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Page 1
GENERAL DESCRIPTICN

Part 1
(1) Description

This power supply is designed For the requirements of the
New Zealand Army for an automatically regulated direct current
power supply having a nomiral maximum output of 32 Volts 80 Ampsres,
The power supply is intended to be used as the primary source of
power for a 400 Watt, single sideband tramsmitter receiver radio
station,

The power supply is self contained and has mo accessoriss,

(2) Cabinet Assembly
The cabimet is a 19" inch rack or deck mounting assembly.
The overall front panel dimensions are 482mm wide and 177mm high.

Oversll depth from Front pilot lamp cover to the rear terminals
is 482mm,

The cabinet is fitted with a bottom rear 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
in vehicles, etc. The weight of the unit is approximately 65 K/g.

(3) Cabinet Assembly Cooling . . *
Due. to the compact internal coRstruction 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 cooling air flow it is essential
that the top cover lid is tightly screwed in position at all times,
warning. Oo not cover or obstruct the air vents at the rear or '
sides as this will reduce . air flow and lead to a rapid rise in

internal temperature when the power supply is operated at high current
loads.

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

The phase controlled rectifiers and power rectifiers share ‘
two vertical mounted heat sinks mounted onm the rear right hand side, '

. These heat sinks are live to the AC potential of the mains transformer

secondary winding., The rectifier heat sinks are supported and
imsulated from the main cabinet by four red fibre insulated pillars
25mm ciiam by 30mm high, :

“ne insulation pillars are screwed to the side of the cabinet

-by M4 x 12mm countersunk hesd screws.

amediately in front of the rectifier heat sinks is mounted a

smal. ~adiator holding the flywheel diode and bleeder resistor
assein .y,

(3) binet Assembly Inductive Components

the main rectifier transformer is Flat mounted on two brackets
weld Lo the chassis base, This transformer rated at 3.7KVA is

SWour N a strip wound grain oriented core to reduce size and weight

commumii with a conventional transformer, The windings are constructed
of ¢l#¥h;: H 150°C material to provide maximum reliability, The

wrana@ mer care is split intoe twe G shaped halves.,  The interface
3% Na core halves ara preaision ground and cementad with YPOKY

N e e, e
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(5) Cabinet Assembly Inductive Comporents Contd,

The transformer is held in position by two steel 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 2,1mm Fibre glass insulated
copper strip, The core of the choke is made of two E lamimation
stacks butt gapped and cemented with epoxy resin glue to eliminate
choke hum,

The chokes are secured by four bolts consisting of %" whitworth
X 4 inch threaded rods, The top mounting straps of the choke
secures the modification label holder plate,

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

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

Y

This bracket is secured at the. rear of the choke by countersunk
head M4 x 10 screws through the chassis base.
*
The top corners 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 insulating bushes
at the printed circuit board end.

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

(7) Cabinet Assembly Filter Cepacitors

The main filter capacitors are two 56,000 MFD 50V capacitors
connected in parallel by copper straps. The output capacitor is a
22,000 MFD 40V electrolytic, this supports the output bleeder
resistor and a protection diode,

(B) Cabinet Assembly Pass Regulator Heat Sinks

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

‘he chassis brackets are Fitted with insulating blocks tapped
’with"" whitworth holes to take the mounting bolts, This allows
 the Ctire heat radiator assembly to, be insulated from the chassis,

Ek@ch heat radiator holds four pass transistors and a driver
trarsl Btor, The pass'transistors are parallel connected. Each
trarn9igtor plugs into a socket and secured by M3 x 12 screws,

(s9) binet Assembly Predriver Transistor
the pre-driver tramsistor plugs into a socket mounted under-

naéﬁ\“&he printed circuit board socket on the printed circuit board
brach€’.
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(40) Cabimet Assembly Current Semsing Resistor

The current sensing resistor is a special componén, * 004 Ohm
mounted inmside the left hand side chassis bracket supporflhj the
main transformer,

(11) Cabinet Assembly Relays and Circuit Breakers

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

The AC circuit breaker plugs into a saocket screwed o a
mounting bracket near the on/off switch, The mounting biracket
is held by a nut and bolt in the chassis base and a long {/32"
whit screw through the front panel,

PART 2 DESCRIPTION OF CONTROLS

(12) O0On/0Off Switch

This is labelled power/on, a simgle pole switch mounted on
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
unscrewing the amber cap. .

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

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

(15) D.C. Test Terminals
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
terminals and are provided as a convenience on the front panel to
allow connection of voltmeters, oscilloscopes, etec. 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 suFcmxent intensity
for daylight viewing are provided te give an zndzcatzcn of certain
fault conditions.
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(47) Overload Indicator
This lamp turns on when the current loading on the Pfkbr supply
reaches the limit value set for the power supply. This " 5 normally

65 Amps, When the warning lamp turns on,the power supply Automatically

operates as a constsnt current supplx and the load curre ¢%oes not
further increase,

If the loading on the power supply is heavily incret5ed asbove
the current limit point or a short cxrculted output occuhb the
warning lamp will start flashing,

When this occurs the load should be disconnected,

(18) Overvoltage Indicator

If the output voltage of the power supply is approxinately
three volts above the value set by the internal Set DC Voliage
switch for a period of more than approx, 250 milli-seconds the
main contactor will trip off 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 disconmected
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,

(19) Over Temperature Indicator

A temperature switch calibrated at 112°C is Fitted to the
top of the main transformer; if the temperature at this point should
rise above 112 C this switch 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 temperature falls below the limit set by the switch
the power supply will automatically reset,

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

Field experience may indicate the later desirability of using
lower temperature switches in place of the 112 °C unit installed,

(20) Rear Terminals
The main load carrying terminals are mounted on the rear

panel,

The positive terminal 4 red, and negative terminal - black
are bakelite insulated screw terminal with colour coded caps.

These terminals have a maximum OC rating of 100A.
To make a suitable connection see installation section

The earth terminal employs a wing nut type commection,
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PART 3 PRESET CONTROLS

(24) Set D.C. Voltage
This is a screw driver slot operated rotary switch Moynted
on a bracket with & calibrated scale under the rear top ))pL.

The switch allows the output voltage to be adjusted.pn 1 volt

- 8teps between 26 Volts DC and 32V DC. The voltage calibragion of

this switch is very accurate and most voltages in this rnje are
accurate to within + .1V of set value, .The screw driver $lot
points to the voltage on the calibration scale,

A check voltmeter may be conmected to the test tern. nals
when carrying out adjustments,

{(22) 0.P. Voltageé Calibration RV1

This control is located on the main circuit board PU1A at
the bottom right corner, This control accurately sets the output
voltage for the power supply see section (46) dealing with calibration,

(23) DIFF Voltage Calibration RV4
The control is located on the top right hand corner of the
main circuit board PC1A,

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

This voltage is normally set at &V,

Warning this control must not be adjusted by other than s
qualified technician, .

