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Abstract

Parkinson’s disease (PD) is a movement disorder resulting in tremors and conductivity problems
in nerves, which lead to difficulties performing basic tasks such as turning a doorknob. This involved
designing an under-$100 device to automatically rotate doorknobs without destroying the door, thus

11


mailto:hasan.mrayeh@mu.edu.iq
mailto:Ali.Samir@mu.edu.iq
mailto:kumail.algburi@mu.edu.iq
mailto:%205%20saleh.m@sawauniversity.edu.iq,%206%20melad.olaimat@aabu.edu.jo,%207%20a7hamid@uwaterloo.ca
mailto:%205%20saleh.m@sawauniversity.edu.iq,%206%20melad.olaimat@aabu.edu.jo,%207%20a7hamid@uwaterloo.ca

/ Design And Development of a Cost-
Effective Mechanically Engineered
Assistive Device for Parkinson’s Patients:
A Case Study at Grand River Hospital

Volume: 7

Lpnaigl) clip dail) g glat) dlaa
Journal of Science and Engineering Application

ISSN 2521-3911

improving patient independence. Development was carried out according to functional and non-
functional requirements, brainstorming design ideas, and selecting the best solution with the help of a
decision matrix. Panels were chosen for their low cost and availability, while other parts were designed
and 3D printed. Torque calculations and simulations supported the design’s performance against criteria
such as achieving a four-second rotation of a doorknob. The final device presented is a low-cost, easy-
to-use device for use in low-resource contexts where no assistive device exists for people with motor
impairment. This innovation could greatly enhance the quality of life for Parkinson’s patients and their
caregivers.

Keywords: Parkinson’s disease, Assistive Technology, Low-Cost Medical Device, Mechanical Design,
Patient Independence.

1. Introduction

Parkinson’s disease (PD) is a chronic and progressive neurological disorder characterized by the
degeneration of dopamine-producing neurons in the brain. This condition affects millions globally and
manifests in motor symptoms such as tremors, bradykinesia, rigidity, and postural instability, as well as
non-motor symptoms like cognitive impairment and mood disorders [1, 25]. The growing prevalence of
Parkinson’s disease, particularly among aging populations, underscores the urgent need for innovative
interventions that address both the quality of life of patients and the challenges faced by caregivers |2,
28]. The increasing burden of Parkinson’s disease among the aging is an indicator towards effective
interventions which not only benefit the quality of life of patients but also address the needs of caregivers
[2]. This comprehensive study provides valuable insights into the increasing prevalence of Parkinson's
disease across different age groups and geographic regions, highlighting the necessity for targeted
interventions to improve patient and caregiver outcomes.

But assistive devices have long been a mainstay of managing the motor symptoms of Parkinson’s
disease. The alternatives span from simple mobility devices to complex robotic systems developed to
compensate motor functions. Existing solutions — such as leading holistic approaches to 3D printing —
often lack utility and efficacy for patients, especially in resource-limited contexts such as Kitchener
Waterloo, Ontario (For example: in Grand River Hospital and Toronto Western Hospital) [26]. This gap
is crucially dependent on the advancement of inexpensive, uncomplicated and with a mechanical design
device to compensate to this gap [3]. This study aims to design a mechanically engineered supporting
tool designated to meet the needs of patients with Parkinson’s disease at Grand River Hospital. As one
of the main hospitals in Canada, it has been receiving a considerable number of patients with Parkinson’s
disease, which is underreported and affected by difficulty to access advanced assistive technologies. The
new device, proposed here, seeks to overcome these issues through increased patient independence and
decreased continued evidence of the burdensome nature of caregiving [4].

