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CHAPTER 8

TECHNICAL DESCRIPTION

SCANNER UNIT AND TRANSCEIVER

General Description

There are two basic constituent parts for a Bulkhead mounted Radar, namely the Transceiver and the Scanner Unit.

The Transceiver Unit contains the main power supply, control units, magnetron and receiver, and the communication interface to the Display.

The Scanner Unit comprises an Antenna mounted upon an antenna support casting, and a Turning Unit, and within the Turning Unit is a motor and gearbox, a Bearing and Heading Marker generation unit, and optionally a Performance Monitor.

The microwave energy is coupled between the Transceiver Unit and the Turning Unit with a waveguide.  All other signals are carried with screened cables. 

Communication between the Transceiver and the Display (or Radar Control Unit) is by means of a serial data link.

The Scanner Unit and the Transceiver Unit, in their standard form, are compatible with BridgeMaster E displays {or BridgeMaster II Display Units if a Display Compatibility Unit 65840A is used}.

Physical Arrangements

All the cables that enter the Transceiver (and the Scanner Unit) do so via waterproof cable glands that incorporate an EMC gasket that makes contact with the cable braid.

The Transceiver is designed to be bulkhead mounted and attached using four M8 bolts, studs or screws.  The lid is retained with four screws, and all installation connections are readily accessible without dismantling the Transceiver.

The design allows for the Transceiver to be dismembered in situ for servicing and maintenance without requiring the main case, inter-unit cabling or waveguide to be disconnected.

TRANSCEIVER OVERVIEW

The Transceiver Assembly incorporates the Modulator pcb, Power Supply pcb, and Trigger pcb combined together as one detachable sub-assembly, and the Receiver, Magnetron and the microwave components all comprise a second sub-assembly. Either sub-assembly can be partially dismantled in situ, but for some tasks the entire sub-assembly is best removed

Communication between the Transceiver Unit and the Display Unit is normally by means of two serial data links, one from the Transceiver to the Display Unit, and one from the Display Unit to the Transceiver.  These are sent in RS422 format and a special data cable that incorporates four twisted pairs is usually provided in the installation kit. Two pairs are used for data transmission as mentioned above, one pair is used for trigger, and the other pair is normally spare.  [Some transceiver variants require two extra twisted pairs for direct connection of bearing and heading marker signals]

The data passed from the Transceiver to the controlling device includes:

(
Heading Marker

(
Incremental Bearing

(
Transceiver Status

(
Error Messages

(
Built In Test Equipment (BITE) data

(
Tuning Indicator

The data transmitted from the controlling device to the Transceiver includes:

(
Standby/Transmit

(
Pulse Length

(
Tuning

(
AFC/Manual

(
Sector Blanking

(
Performance Monitor Control, and Installation Settings.

Trigger PCB

The trigger PCB is the heart of the Transceiver.  It has a dual role in the operation of the Unit. One is to generate all of the timing signals required for the modulator and receiver, and to provide synchronising signals to the outside world.  The second is to communicate with the Display Unit, and interpret the required control signals for the transceiver. It monitors functions within the Transceiver, and the bearing and Heading Marker information coming from the Turning Unit, and encodes the information for transmission back to the Display Unit. In standard units, a byte of data is transmitted each time a bearing pulse is received from the Turning Unit.  In other options the bearing data is communicated separately and the control signals are sent at a lower repetition rate

Modulator PCB

The modulator PCB generates the high voltage negative pulses required to drive the magnetron. The modulator pulse widths and timing signals are controlled from the trigger PCB. A spark gap on the modulator is fitted to allow a safe discharge of energy if the magnetron fails to operate. Continual operation of the spark gap is detected and signal is fed back to the trigger pcb. When the trigger pcb detects this signal it switches the radar temporarily to standby, and generates an error signal to be transmitted to the Display via the serial data link. The error signal should cause the Display Unit to switch to standby and generate an error alarm.

Microwave Components

The transceiver employs a four port circulator to direct the path of the microwave energy to and from the antenna. A magnetron coupled to port 1 of the circulator provides the RF energy to be transmitted.  The antenna is connected to port 2.  The receiver is connected to port 3 via a solid state limiter to protect it from high-powered microwave signals from the magnetron, or adjacent radars. The fourth port contains a small matching load to absorb reflections, which would otherwise be routed back into the magnetron, causing possible power loss and “pulling”.  A signal from the trigger pcb is provided to enable swept attenuation to be applied to the solid state limiter, to permit reduction of the system sensitivity at short ranges if desired.

Receiver

The receiver assembly includes a Low Noise Front End (LNFE) comprising an I-Band pre-amplifier, a local oscillator and down converting mixer to produce a 60MHz Intermediate Frequency (IF) output. This output is then amplified in a linear pre-amplifier, followed by an eight stage logarithmic amplifier, the output of which is envelope detected to create the resultant video signal.  This is then buffered before transmission to the Display.

The receiver also has an integral AFC system. Once the receiver has been tuned, the AFC system ensures that the receiver remains on tune, compensating for short-term variations in tuning due to thermal drift of the mixer and magnetron etc.

The operator can select between manual tuning and automatic tuning. A signal from the trigger pcb is used to select the mode of operation. A signal from the AFC circuit is fed to the trigger circuit to indicate the state of tune of the receiver. This signal is at its minimum value when the receiver is correctly tuned.

Video Buffer Unit

The standard receiver generates a single, negative going video output signal of approximately 3V-peak excursion.  To improve the flexibility of the Transceiver, this signal is then split into two negative signals, and inverted into two further positive signals.  Each of the outputs can be adjusted for peak amplitude within the range of 1V to 5V.  Each output has a series matched output impedance, and they are selectable to be either 50 or 75ohms by a single customisation link on each output.

Power Supply

The power supply operates from the ship’s AC mains, and provides all of the power requirements for the electronic modules within the Turning Unit and Transceiver. The AC mains supply is always present at the power supply even when the radar is switched off at the display.

The presence of a differential voltage on the serial data link when the Display Unit is switched on is detected at the power supply, which then becomes active. 

The power supply includes a Power Factor Correction circuit, and a number of switching regulators to generate the necessary voltage supplies. Over-current detection circuits protect the power supply against overloads on its outputs.

Interconnections

The terminations for interconnections from the Transceiver to the Turning Unit and to the Display Unit are behind a cover plate at the lower end of the Transceiver case.  The terminations are all mounted on an Input PCB, which contains the configuration links and a series of solid state relays to generate volt-free contacts for external use.  Mounted upon the cover plate are the status indicators and the running hours meters.  Cable entries are via screened glands mounted on the lower face of the Transceiver.

The AC power enters through a three-pin shrouded connector on the lower edge of the Transceiver case.  A mains fuse is positioned to one side of this connector

All of the coaxial connectors are also mounted upon the lower face of the case. 

Turning Unit Requirements

The Transceiver requires bearing and heading marker signals to enable it to function and these are derived within the Turning Unit.  A feature of Transceivers type 65825CA, and 65825CD is that the serial communications is tied to the bearing pulses, and therefore when the Turning Unit is stationary, the bearing pulse generator must “free wheel” at a low apparent rotation rate to provide the communication synchronisation.  This has to be much lower than the minimum turning speed to prevent azimuth errors being caused.

TRIGGER PCB

General Description

The Trigger PCB effectively is a dual function design.  One part generates the timing signals required by the modulator to stimulate the energy transfer into the magnetron, which it does either from an internal or external oscillator source, whilst the other part controls the operation of the Transceiver under instruction from the Display. There are two serial links, which are used to transfer control messages from the Display to the Trigger PCB and Transceiver information back to the Display. The Trigger PCB generates the control and tuning signals required by the Modulator, Receiver, Performance Monitor and Biased Limiter. The PSU is enabled with the serial communication differential voltage, relayed from the Trigger PCB.

Signals To /From the Trigger PCB

To/From Display

(
Serial Data to Display

(
Serial Data from Display

(
Trigger to Display

To/From Modulator

(
Pulse Length selection lines

(
Charge and Modulator Triggers

(
Magnetron Heater Turndown signal 

(
Voltage/Current Monitor signals

(
Modulator Configuration signals

To/From Receiver

Tuning Voltage signal

Bandwidth Control signal

AFC/Manual control

AFC Trigger

Tune Indicator signal

To Biased Limiter

Initiation pulse

To Performance Monitor

On/Off signal

Mode Control signal

Tuning Voltage signals

Trigger pulse

To/From Power Supply PCB

+30V, +18V, +12V, +5V, 0V & -12V Supply lines, and a current limited supply for power on indication.


Turning Unit Enable

Power Supply Start and Return

FUNCTIONAL DESCRIPTION (Trigger PCB)
The 89C52 micro-controller, (which is one of the industry standard 8051 family of devices), provides overall control of the Trigger PCB functions. Program memory and RAM are included within the micro-controller IC.

Serial I/O is handled by the micro-controllers internal UART and an external RS422A driver and receiver. Baud rate is fixed at 76800 baud for operational use but is link selectable to 38400 or 19200baud for test purposes, and some special variants operate at 9600 baud.  The baud rate is generated using one of the micro-controllers three internal timers.  The serial data format is 8-bit data bits plus even parity and a single stop bit.

The Display sends serial messages comprising four or five characters depending on message type. Control messages are four bytes long and analogue setting messages are five. The analogue values are sent as 12-bit binary numbers, and they are regenerated on the Trigger PCB using a four-channel DAC before amplification/buffering and distribution to the Receiver and Performance Monitor.

