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GENERAL INFORMATION

WARRANTY

Reytheon warrants all parts of equipment of its manufacture, excepr special purpose tubes and semi.
conductor devices which carry their own manufacturer's warranty, to be free from defects caused by
faulty material or poor workmanship, Raytheon warrants its products o conform o applicable com-
mercial or military specifications when confirmed on the Order Acknowledgment form to be free from
defecrs causad by faulty material or poor workmenship. Raytheon'’s obligation is limited under the
warsanty to repsir or replacement of products in kind, or ar itz sole option to issushice of a credit of
original purchase price. Returns must be accompanied by a Raytheon Rewtrn Authorization form and
conform to standard conditions for adjustment. The aforesaid warranty shall expire twelve (12) months
following the last day of the month of shipment from Raytheon's piant. The foregoing stases the entire
wereanty entended by Rayeheon, Mo other warranty, express or implied, is made and, specifically,
Reytheon makes no warranty of merchantability or fitness for any purpose. In no cese shall Raytheon
be liable for any specizl or consequential damages. Authorization must be obuined prior o return of
defective ieme.

RAYTHEON COMPANY, Sorensen Operation

SERVICE INFORMATION

Questions concerned with the operation, repair, or servicing of this instrument should be directed
to the nearsst Sorensen representative (2 list is included with this manual) ot to the Service
Diepartment, Raytheon Company, Sorensen Operation, Richards Avenue, South Norwalk, Connecticut,
Include the model number and serial number, in any correspondence concerning this instrument.

SHIPPING DAMAGE

It is possible for equipment to be damaged in shipment, Therefore, it is imperative that the instru-
ment Be tested and inspected as soon as it is received. If the instrument shows signs of damage,
follow ‘the instructions on the DAMAGE and/or Loss in Shipment form enclosed with the unit
and notify the carcier immediately., The carrier’s claim agent will then prepare a report of damage
and, after you have forwarded this to the Sorensen Service Department, you will be advised as to
the action necessary to have the instrument repaired or replaced.

"RETURNS TO THE FACTORY

Should it be necessary to return an instrument to the factory for repair, please contact the Sorensen
Service Department for authorization to make shipment.

RAYTHEON COMPANY WILL ASSUME NO RESPONSIBILITY FOR MATERIAL RETURNED
WITHOUT PRICR AUTHORIZATION. -

www.valuetronics.com



i1. SPECIEICATIONS

ELECTRICAL SPECIFICATIONS:

Constant Constant Temnperature 3
Dutput Ouiput Constant current Camstant Copstant Current e Typical input

MODEL \nﬂ!a%e Current Yoltage fange® Current antaga Ripple Ambsient Coef. Efficizncy Woltage 1d
HUMBER {vde {Ade} Regulation’ (Adc) Regulation? Ripple {Typ) =28y MV/eC S ¥ac)
BCR 20-125A 820 0-126 =.075% or & BVt 0-125 == 125mA A% 4+ 20mY 0.5% 0-55¢ 3 82 L47-22%, 207253
DCR 20-250A  0-20 0-750 & 10% or + BmYS 0250 = 500mA B ooy 2.0% 0.55 8 66  3¢187-228, 207-253
BOR 40-104 0-40 010 £.075% or £315mys o-10 *  20mA A%+ aamy 0.5% 0-55% 6 60 105-125
BOR 46-20A 0-40 6-20 £.075% or £ 15mye 020 = 25mA A%+ aGm¥ 3.5% 8555 6 80 505-125
BCR 40-358 0-40 0-35 £.075% or £15mV? 0-35 & 35mA 4% +  40mV 0.5% 455 6 &7 105-125%
DCR 4G-60A 0-40 0-60 #.075% oF 15mV3 0-60 *  60mA 4% + 40mv 0.5% 0-55¢ 6 66 187-228, 267-253
DCR 40-125A4 040 0125 == 10% or TISMV® 0125 = 250mA A% 1.0% 055+ 15 72 34187-228, 207253
DOR 40.250A 040 0250+ .10% or =15mVS G250 = 500mA A% & S0mY g g 0555 16 18 W A T s14.s067
DCR 40-500A  0-40 0-500 £ .10% or +15mv? 0-500  1000mA A% T 60mY 1.0% 0-56° 16 T8 39342-418, 390-440,