Incorrect adjustment of this control by unqualified persons
can result in overheating or damage to regulstor 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, :

(25) cal _0O/V_RVS

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

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

(28) Set Current Lim RVE

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 Inspection

As soon as equipment is received, imspect for any EKTernal
damage that may have occurred in transit

This check should confirm that there sre no brokenﬁQﬁobs,
pilot lamps, scratches, loose screws or components,

Remove the top cover secured by 168 M3 x 6 screws @ d lockwashers
and check that no internal components are loose, Replace the lid
and screws, : :

(28] Mounting .

The supply should be rack or deck mounted inm a horirontal
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 made, Cue to the weight of the unit it is advisable
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 cabinet mounting bar, see fig. 2,
is approx, 425mm front to back, the front mounting holes centres

are approx, 45S8mm, The rear mounting holes centres are approx.
454mm, '

It is recommended that the power 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 subject 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 are rot fitted with dust Filters
as 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 st
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 fFor the mains inmput lesd.
Due to the regulation range of the power supply long extension coras
can be used to connect the power’supply to the supply system,
The power supply has been tested on flexes Up to 26 metres long with
satisfactory operation.

If the power supply is being used on stiff power sources such
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(30) Cabling Output

Due tc the high current and low voltage output ontm{,DC
side some care should be taken in providing low loop resq4lg nce
of the DC cables to reduce voltsge drop in the OC connectin leads,

The ultimate D.C, regulation of the system is almcst entirely
. determined by the resistance of the connecting cables,

It is suggested that Flexible welding cable be used & 100 Amp
cable lug or similar fitting should be made up as shown in Fig 3
with the eye cut out and crimped and soldered to the powei supply
ends of the positive and négative cables,

The cables should be carefully colour marked and lal.alled
positive and megative to obviate the risk of reverse polarity
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 output terminals of
the power supply.

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

Both positive and negative terminals are isolated from sarth,

An 8mm terminal with wing nut is provided as s separate
earth, :

PART 5 - COMMISSIONING =and TESTING

(31) Preliminary

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

The commissioning procedure is outlimed followed by detailed
performance tests.,

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

Test equipment. Connect an accurate OC voltmeter to the
front panel test terminals. A digital voltmeter is preferable.
The AC mains should be in 230V + 10% range.

A load capable of drawing 50 Amps at 28V DC should be available,
an additionsl load to increase the current to at least &5 Amps shoulc
be svailable to be added to the 50 Amp load. Connect a 0-100A
OC ammeter in series with the load to momitor the current,
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(32) Commissioning Test On Mains Supoly Contd.
Procedure ~“Check wiring for correct polarity.
Do not connect load. Make sure the power on switch is off,

Check that the circuit breaker is on.

Switch on the power supply, mote at this point transformer
inrush current may cause a circuit breaker trip out, if this occurs
reset the breaker until it holds in, (Note if necessary opérate
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
DC output appears,

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

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

Comnect the 50 Amp load, note that the OC output voltage
may dip and will recover, AFter the OC output has recovered
check the voltage, this should be 28V DC + .4V GC,

Connect the additional 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 voltagse
will fall proportionally in order to maintain the limit current at
85 Amps. Oiscommect the extra load,

(33) Commissioning Test, Portable Field Generator

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 the field generator has limited power capacity it may
not be able to support a 0OC output load of 65 Amps, the test load |
‘under this operation may be selected to some value withinm the !
capacity of the generator, The minmimum inmput voltage for the
power supply is 184V AC, The field generator must be able to
supply this value at the maximum test load current selected. :

Carry out commissioning tests on normal AC mains first,

For commiSBioning on field generatorq,remove top lid from power
supply.

,Connect a DC voltmeter 0-100V OC scross the terminals of the
main Lulter capacitors, note the positive terminals of these ;
capactﬁors are strapped together ang are connected to the filter
choke putput, Comnect the power supply to the field generator

via ain extension cable, :

‘onnect A OC voltmeter across the test terminals.
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(38) Commissioning Test, Portable Field Genmerator Ccnt
Procedure Start up field generator 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 11 to
about 25 Volts before stabilising at a value about BV abov the 0OC
output voltage, thus for 28V DC output the Fllter capacito
voltage should be 34V,

OCbserve the voltmeter connected across the filter ggfccitor
"

If the DC voltage across the filter capacitor rises above -
50V_DOC and does not fall back to the correct stable point, switch
of f the power supply and refer the praoblem to the manufacturer,
Do mot run the capacitorg in excess of 50V GOC as they could be
damaged.,

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

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

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

(34) Performance Tests

Static Voltage Regulation

A variable auto-transformer such as a variac of SKVA 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 60 Amps, ie 1. 7KW,

Test Procedure

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

Reduce the AC inmput to 230V AC - 20% ie 184V allow the DOC
change to settle and read the difference,this should not alter by
more than 4+ ,3% ie less than 84mV,

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

Set the AC input to 230V, Check the OC ocutput voltage
with load connected,

Remove the load sllow the OC voltage to settle for a few

secaonds, recerd the qhare in voltage reading. The same test shouldg
ba applied at 880V » ‘IO‘}- and BBOV = 20% ie 283V AC and 184V AC,
The output voltage variation should not exceed q 3%, Typically

the change is less thar 10mV,
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(35) Ripple Voltage Measurement

The ripple should be measured with a true RMS voltmtlfw
such as Hewlett Packard type 3400A,

Set the input AC voltage to 230V AC,

Connect the 60 Amp load, check that the over-load irdjcation
lamp is off, connect the AMS voltmeter to the test terminaal

and measure the ripple voltage, The value should not excg?d

10mV ., Note the test load should be resistive, If electywwnic
equipment is used such as s, test load, the ripple measuremént

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

the OC power leads producing a false reading.

An oscilloscope may be used to check ripple but an accurate
RMS reading is not possible due to complex ripple waveform.

kN

(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 capacitance
filtering. The time constant of this type of system is longest for
zero to full load change. This is not a realistic test condition
as 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 - 60 Amps over a number of sweeps using a mercury
switch to comnect the extra load on and off.

The average of s 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) Frequency 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 36 repeated for
this frequency range to confirm that the power. supply operates
within its specification,

PART 6 PRACTICAL OPERATION ANG CALIBRATION

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

This applies on routine inspection and cleaning of equipment.
Although the printed circuit board has plug in guides, it is possible
if the boards are not plugged in correctly to get misaligrment of
the circuit board output tracks and the socket comnectors,;

This can cause erratic and unreliable operation.

