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SORENSEN FIVE-YEAR WARRANTY
T e

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 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 Sorensan for repair, phone 800-458-4258;

« the Buyer returns the defective product in the original, or eﬁquivalent, 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 namepfétes 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 cor 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 expenss.

+ 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.

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

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

Commfttad to Quality...Striving for Excellence




Safety Notice

Before applying power to the systam, venfy that thc DCS Series unit is cnnﬁgured properly for the user’s particular
application. .

\ WARNING!

HAZARDOUS VOLTAGES IN EXCESS OF 280 VRMS, 600V PEAK MAY BE
PRESENT WHEN COVERS ARE REMOVED. QUALIFIED PERSONNEL MUST
USE EXTREME CAUTION WHEN SERVICING THIS EQUIPMENT. CIRCUIT
BOARDS, TEST POINTS, AND OUTPUT VOLTAGES MAY BE FLOATING
ABOVE BELO GHABSIS GROUND,

Installation and service must be perfunned by qualified personnet who are aware of deahng with attendant hazards.
This includes such simple tasks as fuse verification,

Ensure that the AC power Iine ground is connected properly to the DCS Series unit input connector ur'
chassis. Similarly, other power ground lines including those to application and maintenance equipment must
be grounded properly for both personnel and equipment safety.

Always ensure that facility AC input power is de-cnergized prior to connecting or disconnecting the input/output
power cables.

During normal operation, the operator does not have access to hazardous voltages within the chassis.

However, depending on the user’s application configuration, HIGH VOLTAGES HAZARDOUS TO

HUMAN SAFETY may be generated normally on the output terminals, Ensure that the ouiput power

lines are labeled properly as to the safety hazards and that any inadvertent contact with hazardous
voltages is eliminated. To guard against risk of electrical shock during open cover checks, de not touch any portion
of the electrical circuits. Even when the power if off, capacitors can retain an electrical charge. Use safety glasses
during open cover checks to avoid personal injury by any sudden failure of a cnmpnnent

Due to filtering, the unit has high leakage current to the chassis. Therefnre it is essential to operate this unit with a |
safety ground.

Some circuits are live even with the front panel switch turned off. Service, fuse verification, and connection
of wiring to the chassis must be accomplished at Jeast five minutes after power has been removed via external
means; all circuits and/or terminals to be touched must be safety grounded to the chassis.

After the unit has been operating for some time, the metal near the rear of the unit may be hot encugh to cause
injury, Let the unit cool before handling.

| Qualified service personnel need to be aware that some heat sinks are not at ground, but at high potential.

These operating instructions form an integral part of the equipment and must be available to the operating
personnel at all times, All the safety instructions and advice notes are to be followed.

Neither Sorensen, San Dmgu, California, USA, nor any of the subsidiary sales organizations can accept any
responsibility for persunal material or consequential injury, loss or damage that results from improper use of the
equipment and accessories.

r




About This Manual

This manual has been written expressly for the Sorensen DCS series of power supplies which have been designed
and certified to meet the 1997 Low Voltage and Electromagnetic Compatibility Directive Requirements of the
European Community. Units that comply with the directive are designated by an ‘E’ after the model designator
(e.g., DCS 40-25E would indicate that the model is certified) when configured for 230 VAC input only,

Since the goal of the Low Voltage Directive is to ensure the safety of the eguipment operator, universal graphic
symbols (s¢e below) have been used both on the unit itself and in this manual to warn the operator of potentially
hazardous situations.

Safety Symbols

CAUTION | @ Protective Conductor Terminal
Risk of Electrical Shock | -

=== Direct Curent (DC)

\.' ' CAUTION
¥ Refer to Accompanying Documents

s Ajternating Current {AC)

() orwy
. 3~~~ Three—Phase Alternating Current
( | ) Standby (Supply)
I On (Supply)

v
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SORBENSEN DCS SERIES MANUAIL FEATURES and SPECIFICATIONS

SECTION 1. FEAITQBEE AND SPECIFICATIONS

1.1 Description

The DS 50-40M16 ig a 2kW power supply dosigned to provide highly stable, regulaled DC current. The DCS
unii employs high frequency switching rogulator tcchitology 1o achieve high power density and simall package sizs.

1.2 Operating Modes

The DCE supply has two basic operating modes: Constant Voltage and Congtant Curront, In congtant voltage mode the
output voltage iy repulated at the salected value while the output current varies with the load requirements. In constant

current mode the output current is regulated at the selected value while output the voltage varics with the toad
recjulreinents. -

An gutomatic crossover system enables the unil to Switch operating modes in response to varying load requiretnents.
If, for example, the unit ig operating in voliage mode and the load current attempts to increase above the sctting of the

current conlrol, the unit will swilch avlomadcally froim voltage mode to current mode. If the load current is
subsequently reduced below the setting of the current control the unit will réturn 1o voltage tnode aulomatically.

1.3  Powar Supply Features
+ 190-250 Vac single or 3—phase input, 47-63 He

e Teniurn lockitg potentiomeler currenl control parindis high resolution setting of the output current from
Zero to the rated output

+  Automatic mode crossover into cwrrent or voltage mode

+ Flexiblc output configuration: multiple units can be connected in purallel o seriés to provide increasad
current of vollage

=  High Irequency switching tectinology allows high power density, providing increased power quiput in g
small, light packagec

« Remote sensing to compensate for losses in power leads

« Presct Over-Voltage Protection (QVF)

« External TTL, AE or DO shitdown

* Remote voltage, resistive, ¢urrent limit andi OVP programming with sclectable programming cunataﬁltﬂ

» External indicator signalg for remote monitoring of QVP status, local/remote programming status,
thermal shutdown, and output voltage and curretl

« Front pancl test points for current monilor




FEATURES and SPECIFICATIONS

SORENSEN DCS SERIES MANUAL

1.4  Specifications

1.4.1

Input Power

Yoltage:
Frequency:

Current:
Power Factor:

Efficiency:

Inrush:

Output Power

Power:
Voltage:
Current:

Ripple Voltage:

Ripple Current:

Line Regulation:

Load Regulation;

Response Time:

Overshoot:
Undershoot:

Drift:

Temperature
Coefficient:

Voltage Differential:

Output Capacitance:

Elcctrical Specifications’

190-250 Vac, single or three phase
47-63 Hz

14 A RMS maximum at 208 Vac 3 phase, with 2 kW load
20 A RMS maximum at 208 Vac 1 phase, with 2 kW load

0.85 minimum at 100% load, 3 phase AC input
0.55 minimum at 100% load, 1 phase AC input

85% minimum at 100% load

Peak value of line current should not be greater than two times the full load peak value
during tum-on or restart '

2000 Watts maximum,  watts minimum

Internally ﬁet for a maximum compliance of 53V +/- 1 Vdc
Adjustable from 0 to 38 Adc

200 mV peak-to-peak, 20 mV RMS, 20 MHz limited

40 ma p-p, 5 ma RMS, 50 Hz - 20 MHz (10-30 Adc)

+/- 0.1% line regulation in voltage or current mode of operation, with constant load and
temperature at point of voltage sense

+/- 0.1% load regulation in voltage or current mode of operation, with constant line and

‘temperature at point of voltage sense

Less than | ms recovery to 1% band for 30% step load changes from 70% to 100% or
100% to 70%

Less than 10% of max rated output voltage
Less than 10% of max rated output voltage
Less than 0.05% over 8 hours in voltage or current mode after 3¢ minute warmup period

Less than 0.02% per deg C (voltage), less than 0.03% per deg C (current)

150 Vdc max from output or veltage and current monitors to safety ground

ID,ODO-uF,- nominal

! Specifications are warranted over a temperature range of 0-50°C with defauit local sensing. From 30-70°C, derate output 2% per °C.
! Maximum drift over § hours with constant line. load, and temperature, after 20 minute warm-up

1 Change in output per °C change in ambient temperature, with constant line and load

r




SORENSEN DCS SERIES MANUAL FEATURES and SPECIFICATIONS

rac

Maximum Remote Sense Line 1 Volt
Drop Compensation/line:

Storage Temperature Range:  -55 to +85°C

Humidity Range: 0 to 90% Non-condensing

Altitude 6,000 ft

Time Delay from Power On 3 seconds maximum

until Qutput Stable:

Voltage Mode Transient 1mS recovery to 1% band for 30% step load change from 70% to 100%
Response Time: or 100% to 70%

Remote Start/Stop and " TTL compatible input, Contact Closure, 12-250 Vac or 12-130 Vdc
Interlock:

Switching Frequency: Nominai 65 kHz (130 kHz output ripple)

