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SORENSEN FIVE—YEAR WARRANTY

Sorensen, a dl\nsmn 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 and 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 contamer

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 1mproper 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

To return a defective product, contact e 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 retumn 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 outsxde of normal working hours wm 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.

A returned product found, upon insnection 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 Wthh repalr must be
accomphshed at the Sorensen factory.

Committed to Quality...Striving for Excellence
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SECTION 1
INTRODUCTION

1.1 INTRODUCTION

This manual contains operation and maintenance data on the 5 kilowatt (5KW) units
of the DCR-T Series Sorensen Power Supplies. It is intended to familiarize the user
with the function of the unit, to introduce the varied applications to which the unit
~may be adapted, and to furnish sufficient maintenance data to assure long operating
life.

Six major sections form the manual divisions. Section 1 contains a brief functional
description of the DCR-T series power supplies along with complete unit specifications.
Initial inspection and checkout procedures are outlined in Section 2. Operating
instructions, including methods for adapting units to various applications, comprise
Section 3. Sections 4 and 5 provide the principles of operation and maintenance
procedures respectively. System drawings and the replacement parts list are included
in Section 6.

1.2 DESCRIPTION

1.2.1 General

The DCR-T series is designed for either rack or floor mounting, and to provide stable,
highly regulated dc outputs from a wide range of three phase input voltages and
frequencies. (For complete unit specifications refer to Table 1-1.) The series exhibits
excellent transient response and low ripple in both voltage regulating ‘and current
limiting modes. Other design features include: provisions for remote programming,
remote sensing, and series and parallel operation. Increased versatility is also provided
by the use of an industrial control technique for main power disconnect and line
protection. This feature facilitates the remote control of the line power to the supply.

A variety of Sorensen power supply application notes are available through your
Sorensen Service Representative. These notes detail many hook-up configurations -
available to meet most power supply applications. '

1.2.2 Automatic Crossover

There are two basic operating modes: voltage and current. In the voltage mode, the
voltage is held constant while the current varies with the load. In the current mode,
the voltage varies and current is held constant. The automatic crossover feature enables
the unit to switch operating modes as a function of load requirements. If, for example,
load currents attempt to increase above a preset current limit, the unit will switch

Introduction - 1-1



operation automatically from the voltage to the current mode. In this mode, the
current will be regulated at the value preset on the front panel. If load requirements
are lowered, a return to the voltage regulating mode will occur automatically.

123 Remote Sensing

Terminals located on the rear-mounted connector (J-2) offer a means of extending a
unit's regulating point from the output terminals to the load. This effectively
compensates for variations in the load lead voltage drop. Section 3 outlines the
connections for remote sensing. :

124 Series Operation

For applications requiring output voltages higher than a single unit can provide, DCR-
T power supplies may be connected in series (see Section 3). Regulation in series
operation is the sum of the regulations for all units.

1.2.5 Parallel Operation

Parallel operation may be used to service those applications requiring an output current

higher than a single unit can provide. DCR-T power supplies may be direct paralleled

with no limit to the number of units which can be paralleled. However, the regulation

will deteriorate, and will be the sum of the regulations for the individual settings
“plus the output voltage differences between units at no load.

1.2.6 Remote Programming

Output voltage or current of DCR-T power supplies may be remotely programmed
in either the voltage or current mode by resistance or voltage signal. Details and
consideration are given in Section 3. S

1.2.7 Failure Protection

In addition to the constant limiting protection provided by automatic crossover and
the current regulator, the DCR-T power supply incorporates several other protection .
systems. Loss of one input phase drops the output to zero and energizes an indicator
lamp on the control panel. Thermal overload, usually resulting from a cooling fan
failure, will also drop the output to zero and energize an indicator lamp on the front
panel. In the event of an overvoltage condition at the output, such as a failure in
the power supply or an externally induced condition, the adjustable overvoltage
protection (OVP) will drop the output to zero and disconnect the AC power from
the main power components. Protection against the effects of overloads and internal
short circuits is also provided. o
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The main power components are protected by a thermal overload relay working in
conjunction with a contactor to provide mechanical disconnect of the AC line to the
main power components. (See Section 2 for complete input wiring requirements.)
Control circuitry is protected by rear mounted fuses and an internal fuse.

13 OPTIONAL MODIFICATIONS

1.3.1 Chassis Slide Kit

The sides of the DCR-T have inserts which allow attachment of slide rails. Consult
the fa;tory for information on this optional Chassis Slide Kit. '

1.4  SPECIFICATIONS

See Table 1-1 for cbmplete specifiéations on the DCR-T 5KW series power supply.

Introduction 13
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SECTION 2
INSTALLATION
21 GENERAL
After unbac_kin‘g,, general inspection and preliminary checkdut procedures ‘should be
performed to assure that the unit is in proper working order. These consist of visually
checking for damage, and performing an electrical check. If it is determined that the unit
has been damaged, the carrier should be notified immediately. Repair problems should
be directed to Sorensen. (1-800-458-4258) - : K
22 INSPECTION |

Proceed as follows to inspect for damage incurred dui‘ing shipment:

A.  Check meter faces for cracked or broken glass. Check each meter
- for zero indication. Use zero adjust to bring indicator to zero, if
necessary. Zero set is inside of the unit on the rear of the meter.

B.  Look for cracked or broken lenses on the indicator lights.
C.  Rotate the VOLTAGE and CURRENT potentiometers.

D.  Remove the top cover and check to make svurev that all printed
circuit card plugs are firmly in place. : '

E. Remove the front panel (if already in place) and check that the controls .
and card plugs are firmly in place. ' . '

- F. Check remote plug (P1) to insure that the remote AC control |
' jumpers are in place. _ ' :

If any optional equipment (refer to Section 1.3) has been pﬁrchased with the unit,
assure that all parts are accounted for and that no damage has occurred in shipment.
(Optional parts are normally shipped loose in the packaging cartorn.)

23 OPTIONAL EQUIPMENT INSTALLATION" |

The unit is shipped in ready to use condition.. If optional accessories have been

purchased, however, they must be installed at destination. The following sections
~ detail the installation of optional equipment. | |

inStallation_ v - | 2-1



2.3.1 Chassxs__S.hde_Kn

Extend the Slide Rail and mount the rail to the DCR-T side panel inserts (4 each)
~ with the #10-32 screws provided. Note that all but one of the mounting holes are

accessible when the slide rail is fully extended. Close the inner portion of the rail =

- approximately ‘halfway to access the remaining mounting hole. Make certain that
all four mounting inserts are used. ' ‘

24 ~MECHANICAL INSTALLATION

The DCR-T series power supply is shipped ready for floor or bench use. If the unit
is to be rack mounted, the eye hooks on the top and the feet on the bottom must
"be removed. If chassis slides are used, they should be attached to the unit prior -
to mounting in the rack. To access the rack mounting flanges used for bolting the
unit into the rack, remove the four allen-head screws and the front cover plate. Re-
attachment of the front cover plate after rack mounting will hide the mounting
hardware and give an attractive flush look to the installation. As these power supplies
have a relatively large mass, they should be mounted at or near the bottom of the
rack. ' , ’ : ‘

2.5 GENERAL PRECAUTIONS

WARNING

This unit requires a 3 pole, wall-mounted, fused
~ disconnect switch with the proper current limiting
fuse for safe operation.

DO NOT turn on the wall switch until AC and DC
‘wires are attached to the DCR-T unit.

Accidental shorts or hand contact inside the DCR-T"
can cause burns or electrical shock.

All DCR-T units must be hard-wired for fixed installation. The following precauﬁons
should be taken when connecting power supplies to an AC main.

