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Sammanfattning 

Marknaden har i dagsläget en ökad efterfrågan på ergonomiska mjölkningsutrustningar. Det finns 
just nu lösningar för ” fiskbens stall” installationer där bonden kan komma åt och mjölka kossan 
från sidan och få hjälp att bära upp vikten av en support arm. I parallella stationer finns inte samma 
möjlighet eftersom mjölkningen sker bakifrån och en ny lösning måste utvecklas. I dagsläget finns 
endast lösningar där en supportarm delvis bär vikten av rör och kluster, dessa kallas service armar, 
mer erbjuder inte kluster-positionering direkt under juvret. 
 
I detta projekt har befintliga lösningar kombinerats med egna ider och genom workshops samt 
beslutsmatriser kommit fram till ett nytt koncept för en support arm. Denna support arm förbättrar 
arbetsvillkoren när man mjölkar i parallella ”roterings installationer” men kan även appliceras i 
”parallella installationer”.   
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Resultatet av detta examensarbete blev en support arm som är en kombinaton av redan befintliga 
lösningar. Konceptet är byggt på jämnviktstillstånd där en kombination av två parallela armar samt 
en vikt skapar jämnvikt med kluster och tuber som är placerade på en trel änkad stödarm. 
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Abstract 
DeLaval parallel rotaries and parlors have been constructed to facilitate the milking process and save 
time. Unfortunately this solution has not so much support when the farmers have to hold up the 
heavy cluster, when putting the cluster to the udder. Different approaches are already available to at 
least partially carry the weight of tubes or cluster, so-called service arms, but they do not enable the 
milker to position the cluster immediately below the udder. 
 
The aim of the project is to develop a concept for a new arm that improves working conditions for 
the farmer to milk the cow in parallel installations (parlor as well as rotary). It will be mounted at the 
rear end of the cow, the pit edge. 
 
There has been a similar project named Amra that has been done on DeLaval before. It was much 
focus on Amra in the beginning of this project, the idea was to investigate about the arm and see 
how much it was possible to use from that similar project. As Amra was too expensive and had to 
many components this project was to simplify a similar support arm that fits on rotaries too. 
 
The result is a support arm that is a combination of already existing solutions that have been reached 
through consultation (workshop) and other decision support. The result is a three linked support 
arm, which are assembled by a state of equilibrium, resulting in more ergonomic working conditions. 
The balance is achieved by a counterweight solution.ere to insert text 
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1 Introduction 
This is the final report of a bachelor thesis performed in cooperation with The company International AB and 
KTH in the spring of 2013. The bachelor thesis equals 15 etc and has been performed during 10 weeks. 

 

 
1.1 Background  

Markets have a growing demand for ergonomic milking equipment. Historically there are existing 
solutions for Herringbone installations, where the milker accesses the udder from the side of the 
cow. Those support arms carry the weight of the cluster and allows the milker to position the 
cluster below the cows udder, without having to carry the weight themselves. Another usage 
scenario are parallel parlors, were the milker has access to the cow from behind. The available 
space is not defined by the length of the cow, as it is with Herringbone installations. The space in 
parallel parlors is defined by the width; therefore a different solution is required to offer the same 
convenience to the milker.  
 
Different approaches are already available to at least partially carry the weight of tubes or cluster, 
so-called service arms. But they do not enable the milker to position the cluster immediately 
below the udder to only attach the teat cups to the teats.  
 
Aim of this project it to develop a concept for a new support arm that improves working 
conditions for the farmer, to milk the cow in parallel installations (parlor as well as rotary). Goal 
is that the farmer only has to perform a horizontal motion and that the vertical forces are taken 
by the support arm. The concept has to be modularized as there are different demands from 
rotaries and parlors. On rotaries the space used to mount the arm is also needed for the cows to 
enter and leave the installation. Therefore the arm has to be moved out of its position 
automatically in the entrance area. In parlors the arm can stay in place.  

 
 

1.2 Problem definition 

The farmer has to lift a heavy cluster and attach it to the cow. While he is attaching the teats he 

has to hold up the cluster by one hand. It is a very non – ergonomic movement. 

 

There are different demands on rotaries and parlors. The developed support arm has to fit in 

both of them, the support arm won’t be stepped on when the cows are entering or leaving the 

installation (big risk in rotaries). Therefore the arm has to be moved out of its position 

automatically in the entrance area of the rotaries, in parlors the arm can stay in place. 
 

