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1 Foreword

Temperature measurements are widely used for different applications, such as measuring air temperature
in ventilation ducts, measurements for thermal comfort and other more specialized applications. Therefore,
it is important to have access to reliable temperature sensors. However, this can be expensive, and the need
for cheap robust temperature measurement setups is therefore high. This lecture note seeks to make this
more approachable, by measuring temperature using an Arduino UNO, an amplifier and a Pt 100 sensor.

The aim of this lecture note is to detail the full procedure to make cheap temperature measurement setups
using an Arduino UNO and Pt 100 sensors. These temperature measurement setups have been built and are
used at Aalborg University, Department of the Built Environment (https://www.en.build.aau.dk/).

The guideline is meant for people with zero experience, so anyone can replicate the setup. Section 5 is a step-
by-step guideline on how to connect the Arduino for measurement setup, and what code to use for logging
the data. This section can stand alone and require no knowledge of the other sections. For a more thorough
overview of the setup, read the previous sections as well. If any issues are experienced, refer to section 7 for
troubleshooting common problems.
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2 Introduction and motivations

The Arduino is a small computer board, which can be programmed with a relatively simple code to perform
automated tasks with very low energy need, small volume and at a very low cost. In the present case, an
Arduino UNO board is used to perform temperature measurements with a Pt 100 sensor and transmit the
information to a “normal” personal computer (PC) via a USB cable.

The motivation behind the use of Arduino to perform temperature measurements is cost. Arduinos are
relatively easy to use and are ideal for cheap simple setups such as continuous temperature measurements.
The Arduino temperature setup is an interesting alternative to more costly equipment from, e.g., National
Instruments. While National Instruments equipment is great for high-precision setups integrating multiple
input and output modules with high actuation/measurement rates, simple integration and robust operation,
the Arduino hardware is a great alternative for cost-effective simple setups like for stand-alone temperature
measurement with a handful of Pt 100 sensors. For such application, the cost of an Arduino setup is about
10 times lower than that of a National Instruments setup (see Table 1).

Table 1. Price overview of components for temperature measurement setup with Pt 100 sensors for an
Arduino hardware compared to a National Instruments hardware.The pricing (Danish Kroner: DKK) is based
on 2022 prices for each component.

Arduino setup
Hardware Cost
Arduino UNO 1 x 200 DKK
Adafruit MAX31865 10 x 100 DKK
Breadboard 1 x 44 DKK
Pt 100 10 x 25 DKK
Cost per channel 149 DKK

National Instruments setup

Hardware Cost

NI 9216 1x 11330 DKK
Pt 100 8 x 25 DKK
Cost per channel 1441 DKK
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3 Equipment

In this section, the necessary hardware for making an Arduino-based temperature measurement setup is
described:

1. Arduino UNO: Small programmable computer board, capable of performing automated
measurements and actuations with a range of input/output channels and communication buses.

2. Adafruit MAX31865: Arduino-compatible temperature sensor amplifier for Pt 100 resistance
temperature detectors (RTDs) [1].

3. Pt 100: High-accuracy resistance temperature detector (RTD).

4. Breadboard: Connection board for rapid and simple wiring of different electronic components.

5. Wires and miscellaneous: to connect the different electronic components together on the
breadboard.

b [ i i S
di =l

ARDUI O

Figure 1. Overview of an Arduino UNO board connected to an Adafruit MAX31865 for the measurement of
temperature with a Pt 100 resistance temperature detector (RTD).
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4 Description of the Arduino UNO, breadboard, and Pt 100
4.1 Hardware

The Arduino UNO is a microcontroller board (see Figure 2) with 14 digital input/output pins (highlighted in
red on the top of Figure 2) a USB connection (highlighted in blue on the left-hand-side of Figure 2), power
pins (highlighted in yellow on the bottom of Figure 2) and more buses that are not used for the present
application. This microcontroller is used to transmit the measured temperature to a computer via the USB
port, using an R$232 communication protocol. This USB port is also used to power up the Arduino UNO during
operation.

(¥}
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Figure 2. Overview of the Arduino UNO board.

When the Arduino UNO is connected to a PC, it is supplied with power from the PC. To connect power to a
breadboard, the 5V pin and ground should be connected.

Finally, the digital pins can be used as input or output channels. In the case of temperature measurements,
they will be used as inputs channels to transmit the temperature measurements from the Pt 100 sensors, via
the Adafruit MAX31865 to the Arduino UNO and then the computer.
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4.2 Breadboard

A breadboard (see Figure 3) is at the core of the setup to connect the different components together.
Therefore, understanding how a breadboard works is essential to understand the setup.
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Figure 3. A breadboard and how the pins are connected.

