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Abstract
Article Info This research studies the forces applied to various vehicle control arms through different static

Submitted: and dynamic conditions during acceleration and braking condition. This study is targeting the
28/10/2024 important role that control arms play in ensuring stability and dynamics of vehicles,
Revised: particularly when electric powertrains are added to chassis platforms created for conventional
02/12/2024 internal combustion engine (ICE). The study was designed with three phases: Fundamental of
Accepted: control arm dynamics (Phase 1), math formulations into theoretical models (Phase 2) and then
06/12/2024 experimental validation using the real rail component measurements (Phase 3). Tests were
Online first: carried out on a straight track at a speed of 15 km/h and 30 km/h targeting the rear axle in an
19/12/2024 accelerating and the front axle in a braking condition. Results indicated that at 15 km/h, the

acceleration of the rear axle was between 0.63 g and 0.49 g whereas at 30 km/h it was between
0.68 g and 0.70 g. During braking at 15 km/h, the front axle's acceleration ranged from a
minimum of 0.62 g to a maximum of 0.70 g. At 30 km/h, the acceleration ranged from a
minimum of 0.73 g to a maximum of 0.81 g. This suggests that there is a marked disparity in
the dynamic action or response of sprung mass and unsprung mass at the different loading
conditions. It emphasizes the need for additional support in the control arms and better control
over the forces when the electric powertrains will be introduced. All of these have laid a basis
for further research aimed at improving the designs of the vehicle structures in advance for
the emerging powertrain technologies.

Keywords: Endurance test, Vehicle control arm, Braking test, Accelerating test, Comfort ride

1. Introduction in power generation to refine suspension systems.
Ride comfort and handling are largely governed
by the suspension system, its job is to isolate the
suspended part of the vehicle from road
imperfections and connect that portion with your
wheels. The key component needed for this is a
structure that can take the energy and send it to
the frame without disrupting the entire system

In the realm of automotive engineering, the
suspension system stands as a marvel of design,
with the lower and upper control arms at its core.
These components, crucial to a vehicle's
performance, face a diverse array of forces during
various driving conditions—be it riding,
accelerating, cornering, or braking. Typically,
when consumers consider a vehicle's [1-I6]

performance, they focus on horsepower, torque, The system of movable connections that
and zero-to-100 acceleration. However. if control ~ connects the wheels to the vehicle structure and

is not maintained, all an engine's power is allows relative motion between them is known as

meaningless. Car engineers initially made strides the suspension. The interplay between the

This work is licensed under a Creative Commons Attribution-NonCommercial 4.0
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suspension system and its hard mounting to the
frame are key to ride and handling. In other
words, the control arms provide for the vertical
displacement of the wheels as to the bodywork
and due to this play is very important in terms of
driving comfort and handling properties.

The control arms are an important part of the
suspension system that in the end help keep a
vehicle stable and comfortable. As a vehicle
navigates through speed bumps, potholes and
other rough patches of road surface mediating
forces that travel via the ball joint mechanism
through to the control arms. Properly designed
and functioning control arms can absorb and
dissipate these forces, reducing the risk of
vibrations and potential loss of control. Without
these critical components, drivers would incur
excessive, and detrimental level of vibrations
which may be dangerous such as causing the
driver to lose control of the vehicle leading into a
crash [7], [8].

The suspension system is
sophisticated, the lower and upper control arms
undergo different power in riding, acceleration,
turning or braking. The weight and distribution of
that weight on the axle is what eventually impacts
the ability of these control arms to perform to spec.
At A-arm suspensions with unequal-length arms,
the upper control arm is usually shorter than the
lower arm. This is because this design choice
becomes crucial when trying to manage the
different forces and weight load characteristics
used in order to stabilize a vehicle [9].

