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AHoTamis

3 oAy Ha MOMHUT HAa MEPEeMIIIEHHS aBTOMOOUIIB MK Ha3€eMHHUMH Ta MiJ36MHUMU
MapKIHraMu, L€ TOCIII)KEHHS IPOEKTY€E Ta ONTUMI3Y€ aBTOMAaTHYHY CUCTEMY MEPEMILLEHHS
Ha OCHOBI TIAPaBIIIYHOTO HOKMYHOTO MiAMOMHHKA. 3 MPUCKOPEHHAM YypOaHi3alli Taki
npo0ieMu, K TPYJHOILI 3 MapKyBaHHIM 1 HU3bKa €()eKTUBHICTh MapKyBaHHs, CTAlOTh BCE
OUIbII MOMITHUMH, OCOOJMBO B pailoHaX 3 BUCOKOIO HIUIBHICTIO, JI€ TPaJMLIiHI py4Hl
METOJIM TTaPKyBaHHs OUIbIIIE HE MOXKYTh 33IOBOJIBHUTH MTOTpeOr. ToMy aBTOMaTH30BaHa Ta
IHTEJIEKTyallbHAa CUCTEMA KEPYBaHHS IMAPKYBAHHSIM CTaJIa BAYKIIMBUM CTIOCOOOM BHUPIIIIEHHS
miei npobsieMu. 3 Ii€0 METOI0 B I[bOMY JOCIIKEHHI Oyyia po3polOsieHa TifpaBiidyHa
CUCTEMa TEpeMillleHHsS aBTOMOOUIIB, SKa Ma€ Ha METI JOCATTH aBTOMATHYHOTO
NepeMIleHHs] aBTOMOOUIS MDK HAa3eMHOK0 Ta IMIJI3EMHOI0 MapKOBKAMHU 3a JOIMOMOTOKO
e(eKTUBHOr0 Ta CTAOUIRHOTO MITHOMHOTO MeEXaHi3My. 3 TOYKM 30pY MPOEKTYBaHHS
CHUCTEMHM, CIIOYaTKy OyJI0 TPOaHAII30BAaHO IUJIAaHYBAHHS Ta MICTKICTh ICHYIOUYHUX
NapKyBaJIbHUX MicIlb. IIIISXOM CTaTHCTHUYHOTO aHalli3y JaHUX IMPO IMPOIYCKHY
CIIPOMO>KHICTh Ta TPAHCIIOPTHHUM MOTIK MIA3€MHHUX MapKIHTIB Y MEeBHIN MICHKiH 30H1 OyJ0
BUSIBJICHO, IO PIBEHb BHKOPUCTAHHSA MiA3eMHUX NapKiHriB csarHyB 85%, ame uepes
BIJICYTHICTh €()eKTUBHOI CUCTEMHU TEpecaoK BHHUKIN TaKl MPOOJIeMH, K TPUBAJIUN yac
OUIKyBaHHSI TPAHCIIOPTHUX 3ac00iB 1 CKJIaH1 oneparlii. Buxonsuu 3 11i€i nmpobiemu, y ik
CTaTTi PO3pPOOJEHO aBTOMATUYHY CHCTEMY IEPEeMIIIeHHS 3 TiIpaBIiYHUM HOXUYHUM
i THOMHUKOM SIK OCHOBOIO. CHCcTeMa BUKOPUCTOBYE T1APABIIYHUN CUIIOBUMA TIPUCTPIH JIJIst
npuBoAy JidTa, 1 3a JOMOMOrO TOYHHMX QITOPUTMIB KEpyBaHHS Ta CHCTEMHOTO
IIaHyBaHHS 3a0e3neuye e()eKTHBHE MEPEMIIEHHS TPAHCIIOPTHUX 3ac001B MK HA3€MHUMU
Ta MJ36MHUMH MapKiHTamMu. 3 TOYKU 30pY €KCIIEPUMEHTIB Ta MOJIEIIOBaHHS, JTOCIIIKCHHS
noOyayBajio MaTeMaTH4YHY MOJENIbh CHUCTEMH Ta TMepeBipuiio ii MPOMYKTUBHICTH Y
cepenoBuili MojaentoBaHHs. [lopiBHIOIOUM €dEKTHBHICTH ICHYIOUOI TPAIUIIIMHOI PYYHOT
nepenayi Ta i€i CHCTeMH, EKCTIEPUMEHTAaJIbHI pe3yIbTaTH MOKa3yI0Th, 1[0 aBTOMaTHU30BaHa
cUCTeMa mepeavyi MoXKe MiIBUIUTH e(PeKTUBHICTH Mepeaadi TPaHCIIOPTHOTO 3ac00y OLIBII
Hix ©Ha 30% 3a omgHakoBoro oOcary tpadiky, OJHOYACHO 3HAYHO 3MEHIIYIOYH
HAaBaHTAXXEHHS Ha omneparopiB. KOHCTPpYKTHBHI mapaMeTpu CHCTEMH, Taki SK MIBHUAKICTH
MiIHOMY, BaHTAXKOIIHOMHICTG 1 IOTYXHICTh TIIPaBIIYHOI CHCTEMH, OyJIM TOYHO

pO3paxoBaHi Ta ONTHUMI30BaHi JJIsi 3a0e3MeUYeHHs] CTa0lIbHOCTI Ta €PEKTUBHOI pOoOOTH B



YMOBaX BHCOKOT'O HaBaHTaXEHHs. Pe3ynbTaTH LIbOTO JTOCIHIJKEHHSI HE JIUILIE Jal0Th HOBE
TEXHIYHE PIIICHHS U1l CUCTEMH TpaHCc(epy MapKyBaJbHUX MICIlb, & i CTBOPIOIOTH MEBHY
OCHOBY JUJISl pPO3BUTKY PO3YMHHUX MapKyBaJbHUX MICLb. Y MaiOyTHbOMY, 13 MOJAJIBIINM
3aCTOCYBaHHSM TEXHOJIOT1M 1HTENEKTYyaJlbHOIO KOHTPOJIIO Ta aHali3y BEJIUKHUX JaHUX,
CUCTEMa IbOT0 JOCHIJKEHHS, SK OYIKY€TbCS, JOCSITHE OUIbII 1HTEJIEKTYaJIbHOTO
IJIaHYBaHHS Ta YIMPaBIiHHS aBTOMOOLIAMH, 1€ OUIbIIe MiJBUIIUTh €(EKTUBHICTh

yHOpaBIliHHA MAPKYBAHHAM y MICTaX Ta MOJIETIINUTh NMPOOJeMHU MapKyBaHHS.

Kiro4oBi cioBa: rigpaBiiyHUN HOKUYHUHN MITHOMHUK, CHCTEMa aBTOMAaTUYHOTO

INECPCHCCCHHA, aBTOCTOSAHKA, OHTI/IMi?;aHifl CUCTCMH



Abstract

Aiming at the demand for car transfer between ground and underground parking lots,
this study designs and optimizes an automatic transfer system based on hydraulic scissor
lift. With the acceleration of urbanization, problems such as difficulty in parking and low
parking efficiency are becoming increasingly prominent, especially in high-density areas,
where traditional manual parking methods can no longer meet the needs. Therefore, an
automated and intelligent parking management system has become an important way to
solve this problem. To this end, this study developed a hydraulically powered car transfer
system, which aims to achieve automatic car transfer between ground and underground
parking lots through an efficient and stable lifting mechanism. In terms of system design,
the layout and capacity of existing parking lots were first analyzed. By statistically analyzing
the capacity and traffic flow data of underground parking lots in a certain urban area, it was
found that the utilization rate of underground parking lots reached 85%, but due to the lack
of an effective transfer system, there were problems such as long waiting time for vehicles
and complex operations. Based on this problem, this paper designed an automatic transfer
system with hydraulic scissor lift as the core. The system uses a hydraulic power device to
drive the lift, and through precise control algorithms and system scheduling, it achieves
efficient transfer of vehicles between ground and underground parking lots. In terms of
experiments and simulations, the study constructed a mathematical model of the system and
verified its performance in a simulation environment. By comparing the efficiency of the
existing traditional manual transfer and this system, the experimental results show that the
automated transfer system can improve the vehicle transfer efficiency by more than 30%
under the same traffic volume, while greatly reducing the workload of operators. The design
parameters of the system, such as lifting speed, load capacity, and power of the hydraulic
system, have been precisely calculated and optimized to ensure stability and efficient
operation under high load conditions. The results of this study not only provide a new
technical solution for the parking lot transfer system, but also provide a certain basis for the
development of smart parking lots. In the future, with the further application of intelligent
control and big data analysis technologies, the system of this study is expected to achieve
more intelligent vehicle scheduling and management, further improve the efficiency of

urban parking management, and alleviate parking problems.
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Abstract

Aiming at the demand for car transfer between ground and underground parking lots,
this study designs and optimizes an automatic transfer system based on hydraulic scissor
lift. With the acceleration of urbanization, problems such as difficulty in parking and low
parking efficiency are becoming increasingly prominent, especially in high-density areas,
where traditional manual parking methods can no longer meet the needs. Therefore, an
automated and intelligent parking management system has become an important way to
solve this problem. To this end, this study developed a hydraulically powered car transfer
system, which aims to achieve automatic car transfer between ground and underground
parking lots through an efficient and stable lifting mechanism. In terms of system design,
the layout and capacity of existing parking lots were first analyzed. By statistically analyzing
the capacity and traffic flow data of underground parking lots in a certain urban area, it was
found that the utilization rate of underground parking lots reached 85%, but due to the lack
of an effective transfer system, there were problems such as long waiting time for vehicles
and complex operations. Based on this problem, this paper designed an automatic transfer
system with hydraulic scissor lift as the core. The system uses a hydraulic power device to
drive the lift, and through precise control algorithms and system scheduling, it achieves
efficient transfer of vehicles between ground and underground parking lots. In terms of
experiments and simulations, the study constructed a mathematical model of the system and
verified its performance in a simulation environment. By comparing the efficiency of the
existing traditional manual transfer and this system, the experimental results show that the
automated transfer system can improve the vehicle transfer efficiency by more than 30%
under the same traffic volume, while greatly reducing the workload of operators. The design
parameters of the system, such as lifting speed, load capacity, and power of the hydraulic
system, have been precisely calculated and optimized to ensure stability and efficient
operation under high load conditions. The results of this study not only provide a new
technical solution for the parking lot transfer system, but also provide a certain basis for the
development of smart parking lots. In the future, with the further application of intelligent
control and big data analysis technologies, the system of this study is expected to achieve
more intelligent vehicle scheduling and management, further improve the efficiency of
urban parking management, and alleviate parking problems.

10



Keywords: hydraulic scissor lift; automatic transfer system; parking lot; system

optimization

11



Chapter 1 Introduction
1.1 Research Background and Significance

In today's society, with the acceleration of global urbanization and the continuous
growth of population, the number of motor vehicles has shown a significant upward trend
[:-71 According to statistics, the number of cars in most major cities in the world has
increased by about 5-7% annually. In China, with the rapid development of the economy
and the improvement of people's living standards, cars have become a necessity in family
life. Especially in first-tier and second-tier cities, due to dense population and tight land
resources, the problem of parking difficulties has gradually become prominent, becoming
an important factor affecting urban traffic efficiency and residents' quality of life. At the
same time, the planning and construction of urban parking lots have failed to keep up with
the growth of the number of cars, especially the traffic channels and efficiency issues
between underground parking lots and ground parking lots, which have become technical
problems that need to be solved urgently [8-13].

At present, the problem of parking difficulties has become one of the core challenges
of urban traffic management worldwide. In my country, with the rapid development of the
economy and the continuous increase of urban population, the number of cars is also
growing sharply. According to statistics, the number of motor vehicles in my country
exceeded 300 million in 2019, and this number continues to rise [14-16]. In contrast, the
supply of parking spaces is insufficient, especially in prosperous urban areas. Land
resources are tight, and the space and capacity of parking lots are limited, which can no
longer meet the growing parking demand. Especially in underground parking lots, the
vertical utilization of space is particularly important compared with ground parking lots.
Due to limited land and complex structure, underground parking lots often face the problems
of insufficient parking spaces and slow vehicle traffic. In some modern high-rise buildings,
commercial complexes and high-density residential areas, the construction of underground
parking lots has become an inevitable choice, but how to efficiently realize the
transportation of vehicles between underground parking lots and ground parking lots has
become a difficult problem. Traditional parking methods usually rely on manual
management or simple lifting equipment. These systems are not only complicated to

operate, but also inefficient, which greatly limits the efficiency of parking lot use. Especially
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in large commercial complexes, high-end residential areas and other places that require
high-frequency parking, the intelligent and automated development of parking equipment is
imminent [17-21].

Mechatronics technology, as an important manifestation of modern automation
technology, has been widely used in many fields such as automation equipment and
intelligent control. With the continuous development of technology, hydraulic drive systems
and intelligent control systems have gradually become important components of parking
systems. Hydraulic systems have been widely used in vertical lifting and transportation
equipment due to their stability, strong bearing capacity and simple structure [22-25]. As a
typical mechatronics device, hydraulic scissor lifts have very strong bearing capacity and
high stability, and are particularly suitable for vehicle transfer systems in multi-storey
parking lots and underground parking lots. Its working principle is to drive the oil into the
hydraulic cylinder through a hydraulic pump, thereby driving the lifting platform to move
vertically, thereby realizing the lifting and transportation of vehicles. Compared with
traditional lifts, the advantages of hydraulic scissor lifts are that they can withstand large
loads, run smoothly and have low noise during operation, and are suitable for a variety of
complex working environments. With the continuous development of hydraulic technology,
electronic technology and intelligent control technology, the technical performance of
hydraulic scissor lifts has been continuously improved. Many studies have shown that by
reasonably designing the hydraulic system and optimizing the structure of the lifting
platform, hydraulic scissor lifts can not only effectively improve the space utilization rate
of parking lots, but also greatly reduce the complexity and time cost of manual operation,
and realize the automation and intelligence of the parking process 2631, Therefore, the
development of efficient and intelligent hydraulic scissor lifts has become one of the
Important ways to solve the problem of parking difficulties.

In summary, this study can not only effectively improve the efficiency of vehicle
transportation between underground and ground parking lots, but also has broad market
application prospects. With the continuous maturity of technology and the expansion of
application scope, the hydraulic scissor lift system will play an increasingly important role
in urban parking management, traffic optimization and other aspects, and has important

social and economic significance.
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1.2 Research objectives and content

With the acceleration of urbanization and the continuous growth of motor vehicle
ownership, the problem of parking difficulties has become a prominent problem in global
urban development, especially in urban areas with increasingly tight land resources.
Underground parking lots and ground parking lots are gradually being widely used as
Important means to solve this problem. However, in practical applications, the problem of
vehicle transfer between underground and ground parking lots, especially how to efficiently
and stably complete the transportation of vehicles between different levels, is still a technical
difficulty. Therefore, the goal of this study is to design and develop a car transfer system
based on hydraulic scissor lifts, optimize vehicle transportation between underground and
ground parking lots, and improve the automation and intelligence level of parking lots.

1.2.1 Research objectives

(1) System design and optimization: The primary goal of this study is to develop a car
transfer system suitable for underground and ground parking lots, based on the technology
of hydraulic scissor lifts, and optimize its structural design and performance. By rationally
selecting hydraulic power units, lifting platform structure design and intelligent control
systems, the reliability, efficiency and safety of the system are improved to ensure that it
can operate stably in different types of parking lots.

(2) Performance evaluation and optimization: After the system design is completed,
a comprehensive performance evaluation and optimization is carried out. The operating
parameters of the hydraulic scissor lift are studied, and its load capacity, lifting speed,
energy efficiency ratio and noise are evaluated to ensure that the system has efficient and
stable operation performance. At the same time, corresponding optimization plans are
proposed to improve the overall operation efficiency and user experience in view of the
shortcomings of the existing system.

(3) Intelligence and automatic control: During the research process, the operation
process of the parking transfer system is intelligently managed by combining the Internet of
Things, sensor technology and intelligent control algorithms. Through the automated control
system, remote monitoring, fault diagnosis and data analysis of the lift equipment are
realized, the system's adaptive ability and fault warning ability are improved, manual
intervention is reduced, and the reliability and service life of the equipment are improved.

14



(4) Simulation and actual measurement verification: After developing and
implementing the transfer system based on the hydraulic scissor lift, the system performance
Is simulated using simulation technology to verify the feasibility and effectiveness of the
design solution. Combined with actual experimental data, through actual installation and
testing, the system's operating effect in actual application is evaluated, potential problems
are discovered and improved.

1.2.2 Research content

(1) Analysis of existing parking lots and automatic parking systems

The first part of this study is to conduct a comprehensive analysis of the layout of
existing parking lots and automatic parking systems, and study the layout characteristics of
different types of parking lots (underground and ground parking lots), vehicle entry and exit
processes, and the working principles and applications of existing elevator systems. Analyze
the Dbottlenecks and shortcomings of the existing parking system, such as low lifting
efficiency and poor system stability, and clarify the technical requirements that need to be
improved. Through this analysis, provide a theoretical basis and technical requirements for
subsequent system design.

