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SECTION I - DESCRIPTION 
 

1-1. GENERAL. 
 
1-2. The Model DPA-1 Series PHASE/AMP is a single phase silicon controlled rectifier (SCR), power 
amplifiers designed to control and regulate AC power.  The DPA-1 can be set up to operate in a closed loop or 
in an open loop system containing a resistive or inductive load.  The output power of the DPA-1 corresponds 
linearly to a command signal from an industrial process controller or other similar device.  Internal feedback, 
within the DPA-1, insures output Voltage regulation.  An optional current feedback network provides current 
limiting when desires. 
 
1-3. Numerous other options and accessories are available to adapt the DPA-1 to the individual 
requirements of the many different power control systems in use.  Most of these options and accessories can 
be integrated into (bolted on) the DPA-1 if the need arises after installation.  Water cooled heat sinks are 
available in the DPA-1, but are physically different, and must be specified at time of order. 
 
1-4. DPA-1 PHASE/AMP MODELS. 
 
1-5. There are two basic series of DPA-1 PHASE/AMPS which can operate from either a 50 Hertz or 60 
Hertz line.  They are the 240 Volt AC and the 480 Volt AC series.  However, each series can be rewired, by 
changing taps on internal transformers, to accommodate other operating Voltages.  For example, the 240 Volt 
series can be rewired for 120 or 208 Volts AC.  The 240 hookup will suffice for the 220 Volts AC required for 
overseas operation.  The 480 Volt series can be rewired for 120, 208, 240, 277 or 416 Volts AC.  The 416 Volt 
hookup will suffice for the 380 Volts AC required for overseas operation.  A 600 Volt series is also available 
and is covered by this manual. 

 
INFORMATION RELATING TO DCPA-1 MODELS ONLY 

 
The DCPA-1 is very similar to a DPA-1 with rectification circuitry at the output.  Consequently, all circuit theory 
in the manual relates to the DCPA-1 as well as to the DPA-1. 
 
Referring to schematic 05D100260, diodes D15, D16, D17 and D18 make up the bridge rectifier of the DCPA-
1.  Thyrector THY2 provides protection against transients.  The full-wave rectified dc output appears across 
positive terminal X1 and negative terminal X2.  All components in this circuit have been selected to provide a 
high degree of efficiency; the maximum average dc output from the DCPA-1 consequently approaches 90% of 
the rms line Voltage.  This virtually perfect rectification efficiency means that the DCPA-1 output Voltage falls 
slightly below the theoretical maximum attainable in such a circuit only because the pre-rectification output 
Voltage is limited by firing-circuit design restrictions to 97% of the line Voltage. 
 
Refer to DCPA-1 outline and mounting dimension drawing 02C100259 for details on physical placement of 
components. 
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Table 1-1 lists the model number, RMS current output, nominal load, and dimensions of the various DPA-1 
PHASE/AMPS.  Also, obsolete models are listed in table 1-1 for purposes of reference. 
 

Table 1-1  DPA-1, DCPA-1 PHASE/AMP Models 
 

MODEL NUMBER RMS CURRENT 
OUTPUT (AMPS) 

NOMINAL LOAD KVA @ 
MAX. VOLT. 

DIMENSIONS 

240 VAC SERIES (ALSO 120 AND 208 VAC) 
DCPA1-2415 
DCPA1-2425 

 
DPA1-2430 
DPA1-2450 

15 
25 

 
30 
50 

N/A 
N/A 

 
7.2 
12.0 

A 
A 
 

A 
A 
 

480 (OR 277) VAC SERIES 
(277 VAC units are identical to 480 VAC units except for transformer connections and have a DPA127XX 
Model designation.) 

DPA1-4830 
DPA1-4850 

30 
50 

14.4 
24.0 

A 
A 
 

600 VAC SERIES 
DPA1-6030 
DPA1-6050 

30 
50 

18.0 
30.0 

A 
A 
 

220 VAC SERIES (EUROPEAN VOLTAGE) 
DPA1-2430 
DPA1-2450 

30 
50 

6.6 
11.0 

A 
A 
 

380/416 VAC SERIES (EUROPEAN VOLTAGE) 
DPA1-4030 
DPA1-4050 

30 
50 

12.0 
20.0 

 

A 
A 

120 VAC SERIES  
DPA1-1230 
DPA1-1250 

 
 

30 
50 

3.6 
6.0 

A 
A 
 
 

120 VAC SERIES 
DPA1-1215 
DPA1-1225 

15 
25 

N/A 
N/A 

A 
A 
 

 
Dimensions:  W x H x D 
 
 A 10  x  7  x 4-1/2 inches (25.4  x 17.78  x 11.43 cm) 
 
1-6. OPTIONS AND ACCESSORIES AVAILABLE. 
 
1-7. The options and accessories available for use with the DPA-1, DCPA-1 PHASE/AMPS are described 
in the paragraphs 1-8 through 1-25.  The options and accessories desired should be specified at time of order. 
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1-8. OPTION A, CURRENT LIMIT. 
 
1-9. The Current Limit provides feedback to the summing point of an operational amplified to hold thyristor 
current output to a preset limit.  This limit is continuously adjustable between 25 percent and 125 percent of the 
full rated current output.  With this option, the output current can be regulated (limited) to within 5 percent with 
a loan conductance change of 100 percent.  This option is used when the load becomes excessive during 
some portion of the operating cycle.  The Current Limit option includes a RMS Current Indicator (refer to 
Option C, paragraph 1-10) to measure and display the output current.  A Current Transformer (refer to Option 
D, paragraph 1-12) is required but not supplied with Option A. 
 
1-10. OPTION C, RMS CURRENT INDICATOR. 
 
1-11. The Current Indicator is part of the Current Limit (option A, refer to paragraph 1-8), however, it can be 
purchased separately.  The indicator is a 0 to 5 ampere AC ammeter.  A Current transformer (option D, refer to 
paragraph 1-12) is used to set the range of the indicator.  The function of the Current Indicator is to measure 
and display the RMS current output to the load.  The accuracy of the indicator is (+5) percent of full scale 
definition. 
 
1-12. OPTION D, CURRENT TRANSFORMER. 
 
1-13. The Current Transformer is designed for use with the Current Limit (option A, refer to paragraph 1-8) 
or Current Limit, Fast Gate Shutdown (option F, refer to paragraph 1-16).  The function of the transformer is to 
provide the proper turns ratio to match the current range of the Current Indicator (option C, refer to paragraph 
1-10) to the current output range of the DPA-1.  Normally, a 2VA transformer is supplied, but if the Current 
Indicator is to be remote, a 5VA transformer is required and is designated option X. 
 
1-14. OPTION E, HEAT SINK THERMOSTAT. 
 
1-15. The Heat Sink Thermostat is recommended for use with water cooled or fan cooled units.  This option 
consists of a thermally actuated relay that provides a contact closure in the even of a heat sink over-
temperature condition.  The over-temperature condition may be caused by an over current condition, a failure 
of he cooling system, or by abnormally high ambient temperatures.  The relay contacts are fully insulated from 
the heat sinks.  It is available with either N.O. or N.C. contacts as specified by purchase order. 
 
1-16. OPTION F, CURRENT LIMIT, FAST GATE SHUTDOWN AND AMMETER. 
 
1-17. The description of the current limit portion of option F is identical to the description of the Current Limit 
(option A) provided in paragraph 1-8.  The fast gate shutdown portion of option F shuts down the unit within 
one cycle after the peak output current exceeds a pre-set level.  The pre-set level is continuously adjustable 
between 25 percent and 300 percent of the full rated output current of the Unit.  This option is recommended in 
applications where surge currents are quite common and repetitive clearing of fuses would be an expensive 
nuisance. 
 
1-18. OPTIONS G, H, AND N, ENCLOSURES. 

1-19. All types of JIC and NEMA enclosures are available for the DPA-1 PHASE/AMPS.  Option G relates to 
enclosures containing fans, air filters, and transformers.  Option H related to louvered enclosures and option N 
relates to expanded metal enclosures.  Special machining, etc. required for any particular installation can be 
accomplished prior to shipment and in accordance with user’s specifications. 
 
1-20. OPTION Q, POWER FEEDBACK AND CURRENT LIMIT MODULE. 
 
1-21. Power feedback is used when it is desired to put constant power into a load over a wide range of load 
conductance.  The current limit portion is included to avoid operation that would result in excessive currents at 
low Voltages even though the load power rating is not exceeded.  This option requires a 5VA Current 
Transformer.  A Percent Power Indicator (option T, refer to paragraph 1-22) is also available. 
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1-22. OPTION T, PERCENT POWER INDICATOR. 
 
1-23. The Percent Power Indicator is a 0 to 1 milliampere DC meter scales to indicate 0 to 100 percent 
power.  The accuracy of the meter is (+2) percent of the full scale deflection.  The function of the indicator is to 
measure ad display the percent of power supplied to the load.  The Percent Power Indicator is used with the 
Power Feedback and  Current Limit Module (option Q, refer to paragraph 1-20). 
 
1-24. OPTION W, WATER COOLED HEAT SINKS. 
 
1-25. The Water Cooled Heat Sinks are recommended when units are to be enclosed in dust-tight 
enclosures where a closed-system forced air cooling system is not desired or available.  The water cooled 
units designated DPAW-1, are physically different from the air cooled units and must be specified at time of 
order. 
 
1-26. ACCESSORY, VOLTAGE INDICATOR. 
 
1-27. The Voltage Indicator is a 0 to 120 Volt AC Voltmeter.  The indicator is connected across the 120 Volt 
taps on a transformer in the DPA-1, and the face of the meter is changed at the factory to accommodate the 
desired Voltage range.  The function of the indicator is to measure and display the RMS output Voltage applied 
to the load.  The accuracy of the Voltage Indicator is (+5) percent of full scale deflection. 
 
1-28. TECHNICAL SPECIFICATIONS. 
 
1-29. The general technical specifications for the DPA-1 Series PHASE/AMPS are listed in the Table 1-2.  
The model number, RMS current output, nominal load, and dimensions for DPA-1 PHASE/AMPS are listed in 
Table 1-1. 
 