As the vehicle transitions through different
maneuvers, the force dynamics on these control
arms shift, highlighting the critical need for a
detailed understanding of their performance
under diverse conditions. Poor handling and
comfort are caused when weight is not well
distributed, and the forces into the control arm of
those types create uneasy forces in how a vehicle
moves, which makes an analysis of these
significant for vehicle safety and performance.

Performance optimization of the vehicle is
another important factor. For example, control
arms must keep a car under control during
various types of driving events — accelerating
(including launching), braking and cornering are
among the most important. Look at those
components in an event model, this analysis helps
you to know what they will do under different

even more
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conditions and also shows us their weak points
where it can improve. This understanding is
crucial for improving vehicle dynamics handling,
ride comfort and driving experience. Control arms
are amajor factor in determining a vehicle's ability
to control dynamic driving situations and traction,
a vital criteria for both normal and performance
applications [10].

The analysis of control arms becomes
increasingly critical with the adaptation of electric
powertrains into chassis platforms originally
designed for internal combustion engines (ICE),
such as the Volvo XC40 Recharge. The XC40
Recharge is based on the Compact Modular
Architecture (CMA) platform shared with
conventional versions of the Volvo XC40 [11], [12].
This adaptation introduces unique challenges,
particularly regarding the control arms' ability to
handle the increased forces associated with
electric powertrains. Electric powertrains are
capable of providing much higher torque and
power outputs compared to their ICE, which
stresses the chassis components in a way that they
have not been designed for. For instance, the
Volvo XC40 Recharge achieves a maximum power
output of 300 kW and accelerates from 0 to 100
km/h in just 4.9 seconds. In contrast, the ICE-
powered Volvo XC40 produces 183 kW and
reaches 100 km/h in 6.4 seconds [13]. This
substantial increase in performance places
additional demands on the control arms,
potentially questioning the reliability of the ICE-
designed platform when repurposed for electric
power. Table 1 shows a selection of vehicles from
various manufacturers that utilize chassis
platforms originally designed for internal
combustion engines (ICE) and have been adapted
to accommodate electric powertrains.

Thus, evaluating the control arms'
performance and durability is essential to ensure
that the existing chassis can support the enhanced
power and torque of electric vehicles, thereby
maintaining safety and reliability across both
powertrain types. Therefore, in order to determine
the control arm’s ability, the load transfer needs to
be examined in such a manner that there is a
recognized measuring technique that can be done
on any vehicle. These two activities, namely, the
verification of a strength of a control arm of a
vehicle and the analysis of a load vehicle transfer
are tightly connected regarding vehicle dynamics
and vehicle safety [14], [15].
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Table 1. Various electric vehicles that use the ICE platform chassis

Manufacturer Electric Vehicle Chassis Platform

Volvo Volvo XC40 (CMA) platform of ICE version of the Volvo XC40.

Porsche Porsche Taycan Chassis platform of Porsche Panamera.

Ford Ford Mustang Mach-E ~ Ford CD6 platform initially for Ford Explorer and Ford Mustang.
BMW BMW i4 G20 platform for BMW 3 Series.

Audi Audi e-tron MLB Evo platform for Audi Q7 and Audi Q8.

Mercedes-Bens Mercedes-Bens EQC MRA platform originally designed for Mercedes-Benz GLC.
Jaguar Jaguar I-PACE Chassis platform of Jaguar PACE and XE.

Load transfer is the redistribution of weight
between a vehicle's wheels as it moves, say under
conditions of acceleration, braking or turning. It is
the change in weight that results from this
particular mode of activity which affects how well
or poorly even at rest a car behaves on the road. In
order to guarantee that the control arms withstood
these forces and did not snap, they underwent
validation testing which was thorough. It
included further simulations and stress testing to
ensure that control arms are able to withstand the
shifting without fracturing.
vehicle design depends on
understanding completely how transfers of load
affect suspension components. It also needs to
create control arms which maintain the
performance and safety of a vehicle in such
dynamic environments when these forces are
operating [16].

