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SORENSEN FIVE-YEAR WARRANTY

Sorensen, a division of Elgar Electronics Corporation, warrants its products to be free from defects in
material and workmanship. This warranty is effective for five years from the date of shipment of the
product to the original purchaser. Liability of Sorensen under this warranty shall exist provided that:

*  the Buyer exposes the product to normal use and service and provides normal maintenance on the
product;

* Sorensen is promptly notified of defects by the Buyer énd that notification occurs within the warranty
period;

* the Buyer receives a Return Material Authorization (RMA) number from Sorensen’s Repair Department
prior to the return of the product to Sorensen for repair, phone 800-458-4258; '

*  the Buyer returns the defective product in the original, or equivalent, shipping container:

*  if, upon examination of such product by Sorensen it is disclosed that, in fact, a defect in materials and/or
workmanship does exist, that the defect in the product was not caused by improper conditions, misuse,
or negligence; and,

* that Sorensen QA seal and nameplates have not been altered or removed and the equipment has not
been repaired or modified by anyone other than Sorensen authorized personnel.

This warranty is exclusive and in lieu of all other warranties, expressed or implied, including, but not limited
to, implied warranties of merchantability and fitness of the product to a particular purpose. Sorensen, its
agents, or representatives shall in no circumstance be liable for any direct, indirect, special, penal, or
consequential loss or damage of any nature resulting from the malfunction of the product. Remedies under
this warranty are expressly limited to repair or replacement of the product.

CONDITIONS OF WARRANTY

* Toreturn a defective product, contact a Sorensen representative or the Sorensen factory for an RMA
number. Unauthorized returns will not be accepted and will be returned at the shipper’s expense.

*  For Sorensen products found to be defective within thirty days of receipt by the original purchaser,
Sorensen will absorb all ground freight charges for the repair. Products found defective within the
- warranty period, but beyond the initial thirty-day period, should be returned prepaid to Sorensen for
repair. Sorensen will repair the unit and return it by ground freight pre-paid.

*  Normal warranty service is performed at Sorensen during the weekday hours of 7:30 am to 4:30 pm
Pacific time. Warranty repair work requested to be accomplished outside of normal working hours will be
subject to Sorensen non-warranty service rates. ' .

*  Warranty field service is available on an emergency basis. Travel expenses (travel time, per diem
expense, and related air fare) are the responsibility of the Buyer. A Buyer purchase order is required by
Sorensen prior to scheduling.

*  Aretumned product found, upon inspection by Sorensen, to be in specification is subject to an inspection
fee and applicable freight charges.

*  Equipment purchased in the United States carries only a United States warranty for which repair must be
accomplished at the Sorensen factory.

Committed to Quality...Striving for Excellence
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SECTION 1 THEORY OF OPERATION

1.1 . INTRODUCTION

This section provides a basic discussion of unit operating principles, which may be used in
conjunction with the troubleshooting chart provided in Section 3, to enable the logical and
rapid isolation of unit faults. A brief description of the phase control principle is given first,
followed by a block diagram analysis of system functions. The function of each section is
then described in detail.

1.2 PHASE CONTROL PRINCIPLE

The sinusoidal wave in Figure 1-1 represents normal ac line voltage. If, by some means,
conduction of this voltage is delayed, the average voltage output will be reduced. Control of
the delay then results in control of the average voltage. This is phase control. The silicon
controlled rectifier (SCR) acts like a switch, activated by the delay circuit, to provide the
phase control. The delayis expressed in degrees and is known as the firing angle. Figure
1-1 shows firing angles of 60° and 120°.
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Figure 1-1 Phase Control Firing Angles
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Figure 1-2 DCR-B2 Functional Block Diagram




13.. BLOCK DIAGRAM ANALYSIS (FIGURE 1-2)

The ac input voltage is first applied to CR7 {Triac), which is in series with power transformer
T1. CR7 functions with the control circuits to form a feedback loop which prevents a change
in output voltage when either the line or load changes.

To accomplish this, the control circuits issue a phase adjusted firing pulse to CR7 once
during each half cycle of the input ac voltage. These circuits continuously sample the output
voltage, which establishes the precise time at which the firing pulse is to be generated. The
phase controlled ac voltage is stepped up or down by power transformer T1, and coupled
through a full-wave rectifier and filtering circuits to the output terminals.

Feedback signals from the output back to CR7 originate in the constant voltage/current error
amplifiers U6/U7. In the constant voltage mode, U6 continuously compares the supply
output with a reference voltage generated by a variable reference programming circuit, (U5).
A difference in these voltages appears as an error signal, which is delivered to amplifier U6.
This dc error signal is applied to Q6 (comparator input #1). A sawtooth ramp voltage,
generated by Q8, R69 and C23, is applied to Q7 (comparator input #2). The comparator
output (across R62) sets the conduction angle of blocking oscillator Q9. The duration of Q9
conduction is directly proportional to the error signal, and its output triggers CR7 into
conduction. CR7 acts as a switch, whose firing angle is dependent on the magnitude of dc
error signal, thus controlling the overall supply output.

