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Conclusions
The PID successfully maintained a constant 
temperature for the TPC running half the cards.
Insufficient cooling overhead existed to run the PID 
with all of the cards, but once the new AC is 
installed it should be capable.
Additional tests include:
● Running the PID for longer to ensure very long 

term stability, and compare to internal, not card, 
temperatures

● Testing the PID on full heat load with air 
conditioning running properly

For the PID to work properly, the thermistor it uses must 
accurately read the temperature of the TPC. The plot 
above shows that this is the case.

For the PID to function properly, it had to be tuned to work on the TPC.
The parameters ki and kd were determined using the Ziegler-Nichols 
method: ki = T/2 and kd = T/8, where T is given by the period of oscillation 
when kp is high and the other parameters are 0.

The test shown below began with increasing the setpoint and allowing the 
temperature to stabilize. Then the ambient air conditioning was turned off. 

The temperature of the TPC remained constant while the temperature of 
room increased, and the fan voltage increased to compensate. 

Constant temperature is desirable for several reasons:
● Temperature affects electron drift speed, which can 

affect track reconstruction
● Temperature variations can wrinkle the 

micromegas mesh as it expands and contracts
● Constant temperature allows a better measurement 

of a hydrogen target
In the NIFFTE TPC, 
these ions are 
amplified with a mesh, 
called a micromegas 
mesh, before the 
signal is picked up by 
a pad of tiny 
detectors.
Around the pad 
planes are etherDaq 
cards, custom circuit 
boards that read out 
the data but also 
generate a lot of heat.
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Tuning on a Mock System

The general equation for a parameter controlled by 
a PID system is

To assist in confirming the functioning of the PID 
system, a prototype version of the PID, built on a 
breadboard, was tested on a mock up thermal 
system, pictured below. This system uses a power 
resistor as a heat source and a small fan to cool it. 
The system, though thermally different from the TPC, 
behaves similarly; a heat source is cooled by a fan. 
The PID was successfully tuned and the temperature 
remained steady. 

A similar thermal 
system was also 
tested using the 
power supply and fan 
packs used to cool 
the NIFFTE TPC, 
though the same 
power resistor was 
used as a heat 
source, instead of 
the TPC. This system 
verified the control 
over the fan packs.

Creating the PID Controller
Two potential solutions to PID fan control were analyzed. 

The first used a pre-build, off-the-shelf solution. The second 
was a custom controller created using an Arduino with a 
custom circuit board controlled by a Raspberry Pi with a 
custom circuit board. 

The off-the-shelf solution could not tune correctly on a 
mockup system using the TPC’s fan packs and a power 
resistor, so the Arduino solution was used instead. 

The Arduino solution uses a custom circuit board and a 
potentiometer to control the resistance of a resistor network. 
The fan power supply is able to take a 0 to 5 kΩ resistance 
input and output voltages ranging from 0 to 36V. Only 10V to 
24V is desired, so the resistor network scales appropriately.

The advantage of this system is 
that a failure in the network most 
likely will increase resistance, thus 
railing the fans at max.

Arduino code was written to 
control the potentiometer, read out 
a thermistor in the TPC, and provide 
a serial interface for controlling the 
PID parameters. 

This custom circuit 
board takes an input 
thermistor resistance, 
then outputs a 
resistance 
corresponding to the 
voltage limits on the 
fan power supply. 

An Arduino is used 
to control a digital 
potentiometer  with 
a PID algorithm and 
the input from a 
thermistor. The 
potentiometer 
interfaces with a 
custom circuit board 
to control a variable 
fan voltage.

PID Theory

A Proportional-Integral-Derivative (PID) controller 
is a system designed to maintain a constant value by 
adjusting a parameter. Each component, 
Proportional, Integral, and Derivative, each 
correspond to a different parameter of the 
algorithm, called Kp, Ki, and Kd respectively. The 
algorithm calculates the error from the setpoint, 
then calculates the output as:

The Kp term scales the output linearly with the 
error; the further away from the setpoint the 
temperature is, the higher the output will be. 

The Ki term scales the output with the integral of 
the error; it causes the output to gradually increase 
to push the temperature back towards the setpoint.

The Kd term scales the output with the derivative 
of the error. This term serves as a sort of damping; it 
attempts to keep the temperature stable and prevent 
oscillation. 

By adjusting all of the terms correctly, called 
tuning, the PID controller will keep the temperature 
at a constant, set level, and adapt to changes in the 
system to keep the temperature constant. For 
example, if the heat source increases its power 
output, the controller will respond by increasing fan 
speed.

The Proportional parameter, 
kp, controls direct response 
based on how large the error 
is.

The Integral parameter, ki, 
provides long term 
stabilization to the given 
setpoint.