1-30. TECHNICAL ASSISTANCE. 
 
1-31. In the event that any question should arise concerning application or selection of available options and 
accessories, prompt assistance may be obtained by calling AMETEK HDR Power Systems Customer Support 
at 614-308-5500 
 

Table 1-2  General Technical Specifications for DCPA-1/DPA-1 PHASE/AMPS 
SPECIFICATIONS 

Control Signal 
 

Input Level, Minimum 
 

Input Level, Maximum 
 
Input Impedance, Standard 
 
Input Impedance, Optional 
 
 

Input (Supply) 
 

Voltage 
 
Frequency 
 

Output Voltage, DCPA-1 only 
 
Output Linearity, DCPA-1 only 

 
 
0 to 1 mA DC 
 
0 to 50 mA DC 
 
1500 ohms, 0 to 12 mA span 
 
500 ohms, 12 to 30 mA span 
300 ohms, 30 to 50 mA span 
 
 
 
Between – 20% and +10% of rated value 
 
50 or 60 Hertz 
 
0 – 87% 
 
Within 2% 
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SPECIFICATIONS 
Output (DPA-1 only) 
 

Voltage Range 
 
Voltage Regulation 
 

(DCPA-1 & DPA-1) 
    *Current Range 
 
    *Current Regulation 
 
SCR Protection 
 

Transient Voltage 
 
 
Surge Current 
 
Inrush Current 
 
Dv/dt 
 

Bias/Manual Control Range 
 
Operation Temperature 
 
 
 
Metering Options 

 
 

 

 
 
0 to 97%  of supply, continuously adjustable 
 
1% per 10% of line change for up to 85% of 

 supply Voltage 
 
Between 25% and 125% of rated current output 
 
5% per 100% change in load conductance 
 
 
 
Self-protecting avalanche SCR’s and transient 

Voltage suppressors, standard 
 

Sub cycle fuse 
 
12 cycle soft start (0.2 seconds) 
 
R-C network, standard 
 
(+100%) of input Voltage range 
 
122° F (50°C) at rated output.  The output must be 
de-rated for higher operating temperatures.   
158°F (70°C) maximum. 
 
RMS ammeter, accuracy (+5%) of full scale 

deflection 
 

RMS Voltmeter, accuracy (+5%) of full scale 
deflection 

 
Percent power meter, accuracy (+2%) of full scale 

deflection 
 

 
*With Current Limit option Installed 
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SECTION II - INSTALLATION 

 
2-1. ENVIRONMENTAL CONSIDERATIONS. 
 
2-2. Prior to installing the equipment, some consideration should be given to the factors of temperature, 

vibration, and contamination.  These factors are discussed in paragraphs 2-3 through 2-8. 
 
2-3. TEMPERATURE 
 
2-4. Ambient temperature should be a major consideration in selecting a suitable mounting location for the 
DPA-1.  While a thermal safety margin is an inherent feature of this unit, ambient temperatures in the vicinity of 
the SCR heat sinks should not exceed 122°F (50°C) without appropriate de-rating of the power output 
capability of the unit.  De-rating data for any particular model is available upon request.  The ambient 
temperature should in no case be allowed to exceed 158°F (70°C).  When convection cooling is used, the 
DPA-1 should be mounted upright with heat sink fins oriented vertically relative to the ground plane.  This will 
maximize the dissipation of heat.  If the unit is to be mounted in an enclosure, it may be necessary to supply 
outside air for cooling. 
 
2-5. CONTAMINATION. 
 
2-6. In areas where conductive dust or other foreign matter is likely to accumulate in an exposed DPA-1, an 
enclosure should be obtained to cover the unit.  This measure necessitates the use of a fan and air filter, clean 
air supply, or a water supply (where water cooled heat sinks are used).  JIC and NEMA enclosure for any 
specific installation, are available.  Refer to paragraph 1-18. 
 
2-7. VIBRATION 
 
2-8. The DPA-1 PHASE/AMP can sustain pitched vibration of small amplitude safely.  Environments with a 
significant degree of pitched or un-pitched vibration should be avoided.  Standard shock mounting techniques 
are recommended for DPA-1 if it is to be subjected to significant vibration pick-up. 
 
2-9. POWER LINE CONSIDERATIONS. 
 
2-10. When an SCR fires into a purely resistive load, full current will attempt to flow instantaneously.  If a 
power source with a large amount of inductance in the transformer and/or the power lines is feeding the 
SCR’s, the inductance will limit the rate at which the load current may rise from zero to maximum.  
Consequently, at the instant of SCR firing, current through the load and SCR’s will be zero.  Correspondingly, 
the line Voltage at the SCR’s will drop sharply to zero.  Recovery time is proportional to the L/R ratio (L is the 
power source plus line inductance and R is the combined line and load resistance) of the system, and is 
usually approximately one millisecond.  The result of this sequence of events is the introduction of a “notch” or 
inverted spike into the Voltage waveform which will generate noise up and down the power line supplying the 
SCR’s.  This may, in turn, cause interference in other electrical or electronic equipment sharing the same line if 
such equipment is not designed to reject the noise.  Other PHASE/AMPS on the same line will not be affected.  
The noise will not be transmitted back through any transformers or to any other windings on the same 
transformer. 
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2-11. RADIO FREQUENCY INTERFERENCE. 
 
2-12. The possibility of generating radio frequency interference (RFI) exists when the DPA-1 PHASE/AMP is 
used to drive a purely resistive load.  If the RFI is radiated to an objectionable degree by the power lines, the 
steps listed below will substantially attenuate the RFI. 
 
a. The DPA-1 PHASE/AMP must be enclosed in an RFI shield enclosure. 

b. All output lines should be shielded and the shield jackets connected to the DPA-1 enclosure. 

c. RFI filters should be installed from each input line to earth ground. 

d. Additional RFI suppression is afforded by inserting a power factor correction capacitor near the DPA-1 
power line input. 

While the above steps are suitable for attenuation of high frequency RFI, the low frequency component that 
results from excessively “slack” power lines can only be attenuated by employing a “stiff” or less inductive 
power source. RFI will probably not be a problem if the load is transformer coupled.  If the load is driven 
directly without the intervening transformer, consider the use of zero fired equipment, Series LZF-1. 

2-13. MOUNTING 
 
2-14. The only physical restrictions to be considered when mounting the DPA-2 PHASE/AMPS are listed 
below. 
 
a. If the unit is convection cooled, it is preferable to mount the unit with the fins of the heat sinks vertical with 
respect to the ground plane. 

b. At least one inch, and preferably two inches of air space should be allowed in all directions from the heat 
sinks. 
 
2-15. GENERAL. 
 
2-16. The fuses installed in the DPA-1 PHASE/AMP are selected to open with a current surge.  The fuses 
will NOT protect against a long term overload.  If such operation is anticipated, a circuit breaker should be 
installed to protect the SCR’s.  The output current of the DPA-1 should never exceed 125 percent of the rated 
value. 
 
2-17. WIRING AND INITIAL START-UP. 
 
2-18. Prior to placing the DPA-1 PHASE/AMP on-line, perform the wiring and initial start-up procedures 
outlined below. 
 

WARNING 
 

The heat sinks are well above ground.  Power should never be applied to the unit when the 
possibility of touching or grounding the heat sinks exists.  Hazardous Voltages are present on 
the large, finned heat sinks and at most of the exposed terminals.  Always remove electrical 
power from the unit before installing, removing, or performing service (replacing fuses, etc.) on 
the unit. 

 



Phase/AMP Series DPA1/DCPA1                                                                              Installation 

Document 9100030 AMETEK HDR Power Systems 9 

CAUTION 
 

When installing or replacing fuses, always spring the fuse clips ajar with a screwdriver or pliers 
and then slip the fuse in or out.  NEVER hammer or pry the fuse with undue force. 
 

a. Turn off main power. 

b. Connect the AC input lines to terminals L1 and L2 on the unit.  See figure 2-1. 

c. Connect a dummy load to terminals X1 and X2 on the unit.  See figure 2-1.  A dummy load may be 
constructed by connecting 100 watt light bulbs in series.  The number of light bulbs required can be 
determined by dividing the full rated Voltage output of the unit by 120. 

 
 

Figure 2-1  Front View of Typical DPA-1 
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CAUTION 
 

If it is desired not to construct the suggested dummy load, a load should be selected that will 
not exceed the full rated current output of the unit at full rated output Voltage.  The operational 
load could be used.  If the unit has current limit, do not put a wire through the current 
transformer while setting the Gain and Bias controls. 
 

d. Establish the proper resistance of the control signal input to the Firing Circuit as follows: 
 

(1) Determine the rated current output of the process controller to be used.  Usually the value 
will fall into one of three ranges.  A specific input resistance is required for each range.  
Table 2-1 lists the maximum output current ranges of the controllers and the associated 
input resistance. 

 
Table 2-1  Controller Output Current VS. Control Signal Input Resistance 

 
RATED CONTROLLER 

OUTPUT CURRENT (MA) 
REQUIRED CONTROL 

SIGNAL INPUT 
RESISTANCE (OHMS) 

SHUNT RESISTOR 
REQUIRED 

 
0 To 12 

 
12 To 30 

 
30 To 50 

 
1500 

 
500 

 
300 

 
NONE 

 
750 OHMS, 1 Watt 

 
330 OHMS, 1 Watt 

 
2) Using a Simpson 260 multimeter or equivalent, measure the resistance between 

terminals 1 and 2 on terminal strip TB1.  See figure 2-1. 

3) The resistance measured should be +20 percent of the value required in Table 2-1 for 
the maximum current output of the process controller. 

 
4) If the resistance measured in step (3) is not as specified, shunt terminals 1 and 2 on 

terminal strip TB1 with one watt resistors until the ohmmeter does indicate the 
specified value of input resistance.  Unless otherwise requested, the units are shipped 
with a 1500-Ohm input resistance. 

 
5) When the shunt resistor is found that establishes the required input resistance, 

terminate each lead of the resistor with an insulated spade lug. 
 

6) Disconnect the ohmmeter and connect the resistor between terminals 1 and 2 terminal 
strip TB1. 

