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SORENSEN FIVE-YEAR WARRANTY

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

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

Sorensen is promptly notified of defects by the Buyer 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 container;

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

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

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

CONDITIONS OF WARRANTY

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

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

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

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

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

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

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

1.1 PURPOSE

This manual contains operation and maintenance data on the SRL series power
supplies. The purpose of the manual is to familiarize the user with unit func-
tions, to introduce the varied configurations to which the unit is convertible, and
to provide the necessary maintenance data to assure long operating life.

Six major sections form the content of this manual. Section 1 contains a des-
cription of the series, highlights important features, and tabulates complete spe-
cifications. Inspection and initial checkout procedures are covered in section 2. -
Operation procedures are outlined in section 3. Section 4 details the theory of
operation, and section 5 provides maintenance, service and repair instructions.
Schematics, parts lists, operating curves and waveforms are included in section 6.

1.2 . DESCRIPTION

The SRL series consists of seven convection cboled models in the 250W to 500W
range, and seven fan cooled models in the 500W to 2 kW range. Both have out-
puts ranging to 60 Vdc. Differences in models are noted as applicable.

1.2.1 Physical

SRL power supplies are designed for either bench or rack mounted use, and for
easy component accessibility. All controls used in normal operation are mounted
on the front panel. Power outputs up to 25 Amperes may be taken from the unit
front mounted binding posts. The mode selector terminal board is at the rear of
the supply. Through manipulation of the terminal board links, the functions of
voltage/current mode programming, remote sensing and parallel operation are
obtained. Output terminals are also provided at the rear of the unit.

Models 20-12, 40-6 and 60-4 have an input fuseholder, and use a front panel
power switch. The other convection cooled models (SRL 10-25, 20-25, 40-12, and
60-8) and all fan cooled models (SRL 10-50, 10-100, 20-50, 40-25, 40-50, 60-17,
and 60-35) use a circuit breaker. :

1.2.2 Functional

The SRL power supplies provide a precisely regulated dc output, adjustable
over a wide range. They operate from any of three available ac inputs, and
exhibit rapid response to transients, both load and .ine. Unit characteristics
are outlined in specifications table 1-3 and 1-4.

All semiconductors used in the SRL series are silicon types, and contribute
significantly to the unit ambient temperature characteristics. High dissipation
transistors are mounted to a cast aluminum alloy heatsink; low dissipation devi-
ces are located on a plug in printed circuit board.

Introduction 1-1 _ Rev B (3/84)



Table 1-1 SRL Panel Controls/Indicators (Convection Models)

Control - Function
POWER Switch: (CB 1/S1) Applies ac line voltage to input of
S1 (Models 20-12, 40-6, 60-4) put of power supply.

CB1 (Models 10-25, 20-25,
40-12, 60-8)

POWER Light (DS1) Illuminates when POWER switch is in
the ON position. (And internal -fuse
is not blown).

OVERVOLTAGE SET (S2) Momentary toggle switch, when de-
pressed causes panel dc VOLTS meter
to indicate overvoltage trip level.

OVERVOLTAGE ADJ (R85) Recessed potentiometer to adjust trip
‘ level of overvoltage circuit.

OVERVOLTAGE INDICATOR (DS2) Illuminates when limit set by OVER-
' VOLTAGE ADJ (R85) has been exceeded
by the power supply output voltage.

VOLTAGE Controls (R53A, R53B) Provide coarse and fine adjustment
: of output voltage. (Voltage Mode)
DC VOLTS Meter (M1) Provides direct readout of voltage
selected by voltage controls.
DC AMPERES Meter (M2) Provides direct readout of load cur-
( rent.
CURRENT Controls (R18A, R18B) Provide coarse and fine adjustment
of output current. (Current Mode)

R85
RS3A
os1 R53B ; " R18A
cs1/31 /['M /f’ 2 /‘;;R1BB

H == & ]

Vﬂ."‘ﬂ L

C)C)C) - ree

o (=3

Figure 1-1 Front Panel Controls and Indicators (Typical) (Convection Models)
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Table 1-2 SRL Panel Controls/Indicators (Fan Cooled Models)

Control . Function
POWER light (DS1) Illuminates when POWER switch is in
the on position.
OVERVOLTAGE SET (S2) Momentary toggle switch, when de-

pressed causes panel DC VOLTS meter
to indicate overvoltage trip level.

OVERVOLTAGE ADJ (RS85) Recessed potentiometer to adjust trip
level of overvoltage circuit.
OVERVOLTAGE INDICATOR (DS2) Illuminates when limit set by OVER-

VOLTAGE ADJ (R85) has been exceeded
by the power supply output voltage.

DC VOLTS Meter (M1) Provides direct readout of voltage.

DC AMPERES Meter (M2) Provides direct readout of load cur-
rent.

CURRENT Controls (R18A), (R18B) Provide coarse and fine adjustment
of output current. (Current Mode)

VOLTAGE Controls (53A, R53B) Provide coarse and fine adjusﬁment
of output voltage. (Voltage Mode)

THEMAL OVERLOAD (DS3) Illuminates when unit temperature ex-

ceeds a preset limit.

POWER Switch (CB1) Turns on the power supply.

3 o :

SO ALy
OVERVOLTACE

Sorensen
SAL 40-38
Fower Supoly

Figure 1-2 Front Panel Controls and Indicators (Typical) (Fan Models)
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1.2.2.1 Operating Modes

SRL models have two basic operating modes: constant voltage and constant cur-
rent. In the former, the output voltage is regulated .by the front panel sel-
ected or programmed value, and the output current varies with the load. In
constant current operation, the output current is regulated at the selected va-
lue while the output voltage varies as a function of load.

