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Part 1
{1) Description

This power supply is desigred For the reguirements of the
New Zealand Army for an automatically regulated direct current
power supply having a rnomiral maximum output of 32 Volts B0 Amperes.
The powsr supply is inmtended to be used as the primary source of
power for a 400 Watt, single sideband transmitter receiver radic
station,

The power supply is self contained and has no accessories,

(2) Cabinet Assembly
The cabinet is a 18" inch rack or deck mounting assembly,
The overall front panel dimemsions are 482mm wide and 177mm high.
Overall depth from Front pilot lamp cover to the rear terminals
is 482mm.

The cabinet is fitted with a bottom resr removable mounting
bar and two right angle brackets which are bolted to the right and
left hand rear sides of the front panel to allow for deck mounting
im vehicles, etc, The weight of the unit is approximately B85 K/g.
(3) Cabinet Assembly Cooling . '

Oue. to the compact internal construction the power supply is
fitted with two internal blowers. A blower is mounted at each
rear corner of the cabinet,. Air is drawn through the rear
circular air vents and directed through high temperature components,
heat sinks, etc, and expelled through side vents arranged to provide
optimum cooling for these components.

In order to provide proper ceooling =ir flow it is essential
that the top cover lid is tightly screwec in positiom at all times,
warning, Do not cover or obstruct the air vents at the rear or
sides ss this will reduce air flow ana lead to a rapiad rise in
internal temparature when the power supply is operated at high current
loads,

{4) Cabinet Assembly Internal Component Layout
The basic component layout is shown in Fig 1,

The phase contrelled rectifiers and power rectifiers share
two vertical mounted heat sinks mounted om the rear right hand side.
. These heat sinks are live to the AC potential of the maims transformer
secondary winding, The rectifier heat sirks are supported and
insuliited from the main cabinet by four red Fibre imsulated pillars
25mm iam by 30mm high.

ne imsulation pillars are screwed to the side of the cabinet
by M& x 12mm countersunk hesd screws,

imedistely in front of the rectifier heat sirks is mounted a
smal. -adiator holding the flywhesl dicde snd bleeder resistor
assei .y,

{8) binet Assembly Inductive Components

the main rectifier transformer is Flat mounted on two brackets
welcel o the chassis base, This transformer rataed at 3,7KVA is
wour N a8 strip wound grain oriented core to reduce size and weight
comgped 1 with a conventional transfaormer, The windings are constructec
of ¢l H 150°C material to provide maximum reliabilicy, The

wrana@l mer cere ic split inte twe C shapad halves. The interface
3% Na core halves arue preaision ground and comontua with CPOKY
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(B) Cabiret Assembly Inductive Components Contd,

The transformer is held in position by two steal mounting
Straps securing each end of the core to the chassis brackets by
four 10mm x 100mm bolts,

The filter choke is mounted directly to the rear of the main
transformer on two brackets welded to the chassis base.

The choke is wound with 10mm x 2,41mm Ffibre glass insulated
copper strip, The core of the choke is made of two E lamimation
stacks butt gepped and cemented with epoxy resin glue to eliminmate
choke hum,

The chokes are secured by four bolts consisting of %' whitworth
X 4 imch threaded rods. The top mounting straps of thae choke
segures the modification label holder plate. '

The remaining inductive component is the auxiliary voltage
transformer supplying low level AC voltages to the electronic
.circuit boards,

(6) Cabinet Assembly Control Circuit Boards
The electronic control printed circuit board plugs into a 22
way saocket mounted on the printed circuit assembly bracket,

This bracket is secured at the. rear of the choke by countersunk
head M4 x 10 screws through the chassis base, .
*
The top cormers of the printed circuit board are secured to
the printed circuit mounting bracket by two M3 x 12 screws and two
spacer pillars, The pillars are fitted with two imsulsting bushes
at the printed circuit board end,

The voltage control snd overvoltage protection circuit bosrd
and switch is part of a separate assembly mounted on the rear panel,

(7) Cabinet Assembly Filter Capacitors

The main filter capacitors are two 55,000 MFD 50V capacitors
connected in parallel by copper straps, The output capacitor is a
22,000 MFO 40V electrolytic, this supports the output bleeder
resistor and a protection diade,

(B) Cabinet Assembly Pass Regulator Heat Sirks

The series regulator transistors are mounted on two heat
sinks stacked on top of each other, The heat sinks extend horizontally
along tha left hand side, These heat sink radiators are secured to
two brackets welded to the chassis base by two %" whit by 4" hexagon
head solts with 15mm x 70mm spacers holding the heat radiators apart,

‘he chassis brackets are fitted with insulating blocks tapped
_with%f'whitworth holes to take the mounting bolts, This allows
the ¢htire heat radiator assembly to.be insulated from the chassis,

‘3@ch heat radiator holds four pass transistors and a driver
trarg Btor, The pass transistors are parallel connmected, Each
trarygigtor plugs into a socket and secured by M3 x 12 screws,

(s) binet Assembly Predriver Transistor

fha pre-driver transistor plugs into a socket mounted under-
neaﬁ«'&he printed circuit board socket on the printed circuit board
bracin€T.
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(40) cCabinet Assembly Current Sensing Resistor

The current sensing resistor is a special componen. * 004 Ohm
mounted inside the left hand side chassis bracket supporflﬂj the
main transformer,

(11) Cabinet Assembly Relays and Circuit Breakers

The main on/off contactor is mounted behind the on/Wof
switch, the over voltage protection relay plugs into a sodket
mounted on the right hand side of the maln transformer,

The AC circuit breaker plugs into a socket screwed o a
mounting bracket mear the on/off switch. The mounting b/ acket
is held by a nut and bolt in the chassis base and & long !./32"
whit screw through the front panel,

PART 2 DESCRIPTION OF CONTROLS

(12) On/0FF Switch

This is labelled power/on, a single pole switch mounted en
the left side front panel. This switch isolates the AC main
power From the power supply.

(13) Neon Pilot

Lebelled power/on, This is an amber coloured pilot using
a MES neon lamp. This lamp lights up when the power/on switch is
turned on. The neon can be replaced from the front panel by
unscrawing the amber cap.

(44) Circuit Breaker
A 20 Amp thermal circuit breaker with push button reset
protects the AC input to the power supply. '

The circuit breaker can be manually tripped by pressing the
red button and reset by pushing the yellow button,

(18) 0.C. Test Terminals o
Two Belling and Lee terminals labelled red + positive and
black - negative are mounted on the front panel for test purposes,

These terminals are wired through to the rear cabinet load
taermimals and are provided as a convenience on the front panel to
allow connection of voltmeters, oscilloscopes, etc., to monitor
the performance of the power supply.

The terminals can be used to operate small loads such as lamps
up to 5 Amps only. :

Warning. The test terminals must not be used to supply
normal loads, battery charging, etc, The wiring to these terminals

has a maximum capacity of 5 Amps.

Connection of large loads or short circuiting could burn out
this wiring and make repairs very difficult.

(18) Fault Indicators

Three light emitting diode indicators of sufficient intensity
for daylight viewing are provided te give an indication of certain
fault conditions,
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{17) GQverload Indicator .

Thnis lamp turns on when the current loading on theIDEMbP supply
reaches the limit value set For the power supply. This 5 normally
65 Amps, Whnen the warning lamp turns on, the power supply Automatically
operates &s a CoONstant current supply, and the load curre ¢%oes not
further increasse,

If the loasding on the power supply is heavily incret4ed above
the current limit point or a short circuited output occcurfy the
warning lamp will start flashing, :

When this occurs the load should be discennected,

(18) O0Overvoltage Indicator

If the output voltage of the power supply is approxi.aately
three volts abaove the value set by the internal Set OC Vol iage
switch for a period of more than approx, 250 milli-seconds the
main contactor will trip of f to protect the load and power supply.

