three-phase power
inverter uses
high-frequency
switching to avoid the
bulky and expensive
inductive components
associated with
non-switching 400Hz
inversion.

inverter

his design is for a three-phase 400Hz inverter for run-
T ning 200V aircraft equipment from a normal 230V

mains supply. High-frequency techniques are used, i.e.
there are no 400Hz magnetics or other special components.
Each phase is separately regulated and isolated from the
mains, output neutral being connected to earth. Maximum
output is around 1kVA, about 3A per phase.

Input converter
This design divides into two parts — the mains input convert-
er and the three phase output bridge.

For the input side, a half-bridge forward converter is used,
sometimes called an asymmetric half bridge. This provides
two outputs, +200V either side of ground. Only the positive
side is sensed for regulation. Acceptable regulation is
achieved for the negative output by cross coupling the
smoothing inductors.

Mains supply is filtered, rectified and smoothed. A ther-
mistor with a negative temperature coefficient provides
inrush limiting. Two igbts are used for the switching tran-
sistors, type IRGP440U from International Rectifier!. These
are 500V die-size 4 types but size 3 or above, 500 or 600V
ultra-fast types should prove satisfactory. Size 5 mosfets
could also be used.

When igbts are used, a reverse diode across the transistor
is needed to clamp any reverse voltage transient. The
devices are rated for some reverse voltage, but at unrealis-
tically low current for most power-switching applications.
A fast turn on diode should be used such as a slow or mod-
erate reverse recovery speed type.

Generally with low voltage output switch mode power
supplies, diode reverse recovery can be ignored. The result-
ing current spike at turn on of the power switches is very
short and requires little energy.

As the output circuit impedance level increases with high-
er output voltages, the diode recovery transient becomes

400Hz

more significant — even with the latest ultra fast types. This
can be tolerated, but it causes higher EMI, extra stress in
the switch and diode, and fast current sensing problems.

The spike can be reduced by slowing the turn on of the
power switch, but this increases losses. The technique I have
used is a current snubber. This device slows down the cur-
rent rise by placing an inductor in series with the switch.

At turn off, some energy is returned to the supply by the
BYW96C diodes. The igbts now turn on at zero current and
the current wave form is very clean.

Another bonus is that during output short circuits, such as
with the output capacitors uncharged, the snubber lengthens
the pwm duty cycle required. This reduces demands on the
current limit speed and propagation delays.

Drive to the igbts is provided by an RMS8 size trans-
former. The driver IC and IN4748 diode network is effec-
tively the same topology as the power converter. This
arrangement ensures proper reset of the RMS8 core every
cycle under all conditions, including under current limit
when the duty cycle may vary rapidly.

The pulse-width modulation IC is the popular voltage
mode SG3525A, running at around 30kHz and 50% maxi-
mum duty cycle. Digital current limiting is employed which
terminates the pwm on a pulse by pulse basis.

The LM319 provides more accurate limiting than the
SG3525A’s shut-down pin. An RM6 transformer senses
current at the collector of the lower igbt. The current limit
sets the inverter’s maximum overall power output to around
1kW, giving a peak switch current of about 7A.

Output bridge
Design of the three-phase output bridge is conventional. It
uses closed-loop pwm at 25.6kHz.

Three reference sine waves are generated by the crystal
oscillator, counter/divider, eprom and d-to-a converter circuit.
All three phases are identical, apart from a 120° and 240°

Warning
In addition to

live mains, this

circuit involves
equally lethal dc
voltages. Don’t
forget that high-
voltage
capacitors can
hold lethal
charges when
the circuit is
switched off too.
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Packaged inverter

Artificial horizon and motors

Inverter P £
broadboard phase shifts encoded in the eproms.
The most significant address line is used to swap between
two look up tables which swap the codes around for the A and
B phases. This reverses the phase rotation.

The algorithm used, in floating-point decimal, is:

A=INT (128* (1+SIN(2*PI* (X+0.5)/4096)))-0.5)
B=INT (128* (1+SIN(2*PI* (X+1365.83)/4096)))-0.5)
C=INT (128* (1+SIN(2*PI* (X+2731.17)/4096)))-0.5)

To check the rounding errors, etc., the resulting sine wave
should look perfect with no flat on the peak or trough. The
resulting code should contain equal numbers of 0s and 255s
and change from 127 to 128 as the address changes from
2047 to 2048 for phase A.

