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Abstract  

Roxtec is well-known as a company which designs and supplies cable and 
pipe sealing systems. The purpose of this thesis was to develop new solutions 
to verify the installed systems.  
 
We use some chemistry knowledge and modern technology, such as pressure 
sensors, etc. to meet the needs mentioned above.  
 
We have added some new function into the original stay plate, too. And it 
enables the stay plate to tell the tightness of the sealing system by measuring 
the lateral displacement of the modules.  
 
We also assumed that we can compress the system by a torque wrench with 
certain Nm instead of checking the sealed system by wedge clip. 
 
Keywords:  
Indicator, Intelligent, Roxtec, Seal, Sensor, Verification. 
 



4 

  



5 

Acknowledgements 

We would like to show our deepest gratitude to our supervisors, Dr Mats 
Walter from BTH and master science Jörgen Landqvist from Roxtec, and our 
course manager Dr Sharon Kao-Walter, for them sparing no effort to help us 
on this thesis work. 
 
Big thanks to Roxtec and BTH for such a good opportunity to make this 
thesis. 
 
A special thanks to our classmate, Shaofeng Li, Dr Gunilla Åkesson Nilsson, 
the material specialist at Roxtec, Pontus Danielsson, and the Technician 
Anders Karlsson, for their help. 
 
Last but not least, we would like to appreciate Professor Wlodek Kulesza for 
teaching us how to write thesis paper.  
 
 

Kai Wang 
Yiming Ni 

Zhimin Dai 
 



6 

  



7 

Contents  
 
Abstract .......................................................................................... 3 

Acknowledgements ........................................................................ 5 

1 Introduction........................................................................... 11 

2 Statement, Hypotheses and Contributions ......................... 13 

3 Review of Roxtec sealing system ......................................... 15 

4 The Procedure of Intelligent Project .................................. 17 
4.1 Product survey and Proposal raising (February) ............................. 18 
4.2 Further design and research on 4 proposals (March and April) ...... 18 
4.3 Report Writing ................................................................................ 18 

5 Compilation and evaluations of Proposals ......................... 19 
5.1 Torque wrench ................................................................................ 19 
5.2 Information label ............................................................................. 19 
5.3 Double faced adhesive tape ............................................................ 20 
5.4 Force sensors ................................................................................... 21 
5.5 Thermograph ................................................................................... 21 
5.6 External stay plate ........................................................................... 22 
5.7 Colour indicator .............................................................................. 23 
5.8 Special air detector .......................................................................... 23 
5.9 Ultrasound ....................................................................................... 24 
5.10 Silicone rubber ................................................................................ 24 
5.11 Sticker ............................................................................................. 25 
5.12 Balloon ............................................................................................ 25 
5.13 Smart pill ......................................................................................... 26 
5.14 Wire organizer ................................................................................ 26 
5.15 Reduce the gaps .............................................................................. 27 
5.16 Double modules .............................................................................. 28 
5.17 Light Wave ...................................................................................... 28 
5.18 Computer analysis ........................................................................... 29 
5.19 Absorbent paper .............................................................................. 29 
5.20 Water wedge ................................................................................... 30 
5.21 Vibration ......................................................................................... 30 

6 Four selected topics .............................................................. 33 
6.1 Intelligent Wedge ............................................................................ 33 

6.1.1 QR code .......................................................................................... 33 



8 

6.1.2 Thermograph ................................................................................... 33 
6.1.3 Force sensor .................................................................................... 33 

6.2 Intelligent stay plate ........................................................................ 34 
6.3 Colour indicator .............................................................................. 34 
6.4 Torque to pressure ratio(Mpa/Nm) ................................................. 35 

7 Research of possible solutions .............................................. 37 
7.1 QR Code ......................................................................................... 37 
7.2 Thermax .......................................................................................... 37 
7.3 PH indicator .................................................................................... 38 

7.3.1 Thymol blue .................................................................................... 38 
7.3.2 Bromophenol blue .......................................................................... 39 
7.3.3 Methyl red ....................................................................................... 39 
7.3.4 Thymolphthalein ............................................................................. 39 
7.3.5 Methyl yellow ................................................................................. 40 
7.3.6 Phenol red ....................................................................................... 40 
7.3.7 Bromothymol Blue ......................................................................... 41 

8 Intelligent wedge ................................................................... 43 
8.1 QR code .......................................................................................... 43 

8.1.1 Production definition ...................................................................... 43 
8.1.2 Standard pattern for contacts .......................................................... 43 
8.1.3 Create a QR code ............................................................................ 44 
8.1.4 Result .............................................................................................. 45 

8.2 Thermograph ................................................................................... 46 
8.2.1 TMC and their products .................................................................. 46 
8.2.2 Test and result ................................................................................. 46 

8.3 Force sensor .................................................................................... 47 
8.3.1 Starter Kit ........................................................................................ 47 
8.3.2 Working theory ............................................................................... 48 
8.3.3 Test and result ................................................................................. 48 

8.4 Prototype ......................................................................................... 49 
8.5 Conclusion and further development .............................................. 50 

9 Intelligent stay plate .............................................................. 51 
9.1 Parts ................................................................................................ 52 
9.2 Prototype ......................................................................................... 53 

9.2.1 Prototyping machine ....................................................................... 53 
9.3 How it works ................................................................................... 54 
9.4 Data ................................................................................................. 55 
9.5 Use .................................................................................................. 57 
9.6 Deflection Calculation of the intelligent stay plate ........................ 59 



9 

9.6.1 Computer Analysis .......................................................................... 59 
9.6.2 Calculation by hand ........................................................................ 60 
9.6.3 Safety value ..................................................................................... 61 

9.7 Conclusions ..................................................................................... 63 
9.8 Future work ..................................................................................... 63 

9.8.1 Ruler frame ..................................................................................... 63 
9.8.2 Special Micrometre for the intelligent stay plate ............................ 65 

10 Colour indicator ............................................................. 69 
10.1 Phenol red ....................................................................................... 69 
10.2 BTB ................................................................................................. 69 
10.3 experiment ....................................................................................... 70 
10.4 Conclusion ...................................................................................... 72 

11 Torque to pressure ratio(MPa/Nm) ............................. 73 
11.1 The experiment ............................................................................... 73 
11.2 The analysis on the result of the experiment .................................. 74 

11.2.1 Torque to pressure ratio .......................................................... 74 
11.2.2 Relaxation ............................................................................... 76 
11.2.3 Mechanical property ............................................................... 76 