Pachapuri et al. [17] have been investigates the
performance and optimization of lower control
arms in automotive suspension systems,
specifically for a McPherson-type setup. Using
Finite Element Analysis (FEA), the study
evaluates the forces, stress distribution, and
deflection of the lower control arm under various
loading conditions, both when stationary and
while traversing obstacles at different speeds. The
study proved that the wuse of topology
optimization on control arm design can result in
considerably lower material consumption,
resulting instead in a stronger and lighter control
arm. The researchers also recommend more
extensive testing on methods of improving control
arm movement, which should be based around
larger data sets drawn from real life driving
situations and varied load conditions. This would
encompass trials on different road surfaces in
different  geographic regions, and load
distributions at different driving speeds and
under various conditions such as varying road
surfaces, driving speeds, and load distributions, to

forces of load
Successful

further validate the control arm’s performance
and ensure that the optimized design performs
reliably in all conditions.

Yu et al. [18] optimized the front suspension
lower control arm of an electric SUV, adapting it
from a traditional fuel vehicle model to cut
development time and costs. A finite element
analysis model was used for free modal analysis,
identifying bending and torsion as the first two
vibration modes with frequencies surpassing the
excitation frequency, thus meeting vibration
requirements. This was confirmed by a free modal
test. The SUV's front suspension dynamics model
helped assess the load on the lower control arm,
with limit strength analysis showing acceptable
stress levels. Multi-disciplinary optimization with
Isight achieved a 16.7% mass reduction and
improved modal and strength characteristics.
However, the tests were conducted under
controlled conditions, and real-world variations
may affect the lower control arm’s performance
and reliability. Thus, the reliability of the
simulation-based studies and laboratory tests
remains uncertain due to their reliance on real
world condition impact. Thus, further research
work is still needed.

In the present study, this paper presents the
investigation of force exerted on the control arm
for static and dynamic condition in accelerating
and braking by using vehicle dynamic testing. The
key insight in this study is that during
acceleration, a forward force is applied, causing
the vehicle's body to pitch backward and shift
more weight to the rear axle. In contrast, braking
applies a reverse force, causing the vehicle's body
to pitch forward and transfer more weight to the
front axle. This weight shift is crucial, as the
traction required for both acceleration and
braking depends heavily on how the weight is
distributed between the front and rear axles. This
technical paper is organized into 4 sections as
follows: the first section includes an introduction,
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a scrutiny of pertinent preliminary work, and
previous work on vehicle dynamic testing on
control arm development history and the
important of this research work. Section two
introduces the method to develop the standard
vehicle dynamic testing on investigation of
control arm and followed by the validation stage
of testing method in the third section. The fourth
section presents the impact of the testing model in
investigation of control arm in vehicle. The
conclusion of this study is presented in the last
section.

2. Methods

The study was conducted in three phases:
Phase 1 focused on the fundamentals of static and
dynamic conditions affecting the control arm in
the vehicle chassis. Phase 2 involved theoretical
analysis through mathematical formulations for
both conditions. Phase 3 concentrated on
validating these theoretical findings through
experimental work. Figure 1 illustrates the
research workflow.

2.1. Theoretical Analysis in Static and Dynamic
Condition

The free-body diagram of the isolated part and
the surrounding area of the body of the vehicle is
shown in Figure 2. A free body diagram displays
an individual body or a group of bodies along
with all the applied forces, moments, and
reactions that affect the body. The Free Body
Diagram's primary functions are to represent
forces and compute reactions. In this study, at low
vehicle speeds (below 50 km/h), the effect of wind
on acceleration and braking performance is

PHASE 1

Fundamental of static and
dynamic condition focusing
on control arm in vehicle
chassis.

PHASE 2
Theoretical Analysis in Static
and Dynamic condition by
calculation.

PHASE 3

Validation of force at axle
and weight transfer
percentage in vehicle
chassis.

