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ABSTRACT: This paper presents a dynamic analysis using a hybrid CAD model approach,
focusing on a motorized adjustable vertical platform's lifting and baseplate loading
subsystems as a case study. The hybrid CAD model approach allows for examining
mechanism behaviours such as acceleration torque, speed variation, and jerk rates, as well as
their impact on the total torque required by the subsystems. The analysis starts by developing
3D and 2D models with velocity profiles, followed by comprehensive analyses. The most
interesting part of the study is that while the acceleration torque rate is high, its influence is
minimal due to small accelerations and decelerations at approximately -5 x 10 m/s*to 3.1 x
10~ m/s® within the subsystem. Additionally, torque requirements for the lifting subsystem
remain consistent at 631.22 N-m at the highest position and 364.16 N-m at the lowest position
across different speed modes. The study also evaluates jerk rates during acceleration and
deceleration to ensure compliance with ISO standards for ride quality. This approach shows
promise for developing heavy-duty autonomous aerial work platforms, especially in the space
industry, where understanding system behaviours is crucial before the development process
begins.

ABSTRAK: Kajian ini membentangkan analisis dinamik menggunakan pendekatan model
hibrid CAD, dengan tumpuan kepada subsistem pengangkatan dan pemuatan plat asas
(baseplate loading subsystem) bagi platfom menegak boleh laras bermotor (motorised
adjustable vertical platform) sebagai kajian kes. Pendekatan model hibrid CAD ini
membolehkan pemerhatian terhadap tingkah laku mekanisme seperti kadar tork pecutan,
variasi kelajuan, dan kadar kejutan, serta impaknya terhadap jumlah tork yang diperlukan oleh
subsistem. Analisis dimulakan dengan pembangunan model 3D dan 2D dengan profil
kelajuan, diikuti dengan analisis komprehensif. Penemuan paling menarik yang didapati pada
kajian ini adalah walaupun kadar tork pecutan tinggi, pengaruhnya sangat minimum kerana
pecutan dan penghentian kecil dalam subsistem iaitu sekitar -5 x 10-5 m/s3 hingga 3.1 x 10-
5 m/s3. Tambahan, keperluan tork bagi mengangkat subsistem kekal konsisten pada 631.22
N.m pada posisi tertinggi dan posisi terendah pada 364.16 N.m merentasi pelbagai mod
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kelajuan. Kajian ini juga menilai kadar kejutan semasa pecutan dan pengurangan kelajuan
bagi memastikan pematuhan piawaian ISO bagi kualiti tunggangan. Pendekatan ini
menunjukkan potensi dalam membangunkan platform kerja berat di udara secara autonomi,
terutama dalam industri angkasa, di mana pemahaman tingkah laku sistem adalah penting
sebelum proses pembangunan bermula.

KEYWORDS: Dynamic Analysis, Scissor Mechanism, Satellite Test, and CAD Modelling

1. INTRODUCTION

The thermal and vacuum test is one of the significant satellite tests that can be performed
using a Thermal Vacuum Chamber (TVC), located in a clean room, as illustrated in Figure 1.
To avoid any malfunction of the components in the satellite before the tests, as various
components and the satellite itself are very sensitive to external particles, the cleanliness of the
environment and specifications of the clean room are very important and shall be preserved [1,
2]. Commonly, the available facility for unloading and loading is the overhead crane, which
poses a risk to the safety of the satellite and the operators because such a crane is sensitive to
external force disturbances and hence, prone to oscillate [1, 3-5]. These limitations of the
overhead crane significantly impact the operation and satellite safety, as the clean room is a
confined space. Besides, the overhead crane is incongruous when loading and unloading,
particularly when transferring the load inside the TVC. This is because the overhead crane does
not have telescopic or horizontal motion, requires the travel system or rails to move, and has a
limited working area. Hence, a customised adjustable vertical platform (MAVeP) is introduced
to overcome the limitations of the overhead crane.
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Figure 1. Thermal vacuum chamber overview.