The over-volts lamp will light up to indicate the fault
condition,

An overvoltage trip can be caused by an internal fault or
by external conditions, This is dealt with in section (44)].

To reset after an overvoltage trip, the load must be disconnected
and the power supply is switched off and on again, Provided the
fault has disappeared, the normal output will be restored and the
over-voltage lamp will turn off,

(18) O0Over Temperature Indicator

A temperature switch calibrated at 112°C is fFitted to the
top of the maip transformer; if the temperature at this point should
rise above 112°C this switéh opens and cuts off the main contactor,

" The temperature lamp will turn on to indicate the fault, When an

overtemperature trip occurs, the blower fans remain operating to
remove the excess heat,

When the tempersture falls below the limit set by the switch
the power supply will automatically reset.

The over-tempersture protection will only operata under
extreme environmoental conditions of tropical and desert operation,

Field experience may indicate the later gesirability of using
lowaer temperature switches in place of the 112 °C unit installed,
(20) BRear Terminals

The main load carrying terminals are mounted on the rear
panel,

The positive terminal + red, and negative terminal - black
are bakelite insulated screw terminmal with colour coded caps.

These terminals have a maximum GC rating of 100A,
To make a suitasble conmection see installation section

The earth terminal employs a wing nut type connection.
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PART 3 PREZSET CONTROLS

{(2¢4) Set D.C, Voltage
This is a screw driver slot operated rotary switct Mognted
on a bracket with & calibrsted scale under tha rear top h;b.

The switch allows the outpuyt voltage to be adjusted_pn 1 volt
steps between 26 Volts DC and 32V DC. The voltage calibiragion of
this switech is very accurate and most voltages in this renje are
accurate to within + .1V of set value, . The screw driver slot
points to the voltage on the calibration scale,

A check voltmeter may be comnected to the test terni nals
when carrying out adjustments,

(22) 0.P. Voltage Calibration RV1

This econtrol is located on the main circuit board Pu1A at
the bottom right corner, This control accurately sets tie output
valtage for the power supply see section [48) dealing with calibration,

(23] DIFF Voltage Calibration RV4
The control is located on the top right hand corner of the
main cirecuit board PC1A.

This control sets the differential voltage across the series
pass regulator transistors, )

This voltage is normally set at 8V,

Warning this control must not be adjusted by other thsn &
qualified technician, .

Incorrect adjustment of this control by ungqualified persons
can result in overheating or damage to regulator transistors,

(24) Trip V. Control RV3

Located under RV4, This control is adjusted to cut off
the power supply output if the voltage across the pass .transistors
exceeds a set value, This control forms part of the overcurrent
protection system, :

{es) cal O/V _RVS

Located on the voltage calibration and 0/V protectian
circuit board, mounted on the set DC voltage switch bracket,
This control sets the 3V averveoltage trip discrimination,

This control is inaccessible and being factory set should
not require further adjustment,

(26) Set Current Lim RVS
This control is located on a bracket with red label under
the rear cover,

The control adjustment is set to limit the maximum output
current to 65 Amps as specified., A locknut is fitted to the screw
driver operated adjustment,

Warning Unauthorised adjustment of this control could
lead to excessive output current capability, up to 80 Amps,
This could damage the regulator transistors and rectifiers,
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PART 4 INSTALLATION

{27) 1Initial Imspection
As soon as equiprent is received, imspect For any &XTernal
Camage that may have occurred in transit,

This check should confirm that there are no brokenﬁQﬁobs,
pilot lamps, scratches, locose screws or components,

Remove the top cover gecured by 16 M3 x & screws ¢« J lockwashers
and check that no internal components are looss, Replace the lid
and screws,

(28) Mounting :
The supply should be raek or deck mounted in a hori:ontal

position, If rack mounting is employed, remove the deck mounting
bracket bolted to the front panel rack mounting slots. Store

the brackets in a safe place, as replacements would have to be
specially msde, Cue to the weight of the uwnit it is advisaeble

to provide some rear cabinet support when rack mounting is used,
This rear support could be secured with the rear cabinet mounting
bar,

If deck mounting is used, the mounting centres for the front
panel brackets and rear cabinat mounting bar, see fig., 2,
is approx. 425mm front to back, the Front mounting holes centres
are approx, 45Smm, The rear mounting holes centres are approx,
4«54mm,

It is recommended that the pawer supply is placed on the deck
and the mounting holes into the deck are drilled through the centres
of the holes in the brackets and rear mounting bar,

Locate the cabinet in a position allowing adequate air flow
through the rear and side vents,

If the power supply is fitted in vehicles sub ject to considerable
vibration, tests should be made to determine if anti~shock mounting
is required,

The most fragile external parts of the cabinet are the
ventilation grills, care should be taken that these are not pierced
by projectiorsin adjacent equipment.

If the equipment is used in the Field it is recommended
that the power supply not be operated in direct sunlight, A canvas
topped vehicle is suitable, Continuous direct sunlight absorbtion
will raise the temperature of the metal cabinet and increase the
thermal burden on the cooling system unnecessarily,

The equipment blower inlets asre mot fitted with dust Filters
88 the power supplies are designed to operate with a considerable
amount of dust entry. However continuous accumulation of dust
and grit will impair operation of the contactors and switches at
some point and some care should be taken to avoid dust.

(28] Cabling Input

Approx. two metres of TPS 2,5mm three core Flex Fitted with
an enzide three pin rubber plug is provided For the mains imput lesd,
Oue to the regulation range of the power supply long extension cords
can be used to cannect the pawer supply to the supply system.
The paower supply has been tasted on flexes UP to 20 metres long with
satisfactory operation,

If the power supply is being used om sStifF power Sources sucn
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(88) Cabling Outout

Due tec the high current and low voltage output or\Ch{,DC
side some care should be taken in providing low loop reseh g nce
of the OC cables to recduce voltage crop in the DOC connecrw\) leads,

The ultimste D,C, regulation of the system is almoﬁt entirely
determined by the resistance of the connecting cables,

It is suggested thst Flexible welding cable be usecd & 100 Amp
cable lug or similar Fitting should be made up as shown ip fig 3
with the eye cut out and crimped and solderad to the powe, supply
ends of the positive and negative cables,

The cables should be carefully colour marked and lal :lled
positive and nmegative to obviate the risk of reverse polairity
connections to the power supply and load equipment.

Warning if the output of the power supply is connected
to batteries it is extremely important that correct polarity of
connections is assured, Note a blocking diode will not protect
the power supply against reverse current damage if a battery is
reverse connected,

The cable lugs should be sleeved over most of their length
to prevent touching or short circuiting the ocutput terminals of
the power supply,

The positive and negative terminals should be hand tightened
onto the cable lugs. Use of pliaers or vice-grip wrenches to
increase the tensiom may crack the bakelite imsulation asnd strip
the brass screw threads,

Both positive and negative terminals are isolated from earth,

An Bmm terminal with wing nut is provided as a separate
earth,

PART § - COMMISSIONING and TESTING

{(31) Preliminary

This is a check to ensure the equipment as received From
the manufacture will operate the users eguipment and appears to operate
correctly. It is not a detailed performance check, This is normslly
only ecarried out on a batch sample or annual maintenance.

The commissioning praocedure is outlinmed followed by detailed
perfaormance tests,

(32) Commissioning Test on Mains Supoly
This should be carried out on normal AC mains,

Test eguipment. Connect an accurate UC voltmeter to the
front panel test terminals. A digital voltmeter is preferabla,
The AC mains should be in 230V + 10% range,

A load capable of drawing S0 Amps at 28V 0OC should be available,
an additionsl load to increase the current to at least B5 Amps shoulc
be avajlable to be added to the 50 Amp load. Connect a 0-4100A
OC smmeter in series with the load to monitor the current,
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(32) Commissioning Test On Mains Supply Contd.
Procedure Check wiring for correct polarity.
Do mot connect load. Make sure the power on switch is off,

Check that the circuit breaker is an,

Switeh on the power supply, note at this point transformer
inrush current may cause a circuit bresker trip out, if this occurs
reset the breaker until it helds in, (Note if necessary aperate
the power supply through the long extension cable to prevent
trippingl.