Figure 1. Brief introduction of EDR,
as given in the survey
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negligible [19]. At these speeds, the vehicle's
inertia and engine output are the primary
contributors to performance, while aerodynamic
drag due to wind resistance is minimal in
comparison to the vehicle's own rolling resistance
and mechanical losses.

The normal force under each front (Fz;) and
rear (Fz,) wheels can be defined as follow:

Fz, = (1/2)mg(a,/L) 1)

Fz, = (1/2)mg(a,/L) @)

Where, m is a mass of the vehicle, g is the
gravitational acceleration a, is the distance center
of gravity (CG) to front axle, a, is the distance CG
to the rear axle and for wheel base is defined as
follow:

L=a;+a, 3)

The normal force acting under each tire in
static condition is same as Eq. (1) and Eq. (2). The
normal force under each front (Fz,) and rear (Fz,)
wheels in dynamic condition can be defined as:

(Fz))dyn = —(1/2)mg(h/L) 4)

(Fzy)dyn = (1/2)mg(h/L) ©)

Where, h is the distance from CG to the road

Then,
acceleration, the vertical forces under front and
rear wheels can be formulated as:

Fz, = (1/2)mg(ay/L) — (1/2)mg(h/L)  (6)

surface. when a car speeding with

Fz, = (1/2)mg(a,/L) + (1/2)mg(h/L)  (7)

The force acting on front and rear axle during
braking can be defined as:

Figure 2. Force acting on the vehicle
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Fz, = (1/2)mg(a,/L) — Wt 8)

©)

Where, Wt is the weight transfer during braking
and can be defined as:

Wt = (A,mh/L)

Fz, = (1/2)mg(a,/L) + Wt

(10)
Where, 4, is the longitudinal acceleration.

Table 2 shows the parameter of the Perodua Myvi
1.3 L is the selected vehicle that used in this
research work. Based on the formula 1 to 10, the
force acting on front and rear tires can be
calculated and presented in Table 3.

2.2. Materials and Procedures

The method for this research work are employs
a few component including accelerometer
(ADXL335) and arduino UNO acting as the data
acquisition (DAQ). Arduino IDE has been used as
a cross-platform software to connect between
Arduino UNO and accelerometer. In order to
measure the weight transfer at front and rear axle,
an accelerometer was mounted on the car's sprung
and unsprung masses at the front and rear right
side [20]-[22]. This method is used to validate the
theoretical calculation provided in section 2.1.
Figure 3 and Figure 4 show the position of the
accelerometer attached at body of vehicle.

Prior to installing the accelerometer sensor on
the vehicle model, it is crucial to configure the

© Nuurshafigah Anuar et al.

sensor properly to ensure accurate data collection.
Calibration of the accelerometer is required to
confirm that it covers the correct range of vehicle
acceleration. Under static conditions, the
accelerometer should ideally measure 1 g (1
gravitational force), which is equal to Earth's
gravitational acceleration of 9.81 m/s2. When
aligned parallel to gravity along the z-axis, the z-
axis output should theoretically measure 9.81
m/s2. Tilting the sensor in one direction will cause
the output voltage to increase, while tilting it in
the opposite direction will cause it to decrease.
Accelerometers are most sensitive to small
changes in tilt when positioned parallel to Earth's
gravity, allowing for precise measurements.
However, beyond approximately 45 degrees of
tilt, the sensitivity decreases. The Arduino IDE
code used for the accelerometer can be found in
Appendix 1.

The test procedure was conducted on a test
track at speeds of 15 km/h and 30 km/h. These
speeds were chosen to cover a broad spectrum of
operating parameters and accurately reflect real-
world driving conditions. The experiments were
carried out on a straight track located within the
university building (see Figure 5). Testing was
performed at both 15 km/h and 30 km/h on a
typical dry road surface. Each test was repeated
five times to ensure comprehensive data collection
and analysis.