Parkinson’s disease is a chronic, progressive neurodegenerative disorder that severely affects an

individual’s ability to engage in daily activities. Over time, the symptoms of the disease progressively

worse, patients face a sustained loss of many motor skills, preventing them from engaging in activities,

dressing, eating, or performing routine personal hygiene. According to Jankovic and Tan, the progressive
12
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nature of the disease leads to a steady deterioration in motor performance, especially in fine movements;
this is due to the fact that Parkinson’s core motor signs worsen progressively. Therefore, the loss of fine
movement not only affects physical performance but also deprives patients of their independence and
quality of life. The functional impairments caused by these motor difficulties can lead to increased
reliance on caregivers and, in many cases, contribute to greater emotional and psychological challenges
for patients. The innovation in this study lies in creating a low-cost, under $100, device that automates
doorknob rotation. This design was inspired by existing systems used in commercial buildings but
modified for home use and tailored to the physical and financial constraints of Parkinson’s patients in
Canada. Unlike high-end solutions, this device can be produced under $100, making it accessible to low-
income populations [6, 27].

The prevalence of Parkinson’s disease in Canada has been on the rise, influenced by factors such as
increasing life expectancy and changes in environmental conditions, also because of the wars in the
region. Studies from regional healthcare centers, including Grand River Hospital, emphasize the growing
demand for patient-centric interventions. The hospital’s commitment to improving neurological care
aligns with the objectives of this research, which seeks to develop a device that enhances the daily lives
of Parkinson’s patients [7, 25]. Globally, research into assistive technologies for Parkinson’s disease has
advanced significantly in the last decade. Recent innovations include wearable sensors for gait analysis,
robotic arms for feeding assistance, and Al-driven rehabilitation tools [8]. However, these technologies
often require significant financial and infrastructural investments, limiting their applicability in low-
resource settings like Kitchener. By focusing on mechanical simplicity and affordability, this research
contributes to a growing body of literature on sustainable healthcare solutions [9, 25].

In Pakistan, studies on assistive devices have emphasized the need for culturally and economically
appropriate solutions. Researchers have highlighted that devices designed for Western markets often fail
to resonate with the needs of South Asian populations due to differences in socio-economic conditions
and healthcare access [10, 25]. Drawing parallels between Canada and Pakistan, this research aims to
incorporate lessons from the region to ensure the proposed device’s relevance and efficacy. Here, the
mechanical design of the assistive device builds on local resources and expertise. Thus, using parts you
can find in Canada, the device makes cuts in its production cost, ensuring its resistance and fulfilling its
function. The use is method also allows for scaling up, making it disseminable in hospitals throughout
the region. Previous studies with locally manufactured medical devices have shown that modified
versions or technologies have had a great impact on patient outcomes and reduced the reliance on external
technologies [11, 26].

The reason behind doing this study is that people of Canada city are suffering from the functional
limitations due to Parkinsonism. Contextualized existing interventions and/or those effective in other
contexts have not accounted for the socio-economic realities of patients in low-income settings. This
research intends to bridge a vital void in Parkinson’s care by engineering an appliance that elaborates a
marriage between mechanical ingenuity and low cost [12]. The aim of this study is to design, develop,
and implement a cost-effective, mechanically engineered assistive device that improves the autonomy
and daily functionality of Parkinson’s patients and aids in the reduction of dependency on caregivers at
13
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Grand River Hospital. This research also has the goal of providing a precedent for cheap healthcare
innovations in other low-resource areas.

2. Requirements Analysis

With every passing year, motor functions deteriorate, and Parkinson’s disease escalates this
decline, resulting in profound disabilities. Parkinson’s disease (PD) is a progressive neurodegenerative
disorder, with a median prevalence of 1 in 500 people, and includes symptoms of tremor, bradykinesia,
rigidity, and postural instability [1, 23]. Such symptoms pose a major burden on daily functioning,
leading to reliance on caregivers and reduced quality of life. In developing regions such as Kitchener in
Canada, where assistive technologies are limited, this is coupled with the challenge of identifying
prototypes that are significantly tailored to the context and thus relevant.

This study answers the imperative need for task-related assistance to support Parkinson's patients.
Current solutions, like automatic door-opening systems in commercial environments, are too expensive
and incompatible with home settings. Hence, the objective is to design a low-cost, user-friendly, home-
based medical device addressing the aforementioned examples of retrofitting/facilitating food production
for common household levels [4]. This device automates things such as turning a doorknob to help
patients regain their independence and increase quality of life.