The breadboard is organized as arrays of pins, which are labelled with letters on the sides and numbers at
the top and bottom (see Figure 3). At the top and bottom, there are a plus and a minus arrays, which can be
used as a common power source for components (see red (+) and blue (-) lines in Figure 3). The plus and
minus arrays are all connected, so a power source connected to a plus and minus pin will power the entire
row until the mid-section. Some breadboards have power lines that span the entire length of the breadboard,
which are indicated by a full line on the entire length without discontinuous blue and red lines.

The pins on the same number line are all connected until the mid-section. E.g., the pins connected from F to
Jon the row 60 are all connected (see orange stripe in Figure 3).
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4.3 Pt100 sensor

A Pt 100 sensor is a resistance temperature detector (RTD). RTDs have a resistance that varies as a function
of the temperature. Pt 100 are RTDs containing platinum with an electrical resistance of 100 Ohms at 0 °C.
Pt 100 RTDs can be wired in 3 different ways: 2-wire, 3-wire and 4-wire configuration. The 4-wire
configuration is the most accurate and precise configuration and, therefore, should be chosen if possible. For
this setup, only 4-wire Pt 100 sensors are used (see Figure 4). These 4-wire Pt 100 RTDs have 2 negative wires
and 2 positive wires. Each pair is connected to a single leg of the Pt 100 sensor

Figure 4. A 4-wire Pt 100 temperature sensor with a metal sheath.

For a detailed description of Pt 100 sensors and how to assemble them, read the lecture note “Assembling
temperature sensors: thermocouples and resistance temperature detectors RTD (Pt100)” [2].
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4.4 Adafruit MAX31865 RTD amplifier

The Adafruit MAX31865 [1] is used to measure the resistances of the Pt 100 RTDs, to amplify it, amplify it
and transmit it to the Arduino UNO board through the digital input buses of the latter. The Adafruit
MAX31865 can be used for 2-wire, 3-wire and 4-wire Pt 100 RTDs. It is used with the 4-wire Pt 100
configuration in this setup. The wires of the Pt 100 RTD should be connected to the Adafruit screw terminals

highlighted in red in Figure 5. The connection to the Arduino UNO is made through the pins highlighted in
blue in Figure 5.

Figure 5. Adafruit MAX31865 and the relevant pins. Red) RTD screw terminals; Blue) power and
communication pins to the Arduino UNO board.

If the Adafruit module does not have connector pins and screw terminals, they must be soldered manually.
For assembly and soldering instructions, read Adafruit documentation [1].

Page 12 of 43



The wiring of the Pt 100 RTD is shown in Figure 6: the 2 screw terminals on the left-hand-side of the Adafruit
should be connected to the negative wires (-) of the Pt 100 RTD. The 2 screw terminals on the right-hand-
side of the Adafruit should be connected to the positive wires (+) of the Pt 100 RTD.

Figure 6. Wiring of the Pt 100 RTD.

The power supply pins are as follows:
Vin Power supply positive pin (+): 3-5 VDC.
3v3 3.3 VDC output from the voltage regulator: not used for this setup.

GND Common ground for power (-) and logic.

The Serial Peripheral Interface (SPI) logic pins are as follows:

SCK/CLK | SPI CLocK pin, which is an input to the chip.

SDO Serial Data Out.

SDI Serial Data In.

(o Chip Select pin, this is the communication pin between the Arduino and the amplifer.
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When using multiple Pt 100 sensors and amplifiers, you should ‘bit-bang’ the SPI pins: each amplifier is
connected in series with the SCK, SDO and SDI pins of the other amplifiers. This will be shown in section 5.

The last pin is used to speed up the reading of the measurement.

RDY | Data-ready indicator pin: not used for this setup.
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5 Connection of the hardware

The setup is scalable with up to 9 sensors. Guidelines for single-sensor is given first, followed by multiple-
sensor configuration to show the scalability of the setup.

5.1 Setting up a single temperature measurement Adafruit module

The experimental setup and code used is based on the Adafruit documentation [1]. The color of the wires
presented in this document does not make any difference, but it is recommended to use the same color logic
or similar, and to stay as consistent as possible in order to make the setup more readable and easier to
troubleshoot.

The first step is to make sure that the Arduino UNO works. Insert the USB cable from the Arduino into the
computer USB port and see if the ON LED turns bright green on the Arduino (see Figure 7).

Figure 7. A Arduino UNO with a green LED light switched on, indicating that the Arduino is powered up.
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The next step is to grab jumper cables, a breadboard, normal wires and the Adafruit MAX31865 amplifiers
(see Figure 8).

Figure 8. Relevant equipment to set up a single temperature sensor.
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Connect the 5V pin on the Arduino to the positive (+) column on the breadboard with a red jumper cable,
and a black jumper cable from the GND pin on the Arduino to the negative (-) column (see Figure 9). This will

power up the entire array so that all the remaining pins of that line (between the blue and red stripes) can
be used to power up the Adafruit amplifiers.