11.3 Conclusion and further development .............................................. 78 

12 Reference ........................................................................ 79 

Appendix A Drawings of the intelligent stay plate ................... 81 
A.1 Drawing 1 ............................................................................................. 82 
A.2 Drawing 2 ............................................................................................. 83 
A.3 Drawing 3 ............................................................................................. 84 
A.4 Drawing 4 ............................................................................................. 85 
A.5 Drawing 5 -Assembly Drawing ........................................................... 86 

Appendix B experiment data of Torque to pressure 
ratio(Mpa/Nm) ............................................................................. 87 

Appendix C installation Manual of Roxtec sealing system[2]. 91 
 

  



10 

  



11 

1 Introduction 

Roxtec is a company which supplies cable and pipe sealing systems. And it 
has a R&D department. A lot of qualified designers work in the department 
and continuously improve the Roxtec sealing system with their wisdom and 
imagination. Also Roxtec and BTH often have these activities of sending 
students to be a part of the product development. This time, the mission is to 
develop new solutions to verify the installed systems.  
 
Today, Customers can attach the wedge clip to the wedge bolts to check 
whether the wedge is properly tightened. But if the customers install the 
wrong modules, they still can tighten the screws of the wedge until full stop. 
But the internal pressure of sealed system won’t be enough for making cables 
sealed completely, which means the system won’t be able to provide the 
safety as it should. 
 

 
 

Figure 1 the wedge clip attached to the wedge bolts [1] [2] [3]. 
 
Consequently, we propose several simple methods to verify the installed 
system and operating maintance. 
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2 Statement, Hypotheses and Contributi
ons 

The purpose of this thesis is to design an intelligent system for the Roxtec 
sealing product. And its functions should be developed and evaluated for 
applicability to inform customers about the current state or history of their 
sealed system. 
 
The main problem is how to make this verification system intelligent. Then 
the customers can easily get the information they want. And during 
operatation maintance, we have to find which physical conditions of the 
system we can use to estimate the sealing quality. 
 
Main contributions of this thesis is that we added some new functions into the  
original parts of Roxtec sealing system. And these new functions are capable 
of telling customers the sealing conditions of their system indirectly. 
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3 Review of Roxtec sealing system  

Roxtec has the invention of Multidiameter™. This special technology enables 
the customers to operate their sealing task without knowing the exact size of 
the cables and pipes. And Roxtec sealing system is widely used in marine and  
industries. 
 

 
 

Figure 3a peels off layers to achieve a tight installation [1] [2] [3] 
 
Roxtec sealing system normally consists of 6 parts: frame, modules, 
stayplates, wedge, wedge clip and lubricant. Wedge is the part we can use to 
compress the whole system. It can extend from 29mm to 48mm. And wedge 
clip is something we can put on the bolts of the wedge to check if the wedge 
is compressed enough. The fuction of stay plate is preventing the modules 
getting out. 

  
 

Figure 3bRoxtec sealing system [1] [2] [3] 
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4 The Procedure of Intelligent Project  

We had a meeting with the supervisors at Roxtec. After that, we set a 
schedule. The whole procedure is divided into 3 steps: product survey and 
proposal suggestion, further design and research on 4 selected proposals and 
report writing. 
 
 
 
 
 

 
  

1. Product survey and proposal raising 

2. Further design and research on 
 4 elected proposals. 

 

3. Report Writing 
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4.1 Product survey and Proposal raising (February)  

After the first meeting, we got the product catalogue and the technical 
appendix of Roxtec sealing system. We went through all these material to 
have a better understanding about Roxtec’s products. And then we started 
thinking about the improvements for the company. 
 
Also, we had an installation-training after the first meeting. We 
communicated with supervisor Jörgen about the progress and asked about the 
detail of the Roxtec production in every week meeting. 
 
By the end of February, a brainstorm was held at BTH with the supervisors 
from Roxtec and BTH. We chose 4 proposals to proceed. 
 
4.2 Further design and research on 4 proposals 

(March and April)  

We did some further research of the 4 proposals in the following 2 months. 
Meanwhile, we arrange the references and collected information for the 
report. 
 
4.3 Report Writing  

Having finished the step 2, we started to write the report for Roxtec, as the 
thesis paper at BTH. After that, the whole project would be finished and a 
presentation should be prepared for Roxtec and the fair at BTH. 
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5 Compilation and evaluations of 
Proposals  

The following are the 21 proposals we had. Some of them are suggested by 
our teacher and supervisors. And we made some comments-Advantages (A) 
and disadvantages (D) of all 21 proposals.  
 
5.1 Torque wrench 

In the previous products survey, we found the disadvantage of the wedge clip. 
According to its working theory, the wedge clip only can be used to measure 
the shape change of the wedge, but not the internal pressure it provides. If the 
customers install the wrong modules, even the wedge extends completely, the 
compression still won’t be enough. 
We realized that customers could use torque wrenches to tighten the system.  
 

 
 

Figure 5.1 torque wrench [4] 
 
(A)  This idea won’t cause any trouble to the customers. 
(D) We have to find the relationship between the torque and the internal 
pressure of the Roxtec sealing system. 
 
5.2 Information label  

To track the products, we suggested putting information labels on the 
products. It can contain information, such as date, location, sellers and buyers. 
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This attachment could help customers to get information in order to maintain 
the products in time. 
 

 
 

Figure 5.2 QR codes [5] 
(A) The design is easy. 
(D)The location of the label is hard to decide.  
 
5.3 Double faced adhesive tape  

Proposal 3 is about to find some new material to replace the lubricant which 
makes customers’ hands dirty when they are performing a sealing task. This 
new material could work like double faced adhesive tapes. It can be tapped on 
modules during the installation, or could be attached in the factory. So all 
customers need to do is peel off the cover. 
 

 
 

Figure 5.3 image of double faced adhesive tape 
 

(A)This idea may save the time for the installation. It may make the 
installation clearer and easier. 
(D)This idea may bring trouble to the re-installation. It doesn’t fit the goal of 
this Intelligent Project. 
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5.4 Force sensors  

Proposal 4 is about to build equipment with a force sensor which can be 
placed in the wedge. It will have a LED bulb which will turn on when the 
internal pressure reach some point.  
 

 
 

Figure 5.4 Flexi Force sensors [6] 
 
(A) It could be a very efficient, accurate and visualized method to detect the 
internal pressure. 
(D)If the LED bulb is broken, we have to re-install the system and change a 
new one. 
 
