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1.2

INSTRUCTICN MANUAL
SCR SINGLE PHASE POWER SUPPLY

SECTICN I
GENFRAL INFORMATION

DESCRIPTION

This manual contains operation and maintenance instructions covering the
Electronic Measurements, Inc. series of Single Phase SCR controlled power
supplies. These supplies are constant voltage/constant current automatic
crossaver sources of regulated IC power packaged in 3%, 53, and 7" high
relay rack enclosures. .

SPECTIFICATICNS

The following specifications describe the published operational character-
istics of this series of power supplies.

Number of package ratings: (4) — 500W, 800W, 1600W and 2400W nominal
output.

AC INPUT: 500W, 800W and 1600W models, 117VAC + 10% 47-63 HZ; 208/220
VAC + 10% 47-63 HZ optional. 500W and 800W units shipped with line

cord and plug. 1600W and 2400W unite have barrier strip 2C input. 2400W
models, 208/220VAC -+ 10% 47-63 HZ standard.

REGULATTON:

VCLTAGE MODE: For line voltage variations and load current variations
within the rating of the supply, the output voltage will not vary more
than -1z of the mastimum voltage rating.

CURRENT MODE: For line voltage variations and load voltage variations
within the rating of the supply, the output current will not vary more
than .25% of the maximum current rating.

RIPPLE: Measured with either positive or negative grounded and 100% out-
put voltage and current into a resistive load. (See Rating Chart.)

STABTLITY: The output voltage or current will remain within 0.05% for
8 hours after warm-up, with constant external effects.

TRANSTENT RESPONSE: Upon instant application of loads up to 50% or the
maximn rating of the supply, the output voltage will recover to within
1.0% of its final value within 50ms. Instantaneous line variations are
corrected for within 50ms of their occcurance.

TEMPERATURE COEFFICIENT: Output voltage T.C. is 0.02% per degree C of
maxiram rating. Output current T.C. is 0.03% per degree of maximum rating.

OPERATING TEMPERATURE: 0-50 C with no derating required. Consult factory

for output ratings at higher temperatures.

STORAGE TEMPERATURE: 40 to +85 C.



GENFRAL:

RESOLUTTION: The voltage control is a ten turn potentiometer. The current
control is a one tuim cermet type potentiometer.

INSTRUMENTATION: Voltmeter, ammeter and mode of operation indicator
lights.

CONTROLS: Circuit Breaker on-off contreol voltage and current controls.

COOLING: All units are fan cooled and thermostatically protected.
Air enters at sides of unit and exits at the rear. Consegquently, no
heat will be applied to other egquipment above or below the power unit.

SIZE: 500W and 800W packages are 3%" x 19" x 18", 58 lbs. (89 x 483 x

457 mm, 26.4 Kg): and 2400W is 7" x 19" x 18Y, 150 lbs. (178 x 483 x
457 mm, 68.2 Kg). Weights are average for given package size.



RATINGS AND ADDITIONAL SPECIFICATIONS

VOLTAGE CURRENT CVrms CC-xms % EFF. AC INPUT CUR.
(AMPS) RTPPLE RTPPLE (NCMINAL) @ NOM. AC INPUT
60 80mv 640m= 62 8
100 mv 1000ma 63 13
0-7.5 180 80y 1920ma 65 26
250 80y 2090ma 66 20
40 80y 320ma Bo 8
. .. 3
10 80 75y 600ma 65 13
150 80mv 1200ma 62 26
210 S0mv 1630ma 65 19
25 a0y 100ma Y g
40 60y 120ma 67 13
0-20 80 S0mv 320ma 70 25
120 80mv 480ma 73 18
13 100mv 33ma 63 8 !
20 60 30ma (8 13 !
0-40 40 100my 100ma 75 24
60 100mv 150ma 80 18
9 120mv 18ma 70 8
13 TOrmv 15ma 70 13
0--60 % 90y Joma 81 23
40 90mv 50ma 81 18
& 150 1lma 75 & ;
10 80mv 10ma 77 1z
0-80 20 1200w 30ma 83 21
30 100my 35ma 82 18




RATINGS AND ADDITIONAL SPECTFICATIONS (CON'T)