L3
-
AT
afan®

K
l;l
LPL

Figure 9. Breadboard powered by the Arduino UNO.

Place the first amplifier somewhere on the breadboard as illustrated in Figure 10. Column E can be used for
this. Next, power the amplifier from the power lines with a red wire to (+) array connected to the Vin pin of
the Arduino and a black wire to the (-) array connected to the GND pin of the Arduino (see Figure 10).

|
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Figure 10. Breadboard with Adafruit MAX31865, powered by the power line connected to the Arduino UNO.
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Next, the communication wires should be connected between the Arduino and the amplifier (see Figure 11):

- Connect channel 13 on the Arduino, to the same row as the CLK pin on the amplifier with a blue

jumper cable.
- Connect channel 12 on the Arduino, to the same row as the SDO pin on the amplifier with a green

jumper cable.
- Connect channel 11 on the Arduino, to the same row as the SDI pin on the amplifier with a

jumper cable.
- Connect channel 10 on the Arduino, to the same row as the CS pin on the amplifier with an orange

jumper cable

+
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Figure 11. Connection of communication pins to the Adafruit MAX31865. Left) Close-up of the amplifier;
right) overview with connection to the Arduino UNO.

The Arduino is now ready to communicate with the amplifier. Connect the two wires of one of the legs to
one side of the screw terminal block, and the two others at the two other screw terminals (see Figure 12).

ANENN ||.a

Figure 12. Connection of Pt 100 RTD on the Adafruit MAX31865.
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If there is no clear separation of wires for each leg, use a multimeter and check for continuity. Set the knob
of the multimeter to resistance measurement and use each of the measurement points of the multimeter at
the RTD terminals. If the multimeter makes an audible high-pitched noise, those two wires constitute one
leg, and should be placed next to each on the same side of the terminal block. Alternativelly, you can check
the electrical resistance between the different wires. The electrical resistance between 2 wires of the same
leg should be very small (around 2 Ohms), while the electrical resistance between 2 wires of different legs
should be around 102 Ohms (for connection to a Pt 100 RTD) (see Figure 13).

E

_,L...A-‘”'._.

Figure 13. Electrical resistance between the different wires and legs of a 4-wire Pt 100 RTD [1].

You are now ready to use the provided code to make temperature measurement recordings with the Arduino
IDE (Integrated Development Environment).
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5.2 Setting up multiple temperature measurement Adafruit modules

For setups requiring multiple sensors, you can ‘bit-bang’ (connect in series) the CLK pins of the different
Adafruit modules, and do the same for the SDO pins and the SDI pins (see Figure 14). This means that the
CLK pin on the first amplifier can be connected to the CLK pin on the next amplifier, and so on. To do this,
place a wire on the same column (same number) on the breadboard as the CLK pin on the first amplifier, and
connect it to the column of the CLK pin on the next amplifier. Do the same for the SDO and SDI pins. Connect
the CS pin of the 2" Adafruit amplifier to the next digital channel on the Arduino (digital channel 9); connect
the CS pin of the 3™ Adafruit amplifier to the Arduino digital channel 8; connect the CS pin of the 4" Adafruit
amplifier to the Arduino digital channel 7; etc. A maximum of 9 Adafruit amplifiers can be connected to a
single Arduino UNO on digital channels 10 to 2.

-_“1 -
-

Figure 14. Connection of multiple Adafruit MAX31865 amplifiers by 'bit-banging' the communication pins.
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Figure 15. Setup with 8 amplifiers connected to a single Arduino UNO.

TIP: When constructing the setup, start with a single amplifier, make sure it works and then connect the next
one.
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5.3 Arduino IDE Installation

To download the Arduino IDE, go to https://www.arduino.cc/en/software, and select the correct download
option. For Windows 10 and newer, select the option shown in Figure 16. After download, run the installation
file and follow the steps.

DOWNLOAD OPTIONS

©9)  Arduino IDE 2.0.1 Windows Win 10 snd newes, 64 bits

Windows Msiinstaller

Windows zIP file
The new major release of the Arduino IDE is faster and even more

powerful! In addition to a more modern editor and a more
responsive interface it features autocompletion, code navigation,

and even a live debugger. macOS 10.14: “Mojave” or newer, 64 bits

Linux Appimage 64 bits (X86-64)
Linux ZIP file 64 bits (X86-64)

For more details, please refer to the Arduino IDE 2.0
documentation.

Nightly builds with the latest bugfixes are available through the
section below.

SOURCE CODE

The Arduino IDE 2.0 is open source and its source code is hosted on
GitHub.

Figure 16. Download guide for how to install the Arduino IDE.
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5.4 Arduino code

To perform the temperature measurementuse with the Arduino UNO, a code (program) must be uploaded
onto the Arduino board. In this section, a walkthrough of the code is given, along with how to use this code
on the Arduino.