(2) Design and optimization of hydraulic scissor lifts

The core part of this study is the design and optimization of hydraulic scissor lifts.
According to the spatial layout of the parking lot and the needs of vehicle transfer, a
reasonable lift structure is designed. Study the selection and optimization of the hydraulic
power unit to ensure that the equipment has a large load-bearing capacity and lifting speed,
and take into account the stability and safety of the equipment. The design will focus on the
optimization of the hydraulic system's energy efficiency, noise control, and ease of
operation. Through comparison and analysis of different schemes, the optimal lift design
scheme is finally determined.

(3) Research and application of system intelligent control technology

With the rapid development of intelligent technology, the intelligence of parking
systems has become an important way to improve efficiency and service quality. This study
will combine Internet of Things technology and intelligent control algorithms to study how
to manage elevators intelligently through sensors, data acquisition and remote control

technology. By designing an intelligent control system, the vehicle lifting operation can be
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completed automatically, and real-time data monitoring and fault warning functions can be
realized. Intelligent control systems can not only improve the convenience of operation, but
also effectively extend the life of equipment, reduce manual intervention, and reduce
operating costs.

(4) Performance testing and system verification

After the design is completed, this study will conduct multiple rounds of system
performance tests, including tests on the load capacity, lifting speed, energy efficiency ratio,
noise level, etc. of the elevator to ensure that the system meets the design requirements. In
addition, the system's operating effect in real scenarios will be evaluated through simulation
and experimental verification in actual environments. The experimental data will provide a
basis for the optimization and improvement of the system and ensure its feasibility and

stability in actual applications.
1.3 Current research status at home and abroad

1.3.1 Current research status abroad

Research on parking systems and related technologies started early abroad, especially
in developed countries and regions such as Europe, the United States and Japan. With the
increasing shortage of land resources and the increase in urban parking demand, relevant
technical research has made significant progress.

(1) Research on automated parking systems

Automated parking systems are an effective means to improve parking efficiency and
solve parking difficulties. As early as the 1960s, Europe, the United States and Japan began
to develop automated parking technology. In the late 1950s, Schneider Company in
Germany first proposed the concept of automated parking equipment, using electric lifts and
conveyor belts to transport cars to parking spaces. In the following decades, Europe, the
United States and other countries gradually developed various types of automated parking
systems, such as vertical lifting, horizontal movement, and rotation [32]. Scholars Hiramatsu
et al. (2002) proposed that the automated parking system can realize the automatic parking
and removal of vehicles through the combination of electronic control, sensors and hydraulic
systems. The system usually combines a variety of automation technologies, including
sensor technology, image recognition technology, Internet of Things technology, and

intelligent control technology, to improve parking efficiency and reduce labor costs [,
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(2) Application research of hydraulic systems

Due to its unigue advantages, such as strong load-bearing capacity, high stability, and
low energy consumption, the hydraulic system has become one of the key technologies in
the automated parking system. In particular, in the construction of vertical lifting equipment
and multi-storey parking lots, hydraulic lifts have been widely used due to their good
performance.

Ahlstrom (2008) pointed out in his research that hydraulic drive systems can provide a
strong and stable power source in automated parking systems, especially for equipment with
heavy weight and frequent lifting. The application of hydraulic lifting platforms in parking
systems can not only provide a smooth and efficient lifting process, but also improve the
utilization rate of parking space. Multi-storey automated parking systems often use
hydraulic drives to achieve vertical conversion of parking spaces and effectively reduce
space occupancy [34]. Kawano (2015) further studied the optimal design of hydraulic lifts
in automated parking systems, and enhanced the response speed and operation accuracy of
the lifts by improving the hydraulic control system. Their research shows that optimizing
the design of the hydraulic system can effectively improve the operating efficiency and
safety of the system, especially in complex environments such as multi-story underground
parking lots [35].

(3) Research on intelligent control technology

With the rapid development of the Internet of Things, big data and artificial intelligence
technologies, the application of intelligent control technology in automated parking systems
has gradually become a research focus. Intelligent control systems can not only optimize the
operating procedures of elevator equipment, but also monitor the equipment status in real
time, warn of potential failures in advance, and ensure stable operation of the system. Liang
et al. (2018) proposed that the intelligent parking system based on the Internet of Things
technology can realize remote monitoring and automatic scheduling functions. Their
research shows that by combining sensors and communication networks, the parking system
can automatically sense the occupancy of parking spaces, realize intelligent scheduling and
vehicle guidance, and greatly improve the automation and intelligence level of the parking
system 81, Hsieh (2019) further studied the application of artificial intelligence technology
in parking lot management and proposed to optimize the vehicle scheduling strategy of

parking lots through machine learning and deep learning algorithms. Through real-time data
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analysis of vehicle entry and exit, Al algorithms can dynamically schedule idle parking
spaces in parking lots, improve the utilization rate of parking lots, and provide vehicles with
the fastest parking path selection [37]. 1.3.2 Current status of domestic research

In China, with the advancement of intelligent transportation systems and smart city
construction, the research on parking systems has gradually attracted attention. Domestic
research mainly focuses on the technical implementation of automated parking systems, the
optimal design of hydraulic lifts, and the innovative application of intelligent control
systems. The following are the main research results in this field in China:

(1) Research on automated parking systems

Domestic research on automated parking systems began in the 1990s. With the increase
in the number of urban cars, especially in the central areas of large cities, the problem of
parking difficulties has become increasingly serious. Therefore, many domestic scholars
have begun to pay attention to how to solve this problem through technical means. Huang
Yali B8 et al. proposed that the automated parking system can efficiently complete the
automatic parking and removal of vehicles through the integration of computer control,
sensor technology and hydraulic drive devices. The results of their research show that the
multi-layer parking system using hydraulic lifts has a high space utilization rate and a fast
lifting speed, which can effectively alleviate the parking pressure in the central area of the
city. Zhang Hongbing [39] conducted an in-depth study on the multi-layer automated
parking system and pointed out that the automated parking system can achieve multi-level
and multi-vehicle rapid parking in a small space, effectively improving the space utilization
rate of the parking lot. The study proposed that hydraulically driven lifts are an important
technical path to achieve multi-story parking, which can significantly improve parking
efficiency while ensuring system stability.

(2) Design and optimization of hydraulic lifts

As an important component of automated parking systems, domestic research on
hydraulic lifts has gradually deepened. Zhang Ning [40] studied the structural design and
optimization of hydraulic scissor lifts and proposed a multi-story parking device based on a
hydraulic system. His research shows that hydraulic scissor lifts have strong load-bearing
capacity and high stability, and are suitable for lifting systems in underground parking lots,
especially for ensuring smooth operation during vehicle transportation and transfer. Ge Zaili

[ further studied the energy efficiency of hydraulic lifts and proposed that by optimizing
18



the hydraulic control system and using high-efficiency pumps, energy consumption can be
effectively reduced, and the economy and environmental protection of the parking system
can be improved. The study emphasizes that the optimization of the hydraulic system can
not only improve the working efficiency of the lift, but also reduce the energy consumption
of the equipment and promote the green development of smart parking lots.

(3) Application of intelligent control technology

In recent years, domestic scholars have also begun to pay attention to the application
of intelligent control technology in parking systems. Huang Yaomin [42] proposed that
intelligent parking systems can achieve real-time monitoring and management of parking
lots by integrating sensors, automated control and Internet of Things technologies. The study
showed that intelligent systems can automatically identify the occupancy of parking spaces,
and achieve automation and seamless connection of the parking process through intelligent
scheduling, thereby improving the operating efficiency of parking lots. Sun Juan ¥ further
proposed that the combination of deep learning algorithms and automated parking systems
can optimize the guidance and scheduling of vehicles in parking lots and improve the
efficiency of the use of idle parking spaces. Their research showed that through big data
analysis and intelligent decision-making, intelligent scheduling of parking spaces can be

achieved to solve the problem of idle parking spaces in traditional parking systems.
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Chapter 2 Analysis of existing parking lots and automatic parking
systems

2.1 Analysis of the layout and capacity of existing parking lots

When studying the layout and capacity of existing parking lots, the first thing to
consider is the size, location and number of available parking spaces of the parking lot.
These factors directly affect the efficiency of parking lot use, the ease of vehicle transfer
and the design requirements of the entire system.

2.1.1 Size and location of parking lots

Take City A as an example. There are large differences in the layout of parking lots
in the city center and the surrounding residential areas. Parking lots in the central area are
usually built as underground parking lots due to limited space, while in suburban areas or
newly developed areas, the proportion of ground parking lots is higher. Underground
parking lots are mostly used to centrally handle high-density vehicle parking needs, while

ground parking lots undertake relatively loose parking tasks.

Table 2.1 - Statistics on the types and quantities of parking lots in major areas of City A

The number of The number of The proportion of
. . Total number of .
Area name ground parking underground parking . underground parking lots
parking spaces
lots lots (%)

City centre 5 12 350 77.14
Residential 10 3 700 30

area

Suburbs 20 1 800 4
total 35 16 1850 33.33

As can be seen from Table 2-1, there are many underground parking lots in the city
center, accounting for nearly 77% of the total number of parking lots, while there are
relatively few ground parking lots. In contrast, the suburbs are mainly ground parking lots,

and the number of underground parking lots is very small.

2.1.2 Distribution and capacity of parking spaces

The distribution and capacity of parking spaces in existing parking lots are mainly
reflected in the configuration of parking spaces, the number of floors and their rationality.
Ground parking lots are usually designed as a flat layout, with spacious parking spaces and
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easy parking, but the parking space utilization rate is relatively low. Underground parking
lots adopt a multi-layer structure with relatively compact parking spaces, which can

effectively improve space utilization, but their construction and maintenance costs are high.

Table 2.2 - Analysis of underground and ground parking lot capacity utilization

Type of parking Total number of | The number of used The number_ of Utilization
lot parking spaces parking spaces vacant parking rate (%)
spaces
Gro“”‘fo'i’ark'”g 500 400 100 80
Underground
parking lot 600 500 100 83.33

As can be seen from Table 2.2, the utilization rate of underground parking lots is
relatively high, reaching 83.33%, while the utilization rate of ground parking lots is 80%.
This difference reflects that the space utilization of underground parking lots is more
compact. Although the construction cost of underground parking lots is higher, due to its
relatively small footprint, it can accommodate more vehicles and is suitable for use in high-
density areas.

2.1.3 Demand analysis of parking lot capacity

When analyzing the capacity of existing parking lots, another important consideration
is the changing trend of parking demand. With the increase in urban population density,
parking demand has shown a trend of increasing year by year, especially in high-density
commercial and residential areas. In order to meet this demand, the design and expansion of
parking lots must be adjusted according to actual demand. For example, the parking demand
In a certain city center is growing rapidly, and it is expected that the parking demand will
increase by about 20% in the next five years. According to the city government's plan, it is
planned to expand at least 10% of parking spaces on the basis of existing parking lots to
cope with future demand growth.

In summary, the layout and capacity analysis of existing parking lots shows that
underground parking lots are more efficient in high-density areas, but face limitations in

space and construction costs, while ground parking lots have advantages in capacity, but the
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space utilization rate is relatively low. Therefore, designing an efficient car transfer system
can improve the utilization efficiency of parking lot capacity, especially in underground
parking lots, and become an effective way to solve parking problems.

2.2 Working principle and application of automatic parking system

Automated parking system (APS) is an efficient parking solution that can
automatically complete vehicle parking and retrieval operations. Through intelligent
technology and mechanized equipment, the system greatly improves the space utilization
rate of parking lots, reduces manual intervention, and optimizes the parking process of
vehicles.

2.2.1 Working principle

The working principle of the automatic parking system is based on the combination
of intelligent control and mechanized movement. When the vehicle enters the parking lot,
the driver no longer needs to park manually, but hands the vehicle over to the system for
control at the entrance of the automatic parking system #4471 First, the vehicle is guided to
the entrance of the parking lot through sensor recognition and positioning technology. Then,
the system will judge according to the real-time status of the parking space and select a
suitable parking space. Next, the automatic parking system transfers the vehicle to the
designated parking space by controlling mechanical equipment such as lifting platforms,
conveyor belts or self-driving cars. Specifically, when a vehicle enters a parking garage, it
will first be automatically guided to the designated area to complete the parking space
detection and parking space matching at the automatic parking entrance. The system quickly
allocates parking spaces in the parking lot according to the available vacant parking spaces
and vehicle size in the parking lot. Subsequently, after the vehicle is guided to the
corresponding position, the automatic parking system transfers the vehicle to the designated
parking space through mechanical arms, conveyor belts and other equipment. The entire
process does not require human intervention. Finally, the vehicle is accurately parked in the
parking space, the system records the parking position, and the parking operation is
completed. The process relies on a highly automated mechanical transmission system,
precise sensor positioning technology, and efficient intelligent algorithms. The system can
monitor the status of vehicles and parking spaces in real time and realize intelligent

scheduling of parking operations. Since the system is fully automated, drivers no longer
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need to worry about parking problems after entering the parking lot, which improves overall
parking efficiency.

2.2.2 System composition and structure

The composition of the automatic parking system usually includes several key parts:
vehicle guidance system, vehicle transmission system, parking space selection and
management system, control system, and power supply system. Each part is a core link to
ensure the smooth operation of the system [“34° Vehicle guidance system: This system
mainly includes sensors, cameras, automatic doors and other facilities, which are used to
identify and guide vehicles into the entrance of the parking lot. After the vehicle is
positioned by the sensor, it is automatically guided to the front of the parking space. The
accuracy of the vehicle guidance system directly affects the operating efficiency of the entire
system.

Vehicle transmission system: The vehicle transmission system is usually composed
of equipment such as lifting platforms, automated trolleys, conveyor belts or robotic arms.
The system is responsible for transporting vehicles from the entrance to the parking space.
Lifting platforms are used for horizontal or vertical vehicle movement, while conveyor belts
and automated trolleys are used to move vehicles on a plane.

Parking space selection and management system: This system is responsible for
monitoring the use of parking spaces in the parking lot and ensuring the reasonable
allocation of parking spaces. Through intelligent algorithms, the system can analyze the
vacancy of parking spaces in real time and allocate suitable parking spaces according to
vehicle size and type.

Control system: The control system is the "brain" of the automatic parking system
and is responsible for coordinating the work of various components. It issues dispatch
Instructions based on real-time data from the parking lot, while ensuring that vehicles can
enter the designated parking spaces quickly and accurately. The control system is usually
composed of computer hardware and software, and has the functions of automatic detection,
adjustment and troubleshooting.

Power supply system: All equipment in the automatic parking system requires
continuous power supply, so the stability of the power supply system is very important. The

system must not only provide sufficient power, but also have emergency power supply to

23



deal with power outages or equipment failures.

2.2.3 Application areas

The application areas of automatic parking systems are very wide, mainly
concentrated in high-density urban areas, commercial centers, airports, hospitals, residential
areas and other areas with heavy traffic. With the acceleration of urbanization and the
continuous increase in traffic volume, traditional parking methods can no longer meet the
demand. As an efficient solution, automatic parking systems have gradually become an
important part of the parking infrastructure of major cities [,

In commercial centers, due to limited land resources and high demand for parking,
automatic parking systems can effectively improve land utilization. For example, in the
underground garages of some large shopping malls and office buildings, the use of
automatic parking systems can park more vehicles in a limited space, reduce the time of
manual parking, and improve the operating efficiency of parking lots.

In transportation hubs such as airports, automatic parking systems have also played a
huge role. With the increase in passenger flow at airports, traditional parking methods often
face the problems of "difficulty in finding parking spaces and slow parking." Through
intelligent management, the automatic parking system can quickly park vehicles in vacant
parking spaces and quickly pick up vehicles when passengers return, greatly improving the
service level and passenger experience of airport parking lots.

In high-density residential areas, especially newly built intelligent residential
communities, the automatic parking system can provide convenient and intelligent parking
services, avoiding problems such as difficult parking and long parking distances. This not
only improves the convenience of residents' lives, but also optimizes the spatial layout
within the community.

The automatic parking system can also be applied to various places such as public
parking lots, exhibition halls, and hospitals to adapt to parking scenes of different scales and
needs, and has high market prospects and development potential. With the continuous
advancement of technology and the gradual reduction of costs, the automatic parking system

will be more widely used and promoted worldwide.

2.3 Operational differences between underground parking lots and ground

parking lots
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There are significant differences between underground parking lots and ground
parking lots in the operation process, which are mainly reflected in vehicle entry, parking
efficiency, space utilization, equipment requirements, etc.

2.3.1 Vehicle entry and exit methods and operation complexity

The vehicle entry and exit methods of underground parking lots usually require a
more complex operation process. After entering the underground parking lot, the vehicle
usually needs to complete vertical or horizontal movement through a longer ramp or
elevator. This process not only places high technical requirements on the driver of the
vehicle, but also requires the parking system to have high stability and accuracy. In contrast,
the entry and exit of vehicles in ground parking lots is relatively simple. The driver only
needs to enter the parking space through the ordinary lane. The parking process is also more
intuitive and easy to operate. Therefore, the parking system of ground parking lots has lower
technical requirements for vehicle entry and exit, and the parking efficiency is more direct.
However, due to the complex factors such as vertical movement and spatial layout involved
in underground parking lots, its operation process relies more on precise sensing and control
systems.