or 160my* 4145065
DCR 60-134 0-60 0-13 +.075% or =i5my? . 013 +  20mh 4% 4+ s0m¥ 0.5% 0-55¢ 9 54 105-125
DCR 60-254 0-60 625 +.675% or :15my3 0-25 +  25mA 4% 4 60mv 0.5% 0-55¢ g 5 105-125
DCR 60-40A 0-60 08-40 =.075% or =15mV? 6-40 = 40mA 4% + somy 0.5% 0555 5 68 187-229, 207-253
DCR 80-54 080 o5 +.075% or £20mV? o5 = 15mA 4% -+ BOmY 0.5% 0-55¢ 12 84 105-125
DER BO-18A 5-80 018 +.075% or £20mV? 0-10 = 20mA A% + 80mY 0.5% 0-55° 1z 54 105-125
DCR BO-18A 0-80 418 +075% oF +20mys 0-18 & 25mA 4% + BOmY 0.5% 0-558 iz 7 105-125
DCR 80-304 0-80 0-30 +.075% of ~=20mv3 0-30 *  30mA A% -+ BOmY 0.5% 0-555 12 69 187279, 207253
DCR150-2.54 0-156 0-25  =075% or TI0mMV? 025 = 15mA 4% + 150mV 05% 0558 23 &8 105-125
DER150-5A 0-150 05 £.075% or ~=30mVy? 65 = 15mA 4% -+ 150m¢ 0.5% 0-55° 23 6 105-12%
DER150-104 0-150 038 2.075% of +30mys 610 = 20mA 4% + 150mY 0.5% 0-55% 25 72 105-125
BCR156-154 0-150 &15 #.075% or -=30mV? 015 + 25mA 4% + 150mv 0.5% 0-55¢ 23 72 187-229, 207-253
BCR300-1.25A  8-300 0-1.25  =%.075% or Z-60mY: 0125 = 15mA 4% + 300mV 8.5% 4-55¢ 45 84 105-125
DCRIOO-2.5A 4-300 0-2.5 +,075% of =60mV: 025 = 15mA 4% & 300mY 0.5% 0.555 2% 68 108-125
DCR30G-5A 6300 65 +.075% or =60mv? 0-5 % 15mA A% + 300m¥ 0.5% 0555 48 73 105-125
DCR200-84 0-300 08 + G75% o =EOMY: 0.8 = 20mA A% + 300my 0.5% 0-55¢ 45 73 187-253, 207-253

Notes: 1. With foad change (3 fo full or fuil fo O} and line voitage change {£:10%) 6. Optional auxiliery chassis permiis operailon from 342-418, 390-440 or
combined. 414-506 Input.

o b

. At 55°C. For range at cther temperatures see Unit Rating chart,
. Whichever is greater.

. Whichever is smaller.

. See Unit Rating chart for safe loads at temperatures to 71°C.

MECHANICAL SPECIFICATIONS:

DIBAE RS 10MS . WEIGHT
{inches) {las.)

MODES

HUMBER Wigth Height Bepth et Shipping
BGR 20-125A 19 103 20 169 200
DCR 20-25CA 19 17%2 22 312 342
DCR 4D-10A 19 374 15 55 £5
DCR 40-20AR 19 8% 18 77 4G
DCR 40-35A 18 7 i8 162 120
DCR 40-680A 19 7 20 131 154
DCR 40-125A 19 17 2z 318 348
DCR 40-250A 19 2234 24 485 515
OCR 40-500A 25 433 23 805 835
DCR §0-13A 18 54 18 77 80
DCR 50-25A 19 7 1R 100 120
DCR 50-404 18 7 20 130 150
DCR BO-5A 19 5% 15 56 65
DCR 80-12A 18 51 18 77 90
DCR 80-18A 19 7 18 98 120
4CR 80-30A 19 7 18 121 140
L7 .R150-2.54 1% A 15 52 65
GCR1S0-5A 16 37 18 by 86
BCR150-10A 1% ? 18 98 120
DLRISG-15A 19 7 18 115 135
BCR300-1.254 1% 34 15 52 i1
BCR306-2.3A 1% 514 18 7 96
DCR300-5A 1% 7 18 g5 120
DCR30G-8A i9 7 18 115 135
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7. {nput 187-229, 207-253, or 414-508 at 57-63Hz (0-40¥de output)
Input 390-440 at 50-63Hz {0-40Vde eutpul)
Input 342-418 at 30-63Hz (0-36Vde output}

8. Input 342-418 at 50-63Hz (0-30Vde output}
Input 390-440 at 50-634z (0-37Vde autput;
input 414-506 at 57-63Hz (0-40vVde output

9. From 0-85% load voitage change and :=10% line voliage change combined,

RESOLUTION (voltage): 0.05% of Output Voltage maximurn.
RESOLUTION (current}: 0.5% of Quiput Current maxim__um.