Arduino has its own IDE, which uses simplified C++ code as the programming language. When a new script is
initialized, two different blocks of code are written by default (see Figure 17).

& sketch_nov16a | Arduino IDE 2.0.1 - m] x
File Edit Sketch Tools Help

sketch_nov1Ba.ino

[

void setup() {

[T R RN T R SVINNY
=]
=
a
=
]
=1

-

Output =5
Stepperfil.1.3
Installing Stepper@l.1.3
Installed Stepper@l.i.3
Downloading Arduino BuiltIn@l.e.e
Arduino BuiltIng@l.6.@
Installing Arduino_BuiltIn@l.®.8
Installed Arduino_BuiltIng@i.e.e

Downloading Servo@l.1.8
Servo@l.1.8

Installing Servo@l.1.8
Installed Servo@l.1.8

Ln10,Col 1 UTF-8 XMNoboardselected Q0 B

Figure 17. Default code when opening the Arduino IDE.

These two different functions have two different purposes. The setup() function is for code which is to be
executed exactly once, while the loop() function runs continuously. Code that is preceded by “//” is
comments, meaning that the corresponding code after the slash will not be executed.
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To read the temperature from the Adafruit MAX31865 amplifiers and the RTDs, the library
<Adafruit_ MAX31865.h> needs to be included in the code. Good practice is to include packages at the
beginning of the script for transparency and readability. To get this library, go to the toolbar and click on
Sketch - Include Library - Manage Libraries and search for Adafruit MAX31865 (V 1.6.0) and install it (see
Figure 18 and Figure 19). Install all dependencies of the library Adafruit MAX31865.

&) sketch_nov16a | Arduino IDE 2.0.1 - m] x
File Edit Sketch Tools Help

Verify/Compile Ctrl+R
s

Upload Ctrl+U
Configure and Upload

Upload Using Programmer Cirl+Shift+L
Export Compiled Binary Alt+Ctrl+S
Optimize for Debugging

Show Sketch Folder Alt+Ctrl+K
Include Library 3 Manage Libraries... Ctrl+Shift+l
Add File...
. Add ZIP Library...
18 I
Figure 18. Manage Arduino libraries.
& sketch_nov16a | Arduine IDE 2.0.1 - O b

File Edit Sketch Tools Help

ol Beer -

LIBRARY MAMAGER sketch_nov1Ba.ino

-

Adafruit MAX31865 void setup() {

Type: Al v

Topic: Al ~ 3
[[Ih Adafruit MAX31865 library
by Adafruit
Library for the Adafruit RTD
Amplifier breakout with
MAX31865

void loop() {

SRR ST R VR

Library for the Adafruit RTD
Amplifier breakout with
MAX31865

More info

160~ INSTALL

-

Figure 19. Library manager and the relevant library for the code used in this setup (Adafruit MAX31865
library).
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Next, choose the correct COM-port. This is done at Tools = Port: - and then choose the port connected to

the Arduino UNO (see Figure 20).

&) sketch_novl6a | Arduine IDE 2.0.1
File Edit Sketch Tools

Help
Auto Format

Archive Sketch

o _

LBRARY  Manage Libraries.. Ctrl+Shift+]
Adafruil gl Monitar Ctrl+Shift+M
ptu
Type: Serial Plotter . p(,}__{__;_ de here  +o -
Topic: Board »
[[m Adafruit  Port b Serial ports
S
VETSION T GetBoard Info COM2 [Arduino Uno)
Library f e ——
breakou - . ) JUT ME T COUS " NEre, To run repeatedly
Library f WiFi101 / WiFiNINA Firmware Updater
breakou  |jpload SSL Root Certificates
More inf
150 Burn Bootloader

Figure 20. Select the correct COM port to the connected Arduino UNO board.

Select the correct board type (Arduino UNO): Tools = Board - Arduino AVR Boards = Arduino Uno (see

Figure 21).

&) sketch_novla | Arduino IDE 2.0.1
File Edit Sketch Tools Help

Pregrammer

Burn Bootloader

Auto Format Ctrl+T
Archive Sketch
sketch_n I P
- Manage Libraries... Ctrl+Shift=+|
! Serial Manitor Ctrl+Shift=M
2
5 Serial Plotter
3
: Board: "Arduine Uno" » Boards Manager..  Ctrl+Shift+B
s Port: “COM3" } )
Arduino AVR Boards > Arduino Yin
7 Get Board Info
a [ +  Arduino Uno
d1
g WiFi101 / WiFiNINA Firmware Updater Arduino Uno Mini
18 Upload S5L Root Certificates Arduino Duemilanove or Diecimila
11

Arduino Nana

Arduino Mega or Mega 2560

Arduino Mega ADK
Arduino Leonardo
Arduino Leonardo ETH
Arduino Micro

Arduino Esplora

LTI

Figure 21. Select the correct Arduino board.
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Enable the Serial Monitor and set the baud rate to 115200 in order to constantly display the data received
from the Arduino (see Figure 22, highlighted in red).