In “Azimuth Synchronised Transmission” systems, the Bearing signal from the Turning Unit is used to initiate serial transmission from the Trigger PCB.  Each time one of the 4096 azimuth pulses per rev is received by the micro-controller a serial character (one byte) is sent to the Display.  Within each byte, one bit is dedicated for the heading marker, which is set and cleared on alternate revolutions of the Turning Unit.  Thus the entire azimuth data is embedded within the serial message structure.

In other systems, the bearing and heading marker are relayed separately to the Display Unit, and the serial message update rate is reduced to approximately one update of each message per second. 

The Power Supply in the Transceiver is only active during normal operation when the Display Unit connected to it is operational. The RS422 serial input from the Display is used to drive a bipolar opto-isolator, which detects the presence of a differential voltage on the lines and this enables the PSU.

Trigger Outputs

There are a number of trigger signals generated by the Trigger PCB:

(
Display Triggers

(
Performance Monitor Trigger

(
Transmission Pre-Triggers

(
Charge Trigger

(
Modulator Trigger

(
AFC Trigger

(
Swept Attenuation Initiate

The Modulator Trigger is used to let the charge out of the PFN into the magnetron and is the trigger that initiates the modulator firing. It is derived either from an internal oscillator, or from an external source.  A wobbulation factor is normally added to the basic timing when running on internally generated trigger pulses, although it is possible, by changing links on the Trigger Board, to disable the wobbulation. This ensures that no two radar transmissions are locked together. The Modulator Trigger output is disabled when in Standby.

The Charge Trigger is the timing signal used to recharge the Modulator PFN. This signal is approximately 5(s duration and is delayed from the Modulator Trigger by 80(s. 

In standby, the Display and Performance Monitor Triggers are generated from the source of the Mod Trigger pulse. When the transceiver is in transmit mode the triggers begin on the leading edge of the magnetron sample pulse and end after a preset time.

Three separate Pre-Trigger signals are generated by the Trigger Board, individually adjustable to occur up to 20(s before the Display Trigger, and with a duration of up to 10(s.  Link options enable selection of each to occur when in transmit only, or during standby as well.

The AFC Trigger is used by the receiver when in AFC mode and is only generated when the transceiver is in transmit mode. The pulse is started on the front edge of the Modulator Trigger and terminates on the back edge of the magnetron sample pulse.

The Swept Attenuation Initiate pulse is the timing signal fed to the Limiter Drive PCB that generates the control for the biased limiter. It is initiated by the front edge of the Mod Trigger and terminated 2.5(s after the leading edge of the magnetron sample pulse.

The Display and PM Triggers are essentially the same as each other, only differing in amplitude. The pulse is produced from the magnetron current pulse when transmitting, and during standby a synthetic pulse is created from the source of the modulator trigger pulse and delaying it to retain the same timing.

Analogue Outputs

The Trigger PCB generates four tuning signals: LO.Tune, PM Tune, Xr Adjust and XT Adjust. These signals are coded as 12-bit digital values and incorporated into the serial messages from the Display. A 12-bit, four channel DAC is used to generate the tuning signals from the message data. All four outputs of the DAC are buffered, with unity gain for the LO and PM Tune outputs and x3.5 amplification for the Xr and Xt Adjust signals.

LO Tune is the receiver manual tuning control, and PM Tune is the Performance Monitor tuning control.  Xr and Xt Adjust are 0V to +15V signals used to set-up the receive and transmit attenuators within the Performance Monitor Unit.

Analogue Inputs

There are various analogue inputs to the Trigger PCB from other modules in the transceiver, as well as some on-board signals. These are fed into an eight channel 8-bit ADC, and converted to digital values.  Some are then used within the micro-controller, the others are passed to the Display via the serial message link.

The Trigger PCB signals that are measured are the dropout timer and +12V and +30V supplies. The timer circuit is a capacitor that slowly discharges (between 4s and 18s) when power is removed from the PCB. After power-up, the micro-controller measures the charge remaining on the capacitor to determine whether the transceiver has been switched off for long enough to warrant inhibiting transmit for 90 seconds until the magnetron heaters have had time to warm up again. After measuring, a trickle current is switched on to recharge the capacitor.  The power supply levels are measured and the results sent to the Display as an aid to fault diagnosis.

One of the ADC channels is used to detect whether a Performance Monitor is fitted to the system. The voltage on this channel will be lower than a defined threshold if a Performance Monitor is present otherwise it will be pulled to the +5V supply rail. This information is encoded and sent as part of the configuration message to the Display.

The Receiver sends a tune indication voltage to the Trigger PCB to indicate how close it is to being on tune. This signal is coded as part of the serial message and sent to the Display.

The other analogue signals into the Trigger PCB come from the Modulator. The Modulator supply voltage and the magnetron current (when transmitting) are measured and sent to the Display as an aid to fault finding. The spark gap detect signal is integrated by the modulator when the magnetron arcs over, and if it reaches a predetermined level the micro-controller inhibits transmission for approximately one second, and sends an error message to the Display. 

Digital Outputs

The digital outputs from the Trigger PCB are all simple on/off control signals to various parts of the transceiver.

Signals to the Receiver select wide or narrow bandwidth (Wideband) and AFC or manual tuning mode (AFC On). Narrow band is selected when the modulator is transmitting in long pulse and briefly during pulse length changing.  AFC or manual mode is usually selected by the radar operator and is part of the control message sent from the Display.  It is also possible by adjusting Links 11 and 12 on the trigger board to select permanent manual or permanent AFC modes.

Modulator signals MP and SP are used to set the pulse length as requested by the radar operator, SP set to 0V indicates short pulse operation, MP set to 0V indicates medium pulse operation and both SP and MP set to +5V indicates long pulse operation. SP and MP both set to 0V is an undefined state and will not happen in normal operation. Turndown enable is generated by the Trigger pcb to reduce the heater voltage to the magnetron when transmitting in long pulse.

The control signals PM On/Off and PM Tx/Rx are used to switch the Performance Monitor on and to switch it between system test mode and receiver test mode.

TU Enable is the signal generated to control rotation of the antenna. When the operator selects transmit the TU Enable signal is activated to start the antenna rotating.  Once the antenna has done one complete revolution (i.e two heading markers) transmission can commence. When standby is selected, transmission is immediately halted and, if not restored after one complete revolution of the antenna, TU Enable is disabled.  The TU Enable can be connected directly to the Motor Drive Board 65801811, or alternatively can be used to drive a contactor for mains (single or three-phase) powered turning unit motors.

External Control Signals

There are facilities for two control signals other than those generated by the Display and contained within the serial messages.  They are External Trigger Input and Radar Silence. The External Trigger input is used when the Transceiver is required to be triggered from an external source rather than using the internal oscillator on the Trigger PCB.

Trigger signals fed to this input are detected and their presence automatically selects the external source in preference to internal.  The detection circuit has a delay such that a long break in external trigger signals will enable the transceiver to revert to internal oscillator. Whichever signal source is used, it will be prf limited to prevent damage to the modulator. 

Radar Silence is a method of inhibiting transmission without using the appropriate command in the serial message.  It can be used for direct sector blanking, or for interference suppression to prevent cross coupling into other ship’s equipment. An active signal at this input will cause the Trigger Board to inhibit transmission within one trigger pulse period, regardless of the PRF and whether it is internal or external derived.

Built In Self Test (BIST)

The micro-controller performs a number of self-test operations and reports the results to the Display as part of the serial message link. 

Error situations that are monitored in the transceiver are: serial message corruption, loss of Display messages, loss of Heading Marker signal, loss of either Charge or Modulator Trigger and magnetron arcing. Error situations will in most cases cause the micro-controller to inhibit transmission until the error has been cleared. 

The other signals that are monitored and sent directly to the Display without further action by the micro-controller are the power supply lines and magnetron current as described in the section on analogue inputs.

Test Facilities

There are two test facilities for the Trigger PCB. The production test mode is used solely during production testing of the PCB and is initiated by fitting the test link LK7. This must only be done on the production test bed as connecting this link when incorporated into a transceiver could lead to unpredictable and possibly dangerous operation.

The second test facility, primarily for service engineers, can be initiated by fitting the two links LK5 and LK6 to position 1-2.  When in this mode the trigger board generates synthetic bearing and heading marker pulses so that the transceiver can be isolated from the turning unit and run as per normal operation. Operation into a live turning unit can be done in this configuration, but no picture stabilisation will exist unless the Display is separately synchronised to the Turning Unit and not via the serial message structure. Any attempt to operate the sector blanking in this configuration will create strange results!

CIRCUIT DESCRIPTION

The incoming serial data messages (DU Data) enter the Trigger Board at PLYK pins 5 & 6 as an RS422 balanced pair.  This is converted to a single ended signal in Line Receiver U28 and also spurs off via isolating resistors R150 & 151 to the PSU to create the start signal.  The single ended DU DATA signal then passes to the micro-controller U2 serial input port.  The Tx DATA signals from the micro-controller are converted to RS422 format in U30, and leave the Trigger Board on pins 2 & 3 of PLYK.

The micro-controller is a programmed part and will carry a Litton part number to reflect the software version number.  The un-programmed part will be an 87C52 or an 89C52

A 19.66MHz crystal XL1, via link LK1 controls U2.  This is an internal test link and must always be present for the unit to operate.  Link LK14 is a development tool, and is not normally fitted.  The micro-controller is an 8-bit device, but has a 16-bit address field.  The lower byte consists of multiplexed addresses and data, and this is separated out in the address latch U4.  All of the discrete address decoding is then done in a further programmed part, U14.

The micro-controller reads data bytes from an ADC U5, and input latches U8, U10 and U32.  The data is written into the DAC U7, and output latches U9 and U11.  The design allows for a second ADC to be fitted, to permit a further eight analogue inputs to be handled should such system extension be required.  They are not fitted on the basic unit.

