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This equipment is guaranteed for twelve months from the date of delivery.  The terms of this guarantee 
are valid provided that CONTROL TECHNOLOGY is informed of the fact within fourteen days of 
equipment malfunction and the equipment is returned to the nearest agent with a factory accredited 
service department.  The equipment should be suitably packed and the transport prepaid. 
 

WARNING 
 
THIS EQUIPMENT MUST BE HANDLED WITH THE UTMOST CARE AS DANGEROUS 
ELECTRICAL POTENTIALS ARE PRESENT WHEN A SUPPLY VOLTAGE IS APPLIED.  WHEN 
PRINTED CIRCUIT BOARD REPAIR OR PART REPLACEMENT IS REQUIRED ALWAYS 
ISOLATE ALL SUPPLY VOLTAGES TO THE SYSTEM. 
 
PRODUCT OVERVIEW 
 
The Phantom III AC Phase Angle Controller is designed for solid state reduced voltage starting of three 
phase squirrel cage induction motors (SOFT STARTER).  The Controller may also be used as a Phase 
Controller for inductive or resistive loads or as a six pulse non regenerative DC drive Controller. 
 
Standard models available range from 5.5 Kw to 850 Kw units for either 380 or 525 VAC.  These units 
are available rated for 3, 3.5, 4 or 5,5 times full load current, with or without bypass contactors. 
 
A fully controlled, six thyristor power stack connected to a PHANTOM III control card forms the basic 
unit.  The thyristor’s are protected by transient and DVDT suppression circuitry.  The card may be 
configured for either voltage or current controlled starting modes. 
 
The voltage loop is completed by either Tachogenerator or output derived Voltage feedback.  An on board 
three phase bridge rectifier is provided for AC feedback rectification.  A high impedance buffer isolates 
feedback voltages from the controller circuitry.  The voltage loop may be opened and then configured as a 
1:1 amplifier. 
 
An ACCT derived, current feedback signal, galvanically isolated from the controller circuitry, completes 
the current loop.  An onboard three phase bridge rectifier is provided for feedback rectification.  The 
current loop may be opened and configured as a 1:1 amplifier. 
 
STANDARD FEATURES 
 

o Power Stacks correctly rated. 
o DV / DT Suppression of each Thyristor. 
o Adjustable Torque Boost, minimum and maximum outputs. 
o Adjustable Voltage and Current loop stability’s 
o Phase loss / rotation interlock with LED indication. 
o Current Limit. 
o Stack over Temperature interlock. 
o Adjustable relay output for a bypass contactor. 
o Full block firing of the Thyristor gates. 
o Adjustable acceleration or deceleration ramps. 
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ELECTRICAL SPECIFICATIONS 
 

MODEL SUPPLY 
VOLTAGE 

INPUT 
CURRENT 

OUTPUT 
VOLTAGE 

OUTPUT 
CURRENT 

HEAT 
DISS. 

5.5 - 220 - 525 10 -  0 - 380 10 - VAR. 
850 KW VAC 1200 AAC VAC 1200  
   0 – 525   
   VAC   
 
ALL MODELS: 
 
ENCLOSURE:   IP00 
OPERATING TEMPERATURE: -10 TO 40 DEG.C 
HUMIDITY:    85 % R.H. AT 40 DEG. C 
     NON CONDENSING. 
ALTITUDE:    ABOVE 1000M DERATE 1 % PER 100M 
 
VOLTAGE CONTROL 
 
CONTROL FUNCTION 
CLOSED LOOP PROPORTIONAL PLUS INTEGRAL CONTROL WITH ADJUSTABLE 
STABILITY. 
 
CURRENT CONTROL 
 
CONTROL FUNCTION 
CLOSED LOOP PROPORTIONAL PLUS INTEGRAL CONTROL WITH ADJUSTABLE 
STABILITY. 
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INSTALLATION INFORMATION 
 
Before Commissioning it is essential to ensure the following Installation information has been complied 
with. 
 

1. A good air flow is essential for maximum cooling.  When fitting in an enclosure allow 100 mm 
clearance on all sides.  If a small enclosure is used it may be necessary to fit a cooling fan.  When 
fitting in a system with cable trunking ensure a 50 mm clearance top and bottom and 25 mm side 
clearance. 

 
2. Operating temperature range 0 – 40 deg. C. 

 
3. Avoid Vibration.  Excessive vibration can cause general deterioration of connections and 

component damage. 
 

4. All control cabling should be 0.75 sq. mm. minimum.  A noisy environment could necessitate 
screening of the reference and feedback control signals.  Care should be taken in the grounding of 
the screen conductor so as to avoid earth loops. 

 
CONNECT SCREEN TO EARTH ONLY AT CONTROLLER END. 

 
5. Power cable to be minimum 600 vac rated at 1.5 x output current. 

 
6. Fuses or Circuit Breakers, suitably rated, are recommended for incoming supply protection. 

 
7. Ensure good quality earth bonding. 
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TERMINAL INFORMATION 
 
CONTROL TERMINALS 
 

1. +12 VDC  Positive Power Supply rail maximum load 20 mA. 
 

2. 0 volt Common: Common for reference inputs and power supplies. 
 

3. – 12 vdc:  Negative power supply rail maximum load 20 mA. 
 

4. Current reference  
Input:   0 – 12 VDC for 0 – 100 % current output. 

 
5. 0 volts common: Common for reference inputs and power supplies. 

