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Abstract

This product presents the design of a useful multi-functional adjustable table.
It will bring great convenience to people with disability who spend most of time 
in bed, so as to meet their daily needs.

Since there are already many similar products on the market, we focused on 
updating the functions on table, which can help people reading books or using 
tablet PC on beds in a comfortable way. It can also support people to stand up 
and walk around. There is a C-clamp fixing the product consolidated to bed.
Besides, the hydraulic and micro-computer systems are used to adjust the table 
into a proper height automatically.

The whole structure was designed in Autodesk Inventor 2015, and the 
simulation, test, analysis experiments were made in Abaqus 6.1.2 to ensure its 
safety and stability. 

In addition, this design can be an incentive for the improvement of the 
auxiliary equipment, highlighting the importance of the development of 
mechanisms for the healthcare.

Keywords: 
Bedside table; People with disability; Healthcare; Supporting device;

Hydraulic; Micro-computer; Abaqus 6.1.2; Autodesk Inventor 2015.
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Chapter:
Introduction

There are a large number of people, almost two of ten adults live with a 
disability in Sweden. According to Figure 4-1, many of them have to stay in 
bed for months, even years. Based on the research, there are 1.5 million 
disabled people in Sweden whose proportion is approximated 15%, which can 
be seen Figure 4-3.

Figure 4-1 The amount of disabilities in Europe[1]

With the development of technology, these people who need more help than 
other normal person deserve devices to improve their life quality. So here is the
idea for them, and hoping this multifunctional rotating table can bring 
convenience to these people.
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A survey was made on Karlskrona Hospital to find out the sick people’s life 
condition, for instance, the bed (see Figure 4-2) they use now can only read 
books or newspaper due to the limited movement and there is not enough room
for other entertainment. So the device proposed in this thesis aims to help them 
enjoy normal life as far as possible.

Figure 4-2 Current hospital bed from Sweden[2]

Figure 4-3 The status for the people with disability in Sweden[3]

This thesis concerns about the life convenience for the people lying on beds 
for a long time. The models are designed in Autodesk Inventor Professional 
2015 [4], and analysed in Abaqus 6.1.2 [5], simulating various conditions, to 
calculate the safety factor, and Von Misses stress. Results of simulation for the 
model prove the use-ability and safety during the use of the product.

In addition, the hydraulic and micro-computer system is simulated in Matlab 
and Protues 7.3 to make a practical design and choose proper components.
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Chapter:
Background

Nowadays in the market, there are already various kinds of bed tables which 
have different material and structure. People can choose the best option for 
them.

The bed table (tray) is a kind of bedroom furniture which is used by the 
patients, the people with disability and also lazy people. In fact, it brings great 
convenience to those who prefer staying in bed and they can use the laptop or 
eat on this table. 

There are two main products which are the most popular with the people 
especially the patients and the disabled. One of the products is the nursing table,
which can be seen in Figure 4-4, this kind of table can support the people, who 
want to use laptop or have meals. In other way, this table has some obvious 
advantages, they are easy to move and relatively light. 

Figure 4-1 Nursing table in the market[6]

18



Another product now in the market is the laptop desk that has been shown 
in Figure 4-5, which can be easily moved and put on the bed, it is suitable for 
the people who need to use laptop regularly when they lie on the bed. This kind 
of product is much light and easy to carry, even though people can put it in the 
suitcases when they are travelling.

Figure 4-2 Laptop desk available in the market[7]

Generally speaking, while there are so many obvious advantages in the 
existing products, it was found that these tables are not stable or adjustable. 
(Sometime it is simple for the common people but difficult for the patient and 
the disabled). Moreover, their device has limited functions people can use, 
sometime they need to buy other equipment to support them do some other 
things. Thus, the proposed design is hoped to be multifunction and much more 
safe and stabile than the existing commodities.
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Chapter:
Problem statement, objectives and 
main contribution

When people lie on the bed in the hospital, waiting for nurses or doctors to 
make medical inspection on them, they feel helpless because there is nothing 
to do but only staring at the ceiling. Whereas, there are some people who have 
to lie on beds for months or even years. They may eager to have similar 
products in market to help them in their daily life, such as providing basic 
entertainment as well as auxiliary work [8].

Through literature review, it was found that the similar products in market 
do not consider all the needs of these people as mentioned earlier. The problem 
statement which this project tries to solve is to fix the product to beds solidly, 
provide multiple functions for using the table and support them to get out of the 
bed and walk with its support. In addition, improving the design with hydraulic 
and micro-control system is also considered.

To verify the validity of the design, the thesis group used the following 
methods as the main contribution:

1. Modelling the product also its components on Autodesk Inventor 
Professional 2015.

2. Delivering more value with less waste in this project by using Lean 
project management [9].

3. Formulation and simulating FEM on Abaqus 6.1.2.

4. SimHydraulic on Matlab R2014b [10].

5. Micro-computer on Keil [11] and Protues7.8 [12].

6. Checking the simulation results by hand calculations.
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Chapter:
Solution

4.1 Specific concepts and design with different 

solutions 

4.1.1 Rotating bed table 

In the first idea, the structure is not very complex as the Figure 4-1 shows.
This idea uses two boards (side-board and desk-board) as the main part. The 
connection part is a butterfly hinge. This kind of hinge which can keep it fixed 
when using the desk. It is already widely used with bed or in other furniture in
daily life.

The advantages for this idea are that it is convenient to install it on the bed 
and simple to operate. User just has to lift the board up and rotate its direction 
in front. Then the frame under the bed is taken to the right position and finally 
the pin is inserted into the hole as can be seen in the Figure 4-13. It is easy for 
most people to use it including the people with disability [13].

Figure 4-1 Rotating bed table
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4.1.2 Motor-driven sliding table

Figure 4-2 Motor-driven table

In this design, it is convenient for the disabled to control the table, which has 
been shown in Figure 4-2, when they press the appropriate button the table goes 
up or down. When users want to control the table to go forward or come back, 
pressing a button can do that for them.

The mechanical structure is not complex. As can be seen in Figure 4-2, the 
structure consists of four parts, including two brackets, a board and guide rail. 
The guide rail is installed on the bed, it can be matched with the brackets, and 
it is balanced by the linkage system attached to it.

PLC can be used to control the whole device, of course, the microcontroller 
(89C51) can also be applied to control it, comparing with PLC and 
microcontroller control system, the former one is more expensive than the latter 
one.

