum speed, i.e. an excessive fault™
current can be fed back into the AC supply as a direct result of poor AC supply regulation.

The Low Voltage Trip circuit consists basically of 0A29 together with OA28.

The stable reference voitage fed in at pin2 of OA29 via R155,RV13, and R181, is compared
with the unregulated 22 voit supply, which is a direct reflection of the actual AC supply value.

With the correct setting of RV13 the output of 0A29 will be at -10 volts and L17, denoted by
LV on the control card, will be glowing brightly.

However, with an input supply voltage decrease of -10%. the output of 0A29 will suddenly
swing up to +10 volts because the 22 volt input will decrease proportionally.

The positive output voltage will be impressed on the gate input of thyristor AT22 through R154
and R151.
Thyristor AT22 then switches on, and removes the strong positive bias at input 2 of com-

parator OA28 via R150 and R149 . The potential at input3 of 0A28 viaR109 and D62 is now
greater, and the output 6 swings from a normally negative 10 volt value to positive 10 volts.

This +10 volts in impressed on inputs 3 of both Inhibit amplifiers, through diodes D68 and
D69.

The Inhibit amplifiers are immediately Locked by this signal, and will not respond to any
other controlling signals, and all triggering will cease.

This is called the Trip condition, and will be indicated by the fact that L9. denoted, TR on the
control card, will be switched off from a normally On condition.

For “Resetting” this Trip-Condition, the Stop circuit must first be operated. and then the Star@ﬁ
circuit operated again.
This action will generate a strong negative pulse at the base input of Reset Transistor AT21
via R148 and C43. Transistor AT21 then saturates, and shoricircuits thyristor AT22, which
‘then becomes “‘cut-off” once again, and the TRIP circuit is reset for cperation.

3.5.1 Instantaneous Current Overload Trip (ICT) Circuit Operation

Under normal conditions, the output of OA29 is at a -10 volit value. This -10 volts is
limited to a -5 volt value through R754 and D87 - D82. The -5 voits is impressed on the

gate of AT22 through R157.

The gate of thyristor AT22 is therefore negatively biased at -5 volts. and held strongly in the
“Cut-off" condition.

The positive current signals for both Forward and Reverse operations are also impressed
on the gate of AT72 through dicdes D95-D96 and R173.

Therefore, with excessive current in either the Forward or Reverse bridge. the -5 volt bias
is overcome by the current signal, and thyristor AT22 switches on.

For normal operation. the voltage signal at 9 and 70 for maximum normal current is
calculated by engineering for a value of approximately +2.5 volts. Therefore. above 200%
overload. (i.e. +5 volts) the trip circuit will come into operation.

3.5.2 +12 Volt and -12 Volt Loss Protection
It is most important with regenerative control that both the +12 volt and -12 volt control
supply voltages do not decrease by a value of more than 20% because of regulator
malfunction or excessive loading either externally or internally, due to faulty amplifiers, etc.
The AA1200 'is provided with circuitry to prevent operation as far as is possible with control
supply fluctuations of greater than 15%.
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3.5.3 +12 Volt Loss Protection Circuit Operation
The +12 volt loss protection circuit also comprises the LVT amplifier 0A29.

The normally stable +12 volt reference is fed to input 3 of 0A29 via D83 and R7118.

With RV13 correctly adjusted as in Section 3.5, the voltage at input 2 of OA29 will be
marginally higher than at input 3.

The output of 0A29 is therefore saturated at -10 volts, ensuring a negative cut-off bias at
the gate of AT22.

Should the +12 volt control supply voltage drop by 15% for example, input3 of 0A29 will
now be at a higher potential than2. The output of OA29 now switches to +10 volts, and
triggers thyristor AT722.

As described in section 3.4, the output of 0A28 switches from -10 volts to + 10 volts, and
locks both inhibit amplifiers QA9 and QOA70. )

This locked condition will persist until the +12 volt control supply is restored to the normal
value.