 
5.5 Thermograph  

Roxtec products are normally working in the environment with the 
temperature from -60℃ to 80℃. If they are exposed to the temperature higher 
or lower, the service life will be sacrificed. The sealing quality will decline. 
Thermograph will remind customer to replace the products promptly. 
 

  
 

Figure5.5 Thermograph [7] [8] 
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(A) It can detect the temperature around directly.  
(D) We need to find a kind of thin, small and economy thermograph. 
 
5.6 External stay plate  

During the product anti-water test we found that when there is a leakage of 
water, it is always at the boundary of the stay plate. Stay plate is metal and 
frame is also metal. Metal-against-metal is the weakest point of the whole 
product. So we decide to make an external stay plate which will eliminate the 
contacts between metals. Meanwhile, it preserve the original stay plates 
function（prevent modules from moving out）. 
 

 
 

Figure 5.6Representation in inventor 
 
(A) Better sealing quality 
(D) The structures are much more complex than the original one and it can’t 
be insert from the opposite side which means during the installation we need 
to go to the other side of the wall. We also need to dig groove on the frame 
which will cause a lot of money.  
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5.7 Colour indicator  

We decided to put some colour indicator on the module. If water goes 
through, these indicators let water change colour so we can see them. 
 

 
 

Figure 5.7 PH indicators [9] 
(A) It could be very cheap and simple to install. 
(D) It is quite hard to find a proper chemical reagent. 
 
5.8 Special air detector  

It is inspired by the Roxtec product “back to back frame”. We can put some 
special air into the empty space inside the sealing system. And we can have a 
air detector outside. 
 

 
 

Figure 5.8 Back to back frame 
 
(A)It is a very interesting idea and can be used for checking the quality of 
installation. 
(D)The cost of the back to back frame is much more expensive than the 
normal one. Beside this, we need to calculate an accurate curve about the 
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relationship between the leakage of the special air and the sealing quality, it is 
quite complex. 
 
5.9 Ultrasound  

Ultrasound is something used in hospital. And it has the function which 
enables us to see things inside. Our teacher recommended us the ultrasound as 
a practical way to check the Roxtec sealing system. 
 

 
 

Figure 5.9a foetus in its mother's womb, viewed in a sonogram (brightness 
scan) [10] 

(A)It’s cheap. 
(D)After we earned a better understanding of our products, ultrasound may 
give us too much information so as to cause inconvenience inspection. 
 
5.10 Silicone rubber  

This idea is about using the silicone rubber as the material of the module. Our 
initial idea was when coloured silicone rubber gets compressed, the colour 
will become darker. And we assumed there is a relationship between the 
shades of colour and tightness of the system. 
 

 
 

Figure 5.10 compressed silicone rubber gets darker [11] 



25 

 
(A)Silicone rubber has transparent looking and good sealing property. 
(D)However, on this basis, we will have to develop software which should be 
able to directly convert the colour into tightness of the system. Since this is 
not our field, we had to shelve this. 
 
5.11 Sticker  

The principle of this idea is very simple. Just find the relationship between the 
compression of modules and internal pressure of the system. Then we mark a 
red area marked on the module. When the system is compressed, the red area 
will be narrower. We put the green sticker on the module to check if the green 
can cover all the red. 
 

 
 

Figure 5.11 the green sticker should be about 6.5% shorter than red area. 
 
(A)Simple, neat 
(D)After the system is compressed, the module will have rugged surfaces. 
 
 
5.12 Balloon  

The idea can be used in the place has gale. Since stay plate is a relatively 
weak area in the system. So we think that a thing can be designed to cover it. 
When the wind outflow from the stay plate, this device we designed will be 
blowing up a balloon,  
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Figure 5.12 when the wind outflow from the stay plate, a balloon shows up. 
 
(A)It’s very interesting, and it will be very hard to for customers to ignore. 
(D)This idea may affect the installation of the wires. 
 
5.13 Smart pill  

Smart pill is used in medicine. And it is developed from Capsule endoscopy. 
The main function of smart is the detection of gastrointestinal internal 
pressure. Then we thought it could also be put into the Roxtec sealing 
modules.  
 

 
 

Figure 5.13Capsule endoscopy [12] 
(A)It can detect the pressure. 
(D)But the price is relatively high. 
 
 
5.14 Wire organizer  

We want to open the market of ordinary families. With the increase of 
electronic products, the collation of the wire has begun to attract everyone's 
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attention. And this idea should be focused on organizing the wire rather than 
sealing.  
 

 

 
 

Figure 5.14 Prototype of the wire organizer 
 
(A)This idea does have market potential. We should do some market research. 
(D) There are a growing number of wireless products. 
 
5.15 Reduce the gaps  

The module has upper part and lower part. We think some modules can be 
combined in order to reduce the gap in the whole system. Then the chance of 
leaking will be smaller. 
 

 
 

Figure 5.15 Combined modules 
(A)The idea can be used in some Roxtec solution. 
(D)It may hinder the flexibility of the installation. 
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5.16 Double modules  

The idea was inspired by back to back frame. We can shorten the length of the 
module, in order to create a space inside the system. Then we can put some 
water inside the frame to check if there is any leakage.  
 

 
 

Figure 5.16 shorter modules with two stay plates 
 
(A)We can leave the water inside the frame. Then it can check the system all 
the time. 
(D)This idea might reduce the sealing quality of the system. 
 
5.17 Light Wave  

With different tightness, the system will have different transmittance. During 
the brainstorming, a teacher advised us to use the light to detect the tightness 

 

 
 

Figure 5.17 flash light [13] 
 
(A)The verification could be very simple with some sort of equipment. 
(D)It may have to be implemented in the dark. 
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5.18 Computer analysis  

We can print patterns on the module. When the system is compressed, the 
pattern will shrink. 
 

 
 

Figure 5.18 the symbol gets shorter when the system is compressed 
 
(A)If we have such scanning software in our phone, the verification will be 
simply. 
(D)The idea may involve designing software. 
 
5.19 Absorbent paper  

We need some paper which is good at absorbing and holding liquids. Then we 
put the paper on the surface of the cables. After the installation, we can put 
some water on the paper. And we check if the water can travel through the 
sealing system. Maybe xuan paper is suitable for the task. Xuan paper is a 
kind of paper originating in ancient China used for writing and painting [20]. 
 

 
 

Figure 5.19 xuan papers [14]  



30 

(A)We can put some colour indicator on the end of the paper. If the water 
goes through, the paper will be red.  
(D)Depends on tightness, It could be days to see the water get to the other 
side. So the paper has to be very absorbent. 
 