 
6. Tachogenerator 

Feedback:  Tachogenerator positive input. 
 

7. 0 volts common: Common for reference inputs and power supplies. 
 
8. Voltage reference 

Input:   0 – 12 VDC for 0 – 100% voltage output. 
 

9. 0 volts common: Common for reference inputs and power supplies. 
 

10. Start:   Internal relay coil.  Connect to start button when internal latch is required.   
Connect to terminal 12 via a potential free contact for remote starting. 

 
11. Common stop/start: Connected to common of stop / start circuitry when latch is required. 

 
12. Stop:   + 22 VDC supply for internal start relay.  Connect to stop button when  
    internal latch is required.  Connect to terminal 10 via a potential free contact 
    for remote starting. 

 
13. Bypass relay 

Contact:  Normally open potential free relay contact rated:  250 VAC 2A. 
 

14. Bypass relay 
Contact:  Common for potential free rlay contact rated:  250 VAC 2A. 

 
15. Bypass relay 

Contact:  Normally closed potential free relay contact rated:  250 VAC 2A. 
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POWER TERMINALS 
 
STACK TERMINALS 
 
R, S, T.   Main Supply terminals 
 
                 NOTE! 
 
    No on board power fusing exists. 
 
U, V, W.   Output to load. 
 
EARTH.   Customer Earth Connection. 
 
PC CARD TERMINALS 
 
R, S, T.   Card supply terminals. 
 
N    No connection. 
 
A, B, C.   ACCT input terminals for starred connection. 
 
D, E, F.   Voltage feedback terminals. 
 
G1 K1.  G3 K3.  G5 K5. Thyristor Gate Drive. 
G2 K2.  G4 K4.  G6 K6. connections. 
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COMMISSIONING INFORMATION (GENERAL) 
 
INTERNAL PRE-SET POTENTIOMETER INFORMATION 
 
CW = Clockwise  CCW = Counter Clockwise 
 
ALL QUICKSET POSITIONS ARE GIVEN FOR TEST PURPOSES ONLY.  DAMAGE MAY OCCUR 
IF FULL COMMISSIONING PROCEDURE IS NOT ADHERED TO. 
 
P1. C / L.  CCW for minimum current setting CW for maximum.  Must be adjusted fully CCW if 

external current reference is used. 
Quickset position:  50 % 

 
P2. BYPASS.  Sets the point at which the onboard bypass relay operates. 
 Quickset position:  100% CW 
 
P3. ISTAB.  Optimises the Current loop.  Rotate CCW for faster response.  Excess adjustment may 

cause instability. 
 Quickset position:  50 % 
 
P4. MIN.  Sets the torque boost level.  Sets the minimum output of the controller. 
 Quickset position:  25 % CW 
 
P5. MAX.  Sets the maximum output of the controller with 12 VDC voltage reference on Terminal 8.  

(When configured as a voltage controller). 
 Quickset position:  50 % 
 
P6. VSTAB.  Optimises the voltage loop.  Rotate CCW for faster response.  Excess adjustment may 

cause instability. 
 Quickset position:  50 % 
 
P7. RAMP.  Sets the up or down ramp rate of the controller in all modes. 
 Quickset position:  50 % 
 
CONTROLLER STATUS INDICATION 
 
LED 1  BYPASS: Illuminated when the onboard Bypass relay is energized. 
 
LED 2  RUN:  Illuminated when the controller is started. 
 
LED 3 EN.:  Illuminated after a delay when the controller is started.  This delay allows  

The Power supplies to stabilize before enabling the gate pulses to the 
thyristors. 

 
LED 4  PHASE  

ROT.: Illuminated when the phase rotation of the supply to the PC card is correct.  
Care must be taken to ensure that the phase rotation to the thyristor bridge is 
correct if this card is fitted to a customer supplied thyristor bridge. 
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Although the following information is fairly general, it is assumed that the system being commissioned is 
a simple voltage or current controller. 
 
Before energizing the controller for the first time choose the correct application connections from the 
descriptions given in the application information section of this manual. 
 
CHECK: Main power supply voltage is correct. 
 
  Load current and voltage ratings are compatible with the controller. 
 
  The controller has not been mechanically damaged in transit. 
 
  All power and control wiring fasteners are tightened adequately. 
 
  No personnel or machinery will be injured or damaged if the controller is switched on. 
 

The motor is free to rotate in either direction and no personnel or machinery will be injured 
or damaged if the motor is rotated at maximum speed. 
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SOFT START INFORMATION 
 
It is important to determine the starting method required. 
 
In the following paragraphs a brief description of the three commonly used reduced voltage starting 
methods will be given.  The dynamic relationship between the speed of the motor and the mains supply 
voltage and current will be discussed and examples given of their usual applications in industry. 
 
1. VOLTAGE RAMP WITH NO FEEDBACK 
 
The C/L pot.  P1 (maximum current limit setting potentiometer) is preset to between 100 and 600 % of 
the motors full load current. 
The MIN pot.  P4 (minimum output setting potentiometer) is used to set the voltage at the output of the 
controller to a level where the motor starts to rotate.  (breakaway point).  The voltage continues to rise at 
an adjustable rate, set on the RAMP pot.  P7, allowing the motor to accelerate to full speed.  This method 
is commonly used on pumps and fans and in other applications where the mechanical load is low but high 
inertial loading develops as the motor speed increases. 
 