251 AC Line Protection

'All Sorensen power supplies are designed with a mechanical disconnect and overload
- protection. The components most often used are circuit breakers or fused switches.
With the DCR-T series, Sorensen has introduced a system of mechanical disconnect
for ac protection which has been used for years in industrial controls. All Sorensen
power supplies, including the DCR-T, require careful coordination of the AC mains
connections with the AC line protection system within the unit. This will insure not

only that a AC fault will be cleared, but that the AC line protection system will not
‘be damaged by the fault. ' :

2-2 ~ Installation



The following components are required for a complete AC line protection system:

fused

MAIN DISCONNECT SWITCH - Customer-installed 3 pole, wall-mounted

disconnect switch. The main disconnect switch mechanically removes the AC
lead wires and the unit from the AC mains. ‘

MAINS SHORT CIRCUIT PROTECTION - Customer-installed main short circuit
protection (usually a fuse). The ratings of the short circuit protection should
be large enough to handle the units attached. The let-through current of the
short circuit protection shall be below the lowest ratings of any one unit attached
and below the rating of the unit lead-in wire. ' - ‘

-UNIT AC OVERLOAD PROTECTION - Included in all Sorensen power sup-

plies. Mechanically connects and disconnects as much of the wiring within
the unit as is possible. Prevents the AC line (from the main AC disconnect
to the unit) from causing damage within the unit should a fault occur. Acts
as a safety feature preventing shock or burns due to a possible fault within
the unit. -

The following table specifies the maximum fault current which Sorensen three phase
- power supplies can safely clear. Use this table to size current limiting fuses for these

supplies.
UNIT MAX, LET-THRU CURRENT
DCR-T-5KW 2500 AMPS
2.6  ELECTRICAL INSTALLATION

CAUTION

Read wiring WARNING on page 2-2 before starting
wiring. Unit is phase sensitive. Test input phase
per para. 2.7.

Follow these steps in wiring:

1. Check phase rotation at the main disconnect switch (see Section 2.5).

Mark terminals 2 - 3 - 4 to correspond to line A, line B and line C,

respectively.

Installaton =~ o | 23



5.

Identify the proper safety ground at the wall switch. (The neutral and/
or a separate ground may be provided. Check the power company and
local codes for a proper connection.) o

Label four wires for the input connection. Wires 2 - 3 - 4 are connected
to the three phase terminals, and wire 1 is connected to the safety
ground terminal.

Connect the 4 wires to the DCR-T ac input terminals which are marked
GND-2A-0B-0C.

IMPORTANT SAFETY PRECAUTION

Wire 1 must be connected to the CHASSIS GROUND
terminal to provide a ground for the DCR-T chassis
frame.

Connect the two dc output wires. Label these wires (+) and (-).

2.7 PHASE ROTATION CHECK

The DCR-T is a phase rotation sensitive unit. To check rotation, proceed as follows:

A.

B.

Connect unit as indicated in paragraph 2.6.

Turn CURRENT and VOLTAGE control pots fully counterclockwise
(zero out).

Turn ON/OFF switch to STAND-BY.

Press START button.

If unit makes sharp noises and voltmeter jumps, two lines are probably
reversed. Reverse any two AC input lines.
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2.8 INITIAL CHECKOUT

2.8.1 Yoltage Mode

To pérform a 'check of voltage mode operation, proceed as follows:

A.

F.

Assure that proper input connections have been made. Refer to Section
2.5, 2.6 and 2.7.

Turn VOLTAGE and CURRENT controls fully counterclockwise.

NOTE

‘See Figure 3-1 for location of controls and indicators.

Set ON/OFF switch to STAND-BY mode. Amber STAND-BY lamp will
be illuminated.

Press START button, note sound of fan. Green ON lamp will be illumi-
nated.

Turn VOLTAGE and CURRENT control slowly clockwise and observe
the unit voltmeter. The pointer should move upscale.

Press STOP button. Unit will return to the STAND-BY mode.

2.8.2 Current Mode

To check operation of the unit in the current mode, proceed as follows:

A.

B.

Installation

Turn VOLTAGE and CURRENT controls fully counterclockwise.

Connect a heavy gauge wire across the output terminals. One of the
intended output leads is recommended for this purpose.

Set ON/OFF switch to STAND-BY. Amber STAND-BY light will be .
illuminated. .

Press START button, note sound of fan. Greeh ON lamp will be illumi-
nated. _

2-5



Rotate VOLTAGE control about 30° from the left hand stop and observe
output meters. Both should be zero.

In small increments, raise CURRENT control while observing the
ammeter. If current does not increase, rotate the VOLTAGE adjustment
another 30°. '

Press STOP button. Unit will return to the STAND-BY mode.

Remove shorting wire from the output terminals.

26 . : Installation



SECTION 3
OPERATION

31 GENERAL

This section provides a tabular listing of the unit's controls and indicators along with
a brief description of their function. Physical location of the controls and indicators -

is shown in Flg}xre 3.1. The physical location of the rear panel terminals and connectors
i

is shown in Figure 3.2.

Table 3.1 CONTROLS AND INDICATORS.

Control/ Indicator

Function

On/Off Switch Energizes control circuitry and provides power for
: contactor disconnect. Puts unit in Stand-By.

Stand-By Lamp Indicates unit is in Stand-By.

STOP Button Causes contactor to be pulled in. Contactor is held
enerEized through the STOP button, the overload
auxi contacts, the contactor auxiliary contact,
and a . B .

ON Lamp Indicates Main Power ON.

Phase Indicator

~ Indicates loss of an ac line.

Thermal Indicator -

Indicates an overtemperature condition.

OVP Indicator

Indicates that the OVP has activated.

Reset Button

Brings output to zero. Resets the unit after OVP
or thermal shutdown without recycling.

OVP Adjust Button

OVP Adjustment control.

REM Indicator

Indicates unit is in remote operation. ON when in
remote operation. Flashes if a remote line is open.

Voltage Control

Multi-turn pot to set output voltage.

Volt Mode Indicator

Indicates when unit is in the voltage regulating

- mode.

Current Control

Multi-turn pot to set output current.

Current Mode Indicator

Indicates when unit is in the current regulating
mode. : ‘

| Unit Ammeter

An ammeter connected to a shunt in the negative
leg of the unit output. Indicates output current.

Operation
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5 kW Model

Figure 3.1 Typical Controls and Indicators
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Figure 3.2 Rear Panel Terminals and Connectors
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" This section also provides instructions for adapting the supplies to many of their varied
applications. Included are procedures to be followed for conversion to: remote sensing
operation; voltage, current and programming modes; and series and parallel operation.
Also included are procedures for use of the various remote control and remote
indicator features of the power supply. ‘

NOTE

Throughout the following discussion, voltage and
current levels will be expressed in percentages of full
scale label values. This is necessary due to the large
variety of outputs available in the DCRT Series. Full
- scale label values are determined by the model
number, (e.g.) DCR16-310T1 is 16 volts and 310 Amps
full scale, DCR55-90T1 is 55 volts and 90 Amps, etc.

32 LOCAL SENSING

The supplies are shipped without the sense leads connected. The supplies are
protected against open sense leads. To realize specified performance of the unit,
however, the sense leads must be connected. Local sensing simply means that the
sensing circuit is connected across the unit output terminals and not at the load. For
applications where the voltage drop in the load wires is prohibitive, use remote sensing
(paragraph 3.5). Figure 3.3 illustrates the local sensing configuration of remote

connector (J-2). The mating connector housing, strain relief and connector pins are
included with the DCRT unit. Connector pins will accept #18 through #24 AWG

insulated wire.
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Figure 3.3 Local Sensing Configuration
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3.3 VOLTAGE MODE

To put the unit in voltage mode operation, proceed as follows:

A.

Operation

Rotate the VOLTAGE and CURRENT control potentiometers fully
counterclockwise. - .

With the main disconnect switch OFF, connect the three phase input
leads as indicated in Section 2.6

Set ON/OFF switch to ON. Stand-By lamp should be illuminated.