3.5.4 -12 Volt Loss Protection Circuit Operation
The -12 volt loss protection circuit centres around OA28.
Under normal conditions, input2 of OA28 is at +4.7 volts because of the zener regulator
D80 supplied through A150 and R149. Input3 of OA28 is at +3 volts because of the zener
regulator supplied through R7109.
Clearly, input 2 is at a higher potential than input 3, and the output of OA28 remains
saturated at -10 volts. Should the -12 volt control supply drop by 15% however, input3 will
now be at the higher potential, and the output of OA28 switches from -10 volts to +10 volts,
thus locking out both the inhibit amplifiers OA9 and OAT10.

NOTE: If both the control supply voltages drop together, it will not effect the protective feature of this

circuit.
This locked condition will also persist until the -12 volt control supply Is restored to the normal

value.

3.6 GENERAL SPEED FEEDBACK OPERATION
As discussed in Section 3.3.5, the Set or Desired speed from the acceleration/deceleration
circuit is opposed at the input of the Speed Error amplifier OA22 by an “Actual” speed
signal. The error between these two signals is amplified by OA22, and the output used such
that the motor speed is maintained within close limits.

The two standard methods of obtaining an actual speed signal are:

a) Armature voltage feedback, giving a speed holding capability of 5% of maximum speed.
b) Tachometer voltage feedback giving a speed holding capability of better than 1% ot
maximum speed.

The two methods used in the AA1200 card will now be discussed in detail.

3.6.1 Amature Voltage Feedback Operation
With standard DC motors operating from a converter supplied from the 480V AC supply,
the maximum armature voltage is taken as 500 volts DC.
This high voltage obviously cannot be fed directly onto the control card, as this would make
it “LIVE™. The “LIVE"™ condition would make the card extremely hazardous to handle, and
where more than one controller is to operate the same speed signal, isolation units would
have to be used between controllers. Furthermore, accidental grounding of the control card

would have disastrous resuits.
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With the AA1200' control, these problems are overcome as follows:

a) The high armature voltage is first divided down to a maximum of 100 volts directly on the
power stack assembly. This is accomplished by three high-wattage resistors connected in
series across the DC output of the power stack. The voltage across the center resistor i)
used for the actual armature feedback signal. R
Accidental grounding of either feedback connections will not result in damage to the power
stack or control card as the resulting fault currents are limited by the two outer divider
resistors.

b) The armature voltage signal obtained as in a) is fed in at pins 25 and 24 on the control
card.

Further isolation is accomplished by virtue of the high ohmage resistors R783 and R182
each of which have a value of 1 megohm.

The resulting signals after resistors 782 and R183 are fed into the Common-Mode Rejec-
tion Circuit consisting of amplifiers OA717 and OA18.

Provided that the voltage signal at inputs 24 and 25 is increasing in value, the output of
OA17 will increase in direct proportion.

However, inputs 24 and 25 are “FLOATING" with respect to zero voits. This floating
voltage could adversely affect the output of OA77. Inverter amplifier OA18 is included, the

function of which is to add an opposing signal to the input of OA77 such that the
Floating signal is completely cancelled.

The output of OA77 will therefore be a true reflection of the actual armature voltage.
Smoothing or integration of this signal is provided by capacitor C26, such that the armature
ripple voltage is reduced to a minimum at the input of OA22, without affecting the response

time adversely.

The Impedance-Isolated Armature Voltage signal is fed from the output of OA77 to the inpu
of the Speed Error Amplifier via R139, diodes D103 - D104.
In the absence of a tach signal, transistor AT78 will be Cut Off, and thus not affect the ar-
mature signal in any way.

With armature feedback control, the maximum motor speed is set by control RV3 located on
the control card, i.e. the gain of OA717 is altered such that speed error amplifier receives
more or less feedback signal for the same speed.

Diodes D103 and D104 are added in series with output of OA77 to block any voltage reflec-
ted back into the input of OA22.

Where tach feedback is used, AT18 will be saturated thus short-circuiting the normal ar-
mature signal.

However, a residual bias signal can still remain across AT18, which is blocked by D103
and D104.

Since diodes D103 and D104 are added, the output of OA717 has to rise to either +0.5 volts
or -0.5 volts before any signal actuaily reaches the input of OA22. Diodes D101 and D102
are added in the feedback circuit across OA17 to eliminate this % 0.5 volt Deadband effect,
as well as offset the Drifting effects of diodes D103 and D7104.

