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Nuclear fusion is one way to solve energy shortage problem. DEMO is the abbreviation for
the demonstration power plant. Due to the extreme environment inside the DEMO, the
maintenance of main parts after shutdown of devices cannot be processed by operators. A
remote handling (RH) system has been taken into consideration. The aim of this thesis is to
develop a remote handling system for the bio-shield of DEMO for remote handling systems
to complete their work.

There is this bio-shield which is quite a heavy object (around 120 tons) blocking the process
of maintenance. In the fusion reactor, the risk will be high if something is to be lifted and
dropped by accident, so the moving platform could be considered here. When the heavy load
objects are in position, it should be locked in position, which means preventing its movement
in horizontal direction, therefore, the mobile electrical lift should firstly move below the
object, then lift the object for 30 mm by a set of hydraulic cylinders. Then the lift slow slide
along the linear guide to the destination and drop this heavy object.

The structure and the design principle of the mobile electrical lift is introduced. The lift is
modelled by using 3D modelling software. Finite element software is used to test the
structure of the lift until the calculated results satisfy the requirements. The result is
discussed in the last section as well as some challenge that have been encountered and some
improvement that may be expected in future development.
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SYMBOLS AND ABBREVIATIONS

Roman characters

Py,

pressure
mass

gravity

force

diameter

basic loading rating
acceleration

torque

power

velocity

lead

number

Greek characters

Constant

g

mathematical constant

efficiency

coefficient of friction

[bar, Pa]
[kg]

[N]

[N]

[mm]

[KN, N]
[m/s’]

[Nm]

[w]

[m/s, mm/s]

[mm]

gravitational acceleration [9.81m/s?]



Subscripts

h hydraulic

Abbreviations

CFETR China Fusion Engineering Test Reactor

DEMO the demonstration fusion power reactor

ITER International Thermonuclear Experimental Reactor

FE Finite Element



Table of contents

Abstract
Acknowledgements

Symbols and abbreviations

Lo TNEOAUCHION .ttt ettt et e sat e et e et e et e saeeenee 10
1.1.  Research Back@round ..............coocuiiiiiiiiiiiiiiieeeeeeee e 10
1.2, ReSEAIrCh ODJECHIVES. ...ccouieiiiiiiieeeiieiie et eite ettt et e ereesteesbeesaeeenseessaesnseenseeenne 13
1.3, Scope and IMItAtIONS .......ccvieiieeiieiiieeieeiee et eeee e esieeereeseeesbeeseaeesseessaesnseessneenns 14
1.4. Organization 0f the PaAPET ........ccociiiiiiiiiiiiie e 15

20 MEROMS ..ottt sttt e e 16
2.1.  CAD modelling in SOlIAWOTIKS ........cceciiriiiiiiiieeiieeieeie et 16

2.1.1.  Selection of the hydraulic cylinders............cccceevieriieniiniieieeeeeeeee e 16
2.1.2.  Design of the platform ..........cocooiiiiiiiiiiiiic e 18
2.1.3.  Selection of the linear gUIde ..........c.cecveveeiiiriiniiiiiiee e 18
2.1.4. Selection of the ball screw and the ball screw peripherals units .................... 19
2.1.5.  Selection of the COUPIING ....cvviieiiiieiiieiieee e e e 22
2.1.6.  Selection of the electrical MOLOT ..........cceeeviiriieiieiiieeeeee e 22
2.1.7.  Design of the underground WOrkspace ...........ccccevuerveneinenienieneeicneceeenne 23
2.2. Finite element analysis of the electrical lift..........ccccoooiiiviiiniiinii e 23

3 RESUIE e et 24

3.1. CAD model and design SpecifiCations...........ccceecvereeriereineeienieneeieneesie e 24
3.1.1.  Selection result of the heavy load hydraulic cylinders ...........ccccccverrrenennnee. 27
3.1.2.  Design concept of platforms ........ccccueeeciieriiieniieeceeece e 28
3.1.3.  Selection result of the linear guide ..........cccceeeeeiieriiieeiiiee e, 32
3.1.4.  Selection result of the ball screw and the ball screw peripherals units........... 34
3.1.5. Selection and design result of the coupling ..........cccceevveeviieiiiniieiienieeeeee, 39
3.1.6.  Selection result of the electrical MOLOT ..........coceevieriiniiiiriiriiieececee, 42
3.1.7. The design result of the underground workspace ............ccccevvvveeriieenveennnnen. 44

3.2.  Finite element analysis 1e€SUILS ........cccvviieiiiiiiiieeieeeee e 46



4. ANALYSIS c.etieiiieeiit ettt ettt et e e b e e at e e bt e staeetaeenaeenbeeesaeennaens 48
4.1. Advantages/disadvantages of the design .........cccceevieeviiieiiiicie e 48
4.2. Analysis of FE results, deformation/stress .........cccccveevveeeiieesiieeecieeeciee e 48

BT O70) 1 1ol L1 13 10 ) s F OO PORUP O UPRUP 50

RETETEINCES ..ot 51



Figures
Figure 1. Cross-section of DEMO within the bio-shield (Crofts, 2022)...................... 12
Figure 2 Working process of CFETR mover system. (Guo, 2022)........ccccceceerverueennene 13
Figure 3 The function and structure of CFETR mover system. (Song, 2022) ............. 13
Figure 4 2D drawing of the bio-shield door ..........ccceeeviieriieiiiniicieeee e, 17
Figure 5 structure of the linear guide. (THK CO., LTD, 2024) ......cccccecevirvienvenennnene 19
Figure 6 The schematic diagram of the support unit. (THK CO., LTD, 2024)............ 21
Figure 7 The structure of the nut bracket (THK CO., LTD, 2024). ........c.ccccvvervrennnnnn. 21
Figure 8 The overall structure of the electrical lift...........ccoooiiiiiiiiiiiii 24
Figure 9 The 2D drawing with the bill of material and the exploded view.................. 26
Figure 10 Position of bio-shield door before moving. ..........ccccccvevvvievieeriienieenieennene 26
Figure 11 Position of bio-shield door after moving ............ccceeveiriiiiiiiiiinieiiee 27