The ADC digitises any of the 8 channels by selection and not necessarily in sequence which permits the software to rapidly update any analogue parameter rather than wait for it’s turn in a cycle.  It operates in an asynchronous manner, after having been started, its conversion time is partially dependent upon the value of the channel being converted.  A local oscillator of about 300kHz clocks the device, which is generated using two stages of the hex inverter U19.

Two of the three latches (U8 & U10) read “tellbacks” and configuration parameters into the micro-controller, for compilation of status and configuration messages.  The third (U32) looks at an 8-bit DIL Switch to enable customisation parameters to be entered into the system.  These include baud rate selection, Radar Silence polarity, and long or short start-up delay timer.  [The allocation of the switches may change to include special requirements in variations of the ‘standard’ software.]

The micro-controller writes into two parallel latches (U9 & U11), and also into a four channel 12-bit DAC (U7).  The latter re-creates the tune value for the Local Oscillator in the Receiver LNFE, and the three analogue values required when a Performance Monitor Unit is fitted to the system.  All four channels are buffered and amplified via the quad operational amplifier U12.

The latches generate the pulse length selection lines, control lines for the receiver, and control lines for a Performance Monitor Unit if fitted.

The micro-controller has three direct connected external interrupt signals. It also accesses some parameters directly through its Port 1 pins. These are all primary signals such as the output latch enable signal, and the timer charge control.

Another is the generation of a synthetic azimuth pulse which can be used for test purposes to simulate a turning unit, and this is fed into a 12-bit binary counter (U15) to generate a synthetic heading marker.  Two jumper LK5 & LK6 select whether the internally generated signals are used instead of genuine data from the turning unit.

Monitoring the Charge trigger and Mod trigger signals using re-triggerable monostable (U16) produces two system tellbacks.  The principle being that if the pulses are continuous, the monostable will remain set and the verification signal can be dealt with as a logic state.

The micro-controller is supervised by a Watchdog controller (U1) that will reset the micro-controller if it is not strobed at least once per second.  This is done by writing to a discrete address not used for any other function.

Turning now to the timing section, the internal oscillator comprises two sections of the hex inverter U19, which generates a slightly asymmetric square wave at TP4.  The frequency of the oscillator is variable from <2kHz to >4kHz by adjusting RV1.

Into the oscillator a small percentage of wobbulation can be injected from the 40Hz oscillator made using two stages of the quad NAND gate U31.  The wobbulation can be disabled by stopping the oscillator by placing link LK8 in position1-2.

External Trigger pulses are interfaced from socket SKM, differentiated and shaped through Q20, and then translated into 15us pulses in U37.  The other half of U37 then acts as a long time constant integrator for detection of presence of external triggers.  The integrator is triggered from the trailing edge of the external trigger pulses.  This is done to ensure that changeover will always occur one pulse period late to guarantee a dead time between the last internal and the first external trigger.

In the change back to internal triggers, the dead time is created by loss of external trigger pulse for at least 20ms.  This dictates the minimum external trigger frequency to be >50Hz.

Actual selection of the trigger source is done via U13 and U31, only one of which can be operational whichever state the external trigger detector is in, and from these gates the first half of a dual monostable generates a 15(s ‘Reference Pulse’.  All remaining timing signals are controlled from this point, hence its name.

The Reference Pulse Generator is inter-connected to the PRF Limiter, such that once the Limiter is triggered, the Reference Generator is inhibited for the duration of the limiting monostable, and the trailing end of each Reference Pulse re-triggers the PRF Limiter.

Three potentiometers, RV2, RV3 & RV4 adjust the time constant of the PRF Limiter.  These are switched into operation by three FETs Q1, Q2 & Q3, which in turn are controlled by the pulse length selection lines.  This enables different limiting times to be set for each pulse length without multiple timing paths.

In order to permit Pre-triggers to be generated from external timings, it is necessary to include a fixed internal system delay, which is slightly longer than the maximum pre-trigger required.  Adding an adjustable delay monostable after the Reference Pulse does this.  This is U22A, and the adjustment [between 1 & 20 (s] is via potentiometer RV6.  This delayed pulse is then used for the Mod Trigger timing and also after further delay the Recharge Delay monostable.

The recharge delay monostable (U23A) then in turn triggers the 5(s Charge pulse monostable (U23B) followed by the output driver stage Q8

The Mod Trigger is created by monostable U22B (4(s) which is only permitted to operate when the TX Enable signal removes the reset clamp.  This is effectively the Standby/transmit control.

The Reference Pulse initiates each of the pre-trigger generation stages.  All three circuits are functionally identical.  Pre-trigger 1uses the dual monostable U26, in which the first stage is a delay generator adjustable between 1 & 20(s by RV7, and the output fires the actual pulse generator, and the length is adjustable between 1 & 10(s by RV8.  The actual output pulse is produced by the dual inversion of Q11 & Q12, outputting a current limited drive into SKPA.  The selection of continuous operation or active in transmit only is by link LK2

The Display Trigger is generated from the Magnetron Current pulse when in transmit, or when in standby, from the recharge delay pulse through a small delay of approximately 1(s to simulate the modulator delay.  The delayed ‘80(s’ pulse is gated with “Standby” in U31, and the resultant output or the Magnetron Current derived pulse fires the monostable U20 to generate a short Display trigger pulse. This is fed out through three separate discrete, double inversion, drivers, and also at a lower level for the Performance Monitor Trigger.  The monostable output also drives out through an RS422 driver U30 for the “BridgeMaster E” interface.

The AFC trigger has to be generated in advance of the Display Trigger, and this is achieved by commencing it with the delay pulse, and terminating it on the back end of the magnetron current pulse.  As the signal is re-timed in the receiver the 10(s lead is unimportant.

The Swept Attenuate initiation signal is slightly different, as it has to precede the magnetron pulse and last for 2.5(s after the magnetron fires.  This is achieved by triggering monostable U33A with the mod trigger signal, and it is set to last approximately 3(s, which gives a 2.5(s extension from the start of the magnetron pulse.

The magnetron current pulse is first filtered through L1 and C21 and then clipped through R42 and D2 to approximately 5.5V peak.  It is then capacitor coupled to a small negative offset before being passed through a schmitt inverter (U36). The output is integrated using a re-triggerable monostable U20 to act as a transmitting indicator.  This passes to the Input Board to drive the panel indicators etc.

The pulse length controls for the modulator, the bandwidth and AFC select signals for the receiver, and the “TU.Enable” signal are all inverted using high power FETs to provide “open drain” outputs.  In each case there is a 100K resistor in the tellback path to isolate dissimilar voltages from the logic elements.

The communication circuitry and the azimuth and heading marker signals are all designed to be RS422 compatible.

Facilities are included on the board for a local coarse tune potentiometer, selectable via link LK11, and also for selection of permanent AFC mode, permanent Manual mode or operator selected by the three position jumper LK12

THE RECEIVER

[image: image3.wmf]
The Receiver Assembly is a custom designed pre-amplifier and logarithmic amplifier with an envelope detector and low impedance output.  It uses a third party designed Low Noise Front End (LNFE) to provide the down conversion from microwave frequency to the intermediate frequency (IF).

The receiver is constructed using surface mount technology and it is not intended that any form of field servicing be undertaken. Diagnosis of a defective unit will require complete replacement of the receiver and LNFE as a sealed unit.

For this reason a detailed circuit description is not included within this manual, but a detailed functional description is given.

FUNCTIONAL DESCRIPTION

The receiver IF circuit, shown in the block schematic diagram above, can be broken into 6 separate blocks.


Pre-amplifier and Bandwidth Selection


Limiting Amplifier


Logarithmic Detecting Amplifiers


Lift Detector and Video Logging


Video Output Amplifier


AFC drive, Discriminator and Tuning Processing

These blocks are described separately in the following text.

Pre-amplifier and Bandwidth Selection

The pre-amplifier raises the level of the thermal noise from the LNFE down converter to an amplitude where the following logarithmic detecting amplifiers are able to give a constant noise variance output.  This is achieved for two bandwidth settings: 20MHz and 3MHz.  Circuit gain changes by 8 dB between the settings to give equal noise power in each bandwidth.  The circuitry consists of a broad bandwidth common-emitter amplifier providing the majority of the power gain, and a cascode stage with a switchable bandwidth collector load.

Quiescent bias conditions ensure the stage remains linear at input levels when the LNFE is in compression, to maximize the receiver dynamic range.  A broadband IF output is taken to the AFC circuitry

Limiting Amplifier

The limiting amplifier buffers the following stages from the effects of high pre-amplifier outputs during the transmit pulse and from large target return signals.  The logarithmic amplifiers are designed to remain linear for input levels up to around 1 volt peak-to-peak but the pre-amplifier output can exceed 20 volts p-p.  The limiter also provides an output to TP7, the noise figure monitoring point used during receiver testing.

A long tailed differential pair of bipolar transistors is used to give symmetrical limiting and rapid recovery from large signals.  Diodes are included to clamp the pre-amplifier output at 20 volts p-p to avoid forward bias of subsequent stages, although this condition is unlikely to occur in normal operation with currently available LNFEs.

Logarithmic Detecting Amplifiers

Logarithmic detection is used to translate the wide dynamic range of radar signals – in excess of 100dB, into a video output range of a few volts from minimum to maximum.

The logarithmic detecting amplifiers cover approximately 70dB of the overall receiver dynamic range, using the “successive detection” approach to logarithmic compression.  At any given input level, this involves a linear detector contributing to the video output, while later detectors and amplifiers are saturated and earlier stages have yet to contribute to the video.  A wide dynamic range amplifier can be constructed by cascading a series of identical blocks, with the detector outputs summed to produce video.  This basic approach to the Successive Detection Logarithmic Amplifier (SDLA) gives an error ripple in the logarithmic amplitude response, caused by a straight line approximation from a series of linear detectors separated by a fixed amplifier gain offset typically ~1-2dB.

