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ABSTRACT

The focus of this research is the development and structural analysis of dual motor
dynamic hitch lift system on tractor-semitrailer combination vehicles. In response to the
increasing demand for efficiency and safety in the transportation industry, this project aims
to design and implement an innovative dual motor dynamic hitch lift system for tractor-
semitrailer combinations. The system's development involves intricate engineering
considerations to enhance the dynamic interaction betweenthe tractor and semitrailer during
various operational scenarios. By integrating dual motors, the system is designed to provide
superior control and adaptability, optimizing the hitch lift mechanism's performance. The
structural analysis aspect of the project involves evaluating the system's resilience under
different loads, forces, and environmental conditions, ensuring robustness and reliability.
The outcome of this research is anticipated to contribute significantly to the advancement of
tractor-semitrailer combination vehicles, offeringa more dynamic and efficientsolution that

can positively impact both the transportation industry and road safety standards.



ABSTRAK

Tumpuan kajian ini adalah pembangunan dan analisis struktur sistem angkat
halangan dinamik dwi motor pada kenderaan gabungan traktor dan separa treler. Sebagai
tindak balas kepada peningkatan permintaan untuk kecekapan dan keselamatan dalam
industri pengangkutan, projek ini bertujuan untuk mereka bentuk dan melaksanakan sistem
angkat halangandinamikdwi motor yang inovatif untukkombinasi traktor dan separatreler.
Pembangunan sistem melibatkan pertimbangan kejuruteraan yang rumit untuk
meningkatkan interaksi dinamik antara traktor dan separatreler semasa pelbagai senario
operasi. Dengan menyepadukan dwi motor, sistem ini direka untuk menyediakan kawalan
dan kebolehsuaian yang unggul, mengoptimumkan prestasi mekanisme angkat halangan.
Aspek analisis struktur projek melibatkan penilaian daya tahan sistem di bawah beban,
daya, dan keadaan persekitaran yang berbeza, memastikan keteguhan dan
kebolehpercayaan. Hasil penyelidikan ini dijangka menyumbang secara signifikan kepada
kemajuan kenderaan gabungan traktor-separailer, menawarkan penyelesaian yang lebih
dinamik dan cekap yang boleh memberi kesan positif kepada kedua-dua industri

pengangkutan dan standard keselamatan jalan raya.
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CHAPTER 1

INTRODUCTION

1.1  Background

The redistribution of weightor forces between the wheels or axles while the vehicle
performs various maneuvers such as accelerating, braking, or turning is referred to as load
transfer in the context of automobiles. Ithappens because of the vehicle'sinertiaand dynamic
forces. Load transfer mechanismsin vehicles refer to the ways in which forces or loads are
redistributed among the wheels or axles during various driving conditions. These
mechanisms are crucial for understanding and analyzing vehicle dynamics, as they directly
impact traction, stability, and handling. The tractor-semitrailer type, in particular, plays a
vital role in the national economy. It transports enormous goods for a variety of economic
sectors, including domestic, petroleum, and construction. However, because to the cargo
bulk, there isasignificant weight differential between the tractor body and the semitrailer
body. These features contribute to the tractor-semitrailer's excessive longitudinal load
transfer (Giileryiiz & Baser, 2021) The load is transported between the semitrailer body and
the tractor body via the hitch connection in a tractor-semitrailer. The longitudinal load
transfer happened disproportionately during abrupt braking compared to fast acceleration,
resultingin an extra axle load in the frontmostaxle. (Tseng & Hrovat, 2015). The extra axle
weights reduce braking effectiveness, increasing braking distance. Furthermore, the cargo
will absorb the loads, resulting in cargo body damage. In the worst-case situation, the cargo
is more likely to be dislodged and crash into the driver's cabin. Passive and active
approachesmight be used to address longitudinal load transfer concerns. The manual cargo

arrangements on the semitrailer by repositioningthe load around the center of gravity are
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the passive technique. This strategy, however, is inefficient due to the many types of cargo
form, size, and weight. It will not respond well to abrupt acceleration and forceful braking.
As a result, the idea is to use an active system that can lower longitudinal load transmission
dynamically (Tseng & Hrovat, 2015).

A previously active hitch system was developed to counter the pitch moment
produced by the load transfer. It produced counterforce to create a counter pitch moment
resulting in reducing the pitch moment and load transfer. The actuator dynamically absorbs
the load transfer energy by producing the counter vertical force. The response causes the
active hitch system to adjustthe hitch table heights dynamically. The active hitch liftdevice
uses the jack-type liftingmechanism to produce the vertical force. The actuator comprises a
power screw and lifting mechanism. The power screw will jack the lifting mechanism up to
produce the counterforce. The counterforcewill reject the incoming load transfer and prevent
the trailer from diving during harsh braking. After testing the active hitch model via
simulation software, the data gathered concluded some flaws onthe structural design model
as the structure thatconnected the motorand the topplate tended to bendand the motoralso

has not enough power to overcome the massive hitch force. (Abdul Manaf et al., n.d.).

1.2 Problem Statement

The active dynamic hitch lift device underwent significant improvement as
identified by (Abdul Manaf, Hudha, Bakar, et al., n.d.-b) wherein a notable enhancement
involved the strategic placement of a single motor beneath the top plate. However, this
revised design exposed certain structural vulnerabilities, particularly evident in the middle

arm supportand the square screw of the power motor. These components demonstrated a
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susceptibility to bending under the substantial hitch force during braking. Notably, the
central positioning of a lone motor proved insufficient in counteracting load transfer,
promptingthe need foramore effective solution. To address these issues, anovel fifth wheel
hitch model has been proposed, integrating dual motors to enhance power distribution and
balance. Furthermore, recognizing the structural weaknesses, an imperative aspect of this
redesign involves augmenting the material strength to ensure the overall robustness of the
model, thereby fortifying its capability to withstand the forces exerted during hitching and

braking maneuvers.

1.3  Research Objective

The primary objective research of this project is as follows:

1. To investigate the forces actingon the hitch joint on tractor-semitrailer vehicle via

simulation software (TruckSim)

2. Develop a new dynamic hitch lift system with a dual motor to counteractthe load

transfer via CAD software (Catia V5R21)

3. To determine the stress and displacement of the dual motor active DHIL system

model by using finite element analysis via CAD software (SolidWorks)
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1.4 Scope of Research

1. Conducta brakingtest simulation to investigate the force distributions on the
axles and hitch joint of the tractor-semitrailer.

2. To create a new fifth wheel hitch that is equipped with dual motor active
dynamic underneath the top plate of the hitch.

3. To analyze the structural strength of the dual motor dynamic hitch lift design
by investigatingthe stressand displacementon the parts especially the screw of

power motor and middle arm support.

1.5 Research Methodology

Start

P

Problem identification and interpretation

&

Research scope and literature review

-

New design improvement proposal

-

Structural analysis and observation on design

=

Result findings comparison with the old design

|

Conclusion and recommendation

Figure 1.1 Flowchart of project plan
15



CHAPTER 2

LITERATURE REVIEW

2.1 Introduction

This chapter delves into a thorough investigation of the impact of load transfer on
axle load, delving into insights gleaned from the research contributions of prior scholars as
documentedin various journals. The focal pointis notonly to elucidate the consequences of
load transfer butalso to propose and discuss viable solutions for its prevention or mitigation.
Additionally, the chapter extends its scrutiny to encompass load transfer analysis specifically
within the context of tractor-semitrailer configurations. Furthermore, it delves into a
comprehensive stress analysis applied to a structural model, aiming to provide a holistic
understanding of the intricate dynamics involved in load transfer phenomena, thereby
contributing valuable insights to the broader field of transportation and structural

engineering.