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

(38) Battery Charging
The power supply can be used to float charge s lead acid

battary provided the following precautions are taken,
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{38) B8attery Charging Contd.
(1) A blocking dicde must be connmected between prefﬁﬂ&bly
the positive output of the power supply and the positive Teiminal

of the battery, The diode isolstes the battery from the pover
supply and prevents the battery discharging back through th« power
supply, if the power supply is switched off, If the diod( is not
includedlthe discharge current could damage components in e power
‘supply.

The diode should be mounted in a ventilated box on & .
adequately sized heat sink imsulated from the box, The d..ude
should be of about 100 Amp 200V GC rating, If a positive lead

blocking diode is used, conmect the anode of the diode to e
positive output terminal of the power supply and the cathocae to
the positiveterminal of the battery, .

(2) The output voltage of the power supply must be set to
give the correct float voltage for the battery taking into allowance
the voltage drop across the diode.

As the diode drop for a silicon rectifier is about .6V OC
and the float voltage for a 24V lead acid battery at about 2,2V
per cell is 26.4V the nearest power supply output setting would
be 26,4V + ,BV = 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) IF the battery becomes discharged with the power supply
turned off or disconmected, reconmmection of the power supply may
cause its output to go into full output &5 Amps current limit,
with the over-load indicator lamp turned on. This does rot
indicate a fault or overload, as the battery picks up charge the
current will drop below B85A, the overload lamp will turn off,

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

As heavy'charge current demands may be made on the power
supply by a flat battery the current limit current should be
checked with an ammeter or installation to ensure it is correctly
set, A check should be made to determine if a portable field
generator set can support the load imposed by a discharged battery
initially recharging at 65 Amps,

(4) wWhere a power supply is float charging a battery via
a8 blocking diode and in addition an external load such as a radio
set is installed, The imput to the radio should be obtained
directly from the battery, :

Warning a blocking diode will mot protect the power supply
from damage if the battery-is reverse connected by mistake.

If there is any risk of inmexperienced operaters making
mistaskes with battery connections,a special high speed type semi~-
conductor HRC fuse link should be fFitted in the battery charging
leads,

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

diodes in the series pass regulators could still be damaged,
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(4C) Parallel Operation Fig B,
Two or more power suppiies may be comnected in paPRJJLﬂ
if the following precautionrs are taken.

(a) Both power supplies must be set to the same o Jt
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 Pprevent
one power supply feeding a reverse current into anmother ip the event
of one or more being switched of f and will prevent circulacing
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 also there are differences in diode voltage
drops. The resultant unbalances would cause the power supply with
the slightly higher output to take the fFull 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 connected to start sharing load
current,

(41) Circuit Breaker Tripping .

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

This can result in high inrush currents on switch on,- if
contact happens to be made at a zero poimt in the AC sime 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 frequent.

On a relatively soft power source such as a fField genaerator
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 extenmsion flex is used with & stiff
power source the resistance of this flex is sufficient to' limit

the inrush current to below the tripping level of the circuit
breaker,

(42) Short Circuit Protection

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

This could weld 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 installation to
avoid short circuits,
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"(42) Short Circuit Protection Contd.

Short circuit testing of the power supply is not re{{Pmencec,

If a heavy short circuit occurs the overload light~€wﬁcting
diode will Flash and the inductive components will be heam- to
make a thumping noise as the electronic trip protection cOvipi nuous ly
operates when the power output attempts to recover into tiM_short,

(43) 1Insulation Testing st High Voltage _
High voltage breakdown insulation or megger tests sho.uld be
confined to the primary side of the mains transformer only.

Solid state equipment employs semi-conductor devices that
operate at low voltage, the junctions of many of these devices
can be damaged if reverse voltages force quite low currents through
the junctions, Semi-conductors sub jected to these stresses may
operate satisfactory for a while but fail 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 junctions to cause possible damage and
subsequent unreliability in service,

The output terminals are RF decoupled to earth via two . Q47MFO
1000V capacitors,

It is recommended that any insulation tests carried out on
the OC side of the power supply be done at less than 150V,

(44) Overvoltage Tripping
Occasional overvoltage tripping may occur in service which

can. be reset by the procedure of switching the power supply off and
on again.

- Cause of spurious over voltage tripping could be

(1) Dirty arcing connéctions in the output circuit injecting
high voltage spikes back into the O.C, output terminals, of sufficient
amptitude to activate the protection circuit,

(2) BReverse current loading.

Certain active loads such as 0OC motors, inverters, class B
amplifiers etc can deliver a reverse current to the power supply
during s portion of 'its operating cycle, thus a positive pulse can
be fFed back into the positive terminal for instance from such
equipment,which exceeds the power supply positive forward voltage,
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 instance when
the load is connected, the output voltage appears to rise slightlx
and the voltage control has a limited effect in constant voltage
mode, What has happened is that the load is pumping back s positive
voltage which adds to the power supply voltage,and incorrectly
signals the comparison amplifier in the regulator to increase the
output voltage in error, If sufficient energy is pumped back, the
supply output can fly up due to loss of regulation and cause a
trip out,

To avoid these effects it is essential to add additional fixed
resistor pre-leading to the power supply output so that the power

supply supplies ferward current through the entire eperating cycle
of the load,
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(44) Overvolzage Tripning Contd.

(3) High R.F. voltsges appearing on the D.C., line,
This can be caused by. faulty earthing of transmitters misfbyﬁng
and poor filtering of the ¢ramsmitter OC circuits,

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

If continuous 0/V trip off occurs every time the power
supply is switched on which can hot be reset, an internalC&udt is
indicated, §

(45) Pre-RBegulator 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 60 Amps the power dissipation in
the series regulator is 6 x 80.= 360 Watts,

This heat dissipation is adequately removed by the blower
fan, However if the differential is incorrectly set to say 8 Volts,
the dissipation rises to 480 Watts and overheating 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 tramsient respomse 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) Calibration of Output Voltage Fig. 9,

Connect an accurste digital or differential voltmeter across
the test terminals, :

Remove the top cover of the power supply, disconnect any
load, adjust the set OC output voltage switch to 382V,

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

The DOC reading should be within + .1V of 32V, Locate the
OF Volts Calibration RV1 see sect (22) and adjust 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 1+ .1V, As the output voltage
steps are set by a precision resistor voltage divider chain orne -
calibration at 32V will accurately adjust the other voltage steps.