Various analyses have been done to assess the mechanical forces acting on the actuator of
an aerial work platform, such as the studies in [6—8] where most of these studies were carried
out by conducting static analysis using the structural analysis method. Many other researchers
have analysed the structure of the hydraulic actuator instead of the electrical-type actuator. For
example, there is research on structural rigidity in [9], structure stiffness in [10], ground impact
force in [11], platform stability in [12, 13] and hydraulic actuators in [14—17]. However, the
only mechanical analysis done on the actuator is the static analysis using the structural analysis

method. Not much research has been conducted on the dynamic analysis of the actuator,
especially for the electrical-type actuator, compared to the hydraulic.
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Several attempts have been made to conduct static and dynamic analyses of structures. The
study in [18] proposes a higher-order strain-based element to enhance the accuracy of finite
element analysis for plane structures by using higher-order polynomials to represent the
deformation field. The strain-based approach has also been adopted in [19] to analyse the
behaviour of materials near cracked structures. Other than the strain-based methods, the study
in [20] introduces a dynamic model to analyse the behaviour of the aerial work platform during
horizontal motion by considering mass distribution, external forces, and the system's dynamic
response. Furthermore, the dynamic analysis was also conducted in [21] to evaluate the
behaviour of the lifting arm system by developing the dynamic model of the system using the
Lagrange equation. However, a significant problem with the aforementioned numerical
approaches to studying the behaviour of a complex system is that they are challenging and
prone to error.

Recent studies in [22-25] have suggested that computer-aided design (CAD) is becoming
essential in analysing the dynamic behaviours of complex mechanical systems in modern
engineering tools. In [26], the CAD model is adopted to enhance the accuracy of the reverse
engineering process. The study in [27] also shows the importance of CAD techniques in
obtaining a detailed and accurate model representing historical machinery. This allows for in-
depth analysis of the equipment's design, construction, and functioning, providing insights into
technological advancements and engineering practices. Other than the studies above, the CAD
model has also been utilised to generate the robot path trajectories by using the mesh, as
discussed in [28]. Despite ongoing efforts, it remains a continual challenge to work with highly
complex surfaces using CAD techniques [29]. Moreover, there has been minimal discussion
on the mechanical forces acting on the electrical actuators of an aerial work platform.

Thermal Vacuum Chamber

Chamber’s Door |
’—‘—\ Satellite
F

P r_]_'!'!!‘_‘_‘::::_’:i | [
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*FP: Final Position, IP: Initial Position
(a) Lifting Subsytem
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I

*FP: Final Position, IP: Initial Position
(b) Baseplate Loading Subsystem

Figure 2. Vertical and horizontal positioning mechanisms
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Considering all, the primary aim of this paper is to conduct the dynamic analysis of the
lifting and baseplate loading subsystems in MAVeP that can perform horizontal and vertical
movements, as described in Figure 2 using the hybrid CAD model approach and considering
the findings in [24]. The proposed hybrid CAD model approach utilizes both 3D and 2D models
of MAVeP to conduct the dynamic analysis, as it has been reported that virtual models are one
of the most practical tools for assisting practitioners in decision-making [29]. Additionally, this
study aims to create a CAD model that closely resembles MAVeP, enabling a comprehensive
illustration of the engineering significance of the invention and facilitating a deeper
understanding of its functionality. To the best of the authors’ knowledge, this study represents
one of the earliest developments of an autonomous mobile aerial platform for satellite test
facilities and clean room operations. Therefore, this study contributes significantly to research
on dynamic analysis using the proposed hybrid CAD model approach and to the field of
autonomous aerial work platforms for satellite test facilities.