 

1.3 Requirement Specification  

The project had different requirement specification, some of the requirements was added at the 

workshop in phase 2 (se appendix 1.1.1 Requirement specification.) 

 

 Reduce interruptions 

Prevent unwanted slip teat cups. 

 

 Save time 

Ease the cluster attachment by minimizing activities and fault possibilities of milker. 
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 Protection of equipment 

In parking position, especially at the entrance cluster, milk and pulsation tubes should be 

protected from cow stepping on it/ manure. 

 

 Milker safety 

The farmer should not get hurt during the milking process, should not be able to get 

stuck and dragged along the rotary. Not be able to get the fingers caught. No sharp edges. 

Breakaway point.  

 

 Carry the weight of the cluster during attachment 

Weight should be carried when cluster is brought in to position and support as much as 

possible during cup attachment. 

 

 The arm should not interfere with other moving parts  

When the cow is entering the platform, the arm has to be removed from the entrance. 

 

 Modular concept to support rotary and parlor 

The solution should support both systems. In case rotary support function becomes too 

complex modularization concept can be dropped. 
 

 Protection in bridge area 
Arms need to be protected against manure coming from the top 

 

 

1.4 Goals 

 Develop a concept. 

 The construction of the arm will be developed to eliminate the lifting of the heavy cluster, 

for the farmer during the milking. 

 The technical construction will be developed so the support arm will fit for both parallel 

rotaries and parallel parlors. 

 The arm will support during the milking. The cow may move, limited to her place; 

however the arm and the cluster will move with her.  

 Have two concepts ready for the workshop. 

 

 

1.5 Method 

 During the project a market survey and analyze existing solutions from competitors have been 

done.  

 Pedal and Memo which is the company’s information base have been used to find information 

about their existing products.  

 An excursion to Telescope farm to see the environment and some of the different versions of the 

companies support arms. 

 Have a workshop with specialists. 
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1.5.1 Gathering of facts 

Different methods will be used to solve the problem. A market research, to get an overview of different 

competitor’s solutions for the support arms. The company’s internal technical archive Pedal and Memo, 

mostly information about TELESCOPE CONCEPT (see appendix 1.2.1 ) to get more information. 

 

 

1.5.2 Concept generating 

The method “brainstorming” and also “brain writing” have been used, to reach the final concept. Analyze 

how to transfer one move to another movement (mechanic forces).  

 

 Sketches-illustrate the idea, function and concepts to get visual image 

 Analyzing advantages and disadvantages 

 

 

1.5.3 Decision support 

Methods to generate and evaluate the concepts: 

 

 Kesselring evaluation matrix - To help choosing the final concept.      

 Relevant decision making tools to facilitate the elimination of the concepts.   

 Workshop with engineers from USA and New Zeeland. – get inputs and feedback on the 

concepts. 

 

 

1.5.4 Product generation 

 CAD- Illustrate the final concept with rendered pictures and drawings to get a visual image of the 

support arm/concept. 

 Evaluation of ergonomics- Objective and subjective measures for the workload on the farmer 

during the milking, with or without the support arm. 

 

 

1.5.5 Revisions of the initial methods were made during the work. 

From the beginning we were supposed to milk at “Telescope Gård” to get a better understanding of the 

farmers working condition. But in lack of time and double booking, the milking experience became 

canceled.  

 

 

1.6 Delimitations 
 Not go into details on the technical solutions and calculations (function based solution). 

 A prototype will not be made of the support arm. 
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2 The company  
 

“Reduce the environmental footprint of farms, while improving food production, farm profitability and the well-
being of the people and animals involved. 
 
The story of The company begins in 1878 when Gustaf de Laval (1845 – 1913) invents the cream separator that 
revolutionizes dairy production. Gustaf de Laval was not only an outstanding inventor but a man who saw no 
limitations to what could be achieved by research. He had a will to improve not only machines, but the very 
conditions of living. He firmly believed that it is possible to make a difference. 
  
At The company we continue to work on the farmers’ behalf, striving to make a difference, by finding new ways 
and solutions to drive progress in our special field – milk production. We aim to improve milk quality, food 
production, animal welfare and the environment of both animal and milker.” 
  
Text above from the company’s homepage1. 

 
  

                                                      
1
 The company – Global, ’The Company’, [web page] (2013), <  http://www.the 

company.com/en/About-The company/The-Company/Vision-mission-and-core-values/> 
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3 Theoretical reference 
 

3.1 Concept generation and evaluation methods 

 

3.1.1 Brainstorming 

 

Brainstorming2 is creativity method that helps to generate ideas and creative solutions to a 
problem. The method can be used in a group, either oral or written or individual brainstorming. 
Individual brainstorming can sometimes be more effective than group brainstorming, as it often 
results in ideas of better quality.  