Figure 12. CD210C180/125-30Z1X/01HBUM1-1A hydraulic cylinder model (Bosch

REXTOth, 2024)....eiiiiiieiieeeeee ettt ettt sttt e be et e nnnas 28
Figure 13 The model of the platform ............cocoiiiiiiiiniieeee 30
Figure 14 The way the cylinders are put inside the platform..........ccccoceviniiniinnnn. 30
Figure 15 the drawing of the platform............cccoooiiiiiiiiii 31
Figure 16 The manufacture procedure for the platform ...........ccooiiiiiiinninninnn. 32
Figure 17 The operation direction of the toOlS ..........coceeviiiiiiiiiniiiee 32
Figure 18 example of model number coding of caged linear guide (THK CO., LTD,

2024) ottt ettt 33
Figure 19 the caged roller linear guide (THK CO., LTD., 2024).....ccccccceverviirienennens 34
Figure 20 example of model number coding of the ball screw (THK CO., LTD, 2024)

............................................................................................................................... 35
Figure 21 the ball screw (THK CO., LTD, 2024) .....coeiiiiiieiienieeieeieeieeeee e 35
Figure 22 The operation direction of the tools regarding the nut bracket.................... 37
Figure 23 The model of the nut bracket ............coccoiiiiiiiiiie 37
Figure 24 2D drawing of the designed nut bracket. ..........cccoeceviininiiniiniincnicneene 38
Figure 25 The operation tree of the nut bracket. ............cooceiiiiiiiiiiiiiiiieee 38
Figure 26 Example of coding of a coupling. (MIKI PULLEY CO., LTD, 2024)........ 40

Figure 27 The coupling (MIKI PULLEY CO., LTD, 2024) ....c..cccceverieninienienennnens 40



Figure 28 The model and 2D drawing of the 22mm to 45mm sleeve............cccevueenee. 41
Figure 29 The operation Tree of the sleeve.........cccveviieeciieciiiecee e 42
Figure 30 The operation direction of tools regarding the produce of the sleeve.......... 42
Figure 31 The efficiency of the ball screw. (THK CO., LTD, 2024)......c.ccccceeevereene. 43
Figure 32 MH102A2SA12 servo motor (NIDEC INSTRUMENTS CORPORATION,
2023) 1ttt ettt ettt e ente st e bt et e nt e teente st enneenteeneeneensenne 44
Figure 33 The model of the underground workspace............ccceecvveiieniieniienieiiiee, 45
Figure 34 The 2D drawing of the underground workspace............cccoeceveiieniiiiiennnnn 46
Figure 35 The finite element analysis of equivalent Von Mises Stress ...........cc.eeue...... 47
Figure 36 The finite element of the total deformation .............cocevieiiniininniniinceen, 47
Tables
Table 1 The tools and other information of each step.........cccceeevieiiviiiiiiieeeiie e, 28
Table 2 The tools and other information of each operation step............cceeevverveeveennee. 36

Table 3 The tools and other information of each step of manufacturing the sleeve ....40



10

1. Introduction

The mobile electrical lift frees operators to do manually handling work in the work site with
extreme environment, while the electrical lift itself bears high load and located in a space

that is narrow.

1.1. Research Background

Nuclear fusion is the finest way to solve energy shortage problems. After years of research
and innovation, many nuclear devices have been invented, such as CFETR, ITER and
DEMO. CFETR is the abbreviation for The China Fusion Engineering Test Reactor. It is a
very important stage in China’s route for magnetic confinement fusion development. The
aim of its creation is to transcend ITER fusion experimental reactor and assist the
development of the demonstration fusion power reactor (DEMO). And it contains the magnet
system, blanket system, diverter system, remote handling system, vacuum vessel, thermal

shield and cryostat. (Song, 2022).

Due to the extreme environment inside the CFETR, the maintenance of main parts after
shutdown of devices cannot be processed by operators. A remote handling (RH) system,
which is controlled remotely by humans and applies integrated advanced manipulators, has
been taken into consideration. The design of the CFETR remote handling system has been
carried out in the past decades, featuring an innovative maintenance method that involves
hauling blankets and divertors via one of 16 vertical upper ports. An electrical lift system is
used to transport the heavy blanket and divertor components along a lockable rail inside the

vacuum vessel of the CFETR to the vertical upper port (Cheng, 2022).

How to create net energy from a fusion reactor has been proved by ITER, the largest fusion
experiment in the world. The aim of the demonstration fusion power plants or DEMO is to

prove that net electricity can be created from fusion reactor. The DEMO reactor is not a
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specific fusion specification. Preliminary plans for DEMO developed by multiple countries
will be finalized based on the outcomes of the ITER experiments. The DEMO is planned to
generate more than 50 MW of net electrical power. The main challenge they aim to address
is keeping the stability of the fusion plasma long enough to continuously generate energy.
Although many details about the DEMO remains to be determined, it is likely that a public
DEMO will be a tokamak-type reactor. A key distinction between DEMO-type reactors and
current experimental reactors is the integration of suitable systems and technologies
designed to capture and convert fusion power into electricity. The operating environment of
a DEMO is extreme to materials, the DEMO needs new materials and technologies (Irena

Chatzis, 2021).

Whether it is the CFETR, ITER or DEMO, tokamak device is involved. Nowadays, the
tokamak device dominates the fusion engineering field for the process of controlled
thermonuclear fusion (Freidberg, 2007). The tokamak building includes the bio-shield doors
and roofs. The general Peripheral architecture structure of the tokamak building includes the
toroidal bio-shield doors with the thickness of 2m and roofs at the top of the device. The
structure is made of steel and concrete that protects the outside environment from radiation
hazards of neutron and gamma radiation. The bio-shield doors and roofs need also be
classified as Safety-Important Class 1 (SIC-1) components (Bachmann, 2021). The bio-
shield roofs also serve as the ground of the upper maintenance hall. It can be totally removed
for people or devices to get access to chambers of tokamak for remote maintenance and
major repair process (Bachmann, 2021). The schematic diagram of bio-shield door can be

seen in Figure 1.
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Central solenoid
(brown magnet)

Bioshield

Cryostat ——___
Vacuum vessel
(translucent green)
QOuter thermal shield
(external to magnets)

Poloidal field coils
(brown magnets)

Toroidal field coils
(purple magnets)