2. VOLTAGE RAMP WITH FEEDBACK 
 
With this method a tachogenerator is fitted to the motor and wired to the controller, closing the voltage 
loop.  If the current limit circuit is not required the current loop is configureable as a 1:1 amplifier.  As in 
the previous method the C/L pot. 
P1 (maximum current limit setting potentiometer) is preset to between 100 and 600 % of the motor full 
load current. 
The MIN pot.  P4 (minimum output setting potentiometer) is used to set the voltage at the output of the 
controller to a level where the motor starts to rotate (breakaway point).  The voltage continues to rise at an 
adjustable rate, set on the RAMP pot.  P7, allowing the motor to accelerate linearly to full speed.  This 
method is commonly used in the wire and cable industry on annealers and drawing machinery where 
linear acceleration or deceleration are a primary objective. 
 
3. CURRENT RAMP WITH FEEDBACK 
 
This method is by far the most successful and commonly used.  The range of applications overlaps into 
both previously discussed methods and as the  PHANTOM controller is easily configured by Printed 
Circuit Board mounted DIP switches for all the starting methods, it is possible to select the most efficient 
configuration. 
With this method ACCT’s fitted on the controller mains supply are wired to the control card, closing the 
current loop.  The voltage loop is configured as a 1:1 amplifier. 
The C/L pot. P1 (maximum current limit setting potentiometer) is preset to between 100 and 600% of the 
motor full load current.  The MIN pot.  P4 (minimum output setting potentiometer) is used to set the 
current at the output of the controller to a level where the motor starts to rotate (breakaway point).  The 
current continues to rise at an adjustable rate, set on the RAMP pot.  P7, allowing the motor to accelerate 
to full speed.  There are numerous areas where this method of soft start may be applied. 
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The main criteria are: 
 

a. Protecting the incoming supply by reducing the motor starting current to between 100 – 
600 % F.L.C.  An average three phase squirrel cage induction motor working at capacity 
will draw between 900 – 1100 % full load current on start up.  Soft starters requiring more 
than 600 % full load current to breakaway loads are marginal. 

 
b. Preventing costly damage to gearboxes and running gear. 

 
c. Energy management.  For this feature it is important to contact Control Technology as it 

will be necessary to use a SHADOW microprocessor control card. 
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VOLTAGE RAMP WITH NO FEEDBACK 
 

STARTUP PROCEDURE 
 
 
1. ISOLATE THE INCOMING MAIN SUPPLY. 
 
2. Check that the DIP switch settings are as described below. 
 
 SW 1 A  OPTIONAL WITH THIS METHOD OF STARTING. 
 

SW 1 A ON. When the STOP button is pushed the voltage will ramp down at the rate set on P7 
(RAMP) until the voltage output reaches 5 % of rated output.  At this point the 
controller will be disabled. 

SW 1 A OFF. When the STOP button is pushed the controller will be disabled and the motor will 
coast to a halt. 

 
SW 1 B ON. This configures the current amplifier as a 1:1 amplifier.  No ACCT feedback is 

required. 
 
SW 2 A WITH THIS METHOD OF STARTING THIS DIP SWITCH MUST BE SET IN 

THE OFF POSITION.  (This disconnects the high impedance voltage feedback 
buffer amplifier from the voltage loop). 

SW2 B WITH THIS METHOD OF STARTING THIS DIP SWITCH MUST BE SET IN 
THE ON POSITION.  (This configures the voltage loop as a 1:1 amplifier.  No 
voltage feedback is required). 

 
STOPPING OPTIONS: 
 
SW 1 A OFF When  the stop button is pressed, the drive will be disabled immediately, and the  
SW 3 A ON  motor will coast to a halt. 
SW 3 B OFF 
 
SW 1 A ON When the stop button is pressed, the drive will ramp the motor to a halt and then 
SW 3 A OFF disable itself. 
SW 3 B ON 
 

3. Turn the pre-set potentiometers to the positions listed below. 
   
   P1 50 %  Current Limit 
   P2 100 % CW Bypass 
   P3 50 %  Current Stability 
   P4 100 % CCW Minimum Output 
   P5 100 % CCW Maximum Output 
   P6 50 %  Voltage Stability 
   P7 50 %  Ramp 
 

4. If ACCT’s are fitted, select the correct ACCT terminating resistor as per the following formula: 
 

 RESISTOR  =  2.6 x ACCT ratio 
                          Imax x ACCT turns 

10. 



 Note:  Imax is the full load starting current required, not the motor full load current. 
 
5. Ensure the fuses are correctly rated. 

 
6. If the control card is fitted to a customer supplied stack, or the method of starting has being changed 

from that which was ordered, check that the control card has been wired as per the correct 
application diagram chosen from that section of this manual. 

 
7. Switch on the mains Isolator.  Measure at the incoming mains terminals for the correct supply 

voltage. 
 
8. Check that LED 4, (PHASE ROT) is illuminated.  If not, Switch off the main isolator.  Swop any 

two incoming supply phases.  If the control card is fitted to a customer supplied stack it is possible 
that LED 4, (PHASE ROT) will be illuminated but the mains wiring to the stack may not be correct.  
It is important that the controller is not started unless the wiring to the card and controller are as per 
the correct application diagram chosen from that section of this manual.  Re-check the Phase 
Rotation if a wiring change is made. 