2.2 The Effect of Load Transfer on Axle Load

Load transfer has a substantial impact on axle loads, and knowing this effect is
critical for analyzing vehicle dynamics and assuring optimal performance and safety. Based
on (Doumiati et al., 2009) written journal, load transfer redistributes a vehicle's weight
between its axles during various driving circumstances and maneuvers such as braking,
accelerating, and turning. Weight moves from the rear axle to the front axle while braking.
This increases the weight on the front axle while decreasing the load on the rear axle. The
quantity of load transfer is determined by elements such as the weight distribution of the
vehicle, braking force, center of gravity height, and suspension parameters. This weight

transfer has an impacton the vehicle's braking capability and stability. If the front axle
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becomes overloaded while braking hard, it may limit rear wheel traction and cause the car
to slide or lose control. Weight moves fromthe frontaxle to the rear axle duringacceleration.
The load on the rear axle rises, while the weighton the frontaxle falls. This load transfer has
an impact on the vehicle's traction and stability during acceleration. When the rear axle gets
overloaded duringrapid acceleration, itcan limitfrontwheel tractionand impair the vehicle's
ability to steer and retain control. Centrifugal force transfers load from the inside wheels to
the outside wheels during cornering. As a result, the weight on the outside wheels increases
while the load on the interior wheels and their corresponding axles decreases. Load transfer
while cornering influences vehicle handling and stability. Uneven axle load distribution can
provide uneven forces on the tires, decreasing traction and potentially producing understeer
or oversteer situations.

Load transfer also has an impact on tire loads, and unequal load distribution can
lead to uneven tire wear, lower traction, and poor handling. Excessive load transfer can
overburden certain axles or tires, potentially resulting in early wear, longer stopp ing
distances, and poor vehicle control. It is critical to consider vehicle design, suspension
characteristics, weight distribution, and load-carrying capability when evaluating the
influence of load transfer on axle loads. Computer models and vehicle testingassistoptimize
suspension systems and weight distribution to provide balanced axle loads and optimal
vehicle performance. Load transfer must be managed properly to preserve stability,
handling, and braking performance. It entails constructing weight-distribution suspension
systems, optimizing weight distribution inside the vehicle, and conforming to axle load
restrictions set by laws. Engineers may design cars with improved safety, stability, and
overall performance on the road by studying and assessing load transfer impacts on axle

loads.
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2.3 Load Transfer Analysis for Tractor Semi-Trailer Longitudinal Model

According to the paper written by (Abdul Manaf, Hudha, Samin, et al., n.d.) the
experiment or simulation is used to do a longitudinal load transfer study on the tractor-
semitrailer. Because of its quick findings and low cost, many researchers used simulation to
build and optimize vehicle models. The tractor-semitrailer is simulated utilizing a
mathematical model technique in the simulation procedure. To model the vehicle as a rigid
body subject to internal and external forces, a series of equations of motion are constructed.
There are three types of simplified vehicle models that are typically employed in vehicle
dynamic analysis: longitudinal models, lateral models, and vertical models. The longitudinal
modelling approach was used because of its capacity to analyze vehicle reactions during
longitudinal accelerationand braking. The simplified modellingtechnique has the advantage
of allowing the model to be customized to meet specific design requirements. This allows
for the development of a reduced model, which reduces calculation time. By verifying the
model with an industrial standard vehicle dynamic software such as TruckSim or an actual
vehicle, the producedvehicle modelwill be able to reflectthe real vehicle system. The hitch
joint model must be modular in order to effectively represent and examine the suggested
strategy for reducing longitudinal load transmission. The size of the longitudinal load
transfer between the tractor unit and the semitrailer unit may thus be simply calculated. The
truck and semitrailer models are builtusinga 12 DOF longitudinal model that starts with the
vertical force equation on the wheels. TruckSim software is used to validate the model by
performingabruptaccelerationand hardbrakingtests. Atthe end of eachtest, a longitudinal
load transfer analysis is given to investigate the impactof excessive load transfer onvehicle

performance.
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2.4  Bending Load Analysis

The bending load analysis on a structural model involves evaluating the response of
the model when subjected to bending forces. This analysis is crucial for assessing the
structural integrity, strength, and performance of various components, such as beams,
columns, or other load-bearing elements (Naseem et al., 2020). By understanding the
behavior of the structure under bending loads, engineers can make informed design decisions
and ensure that the structure can safely withstand the applied loads. The model includes
important geometric details, such as dimensions, cross-sectional properties, and boundary
conditions. The analysis involves applying external loads, such as forces or moments, which
induce bending within the structure. During the analysis, key parameters are evaluated,
including bending stresses, deflections, and reactions at the supports. The bending stresses
are calculated based on the applied loads, the structural properties, and the geometry of the
cross-section. These stresses are critical in determining if the material can withstand the
bending forces without exceeding its allowable stress limits. Deflections, or deformations,
are also assessed during the bending load analysis. Excessive deflections can affect the
structural performance, cause aesthetic concerns, or compromise functionality. Evaluating
deflections helps ensure thatthe structureremainswithin acceptable limitsand maintains its
intended functionality. Furthermore, the reactions at the supports are determined to
understand the load distribution within the structure. These reactions are essential for
evaluating the stability of the structure and assessing the load-bearing capacity of the
supports or connections. In summary, bending load analysis on a structural model is a vital
step in the design and evaluation process. It provides crucial information about the bending
stresses, deflections, and support reactions, enabling engineers to make informed decisions

regarding the structural integrity and performance of the analyzed component or structure.
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2.5 Research Gap

While the literature review has provided valuable insights into the effect of load
transfer on axle load, load transfer analysis for tractor semi-trailer longitudinal models, and
bending analysis, a noticeable research gap emerges concerning the dynamic aspects and
real-world scenarios. The existing studies predominantly focus on static load conditions,
potentially overlooking the dynamic forces encountered during actual operational scenarios
such asacceleration, deceleration, and turning. Dynamic load transfer, influenced by factors
like road irregularities and sudden maneuvers, remains a critical yet less explored aspect.
Additionally, there might be a gap in the literature concerning the integration of advanced
structural analysis methods, such as finite element analysis (FEA), to capture the intricate

dynamics of tractor-semitrailer systems comprehensively.

2.6 Summary

The literature reviews drawn from various journals have provided valuable insights
into the conceptual frameworks and methodologies employed by previous researchers,
enhancing the understanding, and laying a foundation for the completion of this project
proposal. These sources have not only contributed to a nuanced comprehension of the
dynamics and structural considerations related to tractor-semitrailer combination vehicles
buthave also offered innovative concepts and effective methodologies. By referencingthese
scholarly works, the project proposal gains a solid theoretical foundation and practical
knowledge that informs the improvement of the active dynamic DHIL system’s design. The
integration of concepts and methods from these reputable sources ensures that the proposed

enhancements to the DHIL system align with industry bestpractices and advancements. The
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wealth of knowledge extracted fromthe literature reviews serves as a guiding framework,
enabling the project to build upon the successes and insights of previous researchers while

addressing the identified gaps and limitations in the existing design.
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CHAPTER 3

LOAD TRANSFER ANALYSIS

3.1 Introduction

The purpose of this chapter is to establish a firm foundation to meet the study's
objectives by offeringa complete and extensive analysis of the technique employed in the
experiment. The major focus of this discussionwill be on evaluating load transfer dynamics
on a tractor-semitrailer while conducting braking maneuvers. The chapter begins with a
detailed discussion of the preliminary phases, followed by the modelling of braking testing
usinga range of semitrailer weights within the TruckSim software platform. Thissimulation
represents the fundamental phase, and itreflects the delicate interplay between velocity, load
conditions, and the load transfer dynamics that result from the interaction of these three
variables. Followingthat, the chapter discusses the executionandanalysis of the simulations,
which demonstrate the complexities inherent in the tractor-semitrailer's dynamic behavior
when subjected to braking conditions. The simulations are based on details processes as

shown in the flowchart in Figure 3.1 below.
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Start

|

[ Setup vehicle parameters

|

[ Run braking test simulations

|

[ Manipulate the loads and velocity of the vehicle ]

|

[ Analyse the load transfer distributions based on the data gathered ]

|

[ Record result and finish ]