Figure 1. Cross-section of DEMO within the bio-shield (Crofts, 2022)

There is a product which serves a similar function named CFETR mover. It is employed
within the blanket remote maintenance system for transferring blanket segment along the
toroidal direction. And two of them working together along the inboard and outboard guide
rails are used to move the functional platform toroidally (Song, 2022). The mover system is
divided into two parts: the main part and the locking part. The main part is combined with
four hydraulic jacking cylinders, one motion driving cylinder along with multiple rollers and
solenoid valves. The locking cylinder and its controlling valves are combined within the
locking part. Two parts are hinged together with the piston rod head of the moving cylinder
(Cheng, 2022). Its use and structure can be seen in Figure 3. The locking part and the main
part moves forward alternately. Namely, they move in a predefined length of step (Guo,
2022). The specific procedure can be seen in Figure 2. It can achieve precise controlling

because of determined length the mover can move in each step.

|
| . . " "
Lift the blanket Move the sub-support Lock the sub-support Unlock the support Move the support Retum the blanket
| module module module module
|
|
| Unlock the sub-support Lock the support
| module module
|
|
|

Blanket moves step by step along the toroidal track




13

Figure 2 Working process of CFETR mover system. (Guo, 2022)

Mover - Jacking roller Robot arm

Rail }Lﬁb’
(inboard) 1%

' Sliding plate
..
T,

Auxiliary locking
cylinder

Main locking
cylinder

Figure 3 The function and structure of CFETR mover system. (Song, 2022)

1.2. Research Objectives

The aim of this thesis is to design a remote handling system for the bio-shield door of DEMO.
In this thesis, I briefly introduce my thought about creating a lift that can be manufactured
and used in transferring the heavy bio-shield door that is made of concrete with safety.
Technically, this kind of lift translates horizontally avoiding the risk of dropping of the object
from a very high distance. Because in economical aspect, the dropping of the objects leads
to the casualty of the personnel and the damage to equipment. And not just economical
aspects, it matters to life. What’s more, the bio-shield door will be broke and its ability to

prevent hazard will decrease. However, the lift of my design perfectly avoids that happen.
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And the thesis provides the modelling, data and analysis to scientific community who wants
to make a prototype about the availability of translation lift applied in fusion engineering

field.

1.3. Scope and limitations

The working place is below the bio-shied door. Considering saving space for other apparatus,
the lift must be as small as possible. Although the temperature of tokamak device is
extremely high in the working time. However, only when the device is undergoing the
maintenance process, does the bio-shield door need to be opened. At that time, the
temperature is room temperature. So the working temperature of the electrical lift is normal.
The weight of the object that will be lifted is extremely heavy. So the lift is focus on lifting
heavy objects. Each part of the lift will be built to withstand the high pressure and high load.

Therefore, the components must have high rigidity.

I acknowledge some constraints or restrictions that may affect the quality of this research.
Firstly, only products on sale in the market are simply selected to make up the components
of the lift. These products are designed for general intention, so they don’t perfectly match
the working situation the lift will encounter. And they may waste more energy than the ideal
lift which is totally customized for the working situation. Due to time constraints, only the
products from a few famous suppliers are searched for. So the search depth is low and may
be the product which is selected is not the best option for the lift. As well as I give up on
some supplier which can’t be easily got access to the data of their products. Secondly, little
aspect about fatigue is considered here. Thirdly, the results may not apply universally to all
electrical lifts. The lift raises the heavy load door. And for the safety considerations, it will
move extremely slow in horizontal direction. So it is not suitable for lighter objects which is
required high speed. Lastly, there are some simplifications employed in this study. The
efficiency of each component is assumed very high, ignoring the frictional resistance of the
individual components. The whole situation is ideal. In addition, there is not only one
solution to this problem, hydraulic cylinders can also be employed to drag the lift and

electrical or pneumatic cylinders to hold the bio-shield door just like in Figure 3.
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1.4. Organization of the paper

In the chapter 2, two methods are applied to process the thesis topic. And that is
SOLIDWORKS modelling and finite-element analysis aspects. SOLIDWORKS, as well as
finite-element analysis, is used to explore the probability of the manufacture of prototype.
The process about how to use these tools to get the result is discuss in the chapter 2 and the
reason that the structure is designed in that specific way. The finite-element analysis is
mainly used to check whether the structure is stiff enough. The chapter 3 is where the results
is about to be published, such as dimensions and parameters. As for chapter 4, results will
be analysed, listing pros and cons of the design. In the last chapter, the challenges

encountered and the parts that can be expected to develop in the future are described here.
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2. Methods

In this chapter, the opinion about building the electrical lift will be discussed. Some Physics
formulas will be proposed to support the idea. Two methods are processed to get the result:
CAD modelling and finite element analysis. The CAD modelling reflects the geometry of
the result and finite element analysis is used to test its stability. The mobile electrical lift

system will contain some platforms to hold the bio-shield door while moving.

2.1.  CAD modelling in Solidworks

The tools and methods have been used to create models of each component are listed in
below. And their function is mentioned such as CAD assembly, mates, materials,
appearances and 2D drawings. And the formulas about the selection of the specification of

each component is introduced here.

2.1.1. Selection of the hydraulic cylinders

The dimensions and parameters of the bio-shield door is provided by the supervisor. And it
is the object to be subjected to the hydraulic cylinder. The suggested bio-shield door

parameters are:

Door length: 5000mm
Door width: 3000mm
Thickness: 2000mm
Mass: 120tonnes

The drawing of the bio-shield door can be seen in Figure 4.
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Figure 4 2D drawing of the bio-shield door

To lift the bio-shield door with the mass of 120 tons, heavy load hydraulic cylinder is a
suitable option from my perspective. Here is the formula to the specification of the desired

cylinder. The gravity force of the bio-shield door G is:
G=mxg (1)

In this section, hydraulic cylinder type is chosen. The nominal pressure of the hydraulic

cylinder is p bar, bore diameter is d mm. The lift force provided by one single cylinder Fy, is:
I

F, =p*10%a = (d *1073m)? « " (2)

The number of hydraulic cylinder that the electrical lift need n is:

n=— (3)
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2.1.2. Design of the platform

The standard platform fitted for the situation can’t be found on the market. This is the main
part that should be customized. The tool used to develop the design is Solidworks. Firstly, a
part file is created to accommodate the design of the platform. Then CAD assembly is
employed to combine this part and other component together and get a preview of the overall
device. Mate function is applied to the assembly process. The motion of the lift can be
studied and predicted if proper ways of mate is applied to. The function of material enables
the calculation of an accurate mass or simulation of the platform or the assembly. The
appearance function can build more realistic 3D model. Evidently, the function of 2D
drawing enables the user to get drawings with clear dimensioning. In addition, the
manufacture process is generated with the help of Solidworks CAM. In Solidworks CAM,
first the machine is defined. There are two types of machines can be applied to: Mill
machines and Turn machines. After setting up the stock, coordinate system and mill/turn

setup, the operation plan and toolpath can be automatically generated.