5.20 Water wedge  

A waterbed is a bed filled with water. Maybe we can manufacture water 
wedges. 
 

 
 

Figure 4.20 water bed [15] 
 
(A)It will be easy for the installation. 
(D)It’s possible that the water wedge cannot give enough compression. 
 
5.21 Vibration  

When the system is sealed, the module's density will change accordingly. The 
vibration which we use to excite the system will have different performance. 
 

 
 

Figure 4.21 Vibration 

http://2.bp.blogspot.com/-_BrpLdD8fKA/TatGjL_FQUI/AAAAAAAAAJQ/ld_9vsyCGpo/s1600/enjoy-luxury-sleep.jpg
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(A)It is a very interesting method for the verification of the sealed system. 
(D)It could be complicated to do so in reality. 
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6 Four selected topics 

Four selected topics: Intelligent wedges, Intelligent stay plate, Colour 
indicator, Torque to pressure ratio (Mpa/Nm).  
 
6.1 Intelligent Wedge 

This intelligent wedge consists of 3 parts: QR code, Thermograph, Force 
sensor. With these 3 parts, this intelligent wedge has the function of data 
storage, temperature record and internal-pressure detection. 
 

 
 

Figure 7.1 prototype [5] [6] [7] [8] [29] 
 
6.1.1 QR code  

With the popular information technology QR code, a printed label will be put 
on the wedge, which can be scanned and translated into a piece of message. 
This message contains information (such as name, telephone number, address, 
E-mail and so on). It could help to track the products and get online service 
efficiently. This idea came from the proposal 2. 
  
6.1.2 Thermograph  

That thermograph could record the highest temperature which the sealed 
system has been exposed to. This function came from proposal 5. 
   
6.1.3 Force sensor  

With the Flexi Force Starter Kit, the force sensors could be built into a circuit. 
This equipment could verify the internal pressure of the sealed system. This 
idea came from the proposals 4. 
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6.2 Intelligent stay plate 

Stay plates are used for pull-out resistance against forces in cables and pipes. 
The intelligent stay plate we designed is based on the original stay plate. But 
it has one more function. It is capable of telling the installer the lateral 
displacement of the module. Then we can know the tightness of sealed system 
indirectly. This idea came from the proposals 7. 

 

 
 

Figure 7.2 prototype made by FORTUS 3D production systems [16] [17] 
 
6.3 Colour indicator 

Water is almost translucent looking. It is hard for people using their naked 
eyes to locate a small leakage of water in the sealed system. Some chemical 
reagents change colour when they meet water. So we decided to put some 
colour indicator on the modules. If water goes through, these indicators let 
water change colour so we can see them. This idea came from the proposals 8. 
 

 
 

Figure 7.3 phenol red is a PH indicator [9] 
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6.4 Torque to pressure ratio(Mpa/Nm) 

We did an experiment to find the relationship between the internal pressure 
and the torque we should use. This gave a graphical illustration of the system 
behaviour. Base on the result, we think we found a new method to tighten the 
sealing system. This idea came from the proposals 1. 
 

 
 

Figure 7.4 torque to pressure [4] 
 

  



36 

  



37 

7 Research of possible solutions 

After we acknowledge how Roxtec sealing system works. We started 
imagining solutions to Roxtec’s problem. And we did some research of our 
proposal. 
  
7.1 QR Code  

QR code is a modern technology. And it has its special language. It’s hard for 
people to read it directly, but it can be easily decoded by a smart phone. 
In other words, QR code can save information in its special way. And we 
think QR code could be used in Roxtec sealing system. It will contain the 
information (when the products were manufactured etc.) 
 

 
  

Figure 6.1 working theory of QR code [5] [29] 
 
7.2 Thermax 

It is a very simple technology. It can monitor the temperature around. When 
the temperature reached its temperature range, the white part will turn into 
black. 
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Figure 6.2 Thermax temperature tag [7] [8] 
 
7.3 PH indicator 

We have found some PH indicators: Thymol blue, Bromophenol blue, Methyl 
red, Thymolphthalein, Methyl yellow, Phenol red, Bromothymol Blue. 
PH indicators show different colours which they are at different PH value. 
 
7.3.1 Thymol blue  

Thymol blue has 3 diferent colours. When it’s acidic, the colour will be red. 
When it’s alkaline, the colour will be blue. 
 

 
 

Figure 6.3.1 Thymol blue [18] 
 

 

http://en.wikipedia.org/wiki/File:Color_change_of_thymol_blue_at_different_pH.jpg
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7.3.2 Bromophenol blue  

Bromophenol blue is yellow at PH 3.0, and It’s purple when the PH is above 
4.6. 
 

 
 

Figure 6.3.2 Bromophenol blue [19] 
 
7.3.3 Methyl red  

Methyl red changes colors between the PH 4.4 and PH 6.2  

 
 

Figure 6.3.3 Methyl red [20] 
 

 
7.3.4 Thymolphthalein  

Thymolphthalein is colorless when the PH is below 9.3. And it will become 
blue when the PH is above 10.5. 
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Figure 6.3.4 Thymolphthalein [21] 
 
7.3.5 Methyl yellow 

Methyl yellow changes colours from red to yellow, when the PH is from 2.9 
to 4.0. 

 
 

Figure 6.3.5 Methyl yellow [22] 
 
7.3.6 Phenol red 

Phenol red is bright pink when the PH value is above 8.2, and it turns into 
yellow when the PH value is below  6.8. 
 

 
 

Figure 6.3.6 Phenol red is a PH indicator [9] 
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7.3.7 Bromothymol Blue 

Bromothymol BlueMethyl swiths its colour when the PH value changes from 
6.0 to 7.5. 
 

 
 

Figure 6.37 BTB [23] 
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8 Intelligent wedge 

The intelligent wedge has 3 new add-ons, the QR code tag, a thermograph and 
a circuit with a force sensor. These add-ons enable the system to carry product 
information, record surrounding temperature and detect internal pressure of 
sealed system. 
 
8.1 QR code 

It’s convenient for customers get information from the QR code tagged on the 
wedge. That’s the reason for we suggested to be put QR code on the wedge. A 
QR code tag which contains the production information and contact detail 
could be decoded by a Smartphone easily, and then the customers could get 
after-service rapidly. 
 