Table 2. Perodua Myvi 1.3L parameter

Parameter Symbol Value and Unit

Kerb weight - 955 kg
Kerb weight + load m 1085 kg
Wheelbase L 2440 mm
Length from the center of gravity to the front axle a, 976 mm
Length from the center of gravity to the rear axle a; 1464 mm
Height from center of gravity to the ground h 610 mm
Track width B 1455 mm
Turning radius R 7 m
Lateral acceleration Ay 9.913 m/s?
Speed v 8.33m/s
Acceleration a 2.15 m/s?
Gravity acceleration g 9.81 m/s

Table 3. Force acting on front and rear tires

Vehicle Condition Front tire Force (N)

Rear Tire Force (N)

Static 3193.2 2128.8
Accelerating 2901.6 2420.4
Braking 1064.4 5321.9
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(b)

Figure 3. Position of acceleration at rear right (a: at sprung, b: at

unsprung)

(a) (b)

Figure 4. Position of acceleration at front right (a: at sprung, b: at

unsprung
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Figure 5. The location of road selection at UTHM Campus Pagoh

3. Results and Discussion

A scenario including acceleration and braking
at two distinct speeds 15 km/h and 30 km/h was
used for the investigation. The purpose of the two-
speed study was to examine how vehicle speed
affects weight transfer to the front and rear axles.
Weight shifts from the front to the back axle
during acceleration and from the back to the front

axle when braking, as was previously established.
As a result, in this part, the outcome will only be
focused on the rear axle when accelerating, and
the front axle when braking.

Figure 6 presents the rear axle acceleration of a
vehicle during acceleration, recorded at two
distinct speeds: 15 km/h and 30 km/h. These
measurements are taken from both sprung and

Automotive Experiences

543


http://journal.ummgl.ac.id/index.php/AutomotiveExperiences/index

Rear axle acc. at 15 km/h
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Rear Axle acc. at 30 km/h
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Figure 6. Rear axle acceleration during vehicle accelerate

unsprung masses to assess the dynamic behavior
under acceleration forces. For analysis at 15 km/h,
the acceleration observed in the sprung mass
shows minor fluctuations, beginning at 0.55 g,
peaking at 0.67 g in Sample 3, and then decreasing
to 0.58 g by Sample 5. The variability suggests a
significant response to acceleration forces, likely
due to weight transfer and chassis dynamics as the
vehicle speeds up. For unsprung mass, a more
pronounced variance in acceleration values is
noted, ranging from 0.63 g to 0.49 g. The lowest
value at Sample 4 suggests that the unsprung
mass, including components like the control arm,
experiences significant strain under dynamic load
variations at this speed.

For analysis at 30 km/h, the pattern of sprung
mass is more consistent, starting at 0.69 g, with a
slight rise to 0.76 g, and tapering off back to 0.73
g. The higher overall values compared to 15 km/h
indicate that as speed increases, the sprung mass
experiences greater dynamic forces, stressing the
importance of robust chassis design for high-
speed maneuvers. For unsprung mass, like the 15
km/h data, the unsprung mass shows a range
from 0.68 g to 0.70 g. The smaller range of
variation at this higher speed could suggest a
stabilization effect on the unsprung components
due to increased gyroscopic forces and faster
reaction times of the suspension system.

These findings highlight the critical role of
vehicle dynamics in the design and sustainability
of ICE chassis platforms, particularly when
adapted for electrified powertrains. The data
shows the difference in the effect of acceleration
on the sprung and unsprung masses which is

fundamental toward the design of suspension
components and control arms in maintaining
vehicle control and stability. The drastic reduction
of the unsprung mass acceleration at lower
velocities (15 km/h) also highlights probable areas
of improvement in the damping of the suspension
systems and the strength of the control arms in
managing dynamic loads, especially in electric
vehicle conversions, where weight distribution
may widely differ from the conventional ICE
vehicles [23].