VOLTAGE CURRENT CV-rms CC-rms % EFF. AC INPUT CUR.
(AMPS) RIPPLE RIPPLE (NOMINAL} @ NOM. AC INPUT
300mv éra 80 8
0-150 150w Sma 80 10
10 200mv 13ma 87 20
15 200mv 20ms 84 18
1.5 500w 3ma 84 8
250mv 3ma 85 10
0-300 300my Sma 87 20
200mv Grna 85 17
.15 1000w 2ma 87 8
1.5 TOOmw 2ma 87 i0
0-600 3 T00my Ama 88 20
4 T50my Sma 85 17

* Specify Model No. SCR 40-58
*% Specify Model No. SCR 80-28

FINISH:

Front panel painted tan; markings are black silk screened.

All other metallic parts are either plated or chemical film treated.
Exterior surface is golid irridite color.




1.3

1.4

1.6

NOTES: TFor operation at 50HZ, ripple and transient response are de-
graded by a factor of 30% from 60HZ ratings.

On those units in which the percentage of voltage or current ripple ex-
ceeds the specified load regulation, the load regulation will appear to
be degraded due to the effect of this ripple on the measurement.

FEATURES

The single phase SCR line contains electrical and mechanical features,
many of which will be described in additional detail in other sections.
Sone of these features are as follows:

- Circult Bresker input protection.

- Optional adjustable over voltage protection.

- Remote programming of voltage and current by external voltage, current
and resistance.

- Remote sensing.

- 10 twm high resolution voltage control.

-~ 1 turn, cemmet (high resolution) current contrel. 10 twmn current
control optional.

COCLING

Each power supply enclosure is cooled by a suitable sized blower fan ex-
hausting warm air to the rear. Fresh air intake is from each side. WNo
surface of the supply radiates heat to adjacent eguipment. At least five
inches of space should be allowed behind the supply and one inch along
gach side in the vicinity of the air inlet holes for unimpeded air flow.

MECHANTCAL

The supply is capable of being rack or bench mounted. For rack mounting,
additional support other than that provided by the front panel 1s required,
except. for short term staticnary mounting. Angle iron sliide in mounting
support or cross beam menber support are required for permanent mounting.
The sides of each supply are equipped with mounting holes for rack slide
mounting.

Model numbers C-300-8-18, non tilt, C-300-B-18, tilting, and C-300-D-18,
tilt lock, from chassis Trak Corp. are used for S00W and 800W power
supplies. Model CBXN-Xsm/220300 from Imcor is used for 1600W and 2400W
power supplies. TFor bench mounting, four mounting feet are provided
which are adhesive mounted to the base surface of the supply.

INSTALLATION

This supply is intended for rack or bench mount. Horizontal mounting is
preferred, howsver mounting in any position is allowed. DO NOT operate

pattern within the chassis will be adversely affected.

POWER REQUIREMENTS

A suitable source of AC powar is required for this supply. The unit will
aperate on 50 or 60HZ line frequence. The line impedance fram the power
source ghould be fairly low since high peak currents are drawn. The
service rating and connecting wire awg is in the table shown below. Note
rhat this rating is not the actual specified line current, but a slightly
higher service rating.



120v
SERVICE RATING

5COW
800W 15a
1600W 25A
2400w

*This unit is supplied with 6' line cord and plug.

220V
SERVICE RATING

7.5A

15Aa

20A

Load line power runs should be made with conductor sized to match the
The following chart may be helpful in

current ratings of the supply.
determining the proper sizes.

CURRENT _ RECOMMENDED AWG
20048 4/0
15CAa 2/0
125A 0
100a 1

80A 3
704 4
504 6
40A 8
30Aa 10
204 12
i5a 14
10A 16
BA 18
64 20

20



SECTTON IT
OPERATING INSTRUCTIONS

CONTROLS AND INDICATORS

The front panel surface contains all the controls and indicators necessary
to operate the supply in its normal mode. From left to right these include
(1) Circuit Breaker - ON/OFF Switch (Illuminated) (2) DC Voltmeter (3)
Voltage Adjustment Control and Mode of Operation Indicator Light {(4) DC
Ammeter (5) Current Adjustment Control and Mode of Operation Indicator
Light.