The most important principle of designing the platform that should obeyed is that the
thickness of the platform is less than the thickness of the door. That is because when the bio-
shield door is in static, the floor should stand the load instead of the electrical lift. Doing so,
the service life of this device can be extended. Secondly, the platform should be as compact
as possible while reserving space for 5 heavy load hydraulic cylinders, the operating systems

and the control valve. Still, reserve screw holes for easy fixing of the hydraulic cylinders.

2.1.3. Selection of the linear guide

To transfer the platform and the bio-shield door horizontally, linear guide is a good option.
It is expected to be installed underneath the platform. It is widely used in precision machinery
as well as industrial robots. The linear guide largely includes three parts: a moveable carriage
called block, a rail and balls or rollers. Linear motion is achieved by recirculating the balls
or rollers (THK CO., LTD, 2024). The structure of linear guide can be seen in Figure 5.
There are two common types of linear guide: ball guide and roller guide. Roller guide

achieves low friction. Other than that, it ensures ultra-high rigidity than the ball guide (THK
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CO., LTD, 2024). The basic loading rating is an important information influencing the
selection of the linear guide. Usually, large basic loading rating means the good capability
of carrying heavy object, also means the higher rigidity. In addition, the required accuracy
grade is needed to select. Below is the relationship among the weight of the object G, the

number of the linear guide n and the needed basic loading rating Co:

Co=— (4)

The block of the linear guide is also a factor and should be longer than the normal kind.
Because the area of the block should cover the entire platform area as much as possible to

maintain uniform normal stress. If it can avoid frequently maintenance would be better.

Carriage N
(LM block) e >

C Rail
(LM rail)

Ball

Figure 5 structure of the linear guide. (THK CO., LTD, 2024)

2.1.4. Selection of the ball screw and the ball screw peripherals units

In order to drag the bio-shield door along the linear guide, a ball screw’s accuracy is perfect
for this situation. It is expected to be installed between two linear guides. To get the ball
screw that meet the desire, there is a physics formula for the restriction of the specification

of the ball screw. The most important step to select a ball screw is to define the maximum
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axial force the ball screw should stand. The maximum axial force of the ball screw equals to

the maximum thrust F; that drag the object on the platform, and it is:

F = uymg + ma (5)
And the length of the shaft is also a factor that affect the selection of the ball screw. Because
the screw shaft cannot be lengthened directly. The rigidity of the ball screw will become
smaller if it is lengthened only and forgotten to be thickened. The screw shaft should be long
enough to drive the platform to open the whole door. In addition, the ball screw should be

precision positioning.

And for peripherals support unit in a ball screw assembly, the screw shaft is usually
supported by two different side: fixed side and support side. The fixed side is a side that
prevent the axial movement of the shaft of ball screw. This side usually contains the electrical
motor or other driving mechanism that rotates the shaft to generate linear motion. The force
carried by the fixed side is mainly axial load. And the bearing used in supported side is
usually double row angular contact ball bearing. The support side is the end where the shaft
is only supported. It allows the axial moving of the screw shaft and guide the alignment of
the shaft. The bearing used mainly is deep groove ball bearing. The schematic diagram is
displayed in Figure 6 (THK CO., LTD, 2024). There are three common types of combination
of two sides. The first one is the fixed-free. This type has simple structure. The drawback is
low rigidity and low speed. The second one is the fixed-supported. This way of combination
1s widely used in industry. It has high rigidity and high accuracy. In addition, the effort put
to maintenance is low. The last one is fixed-fixed. It is applied to some special cases to gain
higher rigidity and higher speed. The disadvantage is the structure is complexed. And it has

problems with lubrication.
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Seal

Housing
Holding lid

Hexagonal socket-head
setscrew

Set piece :!l

Lock nut

Supported side

Figure 6 The schematic diagram of the support unit. (THK CO., LTD, 2024)

The nut bracket is designed to be secured directly on the nut with screws providing a flat
surface to accommodate the platform. Its low height and simple assembly implies the
mechanism can be compact. The schematic diagram can be seen below in Figure 7 (THK

CO., LTD, 2024).

Nut bracket

Figure 7 The structure of the nut bracket (THK CO., LTD, 2024).
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2.1.5. Selection of the coupling

For the coupling, the maximum torque of the mechanism is calculated to determine the type.
And the allowable torque of the coupling should be far bigger that the maximum torque. The
bore diameter of each end should also be noticed which refer to the diameter of the screw
shaft and output shaft of the electrical motor. The existence of Axial deviation is very tricky

and only flexible coupling can handle it.

2.1.6. Selection of the electrical motor

Here are two common type of electrical motor that can be selected: stepper motor and servo
motor. A stepper motor is an actuator that converts electrical signals into angular
displacement. It receives pulse signals and converts them into corresponding currents to
control the motor to rotate at a certain angle. A servo motor is a precisely controlled electric
motor. It receives the command signal, compares it with the feedback signal inside the motor,
generates an error signal, and then the motor runs in the desired state. This process is also
called close loop. Servo motors feature fast response, high precision, and high speed. Once
the type is determined, another thing should be considered about is the maximum torque
should be provided by the motor. Usually the torque T is defined by this equation (THK CO.,
LTD, 2024):

_ Pn * Fmax

T =
Z*n*n

(6)

Where the P, means the Feed screw lead, Fmax means the maximum thrust force, n means
the Positive efficiency of feed screw. This equation is based on the conservation of energy.
The last information to be determined is the overall required output power P of the motor.