4.1.3 Manual operation bed table 

This solution is complex in mechanical structure. The initial status can be 
seen in Figure 4-3, the components are shown that consist of six rods, one board 
and two guide rails. Two of them are sliding mechanism, when users put the 
table down which can be seen in Figure 4-4, the distance between the board and 
the users is changed. Besides, it has a lower price [14].
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Figure 4-3 Manual operation bed table folded

Figure 4-4 Manual operation bed table unfolded

4.1.4 Handy bed side table

Figure 4-5 Handy bed side table
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In this case, the table is handy for users to use when they lie on the bed, the 
whole device has been shown in Figure 4-5. The handy bed side table can be 
put around any side of the bed and the user can easily use it for eating, drinking 
even reading. For the whole mechanical structure can be manufactured easily.
Although it is controlled by manually, considering the low costs and 
functionality, it is a good solution.

Table 4-1 The standard of choosing the best idea

Idea Economy Design Quality Safety Market Total

1 4 3 3 4 3 17

2 2 4 4 3 3 16

3 3 4 3 3 3 16

4 4 4 3 4 4 19

(1-bad 2-poor 3-fair 4-good 5-excellent)

Based on the total points, the fourth idea was chosen which is better than 
others out of four, and then it was further modified to improve design and add 
more functionality.

4.2 Final redesign 

4.2.1 First version of the redesign

After summarizing the advantages from the methods based on the innovation 
table which has been shown before, selecting the refined and discard the crude
is the next step, then the product is redesigned which is shown in Figure 4-6.
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Figure 4-6 First version modelling of redesign

The product is expected to be suitable for most of different surroundings, 
such as sofa, chair and so on.

Table 4-2 Parts list for the first version

Part number Name Quantity

1 Sliding table 1

2 Cantilever 2

3 Foundation 1 1

4 Upright assembly tube 1

5 Spring loaded button 1

6 Handle bushing 1

7 Armrest 1
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4.2.2 Second version of the redesign

After further brainstorming, a better method was found, to go further to find 
the way to optimize the product, This version of modification finally looks as 
in Figure 4-7.

Figure 4-7 Second version of redesign model

Where the product has seven major points in this case, from the top to the 
bottom, the point is the handle, which can help people stand up from the bed. 
Then two joints can be easily adjusted in height and the distance between the 
user and the table. Another point is the table itself, which consists of two 
different parts. The first part can be used to put food and drinks, i.e. the user 
can have meals on it, and the second part can be adjusted into different angle 
which depends on the user’s needs. The gas spring can be used to raise the 
height of the rotating part, which is convenient for the user to use that especially 
for the disabled people. About the fixture part, there is a special device that can 
be fixed on the bed. It can be born the high stress and make the whole system 
very stable in its standing position. At last, four small wheels are equipped in 
the base of the table. They can help the people to move when the user want to 
use it in any other situations.
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4.3 Specific concepts and design with final solution 

The final version of the design of bed side table can be seen in the Figure 
4-8. All the disadvantages in the previous designs were considered and 
optimization was performed in this final design. In this design, the usage should 
be more convenient, more practical. In addition, some new functions were also 
considered to make the design much multifunctional.

The round handrail, tablet holder were added in the final version. The reason 
is that the device should easy enough to be used for different kinds of users. In 
addition, the fixture part and the column were modified and optimized, it should 
be stable all the time whether it is used or not. To make the product more 
beautiful and attractive, the shape of the base part was changed in order to 
ensure the required strength.

Figure 4-8 Final version for the model
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4.3.1 Design of the table part 

In order to make the product suitable for different requirements from various 
users, the table was made in two parts as can be seen in the Figure 4-9, The 
reason why the boards was divided into two parts is that this kind of design can 
help users to do different things at the same time, for example they are able to 
use the slant part to read books, newspapers and so on. Thus the aim is to make 
the design to be a multifunctional. On the one hand, the gap was designed in 
the green table part, when the users plan to adjust the table in different angles,
it can avoid being collided. On the other hand, when the users read books or 
newspapers, they can adjust the distance if their eye site is not good enough. So 
it becomes convenient and flexible to the users.

 

Figure 4-9 Table part for the final design
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4.3.1.1 Material choice
To select the best material and estimate the possible price of whole product, 

some similar items are found.

1. Material for tablet

a) Plastic

Figure 4-10 Plastic tablet[15]

b) Wood

Figure 4-11 Wood tablet[16]

Table 4-3 Assessment of the material

Evaluation

Idea No.

Economy Design Safety Practicability comfort Total

Wood 3 3 2 3 11
Plastic 2 1 3 2 8

Weight: Around 1.1 kg
Price:     Around $35

Weight: Around 1.3 kg
Price:     Around $32
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Conclusion:  Wood tablet

4.3.1.2 Locking gas spring
In order to rotate yellow part of the table as shown in Figure 4-12, Gas spring 

was used to support the adjustable part. This type of spring uses a compressed 
gas, contained in a cylinder and compressed by a piston, to exert force. In this 
case, QD13 locking gas spring was chosen for supporting our rotating part as 
can be seen in the Figure 4-12 and its structure is shown in the Figure 4-13.
This kind of gas spring can be chosen variable elastic locking and optimized 
weight compensation during lifting or lowering. The maximum travel is 140
mm which is enough for our table part. So it is highly flexible and on the other 
hand the users just press by a small force that can make the gas spring be 
adjusted. The operability of the gas spring is suitable for all kinds of people 
especially for the disabled.

Figure 4-12 Locking gas spring QD13[17]
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Figure 4-13 The structure of the gas spring[18]

4.3.2 Design of the handle part

Handle part is one of the most important parts in the design, the handle part 
is a new idea and this kind of function is not existed in the market now. 
According to the Figure 4-15, it has been shown that the handle consists of two 
parts. For the top part, this can support users to push the device while they 
intend to leave away from the bed. And the shape of the handle is imitated from 
the human hands, which can make people have a cosy touch feel. For the next 
part, it is a round handrail. Why the handle part was designed is that it is a very 
comfortable way to get up from the bed. This position is much easier for the 
user to hold the handle than the top part. And the whole angle design (round 
handrail) can fit in different position where the users stay on the bed. 

The design idea of handle comes from this product.

Figure 4-14 Standard handle in the market[19]

 

Weight: 0.65 kg
Price:     $12
Material: Duty steel
Easy Installation 
Low Profile - Matches look 
and feel of your furniture
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Figure 4-15 Handle part for the final design 

4.3.3 Design of the column part

Column part is the longest part in this product, it should be enough strong 
and stable so as to support the whole design and user´s weight.

Considering its length and width are similar as the walking sticks, so it can 
be used as the column in this case. These following two sticks in the market 
represent two different materials.