 
7) This completes the procedure for establishing the input resistance of the control 

signal. 
 
e. Connect the positive (+) lead of a low resistance DC milliammeter to terminal 1on terminal strip TB1.  A 
Simpson 260 multimeter or equivalent may be used for this purpose. 

f. Connect the negative (-) lead of the DC milliammeter to the negative (-) terminal on the process controller.  
The process controller should be adjusted to manufacturer’s specifications. 
 
g. Connect the positive (+) terminal of the process controller to terminal 2 on terminal strip TB1.  At this point, 

the milliammeter is connected to measure the control signal current from the process controller. 
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h. Connect an AC Voltmeter across the load, terminals X1 and X1 on the unit.  A Simpson 260 multimeter or 
equivalent may be used for this purpose. 

 
i. Position the BIAS/MANUAL control to “0”.  See figure 2-1. 
 
j. Rotate the GAIN control fully counter clockwise to “MIN”.  See figure 2-1. 
 
k. Turn on main power. 
 
l. Set the process controller to demand maximum power. 
 
m. Slowly adjust the GAIN control clockwise until the AC Voltmeter (connected in step h) indicates 95 percent 

of the input Voltage, across the load. 
 
n. While observing the DC milliammeter (connected in steps e through g), reduce the set-point of the process 

controller to minimum output current.  For example, 4 mA from a 4 to 20 mA controller, 0 mA from a 0 to 5 
mA controller, etc. 

 
o. Slowly adjust the BIAS/MANUAL control counter clockwise until the AC Voltmeter indicates 0 (zero) Volts 

across the load. 
 
p. Repeat steps 1 through o. 
 
q. Turn off main power. 
 
r. Disconnect the AC Voltmeter and the DC milliammeter from the unit. 
 
s. Connect the negative (-) lead of the process controller to terminal 1 on terminal strip TB1. 
 

NOTE 
 
 For proper operation of the DPA-1 PHASE/AMP, proper polarity of the control signal from 

the process controller must be observed. 
 
t. Disconnect the dummy load (connected in step c) from terminals X1 and X2 on the unit. 
 
u. Connect the actual operating load to terminals X1 and X2 on the unit. 
 

NOTE 
 

If the Current Transformer (option D) or the Power Feedback, Current Limit, and Current 
Transformer (option Q) is being used, pass the load line to be connected to terminal X1 
through the Current Transformer.  See Figure 2-1. 

 
v. If the unit does not have the Current Limit (option A), the set up is complete.  Turn on main power to the 
unit and set process controller to desired set-point and commence operation. 

w. If the unit does have the Current Limit option, proceed as follows: 
 

(1) Position the CURRENT LIMIT control, on the Control Limit Module, to the center line or mid 
position. 

(2) Turn on main power. 

(3) Adjust the process controller to demand full power. 
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(4) While observing the Current Indicator (ammeter) on the Current Limit Module, slowly adjust 
the CURRENT LIMIT control to the value of output current not to be exceeded during normal 
operation.  This should be accomplished at a temperature where the load will draw excessive 
currents. 

 
x. This completes the initial wiring and start-up procedure. 
 
2-19. MULTIPLE ZONE CONTROL WITH ONE TEMPERATURE CONTROLLER: 
 
2-20. This form of control may be achieved by putting the inputs of all power controllers in series so that the 
output of the temperature controller brings all power controllers up and down together.  Individual zones may 
be trimmed or adjusted with the gain and bias controls on the power controller associated with that zone.  If the 
temperature controller does not have sufficient Voltage dynamic range to drive several power controllers in 
series, the power controller input impedances can be shunted down to reduce the Voltage across each and the 
gain of each power controller increased to compensate for the reduced signal.  Each power controller should 
have at least 2 Volts input signal which would be a minimum of 400 ohms for a 0-5 ma output temperature 
controller. 
 
2-21. LINE VOLTAGE CHANGES: 
 
2-22. 120 Volt units 

No change in wiring should be made due to the SCR rating limit. 
 
2-23. 240 volt units 
 

(1) Conversion to 120 Volt operation 
a. Locate transformer T1, it is the larger one on the unit. 
b. Remove the jumper that runs between terminals 4 and 16 on T1. 
c. Place this jumper between terminals 2 and 14 on T1. 
d. Disconnect the remaining wire (or wires) on terminal 16 of T1 and reconnect 

it to terminal 14. 
e. Locate transformer T2, is the smaller one on the unit. 
f. Remove the wire that is connected to terminal 3 of T2 and connect it to 

terminal 2 of T2. 
g. The unit will now operate from a 120 Volt line. 
 

(2) Conversion to 208 Volt operation 
a. Locate the transformer T1, is the larger one on the unit. 
b. Remove the jumper that runs between terminals 4 and 16 on T1. 
c. Place the jumper between terminals 3 and 15 on T1. 
d. Disconnect the remaining wire (or wires) on terminal 16 of T1 and connect it 

to terminal 15 of T1. 
e. The unit will now operate from a 208 Volt line. 

 
(3) The 240 Volt units may not be converted to higher Voltage units unless power 

semiconductors, fuses, transient suppressors and R105 are changed also. 
 
2-24. 480 volt units 
 

(1) Conversion to 208 Volt operation 
a. Locate transformer T1.  It if the larger one on the unit. 
b. Remove the jumper that runs between terminals 4 and 5 of T1. 
c. Place this jumper between terminals 1 and 5 on T1. 
d. Add a new jumper between terminals 3 and 15 on T1. 
e. Move the input wire (or wires) from terminal 16 of T1 to terminal 15. 
f. Locate transformer T2.  It is the smaller one on the unit. 
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g. Remove the wire connected to terminal 4 of T2 and connect it to terminal 
3 of T2. 

h. Change R105 to 2500 OHMS, 12 Watts. 
i. The unit will now operate from a 208 Volt line. 

 
(2) Conversion to 240 Volt operation 

a. Locate the transformer T1.  It is the larger one on the unit. 
b. Remove the jumper that runs between terminals 4 and 5 on T1. 
c. Place this jumper between terminals 1 and 5 of T1. 
d. Add a new jumper between terminals 4 and 16 of T1. 
e. Locate transformer T2.  It is the smaller one on the unit. 
f. Remove the wire that is connected to terminal 4 of T2 and connect it to 

terminal 3 of T2. 
g. Change R105 to 2500 OHMS, 12 Watts. 
h. The unit will now operate from a 240 Volt line. 
 

2-25. Conversion to 416 Volt operation 
a. Locate transformer T1.  It if the larger one on the unit. 
b. Remove the jumper that runs between terminals 4 and 5 on T1. 
c. Place this jumper between terminals 3 and 5 on T1. 
d. Remove the input wire (or wires) form terminal 16 of T1 and place it on 

terminal 15 of T1. 
e. The unit will now operate from a 240 Volt line. 

 
2-26. Conversion to 277 Volt operation (60 HZ only) 

a. Locate transformer T1.  It is the larger one on the unit. 
b. Remove one end of the jumper connected to terminal 5 of %1 and re-

connect to terminal 15. 
c. Change R105 to 2500 OHMS, 12 Watts. 
d. The unit will now operate from a 277 Volt line. 
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SECTION III - OPERATION 
 

3-1. GENERAL. 
 
3-2. All of the controls, indicators, and devices required to control the operation and display parameters of 
the system are located on the PHASE/AMP.  For purposes of discussion, the controls, indicators, and devices 
are divided into two categories, standard and optional. 
 
3-3. STANDARD CONTROLS. 
 
3-4. All PHASE/AMPS have a GAIN control and a BIAS/MANUAL control.  The operation of the GAIN 
control is discussed in paragraph 3-5 and the operation of the BIAS/MANUAL control is discussed in 
paragraph 3-9. 
 
3-5. GAIN CONTROL. 
 
3-7. The GAIN control is located on the Firing Circuit Module.  The function of the control is to match the 
output span of the process controller to the output power delivered to the load by the PHASE/AMP.  Thus, a 
controller having a span of 0 to 2 milliamperes can, by power adjustment of the GAIN control, result in 0 to 100 
percent power output from the unit.  Similarly, controllers with spans of 0 to 5 milliamperes, 0 to 10 
milliamperes, or any span where the upper limit does not exceed 50 milliamperes, may be matched to provide 
full continuous tracking of output power from the PHASE/AMP. 
 
3-7. If the controller has a rated output span of 0 to 15 milliamperes, but the GAIN control is adjusted to 
produce 100 percent output power at 10 milliamperes, the effective output span of the  controller is 10 
milliamperes.  Figure 3-1 shows the relationship between the desired effective controller output span, GAIN 
control setting, and power output span of the PHASE/AMP. 
 

 

 
 Figure 3-1  Relationship Between Effective Controller Output Span, GAIN Control Setting,  
  and PHASE/AMP Output Power Span. 
 
3-8. If, for example, an effective controller output span of 0 to 10 milliamperes is desired, the GAIN control 
is set to produce full power output when the controller output is 10 milliamperes. If the GAIN control is set high, 
the PHASE/AMP will be driven to deliver full output power to the load at some point before the controller output 
is 10 milliamperes.  This will result in a reduced proportional band and potentially unstable operation of the 
control system.  If the GAIN control is set low, full output of the PHASE/AMP will never be delivered to the 
load. 
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3-9. BIAS/MANUAL CONTROL. 
 
3-10. The BIAS/ MANUAL control is located on the Firing Circuit Module. The control performs two 
functions, bias and manual.  The bias function is used when a non-zero (4 to 20 milliampere output span, for 
example) based process controller is connected to the PHASE/AMP and is defined between the “BIAS MAX” 
and “0” markings on the dial.  The manual function is used when a process controller is not available or 
desirable and is defined between the “0” and “MAN MAX” Markings on the dial. 
 
3-11. Bias Function. 
 