Similarly, in the constant current mode, changes in line or loadare sensed by R25, in series

with the output. Itis then amplified by U7, and applied to Q6 comparator input. Output
control from this point is essentially the same as in the constant voltage analysis, above.

14 -.DETAILED CIRCUIT DESCRIPTION

NOTE
Al component designators  are
referenced to PCB schematic diagram
Figure 3-1 unless otherwise noted.

1.4.1 REFERENCE AND BIAS SUPPLIES

The precisely regulated voltage required for operation of the control circuitryis produced by
a reference supply consisting ofzener diodes D5/D8, operational amplifier U4, passing stage
Q2, transformer T2 and center-tapped full wave rectifier D35/D36/D37/D38. (See main
schematic).

The reference supply output appears across a comparison bridge composed of divider
R31/R32, D16, and R77. Error signals are sensed across this bridge and amplified by U4.
The variable impedance characteristic of passing stage Q2 changes the level of absorbed
voltage across the stage, maintaining the output at a precisely controlled negative 12.4 volts
(Figure 1-3).
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Figure 1-3 Passing Stage Principle

To illustrate circuit operation, assume an increase in the T2 (Figure 3-4) supply output. Pin 2
of U4 will become more negative, and the output at pin 6 more positive, tending to turn Q2
off. The reduction in drive current increases the impedance of Q2, and consequently its
absorbed voltage, resulting in precise regulation of reference supply output.

Several other bias supplies are used to power the control circuitry:

1. +20 volts from D7. Note that there is no filtering on this 20 volt output. This
signal is used as a time reference to the ac line. The +20 volt source is then
gated through D21, and filtered by C18 to provide the +20 Vdc primary
operating power for the control PCB.

2. The 20 volts across C18 is fed to R47 and D8, to create +16 volts for
sections of the control circuitry. The +16 volts across D8 is then fed to R23
and D4 to generate and precisely regulate the +11.7V for the current amplifier
reference voltage.

3. +30 Vdc unregulated (D35 and D37 on the overall schematic) is used to
operate the current/voltage mode lamps, OVP control circuit, and remote
current voltage select reference.

1.4.2 VOLTAGE MODE SECTION

Primary components of this circuit include constant voltage error amplifier U8, variable
reference voltage programmer U5, and emitter-follower stage Q6. The circuit functions as
follows:



Pin 3 of U5 is connected to plus sense. Front panel voltage controls R10/R11 function as
variable feedback resistances from U5 pin 6 to pin 2. The negative 12.4 volt reference
through R39/38/37 establishes the desired programming current range, so that 0 to 10 volt
signal is obtained at pin 6 of U5.

The main error amplifier is U6. Pin 4 of U6 is at virtual dc ground. since pin 5 is at ground
(+sense). Thus, the current through R74 can be varied from 0 to. 1 milliampere. This
current, through R79, programs the supply to the desired output. U6 pin 5 senses this
output, and compares it to the voltage developed at U6 pin 4. The resultant is an error
signal, amplified by U8, and coupled to R61 through the emitter of Q8.

An illustration of voltage mode operation An increase in system output drives U6 pin 4 more
negative. U6 pin 11, and thus the Q6 emitter also become more negative, creating the error
voltage necessary to retard the firing angle of CR7 through T1/Q9 action as noted in the
block diagram analysis. :

C15/R44 establishes ac loop stability, aided by C16/R45.

1.4.3 CURRENT MODE SECTION

The primary component in this section is constant current amplifier U7. The 11.7V reference
voltage is divided down by bridge dividers R20/R21 and R24/R19 to U7 pins 5 and 4
respectively. The resultant voltages are referenced to the positive output, through a current
sensing resistor (R21), with R12/R13 serving as the front panel current adjust
potentiometers.

R46/C17 establishes ac loop stability. C11/R36 (Variable) is a secondary stability network
used for inductive load compensation.

R22/C7 acts to prevent rapid changes in the phase delay angle, caused by large transients.
This protects the power components from overstress.

Trimmer R17 is used to adjust zero output current (compensating for current tolerances and
offset voltage of U7).

Trimmer R18 is used to adjust for maximum current setting (compensating for tolerances in
panel pot R12 and current shunt R25).

An illustration of current mode operation: If the output current approaches the current limit
setting, the voltage across the sensing resistor becomes larger. This is seen as a positive
error voltage at U7 pin 5, which is amplified and applied to the U7 output, pin 10. The output
of U7, pin 10 (emitter) is passed through D20 to the base of the output stage of U7 at pin 13.
The injected current causes the collector of U7, pin 11 to fall,reducing output. (See Voltage
Mode section, para. 1.4.2, for additional details).