PARALLEL. OPERATION: Up to 4 units may be ope?ated in paraliel,
However, derate each unit to 90% of maximum curmrent.

SERIES OPERATION: Fotlowing is the number of units that may be
operated in the series mode:

2 ... * 300 volt units
2 .. 150 volt units
: 80 volt units
4 ..., 60 volt units
B oo 40 volt units
5 ....... 20 volt units

REMOTE SENSING: The cutput voltage may be regulated at a load point
remote from the power supply.

TRANSIENT RESPONSE: 30 milliseconds (to return to 1% band with
change from hatf to full or full to half loadj.

INPUT FREQUENCY RANGE: 50 to 63 Hx.
Below 60 ¢/s ripple and transient response will deteriorate by a factor
of {60/, where “{” is the input frequency.

RFI: Meets MIL-1-26600 and MIL-1-6181D

STABILITY: 0.05% of maximum output voliage -~ for 8 hours, after ¥z
hour warmup.
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i.

I}, INSTALLATION AND OPERATION

{npot Powsr Conneclions

The BOO and 1500 watt .models operate from 115
VAC single phase, 50°to 63 cps. All units zre sup-
plied with input terminal boards. on the lower left
side at the rear of the chassis. Tesminal 1 is for the
“hot” lead of the input line. Terminal 3 is for the
“neutral” lead of the input line. Terminal 2 is the
chassis ground.

The 2400 watt units may be operated from either
208 or 230 VAC single phase, 50 to 63 cps. All
units are supplied with input terminal boards on the
lower lefe si i at the rear of the chassis. Terminals
t snd 3 are for the input line connection. Termi-
nal 2 i the chessis ground.

208/230 CONVERSION PROCEDURE

To comvert from 208 to 230 volt input:

Remove front panel by semoving two screws direct
Iy below handles and one screw at the top front of
ench side panel. This will expose transformer T2 at
the right side facing the front of the chassis.

Move wire from teominsl 3 to terminal 4 of T2,

Transformer T1 is the latge transformer at the left
side facing the fromt of the chessis. Remove jumper
from terminsls 7 wnd 8. lostall this jumper across
teeminals 3 and 9, Replece the front panef,

To convert from 230 to 208 volt input:

Femove front panel as shove, Move wire from ter
mingl 4 to teemingd 3 of T2, Remove jumper from
termingls 3 and 9 of T1. Install this jumper across
terminals 2 and 8. Replace the front penel,

&.

7.

Output Power Connections
An output terminal board, located at the rear o
the unit, provides the foilowing:

DC Power Qutput

Remote Sensing

Current  Programming

Voltage Programming

Paratlel Operation
800 watt units in addition have binding posts on the
front panel.

Switeh
The circuit breaker switch CBI, located on the front
panel, turns the unit on/off.

Panel Lighes

The panel light over the switch indicates the input
pewer. The thermal overload panel famp indicates
abnormally high temperature inside the cabinet, Un-
der this condition the output is automatically switch.
ed (81} off until the temperature refurns to normal.
The output will then reset itself 10 the correct level.

The DC Voltmstor located on the front panel in
dicates “the output voltage,

The BC Ammeter located oa the {ront panel in
dicates the load current.

Contrals

Front panel contrels consist of coarse and fine out.
put voltage adjustments and curzent limsiting adjust.
ment.

Protective Devices

CBI is an overcurrent circuit brezker in the primary
ciecuit. SF is a thermal switch which protects the
unit in case of abnormal internal temperatuge,

APPLICATION NOTES

Pavallel Operation

Paraliel operation of DCR supplies is accom-
plished by controlling one or more supplies (slaves)

from the sensing and amplifier of another supply

{rmaster). The connections for this type of opera-
tion are shown in Figure 1.

Additional slave units are connected to the mas-
ter unit in a like manner to the one slave shown,
The load connections shown, using remote sensing
{sec remoie sensing section of Application and
Design Considerations) are preferred but not a
necessity.