Note that MAVeP is actuated by electric motors and functions within clean rooms or
confined spaces as an additional satellite handling platform, particularly suited for thermal and
vacuum testing. Moreover, the lifting and baseplate loading subsystems denote the mechanisms
that provide vertical and horizontal motions, respectively. Several crucial analyses are required
before selecting the electrical motor specifications and fabrication processes for MAVeP.
These include designing the velocity profile, conducting acceleration and jerk analyses, and
torque analysis for both the lifting and baseplate loading subsystems, using the actual
specifications of MAVeP. The overall process to analyse the dynamic behaviour of the lifting
and baseplate loading subsystems is shown in Figure 3.

Record the dynamic
behavior of the
subsystems in MAVeP

Developing the Hybrid using the developed

CAD model of the lifting velocity profiles and
and baseplate loading developed hybrid CAD
subsystems models
Research and Developing the velocity Analyse the recorded
complication of profiles for the dynamic behavior
technical information of subsystems based on
MAVeP the predetermined
speeds

Figure 3. Flowchart of the dynamic analysis.

This paper is organized as follows: Section 2 describes the subsystem mechanisms and
their properties, followed by Section 3, which explains the velocity profile design based on the
prescribed subsystem speeds. The final two sections, 4 and 5, summarize the main findings of
this study and present the conclusion, respectively.

2. HYBRID CAD MODELS

This section describes the mechanisms in MAVeP responsible for translating horizontal
and vertical motions, referred to as the baseplate loading and lifting subsystems, respectively,
along with their structural properties. The lifting subsystem utilizes a scissor mechanism, ball
screw, and electrical motor, while the baseplate loading subsystem integrates a rack and pinion
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mechanism with an electrical motor. Then, this section explains the proposed hybrid CAD
models of both subsystems for the dynamic analysis.

2.1. Vertical motion mechanism for lifting subsystem

The overall structural design of the MAVeP was designed, as shown in Figure 4, in the
SOLIDWORKS 3D environment for the motion study and dynamic analysis. The structure
consists of a multiple-link combination as depicted in Figure 5. At the stowed position, the
minimum height of the platform is estimated to be 0.79 m, and the highest position the platform
can reach is 1.48 m. The electrical motor was decided to be used for the mechanism, and the
servomotor was selected. The servomotor for lifting the subsystem (M1) is fixed with a clamper
(C1), as shown in Figure 5. The motor provides rotational motion, and the motion is converted
into linear motion by a ball screw (BS) where the ball screw is mounted using a clamper (C2).
Each clamper moves in linear motion and is attached with four links (5§51, SS2, $§3 and S54).
The end of each link (5§51, $52, SS3 and S54) is attached to the four main scissors (MS). If the
power is fed to the motor, the motor shaft will rotate along with the ball screw, where the
rotational motion is converted into linear motion, as in Figure 6. When the clampers (C1 and
C2) is moving, each link (S51, S52, S§3 and 5S54) rotates with respect to the rotational point
on each clamper.

Figure 5. Clamper structure with the motor and ball Screw.
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554 <@ Motion Direction

Figure 6. Clamper motion when the platform height is increasing.

Figure 7 illustrates the overall motion of the lifting subsystem. When the main scissors
rotate with respect to the link's angular position, 6,,, the height of the upper platform (UP)
changes, as shown in Figure 6. Based on Figure 6, the height changes due to the joints on the
platform, where the main scissors (MS) are rotating at the hinge joint on the upper platform
(UP) and the base platform (BP). During the platform height change, the end of each main
scissor slides on the slider, located at both UP and BP.
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MS == ——
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Figure 7. Lifting subsystem working principle.

Figure 8 illustrates that the lifting subsystem consists of similar motions on both the right
and left sides of the platform. If the system is configured using a 3D model as depicted in
Figure 8, a redundancy issue exists, which may lead to high computational efforts and
inaccurate dynamic analysis. To simplify and avoid redundancy, the study utilised the 2D
model technique, shown in Figure 9 was used to consider that both sides have similar motions
and configurations. Note that all parts were designed based on structural characteristics, and
mass properties were assigned before starting the analysis, based on Table 1. Testing revealed
no redundancy in the 2D model compared to the 3D model, which had over 10 redundancies.
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Figure 9. Lifting subsystem 2D model.