Press START button. ON lamp should illuminate.

| B Rotaté VOLTAGE control until the unit voltmeter indicates the desired

output voltage. :

NOTE

To prevent random firing of the SCR's, for voltage
outputs below 5% of maximum rated output voltage,
it is recommended that a bleeder resistor be con-
nected across the output of sufficient value to draw
approximately 10% of rated output current. For
example, for a DCR16-310 below .8V use a bleeder
to draw approximately a 31.0A load. This would be
approximately .026 ohms (use a 100 watt rating).

Set ON/OFF switch to OFF, and set the main disconnect switch to OFF.
Connect load to the unit terminals on the rear of the unit.

Set CURRENT control to a value at least 10% above the actual load
current.

NOTE

Regulation falls off if output current is within 10%
of limiting value. Current mode indicator begins to
glow when current output is within approximately
10% of limiting value.

3-5



‘Set the Main Disconnect switch to ON and the ON/OFF switch to ON.

Press START button. The ON lamp will light and the unit will be in
voltage operation mode.

NOTE

With the unit in the voltage mode, an increase in
load current requirements above the value set in step
H will cause an automatic crossover to current mode
(current limiting) operation.

34 CURRENT MODE

To operate the unit in current mode, procéed as follows:

A.

B.

-

T 0

Rotate the VOLTAGE and CURRENT controls fully counterclockwise.

With the Main Disconnect switch OFF, connect three phase input as
indicated in Section 2.6

Set ON/OFF switch to ON. Stand-By lamp should »illumin‘-ai"te.
Press START button. ON lamp should illuminate.

Rotate VOLTAGE control until unit voltmeter indicates a level 10%
above the desired dynamic voltage.

NOTE

Current regulation falls off if the dynamic (compli-
ance) voltage is within 5% of the voltage limiting
~value.

Set ON /OFF switch to OFF, and set the Main Disconnect switch to OFF.
Connect load lines to unit output terminals on the rear of the unit.
Set the Main Disconnect switch to ON and the ON/OFF switch to ON.

Press START button. ON lamp will light, and the unit is in voltage
mode operatlon
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Turn CURRENT control to desired current regulatmg value. CURRENT
MODE lamp will light and the unit is in current mode operation.

NOTE

If dynamic (compliance) voltage rises above limit set
in step "E", the unit automatically crosses over to

voltage mode operation. (Current mode light goes -
off.) _

3.5 REMOTE SENSE

_In the remote sensing mode, voltage regulation is at the load rather than at the unit
output terminals, thus correcting for voltage drops in the load leads.

NOTE

A 10% of E, maximum voltage drop lead is the
maximum for which remote sensmg will compensate.
To avoid exceeding the rated maximum unit voltage,
the maximum load voltage (as read on the panel
voltmeter) must be less than the rated maximum by
the sum total of the drops. Example: If each load
line drops 3 volts, (6 volts total), then on a 55 volt
rated unit, the DCR55-90T, the voltmeter reading
must not exceed 55 - 6 = 49 volts.

To adapt a unit for remote sense operation, proceed as follows:

A.

B.

Operation

Set unit ON/OFF switch to OFF and the Main Disconnect switch to OFF.

‘Remove the local sense leads from both the output terminals and J2

mating connector, if already connected.

Install the remote sense leads to plus and minus SENSE terminals in
J2 using the ]2 mating connector provided. Note which lead is connected

to the plus terminal (remote sensing configuration is shown in Figure
3.4).

3-7



3.6

NOTE

~ Use a twisted or shielded pair of wires for the remote
sensing leads. Sensing current is approximately 1.0
mA.

Connect the lead from the positive sense terminal to the positive load

‘terminal, and connect the negative sense lead to the negative load term-

inal.
Reset current limit per pai'agraph 3.3.

If the unit is being placed on-line for the first time or is being returned
to service following a maintenance check, etc.,, proceed as outlined in
paragraph 3.3 or 3.4. Otherwise, set the Main Disconnect switch to ON,
set the unit ON/OFF switch to ON and press the START button. POWER
ON indicator light wﬂl illuminate and the unit supplies the load.

OVERVOLTAGE PROTECTION (OVP)

The OVP circuit protects the load by limiting the output voltage to a preset value.
Load protection is accomplished by bringing the output current and voltage to zero
and opening the contactor which brings the unit to a Stand-By mode when the preset
OVP value is reached. The unit is shipped with the OVP factory set at 10 to 15%
of the maximum output voltage.

To set the OVP at another value, proceed as follows:

NOTE

To avoid nuisance tripping of the OVP circuit, the
- preset value should be set at 10% minimum above
the operating output voltage.

Set the unit for operation as outlined in paragraph 3.3 or 3.4.

To read the OVP set value on the front panel voltmeter, simply press
the OVP set switch. .

Set the desired OVP value using the front panel OVP Adjust Control
while depressmg the OVP set switch.

At any time, the OVP set value may be read without affecting the normal
operation of the unit.

3-8 : Operation |



3.7 RESET

The front panel RESET switch is used to clear those faults which latch the unit in
the zero output state. These faults are: OVP shutdown, thermal shutdown and phase
loss. The thermal indicator light will illuminate when the RESET is depressed and
the unit output voltage and current will go to zero. When the RESET switch is released,
the unit will soft start and return to the preset operating conditions.

To RESET the unit after a fault has occurred, proceed as follows:

1. OVP SHUTDOWN: After an OVP fault, the unit will be in Stand-By
mode and the OVP indicator lamp will be illuminated. Press the RESET
switch. The OVP indicator lamp will go off, and the unit can be re-
started by pressing the START switch.

2. THERMAL SHUTDOWN: Should the thermal shutdown circuit activate,
check first to make sure the unit cooling fan is operating. Fan failure
is the primary cause of a thermal shutdown fault. Allow approximately
10 minutes time with the cooling fan operating before resetting the unit.
Press the RESET switch and release. The thermal indicator will go off
and the unit output voltage and current will return to the preset operating
conditions. - - : '

3.  PHASE LOSS: The loss of one input phase line will latch the output

~ voltage and current to zero. The unit can only be reset when the phase

has been restored to the unit. When the lost phase has been restored,

press and release the RESET switch. The PHASE indicator will go off

and the unit output voltage and current will return to the preset operating
conditions.

3.8 EXTERNAL RESISTANCE PROGRAMMING

The unit output voltage, current and OVP set points may be resistance-programmed
remotely to a predetermined regulated value. Three 1 mA precision current sources
are provided, one each for programming voltage, current and OVP set. External
resistance programming is accomplished by connecting a resistance from the current
source output to Vo, (J2 pin 11).

External Resistance Programming Constants are:
10,000 Ohms for 100%. Output Setting.

1,000 Ohms for 10% Output Setting.
100 Ohms for 1% Output Setting.

Operation | | 3-9



® 21 : Part of J2

Figure 3.4 Remote Sensing Configuration

NOTE

When unit is set for external programming, both
voltage and current settings must be externally
programmed. Both front panel output adjustment
controls are disabled. If either programming line is
open, the unit output will go to zero and the front

panel Remote Indicator Lamp will flash. The OVP
is unaffected. '

3-10
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3.8.1 Ynltagc_and__Cnmm_Mg_dg '

Remote programming sensitivity varies according to the full scale voltage and current
output of the unit. Table 1-1 lists the proper ohms/volt and chms/ amp for each
model. For example, a DCR32-310T has a 32 volt full scale output. The ohms/volt
sensitivity from Table 1-1 is 313 ohms/volt. For a certain voltage output, therefore,
the voltage value to be programmed must be multiplied by the ohms per volt
sensitivity to arrive at the correct value for programming resistance.

Example for programming a 25 voit output from a 32 volt full scale unit: (25) X
(313 ohms) = (7825 ohms) v

Current output programming is accomplished in the same manner. For example, the
DCR32-310T has a 310 Amp full scale output. The ohms/ amp sensitivity from Table
1-1 is 32 ohms/amp.