Figure 3.1 Flowchart for load transfer analysis (objective 1)

3.2 Vehicle Parameters

It is critical to understand the tractor semitrailer specifications before undertaking
a braking test including longitudinal load transfer. These factors include several variables
that have a substantial impact on braking performance and vehicle stability. Understanding
key elements, such as tractor weight distribution, gear ratio, tire properties, and overall
vehicle dynamics, allows one to precisely estimate brake behavior and plan for probable
impediments. A thorough grasp of these characteristics ensures that the deceleration test is
carried out in a controlled and exact way, allowing for accurate evaluations of longitudinal

load transfer, and improving the vehicle's overall safety and performance
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3.3 The Braking Test Simulation in Various Load and Velocity of Semitrailer via
Trucksim Software

The brake test simulation on the tractor semitrailer was performed using TruckSim
software under varied load and velocity situations. The purpose of this test is to assess a
tractor semitrailer's braking performance under changing velocity and load situations. The
first parameter is used to calculate weight transfer on the tractor semitrailer during braking.
The simulation began by increasing the weight of the tractor semitrailer cargo from 10,000
kgto 30,000 kg, with a 10,000kgincrementbetween each increment. Thespeed varies from
60 km/h to 100 km/h, with a variation of 20 km/h between each speed. When a tractorand a
semitrailer are hooked together, cargo is transferred between the tractor and the semitrailer,
which is known as a hitch joint.

First and foremost, in the TruckSim programme, establish the tractor model,
includingload distribution andvelocity. As indicated in Figure 3.2, the tractor model chosen
is 3A Cab Over with 3A Euro Trailer and 6 axles. The desired velocity and load were then
entered into the TruckSim programme before performing the braking test. Ensure that all

relevant inputs and simulation settings are correctly set up.
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Figure 3.2 The tractor-semitrailer specifications
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The semitrailer load is 10,000 kg in the first simulation. Load distribution between
the truck and semitrailer is critical in load transfer. The initial speed was set at 60 km/h.
The plot definitions for this simulation comprise three forces that are critical to analyze:

hitch forces, longitudinal forces, and vertical force. The time taken for the braking test was

set 12 seconds in the simulations.

¥ coordinate of payload cender of o
gravity (positive value is left of
wehicle centerine)

Crigin of the sprung mass

li—m4b

rrr ‘

-
P
=

coordinate system
x o
<
X coordinate of origin: /
At the front ode for motor vehicle,

Al the hich for fraders

A box payload s a body with mass and Inertia that is
righdly alachad to a vehicle sprung mass. A box
payload can be given negalive mass 1o lighten the
Sprung mass

changes in load distibusion.

T P —

Al

ions and are in

An animalor OB fle with a box shape can be
with e specied
and location, 1o show the paytoad in animations

Mass of this Load: 10000 kg

Calculated Properties

Height of bas CG: 2300,00 mm :
Simulaton runs bagin with the suspension springs in
atthe desig When b Roll Inerta (bod): 665667 kg-m2 Color of bex (R G B): 001 [ |
are added, the vehicle will not be in equilibrium. Use Pichineria (yy):  §020833  kg-m2
this lo
% to vijw Kt aoda SN T st ic Yawineda (z): 020838 kg-m2

Figure 3.3 Load distribution of semitrailer on TruckSim

Driver Controls Stan and Stop Conditions Plot Delinitions

Inial spead, opandocp firolle * E kit Stop run al speclad lime - Filch Angle of Sprung Masses il
No Thecle -
Open-Loop - Tn-mo {swc) Paih stason (m) T =
Braking: Brake Control ‘Wheel Cylinder Pressures -
12 Foad forward
No Open-Loop Braking Pressure EE -
Specly inifializaon details? Longitudinal Speed -
Shifing Conirol: Open-Loop Shift Control = Wheel Speeds |
Neutral wf Clutch Disengaged -
¥ vs. X = Trajectory -
Staering: Driver Path Followar Additional Data Station v, Time =
No Ofisel wi 1 sec. Proview Miscelaneous:
Longitudinal Accel. of CG's vs. Stafion
Additional Dala Trans. Conkiol: Gear Sebeched =
Miscelaneous: -
Spin Rales in Powerrain -
Brake Conkrol: Master Cyl, Pressure ol
Miscelaneous: v

Miscellaneous: Locked Brake Status (Axde 1) -
Locked Brake Stahus (Axde 2) -
Miscsllaneous: 30 Road Longiudinal Accel. of CG's -
Brake Distance Tes! Road ] Hitch Forces wl
Miscallanecus: Miscelaneous: Evenls - |
A Start at 100 kv (Alr Brakes) . g p— =
Miscellanecus: Miscellaneous: - "

Figure 3.4 Velocity and plot definitons of tractor-semitrailer on TruckSim
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3.4  Braking Test Setup

The braking test simulations in this study aim to comprehensively evaluate the
performance of a combination vehicle, consideringvarious configurations outlined in Table
5.4. The tests are conducted under the assumption of a constant brake pressure of 150 MPa
applied to a combination vehicle starting at an initial speed of 60 km/h. It is crucial to note
that the energy required for braking is consistent across all speed settings. The simulations
are focusedsolelyon the longitudinal deceleration of the vehicle, withoutany steeringinput,
as it gradually comes to a stop. The study deliberately excludes considerations for lateral
movement, ensuring a concentrated analysis of the braking dynamics in the longitudinal
direction. The vehicle configurations are categorized based on the trailer size, specifically a
40-foot-long trailerwith a 13.6 m wheelbase. Within this category, the trailer load conditions
vary, encompassing half-laden (20,000 kg) and full-laden (30,000 kg), with an initial
unladen load 0f 10,000 kg. Furthermore, the simulations are executed atthree distinct initial

braking speeds: 60 km/h, 80 km/h, and 100 km/h.

Table 3.1 List of data cases for different tractor-semitrailer configurations.

Configuration Trailer Size Trailer Load Braking Speed | Averange Fxh
Name Condition (km/h) (N)
BR10060 40-foot Unladen 60 - 0 57429.5
BR10080 40-foot Unladen 80 -0 57821.1
BR10100 40-foot Unladen 100 -0 61280.2
BR20060 40-foot Half-laden 60 - 0 79721.3
BR20080 40-foot Half-laden 80-0 81576.7
BR20100 40-foot Half-laden 100 -0 83153.1
BR30060 40-foot Full-laden 60 — 0 101010.2
BR30080 40-foot Ful-laden 80-0 104519.8
BR30100 40-foot Full-laden 100 -0 111001.1
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3.5  The Load Transfer Analysis from The Braking Test Simulation of Tractor
Semitrailer

An analysis of longitudinal load transfer in a tractor-trailer combination might give
incredibly helpful information about the overall quantity of loads carried from the tractor to
the semi-trailer units. The connection between hitch force and velocity may be investigated
using simulation analysis to provide insight into the behavior of the towing system.
Researchers can gather and examine data on attachment forces at various velocities by
replicating real-world towing events. A variety of factors are considered during these
simulations, including the weight and distribution of the load, the characteristics of the
vehicle conducting the hauling, and the hitch system setup. To provide reliable results, the
simulations will strive to reproduce the towing circumstances as closely as possible.

The analysis of hitch force and velocity in tractor semitrailer dynamics may show
instances of directproportionality, implyinga linear relationshipbetween increased velocity
and hitch force. This suggests that when the vehicle speeds up, the hitch force increases
proportionally and consistently. However, it is important to note that the relationship
between hitch force and velocity is not always linear. Factors such as load distribution and
road conditions might complicate hitch force calculations and deviate from a simple linear
connection. Thus, a full study must account these extra variables, recognizing that the link
between semitrailer loads and hitch force depends on various dynamic elements in real-
world circumstances.