2.2 GENERAL ORPERATTON

As shipped, the power supply is comnected for local sensing, internal
programming and nominal AC input as specified. The front panel voltage
and current controls will set the boundary limits for the ocutput voltage
and current limits respectively. The dnpedance of the load will determine
whether the unit is voltage or current controlled and the illumination of
the respective mode indicator light will indicate the state. If either
control is set to maximm counter-clockwise rotation, the other control
will have little or no effect. Fach control must be set to the appro-
priate position for the proper operation.

2.3 PREFPARATTION MOR USE

2.3.1 UNBACKING

Carefully unpack unit saving all packaging material and included en--
closures. Inspect for possible shipping dawmage. Check that there are
no broken knobs or connectors, thet the external surface is not scratched
or dented, that meter faces are not damaged, and that all controls move
freely. Any external damage may e an indicaticn of internal damage.

2.3.2  ELECTRICAL CHECK

Check that the barrier strip jumper straps are as shown in the figure
depicting "normal local sense and programming configucation®. It is
recomnended that the following brief electrical chedk be made shortly
after unpacking the supply.

Set all controls to full counter-clockwise, turn the circuit breaker on/
off switch to "off" and comnect a short clrouit to the vowsr output studs
on the rear panel. WARNING: Never attenpt to remove the power from the
supply be means of the barrier strip (terminals 1 & 3) since the wiring
is not sized to handle the current capacity of the supnly. Comect the
supply to a switable source of AT voltages., For this test only 50% of
rated AC current is required. Twrn the circuit breaker on/off switch
to fon". The illuminated switch should light and the fan should start.
There shouwld be no cutput voltage or current. Advance the coltage oon-
trol one turn clockwise and slowly advance the current control. The DC
ammeter should deflact smoothly from zero to the rated current of the
supply as this control is advenced to full clockwiss. Retum all con-
trols fully counter-clockwise and turn supply off . Discomect output
stud short circuit. Turn supply "on” advance current contrcl 4 turn and
slowly advance voltage control.




The DC voltmeter should deflect from zero to maximum rating of the supply.
If any of these events does not occur, the supply is defective and should
not be operated. Depending on circumstances, either warranty service
or trouble shooting as described elsewhere in this manual is required.

2.4 MCODES OF OPERATTION

The following five paragraphs discuss the varicus standard and optional
modes of operation built inte the dezsign of the power supply.

2.4.1 NORMAL MODE

When shipped from the factory, the supply is configured for local sensing
and internal adjustment control. Local sensing is accomplished by having
barrier jumers in place between TB-1-1 and 2 and TB1-7 and 8. This
cornects the point of voltage sensing of the internal control circuitry
to power cutput terminals. Therefore, regulation within the full cap-
ability of the supply is provided at the power output terminals. In-
ternal or local voltage and current control ig present when barrier
Jjunpers are present between the following groups of terminals on TB-1:
Connection of terminals 3, 4 and 5 connect the voltage programming
current to the voltage sensing amplifier input and to the internal pro-
gramming resistance {adiustment control). Comnection of 6 and 7 connect
the low side of the programming resistance to the negative remote point.
Comnecticns of 9, 10 and 11 intercomnect the current programming current,
the current sensing amplifier and the current programming resistance
(current adjust control). Normal mode operation is usually used in most
applications. A1l performance specifications unless otherwise gtated
are defined in this configuration. Ripple, programming speed, transient
response and stability are optindzed with the supply sc configured.

2.4.2 REMOTE SENSING

In applications where the effect of the voltage drop (IXR) of the DC
load wires would adversely affect the performence of the load, it is
possible to sense the voltage at the load instead of the supply ter-
minals. Remote sensing will therefore remove the effect of changes in
leoad current through the power distribution system.