Aluminium Stainless steel

Figure 4-16 Aluminium 
stick[20]

Figure 4-17 Stainless steel 
stick[21]

Weight: Around 730 gram
Price:     Around $40

Weight: Around 970 gram
Price:     Around $60

Conclusion: Aluminium column

According to these aspects, the final design has been shown in Figure 
4-18.

Figure 4-18 Column part for the final design
32



4.3.4 Design of the base part

About the base part, it is necessary to consider both stability and its 
reference. In this case, the device can help the users stand up from the bed, so 
it has a very high requirement of the stability. According to the assumption 
from the actual usage and the simulation for the base part, the designed base 
part has been shown in the Figure 4-20. The sharp of the bottom is a square 
which the length of the side is 500 mm. the stability has been tested (which has 
been shown in the chapter 5) and it is strong enough for the users. Besides the 
stability, the reference also has been thought. Consulting the existed products 
in the markets then the designed base part has been shown in the Figure 4-20,
this shape may be attracted by the customers.

The base of swivel chair can be a imitation in this product. 

Figure 4-19 Base for swivel chair[22]

 

Figure 4-20 Base part for the final design 

Weight: 2 kg
Price:    $10
Material: Aluminium alloy
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4.3.5 Design of the wheel part

Considering the device might be moved when the users want to leave away 
from the beds. So it is necessary to add the wheel at the bottom of the base part. 
The wheel has been shown in two different types. The Figure 4-22 is the 
common wheel can be found in the market easily, but the other two wheels are 
not very common. It is installed the braking systems, and the reason is that they 
need the braking system to help to stop the product in any time they want. Just 
tread the bulge part as the Figure 4-21 shows. So it is a functional design. In 
addition, the aim is make the product more stable when the users do not want 
to move it. So the braking system is highly necessary to be used in this case.

Figure 4-21 Wheels with braking system[23]

Figure 4-22 Common wheels under the base
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4.3.6 Design of the tablet holder

In this design product, a tablet holder for people will be constructed. This 
holder is for an iPad or similar products for an easier use. The holder should be 
easy to work with only one hand and be attached to the table part. It should be 
multifunctional to other device. The holder should be easy to hide and take off 
after usage.

Figure 4-23 Tablet holder in market[24]

Length range: 
130mm~280mm
Fixed with range: 80 mm
Price:  $15
Weight: 0.6 kg
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The designed holder beam is attached to the side of the table which has been 
shown in Figure 4-24. The holder beam is made of material AL 6061. The tube 
is connected to a joint that makes the tube can be moved in x- and y- axis where 
the joint are constructed, and the structure has been shown in Figure 4-25.
Furthermore, we decided to make the holder part concise and stable in the way 
which can fix the tablet in the cater corner as the Figure 4-26. Not only use 
compress spring to fix the tablet but also use bolts from the back of the product 
to compress the tablet, which can ensure that tablet can be fixed tightly. 

 

Figure 4-24 Holder beam for the final design

Figure 4-25 Tablet holder for the final design 

 

Figure 4-26 Using the tablet holder (The tablet in green) 
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4.3.7 Design and evaluation of the fixture part 

The way to fix the product to beds tightly is a key point, there are two options 
to reach it, and one is to use this C-clamp set.

Figure 4-27 C-clamp set[25]

Another way to fix is to use sucker, the principle is similar like the sucker 
sharpener.

Figure 4-28 Sucker sharpener[26]

Stability-guaranteed
Price is only $13 

May affect the 
appearance
Need some time to 
remove
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Figure 4-29 Sucker sharpener[27]

Nice appearance
Efficient to use and remove

Can do perfect job on a smooth plane but cannot ensure the stability on 
rough places
The price is $24[28], two times as the C-clamp set

Table 4-4 Assessment of the fixture part

Evaluation

Idea No.

Economy Design Safety Practicability Total

C-clamp set 3 2 3 2 10

Sucker 
sharpener

2 3 1 3 8

Grading systems:

3=Good, 2=Satisfactory, 1=Sufficient

Conclusion: C-clamp set
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The fixture part is connected to the frame of the bed and the column of the 
product, as the Figure 4-30 shows, the purpose to add the fixture part into the 
design is that it is necessary to make sure the device is stable enough when the 
users hold the handle part. This kind of design is similar as the clamp existed 
in the market. Considering the clamp should be fixed in the Frame of the bed, 
which can support the device a strong fixation.

Figure 4-30 Fixture part for the final design

4.3.8 Total cost of design parts

After finishing the lean project, i.e. the components have been compared in 
the market, in order to find the best and the proper components which can not 
only meet the design requirements but also they should have the proper price. 
The total cost of control system has been shown in Table 4-5.

Table 4-5 Price list

Name Price
Handle $10
C-clamp set $13
Column $40
Tablet $32
Base $12
Tablet holder $15
Other parts $25
Total price $147
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Chapter:
Structural Analysis

5.1 Hand calcultion for mechanical structure 

In order to verify the safety and stability of mechanical structure, in this part, 
some hand calculations were done to check them.

In this case, the calculation of stability was calculated to check the product 
is stable or not.

Figure 5-1 Stability analysis schematic

N500F1

1521

22 1.50.16AC

m1.51AC
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6.088
1.5
0.16arctan 1

911.812

1.51
AF8.911sin

m0.233FA

0MA

05.025.0233.01 BYFGF

00.5F0.25600.233500 BY

N203FBY

0Fwhen B , which is critical state of the collapsing

0MA , and the critical state value ,
1F can be calculated.

00.25600.233F ,
1

N37.64F ,
1 , but in the design, the structure of the mechanical part which 

is symmetric, so the result should be times two, even though the value is still 
not strong enough to support user to stand up.

So the fixture part was decided to be used which can make the table stronger
as mentioned before. Then the FEM was done under the 500 N, this value is 
enough for user to use, and the result has been shown below, see Figure 5-2.
The maximum Von Mises stress is approximate 140 MPa, comparing with the 
yield stress 400 MPa, which is very safe. The reason why choose the Von Mises 
stress, it is because the mechanical part is made of the metal material which is 
Al, so the Von Mises stress is compared with the yield stress of the material. If 
the maximum Von Mises is greater than the yield stress, the plastic deformation 
appears on the structure. If not, i.e. the maximum Von Mises stress is less than 
the yield stress, the elastic deformation appears. At least, the maximum Von 
Mises stress should be made sure that is less than the yield stress of the material.
The rules might be obeyed to go through all FEM or hand calculations in this 
thesis.
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Figure 5-2 The maximum Von Mises

5.1.1 Holer beam hand calculation

According to the FEM result, the most dangerous part is the holder, see
Figure 5-3. Because the user may often use holder, so its fatigue life should be 
considered, which can make sure how many load sequences that plate can be 
expected to hold out before fatigue failure occurs.