Check that the amber pilot lamp turns on and that the
blowers start up.

Note that there is a delay of up to 5 seconds before the
OC output appears.

Check that the DC output is 28V, this has been set at the
factory before despatch,

The OC voltage should be within + .1V accuracy. Check
that the warning lamps are all off,

Conmnect the 50 Amp load, note that the OC output voltage
may dip and will recover, After the DC output has recovered
check the voltage, this should be 28V CC + .1V OC,

Connect the additiomal load to increase loading to at
least 65 Amps. Check that averload warning lamp lights up at
65 Amps + 1A,

Note that if the overload lamp is on,the DC output voltage
will fall proporticormally in order to maintain the limit current at
85 Amps, Disconrmect the extra load, :

(33) Commissioning Test, Portable Field Gernerataor

This is an important test as the field generator is a
limited power source of variable frequency imposing severe
conditions on the power supply.

As tha field generator has limited power capacity it may
not be sble to support s OC output load of 65 Amps, the test load
under this operation may be selected to some value within the
capacity of the generator, The minimum input voltage for the
power supply is 184V AC, The field generator must be able te
supply this value at tha maximum test load current selected,

Carry out commissioning tests on normal AC mains first,

For commissioning on field generators, remove top lid from power
supply. '

Lonnect a OC voltmeter 0-100V OC scross the terminals of the
main $hlter capacitors, note the positive terminals of these '
capacitors are strapped together and are conrected to the fFilter
choke putput, Commect the power supply to the field germerator
via unh extension cable,

‘onnect A OC voltmeter across the test terminals.,
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(83) Commissioning Test, Portable Field Generator conl

Procedure Start up field germerator and stabilise
no load output to 230V AC,

carefully. Switch on the power supply, the voltage acr the
capacitor should rise initially to about 40V then slowly il o
about 25 Volts before stabilising at a value about 8V abov the LUC
output voltage, thus for 28V DL output the filter capacit

voltage should be 34V,

Cbserve the voltmeter connected across the filter g;iccitor
4

If the OC voltage across the filter capacitor rises dbove
50V_0OC and does not fall back to the correct stable point, switch
of f the power supply and refer the prablem to the manufacturer,
Uo not run the capacitorg in excess of 50V OC as they could be
damaged.,

Correct operation of the power supply on field generators
is dependent on maintaining the correct 6V difference between the
OC output and input voltage to the filter capscitors,

If the DC capacitor voltage regulates correctly and stabilises
at the BV difference, load tests cam be carried out to complete
commissioning tests, .

These tests are normally all that is necded and the top
cover can be replaced, '

(34) Performance Tests

Static Voltage Reqgulstion

A variable auto-transformer such as a variac of BKVA rating
together with an AC check voltmeter is required. A digital
voltmeter or precision differential voltmeter such as Marconi
type TF2806 or models made by Hewlett Packard of Fluke should be
connected across the test terminals to monitor the voltage
regulation.

A water cooled test load resistor should be constructed of
+8 Ohm resistance capable of carrying 80 Amps, ie 1,7KW,

Test Procedure

Set the AC input to 230V with variac and test AC voltmeter,
Connect the 0OC load to the power supply output. Switch on the
power supply, allow s few minutes running for warm up, read the
DC output on the digital or differential valtmeter, Increase
the AC input to 230V 4 10% ie 253V read the change in DC output,
this should not change by more than + .3% ie for 28V OC 84mV,
Typically the change will be less than 10mV.

Reduce the AC input to 230V AC - 20% ie 184V allow the DC
change to settle and read the difference,this should not alter by
more than + ,3% ie less than B4mV,

A similar test for no load/full load regulation is carried
as follows,

Set the AC input to 230V, Check the OC cutput valtage
with load connected,.

Remove the load slliow the OC voltage to settle for a fFew

segonds, racerd the chage in valtage reading. The same test shoulcg
be applied at B3OV & 40k and 230V « 204 le 2B3V AL and 184V A,
The output voliage varistion should not exceood 4 ak, Typically

the change is less than “0aV,
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(35) PRipple Voltsoe Measurement

The ripple should be messured with a true RMS voltm&ZfW
such as Hewlett Packard type 3400A,

Set the input AC voltage to 230V AC,

Connect the 80 Amp load, check that the over-load irdjcation
lamp is off, connect the AMS voltmeter to the test terminaaj"

and measure the ripple voltsge, The value shaould not exce?d
10mV., Note the test load should be resistive. If electwnic
equipment is used such as s, test load, the ripple measuremént

may not be correct as many loads such ss transmitters, motors,
inverters, etc. can inject spikes and noise voltages back fnto

the OC power leads producing a false reading.

An oscilloscope may be used to check ripple but an accurate
AMS resading is not possible due to caomplex ripple waveform,

PN

{(38) Transient Response
This is a difficult measurement to perform unless a slow
sweep storage oscilloscope is employed. This power supply employs
8 thyristor phase control pre-regulator with choke capacitence
filtering, The time constant of this type of system is longest for
zero to full load change. This is not a realistic test condition
a8s the response time improves rapidly as the minimum load is
increased,

The test should be carried out for say a % to full load
change ie 15 - B0 Amps over a number of sweeps using & mercury
switch to comnect the extra load on and off,

The average of a number of sweeps should give a response time
of less than 50 milli secs for the output voltage to recover to
within + 5V of the set value,

(37) Freguency Descrimination Tests

These can be carried out with a field or engine driven
generator where the frequency of supply can be varied over the
range 45 Hz to 55 Hz,

The performance checks under sections 34 to 35 repeated For
this frequency range to confirm that the powsr supply operates
within its specification,

PART 6 PRACTICAL COPERATION AND CALIBRATION

{38) Printed Circuit Board, .
The main printed circult board should not be unnecessarily
removed from its socket and replaced. '

This applies an routine inspection and cleaning of equipment,
Although the printed circult board has plug in guides, it is possible
if the boards are not plugged im correctly to get misaligmment of
the circuit board output tracks and the socket connectors,

This can cause erratic and unreliable operation,

Circuit boards should only be removed and checked by qualified
maintenance technicianms, See part

(33) Eattery Charging
The power supply can be used to flost charge s lead acic

battery provided the following precautions are taken,
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{38) Eattery Chargima Contd.
(1) A blocking dicce must be connected between prefﬁ%hbly
the positive output of the paower supply and the positive C&rminal

of the battery. The diode isolates the battery from the pover
Supply and prevents the battery discharging back through Ch< power
supply, if the power supply is switched off, If the diod( is rot
included’the discharge current could damage components in e power
supply.

The diode should be mounted inm & ventilated baox on =
adequately sized heat sink insulated from the box, The d. »de
should be of about 100 Amp ROOV GC rating, If @ positive .ead

blocking diode is used, conmnmect the anode of the diode to e
positive output terminal of the power supply and the cathocoe to
the positiveterminal of ths battery, :

(2) The output voltage of the power supply must be set to
give the correct float voltage for the battery taking inte allowance
the voltage drop scross the diode,

As the diode drop for a silicon rectifier is about .8V 0OC
and the Float voltage for a 24V lead acid battery at about 2,2V
per cell is 2B.4V the nearest power supply output setting would
be 26,4V + .8V = 27V,

In practice some trials may be necessary to determine the
most suitable float voltage value to give the best results with
any particular battery,

{(3) 1IF the battery bscomes discharged with the power supply
turned of f or discomnected, reconnection of the power supply may
cause its output to go into Full output B5 Amps current limit,
with the over-load indicator lamp turned on. This does not
indicate a Fault or overload, as the battery picks up charge the
current will cdrop below 85A, the overloacd lamp will turn off,

As the battery approaches full charge, the charge current will
taper off to s trickle,

As heavy‘charge current demands may be made on the power
supply by & fFlat battery the current limit current should be
checked with an ammeter or installation to ensure it is carrectly
set, A check should be made to determine ifF a portable Field
generator set can support the load imposed by a discharged battary
initially recharging at 65 Amps.