1.2.2.2. Automatic Crossover

The automatic crossover capability enables the unit to transfer operating modes as
a function of load requirements. If, for example, load current attempts to in-
crease above the setting of the current adjust control, the unit will switch opera-
tion automatically from the voltage to the current mode. If the load requirements
are lowered, return to the voltage mode will occur automatically.

1.2.2.3 Remote Programming

Any SRL model may be remotely programmed, that is, its output may be altered
from a distant location in either the voltage or current mode by introducing a
calculated resistance or signal into the appropriate programming circuit. This
may be readily accomplished through the link arrangements at the rear terminal
board.

1.2.2.4 Remote Sensing

Terminals located on the rear terminal board offer the means of extending a unit's
regulating point from the output terminals to the load. This, in effect, compen-
sates for variations in the load lead voltage drop. The maximum drop for which a
unit will compensate is one volt per load lead.

1.2.2.5 Series Operation

For applications requiring voltages higher than a single SRL can provide, a
number of units may be connected in series. Maximum system output is specified
at 200 Vdc. Unit connections are illustrated in Section 3. Regulation in series
operation is the sum of the regulations for all units. In series operation, exter-
nal rectifiers to protect units against reverse voltage, developed by a unit mal-
function, are unnecessary. Reverse voltage protection is designed into the unit.

1.2.2.6 Parallel Operation

Parallel operation may be used to service those applications requiring a higher
output current than a single SRL can provide. Unit connections are illustrated in
section 3. Paralleling is indirect through a master/slave approach, i.e. , the amp-
lifier of the master unit controls the output of all units in the system. In parallel
operation, the maximum output current of each unit is derated to 90%.

1.2.2.7 Protection Features

_Protectiqn against the effects of overloads and internal short circuits is providéd;
In the first case, by automatic crossover, and in the second by the input fuse or

Introduction 1-4 Rev B (3/84)'



circuit breaker. In addition, open sensing leads or links will not drive the unit
into high output voltage. ‘Internal rectifiers preclude this by clamping the output
to approximately 1-1/2 volts above output setting.

Internal control circuitry is protected by a fuse connected in the primary of the
input transformer.

Fan cooled units are additionally protected by a thermostatic control circuit to
. automatically shut the unit down in the event of thermal overload.

Introduction 1-5 Rev B (3/84)
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2.1

SECTION 2
INSTALLATION

GENERAL

After unpacking, initial inspections and preliminary checkout procedures should be performed
to assure that the unit is in good working order. Basically these consist of visually checking for
damaged parts and components, and making an electrical check. Procedures are given in this
section to check the unit in voltage and current modes of operation. If it is determined that the
unit is damaged, the carrier should be notified immediately. The carrier claim agent will then
prepare a report of damage. The user is required to send this report to Sorensen 9250 Brown
Deer Road San Diego, CA 92121-2294. Sorensen will advise the user as to what action is
required to repair or replace the supply.

2.2

INITIAL INSPECTION

Proceed as follows to inspect for damage incurred during shipment, prior to
applying ac power: '

1.

Inspect panel and chassis for dents, paint chips and obvious signs
of structural damage.

For units with rear mounted fuseholder, assure that holder contains
a properly rated fuse. Fuse ratings for both 115 and 220/230 vdc
inputs appear above the holder. .

Turn front panel controls from stop to stop. Rotation should be smooth.

Set POWER switch to ON and then OFF, then test OVERVOLTAGE switch
for proper mechanical action.

Check for cracked or broken indicator lamp lens.

Inspect for cracked meter windows. If pointer is off zero, reset using
a_d]ust screw. (To minimize effects of static electricity causing deflec-
tion, touch meter window and chassis with fingers of one hand).

Check input cord for physical damage. Tug lightly on cord near chas-
sis to make certain relief grommet grips cord.

Inspect terminal boards. On TB2, links should be firmly connected
across terminals 1, 2, 3 and 4, 7 and 8, 9 and 10. Check that sensing

leads are properly connected between TB3-1 and TB2-5, and TB3-3
and TB2-6.

Re.move - screws retaining top cover to chassis. Inspect printed cir-
cuit board and components for damage. '

Unit mounting and installation dimensions are shown in figures 2-1, 2-2, and 2-3.

Installation 2-1 Rev B (3/84)




2.3 ELECTRICAL INSTALLATION

Sorensen's high power SRL models 40-50 and 60-35 are factory wired for 190-230
Vac inputs (order M2 for 210-250 Vac input). Other models of SRL power supplies
are factory wired to accept 105-125 Vac (standard model), 190-230 Vac (M1 model)
or 210-250 Vac (M2 model). Low power units are provided with a factory wired
power cord. This cord terminates externally in a three prong polarizgd plug
through the line cord, and therefore insertion of the plug into a compatlb}e re-
ceptacle will automatically ground the unit. If a grounded input Is not available,
use an adapter, making sure that the external lead of the adapter is well ground-
‘ed. For units not equipped with a line cord intact, connect 3 wire input leads to
terminals 1, 2 (GRD) and 3 on input terminal board TB1 at the rear of the supply.

CAUTION

If chassis is not grounded, case will be at
approximately 55 Vac due to RFI capacitors
connected between AC line and chassis. This
can produce an unpleasant (although not dan-
gerous) electrical shock. '

2.4 ELECTRICAL INSPECTION

The following paragraphs describe the procedure for making an initial electrical
inspection. If specification verification is required, refer to section 5, Mainte-
nance.

2.4.1 Voltage Mode

To check voltage mode operation, proceed as follows:

1. Rotate COARSE CURRENT control and COARSE VOLTAGE controls fully
counterclockwise.

2. Rotate FINE CURRENT control fully clockwise.

NOTE

Do not loosen or remove interconnecting links of
terminal boards.

3. Insert power cord into a suitable receptacle, and set POWER switch
to ON.

4. Slowly rotate the COARSE VOLTAGE control clockwise. Minimum range
should be from 0 to maximum rated output voltage (table 1-3 or 1-4).