The increased load and stress on the control
arms suggest a need for reinforced materials or
innovative designs that absorb
redistribute these forces more efficiently. Also, the
high variability in unsprung mass acceleration

can and

underscores the importance of enhancing the
shock-absorbing capabilities of the vehicle’s
suspension system to prevent wear and tear and
improve vehicle stability.

The graphs in Figure 7 illustrate two additional
cases of front axle acceleration during braking —
one recorded at a speed of 15 km/h and the other
recorded at 30 km/h and data are sorted by their
sprung/unsprung mass condition, showing
different ~ dynamic = behaviors  of  the
sprung/unsprung masses for brake application
lines. Automotive engineers would benefit greatly
by analysing these results particularly as it relates
to weight transfer and the stability of a vehicle that
integrates electric powertrains. At 15 km/h the
sprung mass accelerations oscillate somewhere
between a peak of 0.61 to 0.66 g during the
analysis phase. The little oscillations are expected
to indicate a maneuver where the sprung weight

Automotive Experiences

544


http://journal.ummgl.ac.id/index.php/AutomotiveExperiences/index

Front Axle acc. at 15 km/h
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Front Axle acc. at 30 km/h
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Figure 7. Front axle acceleration during vehicle braking

undergoes large load migration during low-speed
braking (low inertial scrub force) duties. It might
be due to transfer of weight from the rear axle to
the front, which affects vehicle balance during
deceleration. For unsprung mass, consisting of
components such as control arms and suspension
parts, displays a broader range of acceleration,
from 0.69 g to 0.75 g. The peaks observed in
Samples 3 and 5 (0.73 g and 0.75 g) indicate higher
load concentrations on the unsprung components,
which can be a key factor in determining the
durability and design robustness of the control
arms under braking stress.

At the higher speed of 30 km/h, shows that the
acceleration values for the sprung mass remain
consistent at around 0.73 g which suggests that
even during heavy braking, when the forces
under consideration would be greater, the car's
suspension system is able to control that weight
transfer effectively and thus provide stability in
both normal as well as emergency stops with
minimal chance of wheel lockup. This suggests a
well-sorted chassis that is durable enough to
handle the added brake force without invoking
the Conversely unsprung mass
experiences an acceleration range that spike to
much higher accelerations (approximately 0.81 g -
0.88 g). The peaks in Sample 2 (0.88 g) and Sample
5 (0.88g), showcase the greater load exerted upon
suspension components under deceleration at
relatively quicker velocities. This suggests that as
braking force increases, more stress is placed on
the control arms and other unsprung components,
necessitating a robust design to handle these peak
loads without compromising structural integrity.

masses.

The comparison between the two speeds
reveals several important dynamics in the weight
transfer process during braking. At lower speeds,
it shows that there is a greater fluctuation in both
sprung accelerations,
implying more frequent load shifts that can affect
handling and comfort. However, at higher speeds,
the sprung mass shows more stability, while the

and unsprung mass

unsprung mass experiences higher stress.

Such conclusions are of great importance for
the design and sustainability of ICE chassis
platforms, especially the designs that are modified
for integration of electric powertrains. The higher
forces on the unsprung mass during braking at 30
km/h illustrates the demand for tailored and
strengthened suspension system as well as control
arm elements. Electric vehicles that will be
utilizing different weight distribution from the
placement of the batteries will cause different
stress patterns therefore the necessity to revisit
control arm designs on such platforms. These are
very useful for building control arms and
suspension systems that can support the different
forces produced when electric powertrains are
incorporated [24].