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

The voltmeter positive lead should be conmmected 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 lacate the Uiff Voltage Galibration
BV4 cuntral, sos soat (BS) snd adjust thie GoRERGL B0 BBLALA B
differanticl of GV,
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(48) Calibration of Current Limit Fig. 9. Arawiné
Construct a water cooled test resistor capable of gﬁﬂﬂ*ﬁg
65 Amps at say 30V ie .48 - ,5 Ohm. Connect an accurate {§DA

D,.C., ammeter inSeries with the load,

Remove the cover from the power supply loosen the lgdLhut
on the Set Current Lim turn this contral with a screw drivey to
about the ¥% way position, Switch the Set UC output voltagt switch
to the 32V position, turn on the power Supply and connect bhe load,
Check that the over load indicator lasmp is on indicating ciffirent
limit, The ammeter reading should be less tham 65 Amp if Ghe
current limit control has been set to % position, Now ad just
the control until 65 Amps is indicated, the overload lamp must be
on,

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

¥493 Calibration of Overvoltage Trip Fig. 10 _
'It is not recommended that this calibration be carried out unless
absolutely necessary,

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

Set the set DC output 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 terminalg,make sure the voltage is set to zero.

Switch on the paower supply. Slowly increase the UC voltage
from the variable supply,until the contactor trips off, causing
the over-volts indicator teo light up. Check the voltmeter reading,
this should be at 32 +4 3V = 35V 4 .5V, If the trip voltage
deviates more than + .5V from the set value of 3 volts above the
output voltage settlng,locqte the Cal 0/V control RAV5 mounted on
the.printed circuit board under the voltage selection switch
bracket. Adjust this control with a short screw driver while
carrying out the previous test procedure until the correct trip
differential is obtained,

Disconmect the test voltmeter and lab power supply, Switch
of f the power supply, replace the contral circuit board, reset the

voltage range switch to normal operating value, check out operation
and replace top cover,

PAHT 7 DISMANTLING OF EQUIPMENT

(50) Introduction

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

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

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

(1) Unserew the long 5/32" screw securing the circuit breaker
to the front pansl,
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{54) DUismantling Procecurs Fig,z4 Contd,

(2) Remove the 10 MB x 42 metric screws securing Th{ front
panel to the chassis front and tilt the loose panel FDP‘!EMES
far as possible and put & prop under the panel, Cover back of the
tilted panel’ with a .sheet of cargboara to protect rear pda<¢l wiring,
If desired the wiring can be disconnected from panel comppNnents
after care.ully Nnoting the terminations and the panel com?}ately
- removed,

(3) To remove the transformer, Disconnect all cgbles
terminating on to the brass bolts on the formica terminal strips
mounted at each end 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 not 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 remove the choke, Unscrew the modification plate from
the top of the choke, Cisconnect the choke wires,

Unscrew the nuts from the top of the choke mounting corner
bolts only,.

Do not remove the bottom muts as their inaccessability will

make replacement difficult, Remove the formica barrier strip
from the top rear of the choke remove 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 disconnecting the yellow leads to the filter capacitors
lifting up the top heat sink tilting it over and umsoldering
the white base drive wire, and removing the bottom heat sink
and spacers in the same way,

(52) PReassembly . .
The choke, transformer and control panel is reassembled
in the reverse order,
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PART 7 TECHNICAL DESCARIPTION

(58) Start Up and Overvoltage Protection Circuit Fig 12

The operation of this circuitry is described in Fig.

The A,C,
is turned an.

Contacts
magnetise coil
close sllowing
transformer,

wWhen the
to isolste the

When the
the primary of

mains supply is applied when the power on/qj? switch

RY1 are normally closed allowirg A.C. curremt to
RYC/3 of the masin contactor. The contacts AYC1/2
AC voltage to be applied to the primary of the mains

contactor RYG/3 pulls in its contacts RYC3 open
over temperature indicaten lamp from its OC supply,

main on/off switch is turnmed on, AC is applied to
the auxiliary transformer, The secondary of this

transformer consists of two windings, one set supplies the main
regulator board PC1A the other winding supplies a bridge rectifier,
from which DC 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 precision
reference positive voltage derived from -a reference diode unit type
LM338Z producing a reference of approx, 2.5V,

The mon inverting input 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 imput to non inverting
input, Thus the output of the comparator is low, transistor Q10 is

switched of f, RY1, RY3 and RY4 contacts remain held on.

If an overvoltage occurs on the output of the OC supply at a
level determined by the setting of the volts range switch,

The voltage level on the nmon inverting imput of the comparator
will rise above that on the inverting input (2,5v), The comparator

coil to switch

output switches high, Q10 conducts allowing overvoltage relay RY/4

contacts RAY1 RY3 and RY4 over,

When contacts RY1 open, the main contactor turns off removing

AC from the main transformer, RY3 contacts 7 and 11 close, connecting
pin 14 of coil RY/4 to negative common locking the relay on
continuously, .

RY4 contacts 8 and 12 close allowing the 0/V indicator LED
to turn on, indicating the fault condition,

To unlatch RY/4 it is necessary to turn the power switch off

and on again,

Provided

the overvoltage fault has cleared the overvoltage

protection circuit will revert to the standby state,

The dividor chain is arranged so that the trip voltaas level
8 tt?

is three volts sbave tha norma

power supply,

C outpJdt voltage sa ng &f the
C2 pravides a slight time delay before the cemparatar

vwitches, Lo prevoit false switching on Voltags tramsiehts appuaring
across the power supply output terminals,
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(584) Thermal Switch .

The thermal switch is mounted on the top of the main$g
transformer, This switch is a bi-metal type permanently én
The switch is in series with the contsctor caoil RYC/3, If he
switch temperature exceeds 112°C the bi-metal contact opens
turning off the main contactor,

At the same time contacts AYC3 close turning on the oV&F-
temperature LED indicator, '

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

(55) Regulating System, Functional Diagram
The basic operation of the power supply can be explainedc 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 SCR1 and SCR2 connected as a full wave rectifier,
The conduction angle of these thyristors are controlled by fFiring
pulses generated by the tracking pre-regulator., For small conduction

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

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

in relation to the zero crossing points of the AC input sine wave,
the syronchronising 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 pass 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
regulstor type power supply to be used on a supply voltage input
ranging over a wide range, The resultant efficiency is much higher
than the usual series regulasted power supply,

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

(86) The 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 DC output voltage
of the power supply to a reference voltage, the value of which is
selected by a precision resistor divider chain, The difference
voltage is used to control the conduction of the pass regulstor
transistors, to maintain a constant output voltage,

(67) The Current Amplifier Functional Di=sgram

The imputs to the current control amplifier are connected
across the current sensing resistor, Crne input is balanced agaimst
a reference voltage provided by the current limit control slicer,
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{87) The Current Amplificr Function GCiagram Contd,

Normally the current control amplifier is inactive, hcﬁéver
when the current exceeds a pre-determined amount, this ampll{ief
becomes active, robs the voltage amplifier of control and reduces
the conduction of the pass regulator transistors to limit thﬁ,current.

(88) Short Circuit Trip Protection Amnlifier

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

(58) Phase Controlled Rectifier Action
Phase controlled rectifiers or %hyristors are used in a half
controlled bridge rectifier power supply.