To operate in this mode, disconnect the jumpers between TB-1-1 and 2
and TB-1-7 and 8. Connect one end of a twisted pair of H20 AWG wires
(shielded if strong AC or RF fields exist) to terminals 2 and 7 of TB-1
and the other end of the pair to the point of the load. The wire
connected to terminal 2 must be terminated at the positive point of
load and the wire to terminal 7 to the negative point of locad. It is
sanetimes necessary, to assure stability to cornnect a capacitor within
the range of .5 to 50ufD at the point of load or near the point of load
at the point the twisted palr of sense leads join if the sense points
are separated by some distance. If the capacitor used is electrolytic,
be sure to observe polarity and voltage rating.

2.4.3  REMOTE PROGRAMMING

The supply may be operated in a remotely programmed mode (externally
controlled) by the use of external resistance voltage or current control.



2.4.3.2

WARNTNG

If the control function is extermal programming fails so that the supply
is programred to voltage levels greater than 15% above ratings, damage
to the electrolytic filter capacitors will ococur. To protect against
this, 1t 1s suggested that the over voltage protection module option

be used which will Limdt the meximum voltage excursion and safely shut
the supply down.

REMOTE PROGRAMMING, EXTERNAL RESTSTANCE

Voltage Channel: Remove barrier jumper between TB-1-4 and 5. Comect
the external programming resistance between terminal 4 and 6. The pro-
gramming resistance is 5000 ohms for full rated voltage output. For
any voltage output within the range of the supoly:

_ DESTRED VOLTAGE

Rprog {OHMS)

Current Channel: Remove the barrier jumper between 10 and 11. Connect
programming resistance betwesn tenminal 10 and 12. The programning re—
sistance for full rated cutput is 100 ohms. For any current oubput with-
in the range of the supply:

R - DESIRED CURRENT
Tproxg (OFMS) = - ; X 100

REMOTE PROGRAMMING, ZXTERNAL VOLTAGE

Voltage Channel: Ramove barvier jumpers between 3, 4 and 5. Connect the
source of voltage programming between terminal 4 {positive} and terminasl
& (negative). This source must Tloat with respect to the output of the
supply unless local sensing 18 used. A programming source of 0 to 5

velts drives the sueply from zero to full rated output voltage.

Current Channel: Remove bavrisr jumpers between 9, 10 and 11. Connect
the programring souarce et taerminal 10 (positive) and terminal 12
(negative). The programning signal for zero o full output current is O
to 100MV. A signal from a higher potential source may be attentusted to
this 100MV level by a resistor divider. For best performance, the source

REMOTE PROGRAMMING, EXTERNAL CURRENT

Voltage Channel: Rewove the barrvier jumper between 3 and 4. Connect the
positive termminal of the current source o terminal 4 and the negative
terminal to terminal 6. 2 current of C to IMA programs the supply from
zero to full voltage output. The voltage adijust pot must be fully olock-
wise.

Cuwrrent Chamnel: Remove the barvier jumper betwsen 9 and 10. Cornmect
the positive terminal of the ourrent source to terminal 10 and the neg-
ative terminal to terminal 12. A current of 0 to IMA programs the supply
fram zero to full current output. ‘The cwxrent adiust pot must be fully
clockwise.



2.4.2 PARALLEL OPERATION

The SCR series power supplies are eguipped with provisions for para-
llel operation.

2.4.4.1 PARALIFIL, OPERATION - DIRECT CONNECTICON

The simplest parallel connection involves attaching the positive ter-
minals of all supovlies to be paralleled to the positive point of load
and the negative terminals to the negative point of load. Egual wire
lengths (impedances) should be used. Set all supplies to the approximate
output voitage (open circuit). Turn off supplies and connect load. Set
current limit to maximum. Turm on supplies one at a time until the sum
of the supply current capability exceeds the load current drawn. Balance
each supply voltage for equal current. Set current limiting Just above
the running current so that if a wnit drifts up in voltage, it will
become current limited rather than carry an excessive share of load
current.

2.4.4.2 PARALLFI, OPERATION - MASTER/SLAVE

In this configuration, one supply is desicgned "Master" and drives itself
and other supplies connected to it to egqual output current, without the
benefit of the voltage or current circuits operative in the slaves. TO
use in this mode, disconnect the jumper between TB-1-13 and 14 on all
slave supplies, (maximm 3) and connect a wire between the master supply
TB-1-12 and TB-1-13 of each slave. Then, on sach slave, disconnect the
jumper between TBlL terminal 9, 10 and 11 and connect a Jjumper wire be-
tween TB-10 and 12. Twn each slave on and then the master. Adjust

the master for required output voltage or current. The output leads
from each power supply must be of equal resistance to a point of load

near the supply to assure equal sharing. (See Fig.)