Agency Approvals: CE Mark Installation Category I1, Pollution Degree 2, For indoor use only,

Programming and Readback

External Programming Signals: 0-5 Vdc for voltage
0-5 Vdc for current

Programming Linearity: +/- 1%
Programming Accuracy: +/- 5%

Rear Panel Analog Monitor: 0-5 Vdc for voliage
0-10 Vdc for current

Monlitor Linearity: | +/- 1%

Monitor Accuracy: +/- 5% for voltage
+/- 1% for current

1.4.2 Mechanical Specifications
Single Unit
Height: 89 mm (3.50 in)
Width: 482.6 mm (19 in)
Depth: 508 mm (20 in)
Weight; 12.2 kg (27 1bs) '

1-3



FEATURES and SPECIFICATIONS SORENSEN DCS SERIES MANUAL

Rear Panel Input and Output Connectors

AC Input Connector: 3-Phage 1-Phase
JI-X - 208 Vac input 230 Vac Input
J1-Y - 208 Vac input 230 Vac Input
J1-Z - 208 Vac input Not Used
J1-C - Safety Ground Safety Ground
Input Power: Chassis Connector — AMP #641685-2

Pins - AMP #35082-1
Mating Connector - AMP #643267-1
Pins — AMP #35082-1

Output Connector: Left busbar ~ Positive output
Right busbar - Negative output
Bushar Material: | Copper busbars, nicke] plated
Busbar Dimensions: 1.365" fong x 0.8" wide x 0.125" thick
Busbars Spacing: 2.2" center to center spacing |
Busbar Hole size: Two, 0.257" dia holes on 0.5" centers for 1/4" hardware and

two, 0.191" dia holes on 0.4" centers for #10 hardware

Remote Current 25 pin Subminiature D connector, J3.

Monitor Output and

Programming Input:

Front e ols and Indicators

Current Confrol; Current limit control potentiometer provided with locking mechanism

Wrench and/or screwdriver required to change setting

Power-On Indicator: - Green LED provided to indicate power-on status condition
Failure Indicator: Red LED provided to indicate unit is in a shutdown condition due to over-
voltage '

Frﬁnt Panel Current Monitor:  Two test jacks provided, red (+) and black (-)
Accept single or dual banana plugs on 0.75" centers to monitor output current

Current Monitor Range: 100 mV per amp of output current (0-4 ?dc)
Monitor Linearity: +/- 1% 5
Monitor Accuracy: +/- 1%

1-4



SORENSEN DCS SERIES MANUAL | FEATURES and SPECIFICATIONS

Protection
Input Power: Three pole companion trip circuit breaker, internal fuses

Load Current:  Programmable Current limit (constant current operation)

Temperature; Over temperature shutdown

OvP: Crowbar type internally set to maximum of 115% of the maximum compliance
voltage

Cooling

Fan: | Seli-contained fan, air enters at front sides and through the top cover and exhausts at
rear of chassis

SPECIFICATIONS SUBJECT TO CHANGE WITHOUT NOTICE

1-5
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SORENSEN DCS SERIES MANUAL INSTALLATION and OPERATION

TION 2. INSTALLATION and OP INSTRUCTIONS

21 General

After unpacking, perform an initial inspection and function test to ensure that the unit is in good working order. If
the unit was damaged in shipment, notify the carrier immediately, Direct repair problems to the Service
Department, Sorensen Company, Customer Service Inquiries: 1-800-458-4258.

2.2 Initial Inspection

The equipment should be inspected for damage as follows:
+ Inspect for obvious signs of physical damage.

» Loosen the front panel current control pot shaft locknut and turn front pam:l control from stop tu stop.
Rotation should be smooth.

» Test the action of the power switch. Switching action should be positive.

e If intemal damage is suspected, remove the cover and check for printed circuwit board and/or
component damage. Remstall cover,

2.3 Installation and Wiring

Before using the DCS system power supply, you must determine your AC input power requirements and assemble
an-appropriate line cord and connector. The power supply is shipped with a kit of connector and strain relief parts
which you assemble according to the procedures in this section.

A NOTE:

Ensure the power supply is connected to an appropriately-rated AC outlet with the recommended AC input
connector as set out-in this section, There is a shock hazard if the power supply chassis and cover are not
connected to an electrical ground via the safety ground in the AC input connector, The third wire in a single phase
AC input connector and the fourth wire in a three phase AC input connector must be connected to an electrical
ground at the power outlet. Disconnection of this ground causes a potential shock hazard to operating personnel.

This power supply is equipped with an AC line filter to reduce efectromagnetic interference and must be connected
to a properly-grounded receptacie, or a shock hazard will exist.

Operating the supply at line voltages or frequencies in excess of those specified may cause leakage currents in
excess of 5.0mA peak from the AC line to the chassis ground.

2.3.1 AC Input Power Requirements

This supply may be operated from either a single phase or a three phase AC power snurue The specifications for
input voltage, current, and frequency are listed below.

AC Input Voltage Raﬁ'ga-'- — [ Maximum Input Current Frequency
200-250Vac Single Phase | 20Arms 47-63Hz )
t 190-250Vac Three Phase 2| 14Arms 47-63Hz




INSTALLATION and OPERATION SORENSEN DCS SERIES MANUAL §

2.3.2 AC Input Connector Assembly

Each unit is shipped with a connector and contacts which mate with the chassis-mounted AC connector lncated ﬁn
the rear panel. See Figure 2.3-1 AC Connector and Contacts. ”

Parts Supplied

e One (1) connector (Part number MI-6432-672)
e Five (5) contacts (Part number MC-3508-211)

Additional Parts Required

¢ 81ito12 AWG wiring: three (3) wires for single phase inputs or four (4) wires for three phasc inputs. The
neutral wire of threg-phase four (4) wire systems is not required.

SIDE VIEW e CONNECTOR —— REAR VIEW

a—-—:-_-lll?-—"

CONTACT

m4 ==l

Figure 2.3-1 AC Connector and Contacts

Wire Preparation

1. Trim outer wire jacket 2". (Necessary for strain relief, See Section 2.3.3.)
2. Strip 0.300" at the end of the insulated AC input wire.
3. Crinip the stripped wire into the contact as indicated in Figure 2.3-2, then solder the connection.

4, Crimp the contact around the wire insulation as indicated in Figure 2.3-2,

STRIF WIRE D.Eﬁﬂ"ﬂ (— INSULATED AC INPUT WIRE
CGNTACT_.E E I I \
CRIMP STRIPPED WIRE HERE —" CRIMP INSULATION HERE

AND SOLDER THE COMNECTION

WHERE AVAILABLE USE AMP HAMD TOOL NO. 69710 AND DIE SET NG, 90349-2
OR TERMINATING MACHINE 467000-1 AND APPLICATOR 4561731

Figure 2.3-2 Wire Preparation

2-2




SORENSEN DCS SERIES MANUAL INSTALLATION and OPERATION

Contact Installation

S. Insert contact with attached wire into the connector unil fock snaps into place. See Figure 2.5-3

Contact Orientation and Figure 2.5-4 AC Wire Locations o complete the connector for either
single or three phase input.

CONTACT LOCK

T0 REMOVE AN INSERTED CONTACT, DEPRESS
THE LOCK {USING AMP TOOL #58413-1 OR
A SMALL FLAT-BLADED SCREWDRIVER)

FROM THE FRONT OF THE CONNECTOR AND
PUSH THE CONTACT OUT.

-Figura 2.3-3 Contact O-riantatlnn

3 PHASE INPUT *X" 3 PHASE INPUT 2"
1 PHASE INPUT"X" N\ o /
e stierss o
2 S\ﬁ 4 AC GONNECTOR
L)Lt REAR VIEW
NC—0C—[[]|  (NSERT CONTAGTS FROM THIS END)
1 li

SAFETY GROUNDL” 3 PHASE INPUT "Y"

BOTH 1 AND 3 PHASE 1 PHASE INPUT Y’

Figure 2.3-4 AC Wire Locatlons

2.3.3 Strain Relief Assembly

The strain relief is assembied from supplied pieces and attaches to the AC input connector to provide support for
the AC input cord.

Parts Supplied

e Two (2) pieces strain relief (Part number MI-6432-661)
s Two (2) screws (Part number MS-6P12-10) |

a4 . a




INSTALLATION and OPERATION | SORENSEN DCS SERIES MANUAL]
| | i;f

Assembly Instructiong
1. Snap off the rectangular bushing attached to each piece of the strain relief. See Figure 2,3-6.