2.1 Requirements Statement

This sets the central needs statement for this research to be: "There is a need to autonomously
turn a doorknob without damaging the door, costing no more than $100.” Such a requirement addresses
both functional performance and accessibility of the device, ensuring that the device supports user tasks
and is non-invasive and cost-effective. Such constraints are especially critical in low-resource settings
like Kitchener, which economic impediments frequently preclude adoption of health-care innovations
[14].

2.2 Engineering Specifications

The engineering specifications, shown in Table 1, outline the technical and functional criteria
required to meet the stated needs:

Table 1: Engineering Specifications and Functional Criteria

14
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No. Characteristic Relation||Value|| Units Verification Comment
Method
Automaticall furn The device must turn the
1 Y > 45 ||degrees||Demonstration||doorknob at least 45 degrees
doorknob )
effectively.
A survey with 20
2 ||Aesthetically pleasing > 80 |/percent|Testing participants must yield an
average score >8.
) Total cost of materials and
<
3 |Cost 100 | Dollars|| Analysis labor must not exceed $100.
The door should remain
4 |[No damage to door N/A || N/A || N/A |Demonstration| intact before and after
device installation.
} ) Time taken to open the door
T k fi )
520 doorknob in a specific = 4 ||seconds|/Analysis must be calculated and
time .
validated.
The motor must generate
6 |[Produce required torque = 0.56 || Nm ||Analysis sufficient torque to turn the
doorknob.
7 ||Corrosion resistance N/A || N/A || N/A |[Examination Component§ must be mgde
of water-resistant materials.
) ) The device must not impede
8 No interference with door N/A N/A || N/A |Demonstration|| normal door operation after

functionality

installation.

By adhering to these specifications, the proposed device ensures functionality, reliability, and
accessibility. These features address the unique needs of Parkinson’s patients in Kitchener and hold
potential for broader adoption in similar resource-limited settings.

3. Conceptual Design

Following the reasons stated in the introduction, this section describes the conceptual design of a
mechanical assistive device for individuals with Parkinson’s disease. By remedying specific functional

15
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problems, as in opening doors, using cheap, widely available, and easy-to-use solutions. The goal is to
develop a device that occupies the space between commercially available systems and the practical
requirements of patients in low-resource environments [4]. Implemented for this device, the operational
point corresponds to the critical sub-functions identified in the requirements elicitation process. It was
decided that the device required user control and input to activate, with three suggested mechanisms: a
keyboard interface that prompted for a password to enable the device, a keycard scanner that powered
the device when an authorized keycard was tapped, and a push-button control for simple activation. The
same basic functionality of turning the doorknob came out, but ideas ranged from a rubber belt system,
a gear mechanism for efficient and precise rotation, and rubber strips held in a plastic casing to grip the
doorknob tightly. Plus, backtracking the doorknob back to its default position was an important feature
as well, with suggested solutions like a reversible rubber belt system, counter-rotating gears, or plastic
casings with rubber strips for counter-rotation.

A morphological chart was created to systematically explore these sub-functions and corresponding
concepts, as shown in Fig 1.

Sub-functions Concepts

Keyboard for password entry, keycard scanner, push button.

User Control/Input

Turning Doorknob

Releasing Doorknob|| Reversible rubber belt, counter-rotating gears, reversible casing.

Fig 1. Morphological Chart for Systematic Exploration of Sub-Functions and Concepts
3.1 Conceptual Sketches

Using morphological analysis three unique design frameworks were constructed. The first one
features a keypad interface in conjunction with a rubber belt that grips around and rotates the doorknob.
The second design combines a keycard scanner and a gear mechanism to effectively and reliably rotate
the doorknob using push-button control with a plastic shell filled with rubber strips to drive the
doorknob. The designs are illustrated graphically in Figures 2 a, b, along with their components and
operating mechanisms.