5. Set POWER switch to OFF.
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2.4.2 Current Mode

To check current mode operation, proceed as follows:

1. Rotate COARSE VOLTAGE control and COARSE CURRENT controls fully
counterclockwise.

2. Turn FINE VOLTAGE control fully clockwise.

3. Short output terminals, using appropriate size wire.
(rear terminals only for units of 25 amperes and above).

4. Set POWER switch to ON.

5. Rotate COARSE CURRENT control slowly clockwise. The control range
should be from "O" to the maximum rated output (table 1-3 or 1-4).

6. Set POWER switch to OFF.

Installation 2-3 Rev B (3/84)
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SECTION 3
OPERATION

3.1 GENERAL

In this section, procedures required to convert an SRL unit to any of its various
operating configurations are presented, including local and remote sensing, vol-
tage and current mode programming, and series and parallel operation. Unit
controls and indicators have been illustrated and described in section 1.

3.2 VOLTAGE MODE OPERATION

3.2.1 Local Sensing

All models in the SRL series are shipped ready for use with local sensing, i.e.,
sensing point is at the output terminals. If variations in load lead drops are
expected to be high relative to unit's specified regulation, remote sensing should
be used (paragraph 3.2.2).

- To operate unit in local sensing, proceed as follows:

1. To set current limit value, short the unit output terminals. Set panel
CURRENT control to zero (fully counterclockwise). Set POWER switch
to ON, and use CURRENT control to adjust current limit value, not to
exceed 110% of rated current.

2. Set POWER switch to OFF, remove short.

3. Apply input power, and rotate COARSE and FINE VOLTAGE controls
to obtain desired output. Set POWER switch to OFF.

4. Observing polarity, run load leads to either front or rear output termi-
nals. At rear terminals, link should be fitted between binder screw
head and lead.

NOTE

Some models do not include front panel output
terminals.

5. Set POWER switch to ON.

3.2.2 Remote Sensing

To adapt unit for remote sensing operation, follow procedures outlined in para-
graph 3.2.1. Before setting POWER switch to ON, remove wire sense leads be-
tween terminals TB3-1 and TB2-5 and TRB3-3 and TB2-6. Then connect sensing
leads, observing polarity, to TB2-5 and TB2-6. Use coaxial cable or a twisted
pair of wires for sensing leads and make certain that the leads are firmly con-
nected to unit terminals and load. Current in the sensing leads is below 100 mA.

In remote sensing, standard programming operation, transient response charac-
teristics may degenerate slightly.

Operation 3-1 , Rev B (3/84)



3.2.3 Remote Programming

In voltage mode, remote programming operation, unit output voltage is controlled
by external resistance or voltage signal commands. Fither type may be used.

3.2.3.1 Resistance Programming

If the output voltage is to be controlled by resistance programming, calculate the
resistance required using the ratio of 200 * 0.5 ohms per volt, that is for every
volt of output desired approximately 200 ohms are required. In selecting a pro-
gramming resistor, choose one with a low temperature coefficient (20 ppm/°C)
and a wattage at least twice that calculated (programming current is normally 5
ma).

Note that resistance programming may also be used to imprové the unit drift char-
acteristic. For example, if a fixed output is required, a fixed resistor may be
selected. This eliminates the variable contact resistance which is inherent in any
potentiometer and which contributes to the drift characteristic. If abrupt chan-
ges in output voltage are to be made by switching the programming resistance,

use a make-before-break switch.

To adapt unit to resistance programming, proceed as follows:

a. Short unit output terminals with current control set to zero (CCW). Set
POWER switch to ON. Use the CURRENT control to adjust current limit
value.

Set POWER switch to OFF, remove short.
Rotate VOLTAGE controls fully counterclockwise.

d. Remove link between terminals TB2-3 and TB2-4, and connect pro-
gramming resistor. Use twisted or shielded wire for leads.

0

NOTE

Operating the unit with open programming leads
or links may result in either low or high output
voltage.

With the programming resistor connected across
terminals TB2-3 and TB2-4, the VOLTAGE con-
trol remains in the circuit. Rotation of this
control will alter the programmed voltage. |If
this is undesirable, connect the resistor across
terminals TB2-3 and TB2-6 to effect complete
bypass. If step changes in output voltage are
to be made by abrupt resistance alterations, use
make-before-break switching.

3.2.3.2 Changing of Programming Constant

If it becomes desirable to change the programming constant, the wvalue of R21
(programming constant resistor) may be determined as in the following example.

Operation 3-2 Rev B (3/84)




Example: To change the programming coefficient (Pc) from 200 ohms per
volt to 1000 ohms per volt, calculate the new value of R21:

R21 = Vref X Pc
where Vref is the voltage across C11 (approximately 9 volts). thus;
R21 = 9 volts X 1000 ohms/volt = 9000 ohms

' . 9 volts - -
The current through R21 is then 9000 ohms - ! milliampere.

As noted before, the programming resistor should have a low temperature
coefficient and a wattage rating at least twice that of the calculated rating.

To adapt unit to a different resistance programming constant, proceed as follows:
a. Rotate VOLTAGE controls fully counterclockwise.

b. Remove the link between TB2-1 and TB2-2. Install programming cons-
tant resistor R21 between TB2-1 and TB2-3 and adjust Vref until the
ratio of Vref/R21 is exactly 1 milliampere, or the calculated reference
current. This can be done by inserting a resistor in place of R53A
(between TB2-3 and TB2-6, with TB2-3 and TB2-4 open) equal to Eout
max/lmA and adjusting the voltage reference potentiometer R9 until
Eout is exactly equal to Eout max.

c. Deterioration of the voltage regulation will occur as the programming
constant is increased, due to the effect of the offset current, and will
be proportional to the increase of R21. As an example, if the contri-
bution due to offset current at 200 ohms per wvolt is 0.002%, at 1000
ohms per wvolt approximately 0.01% contribution to regulation might be
expected.