3.6.2 Tachometer Feedback Operation

Tachometer feedback control is essential for applications requiring very close speed
holding. i.e. better than 1% or where field Spill-Over control is required for constant

kW/HP applications.
For regenerative control, the tachometer must of necessity be of the DC type for the correct

operation of the control.
The tachometer signal is fed in at pin 74 of the AA1200 control card. The standarc@

tachometer used by SAFTRONICS is the type 5PY which delivers 50 volts DC at the speed
of 1000 RPM.
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3.6.3

3.6.4

It should also be noted that the polarity of the tach signal must be the same as that of the
desired speed reference. This is exclusive to the A1200-R control unit, i.e. where a positive
speed reference is used, the tacho signal must be positive and vice versa.

The tach signal passes from pin 14 to the input 2 of the inverter amplifier OA24 via RV9
R166, R136 and R102.

The output of inverter amplifier 0A24 is completely proportional to that of the tachometer
signal but of opposite sign. This proportional signal is fed to input 2 of the speed error am-
plifier OA22 via R142 and R138. It can be assumed at this point that transistor AT19 is cut-
off. The operation of AT19 will be discussed at a later stage.

The proportional tachometer signal from OA24 therefore opposes the normal reference
signal and the motor speed is kept within very close tolerances.

Capacitor C35 affords filtering of the tach signal to exclude any unwanted noise or ripple.
Diodes D73 and D74 provide voltage overload protection to the input of inverter OA24.
The Maximum Speed control RV9 determines the maximum speed at which the motor will
run, i.e. the effect of the feedback signa! will increase or decrease with adjustment of RV9
for the same set speed.

Tachometer Signal Loss ‘

An exclusive protective feature of the AA1200 control is the tachometer loss feature.
Where tach feedback is used, the possibility exists that this signal can be lost due to actual
damage to the tach unit or the control cable inter-connecting it to the control unit.

The effect of losing this signal is the rapid acceleration of the motor to maximum speed
regardless of speed setting. In many applications, this could prove disastrous, and even
more so in applications using the Field-Spill control features since the motor would over-

speed under low field conditions.
This danger is guarded against in the AA1200 :control in that the /Isolated Armature feed-
back signal automatically replaces the lost feedback signal.

The detailed operation of this feature is explained in Section 3.6.4.

Tachometer Signal Loss Protection Circuit Operation

With tach feedback, both the tach and impedance-isolated armature feedback signals are
present at inputs 74 and 24-25 respectively.

Amplifier pair OA14 and OA13, together with associated circuitry, form an absolute rectifier
circuit to the tach signal inverter OA24 via R80 and R77.

The tach signal is essentially bi-polar, and the absolute rectifier circuit is included to derive
a single polarity signal. :

- Amplifier pair OA16 and OA715 together with associated circuitry forin a second absolute

rectifier circuit.
The second absolute rectifier circuit is included since the armature feedback signal is also

essentially bi-polar.
The positive outputs of both absolute rectifier circuits, i.e. output of OA13 and OA1S are -
compared in comparator OA25 via divider networks A78 - R103 and R8S - R104.

The absolute rectifier circuit of OA74 and OA13 has a sensitivity of approximately 10 times
greater than that of OA16 - OA15 by virtue of R184 being 10 times greater than R60.

Therefore, the positive output of absolute rectifier OA73 will always be greater than that of
OA15. This greater signal level at input 2 of comparator OA25 will ensure a negative -10
volts level at its output. '

Light L8 denoted by TF on the control card will glow brightly with this situation, and tran-
sistor AT18 will be completely saturated, thus short circuiting any armature signal at the in-
put to speed error amplifier OA22.
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3.6.5

3.6.6

However, with failure of the tach signal, the situation is reversed, i.e. the output of QA5 is
now greater than that of OA73, and the output of comparator OA25 switches from -10 volts
to +10 volts, and L8 switches off, indicating a tach loss condition.

This positive output level of 0A25 “cuts-off” transistor AT18, thus restoring the armature X
signal to the mput.of the speed error amplifier OA22, while saturating transistor 4AT19 to?
ensure the exclusion of any unwanted tach signal at the input of OA22.