3-12. The bias function of the control establishes the point at which the PHASE/AMP will start delivering 
power to the load when a process controller is connected to the unit.  If, for example, it is desired that the unit 
should deliver power only when the output from the process controller exceeds a given “x” milliampere level, 
the control must be adjusted to provide an offset bias current of the “-x”  milliamperes.   In essence, the 
purpose of the bias portion of the BIAS/MANUAL control is to force a process controller which exhibits 
nonlinearities in the low end of its output span to operate over the linear portion of its output span. 
 
3-13. To illustrate the effect of this offset bias on the output span established by the GAIN control see figures 
3-2 and 3-3.  In figure 3-2, no offset bias is introduced.  In this case, the PHASE/AMP will turn on when the 
output of the process controller exceeds 0 milliamperes and will deliver power to the load at a level 
proportional to the process control output span.  In figure 3-3, A–2 milliamperes of offset bias have been 
introduced (by turning the BIAS/MANUAL control slightly counter clockwise from the “0” marking).  The result is 
an upward shift of the 12 milliampere output span, from the process controller, such that the PHASE/AMP will 
not turn on until the output of the process controller exceeds 2 milliamperes. 
 

 
 
 Figure 3-2  Controller-Output Span with No Offset Bias Current Introduced 

 
 Figure 3-3  Controller Output Span With A –2 Milliamperes of Offset Bias Current  

        Introduced 
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3-14. Manual Function. 
 
3-15. The manual function of the control establishes the point at which the PHASE/AMP will start delivering 
power to the load when a process controller is not connected to the unit.  Output power is delivered to the load 
by turning the control counter clockwise from the “0” marking on the dial.  As the BIAS/MANUAL control is 
advanced, power delivered to the load will increase.  Full power will be delivered to the load when the control 
has been rotated approximately 135 degrees from the “0”  marking.  Once the output power level has been set 
in the manual mode, it will remain constant (assuming the load impedance does not vary) until a change in 
control setting is made. 
   
3-16. OPTIONAL CONTROLS, INDICATORS, AND DEVICES. 
 
3-17. Optional devices and indicators consist of the Current Limit device, Current Indicator, and Voltage 
Indicator.  The operation of these devices and indicators is discussed in the paragraphs listed below. 
 

 Optional Current Limit device, paragraph 3-18 
 
 Optional Current Indicator, paragraph 3-25 
 
 Optional Voltage Indicator, paragraph 3-27 

 
3-18. OPTIONAL CURRENT LIMIT DEVICE. 
 
3-19. The optional Current Limit device is bolted to the panel of the PHASE/AMP.  The device contains a 
CURRENT LIMIT control which is used to establish the value of output current at which limiting action will 
commence.  Any value between2 5 percent and 125 percent of the rated current output can be selected by the 
CURRENT LIMIT control.  Generally, the Current Limit device is used in application where the PHASE/AMP is 
required to drive a load exhibiting a large positive or negative temperature coefficient.  This type of load may 
demand current in excess of the rated maximum value of the PHASE/AMP at some point on the 
temperature/resistance characteristic curve. 
 
3-20. Loads used in furnace and heating applications may utilize alloys of elements possessing a positive 
temperature coefficient.  Molybdenum (Mo), Platinum (Pt), Tantalum (Ta), and Tungsten (W) all fall within this 
category.  Figure 3-4 illustrates the comparative resistivity of three of these metals as a function of 
temperature.  The resistivity/temperature characteristic of a typical Iron (Fe) base alloy is also shown in Figure 
3-4 for contrast. The Iron based alloys commonly exhibit temperature coefficients very close to zero.  
Molybdenum Tungsten, and Platinum exhibit much lower resistivity at 20 degrees C. than at 1000 degrees C.  
Heating elements comprised of these metals will constitute a variable load which will demand more current at 
low temperatures than at high temperatures.  If a load of this type will draw more than 125 percent of the rated 
output current from the PHASE/AMP, when cold, the optional Current Limit device should be used. 
 
3-21. A similar situation exists for load exhibiting a negative temperature coefficient.  Figure 3-5 shows the 
resistivity/temperature characteristic of a typical silicon carbide heating element.  As temperature increases, 
the resistance of the load (up to a minimum) decreases.  If the resistance decreases to the point where the 
current output drawn by the load exceeds 125 percent of the rated current output of the PHASE/AMP, the 
optional current Limit device is required.  The Current Limit will protect the unit from overload while the heating 
element is coming up to temperature. 
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Figure 3-4  Comparison of Resistivity/Temperature Characteristics of Common Heating Element Metals 

Figure 3-5  Resistivity/Temperature Characteristics of Typical Silicon Carbide Heating Element 
 
 
3-22. The range of current limiting action is between 25 percent and 125 percent of the rated current output 
of the PHASE/AMP.  For load exhibiting a 5:1 resistance change ratio (cold to hot resistance),  an initial setting 
of 100 percent to 125 percent of the CURRENT LIMIT control can usually be used safely.  For loads exhibiting 
an 8:1 or greater cold to hot resistance change ratio, an initial CURRENT LIMIT control setting of 50 percent is 
recommended.  The setting may be increased if the heating element does not draw excessive current during 
cold start-up. 
 
3-23. The CURRENT LIMIT control should not be set below a point that would limit the output current to less 
than 6.5 percent of the current that would be demanded if no limiting existed and full rated output Voltage were 
present across the load.  This could occur if the load resistance change ratio is 15:1 from cold to hot, or if the 
load is not intended to sustain full line Voltage and the Current Limit is used as a current control.  Setting the 
CURRENT LIMIT control below the 6.5 percent point is a misapplication of the equipment, and may result in 
system oscillation and damage to the PHASE/AMP or the load. Consult the factory. 
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3-24. It is the customer’s responsibility to determine the proper setting of the CURRENT LIMIT control on the 
Current Limit device for his particular load.  Once the proper setting of the control has been found, there should 
be no need to make further adjustments unless load characteristics vary with continued use. 
 
3-25. OPTIONAL CURRENT INDICATOR. 
 
3-26. The optional Current Indicator (ammeter) may or may not be part of the optional Current Limit device.  
The meter is calibrated to indicate the output current of the PHASE/AMP from zero to maximum on a scale 
marked from 0 to 5.  Thus, my multiplying the Current Indicator reading by 20 percent, the percentage of actual 
maximum rated output current delivered to the load can be calculated.  Output current in amperes can be 
calculated by multiplying the Current Indicator reading by the scale factor which is obtained by dividing the 
rated current output of the PHASE/AMP by five.  For example, if the PHASE/AMP to be used is rated at 15 
amperes, a Current Indicator reading of two units corresponds to a 6 ampere load current. 
 
3-27. OPTIONAL VOLTAGE INDICATOR. 
 
3-28. The optional Voltage Indicator provides a direct indication of the RMS output Voltage across the load.  
Indicators are available to match the rated input Voltage of all DPA-1 models. 
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SECTION IV - THEORY OF OPERATION 
 
 

4-1. FUNCTIONAL DESCRIPTION. 
 
The primary function of the DPA-1 PHASE/AMP is the control of power to the load.  This is accomplished by 
controlling the point in each half cycle of input Voltage at which conduction can occur.  See Figure 4-1.  The 
sine wave generator represents the 50 Hertz or 60 Hertz line Voltage.  If the switch is closed at the moment 
when the positive going half cycle of the input Voltage across points 1 and 2 is minimum (0 degrees), the 
Voltage across load ZL will be as shown in detail (a) of figure 4-1.  If the switch is closed at the moment when 
the positive going half cycle of the input Voltage across points 1 and 2 maximum (90 degrees), the Voltage 
across load ZL will be as shown in detail (b) of Figure 4-1.  If the switch is closed at a moment when the 
positive going half cycle of the  input Voltage across points 1 and 2 somewhere between maximum (90 
degrees) and minimum (180 degrees), say 170 degrees, the Voltage across load ZL will be as shown in detail ( 
c ) of Figure 4-1.  A full half cycle of conduction corresponds to a conduction angle of 180 degrees, and when 
no conduction occurs for the first 170 degrees of 10 degrees.  See details (a) and ( c ), respectively, of Figure 
4-1. 
 

 
Figure 4-1  Conduction Angle vs. Voltage Across Load 

 
 

4-2. If the switch in Figure 4-1 is rapidly turned on and off such that each positive half cycle of input Voltage 
across points 1 and 2 has a conduction angle of 180 degrees, the Voltage across load ZL will be as shown in 
detail (a) of Figure 4-2.  Similarly, if the switch is operated to provide a sequence of 90 degree conduction 
angles, the Voltage across load ZL will be as shown in detail (b) of Figure 4-2.  It should be obvious at this 
point, that as the conduction angle decreases the Voltage across load ZL will decrease.  Controlling the 
Voltage across load ZL corresponds to controlling the current through load ZL and, therefore, the power 
delivered to load ZL. 
 

 
 

Figure 4-2  Comparison of Conduction Angles and Voltage Across Load 
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4-3. In the DPA-1 PHASE/AMP, two SCR’s are used back-to-back, in series with the line as shown in 
Figure 4-3.  This method of connecting the SCR’s allows full wave rectification of the input Voltage in lieu of 
half wave rectification that would occur with a single SCR as shown in Figure 4-1.  When SCR1 is gated by a 
Voltage applied between the gate (G1) and the cathode (K1), it turns on (fires), permitting current to flow 
through load ZL during the positive half of the input Voltage.  When SCR2 is gated, current is permitted to flow 
through load ZL during the negative half cycle of the input Voltage.  Thus by controlling the instant of gating, 
the conduction angle, and consequently, the power delivered to load ZL can be controlled.  Figure 4-4 shows 
the current flow through the SCR’s and load ZL for the positive and negative half cycles of the input Voltage. 
 

  
 

Figure 4-3  SCR’s Connected Back-to-Back to Obtain Full Wave Rectification 
  

 
Figure 4-4  Current Flow Through Back-to-Back SCR’s and Load 
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4-5. Thus far, only the Power SCR circuits of the DPA-1 PHASE/AMP have been discussed.  The 
PHASE/AMP also contains Power Supply, Summing Amplifier, Soft Start, Soft Start Reset, SCR Firing, Pulse 
Shaper, Voltage Feedback, Current Limit, and Bias/Manual circuits.   A simplified block diagram showing the 
functional relationship of these circuits is shown in Figure 4-5.  A functional description of each of the blocks in 
the diagram is provided in paragraphs 4-6 through 4-23. 
 