Table 1. MAVeP mechanical properties

No. Structure Properties

Name: All structures

Estimated Weight: 7538.5 kg
Satellite Weight: 1500 kg

Operators’ Weight: 200 kg

Upper Deck Weight (UP): 1368.5 kg
Lower Deck Weight (BP): 2830 kg
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No. Structure Properties

Name: Lifting Mechanism
Estimated Weight: 1840 kg

Name: Baseplate Loading
Estimated Weight: 1000 kg
Baseplate Dimension: 1.94 x 1.64 x 1.00 m

Name: Main Scissor
Estimated Weight: 92.06 kg
Length: 2.9 m

Notation: MS

Name: Small Scissor

Estimated Weight: 37.0 kg
Length: 3.85 m

Notation: $§§1, S52, SS3 and $54

Name: Clamper

Estimated Weight: 640 kg
Dimension: 1.39 x 0.54 x 0.41 m
Notation: C!

Name: Ball Screw Clamper
Estimated Weight: 347 kg
Dimension: 1.39x 0.54 x 0.4l m
Notation: C2
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2.2. Horizontal motion for baseplate loading subsystem

The baseplate loading subsystem utilises the rack and pinion (RP) mechanism along with
the servomotor, as depicted in Figure 10 and 11. Figure 10 provides detailed insight into the
working principle of the baseplate loading subsystem. Based on Figure 10, the subsystem is
positioned on the upper platform (UP), where the satellite undergoes thermal testing while
placed on the baseplate. A clamp (C3) secures the baseplate to the mechanism housing the rack
and pinion. The baseplate can travel a maximum distance of 3.0 m from its initial position. As
shown in Figure 11, this subsystem is straightforward, with the motor (M2) directly connected
to the pinion, generating rotational motion that is then converted into linear motion of the rack.
The combination of the motor and the pinion produces the rotational motion and is converted
into the linear motion of the rack.

il
|4_ Motion Direction

Slider

Figure 11. Baseplate loading subsystem 3D model.

Table 2. Selected mechanical attachments

No. Item Properties
Guide Friction Coefficient: 0.03
Maximum Load: 1280 N
Number of Teeth: 20
Pinion Pitch: 0.0637 m
Lead: 0.016 m
Maximum Load: 178.9 kN
Nut Mass: 17.4 kg
Shaft Mass: 40.4 kg

1 Rack and Pinion

2 Ball Screw
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The 3D model technique was employed for the baseplate loading subsystem due to its
simplicity. This method facilitated the implementation of additional mating configurations
using mechanical mates in SOLIDWORKS, enabling the system to be set up effectively.
Mechanical mates offer various options, including cam, slot, gear, hinge, screw, and rack-and-
pinion mates. Hence, the rack and pinion properties listed in Table 2 were incorporated into
the motion study. The overall configuration is depicted in Figure 11, and no motion redundancy
was found.

3. VELOCITY PROFILE DESIGN

Before analysing the dynamic behaviour of MAVeP, it is essential to elucidate the velocity
profile designs utilized for MAVeP operation and dynamic analysis. The researchers detail the
speed requirements for each MAVeP subsystem in [1]. For the MAVeP operation, a low
velocity is preferred as the operators will be on the platform during the process (loading and
unloading). During MAVeP operation, a preference is given to low velocity, as operators will
be on the platform during the satellite testing. High velocity can result in sudden movements
(jerk), posing safety risks. To mitigate these risks, a velocity profile is employed to regulate
acceleration and prevent sudden movements, as detailed in [30, 31], thereby reducing forces
exerted around the motor and minimizing motor torque. This velocity profile aims to ensure
smooth, fast, and precise motion, avoiding jerking at the start or stop of MAVeP movement, as
discussed in [12, 32]. A commonly used approach for designing the velocity profile is the
trapezoidal profile, as outlined in [31, 33]. Power consumption can be reduced by segmenting
the total operating time into thirds, given that power is inversely proportional to time.
Minimizing angular acceleration, a in Egs. (1)-(3) can reduce the torque and power the
servomotor requires. Figure 12 shows a typical velocity profile.

ry
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Figure 12. General trapezoidal velocity profile.