16
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(b)
Fig 2. a & b Graphical Representation of Design Frameworks for Doorknob Rotation Mechanisms
3.2 Decision Matrix

To select the optimal design, a decision matrix was developed, evaluating criteria such as cost,
adaptability, performance, and ease of placement and removal. Table 2 summarizes the results:

Table 2: Decision Matrix for Optimal Design Selection Based on Evaluation Criteria

Criteria Datum (Concept 3)|[Concept 1||Concept 2

17
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Cost 0 -1 -1
Adaptability 0 0 0
Performance (turning knob) 0 0 1
Ease of Placement/Removal 0 -1 1

Total 0 -2 1

3.3 Selected Design

The second design was found to be the best solution as per the decision matrix. Its unique gear-
based mechanism proved to be more reliable and performed better than rubber belt systems. Furthermore,
the ease of placement and maintenance alongside the safe and easy-to-use keycard scanner made it
particularly well-suited for Parkinson's patients [13]. The key takeaway of this exercise was that Design
Two is a durable, low-cost, and user-friendly assistive device intended for people with Parkinson's
disease. Functionally targeted, this design can greatly improve the quality of life for patients and decrease
dependency on caregivers.

4. Mechanical Design

The mechanical design of the assistive device was developed with the primary objective of aiding
individuals with essential tremors or Parkinson’s disease in performing daily tasks such as opening doors.
Parkinson’s disease, in particular, is a progressive neurological condition that severely affects motor
control and quality of life. While the device does not address all symptoms of Parkinson’s, it aims to
provide users with greater independence by simplifying door operations [14].

4.1 Solution(s)

To best support individuals with tremors or Parkinson’s disease, the device was designed to meet
specific functional and design requirements. It must securely attach to standard doors without causing
damage or interfering with door functionality, unlock and turn the doorknob automatically, and re-latch
the doorknob after a set period of time. Initially, a design that required screws to attach the device to the
door was proposed (Figure 3). However, a less intrusive method was prioritized to avoid damaging the
door, reflecting the needs of users, especially renters or those in shared housing who may face restrictions
on permanent modifications [15].

18
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Fig 3. Gear secured to the doorknob.

Two primary methods for turning the doorknob were explored. The first method involved a high-friction
rubber belt wrapping around the doorknob. While effective in initial trials, it was rejected due to the risk
of slippage, which could require reattachment under high tension—a challenging task for individuals
with motor impairments [16]. One study discussed the use of aluminum in assistive devices, noting its
lightweight properties and cost-effectiveness, which aligns with your reference to selecting aluminum as
the material for its low density and durability. The concept of "strong and stiff with light weight" was
also emphasized in the context of walking assistive devices [17].

The final design incorporated the gear-based mechanism, as demonstrated in Figure 4. Aluminum was
selected as the primary material for the device due to its low density (~2700 kg/m?), durability, and
affordability. This choice aligns with research emphasizing lightweight, cost-effective materials in
assistive device design [18]. The motor choice evolved during development, starting with the DP20 brush
motor and transitioning to the more powerful DPP680 brush motor to meet the torque requirements
efficiently.
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Fig 4. Interlocking gears, with the left gear connected to the motor via a gear shaft.
4.2 Remaining Challenges

While the core design requirements have been met, challenges remain with the door attachment
system (Figures 5, 6 and 7). Since door dimensions and shapes vary widely, a one-size-fits-all belt or
strap is not feasible. The current reliance on custom measurements and specialized belts for each client
is impractical for large-scale production. To address this issue, future iterations of the design should
explore:

e Adjustable belts or straps with mechanisms that can extend or contract to fit doors of varying
widths.

e Modular components capable of accommodating different door thicknesses without requiring
custom fabrication [15], [19].
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Fig 5. Straps on the back of the model door.

Fig 6. Straps attached to the casing for the device.
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Fig 7. Complete mechanism attached to the model door without the casing.

In conclusion, the mechanical design prioritizes user accessibility, reliability, and affordability. By
adopting a gear-based mechanism and aluminum construction, the device ensures durability and ease of
use. Future improvements will focus on enhancing the adaptability of the attachment system to meet
diverse user needs and facilitate large-scale production.

