Abstract:

The goal of this circuit is to provide a reliabéetifier/voltage regulator for small engines. Tieuit that
was presented in the VREG.PDF file worked butdt luthve a few deficiencies. These problems were:
-As the battery would wear out, the trip pointloé shunt regulators would need to change to hahdle
higher ESR

-There was a high ripple current on the batterfisTended to evaporate the electrolyte. The hatte
would tend to last only about 2 years of commuggvise. The battery should last much longer ttds t
-There was no provision for battery maintenancdéoff season.

Notes on rev 4 board (in the previous VREG2 package
-There were 4 component errors on the circuit boditte changes from revision 4 are
R108 should be removed
C108 should be 100nF not 47pF. Converter mayeuitarge battery and just whistle. The output
voltage rises too fast for the current control @y the safety current limit is tripped.
R115 should be replaced with a wire jumper. Ta®lves an issue where the safety overcurrent
will sometimes trip at a current less than the entricontrol loop.
Add 470 ohm resistor in series with C113
-There were circuit board changes to improve threecti handling of the board. Problematic tracesthe
SCR high power traces. The engine coils were depabmore than the expected current which would
cause the traces to open disabling the shunt reegul@he bulk storage caps would then pop making a
mess. These traces should be reinforced.

How toidentify if thiscircuit will work on your engine:

There are 2 main types of voltage regulation sysieed in engines today. The first one is where the
generator/alternator has a set of stationary wigl{stator windings) and a set of windings wouraliad
the center armature. The magnetic field createtthéyindings in the armature control how much entr
is induced into the stator windings. This cirauili not work with this type of regulation system.

The second type of voltage regulation system uges@anent magnet in the armature to create the
magnetic field. For this reason, the amount ofenirgenerated in the stator windings is closeottstant.
In this type of system, the voltage is regulatedhgrting out windings when the output voltage gets
high. The shorting needs to be done before théiees to prevent the regulator from shorting the
battery.

Specifications

Output voltage: 12VDC to 15VDC

Output current: Up to 20A

Over current protection: Fold back current limilasver current followed by soft start limit.
Charging voltage: 15VDC to 20VDC. External currlémit required.

Physical dimensions: 4.6inches x 2inches x 1.2%8ch

How doesthe circuit work:

The first part of the circuit is a simple rectifigack. | used a couple of bridge rectifiers. G#400
engine has 3 phases on it. A lower voltage cabagily be used but since there is no cost savingsnt
with the higher voltage. This will just rectifyghAC coming back from the stator windings.

To perform the action of shorting out the windingach of the windings is connected to an SCR (Q101,
Q102 and Q103) that will short the winding to grdurT he rectifier pack will have the ground beihg t
lowest voltage of each of the windings so it is netessary to directly across each winding, jushfthe



winding to ground. The SCR’s used were 25A 100Vigks. The current rating of the SCR will depend
on the amount of current your engine will produtteis possible to do a short test where all thasgls are
connected together and the current on each phassunegl. The other way to guess based on theietdctr
load on the system. Some systems do not need/éodmSCR on each phase. They are OK with only 1 o
2 phases having an SCR. The systems that do adttight regulation usually have a large statidloa
them (such as headlights, tail lights, etc).

The output of the bridge is connected to C101, CTID3. When the voltage on these capacitors gets
over 24V, D106 will fire the SCRs shorting the wiimgls out and limiting the voltage on the capacitdn
the earlier versions of the regulator (both OEM #relVREG.PDF), this node was connected to the
battery. The high ripple current was due to thabfam that when the SCRs were firing, the battesig w
supplying all of the power to operate the vehidléhen the SCRs were not firing, the battery wowdda
to charge up to make up for the drain. In thiswiir the energy storage devices were changedp@ctars
that can handle the ripple current without problems

The next part of the circuit is a DCDC convertetake the 24VDC and brings it down to the 13.6Vdsek
to float charge the battery and power the accessofThe converter is based on the Texas Instrament
UC3578. The data sheet which explains the desigecluded in the datasheets subdirectory in tipe .z
file.



The main changes from the typical application dfrizuthe data sheets are:

-There is an output rectifier added to the circdihis is to prevent current from the battery going
backwards through Q105 to charge the big storagaaimrs. This was done to prevent a big currpikes
through Q105 when connecting the battery and tagedeakage current when the engine is off.
-There is a fold back current limiting circuit addeThis prevents excessive current from chardieg t
battery too fast (or destructively if there is aid cell).

