
This document describes the installation of the Ohmpilot from Fronius which is associated to my 3-kW solar generator and a 
300-liter electric boiler.

The Ohmpilot is an ac-ac converter which will deliver a 50-Hz alternating voltage continuously adjusted in amplitude from 0 to 
100% of the grid value, i.e. 0-230 V rms (nominal) here in France. This voltage will be applied to the electrical resistance of a 
hot-water tank and will be modulated according to the power available while keeping a 0-W injection into the grid. Indeed, in 
this mode, we try to consume all the power produced by the solar panels but if this solar power exceeds that absorbed by the 
house, the inverter adjusts its operating point so as not to inject into the network (so-called 0-W mode). With the Ohmpilot, if 
the house consumes 650 W and the solar potential, at this moment, amounts to 1.2 kW, there is an unconsumed surplus of 
550 W which will be directed towards the tank to store the available energy as hot water. Let's take this example of a 300-liter 
tank equipped with a 2-kW resistance and assume an Ohmpilot is running:

Pboiler = 2 kW à 230 V ς nominal power
R = U²/P = 230²/2000 = 26.5 W ς ohmic value of 2-kW resistance
Ą 550 W implies a voltage V = sqrt(P x R) º 121 V rms
The Ohmpilot will adjust its output and applies this ac bias across the resistor, dissipating 550 W

The excess power now increases to 1.3 kW, the Ohmpilot delivers V = sqrt(1.3k x 26.5) º 186 V rms. If the excess power rises to 
2 kW, the Ohmpilot delivers 100% of the network power, i.e. 230 V There is no excess, the Ohmpilot delivers 0 V.

The converter permanently communicates with the inverter which is connected to the installation's energy meter. The latter 
therefore knows the power absorbed by the house and tells the Ohmpilot how to adjust its power to maintain a 0-W injection.
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https://www.fronius.com/fr-fr/france/energie-solaire/installateurs-et-partenaires/caracteristiques-techniques/tous-les-produits/solutions/fronius-solution-pour-la-g%C3%A9n%C3%A9ration-de-chaleur-/fronius-ohmpilot/fronius-ohmpilot


¢ƘŜǊŜ ŀǊŜ άǎƻƭŀǊ ǊƻǳǘŜǊǎέ ς this is the nickname used for these modules ς and they are made of triacs controlled by an 
opto-diac, the MOC3021 introduced by MOT a long time ago:

You can either build your module yourself with the 
numerous tutorials on the web or order it from Ali-
Express like this one from RobotDyn όϵмл ŦƻǊ ǘƘŜ мл-A 
version)

With a micro - usually an Arduino ς a 
pulse is sent at t1 via the opto-diac 
which starts the triac. It conducts for (10 
ms ς t1) and produces the black 
waveform.
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The micro receives the consumption 
information via a current clamp and 
adjusts t1 to modulate the load power in 
order to keep 0-W operating mode.

https://fr.aliexpress.com/item/1005001965951718.html


Power calculations around a classic diac and triac dimmer:

This is the classic configuration of a triac dimmer like they were 
tinkered in the 80s to dim the lights in garage parties. The principle 
is simple: the network R1C1 introduces a pole into the transfer 
function linking the voltage across C1 and the network V1. This pole 
delays the input voltage V1 and modifies it in amplitude according 
to the time constant R1C1. A diac is the equivalent of two Zener 
diodes mounted back-to-back and conducts in both polarities 
around 32 V. Thus, when the voltage across C1 reaches º 32 V plus 
the voltage threshold of the triac (and when the trigger current is 
met), the triac conducts in quadrant I or III depending on the 
network polarity. By adjusting R1, we modify the ignition angle and 
therefore the effective voltage produced across the load.
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Here are the calculations to determine the ignition 
angle according to the time constant value:

A typicalwaveformlooks like this:
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We can now calculate the effective value transmitted to the load and 
which will vary depending on the chosen angle. With an Arduino, there is 
no longer a time constant but the angle is calculated in order to exactly 
adjust the power transmitted to the load (or ensure 0-W injection):

t1 = 3.03 ms
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A solar router, whatever its implementation, works to ensure a 0-W injection. We must therefore measure the power 
absorbed from the network and, depending on its polarity, we know whether the house is receiving or transmitting power.