The terminal connections (#2) of TB2 serve to
connect the firing circuits of all supplies to the tim-
ing circuit of the master unit so that the controtled
rectifiers (SCR's) of all supplies are fired from 2
common signal. If the firing characteristics, the
equivalent circuit resistances {(from input to out-
put} and certain firing circuit parameters of the
master and slave units were identical, the load cur-
tents supplied by each would be equal. Practically,
because of tolerances in wire resistance, SCR gate
characteristics, components, etc., the load currents
supplied by the individual units will differ. For this
reason, the total load current capabilities of the
paralleled supplies should be derated 10 90% to al-
low for unequal currents in the individual supplies.

—
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* In high cufrent supplies + out “and"” — out” terminals will
be separate terminzis. not on TB #2. Thc connections remain

the same, however. Refer to the particular supply involved,



The resstence of the power leads from the sup-
ply 1o the sensing point s a part of the circust
resistance which determines load current sharing.
Large differences in power fead fength (and resist-
ance) may resuft it even more meguality i foad
cuirend between ndividust units, Thus, the foad
connection shown in the skeich, with approximately
equal losd icad longths, is preferred to minimire
current inequahity. However, 1f icad tengths are
short {as, for example. in the case of two adjacent
rack-mounted units), it would be possible 10 run
leads from: the "out” termunals of the slave {85} 1o
those of the master and sense lecally at the output
terminals of the master unit. Another possible con-
nection would be to run approximately equal out-
put leads from euch unit to a common sensing
point and from this point {o the load. In any case,
the ultimate criterion is that the rated current of
an individual supply should not be cxceeded. An
interesting point to note in connection with power
lead lengths is that for operation at a given output
voltage and current, it is possible to adjust power
tead resistance 1o equalize foad current sharing be-
tween supplies to within 1% or less difference.
This would allow utilization of full rated output
current under these conditions. A better approach
is given below:

One of the largest sources of unbalance is the
vanation of R26-C10 time constant from unit to
uitit ¢oupled with the variation of the siandoff
ratio “n" of QB..When SWI opens, (see figure 2)
C10 charges up with a time constant r=R26 C10.
When the voltage across CI0 becomes 8%, QB8
fires and the pulse transformer fires the controlled
rectifiers. Firing between units will not occur si-
muitaneously because f1# 12 and 11 ¥n2. The value
of ris 470 microseconds (nominal) and 7 varies
between 47 and .62, When two unifs are in par-
allel, the current drawn from one unit (at full load)
will vary approximately 1% for every 10 micro-
second shift in firing time. {This is a 2% change in
t with # constant).

For parallel operation, therefore, this circuit pre-
sents a good possible place to adjust for current
balance between units.

R
Hiv
Q8
Cio Pulee Transformer
Unit 4 |
7
i
CRi% !. B+ |
g i
i
I
as !
b
\< pulse I
Swi trans-
{nrmer'
_ i
Unit # 2

Fig. 2:
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A variuhle capacitor may be pleced 1 pargallct
with (10 of the wit which iy carrying moere than
its share of the load current oF a varuible resistor
muy be pluced across R26 of the unit which i<
carrying less thun ity share of load current

The former s the preferrcd method, but the
latter v more practica). This variable resistor
should be o SOR potentiometer in series with 15k
fixed,

Typical shitts o current with this srrangement
are:

R added Yo Current € hanye
HIK + 34
15K +1%

H o larger shife is required, a small capacitor
may be added 1o other unit (s}

Figure 2 below shows the firing pulse circuitry
{simplified) for 2 units in parallel. $W! is an elec-
tronic switch.

Another possible wayv to connect uniis in parallel
is 10 just connect the output terminals together and
to forget what has been said previcusly abowt
“slave” and “master”, By this method, full current
atilization of both supplics takes place, This works
as foltows:

Both units are turned on at a no foad condition
and the output voltages are adjusted to be approx-
imately equal. As load is apphied, alf the current
wilf be supplicd by the unit putting owut the highest
voltage {the high depree of repulation of these
units result in very low output impedance. The
reader can take it from here).

As more load is applied, the unit supplying cur-
rent will eventually go imlo curreni himiting with
the result that its output voltage will drop. When
it drops sufficiently low, the unloaded unit will
begin to deliver foad. All further increase of load
will be taken over by the second unit since the
“dynamic impedance” of the heavily loaded unit
is now extremely high (in current limiting mode).