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

The firing pulse initiastes conduction in the forward direction,
the thyristor will remain conducting even if the firing pulse is
remaved. The thyristor. will stop conducting if the anode cathode
applied voltage is reduced to zero or reversed, The device will
remain non conducting until retriggering during a period when forward
voltage is applied,

Refer to Fig, 15 Ignoring the effect of MR3 L § C the
rectifier output wave forms are shown in Fig 6a b ¢ 8 d in relation
to the A,C, input waveform, In Fig 16a the top and bottom
thyristors are triggered aslternatively by trigger pulses 1 and 2
synchronised to the supply frequency. The large trigger delay
angle % results in thyristor conduction in the cross hatched
areas shown, note that the 0,C, level Ed., is low,

In Fig, 16bthe trigger delay angle is small, the cross hatched
areas are larger hence the mean DU,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 :

ED'F"—: .éy;_"z_ I+Co\§0€)""’ .//)

Components inductance L and capacitor C are added to the
circuit Fig 15 to remove the ripple comporment from the output 0O.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
off, 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 18 d shows the negative component added
to the rectifier output durinmg 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 losac,
The output voltsge is never negative, harmonic content in the outpit
is significantly reduced and the current is much smoother, The
diode MR3 improves the firing of the thyristors,
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(80) Pre-fequlator Circuit

The pre-regulator circuit is a closed loop GC regulafbv using
phase controlled thyristors in which the OC output is autgamgtically
ad justed by conduction control of thyristors to maintain @ Constant
voltage drop across the series pass regulator transistors,

Refer to the circuit diagram of Fig 17, and the waveForms of

The auxiliary transformer secondary is centre tapped and feeds
a bridge rectifier which provides both positive and negative outputs
referred to the common centre tap, which is connected to positive
output side of the series regulator,

The positive supply is filtered by C1 and regulated to 15V +
output by a 7815 three terminal voltage regulator, The + 45V
rail supplies components such as operational amplifiers on the control
board, The negative output is fFiltered and regulated by zener Z4
to provide - 12V for the operational integrated circuit LM324,

(81) Synch

In Fig 17 the negative going ripple waveform. is fed via R31
to a biased transistor amplifier Q9. The tips of the ripple waveform
bias Q3 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,

(82) Ramp Generator .
Wﬁ@%‘fﬁ@"?ﬁﬁuz voltage to the trigger comparator falls below

1/3 Vec ie S5V the comparator output triggers an internal Flip-flop

so that its output sets low, This turns the capacitor discharge
transistor "off" and 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 determined by the time constant of
R42 C5,

When the capacitor voltage reaches approx, 2/3 Vcc ie 10V
the thresh-hold comparator resets the flip flop, Th}s action
discharges the timing capacitor and 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 until the timing
period has been completed,

By applying a D0.C, control voltage to the threshhold comparator
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 a OC control 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 uni junction oscillator Q4, When the base of Q5 is
driven positive via R36 the transistor is drivenm into saturation
hence its cgllector 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 turrmed off, hence its collector voltage is high,,
this allows Q4 to generate a burst of oscillation and a train of
short pulses appears at the B1 junction of Q4 see Fig 18/5,

-
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(82) Ramp Generator Contd,

The train of pulses appear every half cycle of the AC
inmput wave, each burst terminates at the end of each haif

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

gate/cathode electrodes of SCR1 and SCR2,

Note that the firing of each thyristor coincides wi .h
the first pulse in each burst train and not with the trajling

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 C4, However the delay is

constant and does not affect the operation of the system,

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

The pecestal extends beyond the zero crossing point but

the thyristor ceases conduction once its anode voltage goes
negative,

(83) Voltage Control
The control voltage for the ramp is obtained from the
output of a differential amplifier type LM324, this integrated

circuit contains four operational ampllfiers but only one is
used in the pre-regulator,

The 4 non inverting imput of this amplifier is connected
to. the output of the pre-regulator filter capacitor point A
via a voltage divider 87 ARG,

The inverting inmput is Supplied with a positive reference
voltage fram the + 15V supply via voltage divider R47, R48 and
the set diff control RV4, 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 adjusting 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 SCAR's

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

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

Thus if the output of the power s pply is loaded, the
series regulator control will increase the conduction of the pass
transistor, The resistance of the series regulator will decrease
reducing the voltage drop across A § B, this will momentarily
unbalance the inputs to the pre-regulator control amplifier, its
output voltage will shift to imcrease the conduction time of SCR1

and 2 causing the voltage at point A to increase to take up the
load,
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(B4]) Pre-Segulator Protection and Stabilisation

Certain components are added to protect the pre-h@%ﬂugtor
difference amplifier inputs, -

Resistors R46 RA7 buffer the inputs, CRA11 conducts tF
the mon inverting imput voltage is suddenly shut off, anyg
prevents excessive difference voltage damaging the amplill 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
in full conduction of the SCR's and a high uncontrollable voltage
at the output filter capacitors,

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 OC 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 inability 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 and 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-regulator response speed,

This hunting may be observed by connecting an
oscilloscope across the main fFilter capacitor and observing
the ripple waveform has a low frequency oscillation superimposed,
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(65) Series Regulator Circuit Operation Comstant Voltar

The series regulstor accepts the coarse DOC regulat high
ripple ie up to 1V pk/pk output of the relatively slow r€9% nding
pre-regulator and processes it to a precision regulated, yfFy low
ripple fast reponse UC output, ’

v Figure 20shows the basic feedback principal used. The AC
input after passing through a power transformer is rectif)g:d and
filtered, By feedback sction the series regulator transi$tor alters
its voltage drop to keep the regulated 0OC output voltage gonstant in
spite of changes in unregulated DC, the load and the distuJrbances,

The comparison amplifier continuously monitors the difference
between the voltage across the voltage control Rp and the cutput
voltage Eo. If these voltages are not equal, the comparison
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.

Since the net difference between the two voltage inputs to the
comparison amplifier is kept at zero by feedback action the voltage
across resistor Rr is kept equal to the reference voltage Er, Thus

the programming current Ip flowing through 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 A~ and Rg.
Because Ip is constant, Ep and hence the output voltage is variable
and directly proporticnal to Rp,

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

As a result:
Er - Es Es - Eo
= = (1)

Ip =

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 = Es Rp 4 s R~ - Eo Rr (2)

Fig20 yields a second equation relating the amplifier output
to its gain and voltage inmput :

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

Es = Er E
Rp + Br (14A) (4]

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

Let A —~ (GO
Then Es = O » (s
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Series dazgulator Circuit Jperation Conmstant Voltac —-ontd,

This important result means that the two input vollant of
the comparison amplifier are held equal by feedback acti®n In
practice Es is at most a few millivolts,

Subst Es = 0 into Equ (1)
Eo = Er BRp (el
Rr

This is the well known gain equation for an operati®pal
amplifier,

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

(868) Series Aegulated 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 Rg tapped from the slider of Rg, and the Ir drop developed by the
load current I1 flowing through the current monitoring resistor Am,

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 Bm

until the error voltage at the comparison amplifier input is reduced
to zero,

Momentary unbalance at the comparison amplifier are caused by
ad justment of current control Rg or instaneous output 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 setting current control Rq. ’

(67) Overload Protection Trip Circuit .