@ COMms - | X
| Send
Ch.1l temp = 23.03 ~
Ch.2 temp = 23.03
Ch.1l temp = 23.00
Ch.2 temp = 23.03
Ch.l temp = 23.00
Ch.2 temp = 23.03
Ch.l temp = 23.00
Ch.2 temp = 23.03
Ch.l temp = 23.00
Ch.2 temp = 23.08&
v
[~] Autoscroll [] Show timestamp Newline ~ 1115200 baud Clear output

Figure 22. The serial monitor window, where the baud rate can be changed.

If the Arduino board does not send any data, maybe there is no running program on the board. Follow
instruction in the following section to upload the correct program/code onto the Arduino board. The code
for continuous measurement of temperature with the Arduino board and data transfer through the USB port
with rs232 communication protocol can be found in Appendix A.
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5.5 Description of code

A walkthrough of the code performing continuous temperature measurement with the Arduino board is
given in this section. The code can be copied from appendix A directly and uploaded onto the Arduino.
IMPORTANT: In the script, remember to change the number of sensors, in the function num_sensors_func().

The premise of the code is that the user defines the number of sensors present in the setup. This is the only
place where the user should change code unless the user wants to change to delay time (sampling rate).

int num sensors func() |
int num sensors = 4;

ISTUrn num SEn3or Sy

This is an auxiliary function, such that the user can easily identify where to insert the number of sensors, and
such that the number of sensors is only defined once and can be used in both the ()and () functions.

Next, two values are defined, the RREF and RNOMINAL. The first defines the value of the reference resistor,
which is soldered on the Adafruit MAX31865 amplifier, while the latter defines the nominal resistance of the
RTD sensor. For Pt 100 RTDs, this value is 100, meaning a resistance of 100 Ohms at 0 °C.

/{ The walus of the Rref resistor. Use 430.0 for PT100 and 4300.0 for PTLOO0O
fd=fin= RREF 430.0

/{ The "nominal' O-degrees—C res
ff 100.0 for PT100, 1000.0 £

fdefine BNOMINAL 100.0

The next step is to define variables for each sensor, and their respective digital input channels. As the
amplifiers are bit-banged, only the Chip Select (CS) wire should be connected and have a digital input channel
defined. For a CS wire connected in the digital input channel 10, the following code applies:

BZdafruit MAX31865 thermol = Adafruit MAX31865(10);

This code is then replicated for the remaining channels in the Arduino. If the user defines that only three
sensors are used, the remaining code for the rest of the sensors will not be executed.

After this code, the sensors will be initialized, and a signal is given to begin sending the measured
temperatures to the computer. Based on the number of sensors used, determined by the user, up to 10
sensors will be initialized. This code is only performed once, therefore, it is placed in the () function.
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void =setup() {
int num Sensors;
num sensors = num sensors func();

Serial .begin(115200);

if (num sensors >= 1){
thermol.begin (MRX318E65 4WIRE) ;

Finally, the temperature measurement from the sensors will be “printed” (sent) on the serial port, which will
be running continuously and therefore running in the () function. The same principle is used as before,
where only the specified number of sensors will be executed.

void loop() {

int num SENS0OYXsSy

num sSensors — num sensors func();

if (num sensors >= 1) {
Serial.print ("Ch.l temp = "); Serial.println(thermol.temperature (RNCMINAL, RREF));

The last line is a delay function (wait a certain number of milliseconds before displaying the measured
temperature once again). This can be modified to set the sampling rate.

The code is replicated in its entirety in Appendix A.

To upload the code onto the Arduino board and have it running continuously, copy/paste it into the Arduino
IDE, press “Verify” and then “Upload” button (see Figure 23).

& sketch_novi7a | Arduino IDE 2,01 —

gtch  Tools Help

-{; frduino Jne -
Ta.ino

15

16

17

18

19

2@

21

22 int num_sensors_func(){
23 int num_sensors = 7;
24 return num_sensors;
25 1

26

27

28

29

sk]

Figure 23. Verify and upload code onto the Arduino board.
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Open the Serial Monitor (Tools = Serial Monitor) and the data should be displayed continuously (see Figure

24).

B sketch_novi7a| Arduino IDE 2.0.

File Edit Sketch Toocls Help

¥ Arduino Uno

sketch_novi7a.ino

Qutput

Ch.
Ch.
Ch.
Ch.
Ch.
Ch.
Ch.

Ch.
Ch.
Ch.
Ch.
Ch.
Ch.
Ch.