 
9. Place an ammeter in one leg of the mains supply to the controller. 
 
10. Press the START button.  LED 2 (RUN) will be illuminated. O.5 of a second later, LED 3 (EN.) 

will be illuminated.  Adjust P1 clockwise until the motor just begins to rotate in the correct 
direction.  If a direction change is necessary.  Press the stop button.  Swop any two outgoing 
phase’s.  Restart and repeat the above procedure. 

 
11. The motor will accelerate under voltage control until it reaches full speed.  Adjust P7 (RAMP) to 

attain the quickest start where the current drawn does not exceed the maximum rating of the stack.  
Clockwise shortens the ramp time.  Counter clockwise increases the ramp time.  If ACCT’s are 
fitted and it is required to decrease the maximum current, P1 (C/L) may be rotated counter 
clockwise. 

 
12. Check that full voltage has been applied to the motor at the end of the ramp time.  If not, adjust P5 

(MAX). 
 
13. If a bypass contactor is fitted, adjust P2 (BYPASS) counter clockwise until LED 1 (BYPASS) is 

illuminated and the bypass contactor is energized. 
 
14. If ACCT’s are fitted it is advisable to check for instability in the current loop during a start cycle.  

Connect an oscilloscope to Test Point 7 on the Control card.  (5 volts per division, 5 milliseconds 
per division).  Start the controller.  Monitor the output wave form for a full start cycle.  If instability 
occurs, adjust P3 (ISTAB).  Stop and start the controller and again monitor the oscilloscope for a 
full start cycle.  Repeat this procedure until the output waveform is most stable. 
 
CARE MUST BE TAKEN NOT TO EXCEED THE DUTY CYCLE RATING OF THE OUTPUT 
STACK. 
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VOLTAGE RAMP WITH FEEDBACK 
 

STARTUP PROCEDURE 
 

1. ISOLATE THE INCOMING MAIN SUPPLY. 
 
2. Check that the DIP switch settings are as described below. 
 
 SW 1 A WITH THIS METHOD OF STARTING THIS DIP SWITCH MUST BE SET IN 

THE OFF POSITION (When the stop button is pushed the controller will be 
disabled and the motor will coast to a halt). 

SW 1 B OPTIONAL WITH THIS METHOD OF STARTING. 
 
SW 1 B OFF This configures the current amplifier for ACCT feedback. 
SW 1 B ON. This configures the current amplifier as a 1:1 amplifier.  No ACCT feedback is 

required. 
 
SW 2 A WITH THIS METHOD OF STARTING THIS DIP SWITCH MUST BE SET IN 

THE ON POSITION.  (This connects the high impedance voltage feedback buffer 
amplifier to the voltage loop). 

 
SW2 B WITH THIS METHOD OF STARTING THIS DIP SWITCH MUST BE SET IN 

THE OFF POSITION.  (This configures the voltage loop for feedback). 
 
STOPPING OPTIONS: 
 
SW 1 A OFF When  the stop button is pressed, the drive will be disabled immediately, and the  
SW 3 A ON  motor will coast to a halt. 
SW 3 B OFF 
 
SW 1 A ON When the stop button is pressed, the drive will ramp the motor to a halt and then 
SW 3 A OFF disable itself. 
SW 3 B ON 
 

3. Turn the pre-set potentiometers to the positions listed below. 
   
   P1 50 %  Current Limit 
   P2 100 % CW Bypass 
   P3 50 %  Current Stability 
   P4 100 % CCW Minimum Output 
   P5 100 % CCW Maximum Output 
   P6 50 %  Voltage Stability 
   P7 50 %  Ramp 
 

4. If ACCT’s are fitted, select the correct ACCT terminating resistor as per the following formula: 
 

 RESISTOR  =  2.6 x ACCT ratio 
                          Imax x ACCT turns 

12. 
 



 Note:  Imax is the full load starting current required, not the motor full load current. 
 
5. Ensure the fuses are correctly rated. 

 
6. If the control card is fitted to a customer supplied stack, or the method of starting has being changed 

from that which was ordered, check that the control card has been wired as per the correct 
application diagram chosen from that section of this manual. 

 
7. Switch on the mains Isolator.  Measure at the incoming mains terminals for the correct supply 

voltage. 
 
8. Check that LED 4, (PHASE ROT) is illuminated.  If not, Switch of the main isolator.  Swop any two 

incoming supply phases.  If the control card is fitted to a customer supplied stack it is possible that 
LED 4, (PHASE ROT) will be illuminated but the mains wiring to the stack may not be correct.  It 
is important that the controller is not started unless the wiring to the card and controller are as per 
the correct application diagram chosen from that section of this manual.  Re-check the Phase 
Rotation if a wiring change is made. 

 
9. Place an ammeter in one leg of the mains supply to the controller. 
 
10. Press the START button.  LED 2 (RUN) will be illuminated. O.5 of a second later, LED 3 (EN.) 

will be illuminated.  Adjust P4 (MIN) clockwise until the motor just begins to rotate.  
 
11. The motor will accelerate linearly under voltage control until it reaches full speed.  Adjust P7 

(RAMP) to attain the quickest start where the current drawn does not exceed the maximum rating of 
the stack.  Clockwise shortens the ramp time.  Counter clockwise increases the ramp time.  If 
ACCT’s are fitted and it is required to decrease the maximum current, P1 (C/L) may be rotated 
counter clockwise. 