And it can be calculated based on the equation:

P=F=xv (7)
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2.1.7. Design of the underground workspace

The tool used to design the underground workspace is SOLIDWORKS. Some special
modifications will be made to keep the overall structure simple. For instance, the flat surface
of the electrical servo motor can be raised to align with the shaft of the ball screw eliminating
the shaft deviation. So the specification of the coupling can be simple. And the spot reserved
to accommodate the linear guide should be raised letting the surfaces of the block of the
linear guide and the nut bracket to parallel with each other. The overall width of the
underground workspace should be smaller than the width of the bio-shield door to meet the
requirements that the door rests on the ground not the electrical lift. However, the overall
length of the workspace also should be a little bit bigger than the platform of the electrical

lift. The extra reserved space is for the convenience of human operation and assembly.

2.2. Finite element analysis of the electrical lift

The finite element analysis is completed using ANSYS. The analysis system employed is
static structure. There are four columns should be defined to finish the simulation. The first
factor is Engineering Data. This column collects the information about the material applied
to the workpiece. A lot of default material can be found here such as structural steel and
stainless steel. The second column is about the geometry of the workpiece. The geometry of
the workpiece can be imported from other modelling software such as SOLIDWORKS and
AutoCAD. And in the fourth section which is called model section, the mesh can be created.
The element size is an influencing factor of the creation of the mesh. Usually the smaller the
element size is, the more accurate the result is. The fifth column is the setup column. The
fixed support side is defined here as well as the applied force. The last two column are the
solution and the result. The solution and the result are automatically computed by the

program. Several kinds of results can be got such as the deformation, strain, stress and fatigue.



24

3. Result

Here the calculation results, the models and the result of finite elements analysis derived by
the methods are shown. To fulfil the requirements, the whole system is made up of the heavy

load cylinders, two platforms, two linear guides, the ball screw and a servo motor.

3.1. CAD model and design specifications

The overall structure of the electrical lift is published in this section. To meet the
requirements, the whole system is made up of 10 heavy load cylinders, two platforms, two
linear guides, the ball screw, a coupling and a servo motor. The working principle is quite
simple. At the beginning, the bio-shield door rests on the floor. Then the heavy load
hydraulic cylinder rises to lift the bio-shield door. The electrical servo motor rotates to drive
the ball screw. The ball screw transfers the rotation to linear movement dragging the door

along the linear guide.

Figure 8 The overall structure of the electrical lift
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Figure 9 The 2D drawing with the bill of material and the exploded view

The status of the electrical lift before and after working is displayed:

When bio-shield door is closed:

Moving direction

—>

Figure 10 Position of bio-shield door before moving.

When bio-shield door is opened:
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Figure 11 Position of bio-shield door after moving

3.1.1. Selection result of the heavy load hydraulic cylinders

The total force required to lift the bio-shield door G is:
G=m=xg=120%103kg = 1177200N

The cylinder that meets the requirements is founded. It is from Bosch Rexroth. The model
number coding is CD210C180/125-30Z1X/01HBUM1-1A, where CD210 means the type of
cylinder model and also the nominal pressure, C means rectangular cylinder head, 180 means
the bore diameter, 125 means 125mm piston rod diameter, 30Z1X means stroke length

(Bosch Rexroth, 2024). The selected hydraulic cylinder model can be seen in Figure 12.
If the nominal pressure of the hydraulic cylinder is 210 bar, bore diameter is 180mm. The
lift force provided by one single cylinder is:
s s
F, =p*10%a = (d * 1073m)? « i 21 % 10%pa = (90 * 1073m)? * "
= 133596.225315N
The number of hydraulic cylinder that the electrical lift need is:

G 1177200

— = = ~ 1
F, 133596.225315 8.8 0

n =

Although the number needed is around 9, to face the accidental events, the number is
increased to 10 to increase the ultimate weight the lift can stand. The dimensions of the
platform of the electrical lift should be as small as possible, therefore these cylinders is
spread into two platforms. Each platform contains 5 hydraulic cylinders, and two platforms

line up in a straight line.
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Figure 12. CD210C180/125-30Z1X/01HBUM1-1A hydraulic cylinder model (Bosch
Rexroth, 2024)

3.1.2. Design concept of platforms

The length of the platform is 1200mm, the width is 500mm and the thickness of the platform
is 1000mm. there are five reserved hydraulic cylinders’ spots at the top of it. Each hydraulic
cylinder is fixed to the platform with four ISO Hex grade ab M30 screws. At the bottom of
the platform, the platform is fixed to four blocks of the linear guide with 16 ISO Hex grade

ab M16 screws. Below is the model and drawing of the platform in Figure 15.

The manufacture procedure is created with the help of the Solidworks CAM. The machine
used is the mill machine called Mill Metric. The material used is 303 stainless steel and the
stock is a bounding box of stainless steel. The manufacture process has 16 steps. In these
steps, first three steps create the space of the flange of the hydraulic cylinders, then the next
three steps mill the space for the cylinder chamber, the next four steps create the screws
holes to fix the hydraulic cylinders and the last four steps are for the screw holes to connect
the platform and the blocks of the linear guide. The manufacture procedure can be found in
Figure 16. The specific information of each step can be found in Table 1. And the operation

direction can be found in Figure 17.

