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Introduction:

The Onan VR21 Voltage Regulator printed circuit board receives generator stator voltage, and by the setting of an external voltage potentiometer, regulates the exciter field of a brushless exciter.  See Figure 1.

In operation, as stator voltage falls, VR21 will pulse width modulate (PWM) the exciter to a higher DC (direct current) voltage which increases generator AC (alternating current) voltage.  If stator voltage increases beyond setpoint, VR21 will decrease PWM to bring the generator back to where it should be.  Control of the exciter during startup, shutdown, with volts/hertz protection is also provided on the VR.  Torque matching is an option though not addressed in this document.
Duty Cycle (% DC as compared to DC for direct current) will be used throughout.  It is assumed context will make clear what is meant.

VR21 has both low and high voltage areas to it.  The low voltage can be safely bench tested at 15 VDC.   It can be bench tested at 120 VAC 60 Hz for which further safety must be taken.  Normal operation is presumed to be 208-240VAC.  Proper planning for the external voltage adjustment potentiometer is imperative, else a false diagnosis can result. 

Per Figure 2 the power section provides a DC voltage to be made available to the exciter only as two parallel MOSFETs, in series with the field, allow it to pass.  If modulated or “throttled” low or off, minimal or no current passes through the field.  If % DC is high, lots of current can pass.   If too much power is used such as with a shorted MOSFET, it can trip the exciter field breaker on the front of the generator control panel.
Electrical Diagrams:

Figure 3 is an as-found wiring diagram of the VRAS-2, 300-2880, printed circuit board.  It is shown as VR21 in the generator control AC wiring diagram from Onan, Figure 4.  Figure 5 is the schematic of VR21.  Figure 6 is a block diagram that can overlay the schematic for descriptive purposes.  
Block Diagram:

The AC stator input is typically 208-240 VAC and powers 3 blocks on the board.  These are the low voltage power supply, the power section via a filter/choke coil, and full wave rectification for sensing.  It can also run off of 120VAC during bench testing if an adjustment is made for external voltage adjustment (Rext.v.adj. or R32).

The coarse power supply provides 16 VDC or higher to 3 other blocks.  Its transformer turns ratio (TTR) of 1:0.14 is retained in the AC mode for use by U3.

U3, frequency to voltage converter, is used for volts/hertz control, an option selected by switch S3.  It won’t be discussed here.

The filter/choke works with power transistors to provide a “bank” of high DC voltage across two large, yellow capacitors to provide power as required by the exciter.   When AC voltage is applied in bench testing or in generator operation it quickly reaches an even higher DC voltage, typically 300 VDC at 240 VAC or 155 VDC at 120 VAC.  The filter/choke and DC bank portions of the board are easily identifiable by wide, tinned-copper, circuit paths.
From the DC bank, positive current leaves the positive end (Q2 collector), passes through the exciter field as modulated by the MOSFETS, and returns via a low value resistor to the negative terminal of the bank.  Parallel to the exciter field is a power transistor that performs a protective measure in the event the field open circuits.  The high voltage rated (hence expensive) MOSFETS are paired, though solely one might suffice for smaller gensets, or more MOSFETS could be paralleled by the manufacturer to pass more field current.  

A very small DC voltage passes develops over low resistance and high wattage R3 for overcurrent protection.  One end of R3 is at ground (TB1-7), the other end very close to ground but not ground, the negative end of the bank of DC voltage (Q1 collector).

Voltage transformation and full wave rectification of AC voltage begins the sensing portion for VR21.   Then it is passed to U1 having two op amps.  The first (B) is a comparator, shutting down VR21 for low voltage.  When voltage has exceeded the shutoff threshold (0.5 VDC at U1-6), then the second (A) will run from saturation to control at 2.5 VDC at U1-2.  This is the same as 2.5 VDC at U1-6.
Internal and external voltage adjustments provide the operating setpoint for VR21.  When more resistance is inserted between U1-6 and ground, exciter voltage and % DC decrease.  When the external voltage adjustment is at full minimum, it has shorted TB1-7 to TB1-8.  Maximum excitation is achieved.  Hence internal voltage adjustment, R32, determines the maximum operating voltage.
U2, the pulse width modulation (PWM) chip, is the heart of VR21.  It performs many functions, the easiest to understand being to provide a reference voltage of 5 VDC for other board operations.  An on-chip oscillator runs at 2.5 KHz.  When voltages and logic are correct, it duty cycles two parallel output transistors for PWM.

The PWM signal is inverted in voltage by the gate control transistor Q3 to run, through gate control resistors R1/R2, the MOSFET gates.  VR1 limits the output level to R1/R2, a value that could otherwise run high when the generator coasts down on shutdown.