 

 

3.1.2 Kesselring evaluation matrix  

Kesselring matrix3 is the decision matrix where different application segments can be evaluated 
against the different requirements and their weighting factor (importance multiplier). The 
criterions are weighted and you give a value between 1 and 5 depending on the importance. Then 
the given value is multiplied with the weighting and all criterions are summed up to a total score. 
The concept with highest score is the winning concept.  

 

 

3.1.3 Solide Edge 

Solide Edge, a 3D CAD program to simulate our different concepts. With this program you can 

get a good overview of the product and put components together to an assembly. In Solid Edge 

you could also investigate the movement of the product.  

 

 

3.2 Excursion 
To get a better understanding about the environment and the different support arm an excursion 

to Telescope farm were performed.  

 

 

3.3 Competitors 
There are plenty of different competitors in the world. One companies had some support arm 

that was relevant for our project. The company is: 

 

 

         

 

 

 

                                                      
2
 NE –  [web page] (2013)<  www.ne.se/brainstorming  

 
3
 D.G. Ullman, The mechanical design process (McGraw-Hill, 2010), 221-225   

 



6 
 

3.3.1 GEA 

GEA4 is a globally leading producer since 1926 with good solutions for milk technical solutions. 

This is one of the biggest competitors for The company.  

 

PosiMax  

 
The flexible weightlifter 
 
PosiMax5 is a good assistant in the parlor: it bears the weight 
of the long milk and vacuum tubes. In this case twisting and 
drag forces are ineffective and the cluster fits perfect. 
Flexible, height adjustable and follows cow movements with 
ease.  
 
 
It’s easy to be perfectly positioned. With PosiMax the milk 
flows: it positions the cluster squarely on the udder and 
balances the weight easily on the udder quarters. Results: a 
perfect position of the cluster and best milking out results. 

  

 
Figure 3.1 

 
 
Benefits: 

 Animal individual positioning of the cluster 
 Balanced weight distribution on all udder quarters 
 Shorter milking times and best finish milking results 
 Easy handling 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

                                                      
4
 http://www.gea-farmtechnologies.com/se/sv/ 

5
 GEA – Global, ’PosiMax’, [web page] (2013), http://www.gea-

farmtechnologies.com/in/en/bu/milking_cooling/building_blocks_of_milking/cluster_positioning/posi
max/default.aspx 
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PosiCare  

 

The multifunction arm for the whole milking 

process: 

 

This arm automatically assists you to apply the cluster 

and helps with a lot more. The name says it all Posi 

for optimal positioning and care. PosiCare6 is easy to 

use. 

 

 

 

 

Figure 3.2 

 

A high level of support. 

 

At the milking place PosiCare takes the weight of the cluster during attachment. So you can take 

the strain from the arm and shoulder and save time as well as effort at work. When milking cows 

with short, thin teats or uneven udder shapes PosiCare reduces potential liner slip problems and 

you don’t have to make manual readjustments during the milking process. 

 
PosiCare positions the cluster individually. The arm follows every movement of the cow. It 
reduces the twisting and dragging forces acting on the udder. During the milking process the 
weight will be evenly distributed on all udder quarters. At the same time adhesion problems are 
counteracted. PosiCares special finish milking function ensures a shorter milking time per cow. 
The result is: higher throughput rates and optimum udder health as well as an ergonomically 
designed workplace for the operator. The slim design of the multifunction arm provides an 
unrestricted view of the udder at all times. 

Benefits: 

 Easier attachment 
 Better positioning 
 Balanced weight distribution on all udder quarters 
 Minimize adhesion problems 
 Shorter milking times and perfect finish milking 
 Easy handling 

  

                                                      
6
 GEA – Global, ’PosiCare’, [web page] (2013)< http://www.gea-

farmtechnologies.com/in/en/bu/milking_cooling/parlour_milking/cluster_positioning/posicare/default.aspx> 

http://www.gea-farmtechnologies.com/in/en/bu/milking_cooling/parlour_milking/cluster_positioning/posicare/default.aspx
http://www.gea-farmtechnologies.com/in/en/bu/milking_cooling/parlour_milking/cluster_positioning/posicare/default.aspx


8 
 

PosiLactor  

 

For a more comfortable and better handling  

 

The PosiLactor7 is worldwide well proven and still 

further developed. It disposes now of an especially 

constructed joint in the arm and a new tube 

suspension in the extension arm. The built-in joint 

gives the arm more mobility. By these means the 

pivoting of the cluster under the udder is essentially 

improved. The tube suspension is optimized by the 

new construction of the extension. The positioning 

and tube conduct have been optimized as well. The 

cluster remains at the PosiLactor while being inserted 

for rinsing purposes in the CIP (Clean In Place unit).  