Table 1 The tools and other information of each step
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Steps The tool XY Feed Z Feed rate Spindle Total Total time
rate [mm/min] speed [rpm] distance [min]
[mm/min] [mm]
Area 20 Flat End 500 200 5000 3720482.913 6192.317
Clearance
Z Level 10 Ball 332.882 249.611 2978.540 1486464.466 4426.602
Nose
Rough Mill | 20 Flat End 69.864 17.466 916.847 183063.317 2568.449
1
Rough Mill | 20 Flat End 68.864 17.466 916.847 12501.674 82.910
2
Contour 6 Flat End 195.175 48.794 4268.918 50978.281 247.539
Mill 1
Rough Mill | 20 Flat End 69.864 17.466 916.847 932412.567 12594.078
3
Rough Mill | 20 Flat End 69.864 17.466 916.847 202600.983 713.902
4
Contour 6 Flat End 195.175 48.794 4268.918 534576.583 2088.854
Mill 2
Center Drill 10MM X 101.136 101.136 2212.075 6007.196 1.812
| 90DEG
Center Drill
Drill 1 16x118deg 172.811 172.811 1133.931 245887.196 29.486
Drill
Rough Mill | 16 Flat End 43.126 10.781 1212.761 113861.042 1309.359
5
Contour 16 Flat End 43.126 10.781 1212.761 98396.677 1082.008
Mill 3
Center Drill 16MM X 80.768 80.768 1382.547 632.4 0.484
2 90DEG
Center Drill
Drill 2 14x118deg 197.498 197.498 1295.921 4598 1.152
Drill
Center Drill 20MM X 70.233 70.233 1106.038 5909.6 3.709
3 90DEG
Center Drill
Drill 3 16x118deg 172.811 172.811 1133.931 41660 9.862

Drill




Spot for the hydraulic odl Holes for ISO M30 screws

Figure 13 The model of the platform

How the cylinders are put inside the platform can be seen in Figure 14.

Figure 14 The way the cylinders are put inside the platform
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Figure 16 The manufacture procedure for the platform

Figure 17 The operation direction of the tools

3.1.3. Selection result of the linear guide

32

To stand the weight of the bio-shield door, a linear guide with high rigidity is need. The

caged roller linear guide is chosen instead of the caged ball linear guide. Because rollers are
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in surface contact with blocks and guides. The average normal stress is lower than that of
the point contact in caged ball linear guide. Therefore, it can achieve ultra-high rigidity. The
force should be provided to hold the electrical lift during the operation is 1177200N.
Considering increasing the stability of the device, two linear guides that are located on both
left and right side is a better option. So the minimum force should be provided by one single

linear guide is:

G 1177200N
C,=—=————="588600N
7 n 2

The selected type is from THK CO., LTD. Based on the example in Figure 18 (THK CO.,
LTD, 2024). The model number coding is SRG65SLC4SS+8565LHT, where the SRG65S
means model number, LC means the type of the linear guide block, 4 means 4 blocks used
on the same rail, SS means with end, side and inner seals, 8565L means the total length of
linear guide rail is 8565mm, H means the high accuracy grade and T means no tapped-hole
(THK CO., LTD., 2024). The basic static load rating is 81 1KN and meet the requirement.
The length of the rail is a little shorter than the length needed. The manufacturer should be
contacted and the rail be customized. The desired linear guide model can be seen in Figure

19.

Model number coding

SRG30X LC 2 QZ TTHH C0 +1200L P Z T -I
. T T e, T T T

Model Type of With QZ  Contamination LM rail length With plate Symbol for No. of
number LM block Lubricator Protection {in mm) cover rails used on the
acoe ascry} same plane (*4)
Efmbot 171 Symbol for LM
No. of LM blocks Radial clearance symbol (*2) myﬁ jointed use
used on the same rail  Normal (Ne symbol)

y Accuracy symbal (*3)
lﬁ?dt Preb’_;‘o(a%1 }C(} High accuracy grade (H)iPrecision grade (P)
el (co) Super precision grade (SP)/Ultra precision grade (UP)

Figure 18 example of model number coding of caged linear guide (THK CO., LTD, 2024)
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Figure 19 the caged roller linear guide (THK CO., LTD., 2024)

3.1.4. Selection result of the ball screw and the ball screw peripherals units

In this section, the desired ball screw is successfully found. The frictional coefficient of the

preselected linear guide is u=0.002 (THK CO., LTD, 2024). I decide to set the velocity of

the electrical lift to 10 millimeters per second and the acceleration to 2mm/s?. So the

maximum axial drag force is:

F = umg + ma = 0.002 = 1177200N + 120000kg * 0.002m/s? = 2594.4N

So the basic dynamic load rating of the desired ball screw should beyond this number.

The selected type is from THK CO., LTD. Based on the example of the model number
coding of the ball screw in Figure 20 (THK CO., LTD, 2024). The model number coding is
BNFN8010-2.5RRG0+8722LC5, where the BNFN means Model No., 80 means the screw
shaft outer diameter, 10 means the number of the lead in millimeter, -2.5 means No. of
circuits, RR means the labyrinth seal on both ends, GO means symbol for clearance in the
axial direction, 8722L means the overall screw shaft length is 8722mm and C5 means the
accuracy symbol. The basic load rating is 38.9KN which is much more than the required
load rating (THK CO., LTD, 2024). However, the stroke of the ball screw is 8565mm and

clearly satisfies the requirement of the overall translation of the door. The model of it can be
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seen below in Figure 21. There is another option where the screw shaft outer diameter is
70mm. The rigidity of this type of the ball screw in the length of 8722mm is still qualified.
However this kind of the ball screw can only reach an accuracy grade of C7. And this is also

the reason I discard this type of the ball screw to pursue higher accuracy grade.

Model number coding

BIF 25 05 -5 RR GO + 620L C5 a
-1 T T i e i

Model No.

Accuracy symbol

Overall screw shaft length (in mm)

Symbol for clearance in the axial direction

Seal symbol

No symbol: without seal

RR: labyrinth seal on both ends;2)

TT: with thin film seals on both sides (for SDA-V. SDAN-V only) (*3)

CC: with canvas seals on both sides (for SDA-V, SDAN-V or HEN-V oniy) (*4)

No. of circuits (Rows x tums)

Lead (in mm)

Screw shaft outer diameter (in mm)

Figure 20 example of model number coding of the ball screw (THK CO., LTD, 2024)

Figure 21 the ball screw (THK CO., LTD, 2024)

The peripheral support equipment must be customized by the company. For this reason, only
Schematic diagram is drawn in the model. The fixed-supported type is recommended since

it must stand heavy load and keep high accuracy.
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The nut bracket must be customized as well. It is made from stainless steel. The manufacture
procedure is created with the help of the SOLIDWORKS CAM. The procedure is divided
into 8 steps. The machine used is Mill Metric. The first step is the Area Clearance. The
outside shape will be formed in this stage. The second step is called Z level 1. The step is
the preparation of screw hole. The next step is the Rough Mill 1. It is to mill a rough hole
for the nut. The next step is Contour Mill 1. The tool used is the same as the first step. The
XY, Z and spindle speed is the same as the last step. The next two steps are for the drilling
of the screw holes and are called Center drill 1 and Drill 1. The last two step is to drill screw
holes for the M 14 screws for the connection between the nut bracket and the platform. The
tool used is the same as the last two drill process. The SOLIDWORKS CAM operation tree
can be found in Figure 25. Some specific information about each step is displayed in Table
2. And the operation direction can be found in Figure 22. Here below is the model and 2D

drawing of the bracket in Figure 23 and Figure 24.