Video processing for constant false alarm rate setting based on variance measurement requires closer control of the log law.  In addition to successive detection, the logarithmic detecting amplifiers use three further measures to achieve a smooth amplitude transfer characteristic: soft limiting of the IF waveform; low-pass filtering of hard limited waveforms; and clamping of the detected video.

Eight identical stages of detection are used with seven linear amplifiers providing the intervening gain.  Full wave detection is used to improve the separation between the upper limits of the video spectrum and residual IF on the detector outputs.  Current summing is used to combine the detector outputs on a common video rail

Conduction of the rectifier diodes is arranged to commence at a level where the subsequent detectors are still contributing to the vide increase.  Initial conduction generates little video output at this level, but the fall in load impedance from the shunting effect of the diodes reduces the rate of rise in signal passing to the next stage, soft limiting the IF waveform.

For larger inputs, the waveform generated across the diodes approaches a square wave.  Inductive coupling between stages extends the stage bandwidth, but also act as a low pass filter, removing the harmonics and passing a sine wave to the next stage.  The smooth increase in peak amplitude of the fundamental as the diode voltage tends to a square wave, in combination with the soft limiting effect described above, remove the “cusping” normally associated with successive detection log approximations.

Stage gain, video clamp level, and threshold of detection have been selected so that at any amplitude, three cells contribute to changes in video amplitude, compared with 1 or 2 of a conventional SDLA.  With this degree of detector activity overlap, deviations from log linearity are principally caused by component tolerance variations rather than by the circuit structure.

The first stage of the logarithmic amplifier is effectively the limiter, and the limiter gain is set to the same value as the following stages.  There is no soft limiting mechanism prior to the long-tailed pair, so this process is mimicked by careful selection of the limiter tail current.

Cumulative gain from eight stages in series is arranged so the final stage of logarithmic detection is approaching saturation on LNFE thermal noise.

Lift Detector and Video Logging

The lift detector and video logging circuitry handle approximately 30dB of dynamic range between the onset of limiter limiting and compression in the LNFE.  A sample of the waveform across the bandwidth defining resonator is fed via a buffer amplifier to a high level full-wave detector.  The detector gives an output current linearly proportional to the IF amplitude.

This rectified current is fed to a video load resistance in parallel with a series of shunt resistor diode combinations, offset by various bias voltages.  As the video voltage across this network increases, the diodes progressively come into conduction, each reducing the slope resistance presented to the detector output.  This produces a piece-wise linear approximation to a logarithmic characteristic.  The magnitude of the video voltage developed across the load is set so the diode curvatures smooth the transfer function, removing the cusping inherent in a piece-wise linear approach.

The non-linear load voltage is re-converted to an output current and buffered by a cascode stage before summing with the video outputs of the logarithmic detecting amplifiers.

Video Output Amplifier

The video output stage removes residual IF harmonics, increases the video scaling factor, and provides a negative-going output drive into a matched transmission line load.

Summation of video from the logarithmic detector and lift detector stages occurs at the collectors of a pair of transistors and this forms as the input of a singly-terminated 5-pole low pass filter with a 30MHz cutoff.  Attenuation of the IF second harmonic is more that 35dB.

AFC drive, Discriminator and Tuning Processing

The AFC circuit consists of a limiting amplifier driving a frequency discriminator, a transmit pulse detector, a sample-and-hold gating circuit, and a loop integrator. The tuning processing rectifies the discriminator output to give a uni-polar tuning error signal, sums the loop integrator output with the LO tune input, and scales the levels to the required LNFE tune voltage range.

AFC sampling of the down converted IF must be performed on the leading edge of the transmitter pulse, and terminated before major reflections within the system or elsewhere may corrupt the frequency determination.  A gating interval of 30-40ns is used for short pulse operation, extended to approximately 200ns for medium and long pulse operation.  Triggering of the sampling process is disabled except immediately prior to the transmit pulse to prevent spurious locking onto external radar emitters, and inhibited following sampling.  Triggering is enabled by the AFC Trigger input, but only initiated by the input of a high signal level from the pre-amplifier circuit.

A broad bandwidth frequency discriminator based on a Gilbert Cell mixer is used to derive a tuning signal.  The discriminator uses an L-C resonator for high sensitivity around the centre frequency.  Loss of output at large offset frequencies is avoided in this design by using the circulating current of the resonator to drive one mixer port differentially.  At large offset frequencies beyond the resonator 3dB point the mixer drive becomes single-ended, but remains sufficient to provide a valid error direction signal.  Loop integration can then ensure pull-in towards the correct centre frequency for errors well beyond tuning range saturation limits set by the tuning processing.

Loop integration is inhibited when either manual tuning is selected, or when the transceiver is turned to standby.  This prevents excessive integrator drift offsetting the manually set tuning point to a frequency outside the capture range of the AFC.

INPUT BOARD 65825820

General Information

The primary function of this board is to interface the cables from the outside world with the internal cables.  However it also carries a small but significant portion of the active electronics associated with the interfacing.

In order to increase the adaptability of the transceiver to customer installations, the design has allowed for a variety of input signal combinations from the turning unit and inter-unit controls.

The transceiver will accept azimuth and heading marker inputs as either RS422, RS423, or as Logic levels.  The configuration is set on DIL switch S2.  A +5V supply is generated on the interface board for supplying bearing generation units such as digitizers.

Once the bearing information is interfaced, a duplicate buffered RS422 output of bearing and heading marker information is provided for interfacing with additional equipment.  {Note that this only repeats externally supplied bearing information, and not the internally generated signals available on the trigger board].

Likewise the Radar Silence input can be configured to accept RS422, RS423, pulse or closing contact inputs, by setting DIL switch S3.  [The sense of the silence signal can be inverted with switch settings on the trigger board].

Finally, six solid-state relays with drive circuitry are mounted upon the Input Board to provide the volt-free contacts for external use to indicate the transceiver status and the pulse length selected.

The two sockets for the indicators and running hours meters are mounted upon the Input Board, and the mating wiring looms and plugs are attached to the cover panel.

VIDEO BUFFER

Inputs: 


2.7V (( 0.3V) negative going video from Receiver Assembly


(12V Supply from Input Board

Outputs: 


Negative going video on each of SKW and SKX


Each individually adjustable between 1V and 5V peak


Positive going video on each of SKY and SKZ


Each individually adjustable between 1V and 5V peak

Circuit Description

The input video is terminated in 75( (using R1 & R2), and then fed into both stages of a dual operational amplifier U1.  One stage is configured as a non-inverting stage, outputting on pin 1.  The other is an inverting amplifier outputting on pin 7. Both have a gain of three, giving typical output of 8V peak video.

The outputs are then taken through identical output buffers using EL2002 Video buffer integrated circuits.  Only one will be described.

The Video from the operational amplifier is passed to a potential divider RV1 (2-4) to adjust the required video amplitude, and the output from the buffer U3 (4-6) is then series matched to the output line.  Using the appropriate jumper enables the end video to be set at up to 5V peak into 75( termination. [Using 50( terminated video the peak achievable will be 3.5V peak]

MODULATOR PCB

Functional Description (Modulator PCB)
The principal function of the Modulator PCB is to generate an 8kV, 8A negative pulse to drive the cathode of the magnetron. An SCR is used to resonantly charge a Pulse Forming Network (PFN) to -1200V from the -600V Modulator HT supply. The Charge Trigger initiates the charging cycle. The number of sections of the PFN is selectable by the relays controlled by the Pulse Length Control Lines. The number of sections of the PFN used defines the length of the output pulse.

At a defined time after the PFN is fully charged it is discharged by three series connected Insulated Gate Bipolar Transistors through a pulse transformer. The Modulator Trigger initiates the discharge. The Pulse Transformer, which has step up ratio of 12:1, transforms the resulting pulse to 8kV. The back edges of the medium and short pulses are speeded up by a saturable reactor connected across the primary of the pulse transformer. 

Other functions include regulating the magnetron heater supply, monitoring a spark gap to ensure correct operation of the magnetron and generation of a timing reference for the Radar Trigger. 

Inputs to the Modulator PCB

-600V Modulator HT Supply

+20V Modulator Trigger Supply

+16V - +27V Magnetron Heater Bulk Supply

+12V

-12V

Short Pulse Control Line
when 0V selects short pulse.

Medium Pulse Control Line
when 0V selects medium pulse.

Charge Trigger

initiates charging of Pulse Forming Network. Typically 1Amp current pulse.

Modulator Trigger

initiates discharge of Pulse Forming Network. Typically 4us, 3.5V positive pulse.

Turndown Enable

dc voltage controls the magnetron heater voltage. 0V on long pulse, 3.5V Standby Medium and Short Pulse

Outputs from the Modulator PCB

Primary sample

positive pulse sample from pulse transformer used to initiate Radar Trigger. Typically 40V amplitude.

Magnetron current sample
a dc voltage proportional to the magnetron current derived from the secondary of the pulse transformer. Typically +2.5V

TX Active
a signal that is normally 0V that rises to >2.5V if the spark gap operates continuously for 2 seconds. The Trigger PCB uses this signal to indicate a transmitter fault to the display.

HT Sense
sample of Modulator HT Supply fed to Trigger PCB for inclusion in BITE message sent to display.

TX Define
Link settings used to define modulator type to Trigger PCB. 0V or 3.5V dependent on link settings.

CIRCUIT DESCRIPTION (Modulator PCB)
The following circuit description is based on Circuit Diagram 65830912 given at Figure 8.3.

