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Résumé

Ce travail porte sur I'étude et la réalisation d'un capteur de couple, comprenant une vue
d'ensemble des capteurs, de leurs différents types, ainsi que la présentation des composants de base du
capteur de couple, de son principe de fonctionnement et de ses différentes applications. Il inclut
également la conception et I'étude d'un dispositif de test spécifique a ce mémoire, en utilisant le logiciel
SolidWorks 2019 et le logiciel ANSYS pour sa simulation numérique. En s'appuyant sur eux, nous
avons pu étudier les performances du capteur dans des conditions réelles afin d'assurer sa précision et
son efficacité et améliorer la conception en fonction des résultats de la simulation.

Enfin, pour diversifier et enrichir ce mémoire, on est passe de la conception théorique a la mise en
ceuvre pratique du capteur et a la fabrication d'un capteur de couple intelligent dans la réalité en
fonction des capacités disponibles des composants électroniques et mécaniques. Le capteur a été testé

dans une clé des boulons, et ses performances ont été évaluées pour améliorer I'efficacité et la
précision des opérations de fixation.

Mots-clés: capteurs, SolidWorks, ANSYS, conception, simulation numérique, conditions de

fonctionnement, composants électroniques et mécaniques, les jauges de contraintes, clé de boulons.



Abstract

The study, design and manufacturing of torque sensors is the subject of this work. An overview
of sensors, their various forms, and the basic components of torque sensors, their working principles,
and their various uses are all included. It also includes the design and study of a test device specific to
this work, using SolidWorks 2019 and ANSYS software for its numerical simulation. This led us to
investigate the performance of the sensor under real-world conditions to ensure its precision and
effectiveness, and to refine the design based on the simulation outcomes.

In order to enhance and broaden the scope of our research, we transitioned from the theoretical design
of the torque sensor to its actual fabrication, taking into account the mechanical and electronic
components' capacities. Using a bolt wrench, the sensor's performance was assessed in order to
increase the accuracy and efficiency of fastening procedures.

Keywords: sensors, torque sensor, SolidWorks, ANSYS, design, numerical simulation, operating
conditions, electronic and mechanical components, strain gauges, bolt wrench.
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1.ino.ir
<Wire.n>
<Adafruit_GFX.h>

3 i ide <Adafruit_SSD1306.h>|

"HX711.h"
r LOADCELL_DOUT_PIN A2;

JADCELL_S

i) A€ Aalais ——>

419640;

(SCREEN_WIDTH, SCREEN_HEIGHT, &Wire, OLED_RESET);

) mj o _
A
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8 progH.ino | Arduino IDE 2.2.1
) ——Fte—sum—sxed® Tools Help
IIIEIII Auto Forma
Archive Sketch
Progline  ynage Libraries ‘
Serial Monitor

| Plot
3 Serial Plotter bohs

Firmware Updater

[N = A2;

Upload SSL Root Certificates

sl % Board >

y

Sad asa 7 dort »
& . Arduino AVR Boards >

10 Get Board Info

12 Burn Bootloader

Output

Boards Manager.

Arduino Mbed OS Nano Boards »

lay (SCREEN_WIDTH, SCREEN_HEIGHT,

Arduino Yun

Arduino Uno

Arduino Uno Mini

Arduino Duemilanove or Diecimila
Arduino Nano

Arduino Mega or Mega 2560
Arduino Mega ADK

Arduino Leonardo

Arduino Leonardo ETH 'cbﬁ 1.4
Arduino Micro L
Arduino Esplora J-"f}{)y\
Arduino Mini

Arduino Ethernet
Arduino Fio

Arduino BT

LilyPad Arduino USB
LilyPad Arduino
Arduino Pro or Pro Mini

Arduino NG or older

Arduina Rahat Cantral

}g}.\j\l\ C}l s aad 2\.9.:)1: :10-3Jsal

#include <Arduino.h>

#include <Wire.h>

#include <Adafruit GFX.h>
#include <Adafruit_SSD1306.h>
#include "soc/rtc.h"

#include "HX711.h"

const int LOADCELL_DOUT_PIN = 12;
const int LOADCELL_ SCK PIN = 13;

boolean TARE_BUTTON = 14;

const int calibration_factor =11;
float Torque;