Al _+

M
D} -~ ot
Cl4

S = RCB

= RFE

=

10



2.4.5 SERIES OPERATION

Two or more supplies may be operated in series simply by connecting the
negative of one supply to the positive of another. FEach units adjust-
ment functions independently and the output is the sum of each unit
output. No plus or minus voltage should exceed 600 volts with respect
to chassis ground.

11



3.1

GENERAL

SECTION IIX

PRINCIPLES OF OPERATTON

This power supply series converts alternating current within the rating

of the particuliar unit into a regulated, adjustable direct current.

The

means of regulation and adjustment is by SCR phase control of the primary

input alternating current.
and L/C filtering.

The DC output is obtained by rectification

The block diagram below shows the major finctional

areas of the supply.

FIGURE BLOCK DIAGRAM
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Power is applied to the bias transformer through the closure of the
cirouit bresker. The bias transformer energizes the +15V bias supply
which operates all control circuitry. It also provides a phase related
signal for line freguency referencing the firing circuit. The firing
circuit combines this AC signal with a DC level from an “or" circuit,
the combination of which drives the phase control SCR's. The "or"
circuit is driven from the over-riding signal from either the voltage
comparator/amplifier or the current comparator/amplifier, whichever
predominates, depending on control adjustment or load impedance.

The comparator/amplifiers ave referenced by two stable current sources
which develop a comparison voltage when driven through the voltage and
current adjustment controls. These resultant voltages are compared to
a portion of the actual cutput voltage and curvent in the comparator/
amplifier. The DC output of the Yor' circuit, which is proporticnal
to the setting of the adjustment, controls the phase angle of the pri-
mary SCR's and therefore the DC outpub of the supply. The phase con-
trolled AC signal is transformer coupled to a rectifier bridge and

the resulting variable energy pulsating DC veltage is filtered (av-
eraged and smoothed) in a L/C filter. Additional circuitry such as
fang, nmode indicators, metering. RFI suppression and frequency com-
pensation which are alse present will be discussed in detail later.

3.2 DETATL THEORY OF OPERATTON

The detailed theorv of operation will be discussed my major functional
areag and by the physical segregation of circuit functions in the unit.
Major areas will include the power flow circultry, circuit functions

on the printed circuit board, metering and auxiliary functicons. mef-
erences to schematic symbol nunbers are made to ease understanding and
it is best to refer to the enclosed schematic while reading this section.

3.2.1 BOWER FLOW CIRCUTIRY

AC power is transformed from the line cord or input barrier strip (de-
pending on model) through an R¥FT filter to an intermediate internal
strip, through circuit breaker CB-1 to the SCR network and primary of
the power transformer.

The SCR's are comnected in reverse so that the AC waveform is positive
Qo will conduct and when negative Q1 will conduct. The alternate hatf
cycle conduction of each SCR when delayed an equal pericd of time from
zero axis orossings provides a partial sinuscld to the primary of
transformer T-1. As the sine wave is delayed, the energy available in
the resultant wave form is reduced and when it is advanced {toward a
Full gine wave) maximum energy is available.

Tranaformer T-1 converts the line voltage to the appropriate AC com-
ponent of the load voltage and currewnt. The secondary configuration
ig either Full wave or full wave center tapped, depending on model.
Diodes (R-1 through CR-4 or CR-8 (depending on model) rectify the
phase controlled AC voltage from T-1. The pulsating DC is filtered by
11 and -1 and C-2. At load currents that allow L-1 to remain
teritical’ (continuocus current flow) the £ilter averages the voltage
wavetform at the imput of the filter. At very low load currents, the
inductance is somewhat ineffective and the capacitor peak charges Lo
provide filtering. The phase delay of the input waveform must e
greater then 90 and capable of approaching 180 at fow output voltage
and current.