Zero Speed Sensing Circuit Operation

With regenerative control, it is normaily desirable to have the motor brake regeneratively
down to standstill when depressing the STOP pushbutton, i.e. the motor comes to rest in a
minimum of time, before power is actually removed from it.

The function of the Zero Speed Sensing circuit is to provide this feature, i.e. it will hold the
run circuit until zero speed is reached.

The zero speed sensing circuit consists of amplifiers OA26 - OA27 together with
associated circuitry.

The bi-polar tachometer voltage signal at input 74 is fed to the sensing circuit via R167 -
R146. Diodes D91 - D92 provide limiting to this signal of approximately 5 volts for both
polarities. Capacitor C42 provides filtering of this signal.

For positive tach voltage signal, the output of amplifier OA26 switches from a normal -10
volts to +10 volts. This positive voltage provides a forward bias for transistor AT20 via D75
and divider network R745 - R144.

Transistor AT20 saturates, providing a switched output at pin 73 for the zero speed relay
RL1 accommodated on the AA1200-MB motherboard.

The zero speed relay RLT will remain energized throughout the operation of the drive unit,
and will de-energize when the motor speed has reached zero, i.e. the output of OA26 has
switched negative again. @
For negative tach voltage signals, the output of amplifier OA27 switches from a normal -10%
volt value to +10 voits. This positive voltage also provides a forward bias for transistor
AT20 via D76 and R145 - R144. ,

Here again, relay AL1 will remain operated throughout the operation of the drive unit, and
de-energize when the motor speed has reached zero.

A small bias provided by R705 and R106 at input2 of OA26, and R107 and R108 at input 3

of QA27 ensures that their outputs will be at -10 volts for zero signal input.

Auxiliary Speed Amplifier Input Operation

Access to the speed error amplifier, OA22 input is provided from pin 16 via R160.

This input can be used for an auxiliary input when required.
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3.7 DESCRIPTION OF THE TRIGGER CIRCUIT

3.7.1 Synchronlilng Clrcuit

The Synchronizing Circuit produces a sharp narrow positive pulse when the applied AC
cycle passes through zero, as indicated by Figure 5.

_ r _
+ \ +10V / /
T oy
NV
N’

Fig. 5 Output Signal of Synchronizing Circuit

o— ('
k : INPUT 2 _
: " AD2 ]
A1 - Qv
I RAMP SYNCHRONIZING OUTPUT
R2
5 +
l A3 oV
VE ‘g— | i | |
- LO-END END-STOP PULSE

R4

-VE

Fig 6 Simplified Diagram of Synchronizing and End-Stop Circuit
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3.7.2 Ramp Generator Clrcuit
The Ramp Gaenerator circuit produces a linear saw-tooth ramp when dnven by the SV

chronizing output as shown in Figure 7.

SYNCHRONIZING VOLTAGE

H e ¥ 1
10 I | [
ov
Y :
- _/ /
+8v°T
. ov
]
Fig. 7 Output Waveform of Ramp Generator Circuit
bS]
' AD1
>|
+V
AT1
202 Y
R2 C 1/ NP
N
+10V ’- n ﬂ N\!—
MP REFER
ov = o TCoMMON oA ——o OUTPUT
J L TO ALL THREE
-10v '._J RAMP GENERATOR —#— +
CIRCUTS)

Fig. 8 Simplified Diagram of Ramp Generator Circuits

-28-



®

efesotomasyon.com - Control Techniques,emerson,saftronics -ac drive-servo motor

3.7.3 Comparator Clrcult

In the Comparator Circult, the Ramp signal is compared with the output contral signal from
the Current Amplifier.

When the two signals are equal in level, the output of the Comparator rises sharply from a
negative to a positive value, as shown in Figure 9

+8V VC3
vC2
VCt
ov
+10V | —
COMPARATOR
0 OUTPUT FOR VC1
SMALL TRIGGER
ANGLE
-10v
+10V [
QUTPUT FOR VC2
ov
-10V
+10V |
QUTPUT FOR VC3
LARGE TRIGGER ANGLE
ov
-tov] U § L

Fig. 9 Output Wave Form of Comparator Circuit

As can be seen from Figure 9 , the output waveform of the comparator circuit adances to
the left as the control signal VC increase from zero to 10 volts.