 
12. Check that full voltage has been applied to the motor at the end of the ramp time.  If not, adjust P5 

(MAX). 
 
13. If a bypass contactor is fitted, adjust P2 (BYPASS) counter clockwise until LED 1 (BYPASS) is 

illuminated and the bypass contactor is energized. 
 
14. If ACCT’s are fitted it is advisable to check for instability in the current loop during a start cycle.  

Connect an oscilloscope to Test Point 7 on the Control card.  (5 volts per division, 5 milliseconds 
per division).  Start the controller.  Monitor the output wave form for a full start cycle.  If instability 
occurs, adjust P3 (ISTAB).  Stop and start the controller and again monitor the oscilloscope for a 
full start cycle.  Repeat this procedure until the output waveform is most stable. 
 
CARE MUST BE TAKEN NOT TO EXCEED THE DUTY CYCLE RATING OF THE OUTPUT 
STACK. 
 

15. It is advisable to check for instability in the voltage loop during a start cycle.  Connect an 
oscilloscope to Test Point 7 on the control card.  (5 volts per division, 5 milliseconds per division).  
Start the controller.  Monitor the output wave form for a full start cycle.  If instability occurs, adjust 
P6 (VSTAB).  Stop and start the controller and again monitor the oscilloscope for a full start cycle.  
Repeat this procedure until the output waveform is most stable. 
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16. If the motor is a wound rotor type with suitable rotor resistance, it is possible to use this method for 
speed control.  Connect as per the correct application diagram from that section of this manual.  

 
CURRENT RAMP WITH FEEDBACK 

 
STARTUP PROCEDURE 

 
1. ISOLATE THE INCOMING MAIN SUPPLY. 
 
2. Check that the DIP switch settings are as described below. 
 
 SW 1 A WITH THIS METHOD OF STARTING THIS DIP SWITCH MUST BE SET IN 

THE OFF POSITION (When the stop button is pushed the controller will be 
disabled and the motor will coast to a halt). 

SW 1 B WITH THIS METHOD OF STARTING THIS DIP SWITCH MUST BE SET IN 
THE OFF POSITION  (this configures the current amplifier for ACCT feedback). 

 
SW 2 A WITH THIS METHOD OF STARTING THIS DIP SWITCH MUST BE SET IN 

THE OFF POSITION (this disconnects the high impedance voltage feedback 
buffer amplifier from the voltage loop). 

SW 2 B WITH THIS METHOD OF STARTING THIS DIP SWITCH MUST BE SET IN 
THE ON POSITION (this configures the voltage loop as a 1:1 amplifier.  No 
Voltage feedback is required). 

 
STOPPING OPTIONS: 
 
SW 1 A OFF When  the stop button is pressed, the drive will be disabled immediately, and the  
SW 3 A ON  motor will coast to a halt. 
SW 3 B OFF 
 
SW 1 A ON When the stop button is pressed, the drive will ramp the motor to a halt and then 
SW 3 A OFF disable itself. 
SW 3 B ON 
 

3. Turn the pre-set potentiometers to the positions listed below. 
   
   P1 50 %  Current Limit 
   P2 100 % CW Bypass 
   P3 50 %  Current Stability 
   P4 100 % CCW Minimum Output 
   P5 100 % CCW Maximum Output 
   P6 50 %  Voltage Stability 
   P7 50 %  Ramp 
 

4. Select the correct ACCT terminating resistor as per the following formula: 
 

 RESISTOR  =  2.6 x ACCT ratio 
                          Imax x ACCT turns 
 
 Note:  Imax is the full load starting current required, not the motor full load current. 
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5. Ensure the fuses are correctly rated. 
 

6. If the control card is fitted to a customer supplied stack, or the method of starting has being changed 
from that which was ordered, check that the control card has been wired as per the correct 
application diagram chosen from that section of this manual. 
 

7. Switch on the mains Isolator.  Measure at the incoming mains terminals for the correct supply 
voltage. 

 
8. Check that LED 4, (PHASE ROT) is illuminated.  If not, Switch of the main isolator.  Swop any two 

incoming supply phases.  If the control card is fitted to a customer supplied stack it is possible that 
LED 4, (PHASE ROT) will be illuminated but the mains wiring to the stack may not be correct.  It 
is important that the controller is not started unless the wiring to the card and controller are as per 
the correct application diagram chosen from that section of this manual.  Re-check the Phase 
Rotation if a wiring change is made. 

 
9. Place an ammeter in one leg of the mains supply to the controller. 
 
10. Press the START button.  LED 2 (RUN) will be illuminated. O.5 of a second later, LED 3 (EN.) 

will be illuminated.  Adjust P4 (MIN) clockwise until the motor just begins to rotate.  
 
11. The motor will accelerate under current control until it reaches full speed.  Adjust P7 (RAMP) to 

attain the quickest start where the current drawn does not exceed the maximum rating of the stack.  
Clockwise shortens the ramp time.  Counter clockwise increases the ramp time.  Should it be 
required to decrease the maximum current, P1 (C/L) may be rotated counter clockwise. 

 
12. Check that full voltage has been applied to the motor at the end of the ramp time.   
 
13. If a bypass contactor is fitted, adjust P2 (BYPASS) counter clockwise until LED 1 (BYPASS) is 

illuminated and the bypass contactor is energized. 
 