Low Voltage Bench Testing
When generator voltage, exciter, or breaker problems are suspected, it has been found that testing can be easily done on a work bench having at a minimum a 15 VDC power supply with a variable tap, assortment of resistors, a variable control resistor, and high impedance voltmeter though preferably an oscilloscope.  Take measurements of the external voltage adjustment potentiometer at TB1-7,8 at its present position, plus both clockwise (CW) and counterclockwise (CCW) stops.  Take note of switch S1, S2, and S3 positions. 
Following Figure 7 apply variable 15VDC to the left side of R28, constant 15 VDC to C8 (after scraping away protective varnish), ground to TB1-7, leaving the exciter field circuit open circuit (no load).  Apply a resistor combination at external voltage adjust terminals TB1-7,8 as close as possible to such found in the paragraph above.  Be prepared to monitor all leads on U1, U2, and the R1/R2 tie point.  The goal will be to slowly raise the voltage at R28, but indirectly monitored at U1-6 hopefully finding PWM voltages per the right side of the figure at R1/R2.  Be aware that touching a test lead to the op amp input will slightly change the output, skewing the results a minimal amount.

Per Figure 8A and 8B, below 0.5 VDC at U1-6 the PWM is in shutdown mode.  U1-10 will be high, U1-9 low.

Per Figure 8A and 8C between 0.5 and 2.4 VDC at U1-6 PWM is in 100% DC.  Confirm oscillator and sawtooth signals on U2.  Note complementary inverse voltages at U2-12,13 as compared to R1/R2.  At 2.5 VDC at U1-6 PWM will suddenly drop to 0% DC, but with care of the adjusting power supply can be made to vary between 100% and 0%.  See Figure 8D for 50% DC.  Higher input voltages (>2.5 VDC at U1-6) result in 0% DC, Figure 8E.  Now replace the resistor combination at TB1-7,8 with a variable resistance.  Note that as the resistance is increased, % DC falls.  As resistance is reduced, % DC rises.  This simulates generator front panel voltage control. 
If successful in the above, the low voltage portion of VR21 is good. 
120 VAC Bench Testing
Caution is needed as this high voltage will be present at many places on the board so it should be placed on a nonconductive surface.  
Following Figure 9, attach a 60W 120VAC rated incandescent lamp on terminals TB1-9,10 as a load.  Insert approximately 10 kohm on TB1-7,8 so that the total circuit resistance from U1-6 to TB1-7 (ground) is around 18 kohms.  It can even be higher than this but adjustable to something below 15 kohms.   

With maximum resistance turned in at TB1-7,8 apply 120 VAC to TB1-2,3.  Look for rectified AC voltage at R28 per the upper left graph in figure 9.

Slowly reduce the external voltage adjustment control resistance down until the lamp begins to glow.  Monitor U1-6 with the oscilloscope during this time, seeing the average DC voltage slowly rise to 2.5 VDC.  Monitor R1/R2.  Reducing resistance further will cause much brilliance, but since 150 VDC is possible, it could also burn the filament.  Increase resistance to dim the bulb.  Vary the external voltage adjustment up and down to see lamp brilliance change.
If successful in the above, VR21 is probably good for service.
240 VAC Generator Testing

See Figure 10.  Install VR21 with switch settings S1, S2, and S3 matching when it was removed.  Turn the external voltage adjustment control CCW to minimum.  Do not plan to take onboard measurements while running except at TB1 due to safety concerns.  Full speed no load (FSNL) measurements at TB1-2,3 should be 240 VAC with normal stator voltage achieved, 0.5 amps DC to the exciter field, and depending on analog or digital voltmeter used, 6 VAC on the exciter field terminals or 0 VDC as it is so small.  
Exciter Field Impedance Measurement
Technically, a dc resistance measurement of the exciter field is all that is necessary to judge serviceability.  This is around 13 ohms for a 30 kwatt Onan diesel 3-phase genset.  But one may wonder what its reactance and AC impedance values are since the field is a coil.  What is it in place with rotor in close proximity?

Per Figure 11, a 30 VA, 24 VAC transformer is inserted to power the exciter field in series with a 360 ohm test resistor of at least ¼ watt, though 1 watt is preferable.  The field terminals are lifted from VR21.  Taking AC voltage measurements across the test resistor, field, and knowing their DC values one can calculate 51 ohms reactive for the field, which with 13 ohms DC resistance becomes 52.5 ohms AC impedance.  This calculates to 0.135 H of inductance for the field coils.  Perhaps there is a motor having similar impedance for testing bench testing at 240 VAC.  This would simulate, even closer, field conditions for VR21.
U2, U3:

Figure 12 shows the internals of U2 and U3 with pin nos. assigned to U2.