Although the circuit of Fig 21 will limit the maximum current
to a comstant set value in the event of a severe overload or short
circuit across the output terminals the series regulator will be
subjected to the full input voltage Ein in the event of a short
circuit and if IL is set by Rg to near maximum output, the large
instantaneous Ein x IL energy appearing across the series regulator
could destroy some of the regulator transistars,

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

The shut down amplifier is similar to the constant current regulator.
Resistor RTR is adjusted to trip the shut down amplifier when the
voltage across the series regulator exceeds approx, 15V, This would
occur on a short circuit, The ampliifer switches low in about 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 maintsin the differential. When Ein falls

bolow the trip setting of the shut down amplfier, the amplifier output
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{87) (Overload Protection Tric Circul < Contd.

switches high, allowing the series regulator to conduct, h[hbver
this action produces a dip and surge up in the pre-regulo?
output which forces the differential momentarily above thet;rip
level again, inducing another shut down,

Thus as long as the overload or short circuit is comtected

- the shut off and attempt to restart action will continue,

This is indicated by the flashing of the overload LED.

(B8) Trip Level Adjustment

If the trip level is set lower than approx, 15V, protection,
is further improved however false tripping may occur on momentary
overloads such as when transmitters 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 RV3 is set to about % way, this gives adequate
protection without anmoying latch offs,. :

(89) General Series Regulator Circuit Description
Sections (65) to (B68) fully covers the theoretical principals
and it is only necessary to fill in the details Fig 23.

(70) Voltage Adjustment Switch
From equation (8) of section (B65) it can be seen that if the
ratio Er '

Rr is constant, the output voltage of the power supply is
directly proportional to Ap.

The constant is adjusted by Fine trimming the cal trimmer RVA1
to give a programming ratio of exactly 1000 Ohms per volt, hence the
resistors in the chain R1 to RY in Fig 13 add up to 32,000 Ohms to
give the maximum output of 32V DOC 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
(B0) for description, Diode CR12 blocks off filter c&pacitor C3

from the ripple source required to supply the zero crossing detector
ng '

Reference diode 73 is actually a precision voltage gap band
reference integrated circuit type LM336Z, Tp3 pin is covered by a
sleeve to prevent the output of Z3 shorting against one pin of
control RV4, ‘

Capacitor CS acts as a filter for the reference Z3 supply and
acts as a time constant tpgether with R1 to give a delayed build up
of reference voltage output on initial switch om of the power supply.

(72) Series Regulator Transistors

The series pass element consists of eight parallel connected
power transistors type 2N3772 mounted four to a heat sink together
with & driver transistor for each group. The output emitters of
these transistors are paralleled 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 transistaors plug into sackets,
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.(73) Constant Voitage Regulator Fig =3c)

Ic (b)) of the guad operational amplifier is a consta&[
voltage comparison amplifier, This integrated circuit inwr Porates
internal output short circuit protection and phase compensATiIYn,
The control output of -IC (b]) is fed to the First current arlY €:r
transistor Q1 via a diode or gate CR3, the cathode of which i% held
high by R27, CA3 conducts into IC (b) output under normal constant
voltage operation, The regulator works as described in seccion (s3],
Thus the inverting input is connected to the positive uutput
via R48, The non inverting input goes via R18 to the summ. ing
point socket terminal (417). The reference resistor consisus of

RV1 and R15 while the programming resistors are in the voltage
selector assembly,

Diodes CR4 CRS together with R48, R1B protect the inmput circuit
of the amplifier under condition of short circuit of the power supply
output, transients, etc.

Capacitor C6 gives some additional roll off in the high
frequency response of the amplifier to prevent parasitic oscillation
in the regulator,

(74) Constant Current Regulator Fig 23

IC (c) of the quad operational amplifier is the constant
current comparison amplifier, ’

A diode OR gate CR6 feeds the output of Ic (c) to the current
driver Q1,

The regulator works as described in section (BB). Thus the
inverting input is connected to the + inmput of the ,004 Ohm current
sensing resistor via R16, The non inverting inmput is fed to the
slider of the set current 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 rot conduct, and the power
supply is under the control of voltage regulator IC (bJ.

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

Components R16 R17 CRB/S protect the input to IC(c).
Capacitor C10 prevents oscillations in IC (c) when it switches to
current mode, ’

{(75) Overload Trip Circuit Fig 23

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

The reference for this circuit is obtained from the + 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 noisy, To prevent this noise
from feeding into the base of Q1 two diodes CR7/CR10 are used in
series as an O0F gata to give hetter isolation of moise pulses,
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REDFERN RADIO Glen Eden Auckland. 4/11/03

MODIFICATION OF ASR40 FOR VARIABLE VOLTAGE OPERATION.

Standard Set Up Limited lower fixed Vollgge output " Fully adjustable modification
OPV aet by awitch 26 10 32V Set to 32 V position mﬂmw ing Set to 32 V position F
32 - Purple wire to PCB u»..D..!t.lll Purple wire to PCB P Purple wire to PCB pin 17 mo_QOﬁOﬁ
contact 17 contact 17 N
Use 50k Multi turn pol
|—v Warning leave other trimmers alone
o) srmre _H._H_ 47 mre o) 47mre hdid ! 1
= e .TL PCBoard Red wire Leave intact
Tisosnbe With Mt pot set Trimmer ,W M <
' adjustor for maximum OPV
adj trimmer for 30V.
(Use accurate ext Voltmeter.) .
1 _ Purple wire see mod details
| g = ~Bor ey s cannect to —S or Neg OPT D _
R22 ﬁ 0O

Note the 2nd section of the

range selector switch sets
the O/V trip level
The 32 V position trips at 35V.

| 2 3

Note in a power supply of this rating
the O/V trip circuit rhust/be ‘actife ¥ |

Change from 2.2k to 3.9 k

Modifications for cont 0 to 30V operation.

Selector switch assembly

This assembly does not need removal to do mods.