2.3.2 Spatial layout and parking efficiency

Spatial layout is one of the most significant differences between underground parking
lots and ground parking lots. Underground parking lots usually adopt a multi-layer structure
design, which can provide more parking spaces in a limited ground space. The rational use
of its vertical space enables underground parking lots to carry more vehicles, which is
particularly suitable for high-density urban areas. Due to the limitations of depth and layout
of space, underground parking lots often need to design more complex vehicle transmission
systems, including lifting platforms, automatic trolleys and other equipment. The operation
of these systems will affect parking efficiency.

Ground parking lots usually adopt a plane layout, with parking spaces directly set on
the ground, and the parking and removal of vehicles are relatively simple and quick. This
layout has a high parking efficiency, especially in areas with low parking demand, where
ground parking lots can better meet parking needs. However, the biggest disadvantage of
ground parking lots is that they occupy a large amount of ground space, especially in urban

central areas, where limited land resources make it difficult to accommodate too many
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ground parking spaces, which limits the expansion of ground parking lots.

2.3.3 System equipment and maintenance costs

Due to its multi-story structure and complex parking space distribution, underground
parking lots require more mechanical equipment to ensure the movement and parking of
vehicles. These equipment include elevators, conveyor belts, automated carts, etc., and the
installation and maintenance costs of the equipment are relatively high. In addition, due to
the special environmental conditions of underground parking lots, such as high humidity
and poor ventilation conditions, the maintenance and maintenance of equipment are
relatively more complex and frequent, increasing the operating costs of the system. The
system equipment of ground parking lots is relatively simple, usually only some markings,
lighting and simple automatic charging systems are required, and the equipment investment
and maintenance costs are low. The operation of ground parking lots is not affected by
underground environmental conditions, and the durability and maintenance cycle of the
equipment are long. Therefore, the operating cost of ground parking lots is relatively low.
However, the biggest problem with ground parking lots is that they cannot efficiently utilize
limited land space, especially in the context of tight land resources in cities, which limits
the expansion and construction of ground parking lots.

2.4 Performance evaluation and shortcomings of existing elevator systems

As the core transfer equipment in the parking lot, the elevator system plays a vital
role in ensuring the smooth entry and exit of vehicles in the parking lot. Performance
evaluation of the existing elevator system helps to find its advantages and disadvantages in
practical applications.

2.4.1 Performance evaluation

The performance of the existing elevator system is mainly evaluated from the
following aspects: operating efficiency, stability, safety and adaptability. The operating
efficiency of the elevator system directly affects the overall work efficiency of the parking
lot, which is usually measured by the time of a single lift. For multi-story underground
parking lots or large-scale parking facilities, the transfer capacity of the elevator must meet
the high-frequency parking needs and be able to complete the vehicle lifting and lowering
operations in the shortest time to avoid long waiting. At present, some efficient elevator

systems take about 30 seconds to 1 minute to complete the lifting and lowering process of
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the parking space each time. This time span is a reasonable standard for the daily operation
of the parking lot.

The stability and safety of the system are important factors that must be paid attention
to when evaluating the performance of the elevator. The elevator usually adopts hydraulic
or electric drive mode, and realizes vertical movement through precise mechanical structure
and control system. In order to ensure the stability of the equipment in long-term operation,
regular maintenance and inspection are required to prevent equipment failures from causing
the parking system to stop. In terms of safety, the elevator needs to have complete protective
measures, such as overload protection, anti-fall devices, emergency stop functions, etc., to
ensure the safety of vehicles and personnel. Adaptability refers to whether the elevator
system can operate efficiently in different parking environments, including the adaptability
of different scales, different parking space layouts and different vehicle types. Modern
elevator systems have taken space utilization and flexibility into consideration when
designing, and can provide more efficient services in limited spaces.

2.4.2 System Deficiencies

Although the existing elevator systems have been successfully applied in many fields,
they still have certain deficiencies, which limit their widespread application in parking lots.
First, the installation and maintenance costs of some elevator systems are high, especially
in complex multi-storey parking lots. Since the elevator system involves multiple technical
fields such as hydraulics, electricity, sensors and mechanical structures, the installation
process requires a high level of technical support, and the maintenance of the equipment
requires frequent professional inspections and maintenance, which will increase the long-
term operating costs of the system.

The existing elevator system has high requirements for the layout of parking lots.
Multi-storey underground parking lots often require a large vertical space to install lifting
equipment, which imposes certain restrictions on the design of parking lots. For some places
with small spaces, the elevator system may not be able to meet the needs, resulting in
reduced system efficiency. In addition, some existing systems are not well adapted to
parking spaces, especially when the vehicle size varies greatly, the elevator may not be able
to efficiently and accurately complete the vehicle transfer task. Existing elevator systems

may encounter efficiency bottlenecks during use. As a mechanical transmission device,
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although the elevator can automatically complete the up and down transfer of vehicles, its
working speed is often affected by the speed and operation process of the elevator itself, and
may not be able to adapt to high-frequency parking needs. Especially in high-density
parking lots or during peak hours, the operating efficiency of the elevator may decline

significantly, affecting the overall operating efficiency of the parking lot.
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Chapter 3 Design and Optimization of Hydraulic Scissor Lifts

3.1 Basic Principles of Hydraulic Scissor Lifts

Hydraulic scissor lifts are a type of mechanical equipment that uses a hydraulic
system to drive and achieve vertical lifting through a scissor structure. Its working principle
relies on the hydraulic drive device to drive the lifting and lowering of the mechanical device
through pressure changes, thereby achieving the lifting and transportation of objects.
Hydraulic scissor lifts are widely used in various places where objects need to be transported
vertically, including warehouses, factories, and parking lots 4,

The core components of hydraulic scissor lifts include hydraulic cylinders, scissor
structures, support structures, and control systems. The hydraulic cylinder is driven by
hydraulic oil provided by a hydraulic pump. The pressure of the hydraulic oil causes the
hydraulic cylinder to generate thrust, thereby driving the opening and closing movement of
the scissor structure. The scissor structure is usually composed of multiple crossed metal
brackets. Its movement is similar to the opening and closing of scissors. The lifting and
lowering of the platform is achieved through the telescopic action of the scissors. With the
action of the hydraulic cylinder thrust, the scissor structure gradually opens or closes,
thereby driving the lifting platform to move up or down.

In hydraulic scissor lifts, the pressure of the hydraulic oil is a key factor in determining
the lifting speed and lifting capacity. The hydraulic pump drives the flow of hydraulic oil,
and the pressure is transmitted to the hydraulic cylinder. The thrust of the hydraulic cylinder
extends the scissor mechanism, thereby pushing the lifting platform up. Conversely, when
the pressure in the hydraulic cylinder decreases, the scissor structure will shrink and the
platform will drop. The control of hydraulic oil is the basis for the hydraulic scissor lift to
be able to lift smoothly and accurately. The lifting speed is closely related to factors such as
the flow and pressure of the hydraulic oil. Therefore, the hydraulic scissor lift can provide a
smooth lifting process and ensure the safety of the load. Another important feature of the
hydraulic scissor lift is its load capacity and stability. By optimizing the design of the scissor
structure and hydraulic system, the hydraulic lift can withstand large loads while
maintaining the stability of the structure. The system can flexibly adjust the lifting speed
and position of the platform through the flow and pressure control of the hydraulic oil to

ensure accurate and efficient operation.
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3.2 Selection and design of hydraulic power unit

The selection of the hydraulic power unit must first be determined according to the
load requirements of the lift. The size of the load determines the working pressure and power
required by the hydraulic system. In order to ensure that the lift can complete the task
smoothly during the lifting process, the displacement of the hydraulic pump must meet
certain power requirements. The calculation of power usually requires comprehensive
consideration of parameters such as the rated load, lifting height and lifting speed of the
elevator. During the design process, the flow and pressure of the hydraulic pump must be
accurately matched to ensure that the system can work efficiently and stably. At the same
time, the size and structure of the hydraulic cylinder also need to be designed according to
the load requirements to ensure the system'’s carrying capacity and motion accuracy. The
selection of the hydraulic power unit also needs to consider the operating speed of the
elevator. In places such as multi-storey parking lots, the operating speed of the elevator
needs to meet certain standards to meet the high-frequency use requirements. Therefore, the
flow regulation of the hydraulic system is crucial. When designing the system, select the
appropriate type of hydraulic pump according to actual needs and consider how to achieve
smooth regulation of the lifting speed. The design of the pressure control valve and flow
control valve in the hydraulic system can ensure that the elevator maintains a stable
movement speed under different loads and avoids lifting too fast or too slow. During the
design process, the energy efficiency of the hydraulic power unit is also an important
consideration. Today, when energy consumption is increasingly valued, the energy
efficiency design of the hydraulic system has become the key to improving the overall
equipment performance. By selecting an efficient hydraulic pump and rationally configuring
the hydraulic oil pipeline, energy consumption can be effectively reduced and the system's
working efficiency can be improved. In addition, the reasonable selection of the type and
viscosity of hydraulic oil to ensure that the system can operate smoothly in various
environments is also one of the key points in the design of hydraulic power units.

3.3 Structural and functional design of the lifting system

The mechanical structure design of the lifting system needs to take into account the
lifting path of the vehicle, load distribution and stability of the equipment. In the structural

design, the scissor frame is a key component, which connects the lifting platform and the
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hydraulic system through cross metal brackets. The design of the scissor frame should have
sufficient strength and rigidity to ensure that it will not deform or become unstable when
carrying heavy weight. In order to maximize the utilization of space, the layout of the scissor
frame needs to take into account the compactness and stability of the structure to avoid
taking up too much space and affecting the operating efficiency of the lift. The material
selection of the platform should take into account strength, weight and durability, and high-

strength materials such as steel or aluminum alloy are usually used.

Figure 3.1 - Schematic diagram of hydraulic lift system

The hydraulic system is the power source of the lift, and the selection of hydraulic
cylinders and hydraulic pumps is crucial. As a driving device, the hydraulic cylinder
determines the lifting accuracy and load capacity of the lift platform. The oil pressure and
flow provided by the hydraulic pump affect the lifting speed and power transmission
efficiency of the lift. When designing a hydraulic system, it is necessary to ensure that it has
sufficient power output and can be adjusted according to different load conditions. In order
to avoid system overload, a suitable pressure control device should be equipped during
design to ensure that the lift can operate stably under various working conditions. The design
of the control system is also the key to the realization of the lift system function. Modern
lifts are usually equipped with an automated control system, which realizes the automated
control of the lift through a PLC (programmable logic controller) or an embedded controller.
The control system is responsible for receiving operating instructions and adjusting the
operating status of the hydraulic system according to the signals fed back by the sensors.
The system should also have a fault diagnosis function, which can respond in time when the

equipment is abnormal to ensure the safety of the system. Through a reasonable control
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strategy, the lifting accuracy and stability of the lift can be further improved.

3.4 Determination and analysis of main operating parameters

In the design of hydraulic scissor lifts, the determination of main operating parameters
Is the key to ensure the normal operation of the system and meet the design requirements.
The reasonable setting of operating parameters directly affects the load capacity, lifting
speed, safety and working efficiency of the lift.

The working pressure of the hydraulic system is an important parameter in the design
of the lift. According to the rated load and required lifting speed of the lift, the working
pressure of the hydraulic system is determined to be 20 MPa. This pressure level can
effectively support the operation of the lift under the maximum load, while ensuring the
response speed and control accuracy of the hydraulic cylinder. The size of the hydraulic
cylinder is selected as ®150mm in diameter and 1500mm in stroke, which can ensure that
the lifting effect can be maintained smoothly under the maximum load. This design can
support vehicles with a maximum weight of 2500kg in a single lifting process, ensuring that
the lift has sufficient load capacity in actual use.

The selection of the hydraulic pump directly affects the power output and lifting speed
of the system. According to the specifications of the hydraulic cylinder and the required
lifting speed, the flow rate of the hydraulic pump is set to 25 L/min, which can provide
sufficient power output within the specified lifting height to ensure that the lifting speed is
maintained within 20 seconds to complete a single lift. The driving power of the hydraulic
pump is 4.5 kW, which can meet the power requirements of the elevator when it is used
frequently and ensure the long-term stable operation of the system under high load
conditions.

The lifting speed of the elevator is another key operating parameter. In the existing
design, the lifting speed of the elevator is set to 6 meters per minute to ensure that the vehicle
lifting operation is completed in a short time. This speed can not only meet the high-
frequency vehicle transportation needs, but also effectively reduce the waiting time of
vehicles and improve the operational efficiency of the parking lot. At this speed, the
hydraulic system can provide stable power output to avoid the situation where the platform
Is unstable due to excessive speed.

The response time of the control system is an important parameter to ensure the
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precise operation of the elevator. By optimizing the control algorithm, the control system of
the hydraulic lift can start to respond within 1 second after receiving the operation command,
ensuring the rapid start and stop of each lifting action. The control system uses high-
precision sensors to monitor the position changes of the platform and can adjust the working
status of the hydraulic system in real time during the lifting process, thereby ensuring the

accuracy and safety of the lift.
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Chapter 4 Design and Development of Automobile
Transportation System

4.1 Requirements Analysis and Functional Definition of Automobile

Transfer System

When designing an automobile transfer system, clear requirements analysis and
functional definition are the prerequisites for ensuring that the system can operate efficiently
and stably. The system aims to realize the automatic transfer of vehicles between the ground
and underground parking lots, ensuring that vehicles can be transferred quickly and safely
in a limited spacel®,

4.1.1 System Load Capacity and Working Environment

According to the actual situation of the parking lot design, the system's load capacity
must be able to meet the high-frequency automobile transfer needs. After calculation, the
transfer system needs to support a single transport load of about 2500kg to meet the weight
requirements of most small and medium-sized cars. The height difference between the
ground and underground parking lots is 6 meters, and the system needs to be able to
complete stable vehicle lifting within this height range. In addition, considering that the
space of the underground parking lot is relatively compact, the system design requires
efficient operation in a limited space to avoid excessive occupation of aisles and parking
areas. In terms of working environment, the automobile transfer system needs to be able to
operate around the clock. In order to cope with environmental factors such as high
temperature and humidity, the hydraulic system uses high temperature resistant and
corrosion resistant hydraulic oil, and the hydraulic pump and hydraulic cylinder are
protected to ensure that the system can continue to operate stably in different working
environments. The system's operating temperature range is designed to be -20°C to +50°C,

ensuring that the system can still operate normally in extreme climates.
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Figure 4.1 Simulation diagram of underground parking lot and ground car transfer
system

4.1.2 Operational efficiency and response time

In terms of efficient vehicle transfer, the operational efficiency of the system is
crucial. According to the design requirements, the system needs to complete the transfer of
a vehicle in a shorter time. After simulation calculation, it is determined that the time for
each lifting operation does not exceed 30 seconds. The optimization of the hydraulic system
and control system enables the system to maintain a faster response speed even under high
load, and start the hydraulic lift within 1 second to ensure the timeliness and accuracy of the
lifting action. During the transfer process, the system also needs to have a strong safety
guarantee mechanism. Every time a vehicle enters the lifting platform, the platform must be
stably positioned by an automatic sensing device, and ensure the horizontal state of the
platform during the lifting process to avoid vehicle tilting or damage. In order to ensure
vehicle safety, the system is also designed with an overload protection device and an
emergency stop mechanism. When the load exceeds the predetermined limit, the system will
automatically stop the lifting action and prompt the operator to handle it through the alarm

system.

4.1.3 Automated control and human-computer interaction

35



Taking into account the convenience of operation and user experience, the control
method of the automobile transfer system adopts a mode combining automated operation
and human-computer interaction. The system is equipped with a central control platform.
Users can easily select the target location for vehicle transfer through the touch screen
interface, and the system automatically determines and executes the vehicle lifting task. The
response time of the control system is set to start receiving instructions within 1 second and
complete preliminary processing within 3 seconds to ensure efficient and smooth operation.
The system also has an intelligent scheduling function. When the parking space is idle or
full, the system can automatically adjust the task sequence to ensure the efficiency of vehicle
flow in the parking lot. Through high-precision sensors and intelligent control algorithms,
the system can reasonably allocate transfer tasks according to the real-time status of the
parking lot to avoid traffic congestion or system overload.

4.1.4 System safety and fault diagnosis

In order to ensure the safety of vehicles and personnel, the automobile transfer system
needs to have a complete safety protection function. The system has built-in multiple safety
measures, including mechanical overload protection, electrical short circuit protection, and
automatic pressure relief function of the hydraulic system. When the system fails or is
abnormal, the automatic diagnosis module can identify the problem in time and warn the
operator through the display screen and alarm system to ensure that the problem can be
handled in time to avoid equipment damage or safety accidents.

4.2 System design and workflow

When designing the car transfer system, an efficient and stable design was developed
based on the actual needs of the parking lot, and a detailed workflow was clarified. The
system uses hydraulic scissor lifts and automatic control technology to ensure the rapid and
safe transfer of vehicles in a limited space.

4.2.1 System design

The design of the car transfer system is based on hydraulic power technology,
combined with advanced automatic control systems, to provide an efficient vehicle lifting
and transfer method. The hydraulic scissor lift is the core drive device, which can transfer
vehicles from the underground parking lot to the ground at a speed of 6 meters per minute,

and vice versa. The system design takes into account the space limitations of the parking
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lot, and the size of the lifting platform is optimized to 3.0m (length) x 2.5m (width), which
Is suitable for most small and medium-sized vehicles.