{4) where a power supply is float charging s battery via
a blocking diode and in addition am external load such as s radio
sat is installed, The input to the radio should be obtained
directly from the battery.

Warning a blocking diode will not protect the power supply
from damsge if the battery-is reverse connected by mistaske,

If there is any risk of inmexperienced operaters making
mistakes with battery connsctions,a special high speed type semi=-
conductor HAC Fuse link should be fitted in the battery charging
leads,

Such a Fuse of about 80A rating may protect the blocking
diode and internal powor supply power rectifiers being destroyed
but the power supply front terminal shunt diode snd the protective

diodes in the series pass regulators could still be damaged,



D& 19

{(4C] Parslle) Operation Fig 8, ‘
Two or more gpower suppiies may be connected in par&ujhl
if the following precautions are tsken,

(a) Both power supplies must be set to the same obpJt
voltage setting. if necessary these should be trimmed §€€
calibration) to be matched to within .1V,

(b) Each power supply must be fitted with a blockih) diode
to & common positive or negative load busbar, This will prevent
one power supply feeding a reverse current into anaother iN the event
of ome or more being switched off and will prevent circulicing
currents due to slight output voltage unbalances,

If the power supplies were not fitted with electronic current
limiting it would be impossible to connect their outputs in parallel,
This is due to the fact that it is not possible to obtain perfect
output voltage balance alsa there are differences in diode voltage
drops. The resultant unbalances would cause the power supply with
the slightly higher output to take the full load current and
sustain damage.

The current limiting circuit makes parallel operation possible
because the power supply with the higher output voltage will take
the load up to its current limit at this point its output voltage
drops forcing other power supplies conmnected to start sharing load
current,

(41) Circuit Breaker Trioping

The strip wound transformer cores used in the power
transformer results in an efficient transformer for its size but
has the disadvantage of a sharp knes in its B/H lcop.

This can result in high inrush currents on switch on, - if
contact happens to be made at a zero point in the AC sine wave
input, .

The circuit breaker is rated at 20A for close protection of
the power supply. Thus if the power supply is run from a 'stiff!
mains source,switch on tripping may be frequeng,

On a relatively soft power source such as a field generator
the switch on transient will not be sufficient to trip the breaker
and no switch on problems from these supplies can be expected, It
has been found that if a long extension flex is used with a stiff
power source the resistance of this flex is sufficient to limit
the inrush current to below the tripping level of the circuilt
bresker,

(42) Short Circuit Protection

The power supply has a high speed electronic trip circuit
to back up the current limit circuitry and rapidly shuts off the
power supply autput if a dead short is placed across the load
terminals. However even with the protection afforded, there is a
considerable amount of transient energy discharge when a power
supply of this capacity is shorted,

This could welg the shorted ends together and the rapid
rate of change of current even in a circuit of low inductance can
produce voltage spikes that may damage electronic components,

For this reason care must be taken in equipment inmstallation to
avold short circuits,
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{42) Short Circuit Protection Contd,

Short circuit testing of tha power supply is not recPmencec,

If & heavy short circuit occurs the overload light=€WQcting
cdiode will Flash and the incuctive components will be heap- co
make a thumping noise as the electronic trip protection cémpinuously
operates when the power output sttempts to recover into tht_short,

(43) Insulation Testima st High Voltage
High voltage breskdown insulation or meggar tests shi ild be
confined to the primsry side of the mains transformar only.

Solid state equipment employs semi~conductor devices :that
operaste at low voltage, the junctions of many of these devioces
can be damaged if reverse voltages force quite low currents through
the junctions. Semi-conductors sub jected to these stresses may
operate satisfsctory for a while but fFail prematurely in service,
The output electronic circuits of this power supply are isolated from
chassis ground, and have a high resistance to ground, however if
for instance 2KVis applied between positive output and ground
sufficient leakage current up to a few hundred micro-amps could
flow via semi-conductor junctioms to cause possible damage and
subsequent unreliability in service,

The output terminals are AF decoupled to earth via two , 047MFD
1000V capacitors,

It is recommended that sny insulation tests carried out on
the UC side of the pawer supply be done at less thanm 150V,

(44) o0Overvoltsge Tripping

Occasionsl overvoltsge tripping may occur im service which
can be reset by the procedure of switching the power supply of f and
on again, '

' Cause of spurious over voltage tripping could be :

(1) Dirty arcing connections in the output circuit injecting
high voltsge spikes back into the 0,C, output terminal% of sufficient
amptitude to activate the protection circuit,

{2) BReverse curren: loading.

Certain sctive loads such as OC motors, inverters, class B
amplifiers etc can deliver a reverse current to the power supply
during a portion of its operating cycle, thus & positive pulse can
be fed back into the positive terminal for instance from such
equipment,which exceeds the power supply positive forward vultage,
Thus in effect the load attempts to pump a current back into the
supply, This is indicated by the power supply producing what can
be described as a spongy regulation characteristic, for imstance when
the load is connected, the output voltage appears to rise slightlw
and the voltage control has a limited effect in comstant voltage
mode, What has happened is that the load is pumping back a positive
voltage which adds to the power supply voltage,and incorrectly
signals the comparison amplifier in the regulator to incresse the
output voltage in error, If sufficient energy is pumped back, the
supply output can fly up cue to loss of regulation, and cause a
trip out,

To avoid these effects it is essential to add acdditional fFixed
resistor pre=-loading te the power supply output so that the power
Bupply suppliaes forward currens thraugh the entire gperating cysise
of the load,
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(44) Gvervoltage Triosing Contd,

(3} High R.F., voltages sppearing on the D.C, lirme,,
This can be caused by faulty earthing of transmitters miéTUVﬁng
and poor filtering of the dramsmitter DC circuits,

(4) Incorrect adjustment of the set 0/V cal contro} 3V5
giving too low a trip threshold,

If conmtinuous 0O/V trip of f occurs every time the powér
supply is switched on which can not be reset,an internal éault is
indicated,

(45) Pre-Regulator Voltage Differential

The power supply has been adjusted to automatically maintain
a differential of 6 volts across the series regulator transistors,
this value has been chosen to give optimum transient response and
regulation speed without excessive regulator dissipation.

For a continuous load of 80 Amps the power dissipation in
the series regulator is 6 x B0.= 380 Watts,

This heat dissipation is acdequately removed by the blower

fan, However if the differential is incorrectly set to say 8 Volts,

the dissipation rises to 480 Watts and overhesting can occur.

The differential can be set as low as 3 Volts, this will reduce
dissipation to 180 Watts, giving a lower operating temperature and
improved efficiency, However the transient response to sudden
load changes is affected, also higher output ripple will occur
on field generators at low AC output voltages because of ripple
break through,

(48) Calibrstion of Output Voltasge Fig.9.
Connect an accurate digital or differential voltmeter across
the test terminals, :

Remove the top cover of the power supply, disconmect any
load,adjust the set OC output voltage switch to 32V,

Switch on power supply and allow about 5 min warm up.
Check the OC output voltage.