First, the motor torque, Ty, can be defined as

Ty = SF(Tr) @)
TT: Ta+ TL+Td (2)
Tq=Jra 3)

where, T, Ty, T, Tq, J; and SF denote the total torque, acceleration torque, constant velocity
torque, deceleration torque, system moment of inertia, and safety factor, respectively. The
general formulae for designing the velocity profile can be described in Eq. (4):

DTotal(t) = Da(t) + Dc(t) + Dd(t) (4)
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where Dy, 18 the total distance, D, is the acceleration distance, D, is the constant velocity
distance and D is the deceleration distance in the time domain, t. The total distance can be
expanded as in Egs. (5)-(6):

Vmax t Ta Vmax t)(t,
Droa(t) = 2O Ly ()T~ t,— tg) + LoD -

DTotal(t) = Vmax (t) (T) - Vmax(t) (t) (ta-lz_—td) (6)

where, Vi, (t), T, tg, tg and t. represent the maximum velocity, total required time,
acceleration time, deceleration time, and constant velocity-time, respectively. Then Eq. (6) is
rearranged to obtain Eq. (7).
Drocal(t
Vinax(t) = Ttil-f—(tj (7
T
t, and t; can be defined as shown in Eq. (8). When substituted into Eq. (7), this can be

simplified as in Eq. (9), enabling the determination of the total travel time, T in terms of the
total travel distance, Dy, (t) and maximum velocity, V,,q.(t).

1
ta:td:tczgT (8)
_ 3Drotal(t)
T 2Vmax(® ©)

The total travel time, T can be computed by substituting the total distance, Dy, (t) and
maximum velocity, V,,.,(t) in Eq. (9). As T is obtained, the values of t,, t; and t. can be
known by solving Eq. (8) to design the velocity profile, as shown in Figure 12. This section
has focused on the preliminary design of the velocity profile. The following subsections
describe the velocity profile for each subsystem.

3.2. Velocity profile for lifting subsystem

The lifting subsystem has two-speed modes called high and low-speed modes, as stated in
[1]. The velocity of the clamper, C1 has been first determined to produce the prescribed speed
of the upper platform, UP and the velocity of the clamper is recorded as tabulated in Table 3.
To analyse the lifting subsystem's dynamic behaviour, the velocity profiles for the servomotors
of the lifting subsystem, as shown in Figure 13, are then developed. These profiles, generated
to achieve the prescribed speed of the clamper, C1 in Table 3, are applied to the lifting
subsystem in both high and low-speed modes.

0.8
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=== Low Speed
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e
=

— High Speed

=
th
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Figure 13. The velocity profiles for the servomotor of the lifting subsystem.
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Table 3. Speed requirements for the lifting subsystem

Speed (m/s) C1 UpP
High 0.0018 0.0083
Low 0.0009 0.0042

3.2. Velocity profile for baseplate loading subsystem

For the baseplate loading subsystem, a velocity profile was developed explicitly for the
servomotor, M2, as in Figure 10, to achieve the predetermined speed of the baseplate
mechanism (RA), as documented in [1] and detailed in Table 4. The baseplate of MAVeP
should move with only one speed, which is 0.0042 m/s. To achieve the speed of the baseplate
servomotor, M2, should operate at 0.1386 rad/s. Hence, the velocity profile in Figure 14 was
generated based on this servomotor speed for the dynamic analysis.

Table 4. Speed assigned for the baseplate loading subsystem

Servomotor (M2) Baseplate Mechanism (RA)
Speed 0.1386 rad/s 0.0042 m/s

0.12 /‘ =0.1386
2 0.1

=}

[+

0 360 Time (s) 720 1080

Figure 14. The baseplate loading motor, M2 velocity profile.