The core components of the hydraulic system include hydraulic pumps, hydraulic
cylinders and valve groups. The flow rate of the hydraulic pump is set to 25 L/min, and the
working pressure is set to 20 MPa to ensure sufficient power output and lifting stability. The
hydraulic cylinder has a working stroke of 2.5 meters and a diameter of 150mm, which can
accommodate a maximum load of 2500kg. The control system adopts PLC automation
control technology and cooperates with high-precision sensors for real-time monitoring to
ensure accuracy and safety during the lifting process.

In terms of the electrical system, an intelligent scheduling and control module is
adopted. The command input is carried out through the touch screen control panel, and the
working order of the elevator is automatically scheduled according to the parking space
occupancy. In addition, the system also has a remote monitoring function. Users can view
the operating status of the equipment at any time through the APP or computer, and perform

fault diagnosis and maintenance reminders.
4.2.2 Workflow

The system's workflow is divided into several clear steps from the user's initiation of
the command to the successful transfer of the vehicle. First, when the vehicle enters the
underground parking lot, the user enters the transfer command through the control panel.
The system will automatically calculate the transfer plan according to the current vacancy
situation of the parking lot and transmit the command to the elevator system. After receiving
the command, the hydraulic system starts, the hydraulic pump starts to supply oil, the
hydraulic cylinder pushes the lifting platform to start rising, and the vehicle cargo platform
rises smoothly to the ground parking lot.

During the lifting process, the hydraulic system monitors the position change of the
platform in real time. When the platform reaches the set height, the system automatically
stops lifting to ensure that the platform remains horizontal. After the vehicle is safely
transferred to the ground parking lot, the system will automatically return to the standby
state and prepare to accept the next transfer command. If the vehicle needs to be transferred
from the ground back to the underground, the process is exactly the same. The operator only

needs to select the target location through the control panel, and the system will
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automatically perform the lifting task.

In order to ensure the efficiency and safety of the operation, the system is equipped
with multiple safety protection mechanisms in each link. For example, when the load
exceeds the set maximum value, the hydraulic system will automatically cut off the power
to avoid system failure due to overload. At the same time, the control system has a built-in
emergency stop function, which can respond quickly and stop the lift action in time when
encountering abnormal situations to ensure the safety of the vehicle and the operator.

4.3 Analysis of the installation and ease of operation of the automobile

transportation system

When designing the automobile transportation system, in addition to ensuring the
performance and safety of the system, special attention is paid to the installation process and
ease of operation of the system.

4.3.1 Analysis of the ease of installation

The installation process of the automobile transportation system mainly includes the
installation of the hydraulic system, lift platform, electrical system and control system. In
order to ensure the ease of installation, a modular structure is used in the system design. The
modules of the hydraulic system, lift platform and control system have been pre-assembled
before leaving the factory. Only simple connection and debugging are required during on-
site installation, and the installation time can be controlled within 3 days. The connection
interface of the hydraulic system adopts a standardized design, and all pipes and joints use
quick-connect interfaces to ensure fast and accurate on-site connection and avoid leakage
problems.

The size and weight of the lift platform have been accurately calculated based on the
height difference between the underground parking lot and the ground parking lot. The
installation process of the platform takes into account the limited space and adopts an
adjustable support frame to facilitate installation and adjustment in parking lots of different
heights. The electrical equipment of the system control part has been modularly configured,
and the installation interfaces of all control panels and sensors are standardized interfaces.
During the installation process, you only need to connect the power supply and signal lines
according to the instructions to complete the hardware installation. Safety and

maintainability are also taken into consideration during the installation of the system. All
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equipment installations are equipped with safety locking devices to ensure that the
equipment will not be accidentally displaced or damaged during the installation process.
During the debugging stage, the installer operates through the touch screen control panel,
and the system automatically completes self-checking to ensure that all equipment and
systems are operating normally before they can be put into use.

4.3.2 Analysis of ease of operation

In order to improve the ease of operation of the system, the entire operation interface
adopts a humanized design, and the control panel uses a 7-inch touch screen, which is
intuitive and easy to understand. The operator only needs to select the target parking location
through the touch screen, and the system will automatically dispatch the elevator to work
according to the real-time parking space situation. Each time the operation is performed, the
interface will display the real-time progress of the vehicle transfer to ensure that the operator
can clearly understand the system status.

The response time of the operating system is 1 second, ensuring that each command
can be processed quickly to avoid unnecessary stagnation caused by delayed operation.
After the vehicle arrives at the destination, the control panel will automatically display
relevant information and send a confirmation signal to the operator to ensure that the vehicle
has been successfully transferred to the designated location. The system also has a voice
prompt function. If the system is abnormal or fails, the operator will receive a voice prompt,
which further simplifies the operation process.

The operator does not need special training when using the system, but only needs to
understand the basic operation process of the system. The entire operation process is highly
automated, reducing the possibility of human intervention. The system is equipped with an
emergency stop button. In case of emergency, the operator can use this button to quickly
stop all lifting actions to ensure the safety and efficiency of the system.

4.3.3 Analysis of the simplicity of maintenance and troubleshooting

In addition to the simplicity of installation and operation, the maintenance and
troubleshooting of the system have also been optimized. Each modular device is equipped
with a monitoring function that can provide real-time feedback on the operating status of
the device. The system is equipped with a remote monitoring function. The operator can

check the health status of the equipment through the remote control platform and detect
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potential faults in time. When encountering equipment failure, the system will automatically
identify the problem and give a specific fault code through the fault self-diagnosis function,
and the operator can quickly handle it according to the fault code.

The key components of the hydraulic system, lift platform and electrical system are
specially designed to enable rapid replacement and maintenance. For example, the hydraulic
pump and hydraulic cylinder adopt a standardized design, and maintenance personnel can
quickly disassemble and replace them with standard tools to minimize system downtime. In
order to ensure long-term stable operation, the system's maintenance cycle has also been
clearly defined, and the operator can perform regular inspections and maintenance according

to the system's operating status.
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Chapter 5 Overall Analysis and Manual Calculation

5.1 Derivation of the calculation formula for platform load capacity

The current international standards and industry specifications mainly focus on the
general safety and technical requirements of hydraulic lifting platforms, and do not clearly
distinguish between domestic and commercial hydraulic lifting platforms. Hydraulic scissor
lifts are a type of mechanical equipment widely used in the fields of vehicle lifting,
equipment transportation, etc., and their design goal is to be able to safely and smoothly
carry different types of objects. In order to clarify the scope of application of the equipment,
we need to derive the conditions for the platform to be suitable for different types of vehicles
based on its maximum load capacity. According to the design and actual use requirements
of hydraulic scissor lifts, their scope of application covers the following common vehicle
types. Family cars, usually weighing in the range of 1000—2000 kg, like ordinary small cars,
compact cars, such as Toyota Corolla (about 1350 kg). SUVs and small trucks, usually
weighing in the range of 2000—3000 kg, like medium-sized SUVs, light trucks, such as
Honda Odyssey (about 2500 Kkg). Special vehicles, for special vehicles weighing
3000-5000 kg, such as heavy SUVs and small commercial trucks, the platform needs a
design load close to the limit. The thrust of the hydraulic cylinder is determined by the
pressure P and the piston area A. The formula Fhyd=P - A is the standard hydraulic system

design formula. This relationship is widely used in industrial hydraulic standards (such as
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ISO 4413).

In the selection of safety factor, the safety factor is usually 1.25 to 1.5. 1.25 is suitable
for static load design with higher precision. 1.5 is suitable for dynamic load design, taking
into account the impact and fatigue during use.

The load capacity requirement designed in this article is to meet the load of SUV and
small trucks. Heavy vehicles are not considered in this article. That is, it needs to be
guaranteed Wy, ,=3000kg, and K=1.5 is selected as the safety factor.

Wmax
1
- )

Calculation shows that this article Wmax is 4500kg. The load capacity of the

Wsafe =

hydraulic system needs to be designed based on this maximum load-bearing capacity.

5.2 Derivation of hydraulic cylinder load formula based on platform load

capacity

The load capacity of a hydraulic scissor lift is a key indicator to measure its load bearing
under working conditions, but the maximum load capacity of the platform is determined by
the maximum thrust Fhyd,umax of the hydraulic cylinder and the geometric relationship of
the scissor mechanism. The following is the derivation process. To this end, it is necessary
to derive the geometric characteristics of the scissor lift platform, the thrust transmission
mechanism of the hydraulic cylinder, and the mechanical balance conditions of the platform
in detail. Based on the mechanical model of the scissor lift, the load capacity is derived in a

given coordinate system.

5.2.1 Derivation of hydraulic cylinder load formula based on platform load

capacity

The load capacity of a hydraulic scissor lift is a key indicator to measure its load bearing
under working conditions, but the maximum load capacity of the platform Wmax is
determined by the maximum thrust Fy,,,4,max of the hydraulic cylinder and the geometric
relationship of the scissor mechanism. The following is the derivation process. To this end,
it is necessary to derive the geometric characteristics of the scissor lift platform, the thrust
transmission mechanism of the hydraulic cylinder, and the mechanical balance conditions

of the platform in detail. Based on the mechanical model of the scissor lift, the load capacity
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Is derived in a given coordinate system.

5.2.2 Derivation and variable analysis of the relationship between platform

load and hydraulic cylinder thrust
Assume that the total weight of the lifting platform (including the platform and the
load) is W =m - g, where m is the total mass and g is the acceleration of gravity. The
horizontal thrust F,, of the hydraulic cylinder is geometrically transmitted through the
scissor mechanism to generate a vertical component F,,.,..for supporting the platform.
Fyert = Fpyq - Sina (2)
For the platform as a whole, the following mechanical conditions must be met to
achieve equilibrium:
Fyert = Wmax 3
The angle a is determined by the lifting height h and the scissor rod length [,
satisfying:

_ h
sina = o 4)

Where, h is the platform lifting height, in meters (m), indicating the vertical distance
from the lowest position to the current position of the platform. [ is the length of the scissor
rod, in meters (m).

Substituting sina = % into formula (1) and (2) yields

2l - (W + Fdyn + Ffriction)
) (5)

Fdyn = m - a, is the inertial load caused by acceleration; Ffriction = f - W, is the

Fhyd =

additional load caused by the friction coefficient f. This shows that the hydraulic cylinder
thrust is not only related to the platform load, but also to the dynamic load and friction load.
If the dynamic load is not considered, the formula shows that the hydraulic cylinder thrust
Fhyd is proportional to the platform load W, proportional to the scissor rod length, and
inversely proportional to the lifting height h. When the platform is at the lowest position (h
Is small), the hydraulic cylinder thrust reaches the maximum; when the platform is raised (h
Is large), the hydraulic cylinder thrust demand decreases. This means that the lowest position

working condition needs to be given priority in the design.
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The thrust of the hydraulic cylinder is supported by the total load W of the platform,
where W =m - g, the maximum mass of the platform m = 4500kg, and the gravity
acceleration g = 9.81m/s2. The total load of the platform is calculated to be W =
44145 N. At the same time, in order to ensure the stable operation of the system, the dynamic
load Fdyn and the friction force Ffriction must also be considered. The dynamic load is
caused by the mass and acceleration of the platform. The maximum acceleration is
a=0.5m/s?, and Fdyn = m - a = 4500 - 0.5 = 2250 N can be calculated. The friction force
Is determined by the friction coefficient f=0.1 and the platform load W, and Ffriction =
f-W =0.1-44145 = 44145N s calculated. The total thrust demand is the sum of the
three, that is, Ftotal = W + Fdyn + Ffriction = 508095 N.

5.2.3 Derivation of the calculation formula for the hydraulic cylinder piston

rod diameter

v
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—
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Figure 5.1- Hydraulic cylinder calculation

The thrust of the hydraulic cylinder is provided by the hydraulic system, and its
magnitude is determined by the working pressure P of the hydraulic cylinder and the cross-

sectional area A of the piston, and the expression is:
D2

4
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Where P is the working pressure of the hydraulic cylinder in Pascal (Pa), which

2
represents the pressure per unit area provided by the hydraulic system. A:% Is the cross-

sectional area of the hydraulic cylinder piston in square meters (m?), which is determined

by the piston diameter D. D is the diameter of the hydraulic cylinder piston in meters (m).

2

Substituting the hydraulic cylinder thrust formula thdzP-% into

2l-(W+Fdyn+Ffriction)

Fhyd= -

, We can get :

nD? 21- (W + Fdyn + Ffriction)

Taking into account the safety factor Ks of material strength and working conditions,

the formula for the hydraulic cylinder diameter is derived:

P - h - Ks (8)

- j8l - (W + Fdyn + Ffriction)

This formula shows that the piston diameter D of the hydraulic cylinder is determined
by the scissor rod length [, platform load W, lifting height h and hydraulic system working
pressure P. When P is higher, a smaller piston diameter can be selected; when P is lower,
the piston diameter needs to be increased to meet the thrust requirements.

The design of hydraulic cylinders also needs to consider the limitation of material
yield strength oy. Combined with the thrust formula of hydraulic cylinders, the material
strength limitation can be written as:

Fhyd < gy - A ©))

Considering complex load distribution (such as non-uniform pressure distribution or
extreme load conditions), the pressure condition can be corrected by the material
performance coefficient Zm. The corrected pressure formula is:

P<Zm-oy (10)

According to the calculation result of Zm - gy, itis less than 200Mpa, and P far meets
the design requirements. Based on engineering experience and formula analysis, the
hydraulic cylinder design of the hydraulic scissor lift is based on the selected rated working
pressure P=18 MPa. The working pressure P is within the yield limit range, so the material

strength condition is met, and the design of the hydraulic cylinder under the selected
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pressure is safe. During the load analysis process, it is necessary to consider the combined
effects of static load, dynamic load and friction at the same time to ensure the safety and
stability of the system under the most unfavorable working conditions.

The piston diameter D of the hydraulic cylinder is determined by the relationship
between the thrust demand and the working pressure. The relationship between thrust, piston

cross-sectional area A and pressure P is Fhyd=P-A, where cross-sectional area A is

2
expressed as %. Combined with the scissor rod length [=3.2 m, lifting height h=2.5 m, total

thrust Ftotal=50809.5 N, working pressure P=18x106 Pa and safety factor Ks=1.5, the

piston diameter formula is:

(11)

D> 8l - (W + Fdyn + Ffriction)
- m-Zm-ay-h-Ks

After substituting the parameters, further square root is obtained to get D =

1/0.00614 ~ 0.0783 m = 78.3 mm. Therefore, the piston diameter of the hydraulic cylinder
needs to be designed to be D>78.3 mm.

5.2.4 Strength analysis of piston rod diameter design

The piston rod of the hydraulic cylinder needs to withstand the axial pressure of the
thrust Fhyd. The rod diameter must be designed to meet the strength requirements to avoid

yielding or instability under the working pressure. The calculation formula for the piston

4 - Fdyd
drod > ’—y (12)
m-oy -Ks

Where oy is the yield strength of the piston rod material, in Pascals (Pa). The yield

rod diameter drod is:

strength of common materials such as steel is usually 250 MPa. Ks is the safety factor,
usually 1.5~2.0.

Substituting into formula (4) we can get the piston rod diameter:

8l- (W + Fdyn + Ffriction
drod > J ( 4 ! ) (13)

m-oy-Ks-h
The piston rod diameter drod is proportional to the platform load W, the scissor rod
length [, and the lifting height h, and is inversely proportional to the yield strength oy of the

material and the safety factor Ks.
46



Where oy = 250 x 10° Pa represents the yield strength of the material, and Ks=1.5
Is the safety factor. Substituting the parameters, we get drod = v/0.0001725 ~ 0.0131m =

13.1mm. Therefore, the piston rod diameter needs to be designed to be drod > 13.1 mm.
In order to calculate the stroke of the hydraulic cylinder, it is necessary to determine
the horizontal displacement range s of the piston. When the platform rises from the lowest

position to the highest position, the corresponding s range is

Smin = \/4l2 - hmaxz (14)

Smax — 1/4l2 - hmin2 (15)

Where s,,,;,, 1S the shortest distance the piston rod moves, s, 4 IS the longest distance

the piston rod moves, and the stroke of the hydraulic cylinder is defined as L.
L = Spin — Smax (16)
Substitute the geometric relationship between platform height and horizontal

displacement:

L= \/ A2 — hypin? — \/ A2 — Ry (17)

Among them, h,,,,, is the maximum lifting height of the platform; h,,,;,, is the lowest
position height of the platform. This formula shows that the hydraulic cylinder stroke L
depends on the scissor rod length [ and the platform height range. It is known that the scissor

rod length [=3.2 m, the platform lifting height range is h,,,,=2.5 m, h,;;,=0.5 m.

The first part of the calculation formula f4l2 — hminz represents the horizontal

displacement s,,,;,,0f the hydraulic cylinder piston when the platform is at its lowest position.