Table 2 The tools and other information of each operation step

Steps The tool XY Feed Z Feed rate Spindle Total Total time
rate [mm/min] speed [rpm] distance [min]
[mm/min] [mm]
Area 20 Flat End 500 200 5000 178977.761 319.288
Clearance 1
Z Level 1 10 Ball 332.882 249.661 2978.540 4329 10.503
Nose
Rough Mill | 20 Flat End 69.864 17.466 916.847 25314.480 345.814
1
Contour 20 Flat End 69.864 17.466 916.847 7199.215 84.529
Mill 1
Center Drill 16MM X 80.768 80.768 1382.547 755.6 0.718
1 90DEG
Center Drill
Drill 1 14x118deg 197.498 197.498 1295.921 6704 1.721
Drill
Center Drill 16MM X 80.768 80.768 1382.547 632.4 0.484
2 90DEG
Center Drill
Drill 2 14x118deg 197.498 197.498 1295.921 2995.618 0.857
Drill




Drill direction

Mill direction

rill direction

Figure 22 The operation direction of the tools regarding the nut bracket

Figure 23 The model of the nut bracket
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Figure 24 2D drawing of the designed nut bracket.
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Figure 25 The operation tree of the nut bracket.
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3.1.5. Selection and design result of the coupling

The maximum torque T is:

_ Pn * Fmax _ 0.01m * 2594.4N

_ - — 4391N
2xm*n  2+%314+094 391Nm

The bore diameter of one end is 80mm (THK CO., LTD, 2024) and that is the shaft diameter
of the ball screw. Another bore diameter is 22mm (NIDEC INSTRUMENTS
CORPORATION, 2023) as the same as the shaft diameter of the preselected electrical servo
motor. The supported ground can be designed to raise the motor to align the motor and the
screw shaft, therefore, no existence of axial deviation should be considered here. The 22mm
to 80 mm coupling is rarely seen in the market. Some modification of the standard coupling
is set. The selected model is from MIKI PULLEY CO., LTD. Based on the example coding
in Figure 26 (MIKI PULLEY CO., LTD, 2024). The coding of selected product is SFF-
140SS-45K-80K-800N, where the SFF means the model number, 140 means the size, SS
means the type: single element, 45 means the bore diameter of the small end, K means the
Affixing method is wedge, 80 means the bore diameter of the large end and 800N means the
nominal rated torque (MIKI PULLEY CO., LTD, 2024). It provides excellent properties
which is develop only for servo motor applications: ultra-high stiffness, high accurate shaft
rotation, firmness in the torsional direction and flexibility in the axial direction. It is

displayed in Figure 27.

The diameter of the motor shaft doesn’t match that of the coupling. For this reason, a
component is designed and added to connect the shaft of the electrical servo motor to the
small side of the coupling. The component serves the function of a sleeve increasing the
radius of the motor shaft to 45mm. It’s model and 2D drawing can be seen in Figure 28. The
manufacture plan is got with the help of Solidworks CAM. The machine used to manufacture
it is the Mill-Metric. The raw material is a 303 stainless-steel cylinder. There are five steps
to produce this part. The first two steps cost no time. The third step is rough mill 1, this step
is mainly about digging a rough hole. The fourth step is Rough Mill 2. The main purpose of
this step is to create the keyway. The tool used, the feed rate and the spindle speed are the
same as the last step. The specific information about each step can be seen in Table 1. The

direction of tools can be seen in Figure 30. The operation tree is displayed in Figure 29.



Table 3 The tools and other information of each step of manufacturing the sleeve
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Steps The tool XY Feed Z Feed rate Spindle Total Total time
rate [mm/min] speed [rpm] distance [min]
[mm/min] [mm)]
Area 20 Flat End 500 200 5000 0 0
Clearance 1
Z Level 1 10 Ball 332.882 249.661 2978.54 0 0
Nose
Rough Mill 6 Flat End 195.175 48.794 4268.918 3761.811 15.729
1
Rough Mill 6 Flat End 195.175 48.794 4268.918 1134.71 2.818
2
Contour 20 Flat End 69.864 17.466 916.847 599.123 6.188
Mill 1

SFF-080S5-25KK-30KK-200N

Size
Ty,

e —
55 : Single element

Bore dia. d1
(Small dia.)

([

Bore dis. d2

(Large dia.)

L Nominal rated torque

(Refer to the specifications)

Countershaft tolerance i
Blank:h7 . K:kB . M:m6,J:j6.5 3590

Affixing method
K : Wedge

Figure 26 Example of coding of a coupling. (MIKI PULLEY CO., LTD, 2024)

Figure 27 The coupling (MIKI PULLEY CO., LTD, 2024)
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Figure 29 The operation Tree of the sleeve

Mill direction

Figure 30 The operation direction of tools regarding the produce of the sleeve

3.1.6. Selection result of the electrical motor

To achieve the goal of precise locating, the choice for the power source is obvious. Only
servo motor is more accuracy compared to step motor and other motor. In all kinds of servo

motor, AC servo motor is a good option. Compared with AC servo motor, DC servo motor
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can only be fed with direct current. In the workspace, there is no space to add a DC power
supply and that doesn’t obey the design principle that the overall system should be as
compact as possible. In addition, Due to the existence of the brush in DC servo motor,
electromagnetic interference is generated, which affects the normal operation of other
equipment. However, AC servo motor has advantages here. AC servo motor has long
lifespan and high reliability; it starts and brakes smoothly and reduces the vibration of the
lift. Firstly, the maximum torque should be provided by the servo motor is calculated. The
lead of the ball screw is 10mm (THK CO., LTD, 2024), the efficiency of the ball screw is
94%, and it is found in Figure 31 (THK CO., LTD, 2024).