The OC reading should be within £ .1V of 32V, Locate the
OP Volts Calibration RAV1 see sect (22) and asdjust the output until
exactly 32,00 Volts is obtained,

Adjust the output voltage switch back to 28V and check that
the output is within the range 28V % .1V, As the output voltage
steps are set by a precision resistor voltage divider chain one
calibration st 32V will accurately adjust the other voltage steps.

(47) Calibration of Differential Fig. 9.
Connmect a 0-10V OC voltmeter between the positive termimal
of the main filter capacitor and the positive output test terminsl,

The voltmeter positive lead should be commected to main
filter capacitor end,

Switch on the power supply and allow the UC reading on the
voltmeter to settle,

If the reading is ngt 8V logawe the ULFF Voltage Calibration
V4 control, soe wvoat (BY) omd adjuss thie goncral %o cbtain a

difforancial of GV,
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(48) Calibration of Curre~t Limit Fig. 9, dl’ﬂ«wiﬂb-
Construct a water cooled test resistor capable of ghﬂﬁh&g
65 Amps at say 30V ie ,48 - .5 0Ohm. Connect an accurate [D.A

0,C, ammeter inderies with the load,

femove the cover from the power supply loosen the loekhut
on the Set Current Lim turn this control with a screw crivey to
about the ¥% way position, Switeh the Set UC output voltagl switch
to the 32V position, turn on the power supply and connect the load,
Check that the over load indicator lamp is on indicating cairent
limit, The ammeter resding should be less tham 65 Amp if the
current limit control has been set to % position, Now ad_ ust
the control until 65 Amps is indicated, the overload lamp nust be
on,

Tighten the locknut, disconnect the load and readjust output
voltage back to 28V or other value required.

$49] Calibration of Overvoltage Trip Fig, 10
"It is not recommended that this calibration be carried out unless
absolutely necessary.

To carry out the test, remaove the top lid, unplug the printed
circuit control board,

Set the set DC ocutput voltage switch to 32V, Connect an
accurate DC voltmeter to the test terminals, Conmect a 0-50V OC

variable laboratory OC power supply of at least 2 Amp capacity
across the test terminal% make sure the voltage is set to zero,

Switch on the power supply, Slowly increase the UC voltage
from the variable supply,until the contactor trips off, causing
the over-volts indicator to light up, Check the voltmeter reading,
this should be at 32 4 3V = 35V + .5V, If the trip voltage
deviates more than 4+ ,5V from the set value of 3 volts above the
output voltage setting, locate the Cal 0/V control RV5 mounted on
the. printed circuit board under the voltage selection switch
bracket. Adjust this comtrol with a short screw driver while
carrying out the previous test procedure until the correct trip
differential is obtained.

Uisconnect the test voltmeter and lab power supply, Switch
of f the power supply, replace the conmtrol circuit board, reset the
valtage range switch to normal operating value, check out opaeration
and replace top cover,

PART 7 DISMANTLING OF EQUIPMENT

{50) Introduction

Oue to the very compact construction specified for this
power supply, 8 considerable amount of dismantling will be required
to replace such items as rectifiers, etec, The correct procedure
should be carried out in the correct order otherwise repairs will
be very difficult,

{(51) Dismantling Procecurs Fig, 11.
Remove the top cover securec by 18 M4 x B metric screws and
lockwashers,

Place the power supply on a level bench surface, To remove
frant panel,

(1) Unscrew the long 5/G2" scraw securing the cirguit braaker
%o the front panel,
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(543 Uiemantling Procooor: Flmze Contda,

X 42 metric screws 5acuring'1h€ front
nanel to the chassis front anc tilt the loose panel for a5

far as possible and put & prop uncer the panel. Cover the back of the
cilted panel. with a shecezs of carchoarc to protect rear pday¢l wiring,
If desired the wiring can be disconnected from panel comppinents

after carefully noting the terminations and the panel cowP}etely
removed,

(27 Remove the 10 MB

(3) To remove the transfarmer, Disconnect all c@bleﬁ
terminating on to the brass bolts on the formica terminai strips
mounted at sach ena of the power transformer,

After all cables are clear of the brass screws,remove the
formica terminal strip from the transformer top end mounting plates.
Loosen the M10 x 100 hexagon bolts securing the transformer to the

chassis mounting brackets, L cosen with a tube spanner from the
top. Important do nNot remove the two rear bolts from their nuts

as access to these nuts is very difficult,

Remove the two Front hexagon bolts from their nuts, It is
now possible to slide the transformer out of the mounting, leaving
the top end mounting strips still loosely secured at their rear ends,
by the loose rear hexagon headed bolts, Note, disconnect the green
shield wire first,

Lay the mounting bars on the chassis mounting brackets,

Handle the power transformer carefully. If it is dropped or
jarred the epoxy resin core glue seal could crack, resulting in a
difficult transformer reassembly and re-sealing operation,

To remaove the choke, Unscrew the modification plate from
the top of the choke, Cisconnect the choke wires,

Unscrew the nuts from the top of the chake mounting corner
bolts only,

Do not rmemove the botitom muts as their inaccessability will
make replacement difficuls. ARemaove the formica barrier strip
from the top rear of the choke remaove the metal choke mounting
strips,

Lift the choke out vertically,leaving the mounting bolts
behind with bottom nuts still attached,

Once the transformer and choke is removed access is possible
to the rectifier heat sinks and most other components,

The transistor heat sinks can be removed by unscrewing the
end bolts disceommecting the yellow leads to the filter cepacitors
1ifting up the top heat sink tilting it over and unsoldering
the white base drive wire, and removing the bottom heat sink
and spacers in the same way.

(52] FReasssembly

The choke, trensformer and control panel is reassembled
in the reverse order,
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PART 7 TECHNICAL UESCAIPTION

(83) Start Up ond Overvoltage Protection Circuit Fig 12
The operation of this circuitry is described in Fig. .

The A,C, mains supply is appliecd when the power on/qﬁ? switch
is turned on,

Contacts RY1 are normally closed allowing A.C. curresnl to
magmetise coil RYC/3 of the main contactor, The contacts YC1/2
close sllowing AC voltage to be applied to the primary of the mains
transformer,

Whan the contactaor RYG/3 pulls in its contacts RYC3 open
to isolaste the over temperature indicaton lamp from its 0OC supply.

When the main on/off switch is turned on, AC is applied to
the primary of the suxiliary transformer, The secondary of this
transformer consists of two windings, ome set supplies the main
regulator board PC1A the other winding supplies s bridge rectifier,
from which OC is derived to operate the overvoltage protection board
and indicator LED's,

The overvoltage detector consists of an integrated circuit
voltage comparator type LM311.

The - inverting input of the comparator is fed with a precisiaon
reference positive voltage derived from a reference diode unit type
LM3367Z producing a reference of approx, 2,8V,

The mon inverting imput of the comparator is connected to the
positive UC output terminal of the power supply via a precision
resistor voltage divider chain consisting of R4, the cal 0/V RVS
control and the divider resistors R12/R17 consisting of 1% tolerance
1.8K Ohm resistors, Normally the reference voltage at the inverting
input of the comparator is -higher than the input to mon inverting
input, Thus the output of the comparator is low, transistor Q10 is
switched off, RY1, RY3 and RY4 contacts remain held on.

If an overvoltage ococurs on the output of the DC supply st s
level determined by the setting of the volts range switch,

The voltage level on the non inverting input of the comparator
will rise abave that on the inmverting input (2,8V), The comparator
output switches high, Q10 conducts allowing overvoltage relay RY/4
coil to switch contacts AY41 RY3 and RY4 aver, .

When contacts RY1 open, the main contactor turns off removing
AC from the main transformer, RAY3 contacts 7 and 11 close, connecting
pin 14 of cail RY/4 to negative common locking the relay on
continuously.