3.2.3.3 Voltage Signal Programming

To adapt unit for voltage signal programming proceed as follows:
a. Unity Gain (1V/V) (Figure 3-1)
1) Remove the input power.
2) Remove the link between TB2-1 and TB2-2.
3) Remove the link between TB2-3 and TB2-4.

4) Connect the signal programming source between TB2-3 and TB2-6
using a series resistor Ri as shown on Figure 3-1. Select Ri based
on the rated maximum voltage of the SRL and 200 ohms per -volt
(e.g., 60V SRL units will use Rj of 12K). Use a precision 1/2
watt resistor such as the RL 20S type. Observe the proper pola-
rity of signal source (negative) on TR2-6.

5)  With this modification, the SRL will produce a one volt output for

one volt of signal. Do not exceed the rated output voltage of the
SRL.
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NOTE

The stability and regulation will be a function
of the signal source stability. This source re-
quires an output current rating of 5mA dc, with
its output floating (ungrounded).

@—/V;M—
A +
] @ Vs
: ®
Vout | N\ -
- &/

Figure 3-1 Unity Gain

@ 782

RS3

Figure 3-2 Variable Gain
b. Variable Gain (Figure 3-2)

1) Remove the link between TB2-1 and TB2-2.
2) Remove the link between TB2-3 and TB2-4.

Operation 3-4
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3) Place Ri (1.78K suggested) in series with the signal source and
connect as shown in Figure 3-2 between TB2-3 and TB2-5, obser-
ving the proper polarity.

4) As with the previous method of prbgramming, stability will be a
function of the signal source stability, its internal impedance, and
the stability of Ri and Rp.

In this mode of operation Vo = Vs Rp/Ri assuming the effects of amplifier offset
"~ and signal source impedance are negligible. Thus the gain is determined by the
ratio Rp/Ri. It is suggested that Ri be made equal to 1.78 kohm or less to
minimize the effect of offset voltage. Ri and Rp should be stable resistors (10
ppm/°C or less). Note that the front panel VOLTAGE control R53 may be sub-
stituted for Rp if TB2-3 and TB2-4 are linked.
3.3 CURRENT MODE OPERATION
To operate an SRL unit in the current mode, proceed as follows:

1. Rotate all front panel controls fully counterclockwise.

2. Short the output terminals.

3. Rotate FINE VOLTAGE control clockwise, and close POWER" switch.

4. Turn COARSE and FINE CURRENT controls clockwise to select the
desired output current.

5. Open POWER switch and remove short from output terminals.

6. Set POWER switch to ON and adjust output voltage to desired compli-
ance setting.

7.  Open POWER switch, and observing polarity, connect load to terminals
TB3-1 and TB3-3. Reapply input power.

NOTE

If compliance voltage exceeds voltage control
setting, crossover to voltage mode operation
occurs automatically.

3.3.1 Remote Programming

In current mode, remote programming operation, the regulated output current may
be controlled externally by resistance changes or voltage signals.

3.3.1.1 Resistance

For resistance programming, calculate the value of resistor required by using the
ohms/ampere coefficient listed in Table 3-1.
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Table 3-1 Programming Constants (Current Mode)

Resistive Voltage
SRL Model Ohms/Ampere (+10%) Millivolts/Ampere (£10%)

10-25 40 : 20
30-12 80 80
20-25 40 20
40-6 150 150
40-12 80 80
60-4 250 250
60-8 125 125
10-50 20 8
10-100 10 2.5
20-50 20 8
40-25 40 20
40-50 20 8
60-17 60 40
60-35 28 15

Note: Use a resistor with a low temperature coefficient (+20 ppm/°C), and
a wattage rating at least twice that of the calculated value (normal
programming current is approximately 1 milliampere).

To adapt unit for current mode, resistance programming operation, proceed as
follows:

a. Close POWER switch, adjust output voltage to desired compliance
setting.

b. Open POWER switch and rotate CURRENT controls fully counter-
clockwise.

c. Remove link between terminals TB2-7 and TB2-8, and replace with
programming resistor.

CAUTION

Operating unit with open programming leads or
links will result in high output current with
possible crossover to wvoltage mode. If ~step
changes in output current are to be made by
abrupt resistance alterations, use make-before-
break switching.
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d. Run load to terminals TB3-1 and TB3-3, observing polarity.

e. Set POWER switch to ON. Unit supplies regulated programmed
current to the load.

NOTE

Any rotation of the CURRENT control alters the
output current. Dangerous output currents may
result. The panel current knobs may be re-
moved if desired.

3.3.1.2 Voltage Signal

To adapt an SRL unit to voltage signal programming, connect the programming

device as shown in Figure 3-3 and follow the procedure listed below. This method
will alleviate the possibility of damage to the equipment by inadvertent application
of too high a programming wvoltage by presetting a current limit "threshold".

The external program power supply must have an OP-AMP output, capable of
sinking 1 mA through CR1l. External sense must be used as shown. Do not
ground either the positive or negative terminals of the program power supply.

See Unit Specifications Table 1-3 or 1-4, CURRENT MODE AMPS/AMP heading for
the program constant. (The full scale voltage varies from 250 mV to 1V de-
pending on model.

NOTE

CR2 and CR3 are used to clamp the + program
terminal from exceeding negative 1.5 wvolts to
protect the SRL.

CAUTION

Do not program SRL current by direct connec-
tion between the program power supply and the
SRL. This will defeat the SRL power limiting,
circuit. (See Section 4, para. 4.3).