In terms of the over current protection that UC3pr@vides, it is still in the circuit but it is skt a higher
current limit than the fold back current limitind.his is in case there is a transient on the oyguth as a
short to ground in the electrical system). If terent goes up faster than the fold back curiigritihg
can handle, the UC3578 current limit will trip forg a soft start of the circuit.

Construction
Caution — This circuit is not for beginners. Tlaald is surface mount and can be difficult to solde

Equipment required:

Variable power supply (0 to 30V, 2A limit minimum)
Multimeter

Oscilliscope is really handy for debugging.

2 pcs of 15 ohm 10W resistor.

Construction
Install all components except for Q105. Make garese insulators on D109 and D107.
Heat sink grease should be used on all TO-220 gaska

Testing
Starting with the circuit completely built up ex¢€pl05 is removed perform the following tests:
Rectifier/regulator test

1. Connect 2 of the resistors in series with the pawpply positive. Connect the ground of the
supply to the circuit ground. Connect the resistahe phase input.
Measure the voltage on the phase input.
Ramp the supply from OV up to 30V. The voltagettmmeter should follow the up to approx
24V where the SCRs fire. The voltage should thep do less than 2V at the phase input.

4. Turn off the supply and test the other phases.
DCDC converter test
Disconnect the supply.
Discharge the internal caps (or wait for them &charge).
Install Q105
Remove the resistors from the previous test. I&estipply for 20VDC and connect it directly to
one of the phase inputs.
Connect one of the 15 ohm resistors between thmiband ground.
Turn on the power supply.
Adjust R106 for 13.6V across the output resisMatch out, the resistor might be hot.
Listen for any instability squeals or check thetshing waveform on the source of Q105. The
waveform should be a steady pulse train withowtt @1 modulation of the pulse width.
Note: This converter will not run and regulate if there is no output load.
DCDC converter current test
This test is good to do, but may be difficult witliahe correct equipment. You will need enouglistess
to load the output beyond the desired output ctiaed an input power supply with enough output enirr
to perform this test.
Set the output current limit as described in ttstalhation instructions (or set it to a lower paint
equipment limitations are present).
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3.
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1. Connect the supply set for 20Vto the RECT pin andbnnector.



Connect one resistor to the output terminal

Power up the board.

The output voltage should be 13.6V

Disconnect the power

Increase the load and apply power again

The output voltage should stay at 13.6V until therent limit is exceeded. Above the current
limit, the circuit will follow a constant power fation.

8. Once the output voltage drops below 10V, the gsbimplete.

Nogakwd

Note: At full current with no air flow the heat sink will get rather hot.
Installation
There are few items that need to be set on thdategubefore the regulator can be put into service.

Current limits

R106 controls both the UC3578 current limit andftiid back current limit. The fold back currenit is
set to limit when there is 0.2V across this resisf®106=0.2V/Imax. The maximum current shouldsbe
to a few amps higher than the current consumptidheoelectrical system. This will allow some miartp
charge the battery.

Voltage limit
This is set by R114. Before connecting

Charging Current Limit

This limit is for the off season battery maintenagbarger. This circuit will not draw the voltage the
RECT pin below approx 15VDC so the maximum curfemin the battery maintenance charger can be set
using a resistor. Rseries=(Vmaintenace-10V)/Imax.

Vmaintenance is the voltage of the maintenancelgyppically 18 to 20VDC)

| max is the maximum current of the maintenancebkup

This resistor will dissipate the following powerder the worst case fault conditions:
Pseries=(Vmaintenance-10V)/Imax.

What will happen when using the maintenance suapty/the battery voltage is low is the voltage an th
RECT pin will vary between 10 and 12V with the auttpurrent of the circuit pulsing on and off. The
output current pulses will be at the limit setlie turrent limits.

If the battery has some charge and is between dQ 216V, the RECT pin will sit at about 1.6V abdke
battery voltage. The duty cycle of the convertdk lve at 90%.

If the battery is charged and at 13.6V, the dutiewill drop down low and possibly pulse. Theremt
on the RECT pin may rise as high as the maintensmpply as the battery current decreases.