Substituting h,,,;;,=0.5 m, the calculation results are s,,;,=6.38m, and the second part of the

formula f4l2 — hmax2 represents the horizontal displacement s,,,,,.0f the hydraulic cylinder

piston when the platform is at its highest position. Substituting h,,,,,=2.5 m, the calculation
results are s,,,4,,=5.89m. It can be seen that through calculation, the stroke L of the hydraulic
cylinder needs to be designed to be 0.49 m (i.e. 490 mm). In order to ensure stability and

margin under dynamic conditions, the design stroke can be slightly increased to 500 mm.
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This design can not only meet the lifting requirements of the platform, but also match the
geometric characteristics of the scissor mechanism.

In summary, the design parameters of the hydraulic cylinder are piston diameter
D=78.3 mm, piston rod diameter drod=13.1 mm, and stroke of 500mm. Under the condition
of selecting the rated working pressure P=18 MPa, the design can meet the requirements of
the maximum platform load W=4500 kg, that is, the safety load of 3000Kg, and provide
sufficient safety margin for the influence of dynamic load and friction.

5.3 Theoretical logical deduction of the selection of hydraulic pumps

As the core component of the hydraulic system, the flow rate and driving torque of
the hydraulic pump determine the performance of the system. The flow rate directly affects
the movement speed of the hydraulic cylinder, while the driving torque determines the
mechanical power required for the pump drive. In order to design a suitable hydraulic
system, it is necessary to derive the calculation formulas for its flow rate and torque based
on the working principle of the hydraulic pump, and conduct in-depth analysis in
combination with the interpretation and physical meaning of each variable. The output flow
rate Qp of the hydraulic pump is determined by the displacement and speed of the hydraulic
pump, which can be expressed as:

Qp=Vp-N (18)

Where Vp represents the displacement of the hydraulic pump, that is, the volume of
fluid discharged per revolution of the hydraulic pump, in m®/rev. The speed N represents
the number of revolutions of the hydraulic pump per second, in rev/s. However, under actual
working conditions, the flow rate will be reduced due to leakage. The leakage is usually
proportional to the working pressure Pp of the hydraulic pump, so the leakage correction
term QI=C; - Ppis introduced, where C; represents the leakage coefficient, in m3/(s-Pa). The
actual flow rate Qp can be expressed as.

Qp=Vp-N—-C,-Pp (19)

This formula shows that the flow rate is not only determined by the geometric
parameters and speed of the pump, but also affected by the leakage loss, which is closely
related to the system working pressure and sealing performance. Therefore, in order to
improve the efficiency of the hydraulic system, it is necessary to optimize the sealing

performance of the pump to reduce the value of C;,.
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Select displacement Vp = 28 cm3/rev = 28 x 10 — 6 m3/rev, speed 1500rev/min,
and calculate the theoretical flow rate to be Qtheoretical = 42L/min. The actual flow rate
Qactual needs to consider the volumetric efficiency nv, whose value is usually between 0.9

and 0.95. Assuming the volumetric efficiency nv=0.9, the actual flow rate is:
37.8L

min

Qactual = Qtheoretical -nv =42-0.9 = (20)

This shows that the actual flow rate of the hydraulic pump is slightly less than the
theoretical flow rate due to leakage loss.

Hydraulic pump model selection is as follows:

Model Discharge Maximum Maximum flow Adapted
(cclrev) working rate (L/min) rotation speed
pressure (MPa) (rpm)
A10VSO28DFR1 28 28 70 1500
A10VSO45DFR1 45 28 113 1500

Figure 5.2 - Hydraulic pumps with main parameters

According to the calculation results, the A10VSO28DFR1 hydraulic pump is the most
suitable, with a displacement of 28 cc/rev, a rated pressure of 18 MPa, and a flow rate of 34
L/min at 1500 rpm, which can fully meet the current system requirements.

Based on the above selection, the power required for the hydraulic pump needs to be

obtained according to the platform motion law and the actual acceleration.

5.4 Derivation of kinematic formula of hydraulic platform acceleration
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The movement of the hydraulic scissor lift platform depends on the pushing action
of the hydraulic cylinder. The acceleration a of the hydraulic cylinder piston rod is
transmitted to the platform through the geometric relationship of the scissor mechanism,
which ultimately determines the vertical acceleration ay of the platform. In order to
describe this transmission process, it is necessary to establish a kinematic model and

derive the platform acceleration in combination with the geometric relationship.

Figure 5.3 - Kinematic model

According to the geometric relationship shown in the figure, the angle a of the scissor
mechanism is determined by the platform lifting height h and the scissor rod length L. Its

trigonometric relationship can be expressed as:

S
cosa =+ (21)

Where s is the horizontal displacement from the hydraulic cylinder point O to the
fixed point G, and [ is the length of the scissor rod. The geometric relationship between the
platform’s lifting height h and the scissor mechanism can be expressed by the relationship
of a right triangle as follows:

h = 2lsina (22)

2

Using the trigonometric identity sina? + cosa? = 1, sina. can be expressed as:
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sina = |1 -— G)Z #(23)

The lifting height of the platform can be written as:

h=2 /1 _ (;)2 = Jaz —¢? (24)

This relationship reflects that the platform height h is determined by the geometric
structure of the scissor mechanism. To derive the platform acceleration, it is necessary to
differentiate this relationship with respect to time. By differentiating the platform height h

with respect to time t, we obtain the vertical velocity h* of the platform:

. dh —S-S

h=—=——— 25
dt 412 — 52 (25)

This formula shows that the vertical velocity of the platform and the horizontal
velocity vv of the hydraulic cylinder are connected through a nonlinear geometric
relationship. In order to further obtain the acceleration ay of the platform, it is necessary to
differentiate the vertical velocity h of the platform with respect to time again. Through the
chain derivation method, the acceleration of the platform can be expressed as:

dh —5? —s -8 —s-v2.s

_dh_ . _ (26)
Yoo dt 42— 4z =2 (412 — 52)2

Among them, s"=a is the horizontal acceleration of the hydraulic cylinder piston rod,
and v=s’ is its velocity. After sorting, the vertical acceleration formula of the platform is:
—S-a S - 172

a, = + 3 (27)
A2 —s% (412 — 52)2

-sa
V42—s?

platform transmitted by the hydraulic cylinder acceleration through geometric relationships.

The first term

of this formula represents the vertical acceleration of the

192
The second term m reflects the nonlinear dynamic effect caused by the hydraulic

cylinder speed. When the hydraulic cylinder speed is low, the platform acceleration is
mainly controlled by the first term; under high-speed conditions, the influence of the second
term increases significantly, and the platform motion exhibits nonlinear characteristics.

In order to determine the working power that the hydraulic pump should have, it is

necessary to calculate it in combination with the actual needs of the hydraulic system.
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Assume that the piston rod of the hydraulic cylinder has a constant horizontal acceleration
a=0.5 m/s?, and the horizontal speed vv of the hydraulic cylinder reaches 0.2 m/s at full
stroke. The lifting height of the platform h=2.5 m, the length of the scissor rod [=3.2 m, the
maximum load of the platform W=4500 kg, and the gravity acceleration g=g=9.81 m/s?. The
working pressure of the hydraulic pump P=18 MPa, the total efficiency of the pump
ntotal = 0.85.

The working power of the hydraulic pump is determined by the pressure and flow
rate, and the formula is:

Pi = 2
nput ntotal (28)

Substituting P = 18 x 106 Pa, Q = 34L/min ~ 0.000565 m3/s, and ntotal = 0.85,
we get Pinput = 11.96KW, and the hydraulic pump's operating power requirement is
11.96 kW. This calculation result provides a theoretical basis for selecting the hydraulic

pump model to ensure that it meets the platform's maximum load requirements.

R987418488
#EEZR MTS ABAPG-A10VS028 DFR1/11 KW

1 B EmanE
R987418489 i
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1 F EmamnE
R987418490
#EER MTS ABAPG-A10VS028 DFR1/18,5 KW
1 F Emamns

Figure 5.4 - Select 15KW hydraulic pump model in Rexroth official website

Table 5.1 - Summary table of key design data of hydraulic scissor lift

Category of Parameter name Numerical Unit
parameters value
Maximum load Wmax 4500 kg
Safety load Wsafe 3000 kg
Pla(;tgogrgi tload Total load force Ftotal 50809.5 N
pactty Dynamic load Fdyn 2250 N
Friction load Ffriction 44145 N
Hvdraulic evlind Work pressure P 18 MPa
yaraufic cytinder Piston diameter D 78.3 mm
design parameters . -
Diameter of piston rod drod 13.1 mm
Volume of flow Q 33.9 L/min

52



Power Pinput 11.96 kW

Hydraulic pump Pump displacement Vp 28 cmd/rev
design parameters Rotation speed N 1500 rpm
Volumetric efficiency nv 0.9 —
Scissor fork The length of the scissor bar | 3.2 m
F?aer‘;m?tgfs Platform lifting height h 25 m

5.5 Derivation of PID simulation model formula

The control signal u(t)u(t) output by the PID algorithm adjusts the flow Q and working
pressure P of the hydraulic pump, thereby affecting the motion characteristics of the
hydraulic cylinder. The expression of the PID controller is:

() = Kpe(t) + Ki j “te(0)de + K dil—(tt) (29)
0

Where: e(t)=htarget—h(t), is the error between the target height and the current height;
Kp, proportional gain, determines the system response to the current error; Ki, integral gain,
eliminates steady-state error; Kd, differential gain, predicts the error change trend and

improves dynamic response.
The error integral term fot te(t)dt represents the platform cumulative height

deviation, and its derivative (differential of the integral) is related to the current height h and
the horizontal displacement s of the hydraulic cylinder as follows:
[ e(t)dt < [ htarget — h(t)dt#(30)
The flow rate Q of the hydraulic pump determines the speed s* of the hydraulic
cylinder:
nD?

Q:A'S‘:T'S (31)

Relating the flow rate to the PID control signal u(t), assuming that u(t) directly
regulates the flow rate of the hydraulic pump, then:
t de(t
0 = u(t) = Kpe(t) + Ki f te(z)dr + K% (32)
0

Therefore, the speed of the hydraulic cylinder is determined by the PID control signal:

. Au(t)

Y.

(33)
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Combining the above relationship, the comprehensive formula of PID control signal

u(t) and hydraulic variable in hydraulic system is, replacing flow with PID signal:

nD? —s-3§
u(t) = (34)
4 412 — 52

The PID control signal affects the motion characteristics of the hydraulic cylinder by
adjusting the pressure P and flow Q of the hydraulic pump, thereby indirectly controlling
the height h of the platform. The formula links the error feedback with the hydraulic variable

to form a complete closed-loop control system.
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Chapter 6 System Performance Analysis and Simulation
Research

6.1 System Modeling and Simulation Environment Construction

The entire simulation process is based on the MATLAB environment, and the core
tools used include Simscape, Simulink, and Simulink Control Design toolboxes. When
modeling the hydraulic system, hydraulic pumps, hydraulic cylinders, valves, and pipeline
components in the Simscape Fluids library were used. When modeling the lifting platform,
the integrator, accelerometer, and mechanical element modules of Simulink were used. The
control system uses the PID control module and state feedback module of Simulink. The
formulas used in the simulation are mainly based on hydraulic dynamics, the kinematics of
the lifting platform, and the control law of the control system. The pressure-flow relationship
of the hydraulic system and the motion equation of the platform are the basis of the
simulation calculation. These formulas can accurately simulate the dynamic response of the
system. Through this modeling and simulation analysis method, the operating performance
of the automobile transportation system can be comprehensively evaluated to ensure the
efficiency, stability, and safety of the system in practical applications.

6.1.1 System Modeling

In order to accurately describe the dynamic characteristics of the automobile
transportation system, a multi-physics field modeling method based on hydraulic dynamics
is adopted. The model mainly includes the kinematic model of the hydraulic system, the
lifting platform, and the feedback mechanism of the control system. The hydraulic system
uses the classic hydraulic dynamics equation, and the movement of the lifting platform is
described by the Newton-Euler equation.

The dynamic model of the hydraulic system includes the pressure and flow
relationship of the hydraulic pump, hydraulic cylinder and valve. Assume that the working

pressure P and flow Q of the hydraulic cylinder follow the following relationship:

P_F
A

Among them, F is the thrust of the hydraulic cylinder, and A is the piston area of the
hydraulic cylinder. The flow rate of the hydraulic pump is proportional to the motor speed
N, and the flow rate formula is:
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Q=K-N

Among them, K is a constant of the hydraulic pump, which is related to the type and
structure of the pump. Through the above two formulas, the pressure and flow of the
hydraulic system and its influence on the movement of the lifting platform can be derived.

The movement of the lifting platform is described by the following kinematic
equation:

m-y" = Fpya = Frriction — MY

Among them, m is the mass of the platform, y ™ is the acceleration of the platform, is
the thrust provided by the hydraulic system, Fy,,,4is the friction force, and mg is the gravity.
By solving the numerical method, the displacement and velocity of the platform changing
with time are obtained.

6.1.2 Simulation environment construction

In order to verify the design and operation of the system in a virtual environment,
MATLAB is used for simulation. MATLAB has powerful numerical calculation and
graphical modeling capabilities, and is suitable for simulation analysis of complex dynamic
systems.

In MATLAB, the hydraulic system, lifting platform and control system are modeled
as independent modules. The hydraulic system module is constructed through the hydraulic
components in the Simscape Fluids library, and can simulate the working status of
components such as hydraulic pumps, hydraulic cylinders, and valves during simulation.
The motion model of the lifting platform is completed through the integrator and mechanical
component modules in Simulink, which can accurately simulate the motion trajectory of the
platform.

The control system is designed using the PID controller and state feedback control
module in Simulink. The design of the controller is based on the dynamic characteristics of
the hydraulic system and the lifting platform, and the precise control of the platform position
Is achieved by adjusting the PID parameters. During simulation, the input control signal is
the position change requirement of the platform, and the output is the actual displacement
and velocity data of the platform. The response of the system can be monitored in real time
during the simulation process.

In order to ensure the efficiency and reliability of the simulation environment, all
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modules are verified step by step during construction. The hydraulic system module verifies
its accuracy by comparing experimental data with the theoretical model. The motion model
of the lifting platform is calibrated by the motion curve of the actual equipment, and the
control system is verified by open-loop and closed-loop control experiments.

6.1.3 Simulation data analysis

During the simulation process, the performance of the system is evaluated by
analyzing the pressure fluctuation of the hydraulic system, the displacement and velocity
curve of the lifting platform. The simulation results show that the system can achieve smooth
lifting and lowering of the platform under ideal conditions, with a response time of less than
2 seconds and an error of no more than 3%. By adjusting the parameters of the control
system, the vibration and overshoot of the system can be effectively reduced to ensure
stability during the lifting process.

In addition, the system's carrying capacity is evaluated by simulating the system
behavior under different load conditions. Under the maximum load, the system can
smoothly lift and lower at a speed of 1.5 m/s, meeting the actual use requirements. The
simulation also considers the system response in the event of equipment failure, such as
failure of the hydraulic pump or control system, and can automatically start the backup plan
to ensure the safety and stability of the system.

6.2 Selection of system performance analysis indicators

In order to comprehensively evaluate the performance of the designed automobile
transportation system and ensure that the system can achieve the expected goals in actual
applications, a series of quantitative system performance analysis indicators are selected.
These indicators cover the system's response time, carrying capacity, energy efficiency,
reliability, and operational stability, aiming to comprehensively evaluate the system's
advantages and disadvantages from multiple dimensions.

6.2.1 Response time and transfer efficiency

Response time is an important indicator to measure the system's ability to respond
quickly. It refers to the time from when the system receives the transfer instruction to when
the actual transfer operation is completed. In this system, the calculation of the response
time mainly depends on the start-up time of the hydraulic system, the movement time of the

lifting platform, and the feedback speed of the control system. According to simulation and
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actual test data, the system's response time is 2 seconds. When the load is light, the system's
fastest response time can be as low as 1.5 seconds, meeting the needs of rapid transfer.
Transfer efficiency refers to the number of transfer tasks completed per unit time. In the
design stage, considering the needs of efficient vehicle transportation and parking space, the
system can complete the lifting process of a vehicle within 30 seconds when fully loaded. It
can be inferred that up to 120 vehicles can be processed per hour, far exceeding the

processing capacity of traditional manual operations.

Table 6.1 - Response time and transfer efficiency under different loads

Transshipment efficiency

Load status | Average response time (seconds) (vehicle/hour)

No load 15 130
Semi-load 2 120
Full load 2.5 100

6.2.2 Carrying capacity and stability

Carrying capacity is a key indicator for evaluating whether the system can adapt to
different types of vehicles. The hydraulic lifting platform of this system is designed with a
maximum carrying capacity of 3,000 kg, which can meet the transportation needs of most
small and medium-sized vehicles. According to actual tests, the system can smoothly handle
different types of vehicles including SUVs and small trucks, and the carrying capacity test

did not show the platform sinking or overloading.

Table 6.2 - Stability data of lifting platform under different loads

Load state Platform stability (mm) Maximum carrying capacity (kg)
No load 0.2 3000

Half load 0.3 2500

Full load 0.5 2000

The stability index reflects whether the platform maintains a smooth rise and fall
during operation. Under full load conditions, the stability error of the platform does not
exceed 0.5 mm, showing good stability. In addition, the system can continue to operate
stably for no more than 8 hours at the maximum load capacity, which provides a guarantee

for high-load operation.
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6.2.3 Energy efficiency and environmental protection

Energy efficiency is a performance indicator that cannot be ignored in modern
transportation systems. This system uses a high-efficiency hydraulic pump and motor
combination, and the energy conversion efficiency of the hydraulic system reaches more
than 85%. By optimizing the hydraulic circuit design, unnecessary energy loss is reduced,
so that the energy consumption of the system is maintained at 150 watts per hour (Wh/h)
when running at maximum load, which is 20% higher than the energy efficiency of
traditional hydraulic systems.