Figure 5-3 Dangerous parts of the iPad frame.
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Taking into account there are four similar holders in the iPad frame and their 
calculation results should be almost the same, so just select one of them to make 
the hand calculation that is reasonable.

Based on the experiment in the Inventor 2015, some known conditions can 
be reached as follow see Table 5-1:

Table 5-1 Number of cycles at each load level

 ( ) 180 90 

 ( ) 1 1 

In this design, aluminium is chosen as the material of the holder, then 
searching the internet and finds the S-N-Curve for the brittle aluminium is 
shown in Figure 5-4. On the basis of conditions, it is simple to get that the life 
cycle in 90 MPa is1 × 10 , and the life cycle in 180 MPa is 5 × 10 .

Figure 5-4 S-N Curve for the brittle aluminium

First of all, getting the function of =   +  . In order to know the 
unknown number A and B, the diagram of in Figure 5-5 is drawn 
to get the exact function.
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Figure 5-5 -logN diagram

The steps calculations are as below:

( )
=

90
33

27.27 

Then insert the -27.27 as A:

=  27.27 +                                (5.1) 

Use the point (7.90) to get the final function

=  27.27 + 280.09                     (5.2)  

Assume that a point in the material is loaded by (< ) cycles at a stress 

= 1 (5.3)

Where
with.

  = number of cyc

It is known that n1=1( =180) and n2=1( =90) so it can use the formula (5.3) 
to calculate:

I × + = 1 

Then 
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I ×
1

10
+

1
5 × 10

= 1 

As the result, after 4998 times of the load sequences fatigue failure occurs. 
So it is reasonable for the frame part.
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5.2 Simulation in software 

5.2.1 FEM deformation test 

When the users use the device, they will put almost all weight in the handle 
part to support them to stand up, it may appear the maximum deformation in 
the base part. Due to the linear FEM modelling, in order to verify the
assumption, the FEM was done in Abaqus, the four feet were fixed which are 
at the bottom of the column, and then the maximum deformation results under 
the 1000 N was got, the deformations in different directions (U2 is vertical 
direction, U1 and U3 are horizontal at normal to each other) have been shown 
below in Figure 5-7 to Figure 5-8.

Figure 5-6 The maximum displacement in U2
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Figure 5-7 The maximum displacement in U3

Figure 5-8 The maximum displacement in U1

The maximum deformation in U2 direction which value is around ( 3 ×
10  )mm. This is the main deformation in this case due to the direction of 
adding the force by user. In the U1 direction, which value is about 7 ×
10  mm. And in the U3 system, the maximum value of the deformation which 
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value is approximate  7 × 10  mm . That means the deformation is not 
obviously, so it is a very stable and strong part.

Simultaneously, we get the maximum Von Mises stress is approximate 3
MPa (Figure 5-9), which is much less than the yield stress. So it is safe.

Figure 5-9 The maximum Von Mises

5.2.2 FEM of standing up case

After the C-clamp has been used in this case, In order to make sure whether 
the column is safe, the whole column has been simulated with the boundary 
condition has been shown in Figure 5-10 as fixed at clamped area with a 20 
degree inclined 1000 N force with the vertical column. The deformation results 
have been shown in Figure 5-11 to Figure 5-13, and the Von Mises stress has 
been shown in Figure 5-14, and the formula is shown below:

=1000 N × sin 20°=340 N

=1000 N × cos 20°=940 N
Then, the results have been input in the Abaqus 6.1.3. 
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Figure 5-10 Boundary condition 

Figure 5-11 The maximum displacement in U1 
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‘
Figure 5-12 The maximum displacement in U2 

Figure 5-13 The maximum displacement in U3 

The maximum deformation is approximate 0.9 mm in U1 direction. In the 
U2 direction, the maximum deformation is 0.1 mm and the maximum 
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deformation in U3 direction is 0.07 mm. These deformations in three directions 
are not obviously.

Figure 5-14 The maximum Von Mises

The maximum Von Mises stress is 33 MPa, which is much less than the yield 
stress, so it is strong enough to support user to stand up.

5.2.3 FEM Von Mises stress

After that it is necessary to check the part where there is the biggest 
deformation, then the part where there may be the biggest stress, because it is 
the farthest part away from the column. The object is the red beam which has 
been shown below, see Figure 5-15.
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Figure 5-15 The position of the beam (in red)

In this FEM, assuming that the user put 300 N on the surface of the table, 
the FEM result has been shown in Figure 5-16.

Figure 5-16 The maximum Von Mises of the beam

The maximum Von Mises stress is 142 MPa, which is less than the yield 
stress of the material. In this case, the safety factor is calculated by the formulae 
as below:

 =
 

   
=

400 Mpa
142 MPa

= 2.8
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In this case, it is strong enough.

5.2.4 FEM the maximum deformation 

In the whole mechanical structure, the maximum deflection appears at the 
end of the table, i.e. the farthest point is away from the column. The result has 
been shown below (Figure 5-17).

Figure 5-17 Testing the deformation of the beam

The maximum deflection is approximate 11.53 mm, which is not obviously 
to be seen.
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5.3 Hydraulic system 

5.3.1 The existing solution in the market

About the controlling system, some products which use the hydraulic system 
are searched for the relevant survey, and a typical product is shown in Figure 
5-18.

Figure 5-18 Hydraulic table salon chair[29]

In this case, the hydraulic system is used to control the height of the table. 
(See Figure 5-19), which shows the whole system.

Heavy-duty hydraulic 
lift pump 
Clean finish Metal 
cover 
Manually adjustable 
back rest and leg rest 
Removable arm rests 
and pillow 
Facial hole for face 
down positioning 
Rotates 360° with 
courtesy stopper 
paddle
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Figure 5-19 Hydraulic system diagram

In this hydraulic system, the motor is used to drive hydraulic pump, 
changing the loop by controling four way direction valve, in order to control 
the height of the table. It is better to use micro computer to control the motor 
and the four way direction valve.

5.3.2 Hydraulic system analysis

In this situation, the automatic device is used to help the user easily control 
the table, so it is proper to choose hydraulic system to control the height of the 
table, which can benefit different height users to use it.

From the left bottom of hydraulic system diagram (See Figure 5-19), the
motor is used to drive the hydraulic pump in order to give the power into the 
whole hydraulic system. 