14. It is advisable to check for instability in the current loop during a start cycle.  Connect an 

oscilloscope to Test Point 7 on the Control card.  (5 volts per division, 5 milliseconds per division).  
Start the controller.  Monitor the output wave form for a full start cycle.  If instability occurs, adjust 
P3 (ISTAB).  Stop and start the controller and again monitor the oscilloscope for a full start cycle.  
Repeat this procedure until the output waveform is most stable. 
 
CARE MUST BE TAKEN NOT TO EXCEED THE DUTY CYCLE RATING OF THE OUTPUT 
STACK. 
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PHASE CONTROL INDUCTIVE AND RESISTIVE LOADS 
 

VOLTAGE CONTROL 
 

STARTUP PROCEDURE 
 
1. ISOLATE THE INCOMING MAIN SUPPLY. 
 
2. Check that the DIP switch settings are as described below. 
 
 SW 1 A ON When the stop button is pushed the voltage will ramp down at the rate set on P7 

(RAMP) until the voltage ouput reaches 5% of rated output.  At this point the 
controller will be disabled.  This feature is beneficial when the controller used is for 
transformer primary control.  It allows the inductive energy to dissipate during the 
ramp down period thereby protecting the thyristors from transients which might 
cause the devices to turn on at the incorrect time.  If this option is selected voltage 
feedback must be supplied to the PC card. 

 
SW 1 A OFF When the stop button is pushed the controller will be disabled and the output will 

be switched off. 
 
SW 1 B OFF This configures the current amplifier for ACCT feedback if current control and or 

limit is required. 
 
SW 1 B ON This configures the current amplifier as a 1:1 amplifier.  No ACCT feedback is 

required.  No current control or limit is possible with this configuration. 
 
SW 2 A ON This connects the high impedance voltage feedback buffer amplifier to the voltage 

loop.  A voltage feedback derived from the controller must be fed to this buffer. 
 
SW 2 A OFF This disconnects the high impedance voltage feedback buffer amplifier from the 

voltage loop.  No voltage feedback is required.  With this configuration SW 2 B 
must be switched to the ON position. 

 
SW 2 B ON This configures the voltage loop as a 1:1 amplifier.  No voltage feedback is 

required. 
 
SW 2 B OFF This configures the voltage loop for voltage feedback. 
 
STOPPING OPTIONS: 
 
SW 1 A OFF When  the stop button is pressed, the drive will be disabled immediately, and the  
SW 3 A ON  motor will coast to a halt. 
SW 3 B OFF 
 
SW 1 A ON When the stop button is pressed, the drive will ramp the motor to a halt and then 
SW 3 A OFF disable itself. 
SW 3 B ON 
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Turn the pre-set potentiometers to the positions listed below.  
   P1 50 %  Current Limit 
   P2 100 % CW Bypass 
   P3 50 %  Current Stability 
   P4 100 % CCW Minimum Output 
   P5 100 % CCW Maximum Output 
   P6 50 %  Voltage Stability 
   P7 50 %  Ramp 
 

3. If ACCT feedback is selected, choose the correct ACCT terminating resistor as per the following 
formula: 

 
 RESISTOR  =  2.6 x ACCT ratio 
                          Imax x ACCT turns 
 
5. Ensure the fuses are correctly rated. 

 
6. If the control card is fitted to a customer supplied stack, or the method of starting has being changed 

from that which was ordered, check that the control card has been wired as per the correct 
application diagram chosen from that section of this manual. 
 

7. Switch on the mains Isolator.  Measure at the incoming mains terminals for the correct supply 
voltage. 

 
8. Check that LED 4, (PHASE ROT) is illuminated.  If not, Switch of the main isolator.  Swop any two 

incoming supply phases.  If the control card is fitted to a customer supplied stack it is possible that 
LED 4, (PHASE ROT) will be illuminated but the mains wiring to the stack may not be correct.  It 
is important that the controller is not started unless the wiring to the card and controller are as per 
the correct application diagram chosen from that section of this manual.  Re-check the Phase 
Rotation if a wiring change is made. 

 
9. Place an ammeter in one leg of the mains supply to the controller.  Measure the output of the 

controller with a voltmeter. 
 
10. Turn the external reference potentiometer to zero.  Press the start button.  LED 2 (RUN) will be 

illuminated.  0.5 of a second later, LED 3 (EN.) will be illuminated.  Adjust P1 (MIN) clockwise 
until the required minimum output is achieved.  

 
11. Rotate the external reference potentiometer slowly clockwise to full reference.  The output will rise 

at the rate set on P7 (RAMP).  Adjust P7 for the required up or down ramp rate.  Adjust P5 (MAX) 
until the required maximum output is achieved. 

 
12. If ACCT’S are fitted it is advisable to check for instability in the current loop during operation.  

Connect an oscilloscope to test Point 7 on the Control Card  (5 volts per division, 5 milliseconds per 
division).  Start the controller.  Monitor the output wave form during normal operation.  If instability 
occurs, adjust P3 (ISTAB) until the output waveform is most stable.  

 
13. If the controller is configured for voltage feedback it is advisable to check for instability in the 

voltage loop during operation.  Connect an oscilloscope to test Point 7 on the control card (5 volts 
per division, 5 milliseconds per division).  Start the controller.  Monitor the output wave form 
during normal operation.  If instability occurs, adjust P6 (VSTAB) until the output waveform is 
most stable.     17. 