The monostable circuit comprising transistor AT1 and associated circuitry, limits the output
pulse width of the comparator after A7 to 450 uSec.
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T _

o ~—{_—M
“HI-END"
END STOP PULSE INPUT

“LO-END”
END STOP PULSE INPUT

~—p—¢

CONTROL SIGNAL
VC INPUT

|r1

/
450uS O
g : PULSE F
__I RS COMPARA
R3 R4
FUNCTION
LIGHT (LED) B
R8
VoV

AT1

R9 1\C1

-V

Fig. 10 Simplified Diagram of Comparator Circuit

-30-



efesotomasyon.com - Control Techniques,emerson,saftronics -ac drive-servo motor

3.7.4 Pulse Amplifier Circuit
The Pulse Ampiifier is driven by the output of the Comparator circuit.

Together with associated circuitry, the pulse amplifier forms a monostable circuit, having a
fixed pulse width regardless of duration of the input signal.

Provision is made for Cross-Coupling of one amplifier to another by means of diode logic.
This is essential for Full-Bridge power control.

SRRAS
+10V T -1 e — - 1 -1
! : | coMPARATOR
' OUTPUT
0 —t-
]
' {
! {
-1V :
N
-1V | PULSE AMPLIFIER OUTRUT __T_ 4s0us
FOR +VE HALF CYCLE 'ﬁ [~ 42Uu
ov -
-10v
+10v 450uS —{ J-- PULSE AMPLIFIER QUTPUT [
FOR -VE HALF CYCLE
OV b———
-0V
. Fig. 11 lllustrates the Waveforms from the Pulse Amplifier

As can be seen from the above diagrams, each PULSE AMPLIFIER
is “Gated"” so that it will function for one half cycle only.

TO SYNCHROQO SUPPLY I/P
+V

CROSS COUPLING CROSS COUPLING

OUTPUT INPUT
R4
PULSE
AMPLIFIER
RI QUTPUT
ADI? ) Fig. 12
@ Simplified Diagram
= \V4 Pulse Amplitier Circuit
HALF
CYCLE
GATE
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3.7.5 Pulse Transformer Output Circuits

The output from the Pulse Amplifier is fed into the Puise Transformer circuit, together with
a cross-coupled pulse from one of the pre-arranged Pulse Ampliflers. A

The output pulse waveforms are shown in Figure 13 below.

SYNCHRONIZING
SUPPLY

24
WAVEFORM ACROSS
PULSE TRANSFORMER
DRIVE TRANSISTOR

ov

ov

450uS

GATE PULSES ACROSS
SECONDARY OF
PULSE TRANSFORMER

_—.-60'-—

Fig. 13 Output Waveforms of Pulse Transformer Circuit

+24V

AD3
R?7

: K

From Puise
Amplitier
Qutput

Inhibit Input

AD4 v

Fig. 14 Simplitied Diagram of Pulse Transformer Circuit
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The Pulse Transformer circuit consists of pulse transformer T driven by the Darlington
transistor pair AT! and AT2.

The 450u sec pulse from the pulse amplifier is fed via AT to the base of AT7, which
saturates the Darlington pair, and the resulting pulse is transferred via T to the gate-
cathode outputs G & K.

The Inhibit input to transistor AT3 ensures the correct pulse function to the Darlingtoa Tran-
sistor pair AT - AT2.

4. TROUBLESHOOTING

4.1

4.2

COMMON CAUSES OF DRIVE MALFUNCTION
The three most frequent causes of a drive system or major components malfunctioning are:

a) Fuse failure.
b) Discontinuity in a circuit, caused by a broken or loose connection in the wiring.

c) Circuit grounding. caused by faulty or damaged insulation on wiring or a loose component
coming in contact with ground.

If a drive or major component, that has been operating properly, suddenly malfunctions, DO
NOT make any adjustments or replace any components without first checking:

a) For blown fuses.
b) All wiring for breaks.
¢) All wires for faulty or damaged insulation.

d) For any loose connections.

It. after making the above checks, trouble is still encountered, refer to ‘the following test
procedures.