;I .
o I ((:)} i SCREW HOLE

STRAIN RELIEF
TAB A-— | (AS SUPPLIED)
(SINGLE, PIECE SIDE VIEW)

g
-

BUSHING —

[

Figure 2.3-8 Strain Relief (1 plece)

2. Install bushings on strain relief pieces, if required.

if cable diameter Is within ... Then ...
0.1"to 0.4" Install bushings
0.5" to0 0,74" Do not use bushings

3 Insert strain relief tab A into AC input connector slot B. Insert second strain relief tab A into AC input
connectot siot C. See Figure 2.3-8. -

4. Install screws in holes provided on outside of strain relief pieces. Thread through to screw standoff inside
opposite piece. Tighten to clamp outer jacket of AC wire securely, ensuring that the side of the strain
relief slips into the corresponding rabbet on the opposite piece.

SCREW

AWV

TAB A-— [

AC INPUT | '
CONNECTOR STRAIN RELIEF
(TOP VIEW) CTOP VIEW)
SLAT B

_H B-——nusmua

—

AC
57 INPUT
VIRE

SLOT E"}- _

STRAIN RELIEF
(YOP VIEW)

TAD A— .

Nzooooi

Figure 2.3-6 Strain Rellef Assembly
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234 Input Line Impedance

The maximum input line impedance.for operation at full rated output is 0.5 ohm, Higher source impedances can
be tolerated by raising the input line voltage or by reducing the output voltage and/or current.

2.3.5 - Ventilation Requirements
The DCS power supply may be used in rack mounted or benchtop applications. In either case sufficient space must

be allowed for cooling air to reach the ventilation inputs on each side of the unit and for the fan exhaust air to exit
from the rear of the unit.

2.3.6 Output Voltage Biasing A A

If the output voltage is to be biased relative to safety ground, the puwer supply outputs may be biased up to a
maximum of 150Vdc with respect to the chassis.

2.3.7 Rack Mounting

The supply is designed to fit in a standard 19" equipment rack. Bolt holes in the chassis sides are provided for
rack mount slides such as the ZERQO #C300518 slides. When installing the unit in a rack be sure to provide
adequate support for the rear of the unit while not obstructing the ventilation inlets on the sides of the unit.

CAUTION
Rack mounting bolts must not extend more than 3/16" into the side of the power supply,
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SORENSEN DCS SERIES MANUAL

2.4 Controls, Connectors, and Indicators

Refer to Figure 2-1 and the descriptions below.

2.4.1

Front Panel
AC Power Switch/Circuit Breaker
Green Power On LED Indicator

Red Shutdown LED Indicator

INSTALLATION and OPERATION

Output Current Control: Multi-turn potentiometer with locking shaft used to adjust the output current

limit in local mode. "
Current Monitor Output, 100 mv/Amp (red)
Current Monitor Ratilm (black)
Rear Panel
Positive Output Busbar

Negative Output Busbar

Programming, :Saﬁsa.and Monitor Connector J3: Input connector for programming signals. Also
provides access to sense connections and monitoring points. See Table 2-1 for individual pin

descriptions,

10. AC Input Connector
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2.5 Initial Functional Tests

- | Before connecting the unit to an AC outlet, make sure that the power switch is in the OFF position and that the
- current control is turned fully counterclockwise. Check that the J3 mating connector on the rear of the unit is ih 3
' ‘ place with jumpers connected for local operation as shown below. (This is the default configuration as shipped
| from the factory). Connect the unit to a grounded outlet and switch the unit on. Afier a short power on delay, the
: green “power on” LED will light and voltage will be available at the rear panel busbars,

CONNECTOR J3

1

3 1
' | Eﬂ'@ ﬂt.': ﬂt:l D! nﬂa;n
| 5 14

2

| ; Connector J3 Configuration for Local Operation

To check current mode operation, proceed as follows:
' e  Set the POWER switch to OFF.
¢«  Rotate the CURRENT control fully counterclockwise,

~ ¢ Connect a high current DC ammeter across the rear output terminals, ocbserving correct polarity.
l Select leads of sufficient current carrying capacity and ah ammeter range compatible with the unit's
f rated current output. The ammeter should have an accuracy of better than 0.5%.

! *  Set the POWER switch to ON.

« Rotate the CURRENT conirol slowly clockwise, The control range should be from zero to the
maximum rated outpui. Compare the test meter reading with the reading on the front panel test
points. Check that the green power on indicator LED is on.

e  Set the POWER switch to OFF .

2-8
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Table 2-1 J3 Program, Sense and Monitor Connector Description
~ (D-subminiature 25 Pin Female) *

PIN NUMBER o . FUNCTION
O AC/DC Shutdown Input (12-250Vac or 12-130Vdc)
14 TTL Shutdown Input | |
y SONORONS Return for Shutdown Input Signals
15 +12Vdc Output (1k ohm source impedance)
S OVP Programming Input (0-5V, 0-10V or 0-1mA)

Jumpered to pin 16 for local mode operation
16 1mA Current Source for Local OVP Control or
| Remote Resistive OVP Programming
" A Remete Programming Indicator
High = Remote Programming Low = Local Control
_ 17 OVP Status (High = OVP Circuit Activated)
b PR Operating Mode Indicator
High = Voltage Mode Low = Current Mode
18 Thermal Shutdown Indicator (High = Shutdown)

6o Ground -
19 Output Voltage Monitor (Uncalibrated) 0-5V = 0-100%
T s Output Currént Monitor (Calibrated) 0-10V = 0-100%

20 Output Voltage Control (Local Mode)
- Jumpered to pin 21 for local operation
: FT Qutput Voltage. Control (Remote Programming)
Input for 0-1mA remote programming signal
Jumpered to pin 9 for local operation and
remote Current source programming
21 ImA Current Source:for Local Operation or
Remote Resistive Programming of Output Voltage
Jumpered to pin 20-for local operation
. FRCNIN Remote Voltage Programming Input (0-5V or 0-10V)
Jumpered to.pin 8-for local operation and
remote current sousce programming
22 ImA Current Source for Local Operation or
Remote Resistive Programming of Output Current Limit
Jumpered to pin 23 for local operation
10...ocnene Remote Current Programming Input (0-100mV, 0-5V or 0-10V)
Jumpered to-pin 11 for focal operation and.
remote current source programming
23 Output Current Control (Local Mode)
Jumpered to pin 22 for local operation
ll............ - Output Current Control (Remote Programming)
Input for 0-1mA external programming signal
Jumpered to pin 10 for local operation and
remote current source programming
24 Return {for local sense connections only)

12............ Return Sense (Return for Remote Programming Inputs)
25 Positive Output (for local sense connections only)
13............ . Positive Sense

* Mating connector - 25 pin male ITT Cannon DB25P or equivalent.
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2.6  Standard Operation "

Front panel operation of the DCS unit is limjted to the On/Off switch and a single 10-turn potentiometer used to ._i
adjust the output current. Standard DCS Series front pane| controls not available on this model include voltage
control and over—voltage protection potentiometers, The maximum value of these parameters has been preset at thet
factory using fixed resistors. The maximum output voltage has been set to 54V: the maximum OVP setting is 58V, 3
Adjustments to these parameters are made remotely through the rear I3 connector. Throughout this section, all
references to changing these parameters imply adjustment through the J3 connector. Refer to the applicable
paragraphs for remote programming information using voltage, current, or resistance references.

Reliable performance of the DCS power supply can be obtained if certain basic precautions are taken when
connecting it for use on the lab bench or installing it in a system.

To obtain a stable, low noise output, careful attention should be paid to factors such as conductor ratings, system
grounding techniques and the way in which the load and remote sensing connections are made. |

2.6.1 Load Conductor Ratings

The table below lists the maximum allowabje load wiring length (in feet) for a specified wire gauge for the power
supply operating at full rated output. The lengths indicated are based on PVC insulated wire with a maximum
operating temperature of 105°C. To overcome impedance and coupling effects which can degrade the power supply
pertormance the use of leads of the largest gauge and shortest length possible is recommended.