The control part which is consist of a four way direction valve and the 
hydraulic cylinder, when the left position of the hydraulic valve works, the 
piston of hydraulic cylinder will go towards right, when it touches the right side 
of the cylinder or user releases the control button in the control panel (see 
Figure 5-47), then the height of the table will be raised. On the other way, if the 
right position of the four way direction valve works, the pistion will go towards 
left, which means the table will go downwards.
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Last but not least, the presure relief valve will ensure the pressure in the 
whole system is within desirable limit to avoid unwanted damage to the 
components of the hydraulic system.

5.3.3 Electromotor and relevant parameter

5.3.3.1 Electromotor principle modelling

Figure 5-20 Electromotor modelling diagram

In this principle diagram, the electromotor is simplified which has been 
shown in the (Figure 5-20), this diagram is constituted of two parts, electrical 
part and mechanical part respectively. In this design, the DC motor was chosen
whose nominal voltage is 24 V.

5.3.3.2 Electromotor electrical part
The electrical part consists of the DC voltage source, inductor and the 

resistance. In order to observe the current value, a current sensor is added in the
loop circuit, and the value in the scope can be shown (Figure 5-21).
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Figure 5-21 Electromotor electrical part

5.3.3.3 Electromotor system dynamic analysis
After simplfing the Electromotor into the electrical modelling can be seen in 

Figure 5-20 (right part in yellow) then next step is to calculate and model the 
mechanical modelling.

Based on the basic formulae

= + +  
Changed the formulae into 

=  
Based on 

=  
=  

And change it into

=  

Then the value of the current (i) with according to the formulae

=  
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5.3.3.4 Electromotor system dynamic analysis 

After that the torque , can get the net torque , using the formulae is 
shown below:

=  

After getting the net torque, next target is to get the acceleration base on the 
nest formulae:

 

= =

Then speed and angle can be calculated: 

=  

=  

According to the first formulae, the feedback is given.

= .  
Now output the parameter speed, the detail diagram can be seen in Figure 

5-22 and Figure 5-23.

Figure 5-22 The motor system
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In this case, the voltage is put into the motor in order to get the rotational 
speed and the output angle. So these parameters are the outputs.

According to the mathematical equations and the motor modelling diagram, 
then the subsystem can be developed, which consists of two parts as the motor 
parts, the electrical part and mechanical part respectively, and the extra parts 
which are feedback system and the load part which comes from hydraulic pump,
which can be seen in Figure 5-23.

Figure 5-23 The motor subsystem

5.3.3.4.1 First modified using I controller
In this part, the speed of the motor need to be controlled, in order to reach 

the target sooner.

Figure 5-24 The I control system
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The contribution from the integral term is proportional to both the magnitude 
of the error, and the duration of the error. The integral in a PID controller is the 
sum of the instantaneous error over time and gives the accumulated offset that 
should have been corrected previously. The accumulated error is then 
multiplied by the integral gain and added to the controller output [30].

The integral term is given by

 

= ( )

The integral term accelerates the movement of the process towards set point 
and eliminates the residual steady-state error that occurs with a pure 
proportional controller. However, since the integral term responds to 
accumulated errors from the past, it can cause the present value to overshoot the 
set point value.

In the control system, first integral is added in to it is shown in Figure 5-25,
there are three different colour lines, the yellow dash line is represent the output 
voltage of the motor, In order to observe easily, the value should be times 20 in 
the scope. The blue line is represented the real rotate speed. And the red line 
shows the target. At the beginning, there are big distance between red line and 
blue, i.e. it is unstable, after about 12 seconds the system is in the normal 
working condition, based on reality, the system still needs to be modified
further. Time required for stabilizing the system is not satisfactory.

Figure 5-25 The results through the I control system

5.3.3.4.2 Second modified using PI controller
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A PI Controller (proportional-integral controller) is a special case of the PID 
controller in which the derivative (D) of the error is not used.

The controller output is given by

+ ( )  

Where is the error or deviation of actual measured value.[30]

Because the control system is not perfect with integral action, it is better to 
use the proportional action and integral action in the control system. As the
Figure 5-26 the control system diagram with PI controller, and after simulation, 
the result comes out is shown in Figure 5-26. This time the result can be 
accepted because the output speed is more stable than before. In addition, it
only takes 3 or 4 seconds to catch the target speed, which is suitable for the 
reality. 

Figure 5-26 The PI control system
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Figure 5-27 The results though the PI control system

5.3.3.5 Hydraulic pump parameter
After the control system was designed, the suitable hydraulic pump should 

be chosen in the market (Figure 5-28). The main parameters have been shown
in Table 5-2.

The small dimension and weight are the most important factors when 
choosing pump for the product.

Figure 5-28 Hydraulic pump[31]
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Table 5-2 Parameter for the hydraulic pump

Item Displacement
(cc/rev)

Max. 
Pressure

(kgf/cm2)

Pressure

(kgf/cm2)

Speed

(RPM)
Weight

(kg)

50T-07 6.8 70 25 1800 1.2

Where the speed 1800 RPM is approximate equal to 188 rad/s, due to the 
equrtion 

1 RPM 0.1047 rad/s 6.28 rad/min
1800 RPM 188 rad/s 11309rad/min

So the the motor would accrod to the output value of the hydraulic pump is 
188 rad/s.

= 6.8 cc/rev 

1 cc/rev =
1

 ml/rad 

Where 

= 6.8 cc/rev = 1.0822 ml/rad 
Then calculate the theoretical flow,

=  
 

Where, = 11309 rad/min and 1.0822 ml/rad 
= 11309 × 1.0822 = 12.21 L/min  

Then according to the equation:

= /60 
Then the power of the hydraulic pump can be got:

= 2.5 MPa 12.21 L/min 500W 
At last the norminal torque can be got:

= 9550  
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= 9550
0.5 KW

11309 rad/min
= 0.422 Nm 

5.3.3.6 Calculating the parameter of the motor and Choosing 
the motor type

After choosing the hydraulic pump, the motor should also be chosen, which 
would be connected to the hydraulic pump, and then the two motors have been 
chosen, motor 1 is shown in Figure 5-29 and motor 2 is shown in Figure 5-30
whose parameters have been shown in Table 5-3 and Table 5-4 respectively.

Here is the first choice for DC motor.

Figure 5-29 MY1020 Motor[32]

Table 5-3 Parameters for the electromotor I

MY1020 motor

Rated output power 500W

Rated Voltage 24 V  DC

Rated speed 2500 RPM

Size (mm) 28cm*15cm*15cm
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Weight 6.0 kg

Price $70

Where the speed 2500 RPM is approximate equal to 263 rad/s, so the  output 
value of the motor is 263 rad/s.