Example for programming a 300 amp output: (300) X (32 ohms) = (9600 ohms)

NOTE

The resistor used should have a low temperature coef-
ficient (+30 PPM) to maintain the units rated tempera-
ture characteristics as well as stability. Programming
current is about 1 mA. Use a 1% resistor with a
wattage rating of 1/8W or larger.

To adapt the unit to external resistance programming, proceed as follows:
A.  Set unit ON/OFF switch to OFF and Main Disconnect switch to OFF.

B. Connect jumper wire from J2 pin 2 (Logic Ground) to J2 pin 8 (Remote/
Local). ' . '

C. Connect both voltage and current programming resistors. (See Figure
3.5 for diagram of programming connections.) The voltage programming
resistor is connected from J2 pin 14 (Remote Voltage Set) to J2 pin 11
(Virtual Ground). The current programming resistor is connected from
J2 pin 13 (Remote Current Set) to J2 pin 11. ‘

D. Set the Main Disconnect switch to ON and set the ON/OFF switch to
' ON. The Remote Indicator Lamp on the front panel will illuminate.
Press the START button. The unit will regulate to the values set by

the external programming resistors. ,

'Operation ' 3-11



NOTE

If remote programming is to be discontinued, remove
the programming device, and disconnect the jumper
from J2 pin 2 to J2 pin 8.

CURRENT
PROGRAMMING
RESISTOR

4

Y |

QUTPUT

LOAD

Figure 3.5 External Resistance Programming
(Without Remote Sense)

- 382 OVP Set
The unit OVP Trip Point may be externally resistance programmed. This would be

desirable in those applications where one or more OVP Trip Points are required
(different than the front panel OVP Trip Set adjustment).

NOTE

External OVP set programming is independent of
external voltage and current mode programming.
The jumper from J2 pin 2 to J2 pin 8 is not required
to remote program the OVP Trip Set Point.
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Example for setting the OVP Trip Set point to 8 volts on a DCR16-625T-
To determine the External Prdgramming resistor value, proceed as follows:
A.  First, determine OVP Trip Voltage needed for Section B.

Note: 0-10 volts corresponds to the 0 to full scale output of the unit
to be programmed.

8 volts -
(desired OVP Point) v
X 10V (full scale = 5 volts
16 volts full scale programming voltage)

B. To determine the value of the program resistor, use a voltage from 0
to 10 volts, calculated above, in the following formula:

(X volts) (10,909) (5 volts) (10,909)
Rp = - = = 9,231 ohms
| 10,909 - (X volts) 10,909 - (5 volts) » |

This value (9,231 ohms) would externally progrém the 16 volt full scale
. unit OVP Trip Set Point to 8 volts.

To adapt the unit to external resistance programming of the OVP Trip Poi‘nt, proceed
as follows: ‘ : ,

A.  Set unit ON/OFF switch to OFF and the Main Disconnect switch to OFF.
B. Set the front panel OVP set adjustment fully clockwise.
C. Connect the program resistor from JZY pin 12 (Remote OVP Set) to J2

pin 11 (Virtual Ground). See Figure 3.6 for diagram of OVP set program-
ming connections.

NOTE

- The remote programmed OVP set point may be read
on the front panel voltage meter by depressing the
OVP Set switch (see paragraph 3.6).

Operation | 3-13
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Figure 3.6 External OVP Resistance Programming
(With Remote Sense)

3.9 EXTERNAL SIGNAL PROGRAMMING

The unit output voltage, current and OVP set point, may be. externally programmed
to provide a variable output as a function of an input voltage signal. This is done
by introducing the external signal to the current source outputs provided for
programming voltage, current, and OVP set.

External Signal Programming Constants are as follows:
- 10 volts for 100% Output Setting.

1 volt for 10% Output Setting.
0.1 volt for 1% Output Setting.

NOTE

When unit is set for external programming, both
voltage and current settings must be externally
programmed. Both front panel output adjustment
controls are disabled. If either programming line is
open, the unit will go to zero and the front panel
remote indicator lamp will flash. The OVP is
unaffected.

314 | Operation



- 3.9.1 Yoltage and Current Mode

Remote sxgnal programming sensitivity is , 0 to 10 volts for 0 to full scale output for
all models in both voltage and current mode.

In selecting a signal source, the following should be considered:

1. The source must be capable of sinking approximately 1 mA (the Program-
ming Current). .

2 A floating (ungrounded) source must be used. All sxgnal programming
’ voltages will, however, have a common return.

3.  To obtain a full scale voltage or current output range, the source provrdes
a0to10 volt signal.

To adapt the unit to external programming, follow the procedure as outlined in
paragraph 3.6.1, with one exception.

' EXCEPTION: When Step C calls for connection of a resistor across the
- programming terminals on ]2, instead connect the signal
source. See Figure 3.7 for connections and observe the

program signal polarity.

J2
ovYo 2'Jo
. CURRENT
C O O |PROGRAM SOURCE
u
o 9lo o B
_L 14 13
° P T ¥
< o 0 o
22 21
+ o ¢ o
YOLTAGE o ©C O
PROGRAM SOURCE oo o
© 0.0

Figure 3.7 'Extemal Signal Programming
(With Remote Sense)
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3.9.2 OVP Set

The unit OVP Trip Point may be externally signal programmed. This would be
desirable in those applications where one or more OVP Trip Points are required -to
be different from the OVP Trip Set Adjustment.

NOTE

External OVP Set programming is independent of
external voltage and current mode programming.
The jumper from J2 pin 2 to J2 pin 8 is not required
to remote program the OVP Trip Set Point. '

The OVP Trip Set signal programming sensitivity is 0 to full scale output for all models.
The signal source requirements are the same as for the voltage and current mode
signal programming source (see paragraph 3.7.1), with one exception.

EXCEPTION: ‘The signal source value must go to 11 volts for applications
where the unit is operating at Full Scale output. This allows
the OVP Trip to be set to approximately 110% of the Full
Scale output voltage to avoid nuisance tripping. -

To adapt the unit to external signal programming of the OVP Trip point, follow the
procedures outlined in paragraph 3.6.3, with one exception.

- EXCEPTION: Where step C calls for connection of a resistor across the
programming terminals of ]2, connect the signal source
instead. See Figure 3.8 for connections and observe the

program signal polarity.

NOTE

The remote programming OVP set point may be read

on the front panel voltage meter by depressing the
OVP Set switch.
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~ Figure 3.8 External OVP Signal Programming
' (With Remote Sense)

3.10 PARALLEL OPERATION

Paralleling of three-phase DCR-T units is accomplished directly by connecting the
individual supplies to the load. Using this method, no current derating due to
composite tolerances of wire resistance, components, etc., is required. There are no
restrictions on the number of units that may be paralleled. However, paralleling units
does result in lower overall regulation. : '

NOTE

The paralleled units may be ’adapted for remote
sensing as illustrated in Figure 3.9." They may also
be adapted. for resistance programming. None of

these are required for paralleled operations, how-
ever. '
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'The following lists the procedures to be followéc_l in directly paralleling two units.
The procedure is applicable to any. number of units, however. (See Figure 3.9 for

' connections.)

A.

Set the ON/OFF switch of both units to OFF. Disconnect main power
to both units by setting the Main Power Disconnect switch to OFF.

If applicable, disconnect output lines and sensing leads to both units.
Re-energize the units. .

Rotate the VOLTAGE ADJUST control of one unit to the desired output.
Repeat the procedure for the other unit. -Maich the two unit outputs
as close as possible. '

Set CURRENT ADJUST AMPS control on each unit to one-half of the
total desired limiting current; (e.g.) if desired, to limit load current at
15A, set each control to 7.5A, etc.

Set the ON/OFF switch of both units to OFF. Disconnect main power
to both units by setting the Main Disconnect switch to OFF.