#define SCREEN_WIDTH 128

#define SCREEN _HEIGHT 64

#define OLED RESET -1

#define potentiometer 15
#define ledB 25
#tdefine ledR 26
#tdefine ledG 27

Adafruit_SSD1306 display(SCREEN_WIDTH,
SCREEN_HEIGHT, &Wire, OLED_RESET);
HX711 scale;
void setup() {
Serial.begin(115200);
pinMode(potentiometer, INPUT);
pinMode(ledR, OUTPUT);
pinMode(ledB, OUTPUT);
pinMode (TARE_BUTTON, INPUT);

malindl -

scale.begin(LOADCELL_DOUT_PIN,
LOADCELL_SCK_PIN);

display.begin(SSD1306_SWITCHCAPVCC,
ox3C);

delay(2000);

display.clearDisplay();

display.setTextColor(WHITE);

}

void loop() {
if (digitalRead(TARE_BUTTON) ==
HIGH) {
scale.tare();
Serial.println("Scale tared");
display.clearDisplay();
display.setTextSize(1);
display.setCursor(9, 0);
display.print("Scale tared");
display.display();
delay(2000);

int adjustment =
analogRead(potentiometer);
double adjustment_torque=
map(adjustment, 0, 4095, 0, 50);
if (scale.is ready()) {
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scale.set _scale();
float reading = scale. O;
Torque =
reading/calibration_factor;
("Torque= ");
(reading);
("N.m");
("Adj_Torque= ");
(adjustment_torque);
. ("N.m");
display.clearDisplay();
display.setTextSize(1);
display.setCursor(9, 9);
display. ("Torque=");
display.setTextSize(1);
display.setCursor(50, 0);
display. (Torque);
display.setTextSize(1);
display.setCursor(100, 0);
display. ("N.m");
display.setTextSize(1);
display.setCursor(9, 30);
display. ("AdjT=");
display.setTextSize(1);
display.setCursor(50, 30);
display. (adjustment_torque)

display.setTextSize(1);
display.setCursor(100, 30);
display. ("N.m");

display.display();

if ( Torque>= adjustment_torque ){
("Outside range
")

(ledr, LOW);

(ledB, HIGH);
display.setTextSize(1);
display.setCursor(9, 50);
display. ("Outside range");
display.display();

}

else {
(ledB, LOW);
(ledR, HIGH);

}

else {

display.clearDisplay();

. ("HX711 not found.");
display.clearDisplay();
display.setTextSize(1);
display.setCursor(o, 0);
display. ("HX711 not found");
display.display();
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—12 Jsaal &6 https://www.techtarget.com/whatis/definition/sensor Robert Sheldon. Sensor [1]

2023-11

Ahmed Gunaid. types of sensors , Oct 17, 2020 [2]
https://fr.scribd.com/document/480442850/%D8%A3%D9%86%D9%88%D8%A7%D8%B9-
Jsall &b %D8%AT7%D9%84%D8%AD%D8%B3%D8%A7%D8%B3%D8%A7%D8%NAA

2023-11-15

https://www.realpars.com/blog- What is a Sensor? Different Types of Sensors, Applications [3]

2024-06-04 Jsaal & s post/types-of-sensors

(uhalinall @l (uluall g (Proximity switch) ol uluall [4]

https://sciencesky.net/%D8%A7%D9%84%D8%AD%D8%B3%D8%A7%D8%B3-
%D8%A7%D9%84%D8%AA%D9%82%D8%A7%D8%B1%D8%A8%D9%8Aproximity-
switch-%D9%88-%D8%A7%D9%84%D8%AD%D8%B3%D8%A7%D8%B3-

Jsaall &6 %D8%AT7%D9%84%D8%AA%DI%82%D8%A7%D8%B1%D8%A8%DI%EA/

2023-11-15

2023-11-15 Jsaal &t https://jeem3.com/Ultrasonic/p2113147041 4 s Sla g0 b [I]

https://www.indiamart.com/proddetail/thermocouple-sensor- Sensors. Temperature Sensor [6]

2024-06-05 Jsaall &zl 14858705897 .html

Capteurs de force en traction compression : fonctionnement des cellules de charge pont de [7]

2023-11-07 Jsaall & https://instrumentys.com/capteurs-de-force/ jauges

. https://primosensor.com/produktinfo/force- Force transducers Versatile application [8]