[ WIRE SIZE (AWG) 2 1 4 T % T % T 10 12 ]
EEN(‘ETH_{FEET} 30 30 30 J 30 | 16 ] 10 ,
2.6.2 Load Connection and Grounding

Proper connection of distributed loads is an important aspect of power supply application. A common mistake is to
connect leads from the power supply to one load, from that load to the next load, and so on for each load in the
system. In this paraliel power distribution method, the voltage at each load depends on the current drawn by the

other loads and DC ground loops are developed. Except for low current applications, this method should not be
used,

The preferred way to distribute power is by the radial distribution method in which power is connected to each
load individually from a single pair of terminals designated as the positive and negative distribution terminals. The
pair of terminals may be the power supply output terminals, the terminals of one of the loads or a distinct set of
terminals specially established for distribution. Connecting the sense leads to these terminals will compensate Tor
losses and minimize the effect of one load upon another,

2.6.3 Remote Sensing

The use of remote sensing permits the regulation point of the power supply to be shifted from the output terminals
to the load or other distribution terminals thereby automatically compensating for the voltage losses in the leads
supplying the load (provided these losses do not exceed 1V/line. For example, with the voltmeter reading 10.0 volts
and the sense tines connected directly to the load, the load voltage will remain regulated at 10.0 volts regardiess of
the voltage drops in the power leads and variations in the load current,

The positive sense connection is available at pin 13 of connector J3 and the return sense connection js available at
pin }2. For local sensing (regulation at the power supply output terminais) the sense pins are connected to pins 25
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(positive output).and 24 (return)-of connector J3, For remote sensing the focal operation jumpers are removed and
pins 13 and 12 are cunnectedzdirectly to.the positive and negative terminals of the load.

Sense wires can be any size (24AWG or targer) but in lugh noise enwrnmnents or when the lowest poss:ble powet
supply ripple is required, sense wires:must be:twisted and/or shielded.

& NOTE:

The sense leads must always be connected, either for remote or local sensing. Operation of the supply
with the sense leads disconnected will cause the output to fall to zere or to-be unregulated.

A NEVER use the sense connections without. the normal power lead connections to the output terminals,
Avoid reversing posm\re and negative sense lead cnnnechuns

2.6.4 Negative Output Operation

Operation of the unit as a negative output supply may be accomplished by referencing the positive output terminal
to the power supply chassis or some:gther common system ground. The voltage monitor, being referanced to the
negauve nutput, will mdmate the absoluieﬁvalu& of the-actual nutput voltage,

2.7 Slngle Supply Operatiow(Lucal Mode) A

To operate the DCS power supply in local mode, first install the unit and connect the load following the
instructions in Sections 2.1 to 2,6, Check that switch SW1 {mounted internally on the main printed circuit board)
is set for local operation and that the J3-mating connector on the rear of the unit is.in place with jumpers connected
for local operation. (Note: This is the default configuration as shipped from the factory. See the diagram beiow.)
Set both the current and voltage controls. fully.counterclockwise,

svmcl-.l.sm. CONNECTOR J3
OPEN
Hmmm | 13 | 1
B \X :tuoﬂ_?ﬂuol nnny

CLOSED 28 1
THNRYTO QN
53553 E 53

Switch SW1

SW1-1 Off (Open)
SW1-2 Off (Open)
SW1-3 Off (Open)
SW1-4 On (Closed)
SW1.5 Off (Open)
SW1-6 Off (Open)
SW1.7 Off (Open)
SW1-8 On (Closed)

Switch SW1 and Connector J3 Configuration for Local Operation (default factory settings)
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it
T

For current mode operation, turn the current control fully counterclockwise and connect an appropriately. 5 1|
shorting jumper across the output terminals. Turn the current control clockwise until the desired output correntiig
obtained. Turn the power supply off and remove the shorting jumper. |
Note that for a short period (fess than 3 seconds) after power on, the power supply output is disabled whil'a,. g}
main filter capacitors charge through the inrush limiter. 3

Ii‘ r;.

4] L

2.8 Muttiple Supplies

DCS Series power supplies of the SAME MODEL may be operated with outputs in series or parallel to obtainéf
increased load voltage or current. Split supply operation allows two positive or a positive and negative output to be
obtained,

il

As permanent, fixed modifications have been made to the standard DCS circuitry of this model, please consult the ihclmy
for detailed instructions outlining the proper wiring and operation of multiple supplies for your specific application, 4

2.9 _OverVoItage Protection (OVP) a

The OVP circuit allows for protection of the toad in the event of a remote programming error, incorrect vu_litlagqj
control adjustment, or power supply failure, The protection circuit monitors the output and reduces the oufput:
voltage and current to zero whenever a preset voltage limit is exceeded. A TTL high signal on J3 PW17 indicates .3
when the OVP circuit has been activated, Reseiting the OVP circuit after activation requires removal of the over-
voltage condition and powering the unit OFF and back ON or momentarily activating the remote shut down circuit
(See Section 2.10 for information on shut down circuit operation). The OVP trip level can be set only using one of

three remote programming methods (voltage, resistance or current) through the J3 connector at the rear of the unit,
See Section 2.6,

P
Za

2.9.1 Remote Programming of OW With External Voltage Sources

. !' J:I_

To remotely program the OVP trip level using a 0-5V or 0-10V DC voltage source use the following procedure; - o}

1. With the unit off and 'discunnected from its AC source, remove the cover and set switch SW1-4
closed (default factory setting) for 0-5V programming or open for 0-10V programming. Also check ¢
that switch SW1-8 is closed (default factory setting). g

2. Remove the default jumper mnnecﬁng pins 16 and 3 of connector J3 and connect the voltage source k.
between pins 3 (positive) and 12 (negative). Set the programming source voltage to maximum,

3. Turn the unit on and adjust the output to the desired trip voltage (See Section 2.6.)

4. Slowly reduce the programming voltage until the red OVP indicator lamp lights and the power
supply shuts down, o

5. Tumm the POWER switch to OFF, .
6.  Adjust the output voltage programming to minimum,

7. Turn the POWER switch back ON and ificrease the voltage to check that the power supply shuts off
the output at the desired voltage. . s

2-12
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INSTALLATION and OPERATION

SWITCH SW1 CONNECTORJ3

: GPEN ‘ 1312 Al B—8 O O O n""::“'n""t-}
%E =@ G Q0 O O QIO O
| Al 25 14

LOSED

% g %’ 0-5V

SWi-7

?.
it 1

SWI1-1 Off (Open)
SW1-2 Off (Open)
SW1-3 Off (Open)
SW1-4 On (Closed)
SW1-5 Off (Open)
SW1-6 Off (Open)
SW1-7 Off (Open)
SW1-8 On (Closed)

Switch SW1 and Convector J3 Configuration for 0-5Vdc OVP Programming
(J3 sense line, voltage control and current control jumpers shown set for local operation.
Remote programming of output voltage not shown)

CONNECTOR J3
1312 3 1

\\Y\:‘:&n_:nagauqﬂany
25

0-10V

SWITCH.SWi1
OPEN

;

,_
O
fit
o

SW1-2
SW1-3 o
SWi1-4
SW1-5
SWi-6
SWi-7

SWi1-1

Switch SW1

SW1-1
SW1-2
SW1-3
SWi1-4
- SW1-5
SW1-6
SW1-7

Off (Open)

Off (Open)
Off (Open)

Off (Open)
Off (Open)
Off (Open)
Off (Open)

SW1-8 On (Closed)

Switch SW1 and Connector J3 Configuration for 0-10Vde OVP Programming
(33 sense line, voltage control and current control jumpers shown set for local operation,
Remote programming of output veltage not shown,)

'2-13
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2.9.3 Remote Programming of OVP with an External Resistance

To remotely program the OVP trip level using a 5k ohm external potentiometer use the following procedure,

1.  With the unit off and disconnected from its AC source remove the cover, set switch SWI-E open and
check that switch SW1-4 is closed (default factory setting for switch SW1-4).

2.  Connect the counterclockwise end of the Sk potentiometer to pins 3 and 16 of connector J3. Connect
the tap and the clockwise end of the potentiometer to pin 12, Set the potentiometer fully clockwise.

3. Turn the unit on and adjust the output to the desired trip voltage.

| 4. Slowly turn the potentiometer counterclockwise until J3 pin 17 goes fo a TTL high and the power
: supply shuts down.

5. Turn the POWER switch to OFF,

=,

Adjust the output voltage programming to minimum.

7. Turn the POWER switch back ON and increase the voltage to check that the power supply shuts off
the output at the desired voltage.

SWITCH SWit CONNECTOR J3
OPEN 1312 10 3 1

\&Y‘ H:“ﬂ“ﬂ“ﬂ“! G“ﬂ“
‘ “ ” || H N H N ! 22 16| 14
o —YWa
g CCW |

Sk OHMS

"
m
o

LO
hi
3

SWi1-1
SW1-2
SWi-3 o
SW1-5
SWi-6
SWi-8

| Switch SW1
|=| SW1-1 Off (Open)
" SW1-2 Off (Open)
SWI1-3 Off (Open)
: SWI1-4 On {Closed)
SW1-5 Off (Open)
SW1-6 Off (Open)
SW1-7 Off (Open)
SW1-8 Off (Open)

Switch SW1 and Connector J3 Configuration for 0-5k OVP Programming
()3 sense line, voltage control and current control jumpers shown set for local operation,
Remote programming of output voltage not shown.)
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2.9.4 Remote Programming of OVP with External Current Sources
To remotely program the OVP trip level using a 0-1mA current source use the following procedure.