The investigation into the tractor-semitrailer's reaction to a deceleration test serves
as a critical aspect of evaluating the dynamic performance and safety parameters of the
vehicle under varyingspeeds and load conditions. The decelerationtestwillbe conducted at
three distinct speeds: 60 km/h, 80 km/h, and 100 km/h. To execute the test, the tractor-

semitrailer combination will be maintained ateach speed fora predefined duration, ensuring
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a consistentvelocity before the initiation of the brakingsequence. This systematic approach
aims to replicate real-world scenarios encountered during road travel, where sudden
deceleration is often required. The inclusion of three different speeds allows for a
comprehensive analysis of the tractor-semitrailer's response across a spectrum of
operationalconditions.

The influence of various loads on the semitrailer during the deceleration test
introduces a crucial dimension to the research. Different loads, representing varying cargo
weights, will be considered to simulate the diverse conditions that tractor-semitrailer
combinations encounter in practical applications. The loads will range from partial to full
capacity, providing insights into how the braking system and overall vehicle dynamics
respond under different levels of payload. This aspect of the study is instrumental in
understanding the system’s stability, braking efficiency, and the impact of load distribution
on the tractor-semitrailer's overall deceleration performance. Following the completion of
each iteration of the test, a thorough longitudinal load transfer analysis is carried out to
determine the effects that an excessive load transfer has on the overall performance of the
vehicle. In order to contribute to a more comprehensive knowledge of the tractor-
semitrailer's operating characteristics and possible areas for improvement, this detailed
investigation seeksto give insights into the dynamic behaviorandbraking capabilities of the

tractor-semitrailer over a range of speeds.
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Figure 3.5 Load transfer for 10,000kg semitrailer load at vehicle’s velocity of 60km/h
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Figure 3.6 Load transfer for 10,000kg semitrailer load at vehicle’s velocity of 80km/h
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Figure 3.7 Load transfer for 10,000kg semitrailer load at vehicle’s velocity of
100km/h
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Figure 3.8 Load transfer for 20,000kg semitrailer load at vehicle’s velocity of 60km/h
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Figure 3.9 Load transfer for 20,000kg semitrailer load at vehicle’s velocity of 80km/h
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Figure 3.10 Load transfer for 10,000kg semitrailer load at vehicle’s velocity of
100km/h
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Figure 3.11 Load transfer for 30,000kg semitrailer load at vehicle’s velocity of
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Figure 3.12 Load transfer for 30,000kg semitrailer load at vehicle’s velocity of

80km/h
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Figure 3.13 Load transfer for 10,000kg semitrailer load at vehicle’s velocity of
100km/h

31



From the graphs in Figure 3.5 to Figure 3.13, the simulations are separated into
three setsof data, with each datahavingthree distinct velocity setups. The analysis highlights
two crucial observations regarding the load transfer on the hitch of the tractor from the
semitrailer and the braking performance of the tractor-semitrailer combination under varying
speeds.

Firstly, the direct correlation between the weight of the semitrailer and the
magnitude of load transfer on the hitch is a significant finding. As the weight of the
semitrailer increases, there is a proportional rise in the load transferred to the tractor's hitch.
This phenomenon is in line with fundamental principles of physics, particularly Newton's
third law, which dictates thatevery action has an equal and opposite reaction. In the context
of the tractor-semitrailer system, the increased weight of the semitrailer exerts a greater force
on the hitch, influencing the load distribution between the tractor and semitrailer during
dynamic maneuvers such as braking.

Secondly, the observation regarding the duration for the tractor-semitrailer
combination to brake aligns with the anticipated behavior of vehiclesat higher speeds. The
longer braking duration at greater speeds is a common characteristic attributed to the
increased momentum andKkinetic energy that the systemneeds to dissipate. Athigher speeds,
the vehicle possesses greater inertia, necessitating a longer period for the braking system to
effectively decelerate and bring the combination to a complete stop. This observation
underscores the importance of considering speed as a critical parameter in evaluating
brakingperformance, emphasizing the need for efficient braking systems to handle the

increased energy and forces associated with higher velocities.
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3.6  Summary

The load transfer analysis conducted through the utilization of TruckSim software
presents a comprehensive and dynamic examination of tractor-semitrailer behavior during
braking tests under various loads and velocities. The simulation scenarios encompass d
diverse combinations of load weights and speeds, allowing for a thorough exploration of the
system's response to braking forces. Through these simulations, load transfer analysis
becomesafocal point, offering insights into the redistribution of forces between the tractor
and semitrailer components. The braking test simulations enable the identification of force
distributions across the entire system, sheddinglight on how different factors, such as load
magnitude and velocity, influence the dynamic interactions between the tractor and
semitrailer during braking maneuvers. This detailed analysis, facilitated by the capabilities
of TruckSim software, contributes to a deeper understanding of the load transfer dynamics
in tractor- semitrailer combinations, providing essential information for optimizing braking
performance andensuringthe safety and stability of thesevehicles under varyingoperational

conditions.
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CHAPTER 4

DEVELOPMENT OF ACTIVE DHIL SYSTEM’S DESIGN THROUGH
SIMULATION DRIVEN DESIGN

4.1  Design Improvement Proposal

The single-motoractive DHIL system was originally designed (Abdul Manaf, Hudha, Bakar,
et al., n.d.-b) to counteract the pitch moment caused by the load transfer. The proposed
system will generate the counterforce required to achieve the counter pitch moment. As a
result, the pitch moment decreases, hence lowering load transmission. The suggested
actuator dynamically absorbs load transfer energy by generating a counter-vertical force.
The reaction triggers the DHIL system to dynamically modifythe hitch table heights. DHIL

will replace a standard fifth-wheel system on the tractor chassis, as indicated in Figure 4.1.

Figure 4.1 An active DHIL actuator system installation on tractor chassis

(Abdul Manaf, Hudha, Bakar, et al., n.d.-b)
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Figure 4.2 shows the active DHIL actuator, which consists of a power screw and a
lifting mechanism. The power screw will raise the lifting mechanism to provide
counterforce. The counterforce will reject the incoming load transfer and keep the caravan

from plunging during heavy braking.

Top plate (hitch
plate)

L whLE ™
Lifting mew Power-screw motor
X ric motor

Figure 4.2 Single motor active DHIL model in isometric view

(Abdul Manaf, Hudha, Bakar, et al., n.d.-b)

[ o f

a) DHIL not activated b) DHIL activated

Figure 4.3The mechanism of DHIL system
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Figure 4.3, a) illustrates the DHIL actuator when it is not triggered while the tractor-
semitrailer travels, whereas b) illustrates the DHIL actuator in active mode when the tractor-

semitrailer brakes.

The previously designed model structure was not robust enough since the middle
supportarmtendedto slightly bend, and the screw thread andits structure of the power-crew
motor has a high stress because it acts only on the center to pull the middle arm support
forward while braking. Figure 4.4 shows the components that were needed to improve for a

newly designed DHIL actuator.

Middle Arm

_

L L
Screw..ﬂ:'}"a.

Figure 4.4 The interested parts for design improvement

4.2  New Design of Dual Motor Active DHIL System

The shortcomings identified in the previous design of the single motor active DHIL
system, particularly concerning structural integrity and the power screw motor's inability to
effectively counteract load transfer from the semitrailer, have prompted the proposal of a
redesigned system. The novel concept revolves around the integration of a dual-motor

configuration, strategically positioned on both sides of the middle arm support. This
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innovative approach seeks to address the limitations of the single-motor system by
enhancing the power and control capabilities of the DHIL mechanism. Placing a motor on
each side of the middle arm support aims to optimize load distribution, ensuring a balanced
and efficient response to the dynamic forces exerted during various operational scenarios,

especially when braking.