13



3.4.2

R4 and C-4 form & smubber network across the SCRs to prevent false
trigeering due to dv/dt effects. 1-2, 1~3 and C-3 form an RFI
suppression network which reduces the amplitude of the spike appearing
in the DC output voltage each time an SCR conducts. R~10 and C-7
minimize the effects of dlode commitation by absorbing high frequency
energy. Resistors R-5-A through N act as a preload to assure stability
of the loop and to improve the transient response when a load is
suddenly disconnected from the supply.

CIRCUIT FUNCTICNS ON THE PRINTED CIRCULT BOARD

The PC beard contains a bias transformer and power supply, current and
voltage charmel current scurces, the fixed portion of the programuing
resistors, voltage and current charmel comparator/amplifiers, an “or”
circuit, mode of indicator drivers, a DC amplifier with soft start
circuitry, the SCR phase control and pulse generation circudtry, the
necessary loop fregquency compensation networks and the barrier terminal
strip necessary for alternate operating configuration of the supply.

The bias transformer has two center tapped secondaries. Terminals 5
and 7 produce 50 volts RMS with respect to the center tap terminal and
provide oppositely poled polarities for line frequency referencing
the SCR firing circuit. Terminals 8 and 10 produce 20 volts RMS with
respect to terminal 9. This voltage when full wave produces plus

and minus voltages on capacitors C-106 and C-107.

The control circuitry of the supply uses a +15VEC plas level. Plus
15V drain is about 150Ma and minue 15V drain is 30Ma. These voltages
are regilated in the bias power supply. 0-103 is used as an emitter
Follower driven from the voltage level on Zener Dicde (R-108, to pro-
duce the positive 15 volts. Resistor R-111 and ‘Zerer Diode CR~109
regulate the negative supply. '

The signal necessary to provide control over the SCR firing circuitry
is derived from amplified samples of a portion of the output veltage
and current conpared to the set point levels of the adjustment controls.
The voltage signals produced at the adjustment controls are proportion-
al to a constant reference cwrent multiplied by the value of the re-
sigstance of the adjustment control in the circult at any time.

A separate constant current reference is provided for the voltage and
current chammel. The collector current of -108 drives the voltage
chamnel and -109%9 the current charmel. These current sources are
referenced by the voltage across CR-121, a INBZ3A tamperature com-
pensated Fener Diode. Since the voltage difference across the swming
junction of IC-101 {(terminals 8 & 9} is sssentially zero, the voltace
across the series combination of R-143 and R-144 {(also R-145 and

R-146 since the Vhe of -108 and 0~-109 is essentially egual). A
constant voltage across a fixed resistance produces a constant current.
The current level from each of these sources is adjustable to IMa by
R~143 and R-145.

The reference current level for the voltage chamnel flows from terminal
3 of TB-1. With jumpers on terminals 3, 4 and 5 the volitage level pro-
duced when this current flows through R-6 (the voltage adjustment plot)
is applied to pin 13 (a unity gain buffer amplifier) and then to pin

1 of IC-101.

14



The signal on the other amplifier input of IC-101, pin 2 is derived
from the output voltage level by the voltage division of R-137 (& R-138)
and R-139. Maximum voltage output of the supply produces 5 velts DC at
pin 2 of IC-101. Through the action of the feedback loop, as resistor
R-6 (the voltage adjustment pot) is increased in value, the voltage at
pin 1 of IC-101 increases. The error signal developed at the output

of IC-101, pin 3 causes a proporticnal change in output voltage which
produces a voltage on pin 2 of IC-101 equal to that apelied to pin 1.

The action of the current chammel is identical to the voltage channel
with the exception that the controlled quantity is the current that
flows through shunt R-11. The voltage level that this current produces
is applied to one imput of IC-101, pin 5 while the current adjustment
pot R-7 develops the reference potential applied to pin & of IC-101.
The level of the signal applied to pins 5 and 6 of IC-101 is O to
100Mv.

' The outputs of the voltage chennels corparator/amplifier IC-101 and
the current channel comparator/amplifier are “ored" together in diocdes
CR-113 and CR-114. Whichever IC output is positive over rides the
effect of the other, and represents that channel contrelling the DC
output. A positive going signal at the cathode of diodes CR-113 and
CR-114 reduces the output of the supply by retarding or delaying the
conduction of the primary SCR's.