1. With the unit off and dimnﬁnected from its AC source remove the cover aﬁd set switc'hes SW1-4 and
SW1-8 closed (default factory setting).

2. - Remove the default jumper connecting pins 16 and 3 of connector J3 and connect the current source
between pins 3 (positive) and 12 (negative). Set the programming source to 1mA,

3. Turn the unit on and adjust the output to the desired trip voltage.

4. Slowly reduce the programming current untit J3 pin 17 goes to a TTL high and:the power supply
shuts down, o

3. Tum the POWER swiich to OFF.
6. Adjust the uutﬁut vollage programming to minimum,

7. Tum the POWER switch back ON and increase the voltage (0 check that the power supply shuts off
the cutput at the desired voltage level,

- SWITCH sWt CONNECTOR J3
A fismlioin-y \\~$Hi—aaunﬁn¢?
Pl Quab 0 O G O

25

o O
14
CLOSED e
- +

Ta2yLene
11T o

 Switch SW1
SW1-1 Off (Open)
SW1-2 Off (Open)
SWI1-3 Off (Open)
SW1-4 On (Closed)
SW1-5 Off (Open)
SW16 Off (Open)
SW1-7 Off (Open)
- SW1-8 On (Closed)

Switch SW1 and Connector J3 Configuration for 0-1mA Current Source OVP Programming
(J3 sense line, voltage control and current control Jjumpers shown set for tocal operation.
| Remote programming of output voltage not shown.)
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2.9.8 Remote OVP Sensing

The defauit configuration for the OVP circuit senses the output voltage at the power su[ipl}' output terminals. For
applications using remote sensing where there is a need to accurately monitor the actual load voltage, the following

procedure allows the OVP sense point to be shifted from the power supply nutput to the sense hne connection
points.

1. Shut the unit off and disconnect it from its power source. Remove the cover from the unit.

2. Using a sharp Exacto knife, cut the component side trace mnnecung the nght hand side of resistor
R89 to the via marked OVP-LOC,

3. Install an piece of insulated #22 AWG wire from the via marked C (near the trace cut just made) to
the via marked C1 (near capacitor C51).

4, Reinstall the cover and reconnect the unit to its power source.

To return to local OVP sensing, remove the jumper installed in step 3 above and install a jumper across the trace
cut made in step 2,

2.10 Remote ON/OFF

This feature is useful in test applications requiring remote ON-OFF control of the output. The remote ON-OFF
control circuit uses either a TTL compatible or a 12-250Vac (or 12-130Vdc) input to remotely controf (disable or
enable) the power supply output. For TTL operation, a logic level signal between pins 14 {positive) and 2 (return)
of connector J3 determines the output conditions:

TTL LOW = OUTPUT ON
TTL HIGH = QUTPUT OFF

For AC or DC operation, an input of 12-250Vac (or 12-130Vdc) between pins 1 {positive for DC input) and 2
(return) of connector J3 will disable the output of the supply.

The input iines are optically isolated and can therefore be accessed by circuits with a voltage differential of up to
300Vdc with a maximum of 150 Vdc from safety ground.

2.10.1 Remote ON/OFF by Contact Closure

An external relay may be used to operate the ON/OQFF control circuit as follows. Connect one side of a normally
open relay to pin 15 of connector J3 (+12V). Connect the other side of the relay to pin 14 (TTL Shutdown). Also
connect J3 pin 2 (Shutdown return) to pin 6 {Ground). Using this configuration, the power supply will be OFF
when the relay coil is energized and ON when the relay is de-energized.

If a normaliy closed relay is substituted for the normally open relay in the configuration described above, the power
supply will be ON when the relay coil is energized and OFF when the relay is de-energized.

2-16
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211 Remote Programming of Qutput Voltage and Current Limit

The output voltage and current limit-of the power supply can be remotely programmed through the rear panel J3
connector using external’ voltage sources; current sources and resistances. Switch SW1 on the A2 printed
circuit board controls the programming as diagrammed below.

o OPEN’
CLOSED
z2212223
SELECT REMOTE —L| L sELECTS REMOTE
CURRENT LIMIT RESISTIVE OVP
PROGRAMMING SCALE PROGRAMMING SCALE
SELECTS REMOTE | NOT USED
VOLTAGELIMIT SELECTS REMOTE OVP
PROGRAMMING SCALE PROGRAMMING SCALE
Switch SW1

SW1-1 Used to select 5V or 10V programming of remote current limit
SW1-2 Used to-select 100mYV programming of remote current limit
SW1-3- Used to-select 5V or 10V programming of remote voltage limit

SWi4 - Usedito select remote OVP programming scale
SW1-5 ‘Not-used

SW1-6 Not:used
SW1-7. Not used
SW1-8 Useito select remote resistive OVP programming scale

Switch SW1 Functions

- Note: To set switch SW1 shut the unit off, disconnect it from its AC source and remove the cover., Make the
appropriate switch settings then reinstall the cover and reconnect the unit to its AC source.
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2.11.1 Programming With External Voltage Sources

The output voltage can be programmed using either a 9-5Vdc or 0-10Vdc external voltage source. To program
the output voltage with a 0-5Vdc source, set switch SW1-3 open (default factory setting) and remove the jumpers
connecting pins 8 to 9 and 20 to 21 on connector J3. Connect the external source between pins 9 (positive) and 12
(return). Varying the external voltage from 0-5V will cause the output to vary from 0-100% of rated output.

SWITCH SW1 CONNECTOR J3
OPEN 1312 9

1
WWeeleeooedoo
25 t4
-

0-5V

0
m
O

SWi1-1
SWi-2
SWi-3 o
SWi4 D
SW1-5
SWi-6
SWH-/
SW1-8

Switch SW1
SW1-1 Off (Open)
SW1-2 Off (Open)
SW1.3 Off (Open)
SW1-4 On (Closed)
SW1-5 Off (Open)
SW1-6 Off (Open)
SW1-7 Off (Open)
SWI1-8 On (Closed)

Switch SW1 and Connector J3 Configuration for 0-5Y Programming of the Quiput Voltage
(J3 sense line, OVP and current control jumpers shown set for local operation)

For programming with a 0-10Vdc source, close switch SW1-3 and replace.the 0-5V source with a 0-10V source.

SWITCH SW/1 CONNECTOR J3
OPEN 1312 9

i

m NS RARRARAY AN
25 14

— it

0-10V

72
11
o

SW1-1
SW1-2
SWiI-3 o
SW1-4 O

SW1-5
SWI16
SWi1-7
SW1-8

Switch SW1
SW1-1 Off (Open)
SW1-2 Off (Open)

SWi-3 On {Closed)
SWi«4 On (Closed)
SWI1-5 Off (Open)
SWi1-6 Off (Open)
SW1.7 Off (Open)
SWi-8 On (Closed)

Switch SW1 and Connector J3 Configuration for 0-10V Programming of the Output Voltage
(J3 sense line, OVP and current contro! jumpers shown set for local operation) .
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The output current limit can be programmed using a 0-5Vdc or 0-10Vdc external voltage source. Selection of the
programming voltage is done using switches SW1-1 and SW1-2 as indicated below:

... T e
| 0-5Vdc and Local Mode
Not Used
0-10Vdc
0-100mV

To remotely program the output current limit, set switches SW1-1 and SW1-2 as shown above, remove the jumpers
connecting pins 10°to 11 and 22 to 23 6f ‘connector J3 and connect the external voltage source between pins 10

(positive) and 12 (return). Varying the voltage source from 0-100% canses the current limit to vary from 0-100%
of the rated maximum. |

. 'CONNECTOR J3
- 1312 10 -

1
T \xwﬂunﬂ:iﬁuﬂnﬂjagny
. 25 14

— |1} —

* 0-100mV, 0-5V or 0-10V

Cuhne,-ctor J3 Cﬁl’fﬂgu_i_*g't_.ltin for Remote Programming of the Output Current Limit
(J3 sense line, OVP and voltage control jumpers shown set for local operation)
2.11.2  Programming With an External Resistance
The output voltage and current limit can be programmed using a Sk ohm external potentiomeler.
To program the output veltage, set switch SWI1-3 open (daf‘ault factory seiting) and remove the jumpers
connecting pins 8 t0 9 and 20 to 21 on connector Y3, Connect pins 9 and 21 to the counterclockwise end of the 5k

potentiometer and connect the tap and clockwise end of the potentiometer to pin 12. Adjusting the tapped
resistance from 0-5k will vary the output voltage from 0-100% of the rated output.