METERING

Generally. a multi-meter and oscilloscope are the only instruments required to make tests.
The multi-meters commonly used for electrical maintenance, having a sensitivity of 100 ohms
per voit on AC or 10.000 ohms per voit on DC, or more, are satisfactory for all tests given.

WARNING

Do not use the ohmmeter section of the multi-meter to check
transistors or associated circuitry unless called for by in-
structions in this manual or any other instructions supplied with
the drive or component. Never use a megger to check control
circuitry or any of its associated components.

Table 5 lists possible malfunctions and their probable cause. This
table may be used to determine which of the major components of
the drive is most likely defective.
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TROUBLESHOOTING . ..

Symptom

Probable Cause

Contactor will not energize when
start button is depressed.

1
2
3.
4.
5
6
7

. Overload relay tripped.
. No control power. Check for 120 VAC

Faulty or improper wiring between drive cabinet and
operator's control station,
Faulty relay.

. Open contactor coil.
. Blown fuse. -
. Field Loss relay (FLR).

Output voltage does not increase
as speed pot is turned up.

-

W

. Improper or defective wiring between drive cabinet

and speed pot.

. Defective speed pot.
. Defective controller AA 71200 or AA1200 MB

Drive unstable.

WM =

. Speed/Current stability pots incorrectly set.
. Motor series field connected backward.
. Defectlive control card AA1200 or AA1200 MB

Speed drift or poor regulation.

1. Current limit sefting too low.

2
3

. Moator overloaded.

Defective control card AA1200 or AA1200 MB

Low maximum speed.

hawn

. Current limit set too low.
. Motor overloaded.

Max. speed pot not adjusted.

. Defective cable between AA1200 or AA1200 MB

Bad SCR.

Circuit breaker trip
(Iif CB is supplied).

WA =

. Current limit set too high.
. Feedback resistor BT or R2 incorrect.
. Ground in motor armature or field.

. Defective SCR.

AC Line fuse/fuses blown.

WA =

. Shorted or grounded DC output wiring.
. Grounded motor armature or field.
. Shorted motor field.

Control circuit fuse blows.

. Defective wiring or component contacting ground

or other circuits.

. Shorted relay or contactor coil.
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4.3 POWER MODULE TESTING
Disconnect the motor armature and field leads from the drive.

Connect four 100 watt, 115V light bulbs in series across the SCR bridge DC bus.

Apply power to the drive.

A) If fuses blow immediately, the problem is one of the following:

a) Shorted or grounded wiring between the fuses and SCR bridge.
b) Shorted or grounded wiring of components within the SCR bridge.

B) If the fuses do not blow, but the light bulbs glow, the problem is a shorted thyristor (con-
trolled rectifier) or one or more thyristors acting as diode rectifiers (Refer to Section 4.4, on
Rectifier Testing).

C) If items A or B do not occur, do the following:

Measure the DC voltage between the SCR bridge DC buses. This voltage should be
less than 5V. If it is greater than 5V there is a thyristor with a high leakage current

or defective suppression component. :
The defective component can be located by disconnecting components within the
SCR bridge, (with power off), until the voltage across the DC bus falls below 5V, (with
power on). _

. D) Apply power to the drive. If more than 5V is measured across the SCR bridge DC buses,
the control card AA1200 or AA1200-MB is most likely faulty.

4.4 RECTIFIER TESTING

4.4.1 Silicon Rectifiers _ ,
Diodes (uncontrolled rectifiers) and thyristors (controlled rectifiers) are the two types of
silicon rectifiers used in the solid state power conversion section of this drive.

When abused. these devices usually fail completely open or completely shorted. A shorted
rectifier is evidenced by the operation of protective devices (circuit breaker or fuses). An
open rectifier will cause a reduction in the maximum DC output voltage.

4.4.2 Silicon Diodes

These can be tested in the circuit by disconnecting one lead or unplugging the diode
assembly and checking with an chmmeter set on the high ohms scale (R x 1000 or more).
The test is performed by readings taken with the ohmmeter leads connected across the
diode in the forward and reverse direction. This means that the positive lead of the ohm-
meter will be connected to first one side of the diode, and then to the opposite side. Com-
parison of the readings will indicate the condition of the dicde. That is, with the leads con-
nected in one direction, the reading should be very low. With the leads in the other direc-
tion. the readings should be high. If both readings are low, the diode is shorted. If both
readings are high, the diode is open.