The proposed concept involves employing two motors rather than one. The first
structural research revealed that the twin motor system can reduce stress and displacement
on the slider. This can avoid structural failure, particularly during emergency braking. The
DHIL system operates at critical emergency braking, therefore structural reliability is vital.
The initial analysis discovered that the dual motor may lower stress by 81.56%, displacement
by 86.04%, and strain by 47.46%, as seen in Table 4.1. Figure 4.5 further demonstrates that
a dual motor design can alleviate stress atthe single motor pointin the center. This prevents

the slider from splitting in two in the event of structural failure.

Table 4.1 Comparison of initial analysis between single motor and dual motor

Parameter Single Dual % reduction
motor motor
VMS (N/m”2) 8.548e5 4.708e5 81.56%
Displacement 5.396e-4 7.535e-5 86.04%
(mm)
Strain 3.329%e-6 1.749¢e-6 47.46%
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Based on the analysis dual motor setup is proposed for DHIL system. Further analysis
based various vehicle configuration presented in next chapter. This redesigned active DHIL
system not only aims to rectify the structural flaws of its predecessor but also strives to
significantly improve the system's overall performance, responsiveness, and adaptability in
the context of tractor-semitrailer combination vehicles. Through this dual-motor approach,
the proposed design seeks to achievea harmonized and robust solution to effectively manage
load transfer, enhancing the safety and operational efficiency of the tractor-semitrailer

combination.

Figure 4.6 Design model of dual motor active DHIL system via Catia V5R21

Designing a new dual motor dynamic hitch lift for a tractor-semitrailer as shown in
Figure 4.5 and improvingits structural integrity is a promisingapproach to address the power
and structural issues encountered with the previous design. The dual motor sy stem will
provide increased power and torque compared to the previous single motor design. By
havingtwo motors workingin tandem, the combined output can generate sufficientforce to

counterthe loadstransferred during various maneuvers, includingbraking, acceleration, and
39



cornering. This ensures better stability and control of the tractor-semitrailer system. The
power distribution between the two motors can be optimized to provide balanced and

controlled lifting action.

43  Summary

The initial design of the single-motor active DHIL system aimed to counteract pitch
moments induced by load transfers during braking, generating a counterforce to decrease
pitch and lower load transmission. However, structural weaknesseswere identified, with the
middle support arm bending and the power screw motor experiencing high stress. In
response, a redesigned DHIL system is proposed, featuring a dual-motor configuration
strategically positioned on both sides of the middle arm support. This innovative approach
addresses the limitations of the single-motor system by enhancing power and control
capabilities, aiming for optimized load distribution and a balanced response to dynamic
forces during operational scenarios, particularly braking. The dual-motor system promises
increased power and torque, rectifyingthe shortcomings of the previous design andensuring
improved stability and control in various maneuvers. Through Catia V5R21, the design
model showcases a promising solution to enhance the structural integrity and overall
performance of the DHIL system, marking a significant advancement in ensuring the safety

and operational efficiency of tractor-semitrailer combinations.
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CHAPTER 5

STRUCTURAL ANALYSIS RESULT

5.1 Introduction

On this chapter, the design model structure will undergo Finite Element Analysis
(FEA). It is a powerful engineeringtoolemployed for structural analysis, aimingto simulate
and evaluate the behavior of complex systems under various loading conditions. In the
context of the proposed active DHIL system with dual motors, FEA serves as a critical
methodology for assessing structural integrity and performance. Through this numerical
technique, the intricate components of the DHIL system, including the frame, middle arm
support, and power screw motor, are discretized into finite elements. These elements are
then subjected to simulated loads and environmental conditions to predict their response,
revealing stress distributions, deformations, and potential failure points. FEA enables
engineersto identify structural weaknesses, optimize designs, andensure thatthe dual-motor
DHIL system can withstand the dynamic forces associated with load transfer during
operational scenarios, such as brakingevents in tractor-semitrailer combinations. The results
obtained from FEA contribute invaluable insights into the system's structural robustness and
guide refinements in design, ensuring a resilient and reliable solution for enhancing the

performance of the DHIL system.
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5.2  Determine The Stress And Displacement By Using Finite Element Analysis
(FEA)
The DHIL system's structural design model will be analyzedto determine von Mises
stress and displacement, with a primary focus on the middle arm support and screws. The
3D modelwasbuiltusingactual parameters and material properties. The projectis conducted

based on the processes as shown in the flowchart below.

Start

|

Import 3D model

1

Proper material selection

r

: Apply load

|

~Determine the stress and displﬁa(_:_e,r'rjent :

e

Record resultand compare

Figure 5.1 Flowchart of structure analysis (objective 3)

The 3D model for the DHIL actuator system, created in Catia V5R21 software, was
imported into SolidWorks for analysis simulation. The analysis will commence after the
loads have been applied to the relevant points; one on the top plate, which acts as a hitch
force from the load transfer of semitrailer cargo, and the other on the screw of the power-

screw motor, which functions as the motor's power outputas shown in the Figure 5.2 below.
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a) Forces applied on single motor active b) Forces applied on single motor active
DHIL system DHIL system

Figure 5.2 Forces applied points on DHIL design model

The appropriate materials are then chosen to ensure that the DHIL actuator can
withstand huge force from the semitrailer while also allowing the screw to counteract the
push forward. The material chosen is mild steel, which is often utilized in heavy -duty

vehicles and components. The properties of the material were shown in Table 1.
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Table 5.1 Mild steel properties

Name Steel, Mild
Mass Density 7.85 g/lecm3
General Yield Strength 207 MPa

Ultimate Tensile Strength| 345 MPa

Young's Modulus 220 GPa

Stress Poisson's Ratio 0.275 ul

Shear Modulus 86.2745 GPa

The investigation into the DHIL design model places paramount importance on the
critical analysis of key properties, with a primary focus on von Mises stress, displacement,
and strain. VVon Mises stress, derived as a scalar quantity fromthe stress tensor, stands as a
pivotal metric, offeringa comprehensive measure of the material's potential failure arising
from a combination of normal and shear stresses. The assessment of von Mises stress in
various components of the DHIL system is indispensable for pinpointing regions prone to
failure and determining the structure's ability to withstand applied loads during operational
scenarios. Complementing this, displacement analysis plays a crucial role in gauging the
system's response to applied forces, elucidating how components deform or displace under
diverse conditions. The integration of strain analysis into this multifaceted evaluation further
enriches the assessment by providing insights into the material's elastic deformation and

potential yielding. The synergistic combination of von Mises stress, displacement,and strain
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analyses ensures a comprehensive and holistic evaluation of the DHIL system's structural

integrity and performance.

The vertical hitch force data taken from the braking test simulation in various trailer load
configuration as listed in table below.

Table 5.2 Data from previous braking test simulation

Configuration Trailer Load Braking Speed | Vertical hitch
Name Condition (km/h) force (N)
BR10060 Unladen 60 -0 89999
BR10080 Unladen 80 -0 90541
BR10100 Unladen 100 -0 91567
BR20060 Half-laden 60 -0 134100
BR20080 Half-laden 80 -0 134267
BR20100 Half-laden 100 -0 140233
BR30060 Full-laden 60 -0 180272
BR30080 Ful-laden 80 -0 180848
BR30100 Full-laden 100 - 0 181408

In the detailed scrutiny of the DHIL system model, specific attention was dedicated
to critical components, notably the power screw and the middle support arm. Meticulous
examination of von Mises stress, displacement, and strain values facilitated a nuanced
assessment of the structural performance and behavior of these key elements under various
loading conditions. Von Mises stress analysis offered crucial insights into the material's
potential failure due to combined stresses, aidingin the identification of stress concentration
areas susceptible to deformation or failure. Simultaneously, displacement analysis provided
a comprehensive understanding of how the power screw and middle support arm responded
to applied forces, unveiling potential areasof strain or deflection. This meticulous evaluation
ensures athorough understanding of the mechanical behavior of the DHIL system and serves

as a foundation for informed design refinements and improvements.
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5.3  Comparison Analysis Data of Previous and New DHIL Design Model On
Screw and Middle Arm Support

The followinganalysis presentsa comparative examination between the original and
the newly proposed active DHIL design models, specifically homing in on the structural
components of the screwand middle arm support. This study scrutinizes crucial performance
metrics, including von Mises stress (VMS), displacement, and strain values, to
comprehensively evaluate the efficacy of the design modifications. The investigation aims
to discern the inherent strengths and potential weaknesses of both iterations, shedding light
on their respective responses to loading conditions and providing valuable insights into the
structural integrity and mechanical behavior of the DHIL system. Through this detailed
comparison, a nuanced understanding of the design improvements and their impact on the
identified parameters will be elucidated, contributing to the optimization and refinement of

active hitch lift devices for enhanced functionality and reliability.
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Table 5.3 The analytical result of the middle arm and screw sections of a single motor in DHIL configuration setup.