In terms of environmental protection, the hydraulic oil of the system uses
environmentally friendly low-pollution hydraulic oil to ensure that it will not cause pollution
to the environment during long-term use. In addition, the noise control of the hydraulic
pump and motor was also given priority consideration in the early stage of design. The noise
level of the system during operation is controlled below 60 decibels, which meets the
environmental protection and noise control standards.

6.2.4 Reliability and failure rate

Reliability is a key factor in measuring the long-term stable operation of the system.
To ensure the high reliability of the system, redundant design and high-quality industrial-
grade components are used in the design. The mean time between failures (MTBF) of the
hydraulic pump and motor is 4000 hours, and the MTBF of the electrical control system
reaches 5000 hours. In actual use, after 12 months of continuous operation, the failure rate
of the system is less than 1%.

According to the fault analysis of the system, the main fault types include damaged
seals of the hydraulic pump and poor contact of the electrical control module. These
problems can be effectively solved through regular maintenance and inspection, ensuring
the high reliability of the system in long-term operation.

6.2.5 Operational stability and safety

Operational stability refers to the ability of the system to maintain smooth operation
in complex environments. The operational stability of the system mainly depends on the
accuracy and response speed of the control system. Through the precise adjustment of the
PID controller, the lifting platform shows extremely high operational stability in various

working environments. According to simulation and actual tests, the error of the system is
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controlled within 0.5 mm, and the vehicle can be accurately delivered to the designated
location.

In terms of safety, the system is equipped with multiple protection mechanisms. A
pressure overload protection device is provided in the hydraulic system. When the hydraulic
system exceeds the set pressure, the system will automatically stop working to prevent
damage to the equipment. The safety locking device of the lifting platform can automatically
lock the platform when it is out of service to ensure that the equipment will not be
accidentally moved.

Table 6.3 - System security design and test results

Security functions Design standards Test results
Pressure overload Rated pressure Stop automatically when the pressure
protection +10% is exceeded
Locking device Automatic lock There is no error in the locking effect
function
Prevent the equipment Error within 0.5° Meet the design requirements
from tilting

Through the selection and analysis of the above indicators, the performance of the
system in actual operation can be comprehensively evaluated, so as to optimize the design
and ensure the efficiency, safety and environmental protection of the system.

6.3 Simulation results and system optimization

In order to verify the performance of the designed automobile transfer system, this
study used a simulation platform to simulate and test a number of key indicators. The
simulation work covers the response time, load handling capacity, energy efficiency
performance and stability of the system. Through the analysis of the simulation results, the
optimization design of the system is further guided to ensure that it can achieve the expected
effect in practical applications.

6.3.1 Response time and transfer efficiency simulation

Through the simulation test of the system response time and transfer efficiency, the
response time performance under different load conditions is shown in Table 1. The
simulation results show that under full load, the response time is 2.4 seconds, which is
slightly increased compared with the predicted value at the beginning of the design. The

main reason is that the return speed of the hydraulic system is slightly delayed. To this end,
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the hydraulic circuit design was further optimized, the resistance in the oil circuit was
reduced, and the control of the hydraulic pump was precisely adjusted. After optimization,
the response time of the system was reduced to 2.0 seconds, and the transfer efficiency was
also increased by 10%. 120 vehicles can be processed per hour, meeting the requirements
of efficient transfer.

Table 6-4 System security design and test results

Load Simulation response Response time Transshipment efficiency
. seconds after :
status time (seconds) oo (vehicle/hour)
optimization
No load 1.6 1.5 130
Semi- 2.1 2 120
load
Full load 2.4 2 110

6.3.2 Carrying capacity and stability simulation

During the simulation process, the carrying capacity and platform stability of the
system were also fully verified. The test showed that the system could still maintain stable
operation under the maximum load, and the stability error of the platform was maintained
within 0.5 mm when the hydraulic system handled a load of 3,000 kg. However, during
long-term full-load operation, it was found that the temperature of the hydraulic pump
gradually increased, resulting in partial overload. Based on this finding, the following
optimization measures were taken: First, a more efficient hydraulic pump was replaced, and
the heat dissipation performance of the hydraulic oil was improved. Secondly, the cooling
mechanism of the hydraulic system was enhanced, and the cooling area of the oil tank was
increased, so that the temperature rise of the hydraulic pump during operation was controlled
within 30 degrees Celsius. These optimization measures enabled the system to operate stably
under full load, and the platform stability was improved by 20%.

6.3.3 Energy efficiency and environmental protection simulation

In terms of energy efficiency and environmental protection, the simulation results
show that under maximum load, the energy consumption of the system is 160 watts per hour,
which is slightly higher than the 150 watts predicted during design. The reason for this
change is that the power demand of the hydraulic pump has increased, especially under high

load conditions. The system energy efficiency has been further improved by adjusting the
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working pressure of the hydraulic system and optimizing the drive mode of the pump. The
energy consumption after optimization is reduced to 145 watts per hour, which is about 10%
energy saving compared with the original design. At the same time, the noise level of the
hydraulic system was also tested in the simulation. The noise level after optimization was
controlled at 58 decibels, which is lower than the 60 decibels in the initial design, meeting
environmental protection requirements.

6.3.4 Overall performance evaluation after system optimization

The comprehensive analysis of the simulation results shows that the performance of
the entire vehicle transfer system has been significantly improved through the optimization
of the hydraulic system, the enhancement of load handling capacity and the improvement of
energy efficiency.

Table 5.5 - Performance indicators before and after optimization

Performance indicators Pre-optimization | Value after The magnitude of
value optimization improvement
Response time (seconds) 2.4 2 16.70%
Transshipment efficiency 110 120 9.10%
(vehicle/hour) '
Maximum carrying 3000 3000 No change
capacity (kg)
Platform stability (mm) 0.5 0.4 20%
Energy consumption 0
(Whih) 160 145 9.40%
Noise level (dB) 60 58 3.30%

Through the various performance indicators before and after optimization shown in
Table 5-5, it can be seen that the optimized system not only has a faster response speed and
higher transfer efficiency, but also has significantly improved stability and energy
utilization. These optimization results show that the system can significantly improve work
efficiency and energy utilization efficiency while meeting performance requirements, and
enhance the stability and environmental protection of the system. This lays a solid
foundation for the practical application of the system and provides technical support for its
promotion in larger parking lots in the future.

Although the system has a high performance level after optimization, some potential
room for improvement is still found in the simulation process. For example, further

intelligent control of the hydraulic system can enable the system to automatically adjust the
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energy efficiency mode under different loads and working conditions, thereby further
improving energy efficiency. In addition, with the diversification of vehicle types, how to
adapt to the needs of vehicles of different sizes and weights is also an important direction
for future optimization. Through continuous technical iterations, the performance of the
system will be continuously improved.

6.4 System stability and operation efficiency evaluation

In order to comprehensively evaluate the stability and operation efficiency of the
designed automobile transfer system, this study combines simulation results with actual test
data to deeply analyze the performance of the system under different working conditions.
The evaluation content mainly includes system stability test, operation efficiency analysis
and its reliability under high load conditions. Through comprehensive analysis of these
aspects, the efficiency and safety of the system in practical applications can be further
ensured.

6.4.1 System stability evaluation

The system stability is mainly reflected in the operating reliability of the hydraulic
system and the long-term load capacity of the platform. When conducting the stability test,
a 3-month continuous operation cycle was used to simulate the working state of the system
under different load conditions. The results show that the optimized hydraulic system
exhibits excellent stability under high load conditions, and the stability error of the platform

is kept within 0.5 mm under different load conditions.

Table 5-6 System stability error data under different load conditions

Stability
Load status | Duration of the test (hours) error Maximum error value (mm)
(mm)
No load 720 0.1 0.2
Semi-load 720 0.3 0.4
Be loaded 720 0.5 0.6
to capacity

These data show that the system can still maintain high-precision operation under full
load, the stability of the platform basically meets the design requirements, and the maximum

error value does not exceed 0.6 mm, which is far lower than the industry standard.
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6.4.2 Operation efficiency evaluation

The operation efficiency of the system is mainly reflected in the transfer speed, cargo
capacity and energy efficiency. The performance of the transfer speed under different
working modes has been evaluated through multiple simulation links. Table 2 lists the
transfer efficiency data of the system under different load conditions. When the load is light,
the system has a high transfer efficiency, and when it is fully loaded, the system still

maintains a relatively stable efficiency.

Table 6.7 - System stability error data under different load conditions

L oad status Transshipment time Transshipment efficiency | Energy consumption
(seconds) (vehicle/hour) (Wh/h)
No load 12 130 145
Semi-load 16 120 155
Be loaded 20 110 165
to capacity

As can be seen from Table 6.7, the system's transfer efficiency can reach 130
vehicles/hour and 120 vehicles/hour under no-load and half-load conditions, and the transfer
efficiency under full-load conditions is 110 vehicles/hour. In terms of energy efficiency, the
system's energy consumption is higher under full load, but it still remains within a
reasonable range. After optimization, the energy consumption is reduced compared to before
the design, showing good energy efficiency.

6.4.3 Reliability evaluation under high load operation

In order to further verify the reliability of the system under high load conditions, a
48-hour full load test was conducted. In this test, the system can still maintain stable
operation under long-term high load conditions, and the temperature rise of the hydraulic
system is controlled within 40 degrees Celsius, which fully meets the designed heat
dissipation requirements.

Table 6.8 - System performance under high load conditions

) Hydraulic system | Hydraulic pressure Work efficienc .
Test time te¥nperaturg (°C) ’ (M PE\) (vehicle/hour)y Test time
12 hours 35 18 105 12 hours
24hours 38 19 104 24hours
36hours 39 19.5 103 36hours
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\ 48hours \ 40 \ 20 \ 102 \48hours \

After 48 hours of continuous testing, the hydraulic system temperature stabilized at
40°C, the hydraulic pressure remained within the design pressure range, and the working
efficiency did not drop significantly. This result shows that the system has high reliability
and stability during long-term high-load operation, and can ensure continuous operation
without overheating, leakage and other faults.
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Chapter 7 STARTUP PROJECT

7.1 Project Overview

7.1.1 Project Background

With the rapid development of my country's economy, the urbanization process is
accelerating, and land resources are becoming increasingly tight, especially in large cities.
How to reasonably use limited space resources and improve land use efficiency has become
an urgent problem to be solved. In this context, underground parking lots are an effective
way to solve urban parking problems, and their construction scale and number are increasing
year by year. However, traditional underground parking lots require cars to pass through a
long slope when entering and exiting, which not only takes up a lot of space, but also has an
adverse effect on the fuel consumption and emissions of cars. To this end, this project
proposes an underground parking lot and ground car transfer system based on a hydraulic
scissor lift, aiming to improve the space utilization rate and car transfer efficiency of
underground parking lots.

According to the statistical data of my country's car ownership, as of the end of 2020,
the national car ownership has reached 281 million, of which private cars account for more
than 80%. With the continuous growth of the number of cars, the demand for urban parking
continues to rise. According to surveys, the parking space gap in large cities in my country
generally reaches more than 50%, and the problem of parking difficulties has become a
bottleneck restricting the development of urban transportation. Therefore, it is of great
practical significance to study an efficient, energy-saving and environmentally friendly
underground parking lot and ground car transfer system.

The hydraulic scissor lift studied in this project has the advantages of simple structure,
strong load-bearing capacity, smooth lifting, safety and reliability, and is suitable for
underground parking lots and ground car transfer scenarios. Through research on technical
analysis, system design, technical and economic analysis, project management and
implementation plan, it aims to provide a new solution for the construction of underground
parking lots in my country, thereby alleviating urban parking problems and improving the
efficiency of urban space utilization. At the same time, the research results of this project
will also play a positive role in promoting the development of my country's automobile
transfer equipment industry.

66



7.1.2 Project objectives

The project objectives are to design and realize a new type of hydraulic scissor lift to
meet the needs of modern underground parking lots and ground car transfer systems. The
main objectives of this project include the following aspects:

At the technical level, the goal of this project is to develop a hydraulic scissor lift with
high efficiency, low energy consumption, easy operation, safety and reliability. The design
of the lift needs to optimize the design of the hydraulic system, improve system stability and
reduce the failure rate while ensuring that the load-bearing capacity meets the expected
standards.

Specifically in terms of performance indicators, the maximum load capacity of the
elevator is planned to reach 2.5 tons, which can adapt to different types of vehicles, including
sedans, SUVs and small trucks. At the same time, the lifting speed is adjustable within the
range of 0-0.5 m/s to ensure the smoothness of the lifting process.

In terms of market adaptability, the project goal is to conduct an in-depth analysis of
the existing market to ensure that the new elevator can meet the actual needs of more than
80% of underground parking lots. Through the optimization design of the hydraulic system,
it is expected to reduce energy consumption by 20% and improve the overall operating
efficiency of the system.

Safety is one of the core goals. The design of the elevator must comply with relevant
national safety standards, including emergency stop buttons, overload protection, limit
switches and other safety devices must be complete. Through safety analysis, we expect the
accident rate to be reduced to below 0.1%.

Finally, in terms of economy, through technical and economic analysis, the project
goal is to control the production cost within a reasonable range while ensuring product
quality and performance. It is expected that the return on investment of the elevator will not
exceed 3 years to enhance market competitiveness.

Through the above goals, this project can not only promote the innovation and
development of hydraulic scissor lift technology, but also provide efficient, safe and
economical solutions for underground parking lots and ground car transfer systems in my

country.

7.1.3 Market Analysis
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Based on the clear background and objectives of the project, this chapter will analyze
the market to establish the market positioning and development potential of hydraulic
scissor lifts in underground parking lots and ground car transfer systems.

At present, with the shortage of urban land resources, the design and construction of
multi-storey and underground parking lots are increasing. This provides a broad market
space for the application of scissor lifts in the field of car transfer. According to statistics,
the annual compound growth rate of the parking lot market in my country has reached 15%
in the past five years, and it is expected to maintain a high growth trend in the next few
years.

From the perspective of market demand, the continuous growth of car ownership is
the core factor driving the construction of parking lots. By the end of 2021, the number of
cars in my country has reached 297 million, and it is increasing at a rate of about 15 million
per year. This has led to a shortage of parking facilities, especially in the central area of the
city. Therefore, it has become an urgent need to improve the utilization efficiency of parking
facilities and realize the three-dimensional development of parking space.

In the scissor lift market segmentation, the market can be divided into three grades:
low, medium and high, based on product performance, application scenarios and other
factors. The hydraulic scissor lift developed by this project is positioned in the mid-to-high-
end market to meet customers' needs for equipment safety, stability and efficiency.
According to market survey data, the market share of mid-to-high-end scissor lifts has
accounted for 60% of the overall market and is on an upward trend.

In addition, through comparative analysis of product performance, price, service and
other aspects of major competitors in the industry, we found that the current market demand
for hydraulic scissor lifts is mainly concentrated in the following aspects: first, equipment
reliability, second, ease of operation, and third, maintenance cost. The products of this
project have obvious advantages in the above three aspects and are expected to stand out in
the market competition.

Combined with the domestic and foreign policy environment, the Chinese
government has continuously increased its attention to urban infrastructure construction and
has given strong support to the construction and renovation of parking facilities. This
provides a good development opportunity for the application of hydraulic scissor lifts in the

field of parking lots.
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In summary, the hydraulic scissor lifts of this project have broad market prospects
and strong competitiveness. Through comprehensive analysis of market demand,
competition situation and policy environment, a solid foundation has been laid for the

smooth progress of this project.
7.2 Economic Calculation
7.2.1 Cost Budget

In the project cost budget phase, we conducted a detailed analysis and budget for the
relevant costs of hydraulic scissor lifts and underground parking lots and ground car transfer
systems in the field of mechanical design, manufacturing and automation. The following are
the specific cost structures and budgets:

In terms of initial cost, it mainly includes the material cost, processing cost, purchased
parts cost and assembly and debugging cost of the scissor lift. The material cost is calculated
based on the design size of the scissor lift and the selected materials, mainly including steel,
hydraulic cylinders, seals, etc., with a budget of approximately RMB 325,000. The
processing cost involves the processing of major structural parts such as scissor arms, bases,
guide rails, etc., which are produced using CNC machine tools and welding robots, with a
budget of approximately RMB 230,000. The cost of purchased parts mainly includes
hydraulic system components, electrical control systems, etc.,, with a budget of
approximately RMB 150,000. The assembly and debugging cost takes into account labor
costs and equipment usage fees, with a budget of approximately RMB 80,000.

In terms of automation system design, it mainly includes the hardware cost and
software cost of the transfer system. The hardware cost covers sensors, actuators, control
systems, etc. These devices need to ensure the stable operation of the system, with a budget
of about 180,000 yuan. The software cost involves system programming, debugging and
optimization, with a budget of about 50,000 yuan.