The reference signal is compared to a sample of the output
by an LF347 op-amp. This modifies the reference to the pwm
generator to remove any distortion in the output. I chose the
compensation to give a good comprornise between stability
and transient response.

1RGP440U
1N4007

Mains input converter. Its main task is
to produce a =200V supply from the
mains. At the bottom is the 3525 pulse- ngA % ; EIC
idth modulator. 1202 s
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An LM319 compares the modified reference to a 25.6kHz
triangle wave derived from the crystal. Basic pwm is then
modified by the monostables to give two outputs including
some dead time to avoid cross conduction in the bridge.

The modified reference is not bounded to the triangular
wave so the pwm could saturate positive or negative. This is
undesirable as the bridge current is sensed with transformers
which cannot pass dc.

To prevent total saturation addition pulses are added to the
pwm by the NAND gates. Current limiting is achieved by ter-
minating each pwm pulse on detection of over current at each
switch. The 74HC74 bistable device is set by an over-current

CONTROL. ELECTRONICS

there is insufficient time for it to properly reset. Instead, after
much experimentation, I simply limited the turn on speed by
inserting a 100Q gate resistor. A IN4148 diode across this
resistor makes sure that turn off is still as fast as possible.

Electromagnetic interference is not a significant problem as
the converter is referenced to true ground. Gate drives are pro-
vided by high-speed opto couplers and buffer ICs. This means
that four floating gate drive supplies are needed, provided by
a simple dc-to-dc converter.

The low side switches use a common supply. Current sens-
ing is by six RM6 size transformers. Each transistor is indi-
vidually sensed so that all combinations of phase-to-phase and

One phase of the
intermediate
driver circuitry.
Sine-waves are
constructed by a
d-to-a converter
from information

turning off both pwm drives. It is then reset twice each cycle  phase-to-neutral faults are protected against. in eprom. A
at 51.2kHz. A single potentiometer sets the current-limit comparator ref- crystal-controlled
As with the input converter igbts are used, type erences. This determines the overall kVA rating of the invert- clock feeds the
IRGBC20U. Other ultra-fast igbts, size 2 or 3, 500 or 600V, er and is set to approximately 5A for 3A rms output. 4040 counter
should prove suitable or size 4 mosfets. that addresses the
Output filtering eprom
Recovery problems The output filter inductor and capacitor have to be chosen sequentially.
Diode recovery is potentially a bigger problem in pwm invert-  carefully and an exacting compromise is required. Analogue ICs
ers, where the duty cycle swings close to 0 or 100%. Too large a value for L will cause droop at the 400Hz out- powered from
The snubber used in the input converter cannot be used as  put frequency necessitating a higher dc supply. Too low a %12V, power pins
decoupled with
+5V 100k LF347. 47nF.
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1N4148

2k2

1N4148

value will increase the peak transistor current and associated
losses and output 25.6kHz ripple. Too high a value for C will
increase circulating current inside the bridge legs, and again if
the value is too low, 25.6kHz ripple will increase.

The complete inverter was spread out on an aluminium
sheet ground plane then repackaged in a custom-made box.

A 12V 100ft3/min fan was used for cooling with the +12V
and +5V supplies derived from 78/79 series regulators and a
12VA 50Hz transformer. Both converters have fuses between

47R

Further constraints are placed on L by available core sizes
and materials. The values chosen just allow 115V output with
400V dc bus and give around 1.5V rms 25.6kHz ripple.

Adjust current limit

+12V

for 1kVA (common all phases) ?

+5V

10k

1k

47R

Electrolytics shared with

input converter

4k7

| limit

the converters and electrolytic capacitors.
It is surprising how many commercial power switching

designs have inadequate fusing. Without it, all manner
of expensive blow-outs can occur.

Five neons indicate, mains present, intermediate dc
voltage present and output phases on. The output was
tested using various 400Hz loads, small fans and blow-
ers, an artificial horizon and array of 115V 100W
lamps.