The following curve will help explain the phe-
nomenon further (Fig. 3}.

i
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The curves represent the Fo vs o wurves Far a
power supply. They indicate that the usity operate
i o voliage mode uniil the load i approsimately
To’ and then go e 4 current made, The yepu
Hon in the voitage mode is exaggerated for o

& For & current of 1 amps, no.

foad sice FiwFog

b For a load of b unit no. ¥ can not deliver all

the currert for By7< Eoo. We can detenmsine
the splitting. however, by drawing a hori-
zomial fine between the curves of na | and
ae. I osuch that the line lepgth 1 eguat 1o ko,
This yields Ty b By The operating points
are. therefore, Fi' and o
Coutinue this procedure to determine the
rharacteristics up 1o the short circuit value
of unit no. 1 and enit o, 2.

ia-

e

This method 15 very simple and requires no de
raterig, Bui has the bad feature of poor regulation,
This arises from the faoe thar the two units can Aot
be ser amd maiitained precisely at the same voltsge
setting and consequently the regulation of the par-
alicled wvstem could be the sum of the regulation
of the sadividuat supplies plus the difference in the
no koad settings

It has also been determined thet when upits are
“connected in this mode, shey miay oscillate when
both the undy enter the cross-over region. Hence,
this method §s nof the preferied one,

The termined #3 connections place the current
sensing reststors of the slave units in paraifel with
those of the muster unit, This perraits the current
regutating circwdt of the master unit Lo sense the
total output current and reguiate or limit the total
ouiput current. The approximate value of the total
regulated current will be the setting of master unit
“current et adiust” tirnes the number of supplies
in paraliel. Failure to make this connection wiay
result tn instobility,

Up 1o four {4} units may be paralieled under all
corditions of rated ambient temperajure, shert cir-
cuit, et in voltage regulation, at rated ambients,
as many as twelve (12) units may be operated in
paratici.

Mote that all unifs 1 paraliel must be connected
1o the same input lines {since paralle] operation is
achieved by simultaneous firing of SCR's). The
On-G# control should be by a single switch con-
trolling the power to all supplies,

CAUTION:

In Master-Slave operation, the master unf? must be
turned on first, Any attempt te turn on the Slave first will
result in failure {the breaker will trip}. ¥ the units are
on and the Slave kicks off, the Master will attempt to
supply all power including the bleeders of the Slave. If
the Master kicks off, the Slave will try t6 go to full out-
put voltage and:

2. At Jight foods high voltage vutput results

b At heavy loads the attermpt to go to high ocutput
results in heavy current drain and the breaker will
trip.

Consequently, in shutting off power, the Slave must be
shut off hrst,

NOTE: Simultancous turning on or off is also per.
missable.

www.valuetronics.com

Serics Operation

PR umits may he connected in series U 1o a
toial rated output of 00 vols. The conneciions
are shown i ihe following sketch (T 4y

Friernal sensing should be used, as sho.,
Figure 4. 1e avold the effects of load regulation in
the interconnecting wire.

The reciifiers are required, 1o prevent the appii-
cation of newative voltage to the sutpat of any
supply. Witheat the reciifiers, neguiive viliage
could result under cerrain conditions of “tarn-en”,
turn-off 7, short circuit or overlosd, and could pos
sibly damage the cluctroivtic ousput CHPACITOrs,
With the rectifiers. the supplies may be turned on
and off individually or as 2 group. In series OPeTi-
tion each supply continues to function as 2 Sepa-
rate entity. The output of vach supply is adjustable,
independently of the other supplies, The totsl reg-
ulation is the sum of the regulations of all the
supplies. :

Input connections 1o the supply need not be
paralleled.

Remole Sensing

The DXCR supply has provision for regulating
the output voltage at a load point rerncte from the
power supply. This is accomplished by removing
the links between “sensing and “out” terminals and
running leads from the sensing terminals to the
remote load point. The {ollowing precavtions must,
however, be observed,

1. The sensing leeds should be a coaxial pair or
twisted pair in order to minimize stray pick-
up which might result in insiability in the

regulator.

2. The power leads must be chosen for a max-
imum of 3.0 voit drop, in cach power lead”,
frem the supply terminals io the sensing
point.

3. The rated cutput of the supply applies at the
output terminals, Any lead drops must be
subtracted from these ratings to determine.
the capabilities at the remote load.

4. Operation with remote sensing will shift the
current limiting range. To reset current lim-
iting range. connect a short circuit across the
ioad and adjust R37 until the output ammeter
reads 110% of raied output current. Current
timiting must be reset, it desired, for each
change in remote power lead resistance.

5. Open sensing leads may result in high output
and/or circuit breaker tripping. Be sure sens-
ing leads are properly connected.

6. in remote sensing operation, both current
regulation and voftage regulation are slightly
affected. This is usually very slight, however,
amounting to about a 20% degeneration af
the maximum line drops.