The results of comparing calculated and
experimental data for each axle, under both
acceleration and braking conditions at a speed of
30 km/h, are presented in Table 4. Experimental
data values are incorporated into Egs. (6) and (7)
for acceleration, and Egs. (8) and (9) for braking
conditions. Table 4 also shows the force acting on
the axle, the maximum
acceleration values obtained from 5 samples.

calculated using
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From Table 4, the percentages of weight
transfer can be computed based on equation 10.
The percentage of weight transfer under braking
and acceleration conditions for experiment result
at speed of 30 km/h in Table 5. Under acceleration,
the front axle's weight transfer percentage is
40.4%, while the rear axle's weight transfer

© Nuurshafigah Anuar et al.

percentage is 59.6%. Weight transfer is 2.8% at the
rear axle and 97.2% at the front axle when the
vehicle is braking. The front axle produced the
greatest force during the braking situation based
on the proportion of weight transfer. The
performance of the lower arm is of the utmost
importance in this situation.

Table 4. Comparison of calculation and experimental each axle data

Vehicle Axle Experimental Calculation Percentages error (%)
Condition 15 km/h 30 km/h 30 km/h 30 km/h
Acceleration Front 5279.4 4300.3 3249.3 -24.4
Rear 5364.5 6343.6 7394.6 14.2
Braking Front 9004.9 10345.6 9523.3 -8.6
Rear 1639.16 298.22 10345.6 97.1
Table 5. Percentage of weight transfer
Weight Transfer (%)
Vehicle Condition Axle
30 km/h
Acceleration Front 40.4
Rear 59.6
Braking Front 97.2
Rear 2.8
4. Conclusion Acknowledgments

The goal of this research was to investigate the
force exerted on the control arm for static and
dynamic condition in accelerating and braking by
using vehicle dynamic testing. This study utilized
an accelerometer and Arduino UNO for the
testing. Each condition (acceleration and braking)
was tested five times under controlled weather
and road conditions in a straight line. The results
emphasize the critical importance of monitoring
unsprung mass during high-speed braking,
particularly for integrating electric powertrains.
Electric vehicles, with their distinct weight
distribution, may amplify the forces on the
suspension system during braking. Consequently,
the findings underscore the necessity for more
robust control arms and suspension designs to
manage increased dynamic
maintaining ride quality and safety. This research
lays the groundwork for future studies aimed at
optimizing vehicle structures to accommodate
new powertrain technologies without sacrificing
performance or safety.
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Appendix

Appendix 1
1 #include <Wire.h>
2
3 const int strainPin = A5; // Analog pin connacted to the strain gauge
4  const float vRef = 5.0; // Voltage reference of the microcontroller (5V for most Arduinos)
5 const float sensitivity = 2.8; // Sensitivity of the BF-35@ strain gauge in mVv/V
6 const float excitationVoltage = 5.8; // Excitation voltage for the Wheatstone bridge
7  const float armLength = 0.2; // Length of the lower arm in meters (adjust based on your setup)
§ const float gravity = 9.81; // Acceleration dus to gravity in m/s"2
g

1€ const int MPU_ADDR = Ox58;

11

12 int16_t accelerometer_x, accelerometer_y, accelerometer_z;

13 int16_t gyro x, gyro_y, gyro_z;

14 int16_t temperature;

15

16  char tmp_str[7];

17

18  float accel_sensitivity = 16384.0; // Sensitivity for the accelerometer: 16384 LSB/g
19  float gyro_sensitivity = 131.8; // Sensitivity for the gyroscope: 131 LSB/(°/s)
2@

21  char* convert_int16_to str(inti6_t i) {

22 sprintf(tmp_str, "%6d", 1);

23 return tmp_str;

24}

25

26  int zpinl = Ae;

27 int zvaluel;

28

20 int zpin2 = Al;

30 int zvalue2;

31

32 int zpin3 = A2;

33 int zvalue3;

34

35 int zpind = A3;

36 int zvalue4;

37

38  wvoid setup() {

39 Serial.begin(960@);

48 Wire.begin();

41 Wire.beginTransmission(MPU_ADDR);

a2 Wire.write(8x6B);

43 Wire.write(®);

44 Wire.endTransmission(true);

45 }

46

47  void loop() {

48 // Read values from analog sensors

49 zvaluel = analogRead(zpinl);