8.1.1 Production definition 

After a brainstorm with Supervisor Jörgen, several sorts of information, such 
as the product type, manufacture data and contact detail, were determined to 
be contained in the QR code. 
 
Then, we found a standard pattern of QR code which is widely used with 
Smartphone. This standard pattern could be decoded by software available for 
Smartphone into a contact, which fits all the needs described above. So, this 
standard pattern was determined to be used in this case [5] [24]. 
 
8.1.2 Standard pattern for contacts  

The standard pattern for contact is often seen on the business card nowadays, 
contains the information of name, nickname, telephone number, email, 
address, website and note. The format of this standard is found after survey on 
the Internet, which is: 
MECARD:N:;NICKNAME:;TEL:;EMAIL:;ADR:;URL:;NOTE:;; 
(The ‘N’ stands for name.) 
 
We create a pattern for the “name”, which can contain the information of 
manufacture date, location and the product type, total 22 characters. Here is 
an example: 
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Pattern: YYYYMMDDHHMMSSLLLLTTTT 
Example: 20120308183012KKSEW120 
 
Obviously, the first 4 digitals stand for the year (Y) of manufacture, then 2 
digitals for month (M), 2 digitals for day (D), 2 digitals for hour (H), 2 
digitals for minute (M), 2 digitals for second (S), 4 digitals for location (L) 
and the last 4 digitals for the type (T). So, this information which stands for 
the ‘name’ means that wedge was manufactured on 08:18:30, March 18, 
2012, at Karlskrona Sweden (KKSE), and the type is Wedge 120. 
 
The rest of items stand the same. So after fill in the telephone number, E-mail, 
address and the website, the whole information is determined, which can be 
read by the software. Here it is: 
MECARD:N:20120308183012KKSEW120;NICKNAME:;TEL:+464553667
00;EMAIL:info@roxtec.com;ADR:KKSE;URL:www.roxtec.com;NOTE:;; 
 
 
8.1.3 Create a QR code  

After we did a research on the Internet, several methods to create a QR code 
have been found including using certain website and software. A Chinese 
website will be used as an example to introduce how to create a QR code we 
need [24]. 
After opening the webpage, we typed in the code determined above in the 
context mode; then we can obtain a QR code. An example figure is given in 
Figure 8.1.3 
 

 
 

Figure 8.1.3 QR code for Roxtec [5] [24] [29] 
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8.1.4 Result  

Using one of the most popular QR code reading software on Smartphone-Bee 
Tagg, this code could be read and decoded into a contact, which also could be 
added into the contact list automatically. An example figure is given in Figure 
8.1.4. 
 
After the test turned out good, it’s convincing to say that a solution to create 
and read a piece of QR code which is suitable for Roxtec’s wedge has been 
found. 
 

 
 

Figure 81.4 information on smartphone 
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8.2 Thermograph  

 
According to the technical appendix, Roxtec’s products have a considering 
long service life when working in the certain condition(temperature range:-
60͘͘⁰C～80⁰C).If the temperature which the Roxtec’s products work in is 
higher than the range, the products could be damaged and the service life 
could be shortened. That’s the reason we suggested that we can put 
thermograph on the wedge. Thermograph will tell that whether the product  
has been cooked. The products of Thermax was suggested by Supervisor 
Jörgen. It is able to record the highest temperature that the system has been 
exposed to. 
 
8.2.1 TMC and their products 

 
TMC is a company provides irreversible temperature indictors available over 
a range of -17⁰C to +1270⁰C. The 8-level strip (Picture) was suggested to be 
used at the first place. The indicator is considerably small enough (51X18 mm) 
to be put on the wedge. This display area is divided into 8 blocks, each 
labelled by a certain range of temperature, from 71⁰C to 110⁰C. When the 
surrounding temperature is going higher, the corresponding clock will be 
coloured into black irreversibly. The back side of this paper indicator is 
adhesive and covered by paper. Peel off the cover paper, this indicator could 
be taped on almost any place [7] [8]. 
 
8.2.2 Test and result 

 
An electric hair dryer was used to test the function of this indicator. Taped on 
a mental frame, the indicator was exposed in the hot wind which the hair 
dryer blew out. When the temperature went higher, the white blocks were 
turned into black on by one. An example figure is given in Figure 8.2.2. 
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Figure 82.2 this indicator’s simplicity of operator and function has been 
proved by test [7] [8] 

 
8.3 Force sensor 

The products of FlexiForce were suggested to be used in this case to make a 
new solution of internal pressure detection. Using the FlexiForce Starter Kit, 
we built an electrical circuit with a force sensor. Then the function of this 
equipment would be proved by a test. 
 
8.3.1 Starter Kit  

The force sensor acts like a force sensing resistance in this circuit. When the 
force sensor is not loaded, the resistance is extremely high. After applied by a 
force, the resistance of this force sensor will decrease linearly. 
 

 
 

Figure 8.3.1 the Flexi Force Starter Kit [6] 
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8.3.2 Working theory 

The resistance 1 and 2 are replaced by a trim pot, and the resistance 3 and 4 
are replaced by another. The left operational amplifier works like a 
comparator, and the right one works like an amplifier to increase the voltage. 
When the force sensor a loaded by a great enough force, the resistance will be 
decreased and the current in that branch will be in increased. This feedback 
will be compared by the comparator (the left operational amplifier) with 
another input which is stable. When they are equal, the comparator will send a 
signal to the amplifier (the right operational amplifier). After receiving this 
signal, the amplifier will increase the voltage and active the LED bulb to hint 
that the pressure is enough. An example figure is given in Figure 8.3.2. 
 

 
 

Figure 8.3.1 the Flexi Force Starter Kit [2] 
 
8.3.3 Test and result  

After the circuit is built according to the circuit diagram, the trim pots were 
adjusted to make sure that the current could be equal with the feedback sent 
by the force sensor when it’s loaded. Then this equipment was tested by a 
small frame. Connected to the circuit, the force sensor was placed between the 
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module and the frame. After tightening the screw to compress the module, the 
LED bulb was lighted. We think the test turned out good, which means that 
this equipment has the desired function. 
 
 
8.4 Prototype  

After finishing the work with the QR code, thermograph, and the force sensor, 
a prototype of this intelligent wedge was built. The QR code was placed in the 
middle of the wedge, the thermograph tap (considering the limited area, the 
clock indicator was used instead of the previous 8-level strip. The prototype 
board of the circuit was placed on the back side of the frame, with force 
sensor inserted into the modules, and the LED bulb was placed on the right of 
the front side of the wedge, pass through the wedge through a hole. 
 