Magnetron Heater Supply

The magnetron heaters are derived from the Mag Heater Supply at PLVD1 and PLVD2

This supply may vary between 16V and 27V.

In a 25KW system, the magnetron requires a heater voltage (measured between TSJ1 and TSJ2) of 6.3V on Standby, Short Pulse, and Medium Pulse. On Long Pulse, this may be turned down to 5.1V, depending on the type of magnetron fitted. This is to compensate for the self-heating effect within the magnetron during Long Pulse operation.  The turndown can be disabled on the trigger board using DIL switch S1 part 4.

The Mag Heater Supply is connected to the input of the switching regulator U1. U1 is configured as a buck regulator running at a constant frequency of approximately 52kHz. During the time that the regulator is switched on, power is supplied to the load from the Mag Heater Supply via L106. When the regulator switches off, energy stored in L106 is transferred to the load via commutation diode D112. C112 provides output smoothing. The feedback network R132, R133, R145, R136, and Q102 sample the output voltage. The sample voltage is fed back to pin 4 of U1 where it is compared with an internal voltage reference. If the sample voltage fed back is greater than the internal reference voltage the time that the regulator is switched on for is reduced until the sampled voltage equals the reference voltage. Similarly if the sample voltage is less than the internal reference voltage the time that the regulator is switched on for is increased until the two voltages are equal. In this way selecting values in the feedback network can set a constant output voltage.

When long pulse is selected, the Turndown Enable signal at the gate of Q102 is 0V biasing Q102 off. In this condition R136 is connected in series with the feedback network, increasing the voltage at U1 pin 4. The regulator “on” time is therefore reduced and the output voltage is reduced to the level required for 5.0V magnetron heaters.

When Standby, Short Pulse, or Medium Pulse is selected the Turndown Enable signal at the gate of Q102 is set by the Trigger PCB to 3.5V turning Q102 on. When Q102 is turned on, R136 is short-circuited and the voltage at pin 4 of U1 is reduced.

The regulator “on” time is therefore increased and the output voltage is increased to the level required to set the magnetron heaters to 6.3V. The inductor L103 and capacitor C115 isolate the regulator from the high voltage pulse that appears at the bias winding of T107. The voltage at the output of the regulator measured at TP106 is typically 1.5V greater than the 6.3V or 5.0V to allow for the voltage drop across L103 and the secondary of the Pulse Transformer.

Charging the PFN

With -600V supplied from the Power Supply PCB via L101, the PFN charging is initiated by the positive edge of the Charge Trigger signal on PLVC8. This trigger signal passes via the isolating transformer T101 to the gate of input SCR Q101. The positive pulse turns the SCR on to start the resonant charge. Because L101 and the capacity of the PFN form a resonant circuit, the input current to the PFN is sinusoidal in character and the line charges to about 1.8 times the Modulator HT supply voltage.

The PFN charges through Q101, the isolating diode D101, and the delay reactor L105. The charge current reaches a peak and decays to zero, and at this point D101 becomes reverse biased and Q101 turns off. This occurs when the voltage on the PFN is at its maximum value. R106, R107, and R108 provide a discharge path for any voltage on the anode of Q101. R126, R129, R130, and R131 form a potential divider across the Modulator HT Supply to feed a sample voltage to the Trigger PCB for incorporation into the BITE message sent to the display.

Discharging the PFN

The Modulator Trigger pulse from the Trigger PCB triggers the modulator. This positive pulse of typically +3.5V amplitude is amplified to 20V by U3, The output of U3 is fed to the primary of the isolating transformer T105. The transformer has three identical secondary outputs, each of which drives one of the gates of the series connected IGBTs Q103, Q104, and Q105. The transformer turns ratio is 1:1 so each gate emitter of the IGBTs is driven by a 20V positive pulse.

By clamping any signals fed back from the transformer to a safe level, D111 and D110 protect the output of U3. R121, R122, and R123 control the peak current spike into the capacity of each gate to ensure the IGBTs turn on together. Initially the delay reactor L105 is high impedance and momentarily delays the discharge of the PFN until the IGBTs are fully turned on. This ensures that high current does not flow through the IGBTs until the voltage across them has fallen to a low level. Approximately 250nS after the trigger pulse the delay reactor saturates, and the PFN is discharged through the primary of the Pulse Transformer T107. The resulting 650V primary pulse is transformed up to 8kV to drive the magnetron.

D107 in the charging circuit clamps any positive spike fed back through the capacity of D101 to protect Q101. R125, R126, R127, VDR1, VDR2, and VDR3 ensure that the voltage is shared equally across each IGBT.

Defining the Pulse Length

The PFN defines the transmitted pulse shape. It is only when long pulse is selected that all the energy stored in the PFN is transferred to the magnetron. On medium and short pulse the transmitted pulse length is controlled in two places, using RL1 and RL2.

a)
The PFN

The relays are used to select the number of sections of the PFN that are used for a given pulse length. The more sections used, the longer the pulse.

b)
The Tailbiter.

On short and medium pulse the PFN is used to define the start of the pulse but the width of the pulse is determined by a saturable reactor L104 (tailbiter) connected directly across the primary of the pulse transformer. The number of turns on L104 is varied to suit the pulse length required. The number of turns is selected by RL1 and RL2 dependant on the pulse length selected.

The tailbiter acts by changing from a high impedance to a low impedance to short circuit the primary of T107, terminating the drive pulse to the magnetron. The time that L104 remains in the high impedance state is dependant on the number of turns and the voltage impressed across it. Any charge remaining in the PFN when L104 changes state, is dumped into the circuit consisting of D102 and R115. The PFN is then in a fully discharged state ready for the next charging cycle.

Pulse Length
Relay Energised
PFN Capacitors in Circuit
L104 Tailbiter Winding Used

Long
None
All
None

Medium
RL2
C105, C107, C108 C109
1 - 3

Short
RL1
C105, C107
2 - 3

Relay 1 and Relay 2 Operation
Pulse Transformer

The purpose of the Pulse Transformer T107 is to match the impedance of the PFN to the impedance of the magnetron. In doing this, it also steps up the voltage pulse to the correct level to drive the magnetron. The output of the PFN is directly connected to the primary of the Pulse Transformer, and the secondary is connected directly to the magnetron cathode. 

A bifilar wound secondary is used to allow the heater supply to be connected to the magnetron. An additional secondary winding carrying the heater current is used to bias the core of the transformer magnetically, so that the number of secondary turns required to support the long pulse voltage pulse can be kept to a minimum.

R137 and current transformer T108 in series with the primary of T107 provide a 40V positive pulse ( Mag Sample) to the Trigger PCB as a timing reference for the Radar Trigger, and AFC Trigger.

R119, D104, C118, R118, and current transformer T106 in series with the Pulse Transformer secondary provide a rectified output (Mag Current Sense) proportional to the magnetron current. This voltage is passed to the Trigger PCB where it is incorporated into the BITE message sent to the display.

Zener diode D127 restricts the maximum output voltage below the level that would damage the circuit on the trigger PCB. The voltage can be monitored at TP100, and is used to set the magnetron current in service.

The EHT PCB

The two leads from the bifilar secondary of the Pulse Transformer are routed through the EHT PCB.  D106, D113, and R120 clamp any positive overswing at the end of the magnetron pulse and absorb any surplus energy from the secondary of the Pulse Transformer. The spark gap (Gap 1) operates at approximately 12kV and provides protection for the Pulse Transformer if the magnetron mis-triggers, or if the magnetron heaters become disconnected.

Spark Gap Detection Circuit

The earth return for the Spark Gap is routed through current transformer T104. When the Spark Gap operates the current through T104 generates a positive pulse across R138. This pulse is used to trigger monostable U4A. D124 and D125 clamp the input voltage to the monostable to a safe level. The resulting positive pulse at the “Q” of U4A charges capacitor C125 positively. The voltage at C125 +ve rises from its normal value of 0V towards +12V. This voltage is sampled by the Trigger PCB, and when the voltage rises to +2.5V the Transceiver is switched to standby and an error message is sent to the display.

On long pulse the spark gap has to be triggered for approximately two seconds for the voltage on C125 +ve to reach 2.5V. R143 provides a discharge path for C125, which discharges between monostable pulses such that the voltage on C125 returns to its normal level in approximately four seconds if there is no spark gap activity.

R139 and zener diode D122 provide a 3V bias for the electrolytic capacitor. Zener diode D126 together with D122 restrict the maximum voltage at C125 +ve to 4.5V. R147, R148 and D120 ensure that the voltage at C125 +ve is always positive. These limits are required to protect the circuitry on the Trigger PCB. Low leakage diode D121 prevents C125 discharging through the output of U4A.

TRANSCEIVER POWER SUPPLY (PSU)

General Information

The power supply is an AC to DC inverter that generates the supplies for the I-Band Enhanced Transceiver. The inverter is housed on a single board and is powered by an AC supply of nominal 115V or 230V in the frequency range 47-64Hz.

The power unit uses a boost converter front end to provide a regulated high voltage d.c. to a flyback converter providing the output supplies. Some of these supplies use additional switch mode converters to provide regulated outputs.

The outputs supplied by this power supply are: -

Variable -600V, +30V, +20V, +18V, magnetron heaters (via further regulator), +12V, -12V and +5V and +12V for the fans.

The power unit has the following features:

(
-600V (nominal) adjustable over the range -550V to -650V for control of magnetron current via modulator.

(
Output short circuit protection.

(
Universal input from 95V to 276V without tap changing. Power factor corrected providing a PF of better than 0.9.

FUNCTIONAL DESCRIPTION (PSU)
The following functional description is based on the block diagram given at Figure 8.1.