CAUTION

Do not rotate the panel current adjust controls
from the OFF position since dangerous SRL out-
put current may result when overloaded.
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Figure 3-3 Current Programming by Voltage Signal

Procedure:

1. Set the front panel current controls (R18A and RI18B) fully counter-
clockwise (OFF). The control knobs should be removed to prevent ac-
cidental use.

2. With the program power supply OFF, and: the (+S) lead disconnected
from the program power supply, short the SRL output terminals. Set
R1 trimmer at 50% rotation.

3. Turn the SRL ON. Adjust R1 trimmer for 110% of rated output cur-
rent.

4. Turn the SRL OFF. Reconnect the (+S) lead to the program power
supply and turn it ON. Turn the SRL ON.

5. The external program power supply must have an op-amp output, capa-
ble of sinking 1 mA through CR1. External sense must be used as
shown. Do not ground either (+) or (-) terminal of external program
power supply.

6. See unit specification Table 1-2 "CURRENT MODE VOLTS/AMP" for
program constant. (The full scale voltage varies from 250 mV to 1V
depending on model).

7. Note that overvoltage from the program power supply will not exceed
the preset maximum Iout (as set by R1 trimmer).

3.4 SERIES OPERATION

For applications which require voltages higher than a single SRL model can pro-
vide, series operation may be utilized. The maximum rated output of any series
connected system is 200 Vdc. System regulation is the sum of the regulations for
all units. In SRL models, there is no need to connect reverse voltage rectifiers
across the output terminals. Reverse voltage protection has been designed in.

3.4.1 Local Sensing Figure 3-4 (a)

To connect units in series with local sensing, proceed as follows:

1. Adjust the output voltage of each unit so that their sum is equal to
the desired system output. Set POWER switches of each unit to OFF.
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2. Disconnect links between terminals TB3-1 and TB2-5, and TB3-3 and
TB2-6 of each unit.

3. Reconnect load and sensing leads as shown in figure 3-4, (a).

4. Set POWER switches to ON. The system supplies regulated voltage
to the load.

3.4.2 Remote Sensing Figure 3-4 (b)

To connect units in series, remote sensing, remove leads from terminals TB2-5
and TB2-6. Observing polarity, connect coaxial cable or a twisted pair of wires
from TB2-5 and TB2-6 across load as shown.

NOTE

“Wherever possible, use twisted or shielded
leads. At load and unit terminals, place sen-
sing leads between binder screwhead and load
lead.

3.5 PARALLEL OPERATION

Parallel operation may be used to obtain currents greater than any single model
can supply. Up to three units may be connected in this manner. The maximum
rated output of any parallel connected system is the sum of the maximum outputs
of each unit, derated to 90%.
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3.5.1 Local Sensing Figure 3-5 (a)

To connect additional units in parallel with local sensing, proceed as follows:

1. Apply nominal input power to MASTER unit, and adjust output to de-
sired load voltage. Set POWER switch to OFF.

2. Short master unit output terminals and apply input power. Adjust
output current to Io/X, where Io is the total system output current,
and X is the number of units in the system. Set POWER switch to
OFF.

3. At SLAVE units, remove links from across terminals TB2-3 and TB2-4,
and TB2-9 and TB2-10. Connect a lead between TB2-10 terminals of
each unit.

4. Observing polarity, run leads from the load to terminals TB3-1 and
TB3-3 on each unit, with (2) diodes connected as shown in (a) of
figure 3-5.

NOTE

Assure the diodes have a current capability at
least equal to its associated supply. Connect
anode to load in each case. A suitable heatsink
is required for each diode.

5. On each unit, open lead between terminals TB2-6 and TB3-3, and
connect a lead from TB2-6 to the anode of the diode.

3.5.2 Remote Sensing Figure 3-5 (b)

For remote sensing, remove existing leads from terminals TB2-5 and TB2-6. Ob-
serving polarity, connect coaxial cable or twisted pair of wires from TB2-5 and
TB2-6 of master unit across load as shown.

3.5.3 Overvoltage Protection (OVP)

A special circuit in the SRL series allows the operator to set the desired over-
voltage trip point without disturbing the voltage output of the supply. This
feature enables the trip point to be set and verified even with the load connec-
ted. Proceed as follows:

1. Depress the OVERVOLTAGE SET toggle switch on the front panel.
The panel voltmeter will then indicate the OVP trip voltage, instead of
the unit output voltage.

2. Adjust the recessed overvoltage ADJ screw on the front panel until
the voltmeter indicates the desired trip voltage.

3. Release the toggle switch.
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Resetting is accomplished by placing the unit POWER switch to OFF momentarily.
To avoid nuisance tripping, it is recommended that the ovp trip point be set at
least 10% above the desired output voltage, but not less than 1 volt.
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SECTION 4
THEORY OF OPERATION

4.1 GENERAL

If used as a supplement to the troubleshooting data provided in section 5, it will
aid in the isolation of unit faults, Schematic locations and reference designations
used throughout this section will be found in figure 6-2. _

4.2 SCR PREREGULATED SERIES PASS PRINCIPLE

The SRL utilizes a combination of SCR preregulation and series pass principles
to regulate unit output. The series pass function utilizes a variable impedance to
absorb the difference between the filtered dc and the desired output voltage in
the voltage mode, and the compliance voltage in the current mode. The variable
- impedance is provided by a number of transistor stages connected in parallel, all
of which react simultaneously to an output related control signal. Operation of
the transistors, which are called passing stages, is illustrated in Figure 4-1.

ABSORBED

INPUT VOLTAGE VOLTAGE

REGULATEL
OUTPUT

\
\
\

PASSING
STAGE

—P— -\ Vond ——
-ﬁ—l-
[

———<@— CconTROL

Figure 4-1 Series Pass Principle
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For wide range power supplies such as those in the SRL series, the series pass
regulator becomes less practical at higher power output levels. This is due to
excessive voltage stored in the passing stage transistor at lower supply output
voltages. The method used to restrict the power dissipated in the passing stage
i1s preregulation, utilizing a pair of silicon-controlled rectifiers (SCR) whose out-
puts are controlled to maintain a constant dc voltage across the passing stage.
(Paragraph 4.3.6 describes the operation of the preregulator circuit).