CURRENT CONTROL 
 

STARTUP PROCEDURE 
 

1. ISOLATE THE INCOMING MAIN SUPPLY. 
 
2. Choose the DIP switch settings for the required control parameters. 
 
 SW 1 A ON When the stop button is pushed the voltage will ramp down at the rate set on P7 

(RAMP) until the voltage ouput reaches 5% of rated output.  At this point the 
controller will be disabled.  This feature is beneficial when the controller used is for 
transformer primary control.  It allows the inductive energy to dissipate during the 
ramp down period thereby protecting the thyristors from transients which might 
cause the devices to turn on at the incorrect time.  If this option is selected voltage 
feedback must be supplied to the PC card. 

 
SW 1 A OFF When the stop button is pushed the controller will be disabled and the output will 

be switched off. 
 
SW 1 B OFF This configures the current amplifier for ACCT feedback if current control and or 

limit is required. 
 
SW 1 B ON This configures the current amplifier as a 1:1 amplifier.  No ACCT feedback is 

required.  No current control or limit is possible with this configuration. 
 
SW 2 A ON This connects the high impedance voltage feedback buffer amplifier to the voltage 

loop.  A voltage feedback derived from the controller must be fed to this buffer. 
 
SW 2 A OFF This disconnects the high impedance voltage feedback buffer amplifier from the 

voltage loop.  No voltage feedback is required.  With this configuration SW 2 B 
must be switched to the ON position. 

 
SW 2 B ON This configures the voltage loop as a 1:1 amplifier.  No voltage feedback is 

required. 
 
SW 2 B OFF This configures the voltage loop for voltage feedback. 
 
STOPPING OPTIONS: 
 
SW 1 A OFF When  the stop button is pressed, the drive will be disabled immediately, and the  
SW 3 A ON  motor will coast to a halt. 
SW 3 B OFF 
 
SW 1 A ON When the stop button is pressed, the drive will ramp the motor to a halt and then 
SW 3 A OFF disable itself. 
SW 3 B ON 
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3. Turn the pre-set potentiometers to the positions listed below. 
   
   P1 50 %  Current Limit 
   P2 100 % CW Bypass 
   P3 50 %  Current Stability 
   P4 100 % CCW Minimum Output 
   P5 100 % CCW Maximum Output 
   P6 50 %  Voltage Stability 
   P7 50 %  Ramp 
 

4. If ACCT feedback is selected, choose the correct ACCT terminating resistor as per the following 
formula: 

 
 RESISTOR  =  2.6 x ACCT ratio 
                          Imax x ACCT turns 
 
5. Ensure the fuses are correctly rated. 

 
6. If the control card is fitted to a customer supplied stack, or the method of starting has being changed 

from that which was ordered, check that the control card has been wired as per the correct 
application diagram chosen from that section of this manual. 
 

7. Switch on the mains Isolator.  Measure at the incoming mains terminals for the correct supply 
voltage. 

 
8. Check that LED 4, (PHASE ROT) is illuminated.  If not, Switch of the main isolator.  Swop any two 

incoming supply phases.  If the control card is fitted to a customer supplied stack it is possible that 
LED 4, (PHASE ROT) will be illuminated but the mains wiring to the stack may not be correct.  It 
is important that the controller is not started unless the wiring to the card and controller are as per 
the correct application diagram chosen from that section of this manual.  Re-check the Phase 
Rotation if a wiring change is made. 

 
9. Place an ammeter in one leg of the mains supply to the controller.  Measure the output of the 

controller with a voltmeter. 
 
10. Turn the external reference potentiometer to zero.  Press the start button.  LED 2 (RUN) will be 

illuminated.  0.5 of a second later, LED 3 (EN.) will be illuminated.   
 
11. Rotate the external reference potentiometer fully clockwise.  Adjust P1 (C/L) clockwise until the 

ammeter indicates the required full load current.  Set the rate of current rise on P7 (RAMP).  
Clockwise shortens the ramp time.  Counter clockwise lengthens the ramp time. 

 
12. If ACCT’S are fitted it is advisable to check for instability in the current loop during operation.  

Connect an oscilloscope to test Point 7 on the Control Card  (5 volts per division, 5 milliseconds per 
division).  Start the controller.  Monitor the output wave form during normal operation.  If instability 
occurs, adjust P3 (ISTAB) until the output waveform is most stable.  

 
13. If the controller is configured for voltage feedback it is advisable to check for instability in the 

voltage loop during operation.  Connect an oscilloscope to test Point 7 on the control card (5 volts 
per division, 5 milliseconds per division).  Start the controller.  Monitor the output wave form 
during normal operation.  If instability occurs, adjust P6 (VSTAB) until the output waveform is 
most stable.     19. 



RETRO-FITTING ON EXISTING STACK AS A SIX PULSE DC CONTROLLER 
 

DC DRIVE 
 

STARTUP PROCEDURE 
 
1. ISOLATE THE INCOMING MAIN SUPPLY. 
 
2. Choose the DIP switch settings for the required control parameters. 
 

SW 1 A OFF When the stop button is pushed the controller will be disabled and the motor will 
coast to a halt. 

   
SW 1 B OFF This configures the current amplifier for ACCT feedback. 
 