 
 

Figure 8.4 front side and back side of the prototype. 
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8.5 Conclusion and further development  

This prototype of this intelligent wedge, which applied with a QR code, 
reversible thermograph and force sensor, was built. This equipment has the 
desired functions of carrying product information, recording surrounding 
temperature and pressure detection. 
 
The circuit with the force sensor could be further developed into an 
equipment could be connected to mobile equipment, like flash disk. Accurate 
figure of compression could be read and record through this equipment. 
 
Linked to the QR code, a website could be set up to establish a database for 
each intelligent wedge and the system it placed in. The database could contain 
the information about this wedge, for example installation plan, maintenance 
report and production QA etc. It will help to increase the efficiency of regular 
inspection and provide needed information for further research and 
maintenance. 
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9 Intelligent stay plate 

We started with designing the external stay plate. And then we developed a 
new idea during the design process. 
When the sealing module gets compressed, it will have about 2 mm lateral 
displacement. And this displacement will force the orange part to move. Then 
the red button will go inside the stay plate. 
Customers can know the quality of the installation by checking if the red 
button is full inside. Every sealing system just needs one intelligent stay plate. 
 

 
 

 
 

Figure 7 when the system is sealed, the module will have about 2mm lateral 
displacement. 
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9.1 Parts 

The intelligent stay plate is composed of 5 parts. The material of the blue 
parts should be rubber. The rest parts should be galvanized steel. 
 

 
 

Figure 9.1a Explosion of Assembly in Inventor 
 

 
 

Figure 9.1b Representation in Inventor 
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9.2 Prototype 

The prototype is made by FORTUS 3D production systems.  
 

 
 

Figure 9.2 prototype made by FORTUS 3D production systems [16] [17] 
 
9.2.1 Prototyping machine  

A 3D printer is a computer output device that can make solid copies of objects 
from computer drawings. There are a number of different types. All of these 
work in different ways. Some use powder. Some use liquid plastic. They all 
make the object by building it up layer by layer. 
Engineers also call it rapid prototyping machines  
 

 
 

Figure 9.2.1 3D Production System: Fortus 360mc [16] [17] 
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9.3 How it works 

Before we compress the system, we should 
keep the green part at the point 0. 
 
 
 
Maybe we should put something hard to fill the empty space. And right before 
we compress the wedge, we take the hard thing out. This thing is sharp; 
because when customers re-installed the system, the part of the module which 
has been compressed does not seem to rebound. Then this design may be 
ineffective. We need to try to insert this hard thing into the intelligent stay 
plate again. 
 

 
 

Figure 9.3a hard thing 
 

  
 

 
 

Figure 9.3b representations in Inventor 
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9.4 Data 

We got some data from the Inventor Stress Analysis. It shows the relationship 
between the internal pressure of the system and displacement of the module.  
 

 
 

Table 9.4 data from inventor stress analysis simulation.  
 

Internal 
pressure(Mpa) 

Lateral displacement 
of the module(mm) 

Compression ratio of 
the module (%) 

0.4 0.4752 1.845 % 

0.5 0.594 2.307% 

0.6 0.7128 2.768% 

0.7 0.8316 3.228% 

0.8 0.9504 3.69% 

0.9 1.069 4.152% 

1.0 1.188 4.613% 

1.1 1.307 5.073% 

1.2 1.426 5.535% 

1.3 1.544 5.967% 
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1.4 1.663 6.458% 

1.5 1.782 6.92% 

1.6 1.901 7.38% 

1.7 2.02 7.842% 
 
We also did an experiment at Roxtec. And it shows that when the system is 
sealed, the internal pressure is around 1.5Mpa. According to the results from 
the Inventor, compression ratio of the module will be 6.92%. 

  

 
 

Figure 9.4 the results of the experiment at Roxtec  
 
Compare with the hand calculation 
 
For example, if the packing space for modules is A=180mm. The room for 
wedge and stay plates is B=38mm. We have 5 stay plates in this system. Stay 
plate’s width is C=0.5mm. And the extending range of the wedge is from 
29mm to D=48mm. An example equation is given in equation 9.4 
 

ratio nCompressio
A

 B-C5D
=

×+
                                              (9.4) 

 
Calculation 
 

( )
%94.6

180

385.0548
=

−×+
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The result we got from the inventor is almost the same as the result of our 
hand calculation. Then we can trust it. 
 
9.5 Use 

We think this design can be used to check whether customers install the 
wrong modules. 
 

   
 

Figure 9.5a Image in the middle is the right case. Image on the right is the 
wrong case; the red area is the empty area. 

 

 
 

Figure 9.5bWhen the wedge is compressed, the h2=29mm will extend to 
h1=48mm 
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Figure 9.5c Combination of modules is optional [1] [2] [3] 
 
For example, if the packing space is 180mm. And the customers install 10mm 
more. In this case, wedge cannot be fitted into the system. 
Then, the problem will be that the customers install 10mm less. An example 
equation is given in equation 7.5. Equation 7.5 is developed from equation 7.4. 
 

ratio nCompressio
10-A

 10-B-C5D
=

×+
                                       (7.5)    

 
Calculation 
 

( )
%47.1

170

10385.0548
=

−−×+
    

According to the Inventor result, the internal pressure will be less than 
0.4Mpa. The lateral displacement of the module will be less than 0.4752mm. 
When the system is properly sealed, the lateral displacement of the module 
should be more than 1.782mm. 
In other words, the red button will be still out there. 
 

 
 

Figure 9.5d the red button indirectly shows the internal pressure, it can tell 
the customer that they installed wrong module 
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9.6 Deflection Calculation of the intelligent stay plate 

We simplified the structure into the form of a beam and did some calculations 
to confirm the structure is firm. 
 

 

 
 

Figure 9.6 the part we need to analyse 
 
 
9.6.1 Computer Analysis 

Inventor shows the displacement of the beam will be 0.754mm and 1.206mm, 
when the pressure is 1Mpa and 1.6Mpa. 
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Figure 9.6.1a when we applied 1 Mpa pressure on the beam. 
 

 
 

Figure 9.6.1b when we applied 1.6 Mpa pressure on the beam. 
 