Connect output cables from each unit to Ioad. If desired, connect the
remote sensing leads of each unit to load. |

Re-energize both units. POWER ON indicators light. The unit which
is supplying the highest voltage (it is possible to identically match the

“output voltages) will supply load. If the load requirements exceed the

setting on CURRENT ADJUST AMPS control, this unit will automatically
crossover to current mode operation, and its output voltage will drop.

The second unit will assume that portion of the load rejected by the

first. Any further increases in load will be supplied by the second unit
up to its current limit setting. Regulation, therefore, will be the sum -
of the regulation of the two units plus the difference in the voltage
settings. Set each current limit as needed to limit current to 100% of
rated.
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UNIT 1 A UNIT 2

* PART OF J2 PART OF J2

- Figure 3.9 Parallel ‘Operation
(With Remote Sense)

3.11 SERIES OPERATION

Series operation allows the user to connect as many as five 10 or 32 volt DCR-T units
in series. Only three of the 55, 80 and 110 volt units and only two of the 160 volt
units may be connected in this manner, while the 300 and 600 volt units may not
be connected in series configuration. No derating is inherent in series operation and
regulation is the sum of the regulation of all units. ‘

NOTE

- Series units may be connected for remote sensing as
indicated in Figure 3.10, or they may be adapted to
resistance or signal programming. None of these,
however, are required for series operation.
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The folloWihg outlines procedures for connecting two units in series. The same
procedure may be used for series connecting up to five units. (See Figure 3.10
for schematic of connections.) o :

A.

Set desired voltage output of each unit at no load using VOLTAGE
ADJUST. Select current limiting value. ‘

Set the ON/OFF switch of both units to OFF. Disconnect main power
to both units by setting the Main Disconnect switch to OFF.

Connect an output lead from the positive output terminal of one unit
(for the sake of clarity, call this unit 1) to the negative output terminal
of unit 2. - : '

Connect an output Jead from unit 1 (negative terminal) to the load;
connect the other output lead from unit 2 (positive terminal) to the load.

CAUTION

In series operation, rectifiers must be connected across
each set of output terminals as shown in Figure 3.10.
Failure to do so may result in damage to output

capacitors. See paragraph 3.11.1 for information on
rectifier selection.

If remote sensing is desired, proceed as follows:

1. Connect a sensing lead from the (- SENSE) ‘terminal on unit 1,

remote connector J2, to the load termination of unit 1 negative
output lead. . ' ~

2. Connect a sensing lead from the (+ SENSE) terminal on unit 1,
remote connector J2, to the negative output terminal of unit 2.

3. Connect a sensing lead from the (- SENSB). terminal on unit 2,
remote connector J2, to the negative output terminal of unit 2.

4.  Connect a sensing lead from the (+ SENSE) terminal on unit 2,

remote connector J2, to the load termination of unit 2 positive out-
put lead. '
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F.  Re-energize both units. POWER ON indicator lights. Each unit operates
as a separate entity, with the output of each independently adjustable.
Each may be turned ON and OFF separately. (The rectifiers protect
the OFF unit.) : :

3.11.1 Series Operation Rectifier

When operating units in series, connect rectifiers across the individual unit ouputs.
Assure the diodes have current and voltage capability at least equal to its associated
supply. Adequate heatsinking must be used. (See Figure 3.10.)

UNIT 1 UNIT 2

PART OF J2

O 00
X 22 21

o9

Figure 3.10 Series Operation
(With Remote Sensing)
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3.12 REMOTE SHUTDOWN

The unit output voltage and current may be remotely shutdown without putting the
unit into the Stand-By mode. The shutdown circuit is activated by connecting ]2
pin 15 (SHUTDOWN) to J2 pin 18 (MODE PLS). This connection may be made

by means of a switch or relay. A transistor switch may also be used. (See Figure
3.11 for typical remote shutdown configuration.)

NOTE

The voltage magnitude on J2 pin 18 is +15 VDC
referenced to J2 pin 2 (LOGIC GND).

313 REMOTE AC CONTROL

The front panel START and STOP func_tiohs may be remotely controlled through the
J1 connector on the rear panel. This would be useful in those applications where
the unit could be cycled between the Stand-By and ON modes. :

J2
OMOMONO.
§® OJONO
CONONO;

cLosz 0 %@@@
SHUTDOWN - (®® e O
i | © ® ® 6
ONONONG)
CEONONO
PHORSKC,
With Switch

' J2
[@@@@
- E@@@@
LOGI 0 O 6 0|
g ©ooo

SHUTDOWN ® . o)
CEONONO)
® 06 6
ONONONO)
CRONCORO

With TranSisfor

Figure 3.11 Remote Shutdown
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314 REMOTE INDICATORS
The front panel status, voltage mode and current mode indicators, may be remotely

accessed on the J2 connector. The indicator drivers may be used to turn on a remote
indicator lamp or activate a remote circuit. '

'3.14.1 S.tamundmamz_nnyns

The 'following indicator drivers are available on the J2 connector:

INDICATOR | J2
OVP Pin 4 (OVP IND)
THERM 'Pin 5 (THERM IND)
| PHASE Pin 6 (PHASE IND)
'REMOTE Pin 7 (OPERATE REMOTE IND)
NOTE

All status indicator driver voltage levels are +15 VDC
when activated. The maximum load current per
driver is 20 mA, therefore, a current limiting resistor
must be used. The circuit common for all status
indicators is J2 pin 2 (LOGIC GND). (See Figure 3.12
for typical remote status indicator configurations). -
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Figure 3.12 Remote Status Indicators
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3.14.2 Mode Indicator Functions

Two voltage and current mode indicator functions are available on the J2 connector.
The first is a mode indicator driver on J2 pin 19 (MODE DRIVE) and the second
is an open collector mode flag on J2 pin 20 (MODE IND). The same precautions
observed for the Status Indicator Drive (paragraph 3.14.1) also applies to the Mode
Indicator Functions. (See Figure 3.13 and 3.14 for typical mode indicator configu-
rations). -

070 'OVO

OO 6

CHCNON0

( ? ®

VOLTA D ©

Ny = 5 ©© ©

iy ® ® 6

R CUI:%ENT @ @@

INDICATOR IN4001 @ @
I, )

Figure 3.13 Remote Led Mode Indicators
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| © ©® O 0

L ® ©

3 ® ® @

<|>PULL-UP © ©

LOGIC LOW V MODE () ﬁSIst O O
LOGIC HIGH I MODE @ @

Figure 3.14 Mode Flag

3.15 REMOTE RESET

The front panel RESET function may be remotely activated. See paragraph 3.7 for
~ details on the RESET function. The RESET function is activated by momentarily
connecting J2 pin 3 (RESET) to J2 pin 2 (LOGIC GND). A momentary switch or
transistor circuit may be used. (See Figure 3-15 for typical remote RESET configu-
rations). : ' : :

NOTE

The RESET current is approximately 1 mA when
connected to ]2 pin 2. Use a switch or transistor rated
for 15 VDC minimum. '
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Figure 3.15 Remote Reset
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3.16 REMOTE VOLTAGE AND CURRENT MONITOR

The output voltage and current may be monitored from the J2 connector. Two 0
to 1 mA proportional current sources are provided. One each for voltage and current

monitoring.

' NOTE

The remote monitor current source levels are iden-
tical to the internal current sources used to drive the
front panel meters. These meters are 1 mA full scale
meters. Since the full output ratings of the unit are
approximately 80% of the front panel meter full scale,
the actual remote monitor current sources are 0 to
approximately 0.8 mA for 0 to full scale voltage and
current output. Some method of externally calibrat-
ing the remote meters must be provided.