MODIFYING ASR40NZ POWER SUPPLY

FOR OTHER DC OUTPUTS.
This power supply was a basic 24V 65 A unit designed to run 24V military radio,s
The output was adjustable in 1 V steps from 27 to 32 V dc.Incorporated in the
voltage control system was an overvoltage protection system designed to trip at
5 V above each switch setting.
VOLTAGE CONTROL.To access the Voltage control remove the top cover,the range
switch is located at the rear in front of the Printed circuit board. THe screw driver adjusted
switch sets both the output Voltage and the trip point.
MODIFICATIONS TO OBTAIN LOWER VOLTAGES.
The Voltage programming was set at 1000 Ohms per Volt in the original design. This was
determined by the value of R22 on the circuit board in series with a 500 Ohm
trimmer at the bottom right hand side of the PCB.With R22 at 2.2k Ohms and the trimmer
at the right setting the @utpilVoltage was set by a chain of 1% 1K resistors
R1 to R7 in series with R8 and R9 15K + 10K.Thus the total chain added up to
32K.
To obtain say 12 V output the chain must add up to 12K ,assuming that the
chain was set to 32 V ie 32K then to bring the output down to 12V the value of the
chain must be 12k Ohm ,this requires a parallel resistor of 19.2k
Locate the purple wire going to the bottom segment of the switch,wire a 19.2k
resistor from the junction of the wire and the switch and connect the other end of the
resistor to -S or the negative output terminal of the power supply. The best thiny is to
wire a 25K pot from the purple wire to _ S and adjust the pot to get 12V output.
MODIFICATION TO MAKE POWER SUPPLY CONTINUOUSLY VARIABLE.
The first method with a 25K pot will not allow full adjustment from O to 32V.
A better way is to use a 50 K linear pot First remove the circuit board, locate the 242K
resistor R22 marked on the Pcb.Replace this with a 3.9K resistor.Disconnect the purple
wire from the switch. Warning make sure the power supply is disconnected.
Connect the free end of the purple wire to one end of the 50 K pot,connect the
slider to -S orz neg output terminal Plug circuit board back in.Set switch to 32 V.
Turn power supply on.You should be able to vary the output from O to approx 30V.
To trim to full scale adjust the 500 Ohm trimmer on the bottom of the PCB Fig 9.
To reduce residual noise connect a high quality 63V 4.7mF d capacitor across the
pot,with the neg end connected to the NEG output or -S.This pot can be located on the
front panel of the power supply if the leads are twisted.
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(78) Overload Indicator Lamp Switching Fig 23
Wihen the power supply is overloaded, the output of CUIfent
limit IC (ec) goes low.

Transistor Q6 senses the change in the output of ICCL) and

_the collector of QB goes high,

This switches on Q7 which conducts, The overload AED is
connected across terminals 11 and 12 and lights up indicatipng the
fault.

Transistor Q8 is not used in this particular power supply,.
An LED connected across 8 and S will turm on when the power supply
is operating under constant voltage operation,

Such an LED is wired under the printed circuit board socket
to complete the circuit, but is not visible,

(77) Main Circuit Diagram Components Fig 24

Radio Interference Suppression

Interference suppression components are fitted on the AC
imput ie ERO F1740 delta capacitor. The positive and negative
output terminals are RF grounded via C5 and Cs.

Additional suppression at the cathodes of mains SCAR1 and SCR2
is provided by C7,

The main and auxiliary transformers are Fitted with earthed
interwinding shields,

The level of conducted and radiated interference is very low,
To maintain this, the top cover must always be securely screwed in
place,

(78] Main Circuit Diagram Protection Fig 24
. The series pass regulators are protected against reverse
voltage by diodes D4 0S5, -

These will conduct if for some reason the output voltage
becomes higher than the input DC at the main filter capacitors,

This can happen if a sudden short circuit occurs in the
pre-regulator output, or a high voltage is injected back into the
power supply output terminals from a load,

Diode DB conducts if the output polarity of the power supply
becomes negative for any reason.

(78) Output Capacitors Main Circuit Fig 24

The main output capacitor C4 is a high value 22,000 MFO,
this capacitor serves several purposes, Firstly the power supply
regulator requires a very low AC output impedance otherwise violent
oscillation would occur, The chargs stored in the capacitor
sustains the power supply output under conditions of very high
transient load change speeds, which are too fast for even the
series regulator to respond adequately to.

Fimally this capacitor filters any residual ripple and spikes
feed through the series regulator.

Capacitor C3 is ripple suppression filter across the vaoltage
programming resistor chain,
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PART 8 MAINTENANCT AND REPAIARS

(B0) PRoutine Maintenance
Foutine Maintenance consists of periodically checki
the operation as described in section (32).

Checking that screws, bolts etc. have not become logg =,
cleaning out dust, checking cables,

The outside should only be rubbed or polished with & soft
dry cloth, Do mot use any Solvents as some solvents can AKttack
the paint and silk screen labelling.

Every six months or more freguently depending on use,
remove the top lid and blow out any accummulation of dust with
an air jet.

Do not remove the plug in printed circuit board unless a
performance Fault is indicated,

In the field, the air vent grills will accumulate dust,
lint, pollen, which may cause clogging and partial reduction in
cooling air fFlow, It is recommended that operators use a
duster or small size paint brush as part of Field equipment to
keep the vents clear. | .

After a prolonged period in service the power supplies
should be given a calibration and specification check, see

sections (34) (35) (36), to ensure the equipment complies with
the specifications,

(81) BRepairs

Fault incidence in solid state equipment is genersally very
low, and in a sense this reliability often makes repairs more
difficult due to lack of Familiarity with equipment which rarely
fFails, Experience with solid state power supplies indicate
that most faults are transistor and rectifier failures, The
first approach to fault finding should be directed to these
components rather than a theoritical snalysis of circuit diagrams,
which should come later if initial fault Finding is.not
successful,

It is desirable to have a working power supply of the same
type available to make comparisons against.

Also it is recommended that a few spare control circuit

boards known to be in working order should be held at a maintenance
base.

To ease semi-conductor fault finding, all regulator transistors
and integrated circuits plug into sockets on the heat sinks or
circuit boards, Indiscriminate changing of components, particularly
on circuit boards should be avoided.

(82) Extender Boards

Calibrations should be carried out with the main control
board PC1A plugged into its socket as access to the calibration
trimmers is easy, However it is impossible to carry out fault
diagnosis on this circuit board in its normal situation and an
extender board must be used, The control circuit board is
removed fraom its socket the extender board is plugged in, in its

place and the control circuit board is placed in the socket on the
extender board,
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(B2) Zxtender Boards Contd.