9.6.2 Calculation by hand 

We used Beam Deflection Formula to check the results. An example equation 
is given in equation 7.6 [28] 
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EI

l
y

384

5 4

max

ω
=

                                                                                         

(7.6)

                                                                                       
When the internal pressure is 1 Mpa, max deflection = 0.75mm 

( ) mmcm

cmN

cmcmN

EI

l
y 75.0075.0

1000

9
*/20000000*384

12*/50*5

384

5
1

2

44

max ====
ω

 
 When the internal pressure is 1.6 Mpa, max deflection = 1.2mm 

( ) mmcm

cmN

cmcmN

EI

l
y 2.112.0

1000

9
*/20000000*384

12*/80*5

384

5
6.1

2

44

max ====
ω

 
The company suggested that the deflection should be no more than 1-2 mm on 
each side of the frame. Based on this, we think the results are good. 
 
9.6.3 Safety value 

We chose the galvanized steel as the material of this design.  And then we 
applied 1 Mpa pressure on the intelligent part. The safety value turned out to 
be 2.7. 
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Figure 9.6.3 when the pressure is 1 Mpa, the safety value will be 2.7 
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9.7 Conclusions 

This idea is focused on measuring the lateral displacement of the module. 
Then we can indirectly know the quality of sealing. According to the results 
from the Inventor, the lateral displace will be about 1.78mm when the system 
is sealed. So we decided to use the dimension 1.7mm and 2mm for the 
intelligent part. An example figure is given in Figure 9.7. 
The main function should be used to check whether the customers install the 
wrong module. 
  
 

 
Figure 9.7 the important of the intelligent stay plate. 

 
9.8 Future work 

 
The lateral displacement of the module is actually small. So this design won’t 
be able to show the exact value of corresponding internal pressure.  
 
9.8.1 Ruler frame 

But we can measure the vertical displacement of the module instead. Table 
9.8.1 is developed from table 9.4.  

 
 

Table 9.8.1 when the parking space is 180mm  
 

Internal 
pressure(Mpa) 

Vertical displacement of 
the module(mm) 

Compression ratio of 
the module (%) 

0.4 3.321 1.845 % 
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0.5 4.152 2.307% 

0.6 4.983 2.768% 

0.7 5.811 3.228% 

0.8 6.642 3.69% 

0.9 7.473 4.152% 

1.0 8.304 4.613% 

1.1 9.132 5.073% 

1.2 9.963 5.535% 

1.3 10.794 5.967% 

1.4 11.625 6.458% 

1.5 12.456 6.92% 

1.6 13.284 7.38% 

1.7 14.115 7.842% 
  
This development will show the customers whether they install the wrong 
modules immediately. Not after the installation, they just got some 
information which shows the internal pressure is not enough. As a matter of 
the fact, the most important thing that customers want to know is whether the 
Roxtec system sealed properly. And we can make some mark on the frame 
which can tell the customers how the installation was. Such as the installation 
was perfect or they over compressed the modules. 
 

 
 
Figure 9.8.1a prototype for the ruler frame; beyond the packing space, there 
is nothing curved on the frame. So customers can check if top modules are at 

the right position 
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Figure 9.8.1b ruler frame 
 
We should make an extra part on the side of the stay plate, so it could help 
customers to read the value which is carved on the frame. 
 

 

 
 

Figure 9.8.1c ruler frame reader 
 
9.8.2 Special Micrometre for the intelligent stay plate 

The lateral displacement of the module is small. So the intelligent stay plate 
won’t be able to show the exact value of corresponding internal pressure. 
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But if we have a special micrometre for the intelligent stay plate, then the use 
of the intelligent stay plate will be broader.  
 

 
 

Figure 9.8.2c Special Micrometre for the intelligent stay plate [25] 
 
First we should make the red button longer, so it will be easy for the special 
micrometre to measure its length. Then we make a notch for the special 
micrometre to fit in. 
 

  
 

Figure 9.8.2d longer red button and a notch for the special micrometre 
 
We can attach the special micrometre on the intelligent stay plate and operate 
it with our finger just like using an injection syringe. 

http://en.wikipedia.org/wiki/File:5783metric-micrometer.jpg
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Figure 9.8.2e we should be able to use our finger to push the prominence of 

this special ruler. [26] 
 
This special ruler would be better if it is electronic. And we hope the permit 
measurements of it is within 0.001 millimetre. 
  

  

http://upload.wikimedia.org/wikipedia/commons/a/a5/Injection_Syringe_01.jpg
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10 Colour indicator 

The assumption is that we can find a kind of chemical reagents which can be 
mixed with water and let water change into deep colour immediately when 
water goes through. It should be neither harmful to human body, thus cause 
dangerous nor to the module as to make a permanent damage on it. Besides 
this, it should also be economy and approachable. 
After the research, we have found 7 PH indicators. And we decided to 
perform an experiment with Bromothymol Blue and phenol red. The reason 
for that is these two can also tell the acidic and alkaline. 
 
10.1 Phenol red  

Phenol red is bright pink when the PH value is above 8.2, and it turns into 
yellow when the PH value is below 6.8. 
 

 
 

Figure 10.1 Phenol red is a PH indicator [9] 
 
10.2 BTB  

Bromothymol BlueMethyl swiths its colour when the PH value changes from 
6.0 to 7.5. 

 
 

Figure 10.2 BTB is a PH indicator [23] 
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10.3 experiment  

We put lubricant on the modules’ surface first, and then we drop several drops 
of chemical reagents on both modules. An example figure is given in Figure 
10.3. 
 

 
 

Figure 10.3a an experiment 
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The left one is “Bromothymol Blue” and the right one is “phenol red”. They 
are both PH indictor and harmless. Bromothymol Blue’s colour range is at pH 
6.0 (yellow) to 7.6 (blue).and phenol red’s colour range is at PH 6.8 (yellow) 
to 8.4 (red). 
 
After three days’ observation we get a conclusion: 
Bromothymol Blue is very aggressive to the module, it can be easily absorbed 
by the module and it is not removable. But phenol red is stable both in the air  
And on the module and it can be mixed with lubricant. 
 

 
 

Figure 10.3b experiment after 3 days 
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10.4 Conclusion  

Now we get the result, we drop several drops of water on these two modules. 
On the Bromothymol Blue side nothing changed, maybe it is because 
Bromothymol Blue all seeped into the module so it can’t be mixed with 
lubricant and water again. But the phenol red did not seeped into the module 
and it did let water change colour into deep red, we can easily recognize it if 
there is a leakage. 
We recommend installers to put phenol red powder on the lubricants which 
were put on the surface of modules during the installation. 
 