In this simulation, the right-side source is lower in 
voltage than that the left one which symbolizes the 
network. The current flows in phase and the 
instantaneous power iin(t).vin(t) represents the 
exchange between the two sources:

réseau
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Pavg = 171 W
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Pavg = -171 WThis time, the right source has a voltage higher 
than the grid and the power is injected. This is 
the case when there is a surplus of solar power, 
for example. The current is now in phase 
reversal and the integral of the instantaneous 
power returns a negative value:

You have to sample with an ADC and a 
micro to compute the instantaneous power 
and determine its polarity. This video 
explains things well. The associated site is 
here.

Absorbs

Injects

https://www.youtube.com/watch?v=J4ukXYJ2VRo
https://f1atb.fr/index.php/fr/2022/12/03/realisez-un-routeur-solaire-pour-gerer-la-surproduction/


The annoying point with dimmer regulation, in my opinion, is the power factor which degrades with the control angle:
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For a triac conducting over the entire cycle, the 
load seen from the network is purely resistive. 
Then, when the conduction time of the triac 
decreases, by lowering the transmitted power, 
the current distortion increases and the 
apparent power also goes up, naturally 
degrading the power factor. This is the typical 
waveform obtained with these devices. Link 
here.
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https://electronics.stackexchange.com/questions/67318/does-a-phase-controlled-dimming-degrade-the-lifetime-of-filament-or-heater-eleme


The solution of an ac-ac step-down converter or ac-ac buck converter seems to be the one chosen by Fronius. I did not have 
access to the schematic diagram but the presence of four TO247 packages could confirm this approach (with IGBTs or SiCs):

This 2006 article by Sam Ben-Yaakov describes the structure for a 
bidirectional implementation, like a classic ac transformer. The 
advantages and disadvantages of this ac-ac step-down approach are:

V Excellent performance across the power range 
V Sinusoidal current drawn therefore power factor close to 1 
V High frequency switching with small inductors

× Difficulty of implementation with a high-side control 
× Opto-isolated drivers required, bootstrap would not work properly 
× High- and low-side dc-dc modules with very low parasitic 

capacitance required given the dV/dt of SiCs. Theseoffer 15 pF of 
parasiticcapacitance betweenprimaryand secondary.

× High-frequency ripple in the cable supplying the tank. It conveys a 
significant amount of electro-magnetic pollution 

× Filter of the input voltage considering the switching noise

https://www.researchgate.net/publication/224632995_A_four_quadrants_HF_AC_chopper_with_no_deadtime
https://www.murata.com/products/productdata/8807030030366/kdc-mgj3.pdf?1583754812000


Hereis the operating principleof an ac-ac buck converter:
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When the input voltage is positive with respect to ground, 
the circuit operates according to the principle of a classical 
buck with synchronous rectification. Two of the switches 
are permanently closed to ensure current flow. A dead time 
is inserted to control active switches and limit shoot-
through currents. The control voltage adjusts the duty ratio 
and regulates the desired output voltage.

During negative cycle, previously-closed switches become 
active and those that were active are now closed. The 
current changes direction and the output voltage also goes 
negative in order to reconstruct the sinusoidal shape. A 
dead-time is inserted near 0-V crossing and it is possible 
that soft-start techniques are implemented as in a totem-
pole type PFC.
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Circuit simulated under SIMPLIS in order to 
test the structure of this ac-ac step-down 
converter. The simulation time is 7 s with 
this piece-wise linear (PWL) simulator. 
Please note that you can download a 
version of this circuit from my web page via 
this link.

http://powersimtof.com/Spice.htm
http://powersimtof.com/Downloads/Book/Christophe%20Basso%20SIMPLIS%20Collection.pdf


The waveforms are smooth and nicely sinusoidal. The output is in phase with the input and offers a very low distortion 
rate. This operating point programs the output at 106 V rms for an input at 230 V rms.