The remote voltage monitor current source output is on J2 pin 16 (REMOTE VOLTAGE
MTR). The remote current source output is on J2 pin 17 (REMOTE AMP MTR). The
remote monitor circuit return is to J2 pin 11 (VIRTUAL GND). (See Figure 3.16 for
typical remote voltage and current monitoring configurations. ,

V ~V

OV

OJO)
©

eYelelelolelerele
eelelelelelolo

CURRENT
METER

= (Vs
% 88
A@@QGG@@
clelerererce:

Wit‘h Remote 1 mA Current Meters

Figure 3.16 Remote 'Voltag'e and Current .Monitoring
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- SECTION 4
THEORY OF OPERATION

41 GENERAL

The DCR-T units are designed like a power amplifier, see Figure 4.1. The gain of
the amplifier is large so that the voltage at the minus input is held equal to the voltage
at the plus input. The equation for the output is: Vo = Vi (Rl + R2) - R2

In the actual circuit, R1 in the equation is R3 + R4 on the range board. R2 in the
equation is R55 on the control board.

Vih is 0 to 10 volts on all units, except the 4 and 8 volt units.

Figure 4.2 is a block diagram of the power supply. The dc output voltage is controlled
by controlling the input voltage to the 3 phase power transformer. This is done as
follows: :

1. The output voltage or current is compared to a reference voltage. If
the output voltage is too high, an error signal is developed. This error
signal adjusts the firing angle of the thyristors so that the voltage to the
3 phase transformer decreases.

The voltage out of the 3. phase transformer is rectified and filtered, and is available
as the output. - _ .

Details of the circuitry. are presented in the following sections.
42 TRANSFORMER/THYRISTOR CIRCUIT

The ac power input to the power supply is a 3 wire, 3 phase configuration. The
transformer is Y connected with an artificial neutral that is not connected to an external
neutral power wire. '

The 3 wire connection was chosen because it can be used with a 3 or 4 wire input
configuration. When the 4 wire configuration is used, the neutral wire is tied to
the chassis and is not used in the circuitry.

The ac power is brought into the transformer through a contactor, overload detector
and an RFI filter. The thyristors are connected at the Y of the transformer.

Figure 4.3 shows how the transformer and thyristor are controlled. Also shown are
3 sine waves, drawn 120° apart. These represent the 3 power voltage phases. The
SCR’s that must be fired to control each one-half sine wave are shown.

This also shows how the thyri}stor firing must be timed. If the wrong thyristor is
fired, the unit will not function properly.
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Figure 4.1 Power Amplifier Circuit
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43 TIMING CIRCUIT

Figure 4.4 shows the 6 ramps that are generated. Each ramp segment is used to
control a unique combination of thyristors.

" There are 6 thyristors designated here as: (A+), (A-), (B+), (B-), (C+) and (C-). The
letter identifies the line they are in and the sign identifies the direction of current.
Each ramp is one-half cycle of each phase, hence, 6 ramps. ‘

Figure 4.5 shows how the error sighal is used to compare with the ramps to develop
a firing time for the thyristors. As the error voltage gets lower on the ramp the
time delay angle of the firing of the thyristor becomes shorter.

Figure 4.6 is a schematic drawing of one of the 3 channels that generate two of the
ramps, and detects the errors.

Q8 with R16 and op amp U2A form a constant current source to charge C2. Two
additional circuits are used for the other 4 ramps.

A timing circuit (see the crossover circuit schematics) detects when the voltage
associated with thyristor (A+), and another associated with thyristor (A-), crosses zero
voltage. A pulse is developed and is fed to amplifier U1-D through CR1. This shorts
out C2, discharging it and initiating the next ramp.

~When the voltage associated with (A-) crosses zero, a second pulse is generated,
repeating the action. The action alternates, causing 2 ramps to be successfully
generated and is used as one input to the error comparator circuit, U2-D.

The trigger board schematic drawing shows the other 2 ramp generators and error
comparators. ' ,

NOTE

Because the AC power lines can have unbalanced
voltages, and the unbalances can vary from area to.
area, 2 ramp adjustments have been included. The
ramp rate adjustments are R12 and R13. These allow
the user to compensate for varying ac phase voltage
unbalances (see also the zero cross board).

‘The outputs of U2-D, U3-B and C are shown in Figure 4.5,

The outputs of U2-B, C and D are fed to 6 (AND) gates, see trigger circuit diagram.
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The outputs of the error comparators are for driving both the (+) and (-) thyristors,
and these are divided into the proper (+) and (-) signals from the zero cross circuit
and allow only the correct signal through.

Thus, the outputs from the (AND) gates are unique to each of the 6 thyristors. The
on-time voltage signals, out of buffer U5, are the requirement for each of the (+) and

(-) thyristors in each power line. .

In Figure 4.3, it was seen that to control the positive one-half cycle of phase voltage
(AB), thyristor (A+) and (B-) must be controlled. The output of (A+), 2 of U5, goes
to CR7 and CR14. These 2 diodes are inputs to U6 and U9.

U6 and Ul1 are opto couplers that trigger internal thyristors that in turn trigger a
pilot thyristor, that in turn triggers one of the power thyris*ors.

When the requirement exists for (A+) to be ON, (B-) is also turned on completing
the circuit. Using the waveforms of Figure 4.3 and schematic drawing for the trigger
circuit, all of the other 5 firing combinations can be seen.

Obviously, if two or more of these circuits gets miswired the unit will not function
properly. '

| 44 CROSSOVER CIRCUIT_..(ZEROL CROSS .CIRCUIT)

This circuit develops 6 thyristor "on time" signals per 1 full, 3 phase cyclé. Each
‘on time" has a duration of one-half cycle or approximately 8.3 milliseconds.

Figure 4.7 is part of the schematic drawing of the crossover board.

Each of the diodes is part of an opto coupler that tumns ON a transistor during the
one-half cycle that is associated with a specific thyristor. .

Comparing Figure 4.7 with Figure 4.2, it is seen that each diode has a counterpart
thyristor and the 2 voltages are in phase. Thus, a specific thyristor should only be
- ON when its counterpart diode is ON.

The outpuis of the opto couplers are fed to the trigger board where they time the
ramps and select the thyristor that is to be fired.

The start of each of the 6 ramps can be varied over a few parts of a millisecond
by the 6 pots. Thus, with the 2 ramp-rate adjustments on the trigger board and the
6 ramp-start adjustments, the output ripple can be adjusted by compensating for
unbalanced phase voltage. For a given operating point, the ripple can be adjusted
much lower than the optimum value. ‘

Theory of Operation | 47 .



(T T T G T T T T T T T T T T T T T T e T T T T T T

{ra0n 1}

qQuvod T0MINGD

HOHYSNISROD

<
v
T . e
{L AAA i AAL
LA 2L il E AL
92 [ ] b ) sy

e A — —— —— — — ) — ] o ———

08INOD %r T
J

Ii\*!_al:qcl
id er

ONNOY¥D N I -
ONIIYO Ry —dd
A ey F 4 -
3 ¥ | A 0O
L €3 ISNIS -
td 2

LR L L ]
24 or

LT

g JSNTS 4

24 2r

Figure 4.8 Control Loop Schematic

Theory of Operation

4-8



_ NOTE
Because the phase voltage balance varies from area
-to area, an agjustment to control the start of each of
the 6 ramps is included. Thus, to optimize the output
ripple, these 6 adjustments can be used to compensate
for the phase voltage unbalance.

45 CONTROL LOOP

Figure 4.8 is the control loop. There are 2 channels: a voltage channel and a current
channel. The channels are "OR'd" at the negative input of amplifier C-UI-B. As
indicated previously, low error voltage means a high dc output. If the unit is in
“current control and the load resistance increases, (until the voltage channel takes effect)
the output of amplifier C-U1-C decreases to a voltage lower than the output of the
current channel, and the voltage channel takes control through diode C-CRI.

The VOltage is sensed through J2-21. Resistor A-R6 is a safety resistor should the
sense leads open: The unit will not function properly (within specs.) if the sense
leads are not in place.

The output voltage is divided down to 10 volts and applied to amplifier B-U9. This
is set to unity gain and is a buffer for the difference amplifier C-U1-C.