The mode indicator lights are also driven from the outputs of IC-101.
Whichever ocutput (pin 3 or 4) is negative illuminates the respective
light emitting diode indicator.

Transistor 0-104 amplifies and level shifts the control signal from
CR-113 and CR-114. The normal operating voltage at the collector of
0-1044ig 6.5V and a swing of +1 wvolts will range the supply from no
output to full output. The lower the collector voltage on Q104 the
lower the output of the supply. There are some functions alsc accom-
plished in the 0-104 stage. R-117 and C-113 form a "soft start" net-
work which reduces the turn on surge and allows bias levels to buila
up before output current is permitted. R-150, C-123, Q-105, CR-122
and CR-123 resets the soft start circuitry. Thermostat TS-1 is
placed across C-113, and when an over-temperature condition exists,
the output voltage is inhibited by closure of the thermostat. The
voltage signal developed across R-118 is a source of feedback through
C-115 and R-120 and C-114 and R-119 to stabilize the current and volt-
age charmels respectively.

(R~112 functions as a peak conduction angle limiter for the SCR's by
limiting the maximum positive voltage on Q-104.

The SCR firing pulses are developed by properly timed conduction of
0-101 and 0-10%. This is accomplished by the combination of the phase
related AC signals from terminals 5, 6 and 7 and the variable DC level
from ¢-104.

Examining the firing circuit for one SCR only, R-108 and CR-115 procuce
a 12V square wave at line freguency with axis crossings at 0 anc 180 .
R-106 and C-104 integrate the sguare wave into rising and falling ramp
voltages with transition in voltage direction occurring just past O
and 180 due to phase shifting =ffect of RC networks.



3.3.3

When a positive DC level fram Q-104 is superimposed on the ramp volt-
age C-104, the base of 0-101 will be driven into conduction soretime
during the positive travel of the ramp. This conduction causes a
rapid flow of collector curent in 0-101 and resulant pulse of gate
trigger current in SCR (-2. Operation of the opposite driving circuit
is identical except for 180 pulse displacement which fires Q-1 when
its anode is positive. C-101 and C-102 store the SCR gate pulse energy
and C-103 serves as an energy reservoir to prevent pulse loading of the
+15V supply. Resigtor R-147 functions as a balance control to egqualize
SCR firing angles. Additional loop compensation is provided by R-131
and C-119 voltage charmel, CR-~108 and R~-134 in current channel.

METERING AND AUXILIARY FUNCTIONS

Voltage monitoring is achieved by comnection of a self contained DC
volimeter to the sensing terminals of the supply. Outpub current is
measured using a shunt related DU amreter comected across the shint
R~111. <Calibraticon of this meter is made by adjustment or R-8. The
unit is cooled using fan B-1 and is powered upon closure of the circult
breaker. On 3%" units operated on 220V AC, a series resistor is in-
serted with the fan. The circuit bresker is equipped with an auwdiliary
trip coil thet operates in conjunction with the optional over voltage
protection module. It can also remotely shut the supply down whenever
5 amps of DC flows through terminals €1 and C-2 of the breaker.

16



4.1

4.2

MAINTENANCE AND TROUBLE SHOOTING

GENERAL

SECTION IV

The power supply is divided into two basic circuit areas, power flow
and signal control. The power flow circuitry consists of circuit
breakers, SCR's, power transformer, rectifiers, choke and cgpacitors
as well as the cabling interconnecting them. The signal control
circultry is contained on the removable printed circuit card. Most
mnit malfunctions will originate on the circuit card.

An wmderstanding of the theory of operation of the supply is useful in
Also necessary is the following basic
test equipment:  Source of AC power, means of loading supply, a
voltmeter with accuracy and resolution better than the wnit specifi-
cations and an oscilloscope. The chart that follows is a trouble
shooting guide that should aid in finding operaticnal problems in the

trouble sheoting the supply.

supply.

WARNING: When servicing supply, dangercus voltage levels exist. Be
egpecially careful of person and egquipment when measuring
primary circuitry since this is at line potential.