The Derivative parameter, kd, 
provides damping in the 
system, helping it reach 
equilibrium faster and stay 
there.
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Tuning the PID on the TPC

The first task when tuning the system on the real TPC 
was to verify that the thermistor connected to the PID 
controller tracks with the thermal measurements already in 
place to measure the temperature of the TPC. The plot to 
the right demonstrates that, for the most part, the PID 
thermistor, in green, tracks with the changes in the 
temperature of the readout cards, in blue. While it also 
experiences some spikes, it appears to be more sensitive 
to thermal variation, not less, so holding it constant should 
also hold the card temperatures, and therefore the internal 
TPC temperatures, constant.

The next step was to set the Kp parameter to 100 so 
that the system would oscillate. I watched the TPC 
temperatures oscillate, and from the period of oscillation 
extrapolated the values of Ki and Kd using the 
Ziegler-Nichols method: Ki=T/2, Kd = T/8.

I tested the system by turning the air condition off, then 
back on again, as shown in the plot to the left. The PID 
system successfully maintained constant temperature 
even as the temperature of the room increased. It 
increased the fan as necessary until the fan eventually 
capped out, then lowered it when the AC turned back on.

The NIFFTE Time Projection Chamber
The NIFFTE Collaboration uses a Time Projection Chamber (TPC) to make its measurements. The NIFFTE TPC 

contains a cylindrical gas chamber, divided down the center by the target pad. A target of Uranium-235, Uranium-238, 
or Plutonium-239 is mounted on the central pad separating the two gas chambers. In this run the targets are 
Uranium-238 and Plutonium-239. A high voltage field cage surrounds the gas chamber to produce a strong electric 
potential gradient. On the ends of the gas chamber are pad planes, with a hexagonal array of detector cells. Above 
these cells are amplifying meshes, called Micromegas Meshes. 

Mounted on the pad planes are readout cards called EtherDaq cards. 
These cards are necessary to read out the multitude of channels, but they 
generate significant heat which is cooled with both air conditionings and 
fan packs mounted over the pad planes to blow directly across the cards. 
Temperatures in the TPC tend to cycle due to Air Conditioning units 
cycling on and off as well as the diurnal heat cycle. However, with the 
addition of a new Air Condition the cooling overhead should be sufficient 
for the fan speeds to vary and still cool the TPC sufficiently.

One future goal of the NIFFTE collaboration is to measure the targets 
against a proton target of hydrogen gaseous hydrogen. This measurement 
would allow for comparison against a well known standard. In order to 
keep the number of target atoms constant, the temperature inside the 
TPC must be kept constant. Similarly, the Micromegas meshes may be 
wrinkled if the TPC’s internal temperature changes too much. 

These considerations provided the motivation to develop a control 
system for the fans to maintain a constant temperature.

The purpose of this 
work is to design a 
system using a 
proportional-integral-
derivative (PID) 
controller to keep the 
temperature of the 
TPC constant, even as 
the ambient air 
temperature 
fluctuates.

The Arduino PID worked exactly as expected. It 
was able to maintain a constant temperature both on 
a small mockup system and on the TPC running with 
half of the cards. 

Unfortunately, due to the new Air Condition unit not 
functioning, insufficient cooling overhead existed to 
tune the PID on the system with all of its cards 
running. However, the system does successfully 
function such that, once the Air Condition is repaired, 
it should be a simple matter to run the system for all 
of the cards. Additional tests could include longer 
term measurements of the internal TPC temperatures 
with the PID running to compare against the existing 
measurements of internal temperatures without the 
PID running. This would better verify that the system 
is capable of working long term through both Air 
Conditioning and diurnal cycles.

The Neutron Induced Fission Fragment 
Tracking Experiment (NIFFTE) is a 
collaboration to measure the fission 
cross-section for Uranium and Plutonium 
isotopes for use in advanced nuclear 
reactors. The experiment runs at the Los 
Alamos Neutron Science Center (LANSCE) 
based at Los Alamos National Lab (LANL). 

NIFFTE studies the ratios of fission 
cross-sections for isotopes of Uranium 
and Plutonium using a Time Projection 
Chamber (TPC). The TPC allows the 
trajectories of fission fragments to be 
reconstructed, allowing for a high 
precision measurement at high energies. 

Data is collected at 
the Los Alamos 
Alamos Neutron 
Science Center 
(LANSCE) in Los 
Alamos, New 
Mexico. 

Once the fans reached their maximum voltage, the 
temperature of the TPC began to increase. 

The air conditioning was then turned on again, and as a 
result the temperature of the TPC began to drop.

As the temperature of the room cooled, the fan voltage 
dropped, still keeping the temperature of the TPC 
constant.

Desire for Constant Temperature

A Time Projection Chamber (TPC) is a particle 
detector used to reconstruct paths of charged 
particles that pass through a chamber of gas. It 
consists of a gas chamber with a voltage gradient 
applied over it. 
Particles passing through the chamber ionize the 
gas, and the ions then drift in the gradient.