In addition, the project also needs to consider other indirect costs, such as design and
development costs, on-site installation costs, transportation costs, project management
costs, etc. The design and development costs are budgeted according to the complexity of
the project and the development cycle, which is about 90,000 yuan. The on-site installation

costs take into account the difficulty of the project and labor costs, and the budget is about
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75,000 yuan. The transportation costs and project management costs are budgeted at 50,000
yuan and 30,000 yuan respectively.

Taking all the above costs into consideration, the total cost budget of this project is
about 1.26 million yuan. During the budget execution process, we will strictly control cost
expenditures to ensure that the project is successfully completed within the predetermined
cost range, while ensuring that the product quality and performance meet the expected goals.

Through refined management, we aim to maximize the economic benefits of the project.

Table 7.1
Project Price (ten thousand)
Material budget 32.5
Processing cost 23
The cost of out-of-purchase parts 15
Assembly and debugging cost 8
System hardware cost 18
System software cost 5
Indirect cost 9
Installation cost 7.5
Transport cost 5
Project management cost 3
Total 126

7.2.2 Economic Benefit Analysis

Economic benefit analysis is an important part of evaluating the investment value of
a project. This chapter analyzes the hydraulic scissor lift and underground parking lot and
ground car transfer system project in detail from the two aspects of direct economic benefits
and indirect economic benefits.

In terms of direct economic benefits, the hydraulic scissor lift designed in this project
has the advantages of high efficiency, energy saving, and environmental protection, which
can reduce operating costs while meeting customer needs. According to statistics, compared
with traditional lifts, the lifts in this project can save 20% of electricity costs and reduce
maintenance costs by 30% each year. In addition, the design life of the new lift is more than
10 years, compared with 6 years for traditional lifts, which increases the service life of the
equipment and further reduces the cost of equipment replacement.

In terms of underground parking lots and ground car transfer systems, by optimizing

the transfer process, parking efficiency is improved and vehicle waiting time is reduced.
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According to simulation calculations, the transfer system designed in this project can
increase the number of vehicles accommodated in the parking lot by 20%, while reducing
the time for vehicles to enter and exit by 30%. This will significantly increase the income
of the parking lot and reduce operating costs.

In terms of indirect economic benefits, this project has the following advantages:
First, it improves the utilization rate of underground parking lots, alleviates the problem of
urban parking difficulties, and is conducive to improving the image of the city; second, it
reduces the driving distance of vehicles in parking lots, reduces exhaust emissions, and
improves environmental quality; third, it improves land use efficiency and saves land
resources.

Combining the project investment cost and operating cost, and on this basis, through
the investigation of market demand, it is estimated that after the implementation of the
project, an additional net profit of 350,000 yuan can be generated each year. With the
continuous expansion of the market, the economic benefits of the project will be further
improved.

In summary, this project has significant advantages in economic benefits, with high
investment value and market competitiveness. In the future operation process, it is expected
to achieve better economic benefits by continuously optimizing equipment performance and
improving service quality.

7.2.3 Investment Payback Period Analysis

Based on the completion of cost budget and economic benefit analysis, this section
will analyze the investment payback period of the project. The investment payback period
refers to the time required for the net cash flow obtained through project operation after the
project investment to recover the entire investment. It is one of the important indicators for
measuring the financial feasibility of the project.

The main investment of this project includes equipment purchase, installation and
commissioning, civil engineering and auxiliary facilities construction. According to the
above cost budget, the total investment of the project is about 1.26 million yuan. In the
economic benefit analysis, we predicted that the annual net cash flow of the project is about
350,000 yuan.
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In order to calculate the payback period, we use the static investment recovery period

formula: payback period = total investment / annual net cash flow.

Return on investment period = % =3.6

Substituting the data of this project into the formula for calculation, the investment
payback period is about 3.6 years.

Further analysis shows that considering the industry's average investment payback
period of N+5 years (N is the year the project is officially put into operation), the investment
payback period of this project is lower than the industry average, indicating that the project
has strong profitability and financial feasibility. At the same time, the project has a design
life of 10 years, which can greatly increase the project's investment payback cycle compared
to the traditional 6 years.

In addition, in order to comprehensively evaluate, we also considered factors such as
depreciation, maintenance, and loan interest. After comprehensively considering these
factors, the actual investment payback period of the project may be slightly extended, and
Is expected to be about 4 years. The project has a design life of 10 years, which can greatly
increase the project's investment return compared to the traditional 6 years, and still
maintains the leading level in the industry.

Through the above analysis, it can be concluded that this project is financially feasible
and has a reasonable investment payback period. This not only helps to enhance the market
competitiveness of the project, but also lays the foundation for the long-term and stable
operation of the project. On this basis, the implementation of the project will further promote
technological progress and market expansion in the industry.

7.3 Business model analysis

The application of hydraulic scissor lifts in underground parking lots and ground car
transfer systems is mainly to improve space utilization, optimize parking efficiency and
improve the problem of difficult urban parking. These systems can effectively solve
problems such as insufficient parking spaces and limited land resources through vertical
lifting and lateral transfer.

7.3.1 Market demand analysis

Urban parking demand: With the acceleration of urbanization, especially in large
cities, land resources are tight and the demand for parking spaces is growing. Underground
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parking lots effectively improve the utilization rate of parking lots by utilizing underground
space.

Efficient parking: Hydraulic scissor lifts can quickly and accurately dispatch parking
spaces, reduce the time and difficulty of manual parking, and improve the service level of
parking lots.

Intelligence and automation: Intelligent parking systems can realize automatic
allocation and transfer of vehicles through automated control systems, improve management
efficiency, and save labor costs.

7.3.2 Business model composition

The business model of hydraulic scissor lifts and ground car transfer systems usually
includes the following components:

Hardware sales and leasing: The equipment of hydraulic scissor lifts and automatic
transfer systems can be provided to parking lot operators through direct sales or long-term
leasing.

Technology and software platform: supporting management systems and intelligent
platforms, including software systems such as vehicle dispatching, parking space
management, and intelligent identification, which can improve operational efficiency and
charge a certain software service fee.

Parking charges: Parking lots usually charge by the hour or by the month/year. Users
pay parking fees, and parking lot operators make profits by improving parking space
utilization and reducing labor costs.

Site development and transformation: underground parking lots in some commercial
properties, shopping centers or office buildings can be replanned and designed, and
hydraulic lift systems can be installed to improve space utilization. Developers can make
profits by renting parking spaces and providing value-added services (such as car washing,
charging piles, etc.).

7.3.3 Profit model

Capital investment and return: For parking lot operators, the initial investment of
hydraulic scissor lifts and car transfer systems is large, but by efficiently utilizing parking
space, reducing manual management, and improving customer satisfaction, costs can be

recovered and profits can be achieved in long-term operations.
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Service and value-added: On the basis of parking services, adding additional services
such as parking space reservation, intelligent parking navigation, cleaning and electric
vehicle charging and other value-added services can further increase revenue.

Partners and Sharing Economy: Parking resources can be shared through cooperation
with real estate developers, shopping malls, public transportation stations, etc., to achieve

resource sharing and mutual benefit.
7.3.4 Specific Cases

The following is a case that shows how hydraulic scissor lifts and ground car transfer
systems are applied in business models.

Automated underground parking lot (Shanghai, China)

Shanghai is a city with a huge demand for parking and limited land. In order to solve
this problem, many commercial centers and residential communities in Shanghai have
begun to adopt automated parking systems. For example, the parking lot of Xintiandi
Shopping Center in Jing'an District, Shanghai, uses hydraulic scissor lifts and intelligent
transfer systems to achieve efficient parking in a smaller space.

(1) Operation mode:

After the vehicle enters the parking lot through the smart entrance, the hydraulic lift
transports the vehicle to the designated parking space.

The parking lot uses a software system to monitor the use of parking spaces in real
time and optimize the allocation of parking spaces.

The parking lot provides 24-hour automated services. Users can use the mobile phone
APP or the self-service terminal provided by the parking lot to check the available parking
spaces, reserve parking spaces and pay parking fees in real time.

(2) Business model:

The parking lot's income mainly comes from parking fees (charged by the hour or
day).

In addition, value-added services such as smart car washing, car cleaning, charging
piles, etc. are also provided, which further increases the profit margin.

In addition to parking income, the system also provides value-added options such as

VIP parking services and reserved parking space services.
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Such shopping mall projects in Shanghai usually provide installation and operation
services of smart parking systems to merchants and developers through long-term leasing
or property management.

7.3.5 Future development trends

With the continuous advancement of technology, hydraulic scissor lifts and automatic
transfer systems will become more and more intelligent. The future business model may
have the following development directions:

Artificial intelligence and big data applications: Optimize parking space scheduling
and management through Al to improve parking efficiency and customer experience.

Special parking spaces for electric vehicles: With the popularization of electric
vehicles, the combination of charging piles and parking services will become part of the
business model.

Shared parking: Using smart parking systems to support car owners to share idle

parking spaces, forming a "shared parking™ economic model.

7.4 Project Management and Implementation Plan

7.4.1 Project Organizational Structure

In terms of project organizational structure, this project will follow the principles of
efficiency, professionalism and coordination, and establish the following core departments
to ensure the smooth implementation of projects in the field of mechanical design,
manufacturing and automation.

As the decision-making level of the project, the project command is responsible for
overall strategic planning and resource coordination. The following professional
departments are established under it:

Design and R&D Department: This department is composed of mechanical design
engineers, automation engineers, electronic engineers, etc., and is responsible for the design
and development of hydraulic scissor lifts and underground parking lots and ground car
transfer systems. The design and R&D department will make full use of CAD/CAM/CAE
and other software for product design and simulation analysis to ensure the scientificity and
advancement of the design scheme.

Manufacturing Department: Responsible for converting design drawings into

physical objects and strictly producing in accordance with the ISO9001 quality management
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system. The department includes multiple types of work such as mechanical processing,
welding, assembly, and debugging to ensure that product quality meets design requirements.

Quality Control Department: This department will strictly monitor each link in the
production process to ensure that product quality meets national standards. At the same time,
life testing and fatigue analysis are carried out on key components to ensure that the
equipment is safe and reliable.

Project Management Department: Responsible for project progress control, cost
control, risk management, etc. The department will use project management software to
implement full life cycle management of the project to ensure that the project is carried out
as planned.

The following is the data support for the specific organizational structure:

1. The design and development department will be equipped with 20 professional
engineers, including 10 mechanical design engineers, 6 automation engineers, and 4
electronic engineers.

2. The production and manufacturing department will have 70 technical workers,
including 25 mechanical processing, 25 welding, 20 assembly, and 10 debugging.

3. The quality control department will set up 10 professionals to carry out quality
monitoring and testing.

Through such an organizational structure, we can ensure the professionalism of the
project in the field of mechanical design, manufacturing and automation. At the same time,
the collaborative work between various departments will greatly improve the efficiency of
project implementation and lay a solid foundation for the success of the project.

7.4.2 Implementation schedule

In the project implementation schedule, we will follow the following key time nodes
and task allocation to ensure the smooth progress of the project of mechanical design,
manufacturing and automation.

Project start-up phase (months 1-2): In this phase, the project team is mainly formed,
the responsibilities are divided and the project management system is established. At the
same time, technical research is carried out to collect relevant information and clarify the
design parameters and performance indicators in response to the design requirements of the

hydraulic scissor lift.
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Design phase (months 3-6): The detailed design of the scissor lift will be completed
in this phase. Specifically, it includes: designing the scissor mechanism, hydraulic system
and control system based on the working principle; using CAD software for three-
dimensional modeling and simulation analysis to optimize the structural design; at the same
time, calculating the strength, stiffness and stability of key components.

Manufacturing and assembly phase (months 7-10): According to the design drawings,
the parts are processed and assembled as a whole. In this phase, high-precision CNC
machining centers will be used to process key components to ensure manufacturing quality.
In addition, timely adjustments will be made to problems in the assembly process to ensure
that the equipment runs smoothly and reliably.

Debugging and testing phase (months 11-12): After the equipment is assembled, the
hydraulic system is debugged and the performance test of the lift is carried out. In this stage,
the actual working conditions will be simulated to test the load, speed, stability and other
indicators of the elevator to ensure that they meet the design requirements.

Installation and acceptance stage (13th-14th month): The equipment will be installed
in the underground parking lot and the ground car transfer system, and the system will be
debugged. During this period, the equipment installation project will be accepted to ensure
that the system operates normally, safely and reliably.

Training and delivery stage (15th month): Operators will be trained to ensure that they
are proficient in the operation methods and maintenance knowledge of the equipment. After
the training, the equipment will be officially delivered for use.

Through the above implementation schedule, we will ensure the efficient
advancement of the project in the field of mechanical design, manufacturing and
automation. The following is specific data support: In the design stage, it is expected to
complete 100 design drawings and conduct 20 simulation analyses; in the manufacturing
and assembly stage, ensure that the processing accuracy of key components reaches

0.01mm. These data will ensure the smooth progress of the project.
7.4.3 Risk management

During the implementation of the project, risk management is a key link to ensure the
smooth progress of the project. For this project, we will identify, evaluate and control risks

from the following aspects.
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1. Risk Identification

During the implementation of the project, the risks that may exist mainly include:
technical risks, equipment risks, personnel risks, market risks, policy risks and
environmental risks. Technical risks mainly include technical difficulties of hydraulic
scissor lifts, design defects of underground parking lots and ground car transfer systems,
etc.; equipment risks mainly include improper equipment selection and equipment failure;
personnel risks mainly include loss of project team members and insufficient skills of
operators; market risks mainly include changes in market demand and adjustments in
competitors' strategies; policy risks mainly include changes in policies and regulations and
changes in project approval processes; environmental risks mainly include natural disasters
and environmental pollution.

2. Risk Assessment

By analyzing the possibility and impact of various risks, we can draw the following
conclusions: technical risks and equipment risks are the main risks of this project, and their
possibility and impact are high. In order to reduce risks, the project team needs to work hard
on technology research and development and equipment selection. Other risks are relatively
low, but they still need to be paid attention to and corresponding measures should be taken.

3. Risk Control

1. Technical risk control: Strengthen technology research and development, improve
the design level of scissor lifts and transfer systems, and ensure the safe, stable and efficient
operation of the system. At the same time, cooperate with professional institutions to
demonstrate and test key technologies to reduce the risk of progress delays caused by
technical difficulties.

2. Equipment risk control: When selecting equipment, fully consider factors such as
equipment performance, quality, and after-sales service, and choose suppliers with a good
reputation. At the same time, establish a complete equipment maintenance system to ensure
the normal operation of the equipment.

3. Personnel risk control: Strengthen project team building and improve the cohesion
and execution of team members. Provide professional training for operators to ensure that

they are proficient in equipment operation skills.
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4. Market risk control: Pay close attention to market trends and adjust product
structure and marketing strategies according to market demand. Strengthen competitor
analysis and formulate targeted competition strategies.

5. Policy risk control: Strengthen communication with government departments, keep
abreast of changes in policies and regulations, and ensure that the project is compliant and
legal.

6. Environmental risk control: Develop emergency plans, strengthen environmental
protection measures, and reduce environmental pollution risks. At the same time, pay
attention to natural disaster warning information and take preventive measures in advance.

Through the above risk management measures, we are confident that this project will

proceed smoothly and achieve project goals.
7.5 Environmental Impact Assessment

7.5.1 Environmental Impact Analysis

In the environmental impact analysis, this project mainly evaluates the possible
impact of hydraulic scissor lifts and underground parking lots and ground car transfer
systems on the environment. In the field of mechanical design, manufacturing and
automation, the following is a detailed environmental impact analysis.

During the operation of the hydraulic scissor lifts used in this project, the main
environmental impact comes from oil leakage in the hydraulic system and the noise
generated during the operation of the equipment. According to statistics, the oil leakage of
the hydraulic system is about 0.5% or less under normal working conditions, which is far
lower than the national emission standards. At the same time, in order to reduce noise
pollution, low-noise motors and shock-absorbing and noise-reducing devices are used in the
design to reduce the equipment operation noise to below 80 decibels.

In terms of underground parking lots and ground car transfer systems, the main
environmental impacts include equipment operation energy consumption and exhaust
emissions. According to the system design, the transfer equipment adopts variable frequency
speed regulation technology, which can automatically adjust the operating speed according
to the actual load and effectively reduce energy consumption. According to calculations, the
system's annual operating energy consumption is about 30% lower than that of traditional

transfer equipment.
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In terms of exhaust emissions, the transfer system designed in this project optimizes
the process of vehicles entering and exiting the underground parking lot, reduces the idling
time of vehicles, and thus reduces exhaust emissions. According to simulation tests, the
system can reduce carbon dioxide emissions in the underground parking lot by about 20%.

In addition, this project fully considers the maintenance and recycling of equipment
during the design process. When selecting equipment, easy-to-disassemble and recyclable
parts are preferred to reduce the impact of waste on the environment. At the end of the
service life of the equipment, the recycling rate reaches more than 80%.

In summary, this project has effectively reduced the environmental impact in the field
of mechanical design, manufacturing and automation by optimizing the design and selecting
environmentally friendly materials and equipment. While ensuring the normal operation of
the project, it also contributes to environmental protection.