RY4 contacts B and 12 close allowing the 0/V imdicator LED
to turn on, indicating the fault condition,

To unlatch RAY/4 it is necessary to turn the power switch off
and on agsain,

Provided the overvoltage fault has cleared the overvoltage
protection circuit will revert to the standby state,

) The dividor chain is arrgnged so that the trip voltaan level
le threa vaolts abavo the normal G0 gutput voltage satting of the
POWRR BUpRLY. Ce provides a alight time delay befora the comporatar

owltchos, to proveit falose switching on voltage trahslefts appoaring
across the power supply output terminals,
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(54) Thermal Switen .

The thermal switch is mounted on the top of the maing
transformer, This switch is a bi-metal type permanently én
The switch is in series with the conmtactor coil RYC/3, If ke

switch temperature exceeus 142°C the bi-metal contact opens
turning off the main contactor,

At the same time contacts AYC3 close turning on the oV&¥-
temperature LED indicator.

The blower fans keep running after an over-temperaturc trip,
When the thermal switch temperature drops below 112 C, the contactor
will reclose, starting up the power supply.

(58) HRequlasting System, Functional Diagram
The basic operation of the power supply can be explained with
reference to fig 14.

The input AC is applied to the power transformer which has
secondary windings scaled to produce correct supply voltage for the
operation of the regulator, The main power rectifiers are phase
controlled thyristors SCRA1 and SCRA2 connected as a full wave rectifier,
The conduction angle of these thyristors are controlled by firing
pulses generated by the tracking pre-regulater, For small conduction

angles the firing pulses are delayed,each thyristor conducts late in each

half cycle and the resultant rectifiec OC voltage spplied to the
filter capacitor is low, conversely for higher DOC output the firing
angle is advanced increasing the DC voltage across the filter
capacitor, These firing pulses must be synchronised asccurately

in relation to the zZero crossing points of the AC input sine wave,
the syronchraonising transformer provides the reference wave to the
tracking pre-regulator to permit synchronisation,

The tracking pre-regulators monitors the voltage drop across the
series regulator transistors and automatically adjusts the firing
angle in order to maintsin a relatively constant voltage drop across
the pase transistors, By this means power dissipation in the pass

transistors can be kept to a minimum, This reduces heat dissipation,

heat sink size and allows the technical advantages of the series
regulator type power supply to be used on a supply voltage inmput
ranging over a wide range, The resultant efficlency is much higher
than the usual series regulsted power supply,

The output of the pre-regulator has high ripple content and
coarse DC regulation, The series regulator takes the output of the
coarse regulator and provides a precision regulated output with high
response speed and negligible ripple content,

(56) *he series regulator uses a bank of parallel connected
transistors as a variable electronically controlled resistor in
series with the positive output of the pre-regulator,

The voltage control amplifier compares the OC output voltage
of the power supply to a reference voltage, the value of which is
selected by & precision resistor divider chain, The difference
voltage is used to control the conduction of the pass regulstor
transistors, to maintain a constant output voltage,

(57) The Current Amolifier Functionsl Disgram
The inmputs te the current control amplifier are connected
across the current sensing resistor, Cne input is balanced against

s reference voltage providec by the current limit control slicer,
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{57) The Current Amplific~ Function Diagram Contd,

Normally the current control amplifier is inactive, hﬁﬁéver
when the current exceeds a pre-determined amount, this amPll{ier
becowes active, robs the voltage amplifier of comtrol and r<duces
the conduction of the pass regulator transistors to limit tthcurrent.

{88) Short Circuit Trip Protection Amplificr

This amplifier has a similar asction to the current centrol
amplifier, the trip amplifier monitors the voltage drop acryss the
regulistor transistors, when this exceeds a pre-determined dmwount
the amplifier output becomes active and over-rides both th#® voltage
and current control amplifiers, shutting off the series regulator,

(859) Phase Controlled Rectifier Action
Phase controlled rectifiers or shyristors are used in a half
controlled bridge rectifier power supply.

Thyristors have the property of remaining mon conducting
to an applied forward voltage, until a positive Firing voltage
is applied between the gate and cathode junctions,

The fFiring pulse initistes conduction in the forward direction,
the thyristor will remain conducting even if the Firing pulse is
removed, The thyristor will stop conducting If the ancde cathode
applied voltage is reduced to zero or reversea, The device will
remain non conducting until retriggering during a period when forwardg
voltage is applied,

Refer to Fig, 15 1Ignoring the effect of MA3 L & C the
rectifier output wave forms are shown in Fig 46a b ¢ § d in relation
to the A,C. inmput waveform, In Fig 18a the top and bottom
thyristors are triggered alternatively by trigger pulses 1 ang 2
synchronised to the supply freqguency. The large trigger delay
angle &« results in thyristor conduction in the cross hatched
areas shown, note that the 0,0, level Ed., is low.

In Fig, 16bthe trigger delay angle is small, the cross hatched
areas are larger hence the mean 0,C, output voltage Ed. is high.
Hence the mean D,.C, output into the load can be regulated by
controlling the position of the trigger pulse delay angles

The mean recitified output voltage of the circuit of Fig 45
can be expressed

£ = _éZZ— ! -+ COSk&/) IR ﬁd
77

Components imductamce L and capacitor C are added to the
circuit Fig 15 to remove the ripple component from the output 0,C,
voltage, Inductance L acts as a energy storage component, during
the non conducting intervals of Fig 16 a 8 b load current is shut
of ¥, the magnetic field across L collapses, inducing a reverse
voltage across the source, and hence reducing the amount of energy
expanded in the load. Fig 168 d shows the negstive component acdoed
to the rectifier output during the intervals

The addition of freewheeling diode MR3 bypasses the
direct current from the A,C, side when ever the voltage goes negstive,
thus ensuring that all the inductor energy is expanded in the losc,
The output voltage is never negative, harmonic content in the outpit
is significantly reducsd ang the current is much swmoother, The
diode MR3 improves the firing of tha thyristors,



P& 34

| HMEL

— = AR LHONE L,
& : ,
Ca

';3 , «-‘m*mf‘»—-—‘—-J
: A TN L ¢z
— 'é | 2N e | 12503 bl Z LOAD,
FIGURE 15 I
BASIC PHASE
CONTROLLED
RECTIFIER
CIRCUIT
’ !TK/é
(=0
F=y7 Em
N\ . Ep  smmi pe Lty
(s) 2 / \
/ 1\
" o —s]
| ,z TRI&
()
(c) AC vpPor
WAYEFORM
(a)

MTw i af b o W

witH ovT MRS
O3,



Pé%é

—

i IS
{80] Pre-fiegulaotor Circuit
The pre-regulator circuit is a closed loop GC regulafbv using
phase controlled thyristors in which the OC autput is autitmgbically
adjusted by conduction cormtrol of thyristors to maintain & (anstant
voitage drop scross the series pass regulator transistors,

. Refer to the circuit diagram of Fig 17, and the wave(orms of
Fig 18,

The auxilisry transformer secondary 1s centre tapped und feedgs
a bridge rectifier which provides both positive and negative outputs
referred to the common centre tap, which is connected to po!itive
output side of the series regulator,

The positive supply is filtered by €1 and regulated to 15V +

output by a 7815 three terminal voltage regulator, The + 15V
rail supplies components such as operational amplifiers on the control
board, The negative output is filtered and regulated by zener 74

to provide - 12V for the opersational integrated circuit LM324,

(81) Synch
In Fig 17 the negative going ripple waveform. is fFed via R31
to 3 blased transistor amplifier Q9. The tips of the ripple waveform
bias Q9 to conduct, and produces a tain of narrow negative going
zero crossing pulses, Fig 18/2 at the collector, These pulses are

fed to the trigger comparator imput pin 2 of the 555 Timer Integrated
circuit,

(62) BRamp Generator .
Wﬁé%‘fﬁﬁ‘lnﬁﬂt voltage to the trigger comparator falls below
1/3 Vec ie 5V the comparator output triggers an internal flip-Fflop

so that its output sets low. This turns the capacitor discharge
transistor "off" anmd drives the digital output to a high state at
pin 3, see Fig 18 At the same time the ramp capacitor starts

to charge and the voltage at pins 6/7 starts to rise at an exponential
rate, Fig 18/3, this rate is determired by the time constant of
R42 C5,

When the capacitor voltage reaches approx. 2/3 Vce ie 10V
the thresh-hold comparator resets the flip flop, This action
discharges the timing capacitor amnd turns the digital output at
pin 3 to the low state. Once the flip flop has been triggered by
& zero-crossing pulse and cannot be retriggered umtil the timing
period has been completed,

By applying a 0.C. control voltage to the threshhold comparatar
and adjusting its value, The comparator can be made to reset the
Flip-flop at any predetermined point on the ramp, thus the width
of the digital output pulse can be varied by & UC contral vcltage.