Simplifications and enhancements

Various simplifications and enhancements appear pos-
sible. Numerous possibilities exist for the sine wave
references, with perhaps reduced precision. One tech-
niques is to have a six-pole filter extract the funda-
mental from the 400Hz square wave.

Three 120°-spaced square waves are easy to generate
with logic. PWM signals can be directly encoded in
eprom with a simple RC filter to decode the pwm back
to a sinewave. A 1.6384MHz clock would allow 64
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samples per 400Hz cycle with 65 levels. All six drive signals for
the bridge could be encoded in eprom. This would reduce the
component count significantly but would not allow closed loop
waveform or voltage regulation. Only the overall output could
be regulated by regulating the dc input.

Recently Micro Linear? has brought out a sine-wave reference
generator IC series, the MLL2037/8/9, and a simple three-phase
pwm driver IC including sine reference, the ML4423. The for-
mer works well and is very flexible with regard to clock and
output frequencies. Synchronising three at120° may be tricky or
anologue means will be needed for the other phases. The
MI.4423 proved less satisfactory with various stability and out-

put purity problems. It is intended for low cost driving of three |

phase motors. Linfinity? has brought out an audio pwm con-
troller for class D amplifiers.This is designed to drive two full
bridges for stereo, and features closed loop and current limiting.
Fully independent operation of each phase may be a problem but
these should match the precision of the eproms with far fewer
components.

My prototype included a little extra circuitry to offer S0Hz,

CONTROI. ELECTRONICS

ground though. The HCPL3120 and HCPL3150 igbt opto-cou-
pled gate drivers from Hewlett Packard* are simpler and cheap-
er than the HCPL2201 and ICL7667CPA employed here.

The input converter needs little regulation, so a power-factor
correction scheme could be added. This would do away with the
electrolytic and surge suppressor. But it would also result in
much higher peak currents in the input converter.

If the inverter only needs to run at one output frequency, say
400Hz, then a transformer could be used at the output. This
could be wired delta/star fashion to produce a neutral and pro-
vide isolation. The three phase bridge could then work directly
from rectified mains or the usual boost power-factor correction
circuit.

Only one current sense per phase would be needed. The dis-
advantage would be getting hold of a suitable transformer.

Thanks to Chris Clarke for programming the eproms and to
Graeme Penhorwood for taking the photographs. m
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CHART AUDIO LEVELS

In-vision colour display or hard copy printout

PPM10 In-Vision PPM and Chart Recorder generates a display emu-
tating the well known coaxial TWIN movements for monitoring stereo
audio levels and mono compatibility. Also: STEREO TWIN METER BOX
comprising two PPM9 boards, featuring inherent stability with law under
microprocessor control. A free standing mains powered box frequently
used for the final stereo monitoring when working to broadcast
standards. Manufactured under licence from the BBC.

~n

* Advanced Active Aerial 4kHz-30MHz % Stabilizer frequency shift units
for howl reduction * 10 Outlet Distribution Amplifier % Stereo Variable
Emphasis Limiter x PPM9, PPM5 hybrid and PPM8 IEC/DIN —50/+6dB
drives and movements % Broadcast Stereo Coders % Broadcast Monitor
Receiver 150kHz-30MHz %

SURREY ELECTRONICS LTD
The Forge, Lucks Green, Cranleigh
Surrey GU6 7BG
Telephone: 01483 275997 Fax: 276477
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The Stereo Headphone Amplifier Box

Balanced or unbalanced line inputs to stereo
headphone output

Professional portable units operating from an internal PP3 battery
or external mains adaptor

*Precision transformerless differential left and right inputs
*Wide range of headphone drive impedances *Hi‘gh common
mode rejection *Low noise and distortion *Low quiescent power
consumption for extended battery life *Extensive RFI protection

The Balance Box (mic/line amplifier) - The Phantom
Power Box - The OneStop DIN rail mounting radio frequency
interference filter and voltage transient pretector for voltage and

current loop process signal lines

Conford Electronics Conford Liphook Hants GuU30 7QW
Information line 01428 751469 Fax 751223
E-mail contact@confordelec.co.uk
Web hittp://www:confordelec.co.uk/catalogue/
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