4-6. POWER SUPPLY CIRCUIT. 
 
4-7. The function of the Power Supply circuitry is to supply the proper regulated DC and pulsating DC 

Voltages to the various circuits in the DPA-1 PHASE/AMP.  Voltage outputs are supplied to the 
Summing Amplifier, BIAS/MANUAL control, Soft Start Reset, and SCR Firing circuits. 

 

 
Figure 4-5  Simplified Functional Block Diagram of DPA-1 PHASE/AMP 

 
4-8. SUMMING AMPLIFIER CIRCUIT. 
 
4-9. Inputs are supplied to the Summing Amplifier circuit from the Power Supply circuitry and the summing 
point.  The amplifier is powered by the regulated +12 V dc and the regulated –12 V dc supplied by the Power 
Supply.  The function of the amplified is to amplify the resultant value of the signals applied to the summing 
point by the process controller, BIAS/MANUAL control, Voltage Feedback circuit, and optional Current Limit 
circuit when used.  The amplifier produces a resultant DC output signal which is proportional to the algebraic 
sum of the signals applied to the summing point.  The output of the Summing Amplifier circuit is applied to the 
Soft Start Circuit. 
 
4-10. SOFT START CIRCUIT. 
 
4-11. Inputs are supplied to the Soft Start circuit from the Summing Amplifier circuit and the Soft Start Reset 
circuit.  The function of the circuit is to allow the power delivered to the load from the PHASE/AMP to be 
brought up slowly when the unit is turned on.  This feature prevents the possible clearing of fuses when the 
unit is turned on.  The output of the Soft Start circuit is supplied to the SCR Firing circuit. 
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4-12. SOFT START RESET CIRCUIT. 
 
4-13. Inputs to the Soft Start Reset circuit are supplied from the Power Supply circuitry.  A regulated +12 V 
dc and various pulsating DC Voltages are used to power the circuit.  The function of the circuit is to reset the 
Soft Start circuit when a short interruption of the line Voltage occurs.  After periods of momentary input Voltage 
loss, the Soft Start circuit allows the power supplied to the load from the PHASE/AMP to be brought up slowly.  
This feature prevents the possible clearing of the fuses when the Voltage on the line returns to normal.  The 
output of the Soft Start Reset circuit is applied to the Soft Start circuit. 
 
4-14. SCR FIRING CIRCUIT. 
 
4-15. Inputs to the SCR Firing circuit are supplied from the Power Supply circuitry, Soft Start circuit, and AC 
line.  The SCR Firing circuit produces SCR firing pulses synchronized with each half cycle of the AC line.  The 
pulses are advanced from 180 degrees toward 0 degrees of each half cycle by an amount proportional to the 
DC output of the Summing Amplifier circuit.  The output of the SCR Firing circuit is supplied to the two Pulse 
Shaper circuits. 
 
4-16. PULSE SHAPER CIRCUITS. 
 
4-17. There are two basically identical Pulse Shaper circuits.  The inputs to the circuits are supplied from the 
SCR Firing circuit and AC line.  The AC Voltage from the line is used to power the circuit and the output from 
the SCR Firing circuit is used to control the circuit.  The function of the Pulse Shaper circuit is to amplify and 
generate extended SCR firing pulses from the output of the SCR Firing circuit.  The duration of the extended 
gate pulses is directly proportional to the degree of firing advance.  The extended gate pulses have a quasi-
rectangular wave shape characterized by a fast rise time spike at the leading edge and a “back porch” that 
continues for the remainder of the half cycle.  The outputs of the Pulse Shaper circuits are supplied to the 
gates of the power SCR’s. 
 
4-18. VOLTAGE FEEDBACK CIRCUIT. 
 
4-19. The input to the Voltage Feedback circuit is supplied from the Power SCR circuits.  The circuit 
samples the output Voltage, performs square law detection (Voltage squared is proportional to power), and 
feeds the resultant output signal to the summing point feeding the Summing Amplifier circuit.  The Voltage 
feedback holds the RMS Voltage output of the PHASE/AMP constant with respect to the control signal from 
the process controller regardless of line Voltage variations, temperature changes, and other variable factors.  
The Voltage feedback also forces linearity between the control signal from the process controller and the 
power output of the PHASE/AMP. 
 
4-20. OPTIONAL CURRENT LIMIT. 
 
4-21. The Current Limit option consists of a Current Transformer, Threshold circuitry, and Current 
Rectification circuit.  The RMS current in the load line is coupled to the input of the Current Limit by the Current 
Transformer.  The Current Rectification circuit applies a DC signal to the summing point feeding the Summing 
Amplifier circuit.  When the current in the load line approaches the maximum value set by the CURRENT 
LIMIT control on the Current Limit Module, a Voltage proportional to the over-current will be fed back to the 
summing point.  The feedback signal is subtractive and will cause the Summing Amplifier to reduce its DC 
output signal so that the output current of the PHASE/AMP will remain at the value set by the CURRENT LIMIT 
control. 
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4-22. BIAS/MANUAL CONTROL. 
 
4-23. The BIAS/MANUAL control is a potentiometer located on the Firing Circuit Module.  A +12 V dc is 
supplied to one end of the potentiometer and a –12 V dc is supplied to the other end.  The wiper of the 
potentiometer is connected to the summing point feeding the Summing Amplifier circuit.  The function of the 
BIAS/MANUAL control is to establish where the PHASE/AMP will turn on with respect to the control signal 
input from the process controller.  The control may also be used to control the PHASE/AMP when a process 
controller is not available. 
 
4-24. SUMMARY. 
 
4-25. A small control signal input from the process controller (or manual portion of the BIAS/MANUAL 
control) will cause a small firing advance of the pulses generated by the SCR Firing circuit.  The Pulse Shaper 
circuits amplify and extend the firing pulses.  Each power SCR is fired late in the half cycle resulting in a small 
amount of power being delivered to the load from the PHASE/AMP.  Similarly; when the control signal input is 
increased, the firing pulses are advanced further in each half cycle, triggering the power SCR’s earlier, and 
thus increasing the power delivered to the load by the PHASE/AMP. 
 
4-26. THEORY OF OPERATION. 
 
4-27. The theory of operation of each of the major functional circuits and devices listed below are discussed 
in paragraphs 4-28 through 4-55.  See schematic diagrams in Section VI during the discussion.  Also see 
waveforms in Figure 4-6. 
 

 Power supply circuit, paragraph 4-28 

 BIAS/MANUAL  control, paragraph 4-30 

 Summing amplifier circuit, paragraph 4-32 

 Soft start circuit, paragraph 4-34 

 Soft start reset circuit, paragraph 4-36 

 SCR firing circuit, paragraph 4-38 

 Pulse shaper circuits, paragraph 4-40 

 Power SCR circuits, paragraph 4-42 

 Voltage feedback circuit, paragraph 4-44 

 Optional current limit, paragraph 4-46 

 Optional heat sink thermostats, paragraph 4-52 

 
4-28. POWER SUPPLY CIRCUIT 
 
4-29. The DC power supply consists of transformer winding T1C, rectifiers D1 through D4, filter capacitor C5, 
zener diodes DZ2 and DZ3, and resistors R14 and R15.  Transformer winding T1C  Supplies 24 VAC.  
Rectifiers D1 through D4 form a full wave bridge rectifier.  Resistor R15 and filter capacitor C5 filter the output 
of the full wave bridge rectifier.  Resistor R14, and zener diodes DZ2 and DZ3 provide +12 V dc and –12 V dc 
regulated Voltages, respectively.  The regulated +12 V dc is supplied to pin 11 on the Summing Amplifier 
AMP-1 and to one end of the BIAS/MANUAL control.  The –12 V dc is supplied to pin 6 on the Summing 
Amplifier and to the other end of the BIAS/MANUAL control.  Filter capacitor C5, and zener diodes DZ2 and 
DZ3 insure constant supply Voltages during brief line interruptions. 
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4-30. BIAS/MANUAL CONTROL 
 
4-31. The BIAS/MANUAL control is a potentiometer.  A regulated +12 V dc from the Power Supply circuit is 
supplied to one end of the potentiometer and a regulated –12 V dc is supplied to the other end.  The control 
provides an adjustable bias/manual signal to the summing point feeding the Summing Amplifier circuit.  The 
bias/manual signal may be positive, negative, or zero. 
 
 
4-32. SUMMING AMPLIFIED CIRCUIT. 
 
The Summing Amplifier (AMP-1) circuit amplifies the resultant value of the signals applied to the summing 
point (pin 4, the inverting input on AMP-1).  The control signal from the process controller is applied across 
resistor R1 and is applied to the summing point through the GAIN control.  At the summing point, the control 
signal is algebraically summed with the Voltage feedback signal  through resistor R4, the bias/manual signal 
through resistor R3, and the compensation signal form the output of AMP-1 through resistor R6 and capacitor 
C1.  When the optional Current Limit is used, its output is also summed with other signals at the summing 
point.  The control signal from the process controller is negative, and the feedback signals are positive.  The 
bias/manual signal may be positive, negative, or zero. 
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Figure 4-6  DPA-1 PHASE/AMP Waveforms 
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4-33. SOFT START CIRCUIT. 
 
4-34. The Soft Start circuit consists of the RC network formed by resistor R7 and capacitor C4.  The function 
of the circuit is to bring the load Voltage up to the required level, slowly enough to avoid large inrush currents.  
The output of the Summing Amplifier circuit charges capacitor C4 through resistor R7.  If the unit is turned on 
when a full load condition exists, the RC network brings the power up to full load smoothly in approximately 
200 milliseconds (0.2 seconds). 
 
4-35. SOFT START RESET CIRCUIT. 
 
