ECE 445 Project Proposal:

Isolated Guitar Pedal Power Supply
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Problem

Guitar players and other instrumentalists often use audio effect boxes, usually referred to just as
guitar pedals. These pedals require supply generally at 9V, 12V, or 15V with current ratings
usually from 100mA up to 1000mA (in the case of some digital effects units). "Clean power" is
the major requirement in these supplies, this means decoupling from AC sources and
minimization of noise. Supplies for these pedals also need to have many outputs, as many pedal
boards (collections of pedals used in series for one audio signal), have a number of individual
units all requiring their own power. Most pedal power supplies on the market are quite
expensive, don't always supply the exact combination of required output voltages, and don't have
options to vary the output voltages for stylistic purposes. Stylistic variation in supply voltage
refers to underpowering, and is used often by effects units to vary normal operation of external
effect units. This power “sag” function mimics supply from a dying 9V battery.

Solution

The isolated power supply would plug into the wall, which would mean that we would have to
work with AC/DC conversion, as well as output 9, 12 and 15 V on different ports, which would
involve DC/DC conversion. The microcontroller would be used to control switches in the
DC/DC converter, and while this kind of item exists online, we would want to make it more
precise in terms of ripple, and with the option of purposeful undersupplying of voltage for
stylistic purposes. Isolation in this case would involve both isolation from noise, which is where
ripple precision comes in, and of power, where we would potentially implement a transformer.
While we also have the idea to make this have the option of being battery powered as well, this
would likely be more of a stretch goal than anything else.
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High-level Requirements

- Output ports supply at DC (under +/- 5%) and output ripple of under 100 mV
- Undersupply “sag” output responds to user choice between 2V and 9V
- Response time for underload adjustment under one second



Design

Block Diagram
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Subsystem 1

AC/DC converter. The AC/DC converter would be based on a bridge rectifier, adjusting the
overall schematic as needed. This would include a transformer, diodes, and then some filtering
+components. This would bring us from an outlet to the DC power that we work with for the
power output. This would go from the AC voltage of 120V from the wall down to 3V.

Subsystem 2

Isolated DC/DC converter. The goal is to essentially create two three-winding transformers, with
the outputs equating to as close to 9V & 12V, and 15V & 18V as possible. In this case we will be
stepping up from the 3V output from the AC/DC converter. The schematic would be based on a
flyback converter, with necessary changes added as they come up. The microcontroller in this
subsystem would be used for controlling the switches needed to run the converter.

For this subsystem we would likely only need items that can be found in the electronics shop
available to the students, such as copper wire, a core, capacitors, resistors, diodes, inductors, as
well as switches. Further specifications will be calculated once the shop is visited and available
stock is observed.

Proposed switch: IRFP450

Subsystem 3

Undersupply of voltage. Mimics a dying 9V battery for stylistic purposes. This would be an
option for the 9V output, where we can use the microcontroller to control the level of
undersupply happening. We can implement some sort of nob or slider to control the



corresponding voltage level. This would likely involve a transformer in combination with a
controlled variable resistor.

(Stretch Goal) Subsystem 4

This is something that we would look into further, if we think we have time for it down the line,
but essentially the idea would be that you could disconnect the AC/DC converter from the rest of
the system and attach the battery.

Subsystem Requirements

Starting with the power subsystem, this goes from the wall, taking from the average outlet and
into our system with our power converts, going through AC/DC to step down from the 120V
from the wall and then stepping up using DC/DC converters to get to the desired output voltages,
going out to the ports in the user interface subsystem. While only two DC/DC converters are
pictured in the block diagram, the trailing dots underneath indicate the existence of more, to
match the number of ports outlined in the high level requirements. Precision in this subsystem
will be the key to reaching our high level requirement of having less than +/- 5% ripple. The
power subsystem also includes the option of replacing the AC/DC converter with a battery
instead of having outlet support, for flexibility sake, but this particular segment is a stretch goal
for now.

- Current outputs for the 9V and 12V should not exceed 1A (but should stay in the ballpark
of around 100mA +/- 3%)

Power also leads into the microcontroller, which leads us to the control subsystem. The
microcontroller, as the brain of the whole project, will be connected data-wise to the switches to
aid in the voltage conversions, as well as to the underload circuit. This is most crucial to the
underload circuit, as its modulation is one of the key requirements outlined for the project.

- Underloading DC/DC component should be adjustable anywhere 2 to 9V with minimum
ripple across all possible voltages (+/- 5%)

The user interface subsystem is relatively simple, with the previously mentioned ports, which
would be connected by power to both the DC/DC converters for normal voltage output, and the
underload circuit. We are also implementing a modular knob on the user interface side to indicate
to the microcontroller the level of underloading desired, as outlined in our high level
requirements.
- For the non underloading DC/DC component we need it to output 4 voltage levels (9, 12,
15, 18) +/- 3% with a ripple under 100mV



Tolerance Analysis

There are not many big concerns we have regarding the logistics of this project. We are looking to use
basic AC/DC and DC/DC conversion to step a wall voltage down to four different voltage outputs: 9, 12,
15, and 18. For the AC/DC side we will be using an isolated linear rectifier to go from 120 V rms AC to
a3 V DC output. By isolating the AC side, the input can be stepped down enough to yield a smaller
output. On the DC/DC side, we are planning on using two flyback converters side to side each with two
output windings on each transformer. Looking at the ideal conversion ratio for a flyback, we get:
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By stepping to 9, 12, 15, and 18 V from a 3 V input, we can build transformers with a reasonable number
of windings on each end. The transformers may need some sort of clamp circuit to mitigate the concerns
of leakage inductance. The biggest concern we have with these models are losses that come with parasitic
elements and heat. To mitigate the losses, we are planning on adjusting the needed duty ratios to account
for these losses. As for heat, we will pick out parts rated for much higher power and use heat sinks below
the switches to prevent as many conduction losses as we can.

Ethics and Safety

Our project does not provide any greater ethical concerns than any common household low
voltage power supply. While there may be ethical concerns in sourcing our materials, these are
more high level ethical concerns that are not specific to this project. The project itself is only
meant to be a tool to help power, and is not meant to breach privacy or harm anyone, physically
or otherwise. In terms of safety, while the project does deal with power, this is relatively low
power, and thus creates only a low risk of danger of electric shock or heat issues. If we look at
the manual for the MXR iso-Brick Power Supply’, which is a product very similar to ours, we
can see that the voltage and amperage are low enough not to cause major concerns, and
everything should be concealed within an enclosure, to provide extra safety for users, along with
a sleeker look.
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