4.3 SRL POWER SUPPLY THEORY

NOTE

For this system ievel discussion refer to the
block diagram (Figure 4-2) and system sche-
matic in section 6 (Figure 6-2).

Input power is applied through a phase controlled SCR circuit consisting of CR
15/16, which function as part of the system preregulator circuit, to input trans-
former T1. The transformer output is then rectified and filtered through full-
wave bridge rectifier CR18 and sent through the passing stage, consisting of Q13
and associated components. It is then applied across the output through current
and voltage sensing elements.

This passing stage is the regulating device absorbing the difference between the
preregulated dc and the desired or compliance voltages. In voltage regulating
operation, the voltage mode section Q7, Q8, Q10 senses the output voltage,
develops and amplifies error signal, and feeds this signal through a number of
drivers to the passing stages. In current regulating operation, the current mode
section (Q3 and Q5) monitors the output current through a sensing resistor (R41)
and regulates the voltage developed across the resistor by applying control signals
to the drivers and consequently the passing stage. Unregulated supplies provide
reverse bias and collector supply voltages to the passing stages and forward bias
for the current mode differential amplifiers.

The voltage across the passing stage is sensed by a transistor (Q18) through R66
in the preregulator circuitry, and compared to a reference voltage developed
across R62. Any differential voltage across the base emitter junction of Q18 is
fed back as an error signal to the input SCR through preregulator amplifier (Q17),
bulse generating circuitry (Q16) and pulse transformer T3.

An overvoltage amplifier (Q19, Q21-24) compares the output wvoltage to an ad-
justable reference, set by R85. If this reference is exceeded, the amplifier
triggers a crowbar, (CRS50) which shorts the output of the unit. At the same
time, the unit control circuitry is shut off. The unit must be switched off to
remove this electronic short circuit.

4.3.1 Reference Supply

The precisely regulated voltage required for output comparison and error signal
development is provided by the following: a reference supply (unregulated supply
T2, CR1 and CR4), capacitor (C6), an error bridge (R5, R9 and CR5), two
double differential amplifiers (Q2), and a low power passing stage (Ql). Resistor
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R2 is a starting resistor, i.e., at turn on it shunts current across the passing
stage to allow the reference supply to start functioning.

In general, the supply operates as follows: The precise reference voltage de-
veloped by zener diode CRS is compared with a portion of the output voltage
developed across R9. The error signal which develops is amplified first by dif-
ferential amplifier (Q2-1/2-2) and then by amplifier (Q2-3/2-4). The amplified
signal is then applied to the base of Q1, where it alters stage impedance and
therefore the absorbed voltage.

As a specific example of circuit operation, assume that, as a result of an imput
line change, supply output voltage starts to increase. The ‘'voltage across RS will
then increase, and the base of Q2-2 will become more positive with respect to the
base of Q2-1. Q2-2 will then conduct more current and Q2-1 less. (Note that
the sum of the currents through Q2-1 and Q2-2 is held constant by the zener
voltage across R8). With an increase in current, the voltage developed across R7
increases, while that across R6 decreases. The base of Q2-4 will therefore become
more negative with respect to the base of Q2-3. As a result, Q2-4 will conduct
less current, and the drive on Q1 will diminish. Q1 will increase its absorbed
voltage, thereby regulating the output to a precise 8.9 volts.

4.3.2 Voltage Mode Section

The voltage mode section consists basically of two double differential amplifiers
(Q10-1, Q10-2, and Q7, Q8), a constant current generator (Q10-3) and sensing
string (R21, R53A and B). The section functions to sense unit output voltage,
to detect differences between the desired and the actual output voltages, and to
convert and amplify these differences into error signals used to control the pass-
ing stage (Q13) impedance.

To clarify circuit operation, a specific example is given. Suppose that as a
result of a load change the output voltage begins to increase. The increase is
sensed across R53A and B, and Q16 base becomes more negative with respect to
the base of Q10-2, which is connected to the positive sense terminal TB2-5.
Current through Q10-1 decreases while that through Q10-2 increases. (The sum
of the Q10 operating currents is fixed by constant current generator Q10-3, R37,
CR12 and 13). The decreasing current through R23 lowers its voltage while that
across R24 increases. As a result, the base of Q7 becomes less negative with
respect to the base of Q8, and the Q7's operating current decreases. This
operating current is then the signal current to the drivers and passing stages,
and any changes in it are reflected in changes in passing stage impedance and
consequently output voltage. A constant current source consisting of Q3-3 and
R44 keeps Q7 operating in the high gain region. A decrease in signal current,
resulting from an increase in output voltage, increases passing stage impedance to
reduce the output to the desired voltage.

Transistor Q9, diode CR10 and resistor R24 form the down programming time cir-
cuit. Under normal operating conditions, Q9 is nonconducting due to insufficient
base emitter wvoltage. However, when a programming resistance or voltage signal
change is made to lower the output voltage, Q9 goes rapidly into conduction and
almost instantaneously shunts the signal current into the sensing string. As a

;esult, no signal is impressed on the drivers and the passing stage impedance
Increases, absorbing more voltage.
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As the bases of Q16 and Q17 regain their equilibrium, Q9 reverts to its noncon-
ducting state, and normal regulation at the programmed voltage takes place.

4.3.3 Power Limiting Circuit

In normal operation the passing stage voltage is kept constant by the preregu-
lator. When the output is shorted, the voltage, and thus the power dissipated
by the passing stage will exceed the maximum limits until input capacitor C23
reaches its maximum value. Therefore a power limiting, or protective circuit con-
sisting of Q15, R49 and associated components has been included to limit the cur-
rent through the passing stage.