4. RESULTS AND DISCUSSION OF DYNAMIC ANALYSIS OF THE
SUBSYSTEMS

Section 3 comprehensively describes the velocity profile designs for each subsystem in
MAVeP. In this section, the dynamic behaviors of each subsystem under the designed velocity
profiles shown in Figure 15 and Figure 14, for the lifting (in Figure 9) and baseplate loading
(in Figure 11) subsystems, respectively, are analysed. The study was done based on the actual
structure specifications, as described in Section 2. This section discusses the dynamic
behaviours of the subsystems, such as the acceleration torque, jerk, and velocity.

4.1. Acceleration and jerk analysis

When determining servomotor specifications, the acceleration torque plays a crucial role
as it can affect the total torque required by the system. Figure 16 shows the computed
acceleration of the designed velocity profiles for the lifting subsystem. Based on the figure, the
accelerations are £4.347 x 10 m/s? for the high speed and £1.08 x 10™* m/s? for the low speed.
By referring to Eq. (2), the acceleration torque influences the total torque. However, in this
study, the acceleration torque can be disregarded in total torque measurement due to the small
acceleration and deceleration of the lifting subsystem (approximately between 10 m/s? and
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107 m/s?). Furthermore, the maximum jerk, representing a quick or sudden movement, occurs
during acceleration and deceleration at approximately 2.4 x 10 m/s® and 3.1 x 10° m/s® for
the high and low speeds, respectively. This jerk rate falls within the low jerk category according
to ISO 18738:2003, where the acceptable jerk rate for the elevator ride quality is approximately
between 0 and 3.0 m/s’ [34].

0.0004 5
e Acceleration (M/s?)
0.0003 = o = Jerk (m/s®)
0.0002 -
@z 4.347 x 107> m/s? . g
% i maximum je
>
0 oo onaen o e
-0.0001
-0.0002
0 50 100 150
Time (s)
(a) High-speed mode
0.00005 e Acceleration (m/s?)
0.00004 = = = = Jerk (m/s®)
§ 0.00002 j maximum jerk i
= 0.00001 l
> 0 - D D T G -_ S O R
-0.00001
-0.00002 |
-0.00003
0 100 200 300
Time (s)

(b) Low-speed mode

Figure 16. Acceleration and jerk for the lifting subsystem

Figure 17 shows the acceleration and deceleration for the baseplate loading subsystem,
both of which are £1.15 x 10> m/s?. The acceleration torque was disregarded because these
values are minimal and comparable to those of the lifting subsystem. In this study, the
maximum jerk observed was -5 x 10 m/s’ at the end of the operation, which falls below the
recommended jerk rate in the industry as documented in [34]. The overall findings for both
subsystems in terms of acceleration and jerk can be summarised in Table 5. A minimum jerk
rate is preferable, as a high jerk rate can lead to platform instability, which may significantly
impact the safety of both the operator and any attached equipment, such as satellites. A lower
jerk rate also helps reduce mechanical stress and fatigue on the mechanism, extending its
operational lifespan.

Table 5. Acceleration and jerk of the subsystems

Subsystems Lifting Baseplate Loading
Standard Jerk [34] 0-3.0 m/s* 0-5.0 m/s*
High-speed Jerk 2.4 x 10* m/s? 5x 107 m/s?
Low-speed Jerk 3.1x10° m/s’

High-speed Acceleration  4.347 x 10™ m/s? 1.15 x 10° m/s?
Low-speed Acceleration  1.08 x 10 m/s? -
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Figure 17. Acceleration and jerk for the baseplate loading subsystem.