100

Y i
| ¥ 001

< )
80 A |
) / Ball Screw
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g 60 //
= L1
g 50 L1
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T |1
40 =N L]
© Q/ P
2 % PN)
30 / 7 W
< / é]din‘ screw
20 i
10 %

012345678910
Lead angle (degree)

Fig.1 Positive Efficiency (Rotational to Linear)

[Calculating the Lead Angle]

Ph
tan[}- n* de
B : Lead angle )]
de : Ball center-to-center (mm)
diameter
Ph : Feed screw lead (mm)

Figure 31 The efficiency of the ball screw. (THK CO., LTD, 2024)

The maximum torque T is:

_ - = 4.391N + M
2xm*n  2+314+%094 i

And the output power required is:

P=F*v=fx*xv=umg=*v=0.002*120000kg * 9.81 * 0.01 m/s = 23.544W
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It is the product form NIDEC INSTRUMENTS CORPORATION. The model number is
MH102A2SA12. The rated and maximum revolving speed is 2000 rpm and 3000 rpm
respectively. The output power is 1000W and the rated torque is 4.77N*m (NIDEC
INSTRUMENTS CORPORATION, 2023). The diameter of output shaft of the servo motor

is 22mm. here is the Figure 32 of this servo motor.

In the initial plan, there is a concern that the torque needed to drag the bio-shield door is
larger than the torque can be provided by a normal AC electric servo motor. In that case, a
gear reducer is set for increase the torque and decrease the revolving speed. However we can
find the actual torque is in the range of that can be provided only by a servo motor. So no

more gear reducer is needed.

Figure 32 MH102A2SA12 servo motor (NIDEC INSTRUMENTS CORPORATION,
2023)

3.1.7. The design result of the underground workspace

The result is displayed below in Figure 34. The shaft of ball screw and the electrical motor
is aligned due to the protuberance of the ground. So do the flat surfaces of the nut bracket
and the blocks of the linear guide. There is space 20cm wide between the wall and the

platform of the lift for the maintenance and assembly by human. The building method is
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quite simple. Based on the dimensions of the drawing, a drill is used to remove the concrete
ground below the bio-shield door and place this workspace. The reason to make the
workspace out of stainless steel is that the bearings to hold the screw shaft should stand on

the metal material instead of concrete material. Concrete material is too easy to break.

tor

of

Figure 33 The model of the underground workspace
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Figure 34 The 2D drawing of the underground workspace

3.2. Finite element analysis results

The component has been simulated is the platform of the electrical lift. The preselected
material is stainless steel. The simulated model is imported from SOLIDWORKS. The mesh
element size is set to 20mm. The bottom surface of the object is set as fixed support. The
force is set on the top of the surface around the space reserved for hydraulic cylinders and
their flanges and the force is set to 588600N. All other options are set to default. The total
deformation and the equivalent Von Mises stress is automatically computed by the software
and is displayed here in Figure 35 and Figure 36. From figure, the maximum equivalent
stress is 2.748MPa. The minimum equivalent stress is 0.00074174MPa. The maximum
deformation is 0.0019697mm.
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Figure 36 The finite element of the total deformation
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4. Analysis

In this chapter, the advantages and disadvantages of the design are discussed. The analysis

of FE results is got. The availability of the preselected material is displayed below.

4.1. Advantages/disadvantages of the design

There are several advantages of the design.

1. The structure is simple. The maintenance frequency is low. The structure of the linear
guide system has been applied to several other apparatus so that the reliability of the design

is very strong.

2. The cost of this electrical lift is very low. The electrical lift is made of components can be

purchased on the market. And only three non-standard parts are involved.
It also has some disadvantages.

1. The accuracy of the lift is barely satisfactory compared to the CFETR mover system. The
CFETR mover system has a predetermined length of step, so the moving situation is quite
clear for that device. However, the electrical lift achieves the precise position by the serve

motor and the accuracy grade of its components.

2. The operation time will be quite long. The speed of the electrical lift is 10mm/s and the

whole operation time is around 8 minutes.

4.2. Analysis of FE results, deformation/stress

The stress results can be seen at the left side of the Figure 35. The maximum equivalent
stress is 2.748MPa. The minimum equivalent stress is 0.00074174MPa. The maximum
deformation is 0.0019697mm. The maximum equivalent stress and the maximum
deformation both happen in notches. This phenomenon is due to the stress concentration.

Stress concentration occurs at a point where the stress is largely greater than that of the
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vicinal area when there are discontinuities in the geometry or structure (A.K. SRIVASTAVA,
2012). The yield stress of the 303 stainless steel is 207MPa from the engineering data of
ANSYS. The yield stress is much more than the simulated maximum equivalent stress. The
assumed safety factor for this material is 3, then the actual required yield stress is
2.748MPa*3=8.244MPa. The yield stress of the 303 stainless steel is much more than the
required. In fact, most load-bearing steel materials on the market can meet the above needs.
In addition, the deformation is negligible, so the preselected material is perfect for this

situation.
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5. Conclusion

In this thesis, the design of an electrical lift to lift a heavy object in a safe way is introduced,
the mechanism and the modeling of the electrical lift are the most crucial parts in this thesis,
especially in limited space. The component selection of some part is also important.
SOLIDWORKS 2023 software and ANSYS Workbench 2023R2 software are used in this
conceptual design. The manufacture methods of the self-design parts are also mentioned.
However, the generation of the manufacture method is with the help of the SOLIDWORKS
CAM and it’s not exactly accurate for production. The method needs to be modified based
on the reality. Furthermore, comparison between the electrical lift and CFETR mover are

carried out. Merits and demerits of the design are analyzed.

In the following work, efforts will be focused on the efficiency, speed, lifespan, maintenance
and other details. For instance, the design should base on the real transmission efficiency,
and try other transmission ways such as hydraulic pneumatic methods. By comparing these
method gets an optimal solution for this situation. The speed could increase by changing the
servo motor or adding a reduce gear to increase its acceleration ability. To determine the
lifespan of the electrical lift can be quite complicated. The fatigue of the material and the
component should be considered here. By knowing the lifespan, the maintenance should be

completed frequently to increase the lifespan.
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