Here is the second choice for DC motor:

Table 5-4 Parameters for the electromotor II

Type Rated 
current(V)

Output

Power(W)
Speed(RPM)

Dimensio
n(mm)

Diameter
with 
shaft(mm)

BM1418H
QF 36 500 2800

25cm 
*20cm*20

cm
158.75

Figure 5-30 BM1418HQF motor[33]

Table 5-5 Assessment of the electromotor

BM1418HQF motor

Rated output power 500W

Rated Voltage 36/48/60 V DC
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Rated speed 2800 RPM

Size 25cm *20cm*20cm

Weight 4.5 kg

Price $49

From these two tables, it is obvious that the second motor has the same 
power with less size, weight and price, which is exactly needed in the product.

5.3.4 Spur gears design

Comparing with the speed between the motor and the hydraulic pump, the 
speeds are different (263 rad/s and 188 rad/s respectively). In order to make the 
whole hydraulic system work normally, i.e. the output should be reduced from 
the motor and transfer to the hydraulic pump. So the spur gears reducer was 
designed which not only can help to adjust the output speed but also can
increase the output torque.

According to the formulae is shown below

in

ut

in

ut

ut

in

d
d

n
nu [34] 

 
The speed has been inputted, which is 263 rad/s, and output speed, which is 

188 rad/s. taking them into the formulae, then the result u can be got

in

utu  

Based on the Table 5-6, then the suitable gears was chosen in this case.

Table 5-6 Pairs of teeth of the gear
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1 2

13 13~16

14 14~26

15 15~45

16 16~101

17 17~1314

18 18  

So the input gear which has 15 teeth and output gear which has 21 teeth.

gear   Output 
5gear   Input 

2

1  

Then the rest parameters can be calculated. According to the formulae

md  
mda  

)5.2(mdd  

In this situation, the system should use metric module m=2. The parameters 
of two gears can be calculated.

Input gear

mmmdI 3015*21  
mmmdIa 3417*2)2( 1  

mmmdId 2512.5*2)5.2( 1  

Output gear

mmmdO 4221*22  
mmmdOa 4623*2)2( 2  

mmmdOd 3718.5*2)5.2( 2  
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A simple figure was given which can be show the whole reducer in Figure 
5-31

Figure 5-31 The reducer 
In this case, the matching time between two gears is just a movement and 

they transfer the high rotating speed, so it was decided to check the gears
whether they are strong enough.

5.3.4.1 Gear Finite Element Analysis (FEA)
In the inventor the area of the tooth and the parameters of the material from 

the handbook were got, Due to the input and u, which were got from the
previous calculation. Then calculate .

= 1.4 × 0.422 0.6 Nm

= 95.4

mm12.5mm25
2
1

2
d

MPa03.5
4.95

480
A
F

P
 

N4801
5.12

2106.0sin
3

r
F  

68



MPa03.5
4.95

480
A
F

P

Then the Finite Element Analysis (FEA) was done in Abaqus, according to 
the pressure, and the parameters of the material Al, especially considering the 
explicit case. the maximum value of the Von Mises stress was got, which is 
5.47 MPa. Comparing with the material yield stress, which is 400 MPa. So the 
maximum Von Mises stress is much small than the yield stress. It is strong 
enough, which can be seen in Figure 5-32 and Figure 5-33 The figures states 
that how the stress changes with the time going.

Figure 5-32 The maximum Von Mises of the spur gear

Figure 5-33 The stress distribution of the spur gear
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5.3.5 Hydraulic cylinder

In this design, the stroke should be chosen in order to meet the needs of the 
reality, which is approximate 500 cm, the one was found in the market which 
can meet the needs, the parameters of hydraulic cylinder have been shown in 
the following tables.

Figure 5-34 Hydraulic cylinder[35]

Figure 5-35 The structure of the hydraulic cylinder[35]

Table 5-7 Parameters for the hydraulic cylinder

Ø-KO
mm

Ø-ST 
mm

Stroke 
mm

Ø-D
mm

E
mm

Ø-A
mm G

Upward Tractive

thrust 
kN

effort 
kN

32 20 500 16,2 655 40 G1/4 16,1 9,8

Figure 5-36 HASP Hydraulic cylinder[36]

Price: About $28

Maximum Stroke:   0 to 500mm
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Shaft Diameter:       6 to 32mm

Weight: 2.5 kg

Body material: Steel

5.3.6 Four Way direction valve

In order to control the hydraulic loop, it is necessary to choose the direction 
valve. In this case, the smaller valve should be found with better quality. The 
parameters have been shown below (Table 5-8).

Table 5-8 Parameters for the direction valve

Diameter

(mm)

Rated 
Pressure

(MPa)

Flow

L/min

Temperature

(

Oil viscosity

mm2/s

4 16 6 10 60 7 320

5.3.7 Simulation result

After finishing choose the components and do the all separate parts of 
simulation in the Matlab, then each part is connected in the whole system, and 
the simulation diagram has been shown as following Figure 5-37.

Figure 5-37 The whole simulation system

In this simulation , the signal source was used to animate the signal of the 
microcomputer, which can control the hydraulic cylinder go upwards and down
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wards, The relationship between the hydraulic modelling has been shown as 
below (Figure 5-38). And the results have been shown in Figure 5-39 and 
Figure 5-40.

Figure 5-38 The modelling of the hydraulic cylinder in Simulink

Figure 5-39 The displacement of the hydraulic cylinder and the signal 
from microcomputer
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Figure 5-40 The rotate speed though the control system

In the Figure 5-39 the red line is the signal which comes from 
microcomputer, i.e. the user’s command. The blue line shows the displacement 
of the piston relatively to the hydraulic cylinder. The maximum displacement 
is 50 cm. When the user presses the up button is shown in Figure 5-47, the 
motor starts to run and the displacement appears until the piston punches with 
the cylinder and it stops. In the same way, the user press the down button is 
shown in Figure 5-47, the piston goes downwards.