50 int z1 = map(zvaluel, 277, 410, -100, 108);

51 float zgl = (float)zl / (-100.08);

52

53 zvalue2 = analogRead(zpin2);

54 int z2 = map(zvalue2, 277, 410, -1680, 168);

55 float zg2 = (float)z2 / (-1€0.00);
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57
58
59
6@
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81

82
83

84
85
86
87
88
89
90
91
92
93
94
a5
96
97
98
99
Lee
Le1
Le2
Le3
Le4
L85
186

zvalue3 = analogRead(zpin3);

int z3

= map(zvalue3, 277, 410, -100, 100);

float zg3 = (float)z3 / (-100.00);

zvalued = analogRead(zpind);

int z4

= map(zvalued, 277, 410, -160, 100);

float zgd = (float)za / (-1686.08);

// Read values from MPU6B5@
Wire.beginTransmission(MPU_ADDR);
Wire.write(8x3B);
Wire.endTransmission(false);
Wire.requestFrom(MPU_ADDR, 7 * 2, true);

accelerometer_x
accelerometer_y
accelerometer_z

Wire.read() << 8 | Wire.read();
Wire.read() << 8 | Wire.read();
Wire.read() << 8 | Wire.read();

temperature = Wire.read() << 8 | Wire.read();

gyro_x
gyro_y
gyro_z

= Wire.read() << 8 | Wire.read();
= Wire.read() << 8 | Wire.read();
Wire.read() << 8 | Wire.read();

// Convert raw values to meaningful units

float accel x = accelerometer_x / accel sensitivity;
float accel y = accelerometer_y / accel sensitivity;
float accel_z = accelerometer_z / accel_sensitivity;

float gyro_x_dps
float gyro_y dps
float gyro_z_dps

// Calculate strain and other values from the strain gauge

gyro_x / gyro_sensitivity;
gyro_y / gyro_sensitivity;
gyro_z / gyro_sensitivity;

int rawValue = analogRead(strainPin);
float voltage = (rawValue / 1823.8) * vRef;

float strain = (voltage / excitationVoltage - ©.5) * sensitivity;

float calibrationFactor = 10.0; // Adjust this based on your calibration
float force = strain * calibrationFactor;

float torque
float weight

force * armLength;
torque / gravity;

// Print out data

Serial.
Serial.
.print("\t");
Serial.
Serial.
Serial.
Serial.

Serial

Serial
Serial

print(“"Analog Sensors: ");
print(zgl);

print(zg2);
print("\t");
print(zg3);
print("\t");

.print(zg4);
.orintln("o"):
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167

1e8 Serial.print("MPUGE5@ Data: ");
189 Serial.print(axX = ");

11e Serial.print(accel_x);

111 Serial.print(™ | a¥ = ");

112 Serial.print(accel_vy);

113 Serial.print(™ | aZ = ");

114 Serial.print(accel_z);

115 Serial.print(™ | tmp = ");

116 Serial.print(temperature / 340.80 + 36
117 Serial.print(™ | gXx = ™);

118 Serial.print(gyro_x_dps);

119 Serial.print(™ | gy = ");

128 Serial.print(gyro_y_dps);

121 Serial.print(™ | gz = );

122 Serial.println(gyro_z_dps);

123

124 Serial.print(”Strain Gauge Data: ");
125 Serial.print("Raw Value: ");
126 Serial.print(rawValue);

127 Serial.print("\tVoltage: ");
128 Serial.print(voltage, 4);

129 Serial.print (" V\tStrain: ");
130 Serial.print(strain, 4);

131 Serial.print("\tForce: ");
132 Serial.print(force, 4);

133 Serial.print(" N\tTorque: ");
134 Serial.print(torque, 4);

135 Serial.print(” Nm\tWeight: ");
136 Serial.print(weight, 4);

137 Serial.printin(" kg");

138

139 delay(508@);

140 }

.53);
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