191
1082
183
104
185
186
1087
108
189
110
111
112
113
114
15}

temp
temp
temp
temp
temp
temp
temp

o b

< e

temp
temp
temp
temp
temp
temp
temp

o B3

on

PN

S&r1al.print{ un
b
if (num_sensors »=
Serial.print("Ch
b
if (num_sensors »=
Serial.print("Ch
b
if (num_sensors »=
Serial.print("Ch
¥

Serial.println();
delay(1e@);

Serial Monitor ¢

B3B3 B3B3 B3 RD RS
WoWw oW omow W

N A S I S

W W W

—

—

» SEFLal.prinTin(Tnermoo.Temperature | KNUMLNAL ,

; Serial.println(thermo?.temperature(RNOMINAL,

; Serial.println(thermo8.temperature(RNOMINAL,

; Serial.println(thermo9.temperature(RNOMINAL,

RKEF ) }3

RREF));

RREF));

RREF));

¥ 0=

New Line ¥ | 115200 baud =

Figure 24.

Ln 114, Col 10 UTF-8 & Arduino UnoonCOM3 22 B

Data from temperature measurements is continuously displayed in the Serial Monitor.
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6 Simple LabVIEW interface for the Arduino setup

A simple graphical user interface has been developed to continuously display and log the temperature
measurements from the Arduino setup described in this document. The interface detects automatically the
Arduino UNO board, displays the temperature measurements on a graph and logs the data in a log file that
the user can choose (see Figure 25).

a Arduino Adafruit Pt100 main.vi -

File Edit View Project Operate Tools Window Help
i @ N ?
] STOP [L C:\Users\LAB-PC\Desktop\test | Log file path
Temperature [*C] 24.1+

Chan 1| 2458 24.6-
Chan 2| 238 24.5-
Chan 3 | 23.03

Chan 4| 2203 =
Chan 5| 2354 215y
Chan 6| 222 24.2-

Chan 7 | 2337

Chan 8 | 0 =

Chan9| © p 2o
£ 239
g_za.a
&

N
b
o

Chan 1 ,K

Chan 2 ,K
Chan 3 ’_ 23.5-Wv

Chan 4 ’_ 234

Chan 5 ’K 233

N
k2
o

& Chan 6 |/ pars H
“ Chan 7 23.1-

]

Chan & T i N e ...,
0 0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 50 52 54
Chan 9

Time [sec]

Figure 25. LabVIEW graphical user interface to visualize and log the temperature measurements from the
Arduino UNO setup.

This LabVIEW interface can be found attached to this document (folder: LabVIEW GUI for temperature
measurement with Arduino; file: Arduino Adafruit Pt100 main.vi).

Before using the LabVIEW interface, make sure that you have closed the Arduino IDE.
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7 Troubleshooting

As this setup requires a substantial amount of preparation, a troubleshooting guide is given to help with the
most common issues. The troubleshooting guide is from most to least common problems, so start from the
top and work your way down.

Tip: If you have multiple sensors connected to a single Arduino UNO, and one of the amplifiers with a Pt 100
sensor works correctly, use this to test if the problem is with the circuit on the breadboard or with the
amplifier and Pt 100 sensor.

7.1 Incorrect wiring

The most common problem encountered when setting up Arduino with breadboards is incorrect wiring. As
there are many wires, it can be easy to lose the overview. Start from the beginning and work your way
through the setup as described in the previous section. Even if a single pin is misplaced, the setup will not
work.

7.2 Insufficient depth of pins in breadboard

A simple problem to fix is when wires in the breadboard are not entirely connected to the underlying metal
in the breadboard. To fix this, simply press down on the wire or pin until it reaches the underlying metal (see
Figure 26).

Figure 26. Example of a wire which has not been completely inserted into the breadboard.
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7.3 Problems with Pt 100 sensors and connection to the Adafruit MAX31865
amplifier

Two very common problems are related to wrong connection of the Pt 100 RTDs to the amplifier, and broken
Pt 100 sensors. These issues can be solved at the same time. Check to see if the Pt 100 RTD works correctly
with a multimeter. Use the multimeter to measure the electrical resistance and to investigate if there is
continuity in the circuit. Typically, continuity and resistance measurement share the same spot. The
continuity symbol is denoted -))))

@ vnwmax o RELA HOLD @
" PWRRST - RANGE = STORE RECALL

-t +¢ Hz ADP

KiimaL A8

Figure 27. Multimeter with the knob placed to measure resistance and continuity.
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After this, measure the resistance between the different wires on the Pt 100 RTD. You can measure on top
of the screws on the Adafruit MAX31865, as shown in Figure 28.