Principles of Operation

This power supply utilises a boost converter to provide approximately 390V d.c. to the main flyback converter which drives the power transformer T2. The principles of operation are as follows:

The incoming AC supply is filtered mainly to suppress noise emitted from the PSU. but also to attenuate incoming noise. Mains is then passed to the power factor controller which converts mains between 95V to 276V RMS to a stable high voltage d.c. (390V). The PFC takes the form of a boost regulator that forces the input current to follow the waveshape of the input voltage, as if a resistor were connected across the rectified AC supply. The PFC also aims to regulate the output voltage to a level greater than the peak supply voltage. These factors are achieved by the control circuit (U3) sensing the input and output voltage as well as the input current. The control circuit sends a stream of constant frequency but varying width pulses, to the switching FET (Q1) such as to control the input current and output voltage.

In order to avoid taking live mains to the control panel to energise the mains on indicator, an isolated supply is generated within the PFC circuit by including a small overwind coil on the choke L1.  This is then rectified and smoothed to generate the mains on indicator voltage.  It is possible that when the input supply is high, and the transceiver is in standby, the PFC will “hunt” and this voltage will not maintain continuous illumination of the mains on indicator, causing it to flash.  This is NOT a fault condition, and will change to continuous illumination when the transceiver comes out of standby mode.

The choke (L1) current increases during the FET on period and falls during the FET off period when the boost diode D10 conducts. This produces a triangular current waveform at 100kHz superimposed on the sinusoidal current in the choke. At full load this triangular current may be 10% of the actual peak current. The High Voltage DC (390V) is applied to the main Current Mode power converter comprising U4, Q3, Q4 and T2.

The high voltage DC line is switched to the primary of transformer T2 by the two FETs Q3, and Q4, These FETs are driven by the control circuitry (U4) such that they will both be either “on” or “off” together. Flyback action takes place during the off state. A small drive transformer T1 is used to provide the simultaneous but isolated drives to the two FET switches. The cross-connected diodes D19, D20 return excess flyback energy to the supply lines and provide hard voltage clamping of the FETs at a value of a diode drop above and below the supply line voltages. Switching devices with a 500V rating can be used. Energy recovery action of D19, D20 eliminates the need for an energy recovery winding or even snubbing components. Output current is fed back to U4, via sense resistor R47, which stabilised the control circuit and provides overcurrent protection under fault conditions. A further control winding provides a voltage feedback path, via D32, which is used to supply power to U4 and regulate the voltage output.

DC Outputs

The following output voltages are taken from the secondary winding of T2. A series of rectifiers, reservoir capacitors, linear and switch mode regulators are connected to the secondary windings of T2 to provide the following DC voltage outputs.

1.
-600V
170mA max.
Modulator HT

2.
+29V
20mA max
Tuning Range

3.
+20V
50mA max.
Drive to IGBTs

4.
20V(approx:)
0.7A
to magnetron heaters via a switch mode step down regulator.

5.
+12v
1.5A
Rx, trigger board & modulator

6.
-12V
0.6A
Rx, trigger board & modulator

7.
+5V 
0.5A
Rx and trigger board

8.
+18V
80mA
Trigger board

9.
+12V
0.2A
Fans


Figure 8.1 - Block Diagram - Power Supply Board
As the modulator requires HT voltage that can be varied over 550V to 650V to set up the correct magnetron current, all outputs have to be further regulated to ensure stability. Adjustment of RV1 sets the required modulator HT voltage and thus the required magnetron anode current.

To produce the 600V d.c. HT, three windings on the secondary of T2 each produce 200V and are added together at the output of the rectifier circuits. The 29V and -12V rails are fed via three terminal linear regulators whilst the 20V is Zener stabilised. The +12V and +5V rails are fed via “Simple Switchers”, five terminal regulators and chokes with flywheel diodes.

The flyback current mode converter formed by U4, Q3, Q4 and T2 is started by detection of a serial data stream applied to U5 from the display. Serial data is not read but its presence is detected in U5, and the output of U5 turns off Q2 thereby enabling U4. In the absence of a serial data link from the display, LKA can be fitted in position 1-2 for test purposes and the PSU will then run continuously and generate the required d.c. outputs.

The operating frequency of the PFC section is approximately 100kHz. That of the PWM flyback converter is approximately 40kHz whilst the “Simple-Switchers” run at approximately 52kHz.

Once the ship’s supply volts has been applied to the PSU board, the PFC starts and generates 390V. It should be noted that the PFC is ALWAYS active and cannot be manually switched off. The start circuitry only controls the flyback converter so High Voltage DC is present on primary power components whenever mains is present on the board. This fact should be noted when servicing the transceiver.
CIRCUIT DESCRIPTION (Transceiver Power Supply)

The following circuit description is based on Circuit Diagram 65825907.

Mains Input

The AC supply enters the power supply from the external input filter via plug PLTA pins 6, 12 (live), PLTA pins 4, 10 (neutral) and PLTA pins 1, 7 (earth), to the comprehensive EMC suppression circuitry. Although the filtering provides some rejection of mains born interference its main task is to suppress PFC and main switcher interference generated from within the PSU. Due to the 100kHz triangular choke current and capacitive switching currents in the PFC power stage, common mode and differential mode interference pulses are present either side of C16. The multi-element filter formed by common mode chokes L2, L3. and differential mode chokes L7 and L12 together with the adjacent capacitors C18-C21 effectively minimise conducted 100kHz and harmonics from being superimposed on the incoming mains. VDR1 suppresses transient voltages on the AC supply whilst RT1 limits inrush currents to the smoothing capacitors C4, C5.

Power Factor Correction Circuit (PFC)

The PFC takes the form of a continuous mode fixed frequency, average current mode boost regulator. It produces a stable 390V DC rail from the incoming mains whilst ensuring the input current remains sinusoidal. The drive pulses for the main switching FET Q1 are generated by the PFC controller U3 pin 16. The ground pin 1 is referenced to HVRTN which is Q1 source and via the current sense resistors R20, 21 the bridge rectifier -ve output.

The Vcc supply for U3 pin 15 is derived from:-

1.
Winding pins 7, 8 on the main choke L1.

2.
Resistors R2, 3 and D31 from +HV DC

3.
An external 17V dc PSU for test purposes.

All the following pins refer to U3. The V sense pin 11 senses the +HVDC (390V) line and causes Q1 drive pulses to adjust in width to keep the d.c. output voltage constant for load changes. The 0VP pin 11 senses the +HVDC line and cuts off Q1 drive if the output voltage exceeds 390V by approximately 5%. The IAC pin 6 receives a current proportional to the rectified AC voltage from the bridge rectifier D1. V ref pin 9 outputs a 7.5V reference voltage. PK lim pin 2 receives a -ve voltage from current sense resistors R20, 21 via R1. When this is large enough to take pin 2 voltage below 0V, against the current flowing through R41, Q1 drive is cut off.

The EN/SYNC pin 10 is permanently held in the enable state by resistor R19 connected to Vcc. The C set and R set pins 14 and 12 are connected to C7 and R18. These components set the frequency of the internal oscillator to 100kHz. The SS pin 13 is for slow start-up which is not used in this application.

The Va out pin 7 in conjunction with components C13, C8, R14 and R13 stabilise the +HV DC feedback control circuit in U3. The M out pin 5 receives the current sense voltage via resistors R22 and R59. The I sense pin 4 senses the voltage on the HV RTN end of the current sense resistors.

Inputs on pins 4, 5 and 6 are used in U3 to control Q1 drive pulse width such as to make the average current waveform in the choke L1 follow the rectified AC output voltage from bridge rectifier D1. The CA out pin 1 in conjunction with components R23, 8, C14 and C15 stabilise the current sensing feedback control circuit in U3.

Overcurrent Limit Operation of PFC

There are two separate circuits to protect the power switching components.

a)
A controlled and stable current limit circuit is built into the average current feedback control loop. The current limit value is determined by resistors R20, 21. Increasing the PFC load current above the maximum level will cause the PFC input current to progressively have a flat top to the full wave rectified waveform.

b)
A second current limit path is provided by the level of voltage appearing at PKLIM pin 2 of U3. The level of this current limit point is set slightly higher than the previous one in a) above.

Start Sequence of the PFC (with the application of mains from the ship’s supply contactor).

Initially C4, C5 charge up to the peak value of the AC supply via D24, L1 and D1. Vcc line capacitor C3 starts charging via R2, R3 and D31. When C3 voltage reaches about 16V the PFC IC U3 starts operating and delivers pulses to Q1. The +HV DC starts to increase towards 390V whilst Vcc falls due to U3 current drain. The +HVDC line reaches 390V before C3 voltage drops to 10.5V where U3 would switch off. With the HVDC line at 390V, Vcc is then maintained from winding 7, 8 of L1 via D14, D15, C29 and C30.

All the time the +HVDC line is building up the current limit circuits are operating allowing the 390V line to build up in the shortest time. As the HVDC line builds up the flyback converter drive IC U4 Vcc rises. Upon reaching approximately 16V (pin 7 VCC) the IC becomes active and the power output FETs are driven. The output voltage from the power supply starts approximately 2-3 seconds from initial mains application.

Capacitors C23 and C24 serve to provide a return path for the capacitive currents resulting from stray capacities of Q1, D10 and D11 thermal insulating material on the heatsink.

Prior to Q1 switching on, L1 current is passing through D10. When Q1 switches on D10 takes a finite time to switch off. At this time Q1 sees the full +HVDC voltage present on C4, C5.

A very high current pulse results causing significant power dissipation in Q1. With inductor L4 in circuit Q1 current is allowed to build up slowly until L4 saturates. At this time Q1 is switched on and its drain current has risen sufficiently to reverse D10 current. D10 turns off. This L4 circuit significantly reduces the switching losses in Q1. Diode D11 and resistors R25-R27 serve to absorb the stored energy in L4 when Q1 switches off. In particular it prevents Q1 drain voltage rising significantly above 390V.