Occasionally problems are encounterec when pluggina in
extender and circuit boards in that the pin clips on thd 90ckets
may not register accurately with the printed circuit plué Uracks,
this can result in faulty operation, see section (38],

(83) Test Equipment

The type of test eguipment needed has been outlined in the
sections of this manual cdealing with specification testiipf and
calibration, i )

Warning Oscilloscopes should be operated from isclation
transformers as certaln tests, ie checking gate signals on SCR's
involve operating the oscilloscope cabinet above earth potential,

A variac is essential for fault finding.
(B4) Diagnosis, Continuous Overvoltage Tripping

The most likely cause for this fault is a shorted series
pass regulator transistor,

Measure the resistance between the positive terminal of the
filter capacitor and the positive output terminal of the power
supply, if it is zero in both directions disconnect the series
regulator heat sinks in turn and try to isolate which heat sink
has the fault,

The fault could be a transistor or one of the protection
diodes 04 or D5,

If there are no shorts in the pass regulator, check the
setting of the output voltage switch if it is 28V for instance,
connect a variac to the power supply AC input. Connect an
accurate 0.C, voltmeter to the test terminals.

Turn the variac to zero output.

Switch on the power supply, use an insulated screw driver
to hold in the contactor and slowly turn up the variac,.
(Note do not have any load connected).

Observe the voltmeter reading rise, when the output reading
on the voltmeter reaches 28V note if the output ceases to rise
with further increase in variac output, if it stops at 28V this

would indicate that the regulstor is working properly. However
if the output continues to rise, there is some fault on the
regulator PCB, At 31V the 0/V trip relay should click ov=r.

Reduce the variac back to zero (still holding the contactor
in) in order to latch off the 0/V relay and bring the variac up
to obtain just below 28V output,

Connect a voltmeter between TP1 and the ref TP3 in the
circuit board, the reference voltage reading should be between
+ 2.4 to 2.5V,

If the reading is about 4+ 5V, the reference diode LM336
is Faulty and this is the cause of the overvoltage,

Another cause of overvoltage, is an open circuit in the

voltage programming resistor, chain, Check the resistance between
?in 17 of the circuit board and the negative output terminal,
he resistance shauld be 28,000 Ohms for 28V output, If the

reading is much higher or open sircult check the cause of the
fault.
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If nene of these procedures clear the overvoltag ip,
due to lack of regulation, a more detsiled anaysis oF'ZA{
circuit board in necessary, it is preferable to do Cross

measurements against amother working power supply, to hfip
diagnosis. .

If overvoltage trip off occurs before the output w€aches

the regulation setting, the Fault will be in the overvo ltage
protection circuitry,

(B5) Diagnosis, Under Voltage

If the undervoltage' is constant at a fixed value with
and without load, the setting of the voltage range switch could
be too low, Another cause could be a low reference voltage, or
leaky capacitor C3 snunting the programming resistor chain,

If the undervoltage occurs only when load is connected
check the current limit control setting has not altered, the
over load LED will light up if this is happening,

Incorrect setting of the overload trip control RV4 will
produce falling regulation, :

One cause of Falling regulation on a heavy load is loss of
Firing pulses at the gate of one of the thyristors,

An isolated oscilloscope should be connected in turn to
each SCR to check presence of waveforms similar to Fig 18,
waveforms 6 and 7. A lack of fFiring pulse on an SCR will
praduce half wave rectification and low pre-regulator output
on load, This can be confirmed by checking the ripple waveform
across the filter capacitor if the peaks occur every 20m Sec
instead of at 10m Sec intervals the circuit is half waving,

A_common cause of ?iring pulse loss at onme SCR is an
incorrectly plugged in control current board,

If the differential is set too low say under 3V. there will

not be sufficient imput to the series regulator for it to function
correctly. .

Other causes of Falling regulation would be circuit board
faults in the pre-regulator or series regulator integrateg

circuits, Check + and - supply voltage values on PC1A between
TP1 to TP2 for + 18V and TP1 to TP7? for -12V,

(86) Faulty Pre-Regulator Operation,

This may rot always cause any observable effect on the
output voltage at the load terminals, If overheating is present
the pre-regulator differential may be too high, producing
excessive dissipation in the pass transistors, A dangerous
situation can occur if the pre-regulator turns full on, as the
voltage rating of the filter Capacitors will be exceeded,

This.fault must be diagnosed usin

g & variac to prevent the
pre-reg output exceeding 50V,

Investigate the following points, Z3 shorted C7 leaky,
incorrect setting of RV4, Ffailure of Q5 causing Q4 to oscillate
continuously and turning the SCAs on continuously, s Fault in
section d of the LM324 quad operational amplifier causing its
OuUtput to stay low, a defective 555 Timer IC
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(88) Faulty Pre-Regulator Operastion  Contd,

Erratic pre-regulstor operation can be caused by lOS% of
zero-crossing pulses, problems in the firing pulse cirCuils.

(87) Continuous Circuit Breaker Tripoing
Connect a long extension lead to the AC input to £Jlminate
possibility of transformer switch on inrush, If trippipng still
occurs, disconnect blue wires leading from transformer $€Condary
to the rectifier assembly. If tripping continues susp&pﬁ s fFault
in the mains transformer,

Otherwise investigaﬁe for likely failure of 01, 02, SCR1,
SCR2 or D3, Another cause would be breakdown of the fiiter
capacitors,

Another possible cause is excessive AC input voltage, or
low frequency mains input ie below 42 Hz,

Note half wave operation of the rectifier circuit due
to a fault, can partly magnetise the core of the main tranmsformer
and agravate, inrush switch on tripping.

(88) Contactor Buzzing
Occasionally grit or dirt may collect between the poles
of the contactor producing loud buzzing when it is operating.

(88) Replacing Circuit Board PC1A

. Before replacing PC1A in its socket after service clean
1ts contacts with a contact cleaner such as Servisol. Spray
the socket with Servisal, after replacing the circuit board,
check that both SCR gates have Firing pulses present, and that
:he power supply functions correctly on load,

Carefully replace the spacers with the insulating bushes
next to the circuit board at the top corners, Carry out any

final calibration with the circuit board Firmly secured in its
socket, ’

(80) Series Pass Regulator Emitter Resistors .
If a series regulator transistor shorts when the power

supply is on load it is possible that the ,08 Ohm resistor,
see Fig 24, will burn out.

These resistors are made up fFrom an 87mm length of 21 SWG
constantan Resistance UWire, '

The wire is coiled and soldered in position,



#

-
f ~

W INDT

No INFORMATION

Mains

Transformeir

t1)
(2)
(3)

The secondary windings are externally connected in paralil:

Each leg wound as follows:

Pri 201 Turns 2,38mm Lewkanex high temperature wir

Electrostatic shield.,

Secondary, Four windings in one layer 56 turns 2,36n
Lewkanex high temperature wire,

Auxiliary Transformer

Bobbin wound,

(1) Pri 2728 turns .1mm copper wire.

(2) Shield.

(3) First Secondary 266-0-266 turns ,22mm,
leads yellow/brown CT/yellow

(4) Second Secondary 161 turns .22 copper wire,
leads orange and white, ’

Choke

Wound 78 turns of 10 x 2,1mm glass braided copper
class H. )
Butt packed gap 3mm,
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