In the Figure 5-40 the red line is the target speed, and the blue line is the real 
speed, about one and half seconds the real speed can catch the target. And the 
green line which shows the working voltage has been amplified ten times, 
which can be easily observed.
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5.4 Micro-computer system 

5.4.1 Existing solution in the market

Figure 5-41 Microcomputer Controlled Rehabilitation Standing Bed[37]

5.4.2 Micro-controllor

The AT89C51 is a low-power, high-performance CMOS 8-bit 
microcomputer with 4K bytes of Flash programmable and erasable read only 
memory (PEROM) as in the Figure 5-42. The device is manufactured using 
Atmel’s high-density non-volatile memory technology and is compatible with 
the industry-standard MCS-51 instruction set and pin out. The on-chip Flash 
allows the program memory to be reprogrammed in-system or by a 
conventional non-volatile memory programmer. By combining a versatile 8-bit 
CPU with Flash on a monolithic chip, the Atmel AT89C51 is a powerful 
microcomputer which provides a highly-flexible and cost-effective solution to 
many embedded control applications [38].

The total time is adjusted 
from 0-60 s, the tilt time 
is adjusted 0-9s, and 
intermittent time is 
adjusted 0-90s.
Equipped with hand 
control switch and other 
safety device.
Remote switch controls 
foot pedal rotation and 
bed surface lifting. 
Microcomputer controls 
tilt angle: 0 ° -90°
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Figure 5-42 89C51 microcomputer

In AT89C51, the most important part to drive the device is three ports 
designated as P0, P3 and P0. They can be used as both input and output ports. 
Except P0 which needs external pull-ups, rest of the ports have internal pull-
ups. When digital single 1 is written to these port pins, they are pulled high by 
the internal pull-ups and can be used as inputs. These ports are also bit 
addressable and so their bits can also be accessed individually.

5.4.3 Crystal oscillation circuit

Figure 5-43 Crystal oscillation circuit

Inside the AT89C51 there is a high gain inverting amplifier which can be 
used to constitute oscillator. According to the crystal as a feedback element 
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XTAL1 and XTAL2 which are enable to constitute a parallel resonant circuit 
with capacitor C1 and C2. Value of the capacitor has the role of fine-tuning, so 
it is better to choose 30 pF. And the operating frequency is chosen to be 12
MHZ which clock period is  and machine period is 1 . So the crystal 
can meet the requirements of the system. Furthermore, the crystal cannot be too 
far away from the micro-controller in order to prevent missing the signal when 
testing the system.

5.4.4 Reset circuit

Figure 5-44 Reset circuit

The micro-controller should be reset when the user use it for the first time.
This design uses a manual reset button. After pressing the button, reset input 
RST will get a high level, the general approach is to add a button between the 
RST terminal and the positive power supply Vcc. When the user press the 
button, then the +5V level on Vcc will be applied to the RST terminal directly. 
The manual button circuit is shown in the Figure 5-44. Due to the human 
actions are at least milliseconds. Therefore, this time fully meets the 
requirements of the reset.

5.4.5 Indicating circuit

Figure 5-45 Indicating circuit
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This circuit can help the user to identify whether the electromotor and relay 
are working or not as the Figure 5-45. A red-green LED is used to display. This 
circuit is set on the P2.5 port. When the system works, the port P2.5 is able to 
get a low level and make this circuit to be a complete return circuit then the 
LED will light immediately.

5.4.6 Motor drive circuit

Figure 5-46 Motor drive circuit

The role of the electronic motor in the microcontroller system is to drive the 
hydraulic pump. The electromotor is used to make it into reality.

Electromotor works in 24V in the whole system, but it can only get 5 V from 
the microcontroller, so in this case, it is necessary to add some drive circuit, 
which has been shown in Figure 5-46 it can be seen the motor is on the P2.0 to 
P2.4 port., this approach makes the microprocessor and the drive connected 
directly, step pulse generation and distribution are controlled by the 
microcontroller directly, a variety of electric conduction way and functions 
conversion can be controlled by changing the program.

The corresponding 89C51 bus P2 port is selected to connect to the drive 
circuit, using the software delay method makes the P2.0 port, P2.1 port, P2.2 
port, and P2.3 port give the required stepper pulse which the motor needs. After 
giving the high lever output, i.e. output is 1 from P2.0 port, when it goes though 
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NOT gate, it is changed into low lever, which is 0. And then couple can be 
activated, then voltage works, between power and the reference point, through 
triode amplifiers and goes to one of the phases of Motor. On the contrary, if it
is only given the low lever output and the phase of the electromotor cannot be 
active. In the same working way, keeping taking turns to active one of the phase 
and the electromotor can be driven. Change the time constant in delay program 
can alter the frequency of the step pulses. Then change the electromotor speed,
and change the potential combination on P2.0 port, P2.1 port, P2.2 port, and 
P2.3 port can realize control the electromotor.

At last, the control panel is shown which is installed at the side of the table. 
It can be seen in the Figure 5-47. The users just press the corresponding button 
to control the system.

Figure 5-47 Control panel for the microcontroller
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5.4.7 Relay control circuit

Figure 5-48 Relay control circuit

In this case, PNP transistor amplifier circuit is used to realize the relay works 
shown in Figure 5-48. The current on both ends of the coil is provided by the 
transistor, when the microcontroller control transistor to send a low level on 
base-side, the transistor is turned on, current flows through the relay coil, relay 
pull. On the contrary, when the microcontroller control transistor base-side to 
deliver a high level, the transistor is turned off, no current flows through the 
relay coil the relay off.

It is really important to use a diode connected to both ends of the relay, 
because when the coil is energized to work, the diode of the circuit does not 
work. When the relay coil is de-energized it will have a strong back 
electromotive force at the moment, this parallel diode across the relay coil is 
used to consume the back electromotive force, if not, the reverse diode reverse 
electromotive force acting on the drive transistor directly and can burnt it easily.

About the relay, the type RTE24005F was chosen as the Figure 5-49. This 
type of the relay can be used in most of the situations, it is cheap and highly 
practical. The detail of the relay has been shown in the Table 5-9.
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Figure 5-49 Relay RTE24005F[39]

Table 5-9 Parameters of the relay RTE24005F

Type No Coil 
Current

Coil 
Voltage

Contact 
Rating

Operate 
Time

Coil 
Power

RTE24005F 80.6mA 5VDC 8A 8ms 400 mW
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5.4.8 Whole microcontroller circuit design

Figure 5-50 Whole microcontroller circuit system

In order to meet the requirements, this circuit can control the hydraulic pump 
and the solenoid valve is shown in Figure 5-50. In this case, three buttons are 
used to control the whole system and two interrupt push switches which can 
protect the hydraulic system. One steeper motor to drive the pump and two 
relay drive the solenoid valve.