BER s R s R R s R e E o
e L
‘_ﬁ‘“'.-ﬂlﬂﬂﬂlﬂllil

L LA AR R NN
LR ! l -
, ;"Q‘;"'u_gg'iilllli
::: AEEAWE Nwwww LI
NERET swwwy --i-i

Figure 28. Illustration of how to measure if the Pt 100 sensor is connected correctly at the measurement tip.
Do this for both legs of the Pt 100.

As shown in Figure 28, the Pt 100 sensor consists of two legs. In a four-wire configuration, there are two
wires for each leg. When measuring the wires on the same leg, there is continuity if they are connected
correctly. If there is continuity you will hear a high-pitched sound. On the amplifier, the wires for each leg
should be in pairs, such that the wire for the same leg is next to each other on one side or the other.

It is not important which leg is connected to which spot on the amplifier, as long as the wire for each leg is
next to each other.

When measuring across the Pt 100, meaning a wire from each leg, the resistance should be above 100 Ohms
(if the sensor is at ambient temperature above 0 °C).

If both criteria are fulfilled, the Pt 100 works as intended and is connected correctly to the amplifier. If not,
the wires might not be connected correctly.
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7.4 No power connected to Adafruit MAX31865

If the Adafruit MAX31865 amplifier is not supplied with power, it will not work. To check if they are supplied
with power, take a multimeter, and turn the knob to measure DC voltage (see Figure 29).

@ MIN MAX REL A HOLD @

| | PWRRAST | RANGE STORE RECALL
| ;

»+

Figure 29. Multimeter with the knob dialed to measure DC voltage.
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After that, take the positive (red) handle of the multimeter and place it on the 5V pin on the Adafruit
MAX31865, and the negative (black) handle of the multimeter and place it on the ground pin (see Figure 30).

"GND [ CLK

Figure 30. Illustration of how to measure DC voltage on the Adafruit 31865 amplifier.

If the multimeter shows approximately 5V, it is powered up correctly. If this is not the case, it will not be
powered and will not work. To fix this, check if the wires going to the ground and 5V pin are on the same
column on the breadboard as the corresponding pins on the amplifier. If they are, check to see if the row is
powered from the (+) and (-) lines on the sides of the breadboard.

If this does not work either, the power supplied from the Arduino to the breadboard is not working correctly,
and the Arduino could be broken. When the Arduino is powered on, the ON LED should be bright green.
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7.5 Malfunctioning amplifier

If the wiring on the breadboard is correct and the Pt 100 sensors work correctly, check if the amplifier works
correctly. The first thing to verify is if the chip emits a significant amount of heat. Quickly put a thumb, or
another body part, on the chip. If it is broken, it will burn your finger.

Specifically, the chip above the Vi, is known to have this issue and being a malfunctioning chip (see Figure
31).

Figure 31. Thermography of malfunctioning chip.
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7.6  Short-circuiting of the Arduino UNO

If the Arduino is connected to the computer with the USB, the ON LED should be bright green. If this is not
the case, the Arduino might be short-circuited. This happens when the 5V pin and the GND pin are connected
to the same column on the breadboard (see example in 32). Notice that the ON LED is not turned on.

-

| ammss
RS

2
R i
¥
"
"
.

Figure 32. Short-circuited Arduino UNO. Notice that the ON LED is not bright green, as it should be when
powered up correctly.

To fix this, simply power up the amplifier correctly without short-circuiting the power supply line from the

Arduino.
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7.7 When the troubleshooting guide fails

If the different troubleshooting steps fail, try to close and open the Serial Monitor (where the temperature
data is displayed). If this fails as well, close and open the script and try again. If this does not work either, try
the other troubleshooting steps again.

7.8 Code error in Arduino IDE

Some errors might also occur when trying to compile the code to be uploaded onto the Arduino board.

7.8.1 Board at COM# is not available

When changing computer and connecting the Arduino setup to a new computer, it is common that the
COM port number of the Arduino board changes. To fix the problem, go to Tools = Port: = and choose the
correct COM port.
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Appendix A: Code to perform temperature measurements with Arduino

To perform the temperature measurements, copy this code into the Arduino IDE and run the code:

#include <Adafruit_ MAX31865.h>

/********************************************************************************

ok ok ok ok ok 3k o ok K ok ok ok ok o ok ok ok ok ok ok ok ok oK ok ok ok ok o oK ok ok ok sk kK K Kok sk ok ok K ok k ok ok kK K

* This is a script developed for measuring temperature using Arduino UNO and Adafruit
MAX31865 with Pt 100's.

* Uses the library for the Adafruit PT100/P1000 RTD Sensor w/MAX31865

----> https://www.adafruit.com/products/3328

* Author: Martin Veit, Aalborg University
* For bugs, improvements or anything else related to this script and setup, contact me at
mveit@build.aau.dk

* INSTRUCTIONS:

* Follow the guide for how to assemble the setup on Moodle (Insert link)

* In this script, define the number of sensors used in the function "num_sensors_funct"
(Maximum of 9 sensors)

* At the last line, define the delay wanted in milliseconds.