® Theoretically it is possibie to go 10 4.5 volt deep in the neg-
alive power lead alont. However, dependable operation in the
current mode becomes guestionable since transient operation,
stability of setting, and the ability 10 start inte short or fear-
short circuits is seriously affecied.



+ Bense

Ty
g a
Unit + Dut E e&'\

- Ot

"R AN

Unit

# 2

LOAD

Fig. 4:

CR rating must equal load current

High Frequency Transieni Response
and Quiput Impedance

In any regulated power supply the transient due
to a load change consists of several compornent
parts. The most familiar of these is the response
pattern due to the action of the closed foop sysiem.
This is the transient response which is referred to
and described in the specifications of the DCR. In
addition to this transient, there is an initial tran-
sient {before the regulator can begin to act), which
is described by the relationship:

E=Ldi
de

where E = transient voltage
L = inductive component of the
output impedance

di = rate of change of load current
dt

The inductive component of output impedance
is due to the inductance of output capacitors and
leads. This value is generaily small — the value of
L in the DCR 150-15, for example, i5 approx-
imately | microhenry, Applying the expression
above, L = | microhenry would result in a tran-
sient of 1 volt for a foad current change of 1 amp
per microsecond. This transient weuld exist only
during the time that the current was changing. For
stower rates of current change, the transient be-
comoes smaller,

For each DCR model, a typical curve of output
impedance s available which indicates the typical
value of L for that model. The initial transient for
any current change can then be easiiv calculated,
- At high frequencies (above approximately 20
KC) the output impedance is essentindly the L
noted above. Quiput impedance tests, to several
hundred kilocycles. confirm the constant vahie of
L as the sutput impedance. Output impedance data
i taken at Y07 load with =5% (of full load) load
meduliation,

FProgramming

The DOR units have provision far external pro-
gramrmaing of output voltage or current.

Voltage :

The zpproximate chms per volt required for
external programming is shown bebow

MODEL OHMS PER VOLT
300 VYolt 14
150 Volt 20
80 Volt 44
60 Volt 514
40 Volt 80

Tolerance is approximately 10% . If » precision
calibration of ohims per velt is required, see below.
To program the cutput voltage ihe link between
terminal € and 7 (T.B. #2) s removed and the
approprizle programming resistance is inserted be-
tween these teymunals (6 and 7). The front panet
output controls are in series with the programming
terminals so that the front panel controls may be
used fo set an ipitial output condition: with the
programming resistance used 10 make a change
from this initiat condition. The front panel controls
may also be set to zero so that complete control of
the output voltage is achieved with the program-
ming resistance,

In order to maintain the temperature coeflicient
and stability specified for the unit, the program-
ming resistance should be a low temperature co-
eficient {:= PPM3} wire wound resistor or
should be maintained in a constant ambient,

Note that the outpit voltage doss not appear
across the programming resistor as i the case in
many other types of supplies. The programming
resistance in the DCR unit sees a constant current
of approximately 2 to 3 milliamiperes.

Cantion. If an “open” exists between terminal 6
and 7 the suppiv will go 1o high oufput
and the input circuit bresker may trip.

Current: .

The current limiting or regulator setting mav be
programmed externally by setting the front panel
control to minimum, removing the link between
terminals 4 and 5 (TB #2) and ISeFHNg a pro-
gramming resistance between these terminals. The
viue of resistance required varies approximately
from O to 1506 ohmy 10 cover a tunge of setting
from 0 1o LIS of rated output current. Var-
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tation of current with resistance, while not finear,
is reasonubly so and in many applications frue pro-
grammung ks possible. Typically, 3% linearity
can be expected. The approximate ohms per amp
required for external programming is 150, For ex-
fo Max,

amaple, the chms per amp of the DCREY-30 cquals
150 ot 5 chms per amp.

30

Precision Calibration of Voltage Programming

To cahbrate precisely the programming ohms
per volt. the following procedure is used,

Equipment required:

Precision resistor 3K for the 150 volt and
60 volt unit or 3.2K ohms
for the 80 volt and 40
volt units

Precision voltmeter

Procedure

I. Set coarse and fine front panel voltage con-
trois fully counter-clockwise (zero setting)

- Remove link from remote programming ter-
minals (6 and 7 on TR #2) and connect pre-
cision resistor between these terminals,

3. Turn unit on and allow to warm-up for at

least 30 minutes,

4. After warm-up adjust B44 (on rear panel)

for output voltage reading of approximately
full rated output voltage.