1.4.4 RAMP GENERATOR, RESET CIRCUIT AND COMPARATOR

The ramp generator consists of R69 and C23. The ramp voltage at the junction of R69/C23
is coupled through D30 to the base of Q7. This voltage starts at a maximum level, and
decreases exponentially until reset by Q8 at 8.3 millisecond intervals (each 1/2 cycle of line
voltage). The reset pulse for Q8 is generated through D7/R48 as follows:



The reset circuit consists of Q8 and R68. The full wave rectified ac input from T2 is
impressed across D7/R48. D7 clamps the base of Q8 at its zener level, keeping it shut off
(D21 is forward biased). As the impressed voltage drops toward zero, the zener voltage
follows. D21 becomes reverse biased. Q8 then turns on from base bias through R68,
charging C23 when the line voltage crosses zero.

The comparator consists of Q7/Q6, D30, R61, and R62. Comparator Q7/Q6 compares the
dc signal from either the voltage or current mode amplifier (applied to Q6) with the ramp
generator voltage. The varying output of Q7 (across R62) establishes the conduction angle
of blocking oscillator Q9.

145.. BLOCKING OSCILLATOR CIRCUIT

QO functions as a switch, providing the triggering voltage for D33 and D32 proportional to the
error signal received from the comparator circuit. The blocking oscillator circuit functions as
follows: Assume that at a given time the Q7 dc emitter voltage is several volts below the
reference level provided by the reference supply circuit (paragraph 1.4.1). At a point when
the ramp voltage, appearing at the base of Q7, is more negative than that on its emitter, Q7
conducts. This drives the base of Q9 positive, causing Q9 to conduct. As its collector
current (Ic) increases, regenerative action occurs through pulse transformer T2, forcing Q9
into saturation. (Ic) continues to increase until T2 core saturates. Then T2 voltage
decreases, removing Q9 base current. At this point Q9 comes out of saturation. The cycle
is then repeated. The output of the pulse generator is a series of narrow pulses, continuing
until the end of the line halfcycle.

1.4.6 v -- TURN-ON AND SHUT-DOWN CIRcuITs

Primary components of the turn-on circuit are Q3, Q4, R56, R55, D28 and C22. Circuit
operation is as follows: When power is initially applied to the unit, the bases of Q3/Q4 are
driven positive, due to C22 coupling the rising voltage of the +16 volt bias supply. Q3 and
Q4 are thus in saturation. The resultant negative voltage at the Q3/Q4 collector maintains
voltage error amplifier U6 and the blocking oscillator/mixer circuits at cut off.

This action inhibits the output of the power supply from coming up. As C22 charges, the
supply output will increase exponentially. Q3/Q4 gradually come out of saturation until the
voltage across C22 reaches the point where theyare shut off. The supply is then functioning

in its normal manner.

The shut-down circuit, consisting of Q5, R58, R59, and D26/D27, cuts off the unit output
when the cathode of either diode is connected to the plus sense connection. The circuit
function is to actuate Q5, which turns Q3 and Q4 on. When the connection is removed, the

power supply returns to normal, with the slow start described above.

D27 (TB3 pin 11) is available for customer use to shut down the dc output. Terminal 11 can
be connected to +sense (TB3 Term 1) by either an isolated relay contact or an open
collector logic signal (sinking approximately 0.2maA).

D26 is used internally to shut down the DCR-B2 output when the OVP is tripped.



14.7 . POWER SECTION

The input ac voltage is applied to the primary of power transformer T1 through an SCR,
(CR7). The output is rectified by a full wave bridge, and filtered by a Pi network with a
damping resistor (R3). The filtered dcis then applied to the output terminals.

14.8... OVERVOLTAGE PROTECTOR

The OVP consists of a fast-response silicon-controlled rectifier crowbar (CR§. A reference
voltage (+12V) is generated by zener D1 and R3. This reference voltage is compared to the
output voltage in a bridge circuit, by the ratio of R6 to R16 plus R18 (adjust pot). The bridge
output is applied to U1, pins 3 and 4. Assume that the resistor ratio is set (by adjust pot
R18) to produce a balanced bridge at a specified output voltage. If the output voltage
exceeds this preset value, U41, pin 3will be driven positive relative to pin 4. The result is a
positive output at pin 9 to turn on Q1. Q1 applies the +30V unregulated voltage to the
primary of T1. The induced current in the secondary of T1 provides a trigger for the SCR
crowbar. D12 activates the SCR, causing a crowbar function across the power supply output
terminals.

The SCR recovers as soon as the output voltage is dropped, and removes the crowbar
current. R5 supplies holding current to CRS to hold the crowbar on.

To reset the OVP, power must be removed from the power supply input. After a moment to
reset, lower the output voltage control, and reapply power to the input.

T ettt st s sess s ssesesoss seoeseosseeoseee s e INDICATOR LAMPS

DS2, which indicates Constant Voltage mode, is wired across P19 and P1-19 as shown on
the Control PCB schematic, Figure 81. DS3, which indicates Constant Current mode, is
wired across P1-9 and P+19.

U8 is an operational amplifier used to drive DS2 and DS3. The lamps and U8 are powered
from the +30V supply.