TROUBLE SHOOTING GUIDE

Unit blows fuse or opens
circuit breaker immediately
on trn on.

Unit goes to high cutput
immediately (may also clear
input protection).

Control circuit
defective.

SCR shorted.

CR-1 through
CR-4 shorted.

Control circuit
defective.

Both SCR's
shorted.

Programming con-
trol open.

11

Remove J-1 and re-
apply power. If
accepted, problem
is in PCB. If not,
an SCR is propably
shorted.

Replace.

Replace,

Remove plug which
contains pins S5, T,
g, vV, ¥, Wand re-
apply power. If
accepted, problem
is in PCB. If not,
an 5CR 1s probably
shorted.

Heplace.

Check pots and in-
terconnecting wiring.



3. Unit puts out high a. C-1 through C-4 a. Replace.

ripple. defective.
b. Unit is oscill- b. Problem's in
ating. control circuitry.
. Only one SCR is ¢. Check for sym—
conducting. metrical wave
form across pair
of 8CR's.
4.3 CONTROL CIRCUTT TROUBLE SHOOTING

Since the entire supply is closed loop circuit, the failure of a
sincgle component can have its result presented far from the source.
For this reason, trouble shooting any but obvious defects must be
done by understanding of the power supply theory and effecting a

repair.
1. Does 115VAC reach plug with T and 3?

2. Is the voltage on T101-6 and 5, and T101-6 and 7, {on BCB) 50
volts RMS?  If not, T-101 may be defective.

3. Is the voltage on T101-9 and 8, and T101-9 and 10, 20 volts RMS?
If not, T-101 may be defective.

4, Is the square wave across CR-105 equal in amplitude to CR-106?
If not, unegual SCR conduction will occur copening input pro-
tection.

5. Are ramps across C-104 and C-105 equal?

6. Does the veoltage across C-101 decay rapidly to zero each time Q-101
is forward biased (1.4V since a Darlington Transistor)? Same
with C-1027

7. Are there 5CR firing pulses at U and V and X and W? Do they
arrive at SCR's?

8. Is the DC voltage level at T-1-6 approximately 7 volts?

Does IC-101 feel warm to the touch? A failure of this amplifier
in output stages causes current to flow through the chip producing
heat.

10. Is +15 volts DC present on Bl and Cl with respect to Al? If not
check for problems in the bias supply section.

11. As R6 is rotated from zero to maximuan, does the voltage across it
cary from zero to 5 volts DC?  If not, IC-101 or -8 may be
defective.

12. as in 11, if R7 is rotated does its voltage vary from zero to 100Mv?
13. On 220V models, is fuse F-1 blown?
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4.4

4.4.1

4.4.2

4.4.3

4.4.4

CALIBRATION
There are four calibration controls on the Single Phase unit.

AMMETER CALIBRATION

To calibrate the ammeter, connect a reference DC ammeter equal to the
rating of the unit across the output terminals of the supply (do not
forget to use a shunt with a shumt rated amreter). Turn the supply on
and adjust the output cuwrrent for full output current. Adjust R-8
until the wmit ammeter equals the reading on the external reference
amneter.

PROGRAMMING CALTBRATTON

Resistors R143 and R145 are included to provide approxdimately 8%
variation of the voltage and current channel programming current.
Their adjustmrent depends on the requirements of the user. In the
local programming mode thev should ke adjusted so as to allow full
output gt or near maximn pot rotation. For external resistance pro-
gramming, they may be adjusted for an exact programming constant.

ZERO OFFSET

When both voitage and current controls are fully clockwise, the power
output is nearly inhibited. At the factory R-154 is selected in test
to slightly suppress output current inte a short circuit. In the
voltage chamnel into an open circuit a slight voltage may appear at
the output. This is caused by current bypassing on Q1 and Q2 through
the srubbers T4 and R4 and RYI bypass C3. Additional output pre-
loading will minimize this effect.

FIRTNG BATANCE

R147 balances the firing angles of QL and Q2. At the factory it is
adjusted until equal amplitude of AC input cuwrrent waveforms is
achieved. In field use, should adjustment be regquired, set R147 for
even peak voltages from cycle to cycle of the DC output.
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