* To upload code on arduino, press ctrl + U or click on Sketch -> Upload

* To run script, press ctrl + shift + M or click on Tools -> Serial Monitor

P
//*i*****************************************************************************

ok K ok ok ok 3k o ok K ok ok ok 3k o ok ok ok ok ok 3k o oK oK oK ok 3k ok o oK oK ok ok ok ok ok K oK ok sk ok ok ok Kok ok ok kR K K

HHT1771117111171117111171111711]] DEFINE NUMBER OF SENSORS USED
11T
int num_sensors_func(){

int num_sensors = 7;

return num_sensors;
}
I 111111117
T T

// The value of the Rref resistor. Use 430.0 for PT100 and 4300.0 for PT1000
#define RREF  430.0

// The 'nominal' 0-degrees-C resistance of the sensor

// 100.0 for PT100, 1000.0 for PT1000

#define RNOMINAL 100.0

// The input channels used in descending order (Channel 1 is digital input 10, channel 2 is digital
input 9 etc.)

Adafruit_MAX31865 thermo1l = Adafruit_ MAX31865(10);

Adafruit_ MAX31865 thermo2 = Adafruit_ MAX31865(9);
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Adafruit_MAX31865 thermo3 = Adafruit_ MAX31865(8);
Adafruit_MAX31865 thermo4 = Adafruit_ MAX31865(7);
Adafruit_MAX31865 thermo5 = Adafruit_ MAX31865(6);
Adafruit_MAX31865 thermo6 = Adafruit_ MAX31865(5);
Adafruit_MAX31865 thermo7 = Adafruit_ MAX31865(4);
Adafruit_MAX31865 thermo8 = Adafruit_ MAX31865(3);
Adafruit_MAX31865 thermo9 = Adafruit_ MAX31865(2);
void setup() {

int num_sensors;

num_sensors = num_sensors_func();

Serial.begin(115200);

if (num_sensors >= 1){

thermol.begin(MAX31865_4WIRE); // set to 2WIRE or 4WIRE as necessary
}
if (num_sensors >= 2){

thermo2.begin(MAX31865_4WIRE); // set to 2WIRE or 4WIRE as necessary
}
if (num_sensors >= 3){

thermo3.begin(MAX31865_4WIRE); // set to 2WIRE or 4WIRE as necessary
}
if (num_sensors >= 4){

thermo4.begin(MAX31865_4WIRE); // set to 2WIRE or 4WIRE as necessary
}
if (num_sensors >= 5){

thermo5.begin(MAX31865_4WIRE); // set to 2WIRE or 4WIRE as necessary
}
if (num_sensors >= 6){

thermo6.begin(MAX31865_4WIRE); // set to 2WIRE or 4WIRE as necessary
}
if (num_sensors >= 7){

thermo7.begin(MAX31865_4WIRE); // set to 2WIRE or 4WIRE as necessary
}
if (num_sensors >= 8){

thermo8.begin(MAX31865_4WIRE); // set to 2WIRE or 4WIRE as necessary
}
if (num_sensors >= 9){

thermo9.begin(MAX31865_4WIRE); // set to 2WIRE or 4WIRE as necessary
}

}
void loop() {

int num_sensors;
num_sensors = num_sensors_func();

if (num_sensors >= 1){

Serial.print("Ch.1 temp ="); Serial.printin(thermol.temperature(RNOMINAL, RREF));
}
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if (num_sensors >= 2){

Serial.print("Ch.2 temp ="); Serial.printin(thermo2.temperature(RNOMINAL, RREF));
}
if (num_sensors >= 3){

Serial.print("Ch.3 temp ="); Serial.printin(thermo3.temperature(RNOMINAL, RREF));
}
if (num_sensors >= 4){

Serial.print("Ch.4 temp ="); Serial.printin(thermo4.temperature(RNOMINAL, RREF));
}
if (num_sensors >= 5){

Serial.print("Ch.5 temp ="); Serial.printin(thermo5.temperature(RNOMINAL, RREF));
}
if (num_sensors >= 6){

Serial.print("Ch.6 temp ="); Serial.printin(thermo6.temperature(RNOMINAL, RREF));
}
if (num_sensors >= 7){

Serial.print("Ch.7 temp ="); Serial.printin(thermo7.temperature(RNOMINAL, RREF));
}
if (num_sensors >= 8){

Serial.print("Ch.8 temp ="); Serial.printin(thermo8.temperature(RNOMINAL, RREF));
}
if (num_sensors >= 9){

Serial.print("Ch.9 temp ="); Serial.printin(thermo9.temperature(RNOMINAL, RREF));
}

Serial.printin();
delay(500);
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