4-36. The Soft Start Reset circuit consists of transistor Q7, resistors R25 through R27, diode D12, and 
capacitor C15.  When a momentary line drop is detected, the circuit discharges capacitor C4 in the Soft Start 
circuit.  This action disables the SCR Firing circuits from generating gating pulses.  During normal operation, 
transistor Q7 is cutoff by the Voltage supplied through resistor R27 from capacitor C15.   When the line drops 
momentarily, the cutoff Voltage is removed and transistor Q7 turns on rapidly via the bias provided by the +12 
V dc regulated supply.  When transistor Q7 turns on, capacitor C4 is discharged.  At this point, the Soft Start 
circuit has been reset.  When the line returns to normal, the operation of the Soft Start circuit will be as 
described in paragraph 4-34. 
 
4-37. SCR FIRING CIRCUIT. 
 
The SCR Firing circuit consists of transistor Q6, unijunction transistor (UJT) Q3, zener diodes DZ1 and DZ4, 
rectifiers D5 through D8, diode D9, capacitors C6 and C7, resistors R10 through R13 and R49, the primary 
winding of pulse transformer T3, and the b secondary winding of power transformer T1.  The function of the 
circuit is to time the SCR gate trigger pulses in order to control the output power of the unit to the load.  The 
Voltage across capacitor c4 in the Soft Start circuit varies according to the requirements for obtaining and 
maintaining a certain power output.  As this Voltage changes, the emitter-base junction Voltage of transistor 
Q6 changes.  This Voltage controls the collector current of transistor Q6 and thus the charging rate of 
capacitor C6.  When the Voltage across capacitor C6 reaches the threshold Voltage of UJT Q3, Q3 fires, 
suddenly discharging capacitor C6 through UJT Q3 and the primary winding of pulse transformer T3.  This 
signal is coupled to the Pulse Shaper circuits by the two secondary windings of pulse transformer T3.  The 
sequence of the operation described above is synchronized to the line by the full wave bridge rectifier formed 
by rectifiers D5 through D8.  Zener diode DZ4 clips the output of the full wave bridge rectifier to +12 V dc.  At a 
zero point in the full wave rectified waveform, the Voltage across UJT Q3 is zero, forcing the capacitor C6 to 
be discharged.  In the next few milliseconds, the Voltage across UJT Q3 jumps to +12 V dc (clipping level of 
zener diode DZ4) and the threshold of UJT Q3 becomes approximately +7 V dc.  The timing interval now 
starts.  The faster capacitor C6 charges, the faster the first pulse is generated after the waveform across UJT 
Q3 is zero. 
 
4-38. PULSE SHAPER CIRCUITS. 
 
4-39. There are two basically identical Pulse Shaper circuits, one for each of the two Power SCR circuits.  
The Pulse shaper circuit for Power SCR Q2 consists of silicon controlled rectifier (SCR) Q5, capacitors C9, 
C11, and C17, resistors R21 and R22, the e secondary winding of power transformer T1, and a secondary 
winding of pulse transformer T3.  The Pulse Shaper circuit for Power SCR Q1 consists of SCR Q4, capacitors 
C8, C10, and C16, resistors R18 and R20, the d secondary winding of power transformer T1, and the other 
secondary winding of pulse transformer T3.  The slave SCR’s (Q4 and Q5) provide the shaped gate signals for 
the Power SCR’s.  The pulse generated by unijunction transistor (UJT) Q3, in the SCR Firing circuit, is applied 
through the secondary winding of pulse transformer T3 to the gate terminals of SCR’s Q4 and Q5.  The e and 
d secondary windings of power transformer T1 are connected such that when SCR Q5 is forward biased, SCR 
Q4 is reverse biased.  The forward biased SCR (Q5 in this case0 will fire.  The steep Voltage rise at the 
cathode of SCR Q5 is coupled instantaneously, by capacitor C9, to the gate of Power SCR Q2.  Capacitor C9 
rapidly charges and the transient Voltage at the gate of SCR Q5 drops to a level determined by resistor R22 
and the gate resistance of Power SCR Q2.  The gate signal continues until an AC zero is reached on the line 
and the SCR Q5 turns off.  On the next half cycle, SCR Q4 will fire, and the operation of the Pulse Shaper 
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circuit for Power SCR Q1 will be as described above.  The sharp rising initial spike of the gate signal provides 
rapid turn on of the SCR, and the continuing lower level signal insures that the Power SCR’s will stay on. 
 
4-40. POWER SCR CIRCUITS. 
 
4-41. The power SCR’s are connected such that they are forward biased when their respective slave SCR’s, 
Q4 and Q5 in the Pulse Shaper circuits, are forward biased.  The gate signals from the Pulse Shaper circuits 
are applied between the gate and cathode terminals of the power SCR’s.  The gate signal holds the SCR on 
until a line Voltage zero occurs.  Besides the power SCR’s Q1 and Q2, the power SCR circuit consists of fuse 
F1, capacitors C14, C103, and C104, resistor R24, and a transient Voltage protection device.  Fuse F1 is a 
subcycle type matched to the power SCR’s to prevent surge current damage.  Capacitors C104 and C104, and 
the RC network formed by resistor R24 and capacitor C14 work together to reduce the possibility of dv/dt firing 
of the power SCR’s. 
 
4-42. VOLTAGE FEEDBACK CIRCUIT. 
 
4-43. The Voltage Feedback circuit consists of power transformer T2, rectifiers D10 and D11, zener diode 
DZ5, and resistors R4, R16, and R17.  The function of the circuit is to maintain the power delivered to the load 
by the unit to a set level.  The primary winding delivered of power transformer T2 is connected across L2 and 
X1 terminals of the unit.  The Voltage across the secondary winding of power transformer T2 is full wave 
rectified by rectifiers D10 and D11.  The output of the full wave rectifier is fed to the square law detector formed 
by zener diode DZ5, and resistors R16 and R17.  The function of the square law detector is to produce a signal 
that exhibits the property that Voltage squared is proportional to power.  The output signal of the square law 
detector is applied to the summing point feeding the Summing Amplifier circuit through resistor R4.  The output 
Voltage of the unit is sensed by the primary winding of power transformer T2 and is coupled to the secondary 
winding.  As the output Voltage of the unit increases (power increases), the output of the square law detector 
increases.   When the power delivered from the unit decreases, the output of the square law detector 
decreases.  When the feedback signal at the summing point just equals the control signal input, the power 
output of the unit will be maintained at the level set.  
 
4-44. OPTIONAL CURRENT LIMIT. 
 
4-45. There are two Current Limits, option A and option F.  Since the option A Current Limit is very common 
and is installed on many units at the factor, the theory of operation of this current limit is discussed in this 
handbook.  The theory of operation of the option F Current Limit is discussed in another handbook.  The 
Current Limit consists of a Current Limit Module and a Current Transformer.  The Current Limit Module 
contains a power transformer T2, rectifiers D114 through D118, resistors R131 through R133, and ammeter.  
The Voltage developed across the Current Indicator is applied to the primary winding of power transformer T2.  
The Voltage on the secondary winding of power transformer T2 is rectified by the full wave bridge rectifier 
formed by rectifiers D114 through D117.  The positive output of the full wave bridge rectifier is applied to one 
end of the CURRENT LIMIT control, P101, through resistor R131.  The negative output of the full wav bridge 
rectifier is applied to the other end of the CURRENT LIMIT control through resistor R132.  The wiper of the 
CURRENT LIMIT control is connected to the summing point feeding the Summing Amplifier circuit through 
resistor R133 and diode D118. Resistors R131 and R132 are selected to set the limits of the CURRENT LIMIT 
control, and resistor R133 and diode D118 establish a threshold level.  When the current to the load 
approaches the maximum value set by the CURRENT LIMIT control, a Voltage proportional to the over-current 
will be fed back to the summing point.  The feedback signal is subtractive and will cause the Summing 
Amplifier to reduce its DC output signal so that the output current from the unit will remain at the value set by 
the CURRENT LIMIT control. 
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4-46. Current Transformer. 
 
4-47. A separate Current Transformer exists for each output current rating in the DPA-1 PHASE/AMP 
Series.  The transformer provides a current step-down ratio such that the maximum rated output current of a 
given DPA-1 unit will result in a full scale deflection of the Current Indicator (ammeter).  The Current 
Transformer is connected across the primary winding of power transformer T2 in the Current Limit Module. The 
load line connected to terminal X1 on the unit must pass through the transformer (doughnut) for proper 
operation of the Current Limit.  A standard current transformer is rated 2 Volt amperes (5 amperes, 0.4 Volt) 
which is sufficient for the standard current limit, Option A.  If a remote meter is connected into the circuit or 
other options are used, it may be necessary to use a current transformer with a 5 Volt ampere (Option X) or 
greater capacity. 
 
4-48. Current Indicator. 
 
4-49. The Current Indicator is an AC 0 to 5 ampere ammeter with an accuracy of (+5) percent of full scale 
deflection.  The function of the meter is to measure and display the output current supplied to the load by the 
unit.  The meter is connected across the primary winding of power transformer T2 in the Current Limit Module 
and the Current Transformer. 
 
4-50. OPTIONAL HEAT SINK THERMOSTATS. 
 
4-51. When used, a Heat Sink Thermostat is mounted on each heat sink in close proximity to the power 
SCR.  The thermostat is of the bi-metal type and is available with either N.O. or N.C> contacts.  The contacts 
change at a temperature of approximately 200°F (93°C).  This temperature is safely below the maximum 
permissible junction temperature of the neighboring power SCR.  The contacts are insulated (insulation 
resistance 100 megohms at 500 V dc, dielectric strength 1500 VAC at 60 HZ for one minute) from the heat 
sink.  Any standard alarm device or circuit may be connected to the contacts on the thermostat.  Maximum 
ratings for the contacts are as follows:  Voltage, 250 Volts AC, Current, 7 amperes AC. 
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SECTION V -TROUBLE SHOOTING 
 

 
5-1. APPROACH TO TROUBLE SHOOTING. 
 
5-2. This section is arranged in two parts.  The first part , “Trouble Shooting Typical Symptoms,” is 
designed to solve those problems which are most likely to occur.  The second part, “General Trouble-
Shooting,” is used as a follow up procedure in the event that the trouble is not eliminated by the first part of this 
section, or as an alternate procedure when trouble symptoms are other than “typical”. 
 