SW 2 A SELECTS ARMATURE OR TACHOGENERATOR FEEDBACK. 
 
SW 2 A ON This connects the high impedance voltage feedback buffer amplifier to the voltage 

loop.  A voltage feedback derived from the armature must be fed to this buffer. 
 
SW 2 A OFF This disconnects the high impedance voltage feedback buffer amplifier from the 

voltage loop.  A tachogenerator must be connected to Terminals 6 and 1 and R86 
must be scaled for 5 volts at Test Point 11 when the motor is running at full speed. 

 
SW 2 B OFF This configures the voltage loop for voltage feedback. 
 
STOPPING OPTIONS: 
 
SW 1 A OFF When  the stop button is pressed, the drive will be disabled immediately, and the  
SW 3 A ON  motor will coast to a halt. 
SW 3 B OFF 
 
SW 1 A ON When the stop button is pressed, the drive will ramp the motor to a halt and then 
SW 3 A OFF disable itself. 
SW 3 B ON 
 

3. Turn the pre-set potentiometers to the positions listed below. 
   
   P1 50 %  Current Limit 
   P2 100 % CW Bypass 
   P3 50 %  Current Stability 
   P4 100 % CCW Minimum Output 
   P5 100 % CCW Maximum Output 
   P6 50 %  Voltage Stability 
   P7 50 %  Ramp 
 

4. Choose the correct ACCT terminating resistor as per the following formula: 
 

 RESISTOR  =  2.6 x ACCT ratio 
                          Imax x ACCT turns 
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5. Ensure the fuses are correctly rated. 
 

6. If the control card is fitted to a customer supplied stack, or the method of starting has being changed 
from that which was ordered, check that the control card has been wired as per the correct 
application diagram chosen from that section of this manual. 
 

7. Switch on the mains Isolator.  Measure at the incoming mains terminals for the correct supply 
voltage. 

 
8. Check that LED 4, (PHASE ROT) is illuminated.  If not, Switch of the main isolator.  Swop any two 

incoming supply phases.  If the control card is fitted to a customer supplied stack it is possible that 
LED 4, (PHASE ROT) will be illuminated but the mains wiring to the stack may not be correct.  It 
is important that the controller is not started unless the wiring to the card and controller are as per 
the correct application diagram chosen from that section of this manual.  Re-check the Phase 
Rotation if a wiring change is made. 

 
9. Place an ammeter in one leg of the mains supply to the controller.  Measure the output of the 

controller with a voltmeter. 
 
10. Disconnect the field supply to the motor.   
 
11. Turn the external speed reference potentiometer to maximum.  Press the start button.  LED 2 (RUN) 

will be illuminated.  0.5 of a second later LED 3 (EN.)  will be illuminated.  Adjust P1 (CL) 
clockwise until the required armature current is achieved.  Care must be taken not to over heat the 
motor.  Stop the controller.  Isolate and reconnect the field wiring. 

 
12. Switch on the power.  Start the controller.  Rotate the external reference potentiometer slowly 

clockwise to full reference.  The output will rise at the rate set on P7 (RAMP).  Adjust P7 for the 
required up or down ramp rate.  Adjust P5 (MAX) until the required maximum output is achieved.  

 
13. It is advisable to check for instability in the current loop during operation.  Connect an oscilloscope 

to Test Point 4 on the control card.  (5 volts per division, 5 milliseconds per division).  Start the 
controller.  Monitor the output wave form during normal operation.  If instability occurs, adjust P3 
(ISTAB) until the output waveform is most stable. 

 
14. As the controller is configured for voltage feed back it is advisable to check for instability in the 

voltage loop during operation.  Connect an oscilloscope to Test Point 4 on the control card.  (5 volts 
per division, 5 milliseconds per division).  Start the controller.  Monitor the output wave form 
during normal operation.  If instability occurs, adjust P6 (VSTAB) until the output waveform is 
most stable. 
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PROBLEM SOLVING INFORMATION 
 

If a control board fails check all connections to the faulty card for the correct values before replacing the 
board. 

 
INDICATION POSSIBLE CAUSE CORRECTIVE ACTION 

AC line fuse blows when power 
is applied to controller 

Wiring faulty or incorrect 
 
 
Shorted Load. 
 
Power bridge shorted. 

Check all power wiring to the 
load.  Correct faulty wiring. 
 
Repair or Replace. 
 
Replace power bridge. 

AC line fuse blows when 
controller is started. 

Power bridge faulty. 
 
Shorted load. 
 
Control board failure causing 
SCR’s to turn on fully. 

Replace power bridge. 
 
Repair or Replace. 
 
Repair or replace control board. 

Fuses not blown but no output 
from controller 

No AC mains supply. 
No LED’s illuminated. 
 
Stop start circuit faulty.  LED 
does not illuminate. 
 
No voltage demand reference. 
 
Control or power board faulty. 

Check incoming mains and repair 
fault. 
 
Repair accordingly. 
 
 
Repair accordingly. 
 
Repair or replace faulty board. 

Output exists when voltage 
demand reference is zero. 

Power bridge faulty. 
 
Control board faulty. 

Replace faulty power bridge. 
 
Repair or replace faulty control 
board. 

Output voltage low. Overload. 
 
Control board faulty. 
 
SCR failure. 

Check load resistance. 
 
Repair or replace Control Board. 
 
Replace faulty power bridge. 
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