4.2. Torque analysis for the subsystems

This study also examined the required torque. It determined the height position of the
lifting subsystem and the speed mode (high or low speed) where the highest torque is required.
Figure 18 shows the torques required for the servomotor of the lifting subsystem as it transitions
from the stowed position to the highest position under the designed velocity profiles. As shown
in Figure 18, it can be observed that the maximum torque required for both speeds is similar,
which is 631.22 N.m at the highest position and 364.16 N.m at the lowest (stowed) position.
The results of this study indicate that speed changes do not affect the maximum and minimum
torque required for the servomotor of the lifting subsystem.
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(a) High-speed Mode
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(b) Low-speed Mode

Figure 18. Servomotor torque requirements for the lifting subsystem

To further validate the results, the findings of this study are compared with those of the
study in [24], where the numerical approach was used, as shown in Table 6. From Table 6, the
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result indicates that there is approximately a 28.38% difference. The motor torque was
intentionally set higher for safety considerations in the actual system. This ensures that the
servomotor does not operate at full power during operation, increasing flexibility and extending
its lifespan. Referring to the study in [24], in practical application, the servomotor used for the
lifting subsystem of actual MAVeP is 875 N.m, which is only approximately a 27.86%
difference compared with the proposed CAD method. Despite a slight difference, the
consistency between the proposed method and the real-world application indicates the
reliability of our approach. This alignment strengthens confidence in the CAD method's
accuracy and its potential for widespread adoption in similar engineering applications.

Table 6. Overview of torque analysis for the lifting subsystem

Speed Mode Proposed Method Calculated Torque Using
Torque Using 2D Model Numerical Analysis [24]

Highest Torque (N.m) 631.22 491.69

Lowest Torque (N.m) 346.16 276.78

Figure 19 shows the torque requirements of the servomotor for the baseplate loading
system, as determined through dynamic analysis with the proposed 3D CAD model. Based on
Figure 19, the maximum torque is approximately 14.68 N.m, where the highest torque occurred
during the acceleration, highlighting the significance of torque during this phase. Moreover,
the findings show that the proposed velocity profile for the baseplate loading system offers a
practical solution to minimize acceleration torque. By implementing this profile, engineers can
reduce energy consumption and enhance the system's efficiency. Table 7 summarises the
torques required for the baseplate loading subsystem. From the data in Table 7There is
approximately only a 9.22% difference compared with the numerical analysis. However, the
proposed CAD model provides a more practical and reliable approach compared to the
cumbersome and error-prone nature of numerical analysis. This can help practitioners
determine the required actuator torque without overspecification, thereby avoiding unnecessary
weight and development costs without compromising performance.

10

\

14.68415

91

0 200 400 800 1000 1200

=)

Velocity (rad/s)

-
=)

-15

-20

Time (s)

Figure 19. Servomotor torque requirements for the baseplate loading subsystem.
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Table 7. Overview of torque analysis for the lifting subsystem

Proposed Method Torque Using 3D Calculated Torque Using
Model Numerical Analysis
Torque (N.m) 14.68415 18.3793

5. Conclusion

In this study, the dynamic analysis of the lifting and baseplate loading subsystems using
the hybrid CAD model was conducted, and the findings were discussed in detail. In summary,
this study has shown that the hybrid CAD model, which consists of the 3D and 2D models, has
helped practitioners study the dynamic behaviour of the lifting and baseplate loading
subsystems of MAVeP without complex numerical formulation. This study also suggests the
significance of considering acceleration torque when determining servomotor specifications
for systems like the lifting subsystem. Despite the small accelerations and decelerations
observed in this study, acceleration torque still impacts the total torque required by the system.
Additionally, the study assesses the jerk rate during acceleration and deceleration, which is
crucial for evaluating ride quality in systems like aerial work platforms. The observed jerk rates
fall within acceptable limits according to ISO standards.

Other than that, the study identified the peak torque demands by determining the height
position of the lifting subsystem and the speed mode (high or low speed). Interestingly, this
finding suggests that speed changes do not significantly influence the torque demands of the
lifting subsystem's servomotor. Such insights are crucial for optimizing servomotor
specifications and ensuring efficient performance in practical applications. It is recommended
that future research focus on further refining the proposed CAD model and exploring additional
optimisation techniques to minimise torque requirements and improve overall system
performance.
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