2

Iv.

. Short circuit the precision resistor.

6. Adjust K47 (on rear panel) for 0 volts out-

put (0.1 volty

7. Remove short cireuit from precision resistor

8. Readjust R44 for output of ful} rated volta_ -

3%

Programming ohms per volt is now calibrated to
the stated value = (3% + tolerances of precision
Fesistor, precision voltmeter and regulation of the
power supply). The linearity of programming is
*+.5%.

PRINCIPLE OF OPERATION

The operation of this instrument can best be understood by referring to the block dia-
gram (Figure 3). below and to the schematic diagram,

Irput

Regulated
ne

Supply®

MATH
Transformer

Qutput

& Rectifier

Gurrent
Sensing

Comparator

Saw Tooth
Generater

FIGUHE 3

Amplifier
i

TYPICAL BLOCK DIAGRAM
DCR SERIES '

e

Trigger
Circuit

Shaping
Amplifier
& Pulsa

Generalor

Firing
Cirenit

° Supplies BE referance voltage for aif controt gircuits
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FThe Main Power Cirewis

Input veltage s apphied o the primun of the nuin
transtormer T1 The secondary voltage of T & rectile
{CR:1CRA), and fltered {11 C1} 1o supply the DC
output voltage. This main power supply 5 reguiated by
means of controiled rectifiers CR7 and CR& in the pri-
mary cicutt of transformer T The controlled rectifers
cause phase delay in the correct amount o compensate
for any deviztipn ia the output voltage

The Conirol Circuits .

The amplifier operating the controlled rectihers firse
generates a saw tooth wave form. This signal is then
superimpesed upon a DC voltage. By adjusting the amp-
litude of the DC voltage we have a variable operating
point as a function of time,

Transisiors Q1 and Q10 and their associated circuitry
provide the proper wave forms and pulses with the correct
timing to fire the controlled rectifiers. Transistors Q14 to
(018 and their associated circuitry produce IDC voltage
of the correct vatue on which is superimposed the saw
tooth wave.

Saw Tooth Generator

The AC voltage of transformer T2 is rectified by the
circuit CR12 and CR13. Volage divider RS and R10 is
across this voltage. The voltage at the center tap of the
divider is applied to the base of transistor Q1. The vol-
tage ramp, formed by the RC network R13 and C5, com-
bined with the discharge action of Qi, comprise the saw
tooth generator. The saw tooth wave shape across Ri4
is shown below.

The Miver

The saw tooth wave form is fed to an emitter-follower
Q2 and coupled to resistor R16 which is the mixer block.
Mixed DC and saw tooth signal is used to Are the Sch-
mitt {rigger circuit,

The Schmitt Trigger

Before the Schmitt trigger fres Q5 is conducting and
current flows through R22. Therefore, Q6 and Q7 are
saturated and the voltage across C10 is very low. When
the voltage from the mixer fizes the Schmitt trigger, Q5
cuts off. Q6 becomes nun-conducting making Q7 non-
conductive and C10 charges, by way of R26, C10 charges

prddl gt potential §s equal fo the B4 veltage times tiw
starwd-0if ratio of the unijuscton transistor OF. Then Q8
hres ana O discharges throvgk 9 or Q0. depending
un the phase of the incoming wave form

While 10 s cheeging. DU cugrent flows foom bl
circutt CRIOCR to the base of either Q6 or 40, de
sending on the phese of the secondary of T2 One of
these transistors (Q9. (10) will therefors be szturated
and the pther will have high impedance. The saturated
transistor ¢ the one through which Q8 fires,

As 039 and (30 alternately condoct, 2 pulse is develop
ed alternately. aceoss the primaries of transformer T3 and
T4 These pulses are transmitted, by means of the second.
ary windings, to the controtled rectibers CR7 znd CRR
to provide phase delay in the primary circuit of T

The DC Amplifier

The divider network R36 and R%7 is across the output
terminals. It is 4 sensing element which provides a prop-
er portion of the output woliage to the input of Qi6.

A reference voltage is developed at the base of Q15 by
constant current generator (314.

The vutput of the differentizl anplifier {Q15-Q16) is
developed across K49 and then fed to the base of Q3.
The voltage amplifier Q3 supplies the required voltage
across the mixer R16, This fires the Schmitt trigger at the
proper point to insure the correct phase delay in the pri-
mary of TT.

Q17 forms the cathode resistor of the differential am-
plifer Q15-Q16.