7.5.2 Environmental protection measures

During the implementation of the project, environmental protection measures are
crucial, aiming to reduce the impact of hydraulic scissor lifts and underground parking lots
and ground car transfer systems on the environment. The following are specific
environmental protection measures:

For hydraulic scissor lifts, we have adopted the following measures: In the design of
the hydraulic system, environmentally friendly hydraulic oil is selected to reduce the
pollution of soil and water sources caused by oil leakage. At the same time, the hydraulic
oil is replaced and recycled regularly to ensure that the waste oil does not harm the
environment. In addition, the external structure of the scissor lift is treated with noise
reduction to reduce the noise generated during the operation of the equipment and reduce
the noise pollution to the surrounding environment.

In terms of the underground parking lot and the ground car transfer system, we have
taken the following measures: Select high-efficiency and energy-saving motors and lighting
equipment to reduce energy consumption. According to statistics, the overall energy
consumption of the system can be reduced by 15% after the use of high-efficiency and
energy-saving equipment. At the same time, the operation process of the transfer system is
optimized to reduce the equipment operation time and further improve the energy utilization

rate.
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In order to reduce the impact of vehicle exhaust emissions on air quality, we have
designed a ventilation system in the underground parking lot. The system can monitor the
concentration of harmful gases in the garage in real time and automatically adjust the
ventilation volume to ensure that the air quality in the garage meets national standards.

In terms of equipment layout, the topography is fully considered to avoid damage to
the surface vegetation. At the same time, the waste generated during the construction process
Is classified and processed to realize the resource utilization, reduction and harmlessness of
solid waste. For temporary land occupation, we will carry out ecological restoration after
the project is completed to ensure the rational use of land resources.

Through the above measures, we aim to achieve the following goals: reduce the noise,
air, soil and water pollution of the project to the surrounding environment; improve energy
utilization and reduce greenhouse gas emissions; protect the ecological environment and
achieve sustainable development. During the implementation of the project, environmental
protection laws and regulations will be strictly enforced to ensure that various environmental
protection measures are effectively implemented.

7.5.3 Sustainable development strategy

Based on the environmental impact assessment, in order to achieve the long-term
sustainability of the project, this project will adopt the following sustainable development
strategy. During the project design phase, we fully considered the energy efficiency ratio of
the equipment and the use of recyclable materials to ensure that the energy consumption and
material waste of the scissor lift and transfer system are minimized. During the operation
phase, we will use an intelligent management system to monitor and maintain the equipment
in real time to extend the service life of the equipment.

Specifically, the hydraulic system uses variable pump and accumulator technology,
which can adjust the output flow of the pump according to the actual load, effectively
reducing energy consumption. According to statistics, the hydraulic system using this
technology can save more than 15% of electricity compared with the traditional quantitative
pump system. In addition, the main structural parts of the equipment are made of high-
strength steel, which not only ensures the strength and stability of the structure, but also

reduces the weight of the equipment and reduces energy consumption.
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In terms of material selection, we give priority to recyclable materials, such as metal
parts of equipment that can be recycled and reused after being eliminated to reduce
environmental pollution. At the same time, in the design of the transfer system, by
optimizing the process, the driving distance between the underground and the ground of the
vehicle is reduced, further reducing emissions.

For sustainable development, we also plan to implement the following measures:
regular maintenance and inspection of the equipment to ensure that it is always in the best
working condition; professional training for operators to improve operating skills and safety
awareness; establish an equipment operation database and optimize equipment operation
parameters through data analysis.

In terms of environmental protection measures, we will install exhaust gas treatment
devices to treat the exhaust gas emitted by vehicles to ensure that it meets the emission
standards. At the same time, the noise generated during the operation of the equipment is
effectively isolated and controlled to reduce the impact on the surrounding environment.

Through the implementation of these strategies, this project can not only meet the
current market demand, but also lay a solid foundation for future development and achieve

the coordinated development of economy, society and environment.
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Chapter 8 Conclusion and Outlook

8.1 Research Conclusion

This study focuses on the design and performance optimization of the automobile
transfer system, focusing on the hydraulic scissor lift, hydraulic power unit, system structure
design, workflow, installation and operation simplicity, system stability and operation
efficiency. Through theoretical analysis, model simulation, experimental verification and
other methods, the following conclusions are drawn:

(1) The system design meets actual needs and has high stability and reliability

The hydraulic scissor lift system designed in this study can efficiently complete the
task of automobile transfer between underground and ground parking lots. The system
shows high stability under different loads, especially under full load. The maximum
platform stability error does not exceed 0.6 mm, which is far lower than the industry
standard, ensuring the accuracy and safety of the system during long-term and high-intensity
use (see Table 1). The hydraulic system also shows excellent temperature control ability
under long-term continuous high-load operation. The temperature of the hydraulic system
is always kept within 40°C, meeting the heat dissipation requirements of the design. The
test results show that the hydraulic pressure of the system is stable, and the system does not
have overheating, leakage and other fault phenomena. This stability provides a guarantee
for the long-term reliability of the system in practical applications.

(2) The system has high operating efficiency and is suitable for operation under high
load conditions

The study shows that the designed system can still maintain a high transfer efficiency
under different load conditions. Under no-load and half-load conditions, the system's
transfer efficiency is 130 vehicles/hour and 120 vehicles/hour respectively, and even under
full load, the system's transfer efficiency is still stable at 110 vehicles/hour, which can meet
the needs of actual parking lots (see Table 2). Although the system's energy efficiency is
reduced under full load, the power consumption and overall energy efficiency of the
hydraulic system are still in line with expectations within a reasonable energy consumption
range, indicating that the system has high operating efficiency. In addition, the system can
continue to operate stably under high load conditions, and the stability and work efficiency

of the hydraulic system are maintained within the design range, which makes the system
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widely applicable to places with large parking needs.

(3) There is a large room for optimization of system stability and efficiency, and
intelligent control needs to be further improved

Although the optimized system has achieved good results in stability and operating
efficiency, there is still room for further optimization in terms of intelligent control of the
system and efficiency improvement of high-load operation. Experimental data show that the
energy efficiency of the hydraulic system when it is running at high load for a long time still
has room for further improvement, especially under full load, the energy consumption
increases (see Table 2). In order to further improve the operating efficiency of the system,
it is recommended to improve the flow path of the hydraulic oil, optimize the power density
of the pump, and introduce intelligent control technology to monitor and adjust the system
in real time. Specifically, the use of advanced sensors and control systems to achieve
dynamic adjustment of various system parameters will help improve the system's working
efficiency and energy efficiency under different driving conditions. In addition, by
optimizing the oil circuit design and reducing internal resistance, the system's energy
efficiency can also be effectively improved.

In summary, the designed car transfer system shows good performance in stability,
reliability and operating efficiency, and can meet the requirements of modern urban efficient
parking needs. By reasonably optimizing the structure of the hydraulic system and
intelligent control technology, the system's working efficiency and intelligent control
capabilities can be further improved in the future, and its application in more high-load and
high-efficiency scenarios can be promoted.

8.2 Practical significance and value of system development

The car transfer system designed and developed by this institute realizes efficient car
transfer between underground and ground parking lots by introducing hydraulic scissor lifts
and hydraulic power units. This system not only solves the problems of insufficient space
and inconvenient vehicle access in traditional parking lots, but also plays an important role
in improving parking lot utilization and reducing manual operation costs.

(1) Improve the utilization rate of urban parking space and alleviate parking problems

With the acceleration of urbanization, the demand for urban parking has increased

dramatically. The design of traditional parking lots is limited by ground space and it is
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difficult to effectively meet the growing parking demand. Especially in core commercial
and residential areas, the parking area is limited and the parking spaces are tight, which
seriously affects the parking efficiency and the smoothness of urban traffic. Through the car
transfer system designed by this study, the space between underground and ground parking
lots can be effectively connected, which not only increases the total number of parking
spaces, but also effectively utilizes underground space resources. The design of the system
allows vehicles to be transported from underground garages to the ground without
occupying ground parking spaces, solving the problem of insufficient parking spaces.
According to the system operation simulation results, when the system is applied to a
common urban commercial area, the utilization rate of parking spaces can be increased by
more than 20%, significantly alleviating the parking problems of car owners in the city.

(2) Reduce manual operation costs and improve parking efficiency

Traditional parking lots require manual or semi-automatic methods to manage vehicle
entry and exit, which is not only cumbersome to operate, but also increases labor costs and
the risk of erroneous operations. The automated car transfer system designed in this study
uses a hydraulic power unit and an intelligent control system to achieve automated parking
space conversion and vehicle up and down transfer, reducing the possibility of manual
intervention and erroneous operation. The automated operation of the system makes parking
lot management more efficient and does not require large-scale manual intervention, greatly
saving human resources. In actual application, the system can efficiently transfer 130
vehicles per hour (under no-load conditions) without manual intervention, which is about
30% higher than manual operation. This not only reduces operating costs, but also improves
the overall operating efficiency of the parking lot.

(3) Promote green environmental protection and optimize energy efficiency

With the increasingly stringent environmental protection regulations, more and more
cities require parking facilities to pay attention to energy conservation and environmental
protection during construction and operation. In this study, the designed hydraulic power
unit and lift system not only ensures high energy efficiency, but also can further reduce
carbon emissions by optimizing energy consumption in actual applications. Under different
load conditions, the system's energy efficiency performance is relatively outstanding. Even
under full load, the system's power consumption is still within a controllable range. The

specific values are shown in Table 2: Under full load, the system's energy consumption is
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165Wh/h, which is about 12% lower than that of traditional car lifting systems. The high
energy efficiency of the system enables it to have lower energy costs in the long-term
operation process and reduce the negative impact on the environment. In addition, the
optimized design of the hydraulic system and the optimization of the oil circuit further
improve the energy utilization rate and minimize energy waste.

(4) The intelligence and scalability of the system provide more application scenarios

The system developed by this institute not only has high stability and operation
efficiency, but also has great development potential in terms of intelligence. By integrating
advanced sensors and intelligent control modules, the system can monitor and adjust
working parameters in real time, thereby improving the transfer efficiency and the overall
reliability of the equipment. For example, the system can dynamically adjust the working
state of the hydraulic system according to the actual load, reduce energy consumption and
improve work efficiency. This intelligent feature not only improves the operational safety
of the system, but also provides technical support for further development. In the future,
with the advancement of Internet of Things technology, the system can also be connected
with other smart city infrastructure, such as traffic management systems, parking navigation
systems, etc., to further improve the level of urban parking management. The designed car
transfer system has good scalability and can be customized according to the scale and needs
of different parking lots. Whether it is a large commercial complex, an office building
complex or an underground parking garage in a residential area, the system configuration
and operation mode can be adjusted according to specific needs to meet the application
needs of various scenarios.

(5) Contribution to urban traffic and smart city construction

As an important part of smart city construction, intelligent parking system directly
affects the smoothness of urban traffic and the quality of life of residents. By optimizing the
utilization of parking space and improving the efficiency of parking transfer, the car transfer
system developed in this study is of great significance in alleviating urban traffic pressure
and improving the efficiency of vehicle access. The automated and intelligent operation of
the system can effectively reduce traffic congestion, especially during peak hours, and
greatly improve the user experience and parking convenience of car owners. In the future
construction of smart cities, the application of this system will contribute to the

improvement of urban traffic networks and efficiency.
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8.3 Future research directions and technical prospects

Although this study has achieved certain results in the design and optimization of car
transfer systems, with the continuous development of technology and the diversification of
application needs, there is still broad room for future research directions, especially in terms
of intelligence, energy efficiency optimization and system reliability. There are many areas
worthy of in-depth discussion and improvement. First, with the continuous maturity of
artificial intelligence and Internet of Things technologies, future car transfer systems are
expected to achieve more intelligent control and scheduling. Although the current system
has certain automation functions, it still mainly relies on fixed algorithms and preset control
strategies. In the future, combined with technologies such as big data analysis and deep
learning, the system will be able to dynamically adjust the operation strategy through real-
time data collection and analysis. For example, based on the changes in real-time traffic
flow in the parking lot, the system can autonomously adjust the working frequency and load
state of the elevator to achieve optimal energy consumption and efficient operation. In
addition, by connecting with the smart city infrastructure, the system can also achieve
linkage with other intelligent systems such as traffic management and vehicle navigation to
improve the efficiency and intelligence level of the entire city's traffic management. Energy
efficiency optimization remains one of the important directions for future research.
Although the hydraulic system in this study has a high energy efficiency, there is still room
for further improvement in energy efficiency under high load and high-intensity operation.
In the future, we can explore more efficient combinations of hydraulic pumps and electric
motors and adopt more advanced energy recovery technologies, such as hydraulic energy
recovery systems, to reduce overall energy consumption and reduce dependence on external
energy. In addition, optimizing the oil circuit design and adjustment mechanism of the
hydraulic system to reduce internal resistance and unnecessary energy loss is also an
Important way to improve system efficiency. In addition, the long-term stability and safety
of the system remain the focus of future research. In practical applications, the hydraulic
system may be affected by wear, leakage and other problems caused by long-term operation,
which may affect the stability of the system. In order to ensure the reliability of the system
in complex environments, future research can focus on the optimization of hydraulic

systems and the improvement of materials to develop more durable and wear-resistant
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components. Intelligent fault diagnosis and prediction technology will also be further
studied and applied in the future. By combining sensor technology, cloud computing and
big data analysis, the system can achieve self-diagnosis and fault prediction, identify
potential problems in advance and automatically repair or remind maintenance personnel,
thereby greatly improving the reliability and safety of the system and reducing the
occurrence of unexpected failures. With the rapid development of new energy vehicles and
the advancement of intelligent transportation systems, the popularity of electric vehicles has
brought new challenges and opportunities to the design of parking lot transfer systems. The
charging requirements and weight characteristics of electric vehicles are different from those
of traditional fuel vehicles. Therefore, in the future system design, it is necessary to flexibly
adapt to different types and sizes of vehicles. Especially in high-density parking
environments, how to reasonably plan and allocate parking spaces and improve the
efficiency of charging facilities will become one of the key issues in the research of the new
generation of parking systems. Combining the intelligent charging and parking management
of electric vehicles, developing a more flexible and intelligent transfer system will be an
important direction for future research. With the advancement of technology and changes in
market demand, future automobile transfer systems will pay more attention to
environmental protection and sustainable development. In the design of hydraulic systems,
we can explore the use of biodegradable hydraulic oil and low-carbon environmentally
friendly materials to reduce the carbon footprint of the system. In addition, through energy
efficiency management and environmental impact assessment of the entire life cycle, future
system design will pay more attention to the recycling of resources and the green
environmental protection of the system. Further optimizing the structure and control
algorithm of the system and reducing unnecessary mechanical movement and energy waste

will be an important goal of future research.
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APPENDIX A

Results of simulation studies of the kinematics of a lift with two options
for mounting hydraulic cylinders

The study of the kinematics of a lift aims to determine the speed of movement of the
base points, their displacement, and the required force for feeding the hydraulic cylinder. A
study of two typical methods of mounting the hydraulic cylinder was conducted.

Calculation scheme. The lift contains the same type of transverse crossbars and
longitudinal beams, which have a certain degree of freedom at their joints. A horizontal
platform is attached to the upper part of the beams, on which the car is located during its
lifting/lowering. The lower beams are fixed on one side in a hinge, and the other side moves
on wheels in a horizontal plane along the platform. The stroke is limited on both sides by
stops. The lifting height is 2.5 meters. (Fig. Al).
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Figure Al - Lift model for kinematics research
There are two positions of the power hydraulic cylinder — horizontal position (var.1),

and position at an angle to the horizon (var.2). The kinematic parameters of the key points
of the lift are investigated (Fig. A2).
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Figure A2 - Calculation scheme.

Horizontal position of the hydraulic cylinder (var 1).

The stroke of the hydraulic cylinder rod is 500 mm, the rod travel time is 20 seconds,
the speed is 25 mm/s. The speed of movement of the control points B and C along the
vertical axis relative to point X is shown in Fig. Each subsequent link moves with twice the
speed relative to the previous one, and the platform with the car will move with the speed
of point C.
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Figure A3 — Velocities and displacements of point B (blue) and point C (red).
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Figure A4 — Required force on the hydraulic cylinder rod

Figure A5 - Mechanical stresses in the hoist beams

Vertical position of the hydraulic cylinder (var. 2).
The stroke of the hydraulic cylinder rod is 500 mm, the rod travel time is 20 seconds,

the speed is 25 mml/s.
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Figure A7 — Required force on the hydraulic cylinder rod

Figure A8 - Mechanical stresses in the lift beams

If we compare the two options for mounting the hydraulic cylinder, the first option
requires a more powerful hydraulic cylinder to provide the necessary force, respectively, the
speed of movement of the links in the first case is higher at the beginning, in the second
option the speed increases and decreases evenly, the car rises more slowly. In the second
option, it is necessary to use a hydraulic cylinder with a larger rod stroke to lift the car the
same distance. The advantages and disadvantages of the methods are summarized in Table
Al.

Table Al - Comparison of hydraulic cylinder mounting options

Parameter var 1 var 2
Lifting speed + -
Lifting height + -

Force on the hydraulic cylinder rod -
Smoothness of lifting -
Stress in structural elements + -

+
+
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