SWITCH SW1 CONNECTOR J3
OPEN 1312 9

| 1
\X%:x ﬂﬂ ﬂﬂ qt}ﬂﬂ ﬂjl:l uﬂ ,.-‘n
25 2% 14

2ok OHMS

=
O
72
Im
o

SWi5
SW1t-6

SW1 -1
SWit-2
SW1-3 o
SWi4
SWi-7

R L
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Switch SW1
SWl-1 Off (Open)
SW1-2 Off (Open)
SW1-3 Off (Open)
SWi-4 On (Closed)
SW1-5 Off (Open)
SW1.6 Off (Open)
SW1-7 Off (Open)
SW1-8 On (Closed)

Switch SW1 and Connector J3 Configuration for Resistive Programming of the Output Voltage
(13 sense line, OVP and current control jumpers shown set for local operation)

To program the output current limit, set switches SW1-1 and SW1-2 open (default factory setting) and remove
the jumpers connecting pins 10 to 11 and 22 to 23 on connector J3. Connect pins 10 and 22 to the
counterclockwise end of the 5k potentiometer and connect the tap and clockwise end of the potentiometer to pin 12.
Adjusting the tapped resistance from 0-5k will vary the current limit from 0-100% of the rated output.

SWITCH SwWi CONNECTOR J3
OPEN 1312 10 1

WV e o o0 doo/
25 | |22 14

CLOSED
TARYReEnN® :EXV‘V—
%%%5%%%5 bk OHMS

Switch SW1
SW1-1 Off (Open)
SW1-2 Off (Open)
SW1-3 Off (Open)
SW1-4 On (Closed)
SW1-5 Off (Open)
SW1-6 Off (Open)
SW1-7 Off (Open)
SW1-8 On (Closed)

Switch SW1 and Connector J3 Configuration for Resistive Programming of the Output Current Limit
(73 sense line, OVP and voltage control jumpers shown set for local operation)
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2,11.3 Programming With an External Current Source
The output voltage and current limit:.can be pmgmnunéd using an external 0-1mA current source,

To-program the output voltage, set the front panel voltage control to maximum, set switch SW1-3 open (default
factory sefting) and remove the jumper between pins 20 and 21 of connector J3. Connect the external current
source between pins 8 (positive) and 12 (return) of connector J3. Varying the current source from 0-1mA will vary
the output voltage from 0-100% of the rated output,

SWITCH SwWit CONNEGTORJ3
a 1312 8

i
\\ :Tunaﬂaanﬂfaﬂ:;?
25 4

Switch SW1 and Connector J3 Configuration for 0-1mA Current Programming of the Output Voltage
(I3 sense line, OVP and.current control jumpers shown set for local operation)

To program the output current limit, set the current control to maximum, set switches SW1-1 and SW!-2 open
(factory setting) and remove the jumper between pins 22 and 23 of connector J3. Connect the external current

source between pins 11 (positive).and 12 (return). Varying the current source from 0-1mA causes the current limit
to vary from 0-100% of rated maximum,

SWITCH SWH CONNECTOR J3
OPEN 131211 1
%% 0 o:uaﬂaﬂaujugj
| 25 14
LOSE

-+

0-i{mA

SW1-6 ©

SW1-5
SWi1-7
SWi-8

1

Switch SW1 and Connector J3 Configuration for 0-1mA Current Programming of the Qutput Current Limit
(J3 sense line, OVP and voliage control jumpers shown set for local operation)

SWH-1
SWi-2
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2.12 Remote Monitoring and Status Indicators

Readback signals for remote monitoring of the output voltage and current are available at connector J3 on the rear
of the unit. A 0-5V (uncalibrated) signal between pins 19 (positive) and 12 {negative) represents 0-100% of the.
rated output voltage. A 0-5V (calibrated) signal between pins 7 (positive) and 12 (negative} represents 0-100% of
the rated output current. The offset and gain of the current readback signal may be adjusted through holes in the
cover of the unit (See Section 4.4 Calibration for location of adjusting holes).

Status indicators for thermal shutdown, OVP operation, remote programming and operating mode are also
available through the J3 connector. The table below lists the various signals, the J3 connector pins where they are
available, the approximate magnitude of the signal (measured with respect to pin 6 of connector J3) and the source
impedance through which the signal is fed.

INDICATOR SIGNAL | J3 CONNECTORPIN | SIGNAL VOLTAGE | SOURCE IMPEDANCE
Thermal Shutdown 18 | +10V | 7502
OVP Circuit Activated 17 +9V 75002
Remote Programming 4 +I0Y 750€2
Voltage Mode Operation 5 +10V 7502
Current Mode Operation 5 -3V 7502

2-22




SORENSEN DCS SERIES MANUAL THEORY OF OPERATION

SECTION 3. THEORY OF OPERATION

3.1  Power Circuit (A2 As_éembly)

This section describes the operation of the A2 assembly switching regulator power circuit. Three subsections cover
basic switching regulator theory, a simplified description of the Sorensen full bridge converter, and a more detailed
circuit description intended for troubleshooting purposes.

3.1.1 Basic Of_f#-Liné -Slwi'_t;::hing Regulator Theory

An off-line switching power supply. first .converts the AC input line voltage to high voltage DC by diode
rectification and then chops the DC at:a high frequency. This high frequency waveform is applied to the primary
of a power transformer which provides a step-up or step-down in voltage and electrical isolation on its secondary.
The secondary waveform is; rectified and filtered, giving a smooth DC output voltage. Feedback from the
secondary circuit is applied to a pulse width modulator (PWM) control circuit which contrels the on-time of .the
primary circuit switching waveform. This increases or decreases the voltage on the secondary of the power
transformer 50 that output regulation:is, obtained,

The use of high frequency transformers in switching power supplics has the advantage of requiring less volume,
less weight, and dissipating.léss heat than the lower frequency transformers in conventional linear power supplies.

\ cAuTiont

‘Potentially LETHAL VOLTAGES exist on the A2, AS, and A6 circuit boards on
the primary side of the isolation barrier. Troubleshoot with care, preferably with
power off .and recoguizing that filter capacitors store potentially LETHAL and
DESTRUCTIVE .ENERGY, even for some time AFTER POWER is REMOVED,
Always use ap isolation transformer connccted ONLY to the power supply input
when making test measurements on the primary side circuits.

3.1.2 Simplified Full Blfidgé:; Converter Theory
See Figure 3-1,

The input AC line voltage, both single-phase abd three-phase, is rectified by the A6 board and filtered by C32
(A,B,C), and C72 (A,B,C) to a raw DC voitage which is supplied to the power FETSs Q13-Q16 on the primary of
power transformer T1. Resistor A6-RI and relay K1 form an input surge current limiter which reduces the inrush
current o the filter capacitors C32(A,B,C), and C72(A,B,C) during power-up. The power FETs and the primary
winding of T1 form a bridge which is driven at 65 kHz by pulse width modulator (PWM) Ué through FETs
Q7-Q12, Q18 and Q19 and drive transformer T2, A current sense transformer T3 in the-primary of the power
transformer provides a feedback signal to the PWM which is compared to a limited error signal derived from the
output current and voltage control circuits. ‘The output of the comparator controls the on time of the PWM output
drive waveforms on a cycle by cycle basis thereby controlling the primary current and the output of the power
transformer, Diodes CR301 and CR302 rectify the output of power transformer T'1 and inductor L3 and capacitors
C531, €52 and C53 filter the rectified signal to provide the DC output. | "
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A current shunt (R91) in the output return line develops a voltage dependent on the output current. This current
information is compared to the setting of the front panel current limit control in the current control circuit (U4-1
and U15). The output voltage is also monitored and compared to a fixed maximum voltage setting in the voltage
control circuit (U5). The outputs of the voltage and current control circuits are OR*d and this signal is fed into the
PWM error amplifier inverting input providing the negative feedback required to produce a reguiated output. The
output current information from the current control circuit is fed to the front panel output current monitor banana
jacks. -

Transformer T4, rectifier CR42 and regulators U9-U13 provide the necessary auxiliary supply voltages for the
PWM circuit, the voltage and cusrrent control circuits, and the raw DC supply for drive transformer T2, A 6.2 volt
reference is also derived from the 12V supply for use in metering circuits by diode CR1 and resistor R2,

Transformers T1, T3 and T4 pruvide.uutput' isolation from the line potentials in the primary circuit, the PWM
circuit and the auxiliary supply circuits respectively,

313 Detailed Circuit Description

This section is intended to provide ﬁlrther detail for troubleshooting purposes. Please read the previous section as
an overview and then refer to the detailed assemhly schematic in Section 6.

| 'CAUTION!