The PFC circuit can be tested separately from the rest of the PSU by utilising the test plug PLTT. Testing the PFC is achieved by removing LKB, fitting a Variac to the AC supply and applying a floating DC supply of 16 to 20V across Vcc and HVRTN (pins 4 and 5 of PLTT). The floating external PSU provides power to U3. With the low voltage supply on, the Variac can be turned up whilst monitoring +HVDC. The PFC circuit should produce an output of 390V d.c. with about 4V AC input. The +HVDC line should remain stable at 390V for all IP voltages up to 276V RMS. If it rises above 390V do not increase Variac input as there is a feedback fault. An external resistive load may also be connected to the PFC via PLTT

pins 1, 5.

Main PWM Power Supply Stage

The PFC provides stable +390V d.c. for the current mode flyback converter over the full mains input specification. In spite of the converters dual power FETs the converter is of single ended flyback design. The high voltage DC line is switched to the primary of transformer T2 by two power FETs Q3 and Q4. These switches are driven via T1 from the control IC U4. They are both either on or off together. Drive transformer T1 provides simultaneous but isolated drive to the two FETs.

The cross coupled diodes D19, D20 return excess flyback energy to the supply line and provide hard clamping of the two FETs at a value of only one diode drop above or below the supply line voltages. In addition, energy recovery action of D19, 20 eliminates the need for an energy recovery winding or even snubbing components. This reduces the waste heat in the PSU.

When both power FETs are “on” the supply voltage appears across the transformer primary and series leakage inductance. All secondary rectifiers will be reverse biased and no secondary current flows. The primary current increases linearly and energy will be stored in the coupled magnetic field of the transformer and also energy will be stored in the leakage inductance. At the end of the “on” period both FETs Q3, Q4 turn off simultaneously and the primary supply current in the FETs falls to zero. By flyback action all voltages on the transformer reverse. Initially clamp diodes D19, D20 conduct clamping the flyback voltage to the supply line. All output rectifiers become forward biased and secondary current flows. When the secondary current has built up and the energy stored in the primary leakage inductance has been transferred back to the supply line the energy recovery clamps D19, D20 cease conduction and the primary voltage falls back to the reflected secondary voltage. Thus all surplus stored energy is recovered to the supply line and dissipation is minimised.

On application of HVDC (390V) when the mains input is first connected C55 charges up via R48. When C55 attains 16V the under voltage lockout within U4 is released and V ref. is enabled and outputs 5V. Output pin 6 delivers 15V pulses to the primary of T1 and Q3, Q4 receive in phase drive pulses which in turn causes primary current to build up. Primary current is sensed across R47 and fed back to pin 3 U4 for feedback stability and overcurrent detection. Voltage feedback is generated from windings 10, 50 from T2 via resistor network formed by R31, R32, R33 and RV1 into pin 2 U4. frequency compensation for the error amps within U4 is accomplished by network formed by C53, R30. In addition to providing voltage feedback the feedback winding (10, 50) supplies power to U4 via D32 and C55 once the PSU has started operating and supplying output power. The feedback voltage as applied to pin 2 U4 is adjustable via RV1, which sets the raw output voltage levels of all secondary windings.

Overcurrent trip operation occurs should the primary current exceed 4.5A approximately. Once I sense pin 3 (U4) exceeds 1V then the gate drive output ceases and the feedback voltage falls. Once the feedback voltage on pin 7 (U4) falls to less than 10V the V ref. shuts down and C55 discharges. The only charge path for C55 now is R48 and after approximately 1-2 seconds C55 exceeds 16V and output pulses are initiated and the PSU operates.

Should a permanent short circuit be applied to one of the power output lines the PSU will “hiccup” continuously with an approximately 3 sec off time. Thus the mean power dissipated within the PSU under fault conditions should be low. Gate drive is clamped by D21, 22, 17 and 18 so as not to exceed the FET gate voltage specification. R49, 50 serve, together with the FET gate capacitance, to slow the switching edges of the power drain waveform thus minimising conducted and radiated interference without causing excessive power dissipation within the FETs.

To switch the flyback converter on, the opto-coupler detects the presence of a serial data stream from the display at PLTH 11, 12. On detection of the data stream the photo transistor within U5 is turned on pulling down the gate of Q2 below its threshold voltage. Q2 turns off allowing the compensation pin 1 U4 to rise enabling output of the IC U4. In the PSU off state Q2 is held on by current in R37 from Vcc. For test purposes the PSU can be turned on in the absence of a serial data stream by linking 1-2 on LKA.

T2 Secondary Circuits

Modulator –600V

The three isolated windings of T2 (1-20, 2-19, 3-18) are individual 200V windings each having a rectifier and reservoir capacitor. The supplies are connected in series to give the required -600V supply for the modulator.

Receiver Tuning Supply +29V

Rectifier D9 and capacitor C41 provide d.c. input to the three terminal linear regulator U1 which produces a fixed 30V output. L5 and C10 provide additional noise filtering.

Modulator IGBT Drive Supply +20V

Zener stabilisation formed by D2 and R15 converts +30V input to a stable 20V supply using L6 and C39 as additional noise filters.

Magnetron Heater Supply

D28 together with C31, 32 provide approximately 20V D.C. for the magnetron heater switch-mode regulator on the modulator PCB.

Rx/Video Buffer/Trigger Board +12V

With approximately 20V input from D28, C31, and C32 the five terminal “Simple Switcher” U6 output is set to +12V by R52, R53 and R54. The switcher operates at approximately 50kHz using L8 as the step down regulator inductor and D3 as the flywheel diode. Whilst the power device within U6 is off energy is transferred to the load via L8 and D3.

Rx/Video Buffer/Trigger Board -12V

D12, C33 provides approximately 20V D.C. into the three terminal linear regulator U2. R16, R17 set the output of U2 to -12V.

Trigger Board +18V

After rectification via D9 and smoothing by C65, U8 outputs +18V, which is set by R66 and R65.  L6 provides additional noise filtering.

Rx/Trigger Board +5V

D29, C44 provide approximately 15V D.C. to the input of U7 a 5 terminal “Simple Switcher” power IC. R55, R56 sets the output of U7 to 5V. L9 supplies power to the load, during the off period of U7, via D7. This simple switcher operates at approximately 50kHz.

All output linear regulators are protected against input short circuits by reverse diodes connected from output to input (D8, D6 and D34). The linear regulators and simple switchers are current limited for short circuit protection.

MOTOR SUPPLY BOARD (Optional Item)

General Information

The power supply is an AC to DC inverter that generates the Antenna motor supply for the I-Band Naval Transceiver.  The inverter is housed on a single board and is powered by an AC supply of nominal 115V or 230V in the frequency range 47-64Hz.

The power unit uses a boost converter front end to provide a regulated high voltage d.c. to a half bridge converter providing the output supply.

The output supplied by this power supply is between 24V and 50V DC at up to 5A peak. ( for motor starting ).

The power unit has the following features:

· Output voltage selectable via Tap adjustment and variable settings

· Output short circuit protection.

· Universal input from 95V to 276V without tap changing.  Power factor corrected providing a PF of better than 0.9.

Functional Description

Principles of Operation

This power supply utilises a boost converter to provide approximately 390V d.c. to the main half bridge converter which drives the power transformer T3.  The principles of operation are as follows:

The incoming AC supply is filtered mainly to suppress noise emitted from the p.s.u. but also to attenuate incoming noise.  Mains is then passed to the power factor controller which converts mains between 95V to 276V RMS to a stable high voltage d.c. (390V).  The p.f.c. takes the form of a boost regulator which forces the input current to follow the waveshape of the input voltage as if a resistor were connected across the rectified AC supply.  The p.f.c. also aims to regulate the output voltage to a level greater than the peak supply voltage.  These factors are achieved by the control circuit (U1) which senses the input and output voltage as well as the input current.  The control circuit sends a stream of constant frequency but varying width pulses, to the switching FET (Q1) such as to control the input current and output voltage.

The choke (L1) current increases during the FET on period and falls during the FET off period when the boost diode D6 conducts.  This produces a triangle current waveform at 100kHz superimposed on the sinusoidal current in the choke.  At full load this triangular current may be 10% of the actual peak current.  The High Voltage DC (390V) is applied to the main voltage mode power converter comprising U3, Q3, Q4 and T3.

The high voltage DC line is switched to the primary of transformer T3 by the two FETs Q3 and Q4.  These FETs are driven asymmetrically by the control circuitry (U3) such that they are alternately on or off.  FETs Q3 and Q4 are never on together.

A small drive transformer T1 is used to provide the isolated drives to the two FET switches.  Output current is fed back to U3 via current transformer T2 which provides overcurrent protection data within U3.  A further control winding provides a voltage feedback path via R49  to regulate the output voltage.  This winding also provides power to the control IC (U3).

The output voltage ranges from 24V to 50V d.c. at up to 5A peak during motor starting.  This voltage is selectable via set-up links on the PSU output and by fine adjustment via RV1.  The PSU can run unloaded and the output voltage will be approximately the same as when loaded.

The half bridge converter is started by detection of the +12V from the main Transceiver PSU being enabled.

In the absence of the +12V Transceiver supply LKA can be fitted in position 1-2 for test purposes and the PSU will run continuously and generate the required d.c. output.

The operating frequency of the PFC section is approximately 100kHz.  That of the half bridge PWM converter is approximately 200kHz.