Transistor Q15 senses the voltage across R49, as the voltage across the passing
stage. In normal operation, the base/emitter junction is reverse biased, and no
collector current flows. As the passing stage voltage increases, the base of Q15
becomes more positive with respect to the emitter and turns Q15 on. The collec-
tor curreut then absorbs the current mode reference current from Q6. This
lowers the maximum current capable of being delivered by the passing stage, thus
limiting the power dissipation.

4.3.4 Current Mode Section

The current mode section serves two functions. 1n constant voltage operation, it
protects the load from excessive currents by limiting action and in constant cur-
rent operation, it regulates the output current to the desired value. Majn com-
ponents include differential amplifiers R41l, switch (Q3-3) and potentiometers
(R18A/B). RI15 is a calibration resistor used to adjust amplifier Q5-1 and Q5-2
to the zero set point. '

Basically, the current section functions as follows: the voltage across sensing
resistor R41, developed by the load current, is compared to a fixed reference.
This reference is derived from 8.9 V regulated supply and the constant current
generator (Ul, R17 and Q6). Any error signal which develops is amplified first
by @5-1 and Q5-2, and Q3-1 and Q3-2, and then by Q3-1 and Q3-2. A constant
current source composed of Q4, R12, CR6 and CR7 is used to increase the
collector impedance of Q3-2 and consequently the gain of this stage. The
amplified signal is then applied to the base of switch Q3-3, which then functions
as a variable impedance to control the signal from the voltage mode section to the
driver and passing stages. It should be noted that the signal from the voltage
mode section is at full strength and that, in voltage mode operation, Q3-3 is
saturated.

As a specific example of current mode operation, suppose that the load current
begins to drop below the setting of the output current adjust, R18A and B. The
voltage across R4l decreases, and the base of @5-1 becomes negative with respect
to the base of Q5-2. The operating current through Q5-1 increases and more
voltage builds up across R31. The base of Q3-1 becomes more positive with res-
pect to the base of Q3-2. The voltage developed across R10 drops, and the drive
on Q3-3 increases. Q3-3's impedance will decrease, and the signal current to the
drivers and passing stages will be greater. Consequently, passing stage imped-
ance decreases, and output current increases to the regulator setting.
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4.3.5 Drivers and Passing Stages

Basic components in the drivers and passing stages include transistors Q1l1/14,
- Q12, and Q13. Driver Q11/14 amplifies the signal produced by either the volt-
age or current mode sections, and applies to it the base of Q12 for further amp-
lification. The amplified signals are then applied to the passing stage bases
where they act to alter the stage impedance, thereby controlling the output volt-
age or current. R40 assures equal current sharing among the passing stage.

4.3.6 Preregulator

The preregulator section consists of the following: reference transistor Q20,
amplifiers Q17 and Q18, pulse generator Q16, and transformer T3. The function
of the preregulator is to generate and control the firing pulses for the input
SCR, thus controlling the voltage appearing across the passing stage network.

The pulse regulator section consists primarily of reference transistor Q20, capa-
citor C39, and zener diode CR38. This circuit produces pulses at the secondary
of T3 which are synchronized to the zero crossing of the input sinewave voltage
of T2 (see Figure 6-7). CR38 maintains a constant voltage to operate the uni-
junction transistor Q16. When the input sinewave voltage goes to zero at the end
of each half cycle, the zener voltage collapses toward zero. Unijunction Q16
fires and resets the voltage across C39, which then recharges through R60 to a
pedestal voltage established by the voltage at the collector of amplifier Q17.

Q16 will fire when its firing potential, predetermined at approximately 50% of
the voltage across CR38, is reached by C39. A firing pulse is then produced
and transmitted to the SCR through T3. The time taken for C39 to charge to the
firing potential is controlled by the level of the pedestal voltage, which is a
function of the collector current of Q17. The base of Q17 is driven by the error
signal of preregulator amplifier Q18. Figure 6-7 depicts typical pulse forming
network waveforms as related to the rectified input waveform.

The preregulator amplifier section senses the voltage across the passing stage,
and produces an error signal proportional to any increase or decrease in the
passing stage voltage. This signal is such that if the voltage increases, the
current through Q17 increases, lowering the pedestal voltage, causing the firing
angle of the primary SCR to be delayed, and in turn maintaining the passing
stage voltage relatively constant.

4.3.7 Overvoltage Protection

Thi.s circuit compares the output voltage with a preset reference voltage and
activates the electronic "crowbar" CR50 when this limit is exceeded. S2 on the

front panel (OVERVOLTAGE SET) provides for monitoring the reference tripping
voltage level. '

The reference voltage is established by OVERVOLTAGE ADJ potentiometer R85 on
t}}e front panel, and appears on the base of Q23, which is half of the Q22/Q23
differential comparator. The power supply output voltage is applied to the base
of Q22, whose output is applied to CR50 through SCR diode CR45. When CR45
fires, due to an overvoltage condition, it triggers the crowbar which clamps the
output voltage at zero. This activates the OVERVOLTAGE indicator DS2 on the
front panel and cuts off the input of the preregulator through Q19 and CR44,
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calling for maximum phase delay, thus reducing the dc input voltage. Transistors
QR24/Q25 act as a turn-on circuit, which prevents the overvoltage circuitry from
triggering during unit turn-on/turn-off.

4.3.8 Reverse Bias Section

The reverse bias section functions during load off transients to improve response
time by rapidly cutting off the passing stages and to absorb the thermal effect
current generated by high junction temperatures. The section is comprised of an
unregulated supply and a number of biasing resistors.

A secondary of transformer T2, rectifiers CR22/CR23 and capacitor C2 form a
supply which feeds reverse bias through R45-48 to transistors Q1ll, Q12, an Q13.