Potentially LETHAL VOLTAGES exist on the A2, AS, and A6 circuit board on the

primary side of the: isolation: barrier. . Troubleshoot with care, preferably with
power off and recognizing .that filter capacitors store potentially LETHAL and
DESTRUCTIVE ENERGY  even for some time AFTER POWER is REMOVED.
Always use an isolation transformer connected ONLY to the power supply input
when making test measurements on the primary side circuits,

n RFI Filter Circuit (AS P

The AC input is connected to the power supply via a four-pole connector in the rear panel. - For three phase
operation, three (3) phase linés, X, Y, and Z (190-250Vac at 14A), and a safety ground line are required. For
single phase operation, two (2) phasé¢ lines-(200-250Vac at 20A), and a safety ground line are required. Single
phase input lines are connected to the X and Y inputs of the connector per customer requirement.. Three (:022mF
Y-caps, one from each unit, X, Y, and Z, are connected to the chassis directly at the input for improved conducted

"EMI. The safety ground connection for both single and three phase operation is essential both to-ensure that there
is no shock hazard present and to énsuré proper operation of the RF1 filter and other bypass circuits,

The RFI filter, used to atténuate both common mode and differential mode noise, is an LC filter formed by X
(line-to-line} capacitors C1-3 and C7-9, inductor L1, Y (line-to-ground) capacitors C4-6, and resistors R1-3 which
serve as discharge resistors for the X capacitors.
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Rectifi h Limiti ircuit (A6 PCB

The AC input is rectified by the chassis-tounted rectifiers CR2 and CR2A and then filtered by capacitors C32 (A,
B, C) and C72 (A, B, C) on the A2 board to provide the raw high voltage DC (approximately 250-350V) for the
main switching transistors and the A2 PCB auxiliary supply circuit. Resistor R2 provides a discharge path for

capacitor C2 on power down. Capacitor provides noise filtering. The initial power up mrush cusrent to capacltnm
C32 (A, B, C) and C72 (A, B, C) on the A2 board is timited by resistor R1.

The time delay for K1 contact closure is determined by the time constant formed by capacitor C12, resistor R118
and the gate threshold of FET Q6 located on the A2 board. Diode CR38 discharges C12 when the 12V auxiliary
supply collapses and CR39 provides an inductive kickback path for the relay coil. During the inrush period diode
CR33 holds the PWM shutdown line high, disabling the power supply output until Q6 turns on. Resistors R114
and R115 are bleeder resistors for the main filter capacitors. The rectified high voltage dc from CR2/CR2A is
supplied to the main switching FETs Q13-Q16 on the primary of the power transformer T1 via fuse F3,

Pulse Width Modulator

Puise width modulator U6 is a current mode controller which drives the main switching FETs Q13-Q16 threugh
drive FETs Q7-Q12, Q18 and Q19 and drive transformer T2, Capacitor C69 and resistors R111-R113 form a
snubber on the primary of transformer T1 limiting switching transients, Transformer T3 is used te monitor T1
primary current and provide a feedback signal for the current sense amplificr of U6. Diodes CR29 and CR30
rectify T3 output while resistors R66 and R95-R97 and capacitors C60-C62 and C64A scale and condition the
signal before it is input to the PWM. An internal PWM comparator compares the output of the current sense
amplifier with a limited error signal derived from the output voltage and current control circuits. The output of the
PWM comparator controls the pulse duration of the drive signals from pins 11 and 14 of the PWM thereby
controlling the primary current in T1 and the output power. Resistor R100 and capacitor C63 set the nternal
oscillator of U6 to approximately 130kHz, resulling in a 65kHz output switching frequency. A 5.1V reference
developed at pin 2 of the PWM is divided down by resistors R64 and R67 to provide a reference at the non
inverting input of the PWM error amplifier (pin 5). The 5.1V reference voltage is also divided by resistors R65
and R68 to provide a reference at pin 1 of the PWM which limits the swing of the error amplifier output placing an
upper limit on the primary current in transformer T1. |

Qutput Rectifier Circuit and Output Filter

A fyll wave center tap configuration is used for the output rectifier. The output rectifier is a one piece power tap
unit mounted on the rectifier heatsink with the secondary snubber components connected directly to the rectifier
input terminals. Capacitors C51-C53, power inductor L3 and common mode inductor L4 form the main output
filter, On this model, the secondary filter capacitors C401-C407 are on a separate PCB which is mounted on the
output bus bar assembly, Resistor R90 is an output pre-load which allows the unit to operate under no load or light
load conditions.

Diodes CR301 and CR302 rectify the ontput of power transformer T1. Resistors R301-R304 and capacitors C301-
C304 form snubbers on the secondary of T1 to limit switching transients while resistor R305 and capacitor C307 is
used to provide additional rectifier snubbing.
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Yoltage Control Circuit

The output voltage control circuit has been factory set to put out a maximum of 53V as the intended operation of the
supply is as an adjustable current soutce only. |

The output voltage is monitored by the voltage control op amp U35 at pin 3 via the positive sense line (pin 13 -of
connector J3) and the resistor divider formed by R21, R22, R53, and R8S. This feedback voltage is compared with
a 5V reference voltage, determined by the 1 mA current sourcethrough R98, into pin 2 of US by U7-2 to provide an
error signal for the PWM. 1If the output voltage needs to be adjustable, then the jumper on J3 between pins 8 and 9
needs to be removed and an external adjustable 0-5 volt reference voltage input into J3 pin 9. Now if the output
voltage tries to rise above the selected level, the voltage at pin 3 rises and the output of U5 becomes more positive.
This increase is applied to the inverting input of the PWM error amplifier through diode CR18 and resistor R69
causing the amplifier output to decrease. This reduces the PWM output drive waveform pulse width, lowering the
output voltage and regulating the output at the desired level. Similarly, if the output voltage iries to fall below the
selected level the voltage at pin 3 decreases, U5 output decreases, the output from the PWM error amplifier
increases and the drive waveform pulse width increases which raises the output voltage to the desired level. During
voltage mode operation the output of the current control circuit at U4-1 pin 1 remains low. Resistor R70 and
capacitor C54 provide compensation for the op amp and diode CR21A limits saturation. Capacitor C20, resistor
R54 and CMOS gate U7-3 provide a.soft start for the power supply during initial startup and recovery from shut
down conditions by delaying the voltage rise at pin 2 of US. Resistor R21 supplies a buffered 0-5V signal
(uncalibrated) for remote monitoring of the output voltage which is provided at pin 19 of connector J3.

Potentiometer R53 is used to adjust the full scale output of the power supply and potentiometer R52 is used to adjust
the offset on op amp US. -

Current Control Circuit

The output current is monitored by current shunt resistor R91 which develops a voltage across it proportional to the
output current. This voltage is amplified and conditioned by the differential op amp Ul5 and associated
components to provide a control ground referenced 0-2V signal at pin 3 of the current control op amp U4d-1. This
signal is compared to a reference signal gated from the front panel current control to pin 2 of U4-1 by U7-1. As the
output current increases the voltage at pin 3 rises until it reaches the reference level set at pin 2 at which time the
output of U4-1 goes high and the.unit switches from voltage mode to current mode operation. The output cusrent is
maintained at the desired level by providing negative feedback to the PWM error amplifier as described in the
voltage control circuit description above, Resistor R27 and capacitor C27 providé compensation for U4-1. Op amp
U4-2 and related components scale the current feedback signal to provide a talibrated 0-10V output at pin 7 of
connector J3 for external monitoring of the output current. An additional voltage divider consisting of R72, 73 is
brought to the front panel monitor through J2-11. This is scaled for 4.0V at 38A output current.