R47 sets the "zero” level of output voltage.

Current Regulotor

When load currents are less than the Current Regula-
tor set point (that is in the voltage regulator mode)
Q11 35 saturated and Qi3 is operating with very low
current. CR3D is reverse hiased.

If the output current rises sufficiently {depending on
the Current Regulator set points) Q11 will tead to cut
off because of its configusation with R4, The potential
across R72 will ge up thos reducing the bias on transis
tor Q17 which will tend to shut off the amplificr. With
reduced output from the amplifier, the voltage drop across
R49 will be reduced and the potential across R16 in turp
will be reduced. This will retard the firing angle of the
mixer and diminish the output power of the unit. How-
ever, since R4 is controlled by current only, a constant
cutput current is maintamed.

: V. MAINTENANCE AND REPAIR

During normal life this instrument requires no maintenance other than the care
afforded similar equipment. It is suggested that excessive dust and any other
foreign matter be removed periodically, exercising care to prevent damage to
the instrument by cleaning tools or excessively strong air blasts.

CAUTION: KEEP ALL LINKS TIGHT AT ALL TIMES

Trouble Shooting

Only qualified personnel under standing transistorized regulator circuitry
should attempt the repair of this unit, if damage should occur. Major
servicing should be done only by the factory or one of its representatives.
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SYMPTOM PROBABLE (AUSE PROCEDURE FOR REP AR
f
Lo No outpar volte b Abways remove 11 Q12 Q15 Le Ohoeck and replac '
and QI8 a5 0 Brstostep. If the
touble orrects, one of these
ensiston v defective
b Diefective MOR Th. Chock and replac
Too Defective onpdiigg e Ched wdferenve wupple (o
velt)  Check wave forms ot
points indicated on wchest
digram, Star 0 (R and
cheek throwgl 173 and Th I no
wave  form appess ar RS
check difterental wnplificr and
assocrted (lroutt
W I thermal overload panet famp § 1d. - Reduce internal temperiature and
15 highted. 81 has dosed  be. output will reset to the correct
cause of abnormally high in- value. Check couling fan and
ternal temperature motor, Be sure that cabinet is
free of air obstructions,
2 High Output C2as Shorted SCR 2 Check and replace
th. Defective semsing circuit b Cheek ail sensing leads.
Tighten all sensing circuit con
acctions and links
5. Poor Regulation 5.0 Defectine ur weak transistor . Chedk and replace
. High QOutpur Ripple i Defective output tilter €1 i Chek €1 c'.t;m('if.uﬁ'\
Oueput Voltage Range Adjustment Procedure
L. Turn the unit on and allow it to warm up for at leasc 30 minutes,
2. Set fine outpur voltage adjust fully counter-clockwise (zero setting ).
3. Set coarse outpur voltage adjust fully clockwise (full output).
4. Adjust R44 (on rear panel) for approximately full rated output voltage,
5. Turn coarse output voltage adjuse fully counter-clockwise (to zero).
6. Adjust R47 (on rear panel} for zero volts outpur ( +.0.1 volt).
8. Next turn coarse adjust to full output.
9. Readjust 44 for full rated output voltage { ~0.3¢;).
Constant Current Runge Adjustment Procedure
t. Turn the unit on and allow it to warm up for at least 30 minutes.
2. Connect a short across the output terminals.
3. Adjust R32 (current limit adjust on rear panel) to reach maximum of the output current range.

Note: No minimum adjustment is required.
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TOP VIEW OF THE CHASSIS

Medels: DCR40-35, DORSD-25, DCRB0O-18, DCR150-10, BCRINO-5, DOR2G.125,

DCR40-50, DCRS0-40, DORED-30, DURIS0-15 nod DURIN0.2
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DCR40- 20, DCR60-13, DCRAG. 10, DCHI50-5 and BCR 30U-2.5
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When replacing transistor Q15 or transistor Q156 { P/N 18-125-2}),
please note the arrangement of the socket holes and the transistor

leads,

TOP VIEW

BOTTOM VIEW

Of the socket

Ra7_|| Raa res]

£ TN L, CRBl CRT

T2
— — 7 YT
e S

Ct
Li T
Rl (g2 R& | RT
l__.\\—__—j___J w
CR2&4 [ca&s[ "”
' c28

L2 |

TCP VIEW OF THE CHASSIS

Models: DCR40-10, DCRB0-%, DCRI15€-2.5 and DCR3I00-1, 25
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