Case variations

VMS (N,m"2)

Displacement (mm)

Strain

BR10060

Y

M

von Mises (N/m*2)
3.658e+08
l 3.292e+08
- 2.926e+08

- 2.560e+08
2.195¢+08
| 1.829¢+08
1463e+08
1.098e+08
7.319e+07

3.662e+07

5.097e+04

— Yield strength: 6.204e+08

Maximum: 3.658e+08
Minimum: 5.097e+04

W

URES {mm)
1,899 +00

. 1.709+00

- 1.519e+00

-~ 1.32%+00
1.139e+00
9.494e-01
7.595e-01
5.696e-01
3.797e-01
1.899e-01

1.000e-30

Maximum: 1.889e+00
Minimum: 1.000e-30

iy

ESTRN

1.301e-03

. 1.171e-03

- 1.041e-03

- 9.109e-04

- 7.808e-04

ol

6.508e-04

. 5.207e-04

_ 3.906e-04

2.606e-04

1.305e-04

4.545e-07

Maximum: 1.301e-03
Minimum: 4.545e-07
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BR10080
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L

von Mises (N/m*2)
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3.680e+08

3.312e+08
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2.208e+08
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Maximum: 1.309e-03
Minimum: 4.572e-07

1.309e-03

1.178e-03

1.047e-03

9.164e-04

7.855e-04

6.547e-04

5.238e-04

3.930e-04

2.621e-04

1.313e-04

4.572e-07
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BR10100

von Mises (N/m#2)

3.721e+08

. 3.34%+08

RS

2.977e+08

2.605e+08

2.233e+08

1.861e+08

1.489%e+08

1.117e+08

7447e+07

3.726e+07

5.186e+04

—p Yield strength: 6.204e+08

Maximum: 3.721e+08
Minimum: 5.186e+04

URES {mm)
1.932e+00
. 1.739¢+00
- 1.545e+00
- 1.352e+00
- 1.159e+00
9.659e-01
7.727e-01
5.795e-01
3.864e-01

1.932e-01

1.000e-30

Maximum: 1.932e+00
Minimum: 1.000e-30

ESTRN

1.324e-03

1.191e-03

- 1.059e-03

_ 9.268e-04

_ 7.944e-04

6.621e-04

5.298e-04

_ 3.974e-04

2.651e-04

1.328e-04

4.624e-07

Maximum: 1.324e-03
Minimum: 4.624e-07
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BR20060

W

von Mises (N/m#2)

5450e+08

l 4.905e+08

i

- 4.360e+08
- 3.815e+08
3.270e+08
2.725e+08
2.180e+08
1.635e+08
1.091e+08

5457e+07

7.595e+04

—p Yield strength: 6.204e+08

Maximum: 5.450e+08
Minimum: 7.595e+04

URES {mm}
2.82%9e+00

. 2.546e+00

- 2263e+00

- 1.980e+00

|

1.697e+00

1.415e+00

1.132e+00

_ 8.487e-01

. 5.658e-01

2.829e-01

1.000e-30

Maximum: 2.829e+00
Minimum: 1.00e-30

it

ESTRN

Maximum: 1.939e-03
Minimum: 6.772e-07

1.939¢-03

1.745e-03

1.551e-03

1.357e-03

1.163e-03

9.696e-04

7.759e-04

5.821e-04

3.883e-04

1.945e-04

6.772e-07
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BR20080

W

von Mises (N/m#2)

5457e+08

. 4.911e+08

LY
- 4.365¢+08

- 3.820e+08
3274e+08

2.72%¢+08

2.183e+08

V _ 1.638e+08
1.092e+08
5463e+07
7.604e+04

— Yield strength: 6.204e +08

Maximum: 5.457e+08
Minimum: 7.604e+04

URES {mm)

2.833e+00

l 2549¢+00

- 2.266e+00

1.983e+00

o . 1.700e+00

1.416e+00

1.133e+00

_ 8.498e-01

5.665e-01

2.833e-01

1.000e-30

Maximum: 2.833e+00
Minimum: 1.000e-30

ESTRN

1.941e-03

1.747e-03

- 1.553e-03

E:258e-03

_ 1.165e-03

9.709e-04

| 7.768e-04
_ 5.828e-04
3.887¢-04

1.947e-04

6.781e-07

Maximum: 1.941e-03
Minimum: 6.781e-07
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BR20100

von Mises (N/m#2)
5.699¢+08

_. 5.129¢+08

Y

4.559¢+08

- 3.990e+08

3.420e+08

2.850e+08

_ 2.280e+08

1.710e+08

1.140e+08

5.706e+07

7.942e+04

—p Yield strength: 6.204e+08

Maximum: 5.699e+08
Minimum: 7.942e+04

iy

URES {mm)
2.95%¢+00

. 2.663e+00

_ 2.367e+00

- 2.071e+00

_ 1.775e+00

1.47%¢+00

1.183e+00

_ 8.876e-01

5.917e-01

2.959¢-01

1.000e-30

Maximum: 2.959e+00
Minimum: 1.000e-30

ESTRN

2.027e-03

1.825e-03

- 1.622e-03

_ 1.419e-03

_ 1.217e-03

1.014e-03

8.113e-04

6.087e-04

4.060e-04

2.034e-04

7.082e-07

Maximum: 2.027e-03
Minimum: 7.082e-07
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BR30060

L

wvon Mises (N/m#2)
7.326e+08

6.594e+08

- 5861e+08

- 5.129¢+08
4.396e+08
3.664e+08
2.931e+08
_ 2.199e+08
1466e+08

7.335e+07

1.021e+05

—P Vield strength: 6.204e+08

Maximum: 7.326e+08
Minimum: 1.021e+05

iy

L

URES (mm)
3.803e+00
._ 3.423e+00
- 3.043e+00
- 2662e+00
- 2.282e+00
1.902e +00
1.521e+00
L 1.141e+00
7.606e-01

3.803e-01

1.000e-30

Maximum: 3.803e+00
Minimum: 1.000e-30

ESTRN

Maximum: 2.606e-03
Minimum: 9.104e-07

2.606e-03

2.346e-03

2.085e-03

1.825e-03

1.564e-03

1.304e-03

1.043e-03

7.825e-04

5.219%e-04

2.614e-04

9.104e-07
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BR30080

L

von Mises (N/m#2)

7.326e+08

_. 6.594¢+08

il 5
- 5.861e+08

5.129e+08

4.396e+08

3.664e+08

~ 2.931e+08

2.199e+08

1.466e+08

7.335e+07

1.021e+05

—J Yield strength: 6.204e+08

Maximum: 7.326e+08
Minimum: 1.021e+05

W

URES {mm)
3.803e+00

. 3.423e+00

_ 3.043e+00
_ 2662e+00
_ 2.282e+00
1.902e+00
1521e+00
| 1.141e+00
7.606e-01

3.803e-01

1.000e-30

Maximum: 3.802e+00
Minimum: 1.000e-30

ESTRN

Maximum: 2.606e-03
Minimum: 9.104e-07

2.606e-03

2.346e-03

2.085e-03

1.825e-03

1.564e-03

1.304e-03

1.043e-03

7.825e-04

5.219e-04

2.614e-04

9.104e-07
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BR30100

W

I

von Mises (N/m#2)

7.372e+08

l 6.635e+08

N, ‘
- 5.898e+08

- 5.161e+08

4.424e+08

3.687¢+08

_ 2.950e+08

_ 2.212e+08

1.475e+08

7.382e+07

1.027e+05

— Yield strength: 6.204e +08

Maximum: 7.372e+08
Minimum: 1.027e+05

W

URES {mm})
3.827¢+00
.-_ 3.444e+00
- 3.062e+00

_ 2.679e+00

- 2.296e+00

1.914e+00
_ 1.531e+00
_ 1.148e+00
| 7.854e-01
3.827e-01

1.000e-30

Maximum: 3.827e+00
Minimum: 1.000e-30

ESTRN

Maximum: 2.623e-03
Minimum: 9.161e-07

2.623e-03

2.360e-03

2.098e-03

1.836e-03

1.574e-03

1.312e-03

1.050e-03

7.874e-04

5.252e-04

2.631e-04

9.161e-07
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Table 5.4 The analytical result of the middle arm and screw sections of a single motor in DHIL configuration setup.