This voltage is compared to the control voltage which is 0 to 10 volts. The loop
adjusts the oufput voltage so that the voltages at the input pins 9 & 10 of C-Ul-
C are equal. ' :

The current loop operates in a similar manner. The voltage drops across a 100 mV
shunt and then is amplified through amplifiers B-U8 and B-U9. The voltage output
~of pin 1 of B-U9 goes from 0 to 10 volts as the output current goes from 0 to rated
current. ; . :

This voltage is fed # the current comparator C-U1-A where it is compared to a control
voltage of 0 to 10 volts.

4.6 VIRTUAL GROUND

Because it is necessary to measure the voltage directly across the shunt and yet be
able to sense at the negative of the load, a virtual ground has been generated that

remains at the negative sense potential. All of the amplifiers are common to the
virtual ground. ‘

The negative sense lead is fed to pin 10 of B-U8. This is a current-buffered amplifier,
B-Q1, with a unity gain. Thus, the virtual ground is at negative sense potential
while the voltage drop across the shunt is measured true.
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4.7 AC TURN ON

The AC power is applied through the use of a modified 3 wire contactor control
system.  The advantage is that if offers the user a remote ac control and it keeps
the heavy ac wiring from the front panel (see Figure 4.9).

NOTE

One side of the contactor coil is connected to one side
of the 24 volt ac out of the auxiliary transformer.

When the Stand-By switch is turned ON, the auxiliary transformer is energized and
ac power is applied to the control board. Thus, all of the amplifiers are turned ON.

In addition, the Stand-By lamp is lit (DS-1). It is in series with the coil of the contactor.
Triac Q3, on the control board, is turned ON, connecting the available voltage for
the contactor coil.

When the power ON ‘button is pushed, the contactor coil is energized from the other
side of the 24 volt secondary through the following paths:

J1-A-5

Triac Q10

J1-A-7

The auxiliary contacts of the OL.

Pin 1 of the remote connector.

A jumper to pin 2 of the remote connector.
Pin 2 of the remote connector.

The power OFF push button.

The power ON push button.

FIOTMHYNE >

The séaling contacts of the contactor are in parallel with the power ON push button.

When the contactor closes, the power ON push button can be released and the contactor
stays closed. '

The contactor will open by any one or more of the following happenings:

The OL auxiliary contacts open.

~ The remote plug is pulled.

- The power OFF switch is pushed.
K3 is de-energized, turning Q10 OFF.

UNnwp
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K3 is the OVP control. Thus, when the OVP actuates all power is removed from
the output. See OVP explanation. : -

CR6 and U2 are signals to the cease line to allow the unit to come ON. See cease
operation explanation. ‘

Remote push buttons, to control the ac, can be plugged into the remote plug.’
48 REFERENCE VOLTAGES TO CONTROL THE OUTPUTS
The outputs can be controlled by the following:

A.  The front controls.
B.  Remote resistors.
C.  Remote voltages (0 to 10 volts).

Figure 4.10 shows the circuitry that provides these options.

As described earlier, the loop is controlled by a voltage that goes from 0 to 10 volts.
Both the current and voltage channels are controlled by these voltages.

To develop the 10 volts, a current.source has been used. An adjustable zener, U19
and U7, provide a reference voltage for -amplifiers . U7-5 and U7-3. The output of
the amplifier adjusts-the: drive on‘two transistors in U10 to keep the voltage across
a resistor, R40 and R41, constant. . Thus, the current delivered out of U10-8 and U10-
1.is constant.

Resistors R1 and R2 are adjustable from.0 to 10K ohms. Thus, with 1.ma of current,
the voltage at U14-3 and U15-3 is adjusted from 0 to 10 volts.

The voltage is buffered through U14 and U15 and presented to the current and voltage
channels for comparison with the voltage or current outputs (see loop explanation).

For remote programming, a jumper is placed between pins 2 and 8 of P2, the external
connector. This turns Q6 ON, energizing K2. The current sources and the buffer
amplifiers are now available to be controlled by an external 0 to 10K ohm resistor.

For voltage programming, the voltage source (which must be capable of }sinking at
least 1 ma of current) is connected in place of the external resistor.

49  OVERVOLTAGE PROTECTION

U4 is an 5G3542 overvoltage sensing and activating integrated circuit.

The output voltage is picked up from U9-7 amplifier. This is a 0 to 10 volt signal
(see loop explanation) and is compared to a voltage that is set up by R13 on the

front panel or remote (see Figure 4.11).

~ Theory of C peration - 4-13



The OVP can be set without turning the main power ON and without éctuating the
OVP circuit. This is done by pushing S5 on the front panel. Relay KI transfers -
the voltmeter from reading the output to reading the OVP input.

When the OVP is actuated, relay K3 closes. This turns Q10 OFF and opens the main
contactor, removing power from the output. It also pulls up the cease line turning
the thyristors OFF immediately.

As an option, a crowbar can be included. When activated, the crowbar will short
out the output. However, because the power is removed there is a reduced need -
for a crowbar. This feature is offered only as an option.

410 SLOW START

The nature of the phase-controlled pdwer supplies is such that the control loop must
be "rolled-off" at a very low frequency. Thus, it is very slow to respond.

Without a slow start circuit, the amplifier would be calling for maximum voltage
out when the main power is OFF. When main power is turned ON, the SCR's would
be fired at high voltage before the amplifier could respond to prevent it.

The slow start circuit is shown in Figure 4.12 . Prior to ac turn ON, the cease line
is high causing Q3 to be turned ON. C20 is charged in a negative direction. The
voltage and current programming voltages are pulled negative through the two
amplifiers, causing the loop amplifier to call for minimum (zero) output voltage.

When the power is turned ON, the cease line falls, turning Q3 OFF. This allows |
C20 to charge in a positive direction through Ra. This also allows the voltage out,
on the two amplifiers, to rise at a slow rate, set by Ra and C20.

Eventually, the output of one of the amplifiers exceeds the programming voltage, and
the unit is in control. '

‘The rate of rise on the voltage across C20 can be altered. However, it must always
be slower than the loop amplifier speed. If not, an over start will occur.

411 CEASE/INHIBIT

As indicated in Section 4.10, when the cease line is high, the unit is programmed
" to zero volts. In addition, it prevents any turning sign from getting to the SCR's.
(See Figure 4.13 and the Trigger Board schematic diagram.)

The cease line is pulled high by the main power being OFF or the OVP operating.

The unit can be inhibited by putting a voltage on the REM shutdown. This tumns
ON the transistors in U16. This also pulls the voltage drop across C20 to zero causing
- the output voltage to be programmed to zero.

4-14 ~ Theory of Operation
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412 METER DRIVE CIRCUITS
Figure 4.14 shows the drive circuits for the internal and external meters.

In general, the circuits take a 0-10 volt input and converts it into a 0 to approximately
0-1 ma output. The 0 to 10 volt represents the conversion of 0 to rated output for
either the current or voltage. .

Calibration adjﬁstrnents for R93 (Current) and R92 (Voltage) are used io match the
internal or external meters to the actual measured currents -

U6-14/U5-12 and U6-7/U5-5 are two current sources. The meters becomes the emitter-
follower loads for the transistors. The current through R31 or R30 is thus propornonal
to the input voltage to U6-3 (10).

Thus, meter lead lengths are 1mmatenal as the current drive compensates for lead
losses.