About the working method, first thing is when the user wants to adjust the 
column upward. No sooner do the users press the switch button 1 than the 
electromotor will work immediately and the left relay will control the solenoid 
valve at same time. Similarly, when they want to make the column downward, 
just press the switch button two. In addition the indicator light will show while 
the system is working. There are exceptions to everything, if the users forget to 
press the stop button, the system will stop automatically because two interrupt 
switches are set in this system which can protect the system from being 
destroyed by the hydraulic piston. For conclusion, the whole microcontroller 
system is stable enough and safe enough.

At last, here is the list of all the pins used in design. Each function of the 
pins has been shown in following table (Table 5-10).
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Table 5-10 List of the used ports

Pin Symbol Function

1 P1.0 Make the hydraulic 
cylinder upward

2 P1.1 Make the hydraulic 
cylinder downward

3 P1.2 Stop

9 RST Reset the system

12 P3.2/INTO
Limit switch

13 P3.3/INT1

18 XTAL2 Crystal oscillation 
circuit port19 XTAL1

21 P2.0/A8

Control the 
electromotor

22 P2.1/A9

23 P2.2/A10

24 P2.3/A11

25 P2.4/A12 Control the left way 
delay

26 P2.5/A13 Control the
indicator light

27 P2.6/A14 Control the right 
way delay
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5.4.9 Software flowchart

The assembly language is used to make the microcontroller system works. The
code can be seen in the appendix. Before the program, there is a flowchart 
shows below (Figure 5-51).

Figure 5-51 Software flowchart
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5.4.10 The whole connected system 

After that all the components have been finished, about how to connect each 
component has been shown in Figure 5-52. The connection order is from the 
motor, reducer, hydraulic pump, and hydraulic direction valve to the hydraulic 
cylinder. 

Figure 5-52 The whole connected system

5.4.11 Total cost of control system

After the lean project, which means different components in the market have 
been compared. Then the best and the proper components should be found 
which can not only meet the design requirements but also they should have the 
proper price. The total cost of control system has been shown below see Table 
5-11.
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Table 5-11 Price list

Name Price

Hydraulic cylinder $28

Hydraulic pump $35

DC motor $49

Other parts $25

Total price $137
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Chapter:
Lesson learned

In this thesis, various kinds of knowledge are used to make the product have 
more functions so that it can meet people’s demand.

First, brainstorm helped to find motivation, the reason why we want to make 
this product. Second, we make the outline of whole work so that we can follow 
every step. Then, Autodesk Inventor 2015 is used to do the modelling and we 
also make simulations in both Autodesk Inventor and Abaqus 6.1.2.

To make the product automatic, we learn to draw micro-computer circuit
diagram in Proteus7.3 and the program is designed in Keil, for hydraulic system, 
we searched a lot of video course to know how to simulate the system in Matlab.

We have learned the lean product management in the previous course, this 
help us to control the cost of every component so that it can reduce the waste 
and improve the efficiency.

As we all know that it is very important to apply the mechanical engineering 
to our daily life. In this thesis, we make attempt to put most knowledge into use. 
For reaching that target, we learned to use database to find the information we 
need and also ask teachers and professors for help. Last but not least, the team 
work let us know the benefit of collaboration.
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Chapter:
Conclusion and future work

The safety and structure of our final design were checked. This product can 
be fixed to beds tightly, the tablet provides more entertainment functions and 
the handle as well as base part can support users stand up also walk around. 
Above all the aspects, this design fully fit the common users´ requirements. But 
every coin has two sides. After completing our design it was found that there 
are still some disadvantages such as the noise made by hydraulic system, 
although it doesn´t happen very often, it can be optimized it in our product. 

Some knowledge have learned on electric technique on account of our
major, so our team considers it and make attempt to add some electronic device,
the electronic motor and microcomputer into our design to make the product 
run automatically. Of course, the hydraulic system can be a better prospect of 
application in further improvement that must be a better design and it will be 
more convenient to the people who have to stay in bed for a long time.

Besides, more attention can be put on the mechanical structure to optimize 
its functions such as adding a hook for transfusion. For the fixture part, a proper 
way is still being looked for instead of C-clamp set so that it will take less time 
to fix consolidated. Last but not least, only the hydraulic components are found 
in this design, but the hydraulic circuit is not used due to the time limitation, 
and that will be the emphasis on the future work. Above all the aspects, the
product can still make a lot of improvements which we are devoted to. 
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Appendix 1:
The drawings of main components
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Appendix 2:
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Microcomputer circuit

Appendix 3:
Assembler code of the microcomputer

SHUCHU EQU P2 

ZANT BIT P1.2 

ZHENGZ BIT P1.0 

FANZ BIT P1.1 

BIT0 BIT P3.2 

MODE EQU 01H 

ORG 0000H 

LJMP START

ORG 0030H 

START: 

SETB EA 

MOV R0,#04H 

MOV SP,#60H 

CLR ZANT 

CLR ZHENGZ 

CLR FANZ 

MOV P1,#0FFH 

MOV P0,#0 

MOV P2,#0 

BUTTON1: 

JB ZHENGZ,BUTTON2 
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CALL D20MS 

JNB ZHENGZ,$ 

SETB P2.5 

CPL P2.4 

JMP ELE 

BUTTON2: 

JB FANZ,BUTTON3 

CALL D20MS 

JNB FANZ,$ 

SETB P2.5 

CPL P2.6 

LCALL ELE 

BUTTON3: 

JB ZANT,BUTTON1 

CALL D20MS 

JNB ZANT,$ 

STOP: 

MOV SHUCHU,#0FFH 
CLR P2.4 

CLR P2.5 

CLR P2.6 

SJMP START 

ELE: 

SETB p2.0 

JNB ZANT,BUTTON3 

LCALL DELAY 

CLR P2.0 

SETB P2.1 
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JNB ZANT,BUTTON3 

LCALL DELAY 

CLR P2.1 

SETB p2.2 

JNB ZANT,BUTTON3 

LCALL DELAY 

CLR P2.2 

SETB P2.3 

JNB ZANT,BUTTON3 

LCALL DELAY 

CLR P2.3 

JMP ELE 

RET 

D20MS: 

MOV R1, #20 

D1: MOV R2, #250 

DJNZ R2, $ 

DJNZ R1, D1 
RET 

DELAY: 

MOV R7,#5 

DL3:MOV R6,#100 

JNB ZANT, BUTTON3 

JNB P3.3, STOP 

JNB P3.2, STOP 

DL2:MOV R5,#250 

DL1:DJNZ R5,DL1 

DJNZ R6,DL2 
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DJNZ R7,DL3 

RET 

END 
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Appendix 4:
Simulink code 

PI Control system

Rotation speed from the mathematic formulae
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Hydraulic system

The whole simulation system
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