Auxiliary Supply and 6.2V Reference Ci_rcuit

Transformer T4, rectifier CR42 and capacitors C9 and C10 provide the raw dc supply voltages from which the
+12V and +5V auxiliary supplies are derived by three terminal regulators U10 and U1l respectively. Two
additional regulators (U12 and U13) provide the 12V feed to drive FETs Q7-Q12, Q18 and Q19 on the primary of
T2, and the 12V feed to PWM U6. Diodes CR40 and CR41 with capacitors C7 and C11 provide the negative input
to three terminal regulator U9 which supplies the -5V auxiliary output. Resistor R2 and Zener diode CR1 are used
to derive a stable 6.2V reference from the +12V auxiliary supply for use on the front panel meters (via pin 5 of
connector J1) and the A2 PCB. Transistor Q5, diede CR32, resistors R60-62 and Zener diode CR20 form a low

voltage lock out which disables the power supply output by shutting down the PWM should the auxiliary raw
supply fall below the threshold set by CR20. |
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Voltage and Current Control Current Sources

Op amps U2-1 and U2-2, transistors Q1 and Q2, and related components are used to provide 1mA current sources
for the front panel voltage and current controls, These current sources are also used for remote resistive
programming of the output voltage and current limit, |

ver Voltage P i. it

Op amp U3-1, transistor Q4 and related components provide a 1mA current source which is fed through R99 via
the external jumper connecting pins 3 and 16 of connector J3, switch SW1-8 and pin 17 of connector J1. This
current source provides reference at pin 6 of U3-2, the OVP control op amp which sets the maximum OVP trip
point to about 55V. The power supply ountput voltage is monitored at pin 5 of U3-2 through the resistor divider
formed by R80, R89 and R148. When the output voltage increases such that the voltage at pin 5 becomes higher
than that at pin 6 the output of U3-2 goes high activating MOSFET Q17 (via drive FET Q2A) which clamps the
power supply output off through resistor R93. Dicde CR25 latches U3-2 on while diodes CR23 and CR24 gate the
high signal to the shutdown pin of the PWM. The OVP may be resct by cycling the power switch off and then
back on to release the latch provided by CR2S or by momentarily activating the remote shutdown circuit which
causes pin 6 to be pulled high through dicde CR10.

During remote voltage programming of the OVP trip level the internal 1mA current source is disconnected b}'
removing the jumper connecting pin 3 and 16 of connector J3 and the reference voltage at pm 6 of U3-2 is
provided directly by the external voltage source, Switch SW1-4 is used to select the programting range; 0-5V
{with the switch closed) or 0-10V (with the switch open). For current programming the internal 1mA current
source is replaced with a 0-1mA external source to provide the required 0-5V reference signal, For resistive
programming switch SW1-8 is opened to disconnect the front panel adjusting potentiometer and the internal 1mA
current source is connected to the external 0-5k ohm potentiometer to provide the 0-5V reference,

Remote ON/OFF Civcnit

A TTL high signal applied between pins 14 (positive) and 2 (negative) of connector J3 activates opto coupler Ul
which turns on transistor switch Q3 by pulling its base low. This applies 12V through diode CRI11 to the
shutdown pin of the PWM thereby shutting down the power supply output. A 12-250Vac or 12-130Vde signal
applied between pins 1 (positive) and 2 (negative) of connector J3 will also activate Ul and disable the power
supply output. Diode CR14 rectifies ac inputs while resistors R37 and R38 limit the current through the opto
coupler. Diode CR13 provides protection against reverse polarity TTL signals.

Remote Programming of the Qutput Voltage

During remote programming of the output voltage with an external voltage source (0-5V or 0-10V) the local
operation jumpers connecting J3 pins 8 to 9 and 20 to 21 are removed and the external source is connected between
pins 2 (positive) and 12 (negative) of connector J3. The input signat at J3 pin 9 is buffered via Ul4-2 to provide
noise immunity. When using a 0-5V source the reference at pin 2 of U5 (vnltage control op amp) is provided
directly by the external source. When using a 0-10V source switch SW1-3 is closed to provide the necessary
voltage divider 1o scale the reference voltage to 0-5V,

For remote programming with an external 5k resistance the jumpers connecting J3 pins 8 to 9 and 20 to 21 are
removed, pins 9 and 21 are connected to the counterclockwise end of the external 5k ohm potentiometer and the
tap and clockwise end are connected to pin 12. The intermal ImA current source at pin 21 develops a 0-5V
potential across the potentiometer, depending on the potentiometer setting, which is fed to pin 2 of US.

"
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During remote programming of the output voltage with an external 0-1lmA current source the jumper connecting
J3 pins 20 and 21 is removed, the front panel voltage control is set fully clockwise and the external current source
is connected between pins 8 (positive) and 12 (return). Varying the current source from 0-1mA causes 0-5V to
develop at the reference pin of the voltage control circuit. :

R '_rml ' n it

During remote programming of the output current limit with an external voltage source the local operation jumpers
connecting J3 pins 10 to 11 and 22 to 23 are removed and the external source {0-100mV, 0-5V or 0-10V) is
connected between pins 10 (positive) and 12 (negative). The input signal at J3 pin 10 is buffered via Ul4-1 to
provide noise immunity. When using a 0-5V source the reference at pin 2 of U4-1 (current control op amp) is
provided by the external source and divided down to a 0-2V reference by R20 and R146. Use of a 0-10V source
requires that switch SW1-1 be closed to add R5 to the voliage divider to limit the contro! circuit reference voltage
to 0-2V. For 0-100mV, programming switch SW1-1 is opened and switch SW1-2 is closed, changing Ul4-1 from
a voltage follower to.an amplifier by virtue of feedback resistor R150 and voltage divider resistor R50.

For remote programming with an external 5k resistance the jumpers connecting J3 pins 10 {o 11 and 22 to 23 are
retoved, pins 10 and 22 are connected to the counterclockwise end of the external Sk ohm potentiometer and the
tap and clockwise end are connected to pin 12. The internal ImA current source at pin 22 develops a 0-5V
potential across the potentiometer, depending on the potentiometer setting, which is fed to pin 6 of U4-2,

During remote programming of the output voltage with an external 0-1mA current source the Jjumper connecting
J3 pins 22 and 23 is removed, the front panel voltage control is set fully clockwise and the external current source
is connected between pins 11 (positive) and 12 (return). Varying the current source from 0-ImA canses 0-5V to
develop at the reference pin of the currént control circuit,
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SECTION 4. MAINTENANCE, TRQUBLESHOOTING, AND CALIBRATION

4.1 General

This section provides periodic maintenance, calibration and troubleshooting information,

4.2 Periodic Service

No routine service except for periodic cleaning is required. Whenever a unit is removed from service, it should be
cleaned, using denatured or isopropyl-alcohol or an equivalent solvent on the metal surfaces and a weak solution of
soap and water for the front panel, Low pressure compressed air may be used to blow dust from in and around
components on the printed circuit boards. |

4.3 Troubleshooting

Units requiring répair during their warranty period should be returned to Sorensen for service, Unauthorized
repairs performed by anyone other than Sorensen Company during the warranty period may void the warranty.
Any questions regarding répair should be directed to the Service Departiment, Sorensen Company, Division of
Elgar Company. |

POTENTIALLY LETHAL VOLTAGES EXIST IN THE POWER CIRCUIT. Filter

capacitors store potentially dangerous energy for some time after power is removed.
Repairs should be attempted by experienced technical personnet only. Be sure to isolate
the power supply from the input line with an isolation transformer when using grounded
test equipment such as an oscitloscope in the power circuit.

4.3.1 Preliminary Checks

If the power supply displays any unusual or erratic operation shut the power supply off immediately and disconnect
it from the AC power source. Check all load, programming and monitoring connections and circuits. Check the
AC input for correct voltage and frequency. Cotrect any problems found and retest the system. If no problems are
found or the unit fails 1o operate correctly upon retesting proceed with internal troubleshooting as described below.

4
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4.3.2 Internal Troubleshooting A

Afier reading the caution in Section 4.3 and completing the preliminary checks described in Section 4.3.1, remove
the cover and proceed with internal troubleshooting using the information contained in Figure 4-1 as a guide to
isolate the problem to a specific area of the circuit. Refer to the schematics in Section 6 and the theory of
operation in Section 3 for additional information,

4.4 Calibration

Calibration on the A2 assembly is accomplished using multiturn trimpots. The list below provides the circuit
designation of the trimpot and the parameter affected by that part. Calibration is performed at the factory during
testing, and recalibration should be unnecessary unless major repairs are required. Calibration can be
accomplished only with the cover removed.

CIRCUIT DESIGNATION | ASSEMBLY PARAMETER AFFECTED

R7 A2 Output Current Monitor Calibration
R46 A2 Output Current Monitor Offset

R47 A2 Current Control Circuit Offset

R48 A2 Cutput Current Range

RS2 A2 Voltage Control Circuit Offset

R53 Al Output Voltage Range

R8 M15 Option Board Program Range Adjust

R1} M135 Option Board Program Offset Adjust

NOTE: Consult the factory for full calib ration requirements.
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