@ 4.4.3 Thyristors (SCR’s)

Controlled rectifiers should measure high resistance in both the forward and reverse directions.
(100K ohms or more). Conected in the circuit may measure 30K or more.
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The circuit below can be used to test the gating ability of the thyristor.

100 WATT, 115 VOLT
H LIGHT 8uLB

—I\./\ j 1/
10 OHMS /2 watt
1
HSVOLT—J t:)
A-C — '
] 1] ihd
11} '
- 6 VOLT

If the lamp is out with power applied, but lights when the pushbutton is depressed, the
thyristor is good.

4.5 COMPONENT TESTING
The following gives recommended procedures for testing individual quick change type com-
ponents and quick change circuits. Quick change components or circuits are defined as
those which are readily removed (plug-in, clipped-in, or use screw-on or plug-in type ter-
minals), as opposed to those which are soldered in the circuit.

NOTE: Test procedures for such items as transistors are not given, since testing these devices
requires test instruments and techniques not available to most users.

Uniess stated otherwise, the drive should be disconnected from all input power (ail power off)
when performing the following component tests.

4.5.1 Resistors (Fixed, adjustable, rheostats and potentiometers)

Fixed resistors can be checked for continuity (burn-out and ohmic value) without
removing from the circuit by disconnecting one of its leads and checking across it
with an ohmmeter. To check adjustable resistors without removing from the circuit, .
disconnect the leads to one side and to the slider or tap and check it with an ohm-
meter. Rheostats and potentiometers can be checked by continuity and ohmic value
by disconnecting all but one lead to its terminals and checking it with an ohmmeter.

4.5.2 Transformers can be checked for continuity or short circuits (lnput Power must be “ON"’)
by observing the voltage across each of their windings. .

4.5.3 Switches and Circuit Breakers can best be checked for mechanical operation by visual
inspection. The contacts in the switches and circuit breakers can also be checked for con-

tinuity.

4.5.4 Relays, Magnetic Contactors, etc. can be checked for proper operation by visual in-
spection. Two methods of checking the coils in relays and other magnetic contactors for

shorts or cpens are:
a) Ohmmeter test: Disconnect one of the leads to the coil and check across the coil ter-
_.iminals with an ohmmeter.

NOTE: This method is generally limited to coils for which the ohmic value is known.
b) Voltage test: Warning: This test must be made with the Power On. Check the voltage

at the terminals of the relay coil. If the voltage is correct and the relay is inoperative, the &
relay coil has probably failed. The contacts in relays and magnetic contactors can also be

checked for continuity.
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4.5.5 Capacitors can be checked with an ohmmeter. First, remove one lead of the capacitor from
the circuil. Next, discharge the capacitor by shorting its terminals. Set the ohmmeter to
10,000 ohms (or more) scale and connect it across the capacitor under test. A good
capacitor will cause the ohmmeter needle to momentarily move toward zero when the leads
are first connected. Then the needle should move toward the maximum end of the scale.
An open capacitor will cause the needle to remain at maximum. A shorted capacitor will
give a fixed resistance reading. Although this test is not 100% accurate, it will detect most
defective capacitors.

4.5.6 A1200R Card Testing

Refer to page 43 and 44 for LED function to locate faults on the AA1200 card Because of
the complexity ot this card, repairing is not recommended.

AA1200 CONTROL CARD
Light Emitting Diode (LED) Diagnostic Identification

State .of LED's when power applied 21 GNSO

02GNGQ FWD Bridge (BR 1)
@3GNGO
0 LED Off
8 LED Dim 04 Red @
¢ LED Bright 95 Red @ REV 8ridge (B8R 1)
Q6 Red @
B1O [E:j 0B (1 ¥May be ON or OFF
VR +D -D TF TR OS LV 0 +V
e 0 0 0 O ¢ 0 o 0

010
Sate of LED’s when 220
Start PB Aclivated
and Controt is in Forward Direction (2) 030
04090
{No tach Feedback) 0589
0609
B1 o [ —— 1 08l
-V R+D -DTF TR OS LV @ +v
o0 0 0 O O 0O 0 0
1. Either Bl or B ll. but not both will be on.
2. When in Reverse Mode LED's wili be as follows:
01. 02, 03 DIM B8l ON
03, 04. 05 HALF BRIGHT +D OFF
Bl OFF -D ON
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With tach feedback:

-V
0

R
0

+D -D
0 0

5. DC12 SPARES

These parts listed below are common for all drives.