Once mains has been applied to the PSU board, the PFC starts and generates 390V.  It should be noted that the PFC is ALWAYS active and cannot be manually switched off.  The start circuitry only controls the half-bridge converter so High Voltage DC is present on primary power components whenever mains is present on the board.  This fact should be noted when servicing the transceiver.

CIRCUIT DESCRIPTION

The following circuit description is based on Circuit Diagram 65825906.

Mains Input

The AC supply enters the power supply from the external input filter via plug PLMA pins 6, 12 live, PLMA pins 4, 10 neutral and PLMA pins 1, 7 earth, to the comprehensive EMC suppression circuitry.  Although the filtering provides some rejection of mains born interference its main task is to suppress p.f.c. and main switcher interference generated from within the PSU.  Due to the 100kHz triangular choke current and capacitive switching currents in the PFC power stage, common mode and differential mode interference pulses are present either side of C3.  The multi-element filter formed by common mode chokes L2, L3 and differential mode choke L7 together with the adjacent capacitors C18-C21 effectively minimizes conducted 100kHz and harmonics from being superimposed on the incoming mains.  VDR1 suppresses transient voltages on the AC supply whilst RT1 limits inrush currents to the smoothing capacitors C24, C25.

Power Factor Correction Circuit (PFC)

The PFC takes the form of a continuous mode fixed frequency, average current mode boost regulator.  It produces a stable 390V DC rail from the incoming mains whilst ensuring the input current remains sinusoidal.  The drive pulses from the main switching FET Q1 are generated by the PFC controller U1 pin 16.  The ground pin 1 is referenced to HVRTN which is Q1 source and via the current sense resistor R9, 10 the bridge rectifier –ve output.

The Vcc supply for U1 pin 15 is derived from:


1.
Winding pins 7, 8 on the main choke L1.


2.
Resistors R25, 26 and D7 from +HV DC


3.
An external 17V d.c. PSU for test purposes only.

All the following pins refer to U1.  The V sense pin 11 senses the +HV DC (390V) line and causes Q1 drive pulses to adjust in width to keep the d.c. output voltage constant for load changes.  Pin 11 senses the +HV DC line and cuts off Q1 drive if the output voltage exceeds 390V by approximately 5%.  The IAC pin 6 receives a current proportional to the rectified AC voltage from the bridge rectifier D1. V ref pin 9 outputs a 7.5V reference voltage.  PK lim pin 2 receives a –ve voltage from current sense resistors R9, 10 via R24.  When this is large enough to take pin 2 voltage below 0V, against the current flowing through R41, Q1 drive is cut off.

The EN/SYNC pin 10 is permanently held in the enable state by resistor R21 connected to Vcc.  The C set and R set pins 14 and 12 are connected to C9 and R15.  These components set the frequency of the internal oscillator to 100kHz.  The SS pin 13 is for slow start up which is not used in this application.

The Va out pin 7 in conjunction with components C7, C8, R11 and R8 stabilize the +HV DC feedback control circuit in U1.  The M out pin 5 receives the current sense voltage via resistors R13 and R14.  The I sense pin 4 senses the voltage on the HV RTN end of the current sense resistors.

Inputs on pins 4, 5 and 6 are used in U1 to control Q1 drive pulse width such as to make the average current waveform in the choke L1 follow the rectified AC output voltage from the bridge rectifier D1.  The CA out pin 3 in conjunction with components R17, 16, C12 and C13 stabilize the current sensing feedback control circuit in U1.

Overcurrent Limit Operation of PFC

There are two separate circuits to protect the power switching components.

a)
A controlled and stable current limit circuit is built into the average current feedback control loop.  The current limit value is determined by resistors R9, 10.  Increasing the PFC load current above the maximum level will cause the p.f.c. input current to progressively have a flat top to the full wave rectified waveform.

b)
A second current limit path is provided by the level of voltage appearing at PKLIM pin 2 of U1.  The level of this current limit point is set slightly higher than the previous one in a) above.

Start Sequence of the PFC (with the application of mains from the ship’s supply contactor).

Initially C24, C25 charge up to the peak value of the AC supply via D1, L1 and D6.  Vcc line capacitor C14 starts charging via R25, R26 and D7.  When C14 voltage reaches about 16V the p.f.c. IC U1 starts operating and delivers pulses to Q1.  The +HV DC starts to increase towards 390V whilst Vcc falls due to U1 current drain.  The +HVDC line reaches 390V before C14 voltage drops to 10.5V where U1 would switch off.  With the HVDC line at 390V, Vcc is then maintained from winding 7, 8 of L1 via D2, D3, C10 and C11.

All the time the +HVDC line is building up, the current limit circuits are operating, allowing the 390V line to safely build up in the shortest time.  As the HVDC line builds up, the half bridge converter drive IC U3 Vcc rises.  Upon reaching approximately 16V (pin 15 Vcc) the IC becomes active and the power output FETs are driven.  The output voltage from the power supply starts approximately 2-3 seconds from initial mains application.

Capacitors C2 and C4 serve to provide a return path for the capacitive currents resulting from stray capacities of Q1, D6 and D4 thermal insulating material on  the heatsink.

Prior to Q1 switching on, L1 current us passing through D6.  When Q1 switches on D6 takes a finite time to switch off.  At this time Q1 sees the full +HVDC voltage present on C24, C25.

A very high current pulse results causing significant power dissipation in Q1.  With inductor L4 in circuit Q1 current is allowed to build up slowly until L4 saturates.  At this time Q1 is switched on and its drain current has risen sufficiently to reverse D6 current.  D6 turns off.  This L4 circuit significantly reduces the switching losses in Q1.  Diode D4 and resistors R18-20 serve to absorb the stored energy in L4 when Q1 switches off.  In particular it prevents Q1 drain voltage rising significantly above 390V.

The PFC circuit can be tested separately from the rest of the PSU by utilising the test plug PLXY.  Testing the p.f.c. is achieved by removing LKB, fitting a Variac to the AC supply and applying a floating DC supply of 16 to 20V across Vcc and HVRTN (pins 4 and 5 of PLXY).  The floating external PSU provides power to U1.  With the low voltage supply on, the Variac can be turned up whilst monitoring +HVDC.  The p.f.c. circuit should produce an output of 390V d.c. with about 4V AC input.  The +HVDC line should remain stable at 390V for all IP voltages up to 276V RMS.  If it rises above 390V do not increase Variac input as there is a feedback fault.  An external resistive load may also be connected to the p.f.c. via PLXY pins 1, 5.

Motor Supply Output

On application of HVDC (390V) when the mains is first connected, C31 charges up via R47.  When the voltage on C31 attains 16V  the under voltage lockout within U33 is released and V ref is enabled and outputs 5V.  Output pins 11 and 14 deliver 15V pulses to the primary of T1.  

Power Mosfets Q3, Q4 receive out of phase drive pulses which in turn causes primary current to build up.  Q3, Q4 and capacitors C24, C25 form half bridge power stage.  Capacitor C37 AC couples the power switch signal the power transformer T3.  This minimizes the possibility of core saturation in T3.  Diodes D16 , D17  are incorporated to ensure that the integral Drain/Source diodes within the power FETs do not conduct during voltage reversals in the FETT switch off periods.  Primary current is sensed by T2 and fed back to pin 9 U3 for feedback stability and overcurrent detection.  Voltage feedback is generated from windings 10, 11 from T3 via D19, D20 and L5 to pin 1 of U3 via R49.  The feedback voltage as applied to pin 1 U3 is set via the ratio of R49 and R29, RV1 which sets the output voltage level of secondary windings 5, 6, 25, 26 of T3 to a nominal 50V max.  Frequency compensation for the error amps within U3 is accomplished by a network formed by C30, R33, R34 and R29, RV1.  In addition to providing a voltage feedback the feedback winding (10,11) supplies power to U3 via D19, D20, D10 and C31 to pins 13 and 15 once the p.s.u. has started operating and supplying output power.

Overcurrent trip operation occurs should the primary current exceed 1.5A approximately.  Once ILIM pin 9 (U3) exceeds 1.2V then the  gate drive output ceases and the feedback and output voltage falls.  Once the feedback voltage on pin 15 (U3) falls to less than 10V the V ref shuts down and C31 and C34 discharge.  The only charge path for C31 now is R47 and after approximately 1-2 seconds C31 exceeds 16V and output pulses are initiated and the PSU operates.

The motor supply output 20-26V is derived from winding 5, 6 of T3 .  The motor supply output (+50V) is derived from windings 25, 26 of T3 via D25 A/B, L6, C40, C41.  R44 and C39 perform noise suppression of switching edges.  A train of pulses is produced from the rectifying diodes D25A,B and the mean DC level which is controlled by the ratio of the on to the off period.  By varying the mark-space ratio, the mean DC level at the output of the low pass filter, formed by L6 and C40/41 can be controlled to the required level.

Should a permanent short circuit be applied to the power output line the p.s.u. will ‘hiccup’ continuously with an approximately 3 sec off time.  Thus the mean power dissipated within the p.s.u. under fault conditions should be low.  Gate drive is clamped by D11, 12, 13 and 14 so as not to exceed the FET gate voltage specification.  R35, 38 serve, together with the FET gate capacitance, to slow the switching edges of the power drain waveform thus minimising conducted and radiated interference without causing excessive power dissipation within the FETs.

To switch the half bridge converter on, the opto-coupler U2 detects the presence of a +12V from the transceiver PSU  at output PLMG1,2.  On detection of the +12V the photo transistor within U2 is turned on pulling down the gate of Q2 below its threshold voltage.  Q2 turns off allowing the soft start pin 8 U3 to rise enabling output of the IC U3.  In the PSU off state, Q2 is held on by current via R45 from Vcc.  For test purposes the p.s.u. can be turned on in the absence of a serial data stream by linking pins 1-2 on LKA.
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