As the control voltage increases positively the digital output
pulse, fig 18/4 widens.

The digital pulse is applied to the base of Q5 transistor
which gates the unijunction oscillator Q4, When the base of Q5 is
driven positive via B36 the transistor is drivenm into saturation
hence its collector voltage is held low, Under this condition
there is no positive voltage available to allow uni junction Q4 to
oscillate, Ouring the negative or off periods of the waveform in
Fig 18/4 Q5 is turmed off, hence its collector voltage is high,,
this allows Q4 to generate s burst of oscillatiom and a train of
short pulses appears at the B1 junction of Q4 see Fig 18/5,
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(82]) Ramp Gemerator Contd,

The train of pulses appear every half cycle of the AC
input wave, each burst terminates at the ond of each half

cycle and the beginning of the ramp, The burst is retrl ered
at the termination of the ramp this point being set by th
contral voltage, The burst pulses are amplified by trig ered
amplifiers Q2 and Q3 and fed via trigger transformers to Zhe

gate/cathode electrodes aof SCRA1 and SCR2,

Note that the Firing of each thyristor coincides wi h
the First pulse in each burst train and not with the traij .ing

edge of the digital output pulse Fig 18/4, The arrival of the
first pulse output of Q4 is delayed after initiation of Q4 by
the charge time constant of R37 ca, However the delay is

constant and does naot affect the operation of the system,

Note, during the period after each thyristor fires gste
current results in a voltage UC pedestal with the tips of the
remaining pulses in the burst sitting up on the pedestal.

The pecdestal extends beyond the zero crossing point but
the thyristor ceases conduction once its amode voltage goes
negative,

(83) Voltage Control

The contral voltage for the ramp is obtained from the
output of a differential amplifier type LM324, this integrated
circuit contains four operational amplifiers but only one is
used in the pre-regulator,

The 4 non inverting input of this amplifier is connected
to the output of the pre-regulator filter capscitor point A
via a voltage divider R7 HE,

The inverting input is supplied with a positive reference
voltage from the + 15V supply via voltage divider R47, R48 and
the set diff control AV4, The common point of this reference
is the output of the series regulator point B,

The output of the difference amplifier varies the conduction
angle of SCR1 and SCR2 to produce a voltage at the output
’ of the pre-regulator which reduces
the difference between the amplifier inputs to zero,

Thus by sdjusting the reference voltage at the inverting
input -, of theamplifier by setting RV4, the output voltage of
the differential amplifier will alter the conduction of the SCR's

to readjust voltage at point B to bring the system back into
balance,

RV4 is set to produce a constant drop of BY across the
series pass regulator,

Thus if the output of the power s pply is loaded, the
series regulator control will increasse the conduction of the pass
transistor, The resistance of the series regulator will decrease
reducing the voltage drop zmcross A & B, this will momentarily
unbalance the inputs to the pre-regulator control amplifier, its
output voltage will shift to increase the concduction time of SCRA1
and 2 causing the voltage at point A to increase to take up the
load.
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{(84) Pre-Segulaotor Protection and Otabilisstion

Certain components are acded to protect the prcﬂﬂﬂﬁugtor
gifference amplifier inputs,

Resistors R46 RAa7 buffer the inmputs, CA11 conducts F
the non inverting input voltage is suddenly shut off, an
prevents excessive difference voltage damaging the amplilt er,

Zener diode Z3 prevents the output of the differenc:
amplifier driving the 555 timer beyond its control range.
This can produce abnormal operation of the 555 Timer, resulting
im full conduction of the SCR's and a high uncontrollable voltage
at the output filter capacitaors,

Under AC mains operation the pre-regulator control is
not driven into this area of operation, However a high
impedance AC supply such as a field generator has been found
to produce this condition due to its slow regulation speed,
when a DC power supply is switch on,

The pre-regulator control system is basically a servo-
loop, the choke inductance and filter capacitance forms a

long time constant circuit, When the power supply is unloaded,
the L C time constant is only lightly damped and the circuit
could oscillate, The 100 Ohm, bleed resistors across the

filter capacitors prevent this, however hunting can occur in
the feedback loop due to the insbility of the output to rapidly
follow & fast control signal from the control amplifier,

The control speed of the differential amplifier is
slowed down to match the time constant of the filter system
by use of a lag capacitor C7 between output anmd inverting
input of the difference amplifier,

The value of capacitance is chosen to allow a slight
degree of hunting or oscillation as this produces the fastest
pre-regdlator response speed,

This hunting may be observed by connecting an
oscilloscope across the main filter capacitor and observing
the ripple waveform has a low frequency oscillation superimposed,
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(5] Serics Regulator Circuit Operacion Cormstant Volta

The serlies regulstor accepts the coarse OC regulat high
ripple ie up to 1V pk/pk ocutput of the relatively slow r€%9 pnding
pre-regulator and processes it to a precision regulated, JV{Fy low
ripple fFast reponse LT output,

Figure 20shows the basic fFeedback principal used, The AC
input after passing through a power transformer is rectiijg:d and
filtered. By feedback action the series regulator transi%tor alters

its voltage drop to keep the regulated UC autput voltage ¢onstant in
spite of changes in unregulated DOC, the load and the distJ-bances,

The comparison amplifier contirmuously monitors the difference
between the voltage across the voltage control Rp and the ocutput
voltage Eo. I1f these voltages are not equal, the comparisen
amplifier produces an amplified difference {error) signal. This

signal is of such a magnitude and polarity as to change the conduction

of the series regulator, thereby changing the current through the
load resistor until the output voltage equals the voltage Ep across
the voltage control,

Simce the net difference between the two voltage inputs to the
comparison amplifier is kept at zero by feedback asction the voltage
across resistor Ar is kept equal to the reference voltage Er, Thus
the programming current Ip flowing thraugh Rr is constant and equal
to Er/Rr.