TF
0

Control Forward (B | is on)

TR OS
0 0

Lv. 0 +V
¢ o 0

RECOMMENDED QUANTITY

PART NUMBER DESCRIPTION
AA1200 Control Card 1
A340003 240V AA1200MB Mother Board 1
A340004 480V AA1200MB Mother Board 1
K340003 24V DC Relays on Mother Board 3
W2600-48 26-way Ribbon Cable 1
T5005-03 Pulse Transformer 1
AA1084-2 SCR Suppression Board 1
DC12-61
F60200309 AC Line Fusing 3
N10Sp06A SCR Moduie 3
T5004-01 Current Transformer 2
DC12-126
F602003-11 AC Line Fusing 3
N10SPO6A SCR Module 3
T5004-01 Current Transformer 2
DC12-251
F602003-20 AC Line Fusing 3
N20SP10 SCR Module 3
T5004-01 Current Transformer 2
DC12-350
F602003-20 AC Line Fusing 3
NF28452 SCR Module 6
T5003-02 Current Transformer 2
DC12-500
F602003-=23 AC Line Fusing 3
NF16452 SCR Module 6
T5003-03 Current Transformer 2
DC12-800
F602003-25 AC Linew Fusing 3
NF19122 SCR Modutle 6
T5003-04 Current Transformer 2

NOTE: For 600 Volt input drives consult factory.
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6. INDEX OF DRAWINGS
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v DC12 BURDEN RESISTOR/OVERLOAD
DATA CHART

240 VAC 480 VAC
| Burden - .OL -WLBurden O/L
Current| resistor Heater or | Current| resistor Heater or
HP |F/B CT| ohms |O/L CT| Setting |F/B CT| ohms |O/L CT| Setting
5 1500:1| 150 - FH46 |1500:1}| 300 - FH38
7.5 1500:1] 100 - FH50 |1500:1| 200 - FH43
10 1500:1] 68 - FH54 |1500:1] 150 - FH46
15 1500:1| 47 - FH83 |1500:1| 100 - FH49
20 |[1500:11 35 | - FH86 |1500:1| 75 - FHS53
25 1500:1) 27 - FH89 |1500:1] 56 - FHS55
30 1500:1] 25 - FH90 |1500:1} S50 - FHS82
40 2500:1| 30 250:3 2.3 1500:1 39 - FHS35
50 2500:1] 25 250:5 2.9 1500:1 30 - FHS38
%, 60 2500:11 20 250:5 3.3 1500:1| 25 - FH39
\,) 75 2500:1 15 250:5 4.2 1500:1{ 20 - FH92

100 |2500:1] 12 500:5 2.3 2500:1) 27 250:5 2.6
125 }5000:1} 20 500:3 3.5 2500:1} 20 250:5 3.3
150 15000:1| 15 500:5 4.1 2500:1 18 250:5 3.9

200 | - | - ; - |2s00:1| 12 | s00:5 | 26
250 | - ; ; - lso00:1} 22 |s00:5 | 3.2
300 | - . ; - |so00:1| 18 | 5s00:5 | 3.9
a0 | - . ; - lssoo:1| 22 |1000:5) 2.6
500 | - . . - |ssoo:1| 18 [1000:5| 3.3
600 | - - . - {ssoo:1| 15 |1000:5] 4.0
700 | - - . - |ssoo:1| 12 |1000:5| 4.7
800 | - . ) - Jssoo:1| 12 |1s00:5| 3.6

Burden resistor calculation:

R=1.73xCT/FLA

Where R = burden resistor in ohms,

CT = Current F/B ratio

FLA = Motor full load amps

Example: FLA = 100, CT = 1500:1, then

R= 1.73 X 1500 / 100 = 26 ohms, use 25 ohm, 3 watts.