4-18 Theory of Operation
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SECTION 5
MAINTENANCE

51 GENERAL _ | , _
This section provides troubleshooting data, periodic servicing, calibration ang _
performance testing procedures. The troubleshooting data should be used in

- conjunction with the schematic diagrams and Section 4, which outlines the principles of
operation. Any questions pertaining to repair should be directed to Sorensen. Include
the model and serial numbers in any correspondence. Should it be necessary to return a
unit to the factory for repair, prior-authorization from Sorensen must be obtained.
SORENSEN . : - ' R

Repair Department

1-800-458-4258

Tel: (858) 450-0085

Fax: (858) 677-9453

52 PERIODIC SERVICING

Whenever a unit is removed from service, it should be deahed using naphtha or an
equivalent solvent on painted surfaces, and a weak solution of soap and warm water
for the front panel. Compressed air may be used to blow dust from in and around
components. - S e . ' '

53 TROUBLESHOOTING.

Table 5-1 provides a list of malfunction symptoms' along with a tabulation of the
possible cause(s) for each symptom. Note that the failure of a single component may
. result in a chain reaction effect. ' ' : :

54 CALIBRATION

541 Voltage Mode

Following repair, the unit should be recalibrated to insure that replacement compo-
nents have not altered performance. The following is the calibration procedure to
ensure that full rated voltage output is available: ' '
1. Rotate the CURRENT control fully clockwise.
2 Check ‘_that'the remote plugs are properly terminated and installed.
3. Place a pfedsion DC voltmeter across the output sense leads.
4 Set unit POWER switch to ON, and adjust R82 on the control printed
crcuit board until the voltmeter indicates 105% of the full
output voltage rating of the supply.

5. Set POWER switch OFF. Disconnect the voltmeter.

Maintenance 5-1




5.4.2 Cument Mode

1. Set unit POWER switch to OFF. Short output terminals, and set
CURRENT control to 100% and VOLTAGE control to about 50%.

2. Set potentiometer R91 on the PCB to about 20% rotation. . ..
Set POWER switch to ON and adjust R91 to about 115% of rated current.

3. Turn unit POWER switch to OFF. Remove short. (Test compléted.)

Table 5-1

DCRT Troubleshooting

when ON button is
~ pushed.

Symptom Probable CauéelCorrec_tivé Action
. No output (voltage a) Wrong input voltage.
mode).tp - Check voltage.
' b) Open fuses. _
-~ Check fuses.
| © Reference voltages.
- Check levels.
. Fuse operis or over a) SCR A, B or C shorted. . e
load trips. : o o
b) CR4, CR5, CR6, CR7, A, B or C shorted or
open' ’ o S
. Meters jump. a) Noises in the power supply. '
: P - Reverse two of the XE power wires. =
. Regulation out of a) Sensing leads from the remote plug to power
specification, leads were not connected for shipment.  There
low frequency are internal resistors that prevent disaster
oscillation. should sensing leads come loose.
-~ - Sensing leads must be connected.
. Front Panel controls a) Unit out of control. |
don't work: : - Check manual for remote/local operation and
remote plug. :
. Ripple too high. a) Larée 60 Hz. components.
' _ - Check manual for ripple adjustments.
. Output voltage for a) SCR A, B or C shorted.
~ maximum. . ,
. Power won't come on | a) Check to make sure the AC remote plug is

properly terminated and in place.
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5.5 PERFORMANCE TESTING

Sensitive instruments like the DCR-T require rigorous testing methods if a true
performance evaluation is to be made. Whenever possible, twisted leads should be
used with test equipment to reduce stray pickup. At the power supply terminal board,
these leads must be firmly held by the terminal screws. Alligator clips and similar
types of connectors are not suitable. Grounding techniques, in which more than one -
device in the setup is grounded, may introduce extraneous ripple that, although
unrelated to the power output ripple, is displayed on the test oscilloscope.

551 Voltage Mode Regulation and Ripple
To check voltage mode regulation and ripple, proceed as follows:
1. Connect a sensitive digital voltmeter and an RMS AC voltmeter across
‘unit output terminals. Select a current shunt for current rating and a

DVM for current output readings.

2. Apply high ac line input per specifications, and set load switch to OFF,
Set the POWER switch to ON.

3. Rotate COARSE .CURRENT control - fully dockwise.

4. Use VOLTAGE cbntrolsftdfc‘}btaiﬁ?i'étédroutput voltage. Note DVM read-
. ing after a few minutes of warm-up time.

5. The DC output voltage should be measured and recorded at four points.

a) Max. AC Line - Max Load Current.
b) Max. AC Line - 50% Load Current.
c) Min. AC Line - 50% Load. Current.

d) Min. AC Line - Max. Load Current.

5.5.2 Current Mode Regulation

To check current mode regulaﬁon, proceed as follows:

1. At no load, adjust output to maximum rated voltage, and set COARSE
CURRENT control fully clockwise.

2. Connect a sense resistor or a precision meter with shunt meter in series
with a 'variable load across the output terminals.

Maintenance - 53



3. Connect input power at low line per unit specifications. Apply load
until rated current of supply is reached. (Unit has voltage mode indi-
cated.) Adjust CURRENT control until CURRENT mode indicator is
lit and output volts DVM drops at least 5% of full scale value.

4. The DC output current should be measured and recored at four points.
a)  Max. AC Line -  Max DC Voltage.
b) Max. AC Line - 1 Volt.
<) Min. AC Line - 0 Volts
d) Min. AC Line - Max. DC watt.

NOTE

All combinations of regulation can be calculated from
these measurements.

56 HI-POT TEST PROCEDURES

High potennal test procedures have been carefully carried out at the factory. These
units are 100% tested and should not require further testing in the field.

CAUTION

High potential tests can overstress or destroy the
power semiconductors in this power supply if
improperly applied.

Isolation measurements may be made using a standard VOM (Simpson- 260 or
equivalent) on the highest resistance scale available.

If it is essential to use the high potential test method, please contact the factory for
information on special precautions that should be taken.

CAUTION

Sorensen Company cannot be held liable for any
malfunctions resulting from the application of a high
potential test (greater than 100V). See standard
Sorensen Company warranty.
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57 RIPPLE ADJUSTMENTS

The DCR-T units have a unique feature that provides the user the capabilities of
compensating for unbalanced ac phase voltages or to minimize ripple for a specific

operation region.

The units have been adjusted to accomodate the factory ac line and to meet
specifications over total voltage range. If the unit is to be used over a narrow voltage
- range, ripple can be reduced by 50% for some settings.

5.7.1 Steps to Adjust Ripple

With unit OFF, make the following set up:

A.

'Remove the six connections from the trigger board: J3, J4, J5, J6, J7 and

J8. Carefully lay them next to connector as they must go back exactly
as they were taken off. - N

Place an. oscilloscope between virtual giound and TP3. Turn unit ON,
both Stand-By and POWER.

.. NOTE

Care: must be exercised as the ac line voltage is
present on the crossover board and the wires taken
off in Step A.

Note the wave form on the oscilloscope. It should be a 60 Hz sawtooth

- with a peak of about 8 volts. Note and record peak voltages.

Maintenance

Turn unit power OFF, and move ostilloscope to TP2.

Turn unit poWer ON, and note wave form. Adjust R13 until peak is
identical to Step C.

Turn unit power OFF, and move oscilloscope to TP1.

- Turn unit power ON, and note wave form. Adjust R12 until peak is

identical to Step C. ' -
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NOTE

All wave forms should be the same. If a multi-traced
scope is used, this adjustment can be accomplished
by looking at all three wave forms at the same time.
They will be 120 degrees or about 54 MS apart.

Turn power and stand-by switches OFF.
Reconnect wires to J3 through J8.
Connect .oscilloscope across output.
Connect load for desired operatiﬁg lead.
Turn voltage control to zero.

Turn unit ON.

- Bring voltage up to desired level.

With a screwdriver having a plastic blade, move pots R8, R10, R12, R16,
R17 and R18 very slightly, and note effect of ripple on oscilloscope.

NOTE

Study the crossover circuit. AC lme voltage is present
and is dangerous.

Adjust the one that makes the greatest impact on the ripple.

Repeat Step P until the best ripple is achxeved for the desired operat-

-ing conditions.

Touching-up R12 and R13 from Steps E and G may be necessary.
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SECTION 6
DRAWINGS AND PARTS LISTS

61 GENERAL

This section provides schematic diagrams, PCB parts location drawings, and replaceable parts
lists. The parts lists are keyed to the applicable schematic diagrams.
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