 
 

Figure 10.4 we drop several drops of water on these two modules 
 
Base on the result and phenol red’s chemical properties we think using phenol 
red as colour indictor is a feasible way. Since phenol red can be mixed with 
lubricant, maybe in the future we can add it into the lubricant as a new 
“intelligent lubricant”. 
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11 Torque to pressure ratio(MPa/Nm) 

After disadvantage of the wedge clip was found, we try to find out a new 
solution for compression detection. We proposed that we may detect the 
pressure through torque. And the demand of the pressure is 1 Mpa. In order to 
find out the torque to pressure ratio, we performed an experiment. 
Recommendations were made bases on the analysis on the result of the 
experiment. 
 
11.1 The experiment 

With the help of the Roxtec Staff, 2 S6X1 frames were filled with modules, 
stayplates, wedges and force sensors. To have an integrated result, 4 types of 
modules were used. They are RM20w40, RM30, RM40 and RM60. Each 
frame was filled in with 3 force sensors, each of which has 4 probes [6]. 
 

 
 

Figure 11.1 locations of the force sensors 
 
The force sensors were connected to a laptop with corresponding software I 
scan to the force sensors. The pressure could be read by this software [6]. 
 



74 

The internal pressure was recorded while increase the torque used to tighten 
the screws. This process was repeated 6 times in a row. In the last time, the 
force sensor #9 was replaced to be inserted into the modules vertically, in 
order to read the pressure. 
 
11.2 The analysis on the result of the experiment  

After we got the results from the experiment, we started to analysis on it. 
 
11.2.1 Torque to pressure ratio 

All of the figures were put in Excel to form a table, and line charts (Appendix 
B).  
 

 

 
 

Figure 11.2.1a the result of experiment No.5 
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To have a more scientific analysis, the least square method was applied to 
analyze these figures in Mat lab. Using the quadratic function as the fitting 
function, a graphic was obtained by the software 
 

 
 

Figure 11.2.1b a graphic was obtained by the software  
 

Apparently the last 2 sets of data make the chart nonlinear, probably because 
the screws were already stopped when the torque reached 10Nm. Besides, 
when the torque reached 10Nm, the internal pressure was over 1.6MPa, which 
is 60% higher than the needed pressure. So the last 2 figures could be ignored. 
 
By using the linear function as the fitting function and ignoring the last 2 sets 
of figure, a linear graphic was obtained . 
 

 
 

Figure 11.2.1c a linear graphic 
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The fitting function is: 
Y=0.2488X+0.2435 
(Y for pressure, MPa; X for torque, Nm) 
 
11.2.2 Relaxation 

After the experiment, the frames were left in the lab for 24 hours. And then 
the pressure in the system was read through the force sensors again. 
Comparing to the result obtained immediately during the experiment 
(Appendix), the Relaxation Ratio was determined by the following 
formulation: 
 
P_RR=∆P/P×100 %=( P-Pafter)/P×100 %=( 1.52-1.44)/1.52×100%=5.21% 
 
 
PRR (%) is the Pressure Relaxation Ratio, P (MPa) is the average pressure 
obtained during the experiment, and the Pafter (MPa) is the pressure re-
obtained after 24 hours.  
 
It’s easy to understand that in order to make sure that the pressure in the 
system remains 1 MPa after 24 hours as desired, the relaxation must be 
considered. That means the pressure inside the system must be greater than: 
1 MPa ×1/ (1-5.21%) =1.055 MPa 
 
Then the torque used to tighten the screws can be obtained, by using the 
fitting function determined above: 
X= (1.055-0.2435)/0.2466=3.2908 (Nm) 
So we can say that 4 Nm is the enough torque to tighten the screws. 
 
11.2.3 Mechanical property 

According to the result of the experiment, some mechanical properties could 
be determined.  
 

Torque 

(Nm) 

Height of 

wedge 

(mm) 

Average 

pressur

e 

of all 

Height of 

modules (mm) 

Displacemen

t of  

modules 

(mm) 

Strain 

of 

module

s (%) 
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Figure 11.2.3a result of the experiment 
 
According to this table, a Stress-Strain curve was formed by Mat lab. 

 
 

Figure 11.2.3b representation in mat lab 
 

A fitting function could be determined to describe the material’s behaviour 
when it’s pressured, which is: 
Y=0.2743X-0.037 
In which, Y is the stress σ (MPa), X is the strain ε (%). 
 
And slope of this linear function is the young module, which equal to 27.43 
MPa. The figure 11.2.3 shows that the behaviour of this material is quite 
linear at this stage. Applying the knowledge of mechanics of materials, it’s 
convincing to say that it’s still under the proportional limit, and not close to its 
yield strength [27]. 
 

(MPa) 

0  38.00  0.23  177.50  2.50  1.39% 

2  40.00  0.74  175.50  4.50  2.50% 

3  42.00  1.02  173.50  6.50  3.61% 

5  45.00  1.44  170.50  9.50  5.28% 

10  47.00  1.67  168.50  11.50  6.39% 

20  47.00  1.69  168.50  11.50  6.39% 
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11.3 Conclusion and further development 

Based on the result of experiment and the analysis, the behavior of system has 
been understood with figures, graphic and functions. We recommendated 
customers can use 4 Nm torque to tighten the bolts on the wedge.   
 
And the linear term coefficient of the determined fitting function could be 
used as a scale model in the further research, to predict the system’s behavior 
in other case. 
 
The young’s module determined in this case based on the frames we used in 
the experiment, which contained no cable or pipe. So the young’s modules of 
other system with cables or pipes could be different, considering the different 
mechanical properties of the cables and pipe. Further equipment could be 
performed to get a more practical result of the mechanical properties of the 
whole system. A function of predicting the system’s behavior could be 
developed from these figures, and could be applied to the Roxtec’s software, 
RTM, in order to let the customers know the detailed figures of installation 
when they design the transit. This function also could be integrated into the 
database linked by the QR code from the intelligent wedge.  
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Appendix A Drawings of the intelligent stay 
plate  
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A.1 Drawing 1 
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A.2 Drawing 2 
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A.3 Drawing 3 
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A.4 Drawing 4 
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A.5 Drawing 5 -Assembly Drawing 
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Appendix B experiment data of Torque to 
pressure ratio(Mpa/Nm) 

 
This table was formed by the result of the 3 torque experiments, including the 
measures on torque, height of wedge, pressure read by the force sensor and 
the calculation of the average force, height of modules, displacement of 
modules and the strains for modules.  
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Appendix C installation Manual of Roxtec 
sealing system[2] 

 

 