The input impedance of the comparison amplifier is very high,
so essentially all of the current Ip flows through Ar and Rg,
Because Ip is constant, Ep and hence the output voltage is variable
and directly proportional to Ap,

As shown in Fig 20 the input reference voltage Er is connected
to the summing peint S via resistor Ar and the output voltage is fed
back to this same summing point through resistor Rp since the input
impedance is very high sll the current Ip flows through Rr Rp,

As a result:

Er - Es Es - Eo
In = Rr =

(1)

As the series regulator transistor is connected as a unity
gain emitter follower the output of the comparison amplifier is Eo,

Then multiplying both sides by Rr Rp, we obtain :
Er Bp = €s Rp 4 &s Ar - Eo Rr (2]

Fige0 yields a second equation relating the amplifier output
to its gain and voltage input

Eo = Es (-A) (3)
which when substituted in equ (2) and solvec for Es yields :

Es = Er Ep
Ap + A (1+A) (4]

Normally the loop gain is very high, in excess of 10,000

Let A —~ (GO
Than Es = O . (s]
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{85]) Serjus Hugulator Circuls Oporavion Corstant Voltac -onta,

This impartant result means that the two imput vollasnd of
the comparison amplifier are held equal by fFeedback actifn’ Inm
practice Es is at most a few millivolts,

Subst Es imnto Equ (1)
Eo = Er BRp (se)
Rr

il
mo

This is the well known gain equation for an operatitpal
amplifier,

An output capscitor Cout is placed across the outpu. terminals
of the supply to reduce the AC output impedsnce to a very low value,
Thus the phase shift through the output terminals is indepcndent of
the phase angle of the applied load, This assures feedback
stability and prevents power supply oscillation on reactive loads,

(66) Series fegulated Power "upply Constant Current Limit

Fig 21 illistrates the elements of a constant current power
supply. Many of these elements are similar to those in section (65).
The feedback loop acts continuously to keep the two inputs to the
comparison amplifier equal, The inputs are the voltage drop across
Rr Rqg tapped from the slider of Rg, and the Ir drop developed by the
load current I1 flowing through the current monitoring resistor Bm,
If the two voltages are momentarily unequal, then the comparison
amplifier output changes the conduction of the series regulator,
which in turn corrects the load current and voltage drop across Rm
until the error voltage st the comparison amplifier input is reduced
to zero,

Momentary unbalance at the comparison amplifier are caused by
adjustment of current contrel Rg or instaneous ocutput current changes
due to external disturbances, Regulator action of the feedback loop
will increase or decrease the load current until the change is
corrected.

The point at which the maximum current is held content is
determined by settlng current control Rq.

(87) Overload Protection Trip Circuit

Although tha2 circuit of Fig 21 will limit the maximum current
to a constant set value in the event 6f a severe overload or short
circuit across the output terminals the series regulator will be
sub jected to the full inmput voltage Ein in the event of a short
circuit and if IL is set by RAq to near maximum output, the large
instantaneous Ein x IL energy appearing across the series regulator
could destroy some of the regulator transistors.,

A short circuit produces almost zero output voltage across the
output, and the pre-regulator starts reducing Ein to maintain the
imput output differential to withim the continuous power dissipation
range, however its response speed is too slow to provide this
protection at the imstance of short circuit.

The shut down amplifier is similar to the constamt current regulator,
Resistor RTR is adjusted to trip the shut down amplifier whep the
voltage across the series regulator exceeds approx, 15V, This would
occur on a short circuit, The ampliifer switches low in sbout 3
micro-seconds and shuts off the series regulator completely.

Assuming the short circuit is still maintained, the pre-regulator
winds its output down to mainmtain the gifferential, when Ein Falls

balow the trip wetting of the shut down anplfier, the amplifier output
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(87) (vorload Protuecticn Troinm Glocult Contd.

switches high, allowing the series regulator to conduct, ht@bver
this action produces a dip and surge up in the pre-reguloy
output which forces the cvifferential momentarily sbove thet;rlp
ilevel again, inducing asncther shut down,

Thus as long as the overload or short circuit is comacted
the shut off and attempt to restart action will continue,.

This is indicated by the flashing of the overload LED.

(68) Trip Level Adjustment

If the trip level is set lower than approx, 15%,prot:ction
is further improved however false tripping may occur on monentary
overloads such as when tramsmitters are switched on. A low trip
level can cause the output to latch off when the power supply is
switched on with a load connected.

The trip control RAV3 is set to about % way, this gives adequate
protection without annoying latch offs,

{(69) Gerneral Series Requlator Circuit Description
Sections (B85) to (68) Fully covers the thearetical principals
and it is only mnecessary to fill in the cetails Fig @23.

(70) Voltage Adjustment Switch

From equation (B) of section (B5]) it can be seen that if the
ratio Er

Ar is constant, the output voltage of the power supply is
ciirectly proportional to fAp.

The constant is adjusted by fine trimming the cal trimmer RVA1
to give a programming ratio of exactly 41000 Ohms per volt, hence the
resistors in the chain A1 to RS in Fig 13 add up to 32,000 Ohms to
give the maximum output of 32V OC for the power supply.

(71) Auxiliary Voltage Supplies Fig 23

The centre tapped secondary of the auxiliary supplies a bridge
rectifier giving both positive and negative supply rails see section
(B80) for description, Diode CR12 blocks off filter capacitor C3
from the ripple source required to supply the zero crossing detector
Qg, :

Reference diode 73 is actuslly a precision voltage gap band
reference integrated circuit type LM3386Z, Tp3 pin is covered by a
sleeve to prevent the output of Z3 shorting agairst one pin of
control AV4, ‘

Capacitor C9 acts as a fFilter for the reference Z3 supply and
acts as a time constant tpgether with A1 to give a delayed build up
of reference voltage output on initiasl switech on of the power supply.

(72) Series Regulatar Transistors

The series pass element consists of eight parallel connected
power transistors type 2N3772 mounted four to a heat sink together
with a driver transistor for each group, The output emitters of
these transistors are psralleled via 8 ,08 Ohm resistors which
force equal sharing of the load current,

A pre-driver transistor is mounted below the printed circuit
board socket,

All power transistars plug into saockets,
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(73} Constant Voltage FRegulator Fig o3 .t
Ic (bl of the gquad operational amplifier is a constea
voltage comparison amplifier, This integrated circuit indrporates

internal ouwtput short circult protection and phase compensATidn,

The contral output of IC {(b) is fed to the First current oyrlde:r
transistor Q1 via a diode or gate CA3, the cathode of whici4 held
high by R27. CAS conducts into IC (b)) output under naormal ¢onstant
voltage operation, The regulator works as described in seccion (BE),

Thus the inverting input is connected to the positive output
via R48, The non inverting imput goes via R18 to the summ. ing
point socket terminal (17). The reference resistor consis.s of
AV1 and R15 while the programming resistors are im the voltage
selector assembly,

Uiodes CRA4 CR5 together with R48, A1B protect the input circuit
of the amplifier under condition of short circuit of the power supply
output, transients, etc.

Cspacitor CB gives some additional roll off im the high
frequency response of the amplifier to prevent parasitic oscillation
in the regulatar,

(74) Constant Current Regulator Fig 23
IC {c¢]) of the quad operational amplifier is the constant
current comparison amplifier,

A diode OR gate CRB feeds the output of Ic (c) to the current
driver Q1.

The regulator works as described in section (B6). Thus the
inverting input is connected to the + input of the ,004 Ohm current
sensing resistor via AR16, The non inverting input is fed to the
slider of the set curremt limit control via R17, R13 supplies
reference voltage to one end of the current limit control via socket
pin 21, :

When the power supply is operating constant voltage, the output
of IC (c) is high and Or diode CAB will not conduct, and the power
supply is under the control of voltage regulater IC (b).

When current limit ocecurs IC (c) output goes low, CRB conducts
and the power supply is under current regulator control,

Components R16 R17 CAB/9 protect the input to IC{ec).
Capacitor C10 prevents oscillations in IC (c] when it switches to
current mode,

{78) OQOverload Trip Circuit Fig 23

IC (a) of the guad package is the trip amplifier, only portion
of the pre-regulator output is fed to the irmverting input via
voltage divider R11 R12, Note R10 and FR11 are high value resistors,
necessary to protect the - input of IC (2) against the high voltage
change incurred when the power supply .output is shorted,

The reference for this circuit is obtained from the 4« 15V
supply rather than the 2.4 volt reference as the + 15V is instantly
available on switch on, and may be needed for circuit activation,
should the power supply be switched on into a short circuit,

IC {a) is operated at very high gain to increase its speed
and sensitivity, hence its output is naisy, To prevent this noise
from feeding into the base of Q1 two diogdes CR7/CR10 are used in
serles s an OR gnta to glve hotter isolation of nolse pulses,