Case
variations

VMS (N,m"2)

Displacement (mm)

Strain

BR10060

T

von Mises (N/m~2)

1.637e+08

1473e+08

- 1310e+08

- 1.146e+08

_ 9.823e+07

_ 8.186e+07

L 6.549e+07

4.912e+07

L 3.275e+07

1.638e+07

1.098e+04

— Vield strength: 6.204¢+08

Maximum: 1.637e+08
Minimum: 1.098e+04

URES (mm}
2559¢-01
! 2.303e-01
_ 2.047¢-01

L 1.791e-01

. 1535¢-01

| 1279-01

1.023e-01

_ 7.676e-02

L 5.117e-02

2.55%¢-02

1.000e-30

Maximum: 2.559e-01
Minimum: 1.000e-30

ESTRN

5.552e-04

l 4997e-04

. 4442e-04

_ 388704
. 333104
H 2776e-04
| 2221604
. 1.666¢-04
1.111¢-04
5,555¢-05

3.628e-08

Maximum: 5.552e-04
Minimum: 3.628e-08
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BR10080

von Mises (N/m#2)

1.647e+08

. 1.482e+08
". 1.318e+08

- 1.153e+08
9.882e+07
' 8.235e+07
- 6.588e+07
4.942e+07
3.295¢+07

1.648e +07

1.104e+04

—p Yield strength: 6.204e+08

Maximum: 1.647e+08
Minimum: 1.104e+04

Maximum: 2.574e-01
Minimum: 1.000e-30

URES {mmj}

2.574e-01

2.317e-01

- 2.059%-01

1.802e-01

1.544e-01

1.287e-01

1.030e-01

7.722e-02

5.148e-02

2.574e-02

1.000e-30

ESTRN

Maximum: 5.585e-04
Minimum: 3.650e-08

5.585e-04

5.027e-04

- 4.468e-04

- 3.910e-04

_ 3351e-04

2.793e-04

2.234e-04

1.676e-04

1.117e-04

5.589%-05

3.650e-08
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BR10100

von Mises (N/m~2)
1.666e+08

l 1.499e+08
~.1.332e+08

_ 1.166e+08
9.994e+07
8.328e+07
6.663e+07
4.998e+07
3.332e+07

1.667e+07

1.117e+04

—P Yield strength: 6.204e+08

Maximum: 1.666e+08
Minimum: 1.117e+04

URES {mm)
2.603e-01

. 2.343-01

- 2.082e-01

Ei822e-01
H_ 1.562e-01
_ 1.302e-01
1.041e-01
_ 7.80%e-02
5.206e-02

2.603e-02

1.000e-30

Maximum: 2.603e-01
Minimum: 1.000e-30

ESTRN
5,649€-04
l 5,084e-04
. 4519-04

_ 3.954e-04

| 3389¢-04
H 2.825¢-04
| 226004
| 1695e-04
1.130e-04

5.652e-05

3.691e-08

Maximum: 5.649e-04
Minimum: 3.691e-08
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BR20060

von Mises (N/m#*2)

243%+08

l 2.195e+08

- 1951e+08

_ 1.708e+08

1.464e+08

1.220e+08

9.758e+07

7.319e+07

4.880e+07

2441e+07

1.636e+04

— Vield strength: 6.204e+08

Maximum: 2.439e+08
Minimum: 1.636e+04

URES {mm)

3.812e-01

3431e-01
~ 3.050e-01

- 2.66%-01

i 2.287¢-01

_ 1.906e-01
L 1.525e-01
_ 1.144e-01
| 7.624e-02

3.812e-02

1.000e-30

Maximum: 3.182e-01
Minimum: 1.000e-30

ESTRN
8.273¢-04
. 7.445¢-04
. 6618e-04

. 5791e-04

. 4964e-04

4.137e-04

3.309e-04

. 2482e-04

1.655e-04

8.278e-05

5.406e-08

Maximum: 8.273e-04
Minimum: 5.406e-08
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BR20080

von Mises (N/m#2)

2442e+08

2.198e+08

1.954e+08

1.710e+08

1.465e+08

1.221e+08

9.770e+07

7.328e+07

4.886e+07

2444e+07

— Yield strength: 6.204e+08

1.638e+04

Maximum: 2.442e+08
Minimum: 1.638e+04

Maximum: 3.817e-01
Minimum: 1.000e-30

URES (mm}

3.817e-01

3.435e-01

3.054e-01

2.672e-01

2.290e-01

1.908e-01

1.527e-01

1.145e-01

7.634e-02

3.817e-02

1.000e-30

ESTRN

8.283e-04

7455e-04

6.626e-04

5.798e-04

4.970e-04

4.142e-04

| 3314e-04
_ 2485¢-04
1657e-04

8.288e-05

5.413e-08

Maximum: 8.283e-04
Minimum: 5.413e-08
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BR20100

von Mises (N/m#2)

2.551e+08

220000
- 2041e+08
- 1.786e+08

1531¢+08

' 1275¢+08
- 1.020+08

7.654e+07

5.103e+07

2.552e+07

1.710e+04

— Yield strength: 6.204e+08

Maximum: 2.551e+08
Minimum: 1.710e+04

URES {mm}

3.987e-01

3.588e-01
. 3.189¢-01
_ 2791e-01
_ 2392e-01
1.993e-01
1595¢-01
1.196e-01
7.973¢-02
3.987¢-02

1.000e-30

Maximum: 3.987e-01
Minimum: 1.000e-30

ESTRN
8.651¢-04
. 7.786¢-04
- 6921e-04
- 6.056¢-04
_ 5.191e-04

. 4.326e-04

_ 3461e-04

_ 2.59%6e-04

1.731e-04

8.656e-05

5.653e-08

Maximum: 8.651e-04
Minimum: 5.653e-08
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BR30060

von Mises (N/m#2)
3.27%e+08

2.951e+08

.