4.3.9 Stabilization

A tendency toward instability under certain operating conditions is inherent in
the operation of any high gain feedback amplifier. To preclude unstable opera-
tion, SRL power supplies have been equipped with a number of stabilization
networks and capacitors. In the voltage mode section, these include networks
C30-R54, C15-R20 and capacitors C13, C16 and C43. The current mode section
includes network Cl2-R16, and capacitor C14. Network C9-R3 and capacitor C3
are used in the reference supply, and capacitors C24/C25 stabilize drivers Q12
and Q11/Q14.

4.3.10 Power Section

In the power section, ac line voltage is applied to the primary of T1 through
input filter L1, and SCR's CR15/CR16. The input of the secondary is rectified
by a full wave bridge rectifier (CR18), and filtered by capacitor C23 before being
delivered to the passing stage input.

4.3.11 Thermal Overload Section

The thermal overload section consists of thermostat S3, resistor R95, diode CR57
and indicator DS3, which functions when unit temperature exceeds a predetermined
limit. When this limit is reached, thermostat S3 closes, and the voltage across R74
is sufficient to cut off the preregulators, thus blocking the primary SCRs and re-
moving the dc input to the unit.

4.3.12 Collector Supply

In order to limit the voltage across the passing stage, a separate bias supply pro-
vides collector bias voltages to the passing stage driver transistors Q11, Q12, and
Q14. This supply consists of secondary T2-15, -16 and -17, diodes CR27/CR28,
and capacitor C26.
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SECTION 5
MAINTENANCE

5.1 - GENERAL

This section provides periodic servicing information, troubleshooting data, calibration,
procedures and performance testing procedures. The troubleshooting data should be used in
conjunction with both the schematic diagram, (Figure 6-2), which gives voltage check points,
and Section 4, which outlines the principles of operation. Figure 6-1 physically locates the
parts appearing on the schematic. Any questions pertaining to repair should be directed to
Sorensen Repair Department 1-800-458-4258. Include the model and serial nhumbers in any
correspondence. Should it be necessary to return a unit to the factory for repair, authorization
from the Repair Department must first be obtained.

~5.2 ' PERIODIC SERVICING

Units in the SRL Series should periodically be removed from service and cleaned.
Compressed air should be used to remove dust or other accumulations from around
chassis components. Naphtha or an equivalent solvent should be used on painted
surfaces. The front panel may be washed with a weak solution of soap and warm
water. :

5.3 TROUBLESHOOTING

Table 5-2 provides a list of malfunction symptoms along with a tabulation of the
possible cause or causes for each symptom. Note that the failure of one compo-
nent may result in a "chain reaction" effect. For example, if one of the passing
stages (Q13) opens, the remaining Q13 (where provided) may become overloaded
and subsequently fail. In a like manner, if a diode in cne of the full wave rec-
tifiers fails, its complementary rectifier and the main transformer may be damaged.

The data listed in Table 5-2 are based on prototype reliability studies, not on
actual solutions to field problems, and therefore may be incomplete. Where the
probable cause for a symptom lists a transistor short, it is either a base collec~
tor, emitter collector or base emitter collector short. BRase emitter shorts may
give an entirely different set of symptoms. It is therefore recommended that
before a particular section Is checked for failures, each transistor within the
section be tested for base emitter shorts. (Typical base emitter voltage is ap-
proximately 0.6 volt.) :

5.4 CALIBRATION

Following repair, the unit should be recalibrated to insure that replacement com-
ponents have not appreciably altered performance characteristics. When calibra-
ting, follow the sequence outlined in the following paragraphs.
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NOTE

If under full load, at high/low line inputs, the
dc passing stage voltage (from C23 (+) to
positive output terminal) is within *10% of item
A, Table 5-1, further calibration of the unit
should not be necessary.

5.4.1 Pre-Test Inspection

Check that links are firmly in place across barriers on terminal board and leads
between sensing and output terminals are in place.

5.4.2 Preliminary Adjustments

1. Preregulator

a. On the printed circuit board, turn potentiometers R9 (reference
adjust), R15 (current mode zero adjust) and R63 (passing stage
voltage set) to midpoint in rotation range; turn R78 (preregulator
firing angle control) fully counterclockwise.

b. On the front panel, turn VOLTAGE mode COARSE control (R53A4),
FINE control (R53B), CURRENT mode COARSE control (R18A),
FINE control (R18B) and OVERVOLTAGE SET (R85) fully clockwise.

c. Connect a voltmeter across Cl11 (reference supply output).

d. With nominal* input voltage applied at 60 Hz and with no load ap-
plied, set POWER switch to ON. Pilot light should illuminate.

e. Adjust R9 to obtain 8.9 V across C11.
f. Set POWER switch to OFF, disconnect voltmeter from C11.

g. Connect a voltmeter from positive terminal of C23 to positive output
terminal, (hereafter referred to as passing stage voltage). Rotate

R78 clockwise. Connect an oscilloscope across terminals 4 and 5 of
transformer T3.

h. Set POWER switch to ON. Set input voltage to 125 or 230 Vac
(as applicable). Adjust R63 to obtain the passing stage voltage
specified in item A of Table 5-1. Adjust output voltage to rated

voltage (Item B, Table 5-1) and apply rated load current (Item C,
Table 5-1).

Decrease R78 so .that the output voltage decreases to approximately 50% of the
rated output. Observe waveform on the oscilloscope. It should be similar to that
in Figure 5-1. Gradually decrease the input line voltage with variable control
while also increasing the output voltage by means of R78. Continue this proce-
dure until time "t" reaches a minimum of 0.5 + 0.2 milliseconds. The output
voltage should now be equal to the rated output. Vary the input line voltage and
check that "t" is at a minimum null. If "t" is not at a minimum null, readjust
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