2024-06-05 Jsaal &) /transducers

—11-01 Jsaall &6 https://sensel-measurement.fr/fr/18-capteur-de-couple Capteur de couple [9]
2023
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https://fr.scribd.com/document/480442850/%D8%A3%D9%86%D9%88%D8%A7%D8%B9-%D8%A7%D9%84%D8%AD%D8%B3%D8%A7%D8%B3%D8%A7%D8%AA
https://www.realpars.com/blog-post/types-of-sensors
https://www.realpars.com/blog-post/types-of-sensors
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https://jeem3.com/Ultrasonic/p2113147041
https://www.indiamart.com/proddetail/thermocouple-sensor-14858705897.html
https://www.indiamart.com/proddetail/thermocouple-sensor-14858705897.html
https://instrumentys.com/capteurs-de-force/
.%20https:/primosensor.com/produktinfo/force-transducers/
.%20https:/primosensor.com/produktinfo/force-transducers/
https://sensel-measurement.fr/fr/18-capteur-de-couple

https://www.te.com/usa-en/products/sensors/torque- Torque Sensors & Torque Meters [10]

2024-06-04 Jsaal &6 sensors.html?tab=pgp-story

&l /https://metromatics.com.au/product/rotary-torque-sensors Rotary Torque Sensors [11]

2024-06-04 Jsaal

https://www.futek.com/applications/How—to-Measure— How to measure torque of a motor [12]

2024-06-04 Jsal & 15 Torque—of-a—Motor

https://sensel-measurement.fr/en/blog/servo-motor-torque- Servo Motor Torque Control [13]

2024-06-04 Jsaal &5 control--n144

https://www.directindustry.fr/prod/burster- Capteur de couple statique 8661 [14]

2024-06-04 Jsaal & 15 praezisionsmesstechnik-gmbh-co-kg/product-13615-1166243.html

https://sensel-measurement.fr/fr/18-capteur-de- Capteur de couple [15]
couple#:~:text=Dans%20un%20capteur%20de%20couple,contrainte%20qui%20modifie%20sa
2024-06-04 Jsal &b %20r%C3%A9sistance

John X.J. Zhang, Kazunori Hoshino. Chapter 6 - Mechanical transducers: Cantilevers, [16]

acoustic wave sensors, and thermal sensors. In Micro and Nano Technologies, Molecular
https://doi.org/10.1016/B978-0-12-814862- Sensors and Nanodevices (Second Edition), 2019
4.00006-5

https://www.hbkworld.com/en/knowledge/resource- Torque Sensors Basic Knowledge [17]
center/articles/how-does-a-torque-transducer-actually-
work#:~:text=Like%20many%200ther%20kinds%200of firmly%20connected%20t0%20the%20f

2024-06-04 Jsaal &6 oil

Measuring the Force of Rotation: Torque Sensors. Anotonio Armenta, May 04,2023 [18]

https://control.com/technical-articles/measuring-the-force-of-rotation-torque-
sensors/#:~:text=A%?20torque%20sensor's%20basic%20working,strain%20gauges%200r%20ma

2023-12-03 Jsaall &6 gnetoelastic%20sensors

2023-11-08 Jsaall =t https://byjus.com/physics/wheatstone-bridge/ Wheatstone Bridge [19]
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https://doi.org/10.1016/B978-0-12-814862-4.00006-5
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https://byjus.com/physics/wheatstone-bridge/

https://riverglennapts.com/ar/instrument/467-measurement-of-resistance.html 4« séall (uld [20]

2024-06-04 Jsaal &

https://sensel-measurement.fr/fr/18-capteur-de- Capteur de couple [21]
couple#:~:text=Dans%20un%20capteur%20de%20couple,contrainte%20qui%20modifie%20sa

2023-12-03 Jsaall &6 %20r%C3%A9sistance

https://studentlesson.com/definition-applications-diagram-types- what is strain gauge [22]

2024-06-04 Jsaall &6 /working-of-a-strain-gauge

Torque Sensors Basic Knowledge. Torque Measurement Flange. [23]
https://www.hbkworld.com/en/knowledge/resource-center/articles/how-does-a-torque-
transducer-actually-
work#:.~:text=Like%20many%200ther%20kinds%200f,firmly%20connected%20t0%20the%20f

2023-12-02 Jsaall z s oil

https://sensel-measurement.fr/fr/blog/applications-de- Applications de mesure de couple [24]

2023-11-25 Jsaall & i mesure-de-couple-c3

Antonio Armenta. Measuring the Force of Rotation: Torque Sensors. May 04, 2023 [25]
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