5. Verification of Design

Referring to the engineering specifications outlined in Section 2.2, each specification was
rigorously tested and verified to ensure the device met its intended objectives. The capability to
automatically turn the doorknob was demonstrated through simulations where the doorknob rotated more
than 45 degrees, meeting the specified requirement. Reference points were used to simulate door opening
and closing, and the results validated the mechanism’s functionality (Figure 7). Studies on motor control
in assistive devices further support the reliability of this approach [16] The aesthetic appeal of the device
was evaluated through a survey of 10 participants, who rated the design on a scale from 1 (lowest) to 10
(highest). The target average score was 7.5, and the results, as shown in Figure 8, confirmed that this
criterion was successfully met. These findings align with previous user-focused studies in assistive device
design [19].

Cost constraints were addressed through detailed analysis. The budget for the device was capped at $100,
with expenses primarily incurred for 3D-printed plastic covers and battery sources. The cost breakdown,
presented in Table 3, demonstrates that the research remained within budget, reflecting a commitment to
affordability. Studies on cost-effective assistive technologies highlight similar approaches to budget
optimization [20], each specification was rigorously tested and verified as follows:

5.1 Automatically Turn Doorknob:

The mechanism was designed to turn the doorknob at an angle of at least 45 degrees. This was
demonstrated through a simulation that showed the doorknob turning more than 45 degrees, using
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reference points to simulate opening and closing the door. The demonstration validated the requirement
(refer to Figure 7 for the setup). Similar techniques have been validated in studies focusing on assistive
technologies for motor control [16].

5.2 Aesthetically Pleasing:

To verify this characteristic, a survey was conducted with 10 participants. Participants rated the final
design on a scale of 1 (lowest) to 10 (highest) for aesthetic appeal. The target average score was 7.5, and
the results, seen in Figure 8, confirmed the design met the requirement. This aligns with user-focused
evaluations in assistive device design research [19].

Term Design Project

14 00:13 Active

Responses Average time to complete Status

Review answers Post scores

1. Please rate our design that is placed on doors based on how aesthetiaclly pleasing it looks. 1
being the least, and 10 being the most.

@ Open in Excel

13 * % %k k ok k ok
Responses 7.00 Average Rating
Fig 8. User Survey Results Confirming Aesthetic Appeal of the Device
5.3 Cost:

Cost constraints were verified through analysis. A $100 budget was set as a limit, with the main expenses
including 3D-printed plastic covers and battery sources. The cost breakdown is detailed in Table 3. Cost

considerations for affordability and accessibility in assistive technology have been extensively reviewed
[20].

Table 3. Cost Analysis and Budget Allocation for Assistive Technology Development

Item Cost (CAD) Total (USD)
Battery Holder <5
Wiring <3
Plastic Covers <15
Switch/Button <5
Batteries Source 5-10
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Miscellaneous Parts and Attachments <10 ~45

5.4 No Damage to Door during Installation:

This requirement was verified through demonstrations. A physical prototype was installed on
various door types, including wooden, metal, and fire-resistant doors. The trials confirmed that the
mechanism did not cause damage to the door or frame, regardless of the material [21].

5.5 Torque Production:

The torque requirement of 0.567 Nm was verified through detailed calculations. Using the
formula T =r F sin 0, the following steps were conducted to validate the design:

1. Force Calculation:
The applied force was derived from a weight of 1 b, converted to kilograms (1 1b / 2.2 Ib/kg = 0.4545
kg) and subsequently to Newton’s using F = mg. With g = 9.81 m/s?, the force was calculated as:

F=0.4545kg x 9.81 m/s>=4.46 N (1)

2. Lever Arm Length Conversion:
The lever arm length was provided as 5 inches. This was converted to meters for consistency in SI
units as:

S5imx(2.54cm/1in)=12.7cm (2)
127cm %< (1 m/ 100 cm) = 0.127 m
3. Torque Calculation as:
Withr=0.127 m, F =4.46 N, and sin (90°) = 1, the torque was determined as:

t=rFsin0=0.127m x 446 N x 1 =0.567 N-m 3)

This torque calculation validated the system's requirement for torque generation. However, the
initial motor, which produced 50.8 N-cm (or 0.508 Nm), was insufficient to meet the critical four-second
time requirement. A more powerful motor, producing 776.8 N-cm (or 7.768 Nm), was therefore selected
to ensure compliance with performance metrics. This approach reflects best practices in torque
optimization and aligns with findings in assistive device development [22]. The comprehensive
validation process confirms that the design is capable of meeting its operational requirements.