2.623e+08
2.295e+08
1.968e+08
1.640e+08

1.312e+08

9.839e+07
8.560e+07
3.281e+07
2.199e +04

—p Yield strength: 6.204e+08

Maximum: 3.279e+08
Minimum: 2.199e+04

Maximum: 5.125e-01
Minimum: 1.000e-30

URES {mm}

5.125e-01

4.612e-01

- 4.100e-01

- 3.587e-01

3.075e-01

2.562e-01

2.050e-01

L 1.537e-0f

1.025e-01

5.125e-02

1.000e-30

ESTRN
1.112¢-03

. 1.001e-03
_ 8:897¢-04

_ 7.785¢-04

_ 6.673¢-04

' 5.561e-04

_ 4.44%e-04

. 3337e-04

2.225e-04

1.113e-04

7.268e-08

Maximum: 1.112e-03
Minimum: 7.268e-08
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BR30080

von Mises (N/m*2)
3.27%+08

l 2.951e+08
. 2.623e+08

2.295e+08

1.968e+08

1.640e+08

1.312e+08

. 9.839%+07

6.560e+07

3.281e+07

2.199e+04

—P Yield strength: 6.204e+08

Maximum: 3.279e+08
Minimum: 2.199e+04

Maximum: 5.125e-01
Minimum: 1.000e-30

URES {mm}

5.125e-01

4.612e-01

- 4.100e-01

- 3.587e-01

3.075e-01

2.562e-01

2.050e-01

1.537e-01

1.025e-01

5.125e-02

1.000e-30

ESTRN
1.112e-03
l 1.001e-03
. 8:897e-04
. 7.785¢-04
_ 6.673e-04

I 5.561e-04

L 4.44%9e-04

_ 3.337e-04

2.225e-04

1.113e-04

7.268e-08

Maximum: 1.112e-03
Minimum: 7.268e-08
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BR30100

von Mises (N/m2)
3.300e+08
l 2.970e+08
. 2.640e+08

2.310e+08

1.980e+08

1.650e +08

1.320e+08

_ 9.901e+07

6.601e+07

3.302e+07

2.212e+04

—P Yield strength: 6.204e+08

Maximum: 3.300e+08
Minimum: 2.212e+04

URES {mm}
5.157e-01

l 4641e-01

- 4.126e-01

_ 3.610e-01

;

_ 1.547e-01

3.094e-01

2.57%-01

2.063e-01

1.031e-01

5.157e-02

1.000e-30

Maximum: 5.157e-01
Minimum: 1.000e-30

ESTRN

1.119e-03

l 1.007¢-03

- 8953e-04

- 7.834e-04

. 6.715e-04

5.596e-04

| 4477e-04
. 3.358e-04
2.239¢-04

1.120e-04

7.313e-08

Maximum: 1.119e-03
Minimum: 7.313e-08
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The comparative analysis between Table 5.3 and Table 5.4 provides a detailed
examination of the analytical results for the middle arm andscrew sections within the DHIL
configuration setup. These tables present the outcomes of von Mises stress (VMS),
displacement, and strain obtained from simulation analyses conducted using SolidWorks
software. In Table 5.3, the data corresponds to the single motor DHIL configuration,
focusing on the structural response of the middle arm and screw under various loading
conditions. On the other hand, Table 5.4 outlines the analytical results for the same sections
but under the configuration of a dual motor DHIL system. This side-by-side tabulation
facilitates a direct and insightful comparison of how the introduction of a dual motor setup
influences VMS, displacement, and strain in the middle arm and screw components as

opposed to the single motor configuration.

Table 5.5 Comparison of result values

Load and speed Single motor of DHIL Dual motor of DHIL

variations VMS (N/m~2) | Displacement | VMS (N/m”2) | Displacement
e+08 (mm) e+00 e+08 (mm) e+01

BR10060 3.658 1.889 1.637 2.559
BR10080 3.680 1.910 1.647 2.574
BR10100 3.721 1.932 1.666 2.603
BR20060 5.450 2.829 2.439 3.182
BR20080 5.45 2.883 2.442 3.817
BR20100 5.699 2.959 2.551 3.981
BR30060 7.326 3.803 3.279 5.125
BR30080 7.326 3.802 3.278 5.125
BR30100 7.326 3.827 3.300 5.157
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=== Single motor DHIL === Dyal motor DHIL

2 /

Von Mises Stress (N/mA2) e+08
N

BR10060 BR10080 BR10100 BR20060 BR20080 BR20100 BR30060 BR30080 BR30100
Case variations

Figure 5.3 Graph of VMS against case variations for both DHIL configurations

== Single'motor DHIL Dual motor DHIL

4.5

35

2.5

Displacement (mm)
N

[N

0.5

BR10060 BR10080 BR10100 BR20060 BR20080 BR20100 BR30060 BR30080 BR30100
Case variations

Figure 5.4 Graph of displacement against case variations for both DHIL
configurations

66



Overall, the graphical comparison of von Mises stress (VMS) and displacement
values between the single motor and dual motor active DHIL system configurations provides
a compelling visual representation of their respective structural performances. As observed
from the graph, it becomes evident that the dual motor configuration outperforms the single
motor setup in terms of both VMS and displacement values. The VMS graph illustrates that
the dual motor DHIL system experiences lower stress levels in the middle arm support and
screw components comparedto itssingle motor counterpart. Thisreduction in stress implies
that the dual motor system is better able to distribute and handle the applied loads, leading
to improved structural resilience and potentially minimizing the risk of yielding or failure.
Similarly, the displacement graph indicates that the dual motor DHIL system exhibits less
deformationin the middle arm supportand screw components, suggestingenhanced rigidity
and stability during dynamic maneuvers. These findings align with the expectation that the
dual motor configuration, with its increased power and control capabilities, contributes to a
more effective load distribution and managementsystem. Overall, the graphical comparison
underscores the superiority of the dual motor Active DHIL system in terms of structural
performance, offering valuable insights for design optimization and the advancement of

tractor-semitrailer combination vehicles.

5.4  Summary

The structural performance of both the old and newly modified active DHIL system
models was carefully evaluated using SolidWorks software, with a particular emphasis on
the screw and middle arm support components. The original design, which used a single
motor arrangement, was compared againsta revolutionary two motor configuration coupled

to the middle arm support. The analysis focused on crucial characteristics such von Mises
67



stress (VMS), displacement, and strain levels. Surprisingly, the research found consistently
lower values for VMS, displacement, and strain in the newly designed DHIL system,
indicating a significant improvement in structural performance. This reduction in stress and

deformation implies that the modified model is more resilient and has better structural

integrity.
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CHAPTER 6

CONCLUSION

6.1 Conclusion

In conclusion, this study embarked ona comprehensive exploration of the efficacy
of a dual motor configuration for the active DHIL system compared to its single motor
counterpart. The research unfolded in sequential steps, starting with a meticulous
investigation into the forces acting on the hitch joint of a tractor-semitrailer vehicle,
employing simulation software (TruckSim). Subsequently, a new DHIL model featuring a
dual motor was meticulously designed using CAD software (Catia V5R21), with the
intention of mitigating load transfer effectively. The culmination of the study involved
subjecting the newly developed dual motor DHIL system to finite element analysis,
conducted through CAD software (SolidWorks), to assess stress and displacement. The
successful achievement of the primary research objectives underscores the study's
effectiveness in providing a theoretical foundation and empirical evidence supporting the
superiority of the dual motor configuration. The comprehensive approach, integrating
simulation, design, and finite element analysis, hasnot only deepened our understanding of
load transfer dynamics but has also laid the groundwork for the advancement of tractor-
semitrailer combination vehicles through the implementation of a more robust and efficient

dual motor active DHIL system.
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6.2 Recommendation

Based on the study's outcomes, it is recommended to proceed with the
implementation and testing of the dual motor DHIL system in real-world scenarios.
Conducting physical tests and validation on prototype models will validate the simulation
and analysis results, ensuring that the dual motor configuration indeed outperforms the single
motor system in terms of load transfer, stress distribution, and displacement control.
Additionally, ongoing monitoring and data collection during field tests will contribute to
refining the design and optimizing the dual motor DHIL system for practical applications.
Collaboratingwith industry stakeholders and manufacturers to integrate the improved DHIL
system into tractor-semitrailer combinations could lead to advancements in vehicle safety,
stability, and overall efficiency. Moreover, disseminating the research findings through
publications and presentations will contribute to the broader knowledge base in the field of
tractor-semitrailer dynamics and load management systems. Ultimately, the successful
accomplishment of the project's objectives positions the dual motor DHIL system as a
promising advancement in the realm of active hitch lift technologies for enhanced

performance in the transportation industry.
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Appendix B Gantt Chart for FYP 11
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Appendix C Parts Dimension
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