5-3. TROUBLE SHOOTING TYPICAL SYMPTOMS. 
 
5-4. The DPA-1 is considered to be operating properly when its output Voltage can be satisfactorily varied 
from 0% to 97% of the input Voltage, by a control signal.  Improper operation of the unit is usually indicated by 
one of the following symptoms: 
 
a. No output.  (If this symptom exists, always check the DPA-1 input line fuse, with power off, before 

considering other causes.  Refer to Table 5-1 for replacement fuse numbers.) 

b. Full output at all times, with no change resulting from a control signal change. 

c. Output controllable over partial range only – either from 0% to 50%, or from 50% to 97% (of input Voltage) 
as measured with a typical VOM. 

 
The symptoms listed may be caused by one or more of the following:  an environmental problem; faulty input 
power or load connections; load problems or process controller problems; and the DPA-1 unit itself.  These 
possible causes should be investigated in the order given, and as described in paragraphs 5-5 through 5-16. 

 
5-5. ENVIRONMENTAL PROBLEMS 
 
5-6. Check to see that none of the following environmental problems exist. If a problem does exist, steps 
should be taken to correct it. 
 
a. Inadequate cooling.  There should be at least one inch of air space (in any direction) between the heat sink 

and any item or structure, near the DPA-1 Convection cooled units must be oriented so that the main 
structural ribs and cooling fins of the heat sinks are vertical with respect to the horizontal plane.  Heat sink 
fins should be free of dust or dirt for proper heat transfer, and free of obstructions which could prevent 
proper air flow. 

b. Contamination.  The unit should be periodically cleaned of all dust and dirt.  However, certain kinds of dust 
or particles are particularly conductive.  A small accumulation of conductive material in a short period of 
time can cause component failures from arc-over or complete shorts. 

c. High Ambient Temperature.  Lack of a proper ambient temperature check before installation, or a 
subsequent increase in ambient temperature, can result in numerous DPA-1 problems.  Check the 
ambient temperature under existing conditions.  If it is 122° F or 50°C or lower, ambient temperature 
should not be considered as the cause of any existing problems.  If above 122°F or 50°C steps must be 
taken to provide more cooling, or the DPA-1 should be moved to a cooler location. 

 
NOTE 

 
If full power output is not required, higher ambient temperature can be tolerated.  For each 5% 
reduction of output current (from 100% max.), the allowable ambient temperature can be 
increased 1°C  (from 50°C) to a maximum of 70°C. 
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d. Excessive Vibration.  A significant degree of pitched or unpitched vibration can cause numerous problems.  
If vibration is isolated as a probably cause of improper operation, standard vibration isolation mounting 
techniques should be employed. 

 
5-7. INPUT POWER AND LOAD CONNECTIONS. 
 
5-8. Turn off the power to the DPA-1 and check all DPA-1 power connections, input and output, to be 
mechanically secure and free of corrosion.  Make the same checks at the power source and at the load.  
Visibly check insulation on input and load wiring to be free of damage or evidence of overheating. 
 
5-9. LOAD PROBLEMS OR PROCESS CONTROLLER PROBLEMS. 
 
5-10. One (or both0 of these problems is considered to exist if the DPA-1 operates properly without the 
normal load or process controller connected.  Proceed as follows: 
 

Table 5-1  Replacement Fuses for DPA-1 Power Controllers 
 
Note:  The DPA-1 may be originally supplied with fuses with identifying numbers different than shown below.  
In such case, the fuse may be replaced with an identical fuse, or with the replacement fuse listed below. 

DPA-1 
MODEL NO. 

CHASE SHAWMUT 
FUSE NO. 

BUSSMAN 
FUSE NO. 

INTERNATIONAL RECTIFIER 
 (FOR EXPOER MODELS ONLY) 

DCPA1-2415 
DCPA1-2425 

A25X30 
A25X30 

KAX30 
KAX30 

SF25X30 
SF25X30 

DCPA1-2425 (6) 
DCPA1-2430 
DCPA1-2440 (6) 
DCPA1-2450 
DCPA1-2455 (6) 
DCPA1-2470 (6) 
DCPA1-2475 (6) 
DCPA1-2400 (6) 

A25X30    (1)  (4) 
A25X30           (4) 
A25X60  
A25X60  
A25X70 
A25X70 
A25X100 
A25X100 (1) 

KAX30 
KAX30 

(2) 
 
 
 
 

(2) 

SF25X30 
SF25X30 
SF25X60 
SF25X60 
SF25X60 
SF25X70 
SF25X100 
SF25X100 

DCPA1-4030 
DCPA1-4050 
DCPA1-4070 (6) 
DCPA1-4090 (6) 

A60X30 
A70P60 
A70P70 
A70P100 

KAC25   (5) 
(2) 

 
(2) 

 
SF70P60 
SF70P70 
SF70P100 

DCPA1-4825 (6) 
DCPA1-4830 
DCPA1-4840 (6) 
DCPA1-4850 
DCPA1-4855 (6) 
DCPA1-4870 (6) 
DCPA1-4875 (6) 
DCPA1-4890 (6) 

A60X30 
A60X20 
A70P60 
A70P60 
A70P70 
A70P70 
A70P100 
A70P100 

KAC25   (5) 
(2) 

 
 
 
 
 

(2) 

 
 

SF70P60 
SF70P60 
SF70P60 
SF70P70 
SF70P100 
SF70P100 

DCPA1-6030 
DCPA1-6050 
DCPA1-6070 (6) 
DCPA1-6090 (6) 

A60X30 
A70P60 
A70P70 
A70P100 

KAC25   (5) 
(2) 
(2) 
(2) 

------------- 
SF70P60 
SF70P70 
SF70P100 

(1) A70P or A25Z types may also be used; last two or three number digits must be the same as those of 
the type listed. 

(2) Consult factory. 
(3) A25X or A25Z types may also be used; however, the fuse support standoff location must be changed, 

which requires access to the rear of the rack panel.  The last two or three number digits must be 
same as those of the type listed. 

(4) A30X30 type may also be used. 
(5) Serial Numbers starting 77 or higher may use KAC30 fuse. 
(6) These models are no longer being produced. 
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a. Turn off power to DPA-1.  Disconnect load and process controller at the DPA-1. 

b. Connect a dummy load to the DPA-1 which will draw approximately one ampere at full output Voltage.  
(Example:  on a 480-Volt unit, use four 100-watt bulbs connected in series.) 

c. Connect a Voltmeter (Simpson 260 or equivalent) across the output terminals. 

d. Make a light pencil mark at the pointer of the BIAS/MAN knob so that it can be reset to the same position. 

e. Set BIAS/MAN pointer at “0” (top center).  Turn on input power to the DPA-1.  The Voltmeter reading 
should be zero; if not, adjust BIAS/MAN slightly CW to CCW to obtain zero meter reading. 

f. Observe the Voltmeter; slowly move the BIAS/MAN control clockwise (CW) to “MAN MAX.”  Confirm that 
the output Voltage increases smoothly as the control is rotated, and is approximately 97% of the input Voltage 
when the control is fully CW. 

g. If the conditions in step e and f are met the trouble is in either the DPA-1 load or the process controller; 
continue at step h.  If the conditions in step e and f are not met; retain the test setup and refer to paragraph 5-
11. 

h. Turn off power to the DPA-1.  Retain test setup. 

i. Thoroughly check out the normal load supplied by the DPA-1.  Look for intermittent or “fixed” opens or 
shorts, etc., and correct any problems found.  If the load appears satisfactory, proceed with step j. 

j. Reconnect the process controller input to DPA-1 terminals TB1-2 (+) and TB1-1 (-).  (The dummy load 
should still be connected to the DPA-1.)  Check out the process controller by repeating only steps k through q 
of paragraph 2-18.  If the process controller does not perform satisfactorily trouble shoot as stated in 
manufacturer’s handbook. 

k. When load or controller problems have been corrected, reconnect all equipment for normal operation.  
Return BIAS/MAN pointer to mark made in step d, or repeat steps k through q of paragraph 2-18. 

 
5-11. CORRECTING TYPICAL DPA-1 TROUBLE SYMPTOMS. 
 
5-12. Perform test setup and procedure given in paragraph 5-10, steps a through f, if not already 
accomplished.  Repeat steps e and f as necessary to determine which, if any, of the following typical trouble 
symptoms exists, and refer to appropriate paragraph for instructions. 
 

 
SYMPTOM INSTRUCTIONS 
No Output 5-13 

Constant full output, no control 5-14 
Output controllable from 0% to 50% only* 5-15 
Output controllable from 50 to 97% only * 5-16 

 
5-13. No output. 

a. Check fuse F1.  If fuse is bad, replace fuse with type specified in Table 5-1. 

b. Check for proper firing pulses to power SCR’s as described in paragraphs 5-26 and 5-27.  If the proper 
firing pulses are not present, proceed with the general trouble shooting procedures, paragraph 5-17. 

5-14. Constant Full Output, No Control. 
 
a. Check power SCR’s Q1 and Q2 for anode to cathode short. 
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b. Check for firing pulses on gates of Q1 and Q2.  If SCR’s are being triggered, proceed with the general 
trouble shooting procedures, paragraph 5-17. 

 
5-15. Output Controllable From 0% to 50% Only.  This symptom indicated that one of the power SCR’s is 

not firing. 
 
a. Check for proper firing pulses to both power SCR’s as described in paragraphs 5-26 and 5-27.  If the 
proper pulses exist to both power SCR’s, replace power SCR that is not firing.  It can be located by shorting 
gate to cathode on each power SCR.  When the gate and cathode are shorted on the SCR which is firing, the 
output will drop to zero.  Shorting gate to cathode on the non-firing SCR will not affect output. 

b. If proper firing pulses do not exist at both power SCR’s, proceed with general trouble shooting procedures, 
paragraph 5-17. 