5.6 Turn Doorknob In A Certain Amount Of Time:
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The time requirement for turning the doorknob within four seconds was verified using torque and
rotational speed calculations [19]. The supporting calculations are as follows:

1. Torque Verification:
The torque required to turn the doorknob was calculated using the formula:
T=rFsin6

given:

- T motor =0.508 Nm

- T required =7.768 Nm

Torque was validated against the door's rotational requirement.
2. Force Calculation:

Using the relationship F = m v? / 1, where:

-m = 0.250 kg (average doorknob mass)

-v=06.6287 m/s

-r=0.09276 m

The required force F was computed as:

F=mv?)/r
Substituting values:

F=(0.250 x (6.6287) 2) / 0.09276 = 369.51 N

3. Rotational Speed (o):
The angular velocity was calculated using:

o=v/r
Substituting values:
® =6.6287/0.09276 = 0.19727 rad/s

4. Time for Rotation (At):
The time required for the mechanism to rotate n/4 radians was derived as:

At=A0/®
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Substituting values:

At=(m/4)/0.19727 = 3.9815 seconds = 4 seconds.
5.7 Corrosion Resistance:

Verification was done by examining the materials used. The plastic coverings were made from
water-resistant 3D Polypropylene, a corrosion-resistant material. While a salt spray test could provide
additional validation, time constraints necessitated reliance on visual examination. Corrosion-resistant
materials are critical for durability in assistive technologies [20]

5.8 Does Not Interfere With Door Operation:

This characteristic was verified through demonstrations. A working prototype was installed, and
trials were conducted to ensure the device did not interfere with door functionality. The door was opened
and closed with varying force levels across multiple trials, confirming that the device did not obstruct
operation [16]. In summary, all specifications outlined in section 2.2 were systematically tested and
validated, ensuring the device met its design objectives. Future work may focus on further refining the
verification processes to enhance efficiency and scalability.

6. Conclusion

This study primarily aimed to design and develop a device to help individuals with conditions
which cause the tremors specifically, for people with Parkinson Disease. Parkinson’s disease severely
affects motor control, rendering even opening a door extremely difficult. This solution is just a turning
action of doorknob. Thus gives some independence to such people affected due to this disease.

The major needs of the device were thoroughly covered. These were the capability to:
e Requires minimal user involvement to turn a doorknob automatically.
e Avoid causing any damage to the door during installation or operation.
e Remain affordable, with a total cost not exceeding $100.

The research process involved thorough analysis of both functional and non-functional requirements,
ensuring that the final design met all outlined objectives. The device combines simplicity, cost-
effectiveness, and user-friendliness, demonstrating the potential of advanced mechanical and material
engineering principles.

This research underscores the importance of innovative engineering solutions in improving the quality
of life for individuals facing motor challenges. Future efforts will focus on enhancing the adaptability of
the device to broader applications and refining its design for large-scale production.
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7. Recommendations

While the device met the majority of design requirements, certain limitations in adaptability were
identified. These limitations primarily stem from the outer casing and fixed dimensions of the securing
mechanism. Addressing these limitations will significantly enhance the device’s versatility and usability
across a wider range of applications. The current rectangular outer casing, designed with straight edges,
does not fully account for variability in household door shapes. Many doors feature grooves or indents,
which can reduce the casing’s ability to protect internal components from environmental exposure. To
resolve this, pre-measuring customer door dimensions and designing specialized casings that conform to
various profiles is recommended. Developing a fully enclosed, waterproof casing will enhance the
device’s resilience and durability. The fixed-length belt used to secure the device to the door also poses
challenges due to variations in door thickness across households. Introducing adjustable belts or modular
components capable of accommodating varying door dimensions is recommended.
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