5-16. Output Controllable from 50% to 97% Only.   This symptom indicates that one of the power SCR’s is 
continuously gated. 

 
a. Check for proper firing pulses to both SCR’s as described in paragraphs 5-26 and 5-27.  If firing pulses are 
correct and variable to both SCR’s, firing circuit is properly gating SCR’s. 

b. Short gate to cathode on each power SCR.  Output will drop to an uncontrollable 50% when the power 
SCR that is being properly gated is shorted.  If gating cannot be stopped by shorting gate to cathode on the 
power SCR which is gated continuously, replace it. 
 
*Percentages of input Voltage, as measured by “average reading” meter such as Simpson 260 or similar type. 

 
5-17. GENERAL TROUBLE SHOOTING PROCEDURES. 
 
5-18. Perform steps a through f of paragraph 5-10, if not already accomplished.  If the output Voltage cannot 
be varied as stated in 5-10 step f, accomplish procedures in the following paragraphs, in the sequence given, 
until the trouble is located and corrected.  (Repeat step f of 5-10 to verify correction.) 
 

WARNING 

DO NOT make or remove test equipment connections to the DPA-1, or attempt to work on it, 
with input power turned on.  Hazardous Voltage is present on heat sinks and at input and 
output terminals when power is on. 
 

NOTE 

A multimeter (Simpson 260 or equivalent) and an oscilloscope are required for the following 
tests. 

 
5-19. Check the regulated DC power supply as follows: 
 
a. Turn off power.  Connect the positive (+) lead of the multimeter to terminal TB1-5, and the negative (-) lead 
to terminal TB1-6. 

b. Turn on power.  The multimeter should indicate 24 (+4.8) V dc.  If the multimeter indicates the specified 
value, proceed to paragraph 5-20.  If the multimeter does not indicate the specified value, check the following 
components.  Observe previous WARNING; replace faulty components and repeat this test. 
 

(1) Zener diodes DZ2 and DZ3. 
(2) Resistors R14 and R15. 
(3) Capacitor C5. 
(4) Rectifiers D1 through D4. 
(5) Power transformer T1. 
(6) Associated Wiring. 
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5-20. Check BIAS/MAN control P2 as follows: 
 
a. Turn off power.  Connect the positive (+) lead of the multimeter to terminal TB1-4, and the negative (-) lead 
to terminal TB1-6. 

b. Turn on power.  While observing the multimeter, adjust the BIAS/MAN control on the Firing Circuit Module 
through its range.  The multimeter should indicate a range 8 to 24 V dc.  If the multimeter indicates the 
specified value, proceed to paragraph 5-22.  If the multimeter does not indicate the specified value, replace 
BIAS/MAN control and repeat this test. 
 
5-21. Turn off power.  Open the internal feedback loop of the DPA-1 as follows:  carefully unsolder the wire 

connected at feedback transformer T2-2, -3, or –4. 
 

NOTE 
 

 Opening the feedback loop permits tests of individual circuits without interaction from other 
circuits.  If the feedback loop is not opened, there is a high probability that all circuits will either be 
turned full on, locked off, or falsely indicate other malfunctions. 

 With the feedback loop open, only a very small rotation of the BIAS/MAN control (in the MAN or 
CW direction) is required to go from “full off” to “full on”, and the response will be sluggish.  
However, normal operation should be observed for each circuit unless a fault exists. 

 

5-22. Check summing amplifier circuits as follows: 
 
a. Turn off power.  Connect the negative (-) lead of the multimeter to terminal TB1-2, and the positive (+) lead 
to the positive (+) side of capacitor C4. 

b. Turn on power.  While observing the multimeter, adjust the BIAS/MAN control through its range.  The 
multimeter should indicate a smooth operating range of at least –7 V dc to +7 V dc.  If the multimeter indicates 
as specified, proceed to paragraph 5-23.  If not as specified, replace operational amplifier integrated circuit 
AMP-1 and repeat this test. 
 
5-23. Check soft start circuit as follows: 
 
a. Turn off power.  Connect the common lead of the oscilloscope to terminal TB1-2.   Connect the probe of 
the oscilloscope to the positive side of capacitor C4. 

b. Position BIAS/MAN control fully counter clockwise. 

c. Turn on power, and obtain oscilloscope display.  While observing the oscilloscope, rapidly position the 
BIAS/MAN control fully clockwise.  The display on the oscilloscope should start from –7 Volts or less and rise 
rapidly to +7  Volts or more in approximately 200 (+20) milliseconds.  If the oscilloscope display is as specified, 
proceed to paragraph 5-24.  If the oscilloscope display is not as specified, check the following components.  
Observe previous WARNING; repeat test if any components are replaced. 
 

(1) Capacitor C4. 
(2) Resistor R7. 
(3) Transistor Q7. 
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5-24. Check the soft start reset circuit as follows: 
 
a. Turn off power.  Connect the common lead of the oscilloscope to the positive side of Capacitor C4. 

b. Set the BIAS/MAN control fully clockwise. 

c. Turn off power and obtain oscilloscope display.  While observing oscilloscope, rapidly turn the input power 
to the unit off and then on.  The display on the oscilloscope should drop to 0 V dc within 5 milliseconds and 
then rise to 2 V dc or more in approximately 200 (+20) milliseconds when power is applied.  If the oscilloscope 
display is as specified, proceed to paragraph 5-25.  If the oscilloscope display is not as specified, check the 
following components.  Repeat this test if any components are replaced. 

(1) Transistor Q7. 
(2) Resistor R23 through R27. 
(3) Diode D12. 
(4) Capacitor C15. 
 

5-25. Check the firing circuit as follows: 
 
a. Turn off power.  Position BIAS/MAN control to mid-range.  Connect the common lead of the oscilloscope to 
the anode of zener diode DZ1.  Connect the probe of the oscilloscope to the collector of transistor Q6. 

b. Turn on power.  The oscilloscope should display a pulse train as shown in Figure 4-6, waveform 2. 

c. The pulse rate of the sawtooth waveform is a function of the setting of the BIAS/MAN control.  Rotating the 
control counter clockwise should increase the number of pulses.  Rotating the control clockwise should 
decrease the number of pulses.  Return the BIAS/MAN control to “0” (center). 

d. If the pulse is present and adjustable as specified, proceed to paragraph 5-26.  If the pulse train is not 
present or the pulse rate of the sawtooth waveform cannot be controlled with the BIAS/MAN control as 
specified, check the following components. Repeat this test if faulty components are located and replaced. 

(1) Transistor Q6. 
(2) Unijunction transistor Q3. 
(3) Zener diodes DZ1 and DZ4. 
(4) Diode D9. 
(5) Resistors R9 and R11 through R13. 
(6) Rectifiers D5 through D8. 
(7) Transformer T3. 

 
5-26. Check shaper circuit for power SCR Q2 as follows: 
 

WARNING 

Oscilloscope must be ungrounded for this test. 
 

 
a.  Turn off power.  Connect the common lead of the oscilloscope to the side of C11 that is common with point 
#3 on the P.C. board.  Connect the probe of the oscilloscope to the junction of C9 and R22. 
 
b. Turn on power.  The oscilloscope should display a pulse train as shown in Figure 4-6, waveform 8.  The 
extension or contraction of these pulses is controllable by the BIAS/MAN control.  If the oscilloscope displays 
the specified pulse train, proceed to paragraph 5-27.  If the oscilloscope dos not display the specified pulse 
train, check the following components.  Repeat this test if faulty components are located and replaced. 
 

(1) Silicon controlled rectifier Q5. 
(2) Pulse transformer T3. 
(3) Resistor R21 and R22. 
(4) Capacitors C11 and C17. 
(5) Power transformer T1. 
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5-27. Check pulse shaper circuit for power SCR Q1 as follows: 
 
a. Turn off power.  Connect the common lead of the oscilloscope to terminal TB2-3.  Connect the probe of 
the oscilloscope to terminal TB2-4. 

b. Turn on power.  The oscilloscope should display a pulse train as shown in Figure-4, waveform 8.  The 
extension or contraction of these pulses is controlled by the BIAS/MAN control.  If the oscilloscope displays the 
specified pulse train, proceed to paragraph 5-28.  If the oscilloscope does not display the specified pulse train, 
check the following components; repeat this test if any components are replaced. 

(1) Silicon control rectifier Q4. 
(2) Pulse transformer T3. 
(3) Resistors R18 and R20. 
(4) Capacitors C10 and C16. 
(5) Power Transformer T1. 

 
5-28. Check power SCR’s Q1 and Q2 as follows: 
 
a. Turn off power.  Connect the common lead of the oscilloscope to terminal X2 on the unit.    Connect the 
probe of the oscilloscope to terminal X-1 on the unit. 

b. Turn on power.  The oscilloscope should display a waveform as shown in Figure-4, waveform 9.  However, 
the waveform should by symmetrical for the positive and negative half cycles of the input line Voltage. If the 
oscilloscope displays the specified waveform, the unit is operating properly.  If the oscilloscope does not 
display the specified waveform, check power SCR’s Q1 and Q2.  Repeat this test if either is replaced. 

 
5-29. Close the feedback loop by resoldering the wire to feedback transformer T2 (which was removed at 
paragraph 5-21). 
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SECTION VI -DIAGRAMS 
 

6-1. GENERAL 
 
6-2. This section contains the outline dimension and installation wiring, schematic, and printed circuit board 
component location diagrams necessary to install and trouble shoot the DPA-1 Series PHASE/AMPS. 
 
6-3. QUICK INDEX TO DIAGRAMS. 
 
6-4. Table 6-2 provides a quick index to the diagrams contain in this section. 
 

Table 6-1  Quick Index To Diagrams 

DIAGRAM TITLE/DESCRIPTION DIAGRAM NUMBER 
   

1 
 

Outline dimensions and installation wiring, DCPA-1 (15 and 25 
AMP units) 

02C100259 

2 Outline dimensions and installation wiring, DPA-1 (30 and 50 
AMP units) 

02C100127 

3 Schematic diagram, 30 and 50 AMP PA-1, plus all DPA-1 units 05C100123 
4 Schematic diagram, PHASE/AMP Thyristor power amplifier 

DCPA-1 
05D100260 

5 PC board assembly, 30 and 50 Amps PA-1 plus all DPA-1 units 26C100039 
6 PC board assembly, DCPA-1 PHASE/AMP 26C100261 
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