 

Figure 3.3 

Benefits: 

 More mobility 
 Easy to attach 

  

                                                      
7
 GEA – Global, ’PosiLector’, [web page] (2013)< http://www.gea-

farmtechnologies.com/in/en/bu/milking_cooling/parlour_milking/cluster_positioning/posilactor/default.aspx> 
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3.4 The company 

3.4.1 Parallell rotary PR2100 

 

PR2100 is the installation that has been the starting 

point for this project. The support arm will be placed 

on this rotary.  

 

As shown on figure 3.4 and 3.5, there is a “rump rail” 

behind the cow that makes it impossible for the cow 

to go out during the milking. Under that rail the arm is 

going to be mounted.  

 

 

 

 

 

 

 

 

 

Figure 3.48 

 

 

 

The cow will be shifting a bit trough the milking 

process, seen from behind the cow has a limited place. 

But the arm has to be able to move with her as much 

at it is possible in a parlor. This function will minimize 

the cow irritation during the milking process, also to 

avoid the risk of arm safety.  

 

 

 

 

 
Figure 3.58 

 
 

The “cleaning of clusters” is being done in the end 
after the whole milking process.  
 
There can be a problem to have some of the arms 
under the entrance (fig 3.7) while cleaning. But if 
there are about four or three clusters under the 
entrance when the rotary is stopped it will probably 
be a solution to rotate the platform and clean those 
afterwards. 
 
Figure 3.68 
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There is a bridge with 4 cm gap between the rotary and the entrance. The goal with this project 
was to come up with a solution that can make the support arm pass the bridge. After the 
workshop different solution was discussed and a decision was made that the easiest way for the 
arm to pass the bride, was to go under it. 
 

Figure 3.7 Entrance of the rotary8 
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3.4.2 Service arms in the medium duty segment for parlor milking  

 

The main purpose of the arm is to support the weight and 

direct the milk and vacuum tubes properly to avoid creases, 

which will cause interruption of the flow in the tubes. It 

also helps the ACR to perform a smooth cluster removal. 

The tube support arm does not support the weight of the 

cluster. This isthe companiescurrent solution for parlor 

milking assistance in the medium duty segment. The 

Service arm do not enable the milker to position the cluster 

immediately below the udder to only attach the teat cups to 

the teats and does not support the weight of the cluster. 

 

Figure 3.88 

 

 

Figure 3.10: Arm profile9 

 

3.4.3 Heavy duty support arm 

 
This arm is used in Herringbone parallel stations. The arm is divided into 4 joints and is very 
flexible and easy to handle. After pressing the start button, the arm will be extending by the 
folding linkage and push down on the linkage base to position the claw under the cow’s udder. 
When positioning the linkage, maintain the links in a “Z” configuration and the end link parallel 
to the cow. This allows for smoother retraction. The linkage base is designed to allow the linkage 
to spring down if it is kicked or stepped on. The linkage will automatically return to normal 
position. 

 

 

Figure 3.112 

 

                                                      
8
 Report : David Samuelsson and Rikard Andersson, Medium duty 

support arm for HB30° parlours, 2012   
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The linked arm is divided into 4 joints and is very flexible and easy to handle. For rotary a 4 joints 

arm is to big so one idea is to only have 3 joints. Then it will fit the small space between the 

cow’s legs and still be flexible and easy to handle. 

 

3.4.4 Tube support arm with service arm 

 

The existing hose support hook for the HDHB take-off arm have a flexible design and design for 

having 4 hoses. This service arm is flexible and can move along and the hoses can easy slide front 

and back when the cow will move or when the support arm will retract. It’s a good solution to 

combine the service arm and the support arm for fulfill the ergonomically for the farmer. 

 

 
Figure 3.122 

 

3.4.5 AlfaDast system  

 

In the solution for the support arm a technical function named counterweight will be used. The 

counterweight consists of two pipes that are connected.  The counterweight and the arm are 

linked together with a wire which is running over a wire wheel located between the two pipes. 

This technical function allows the arm to slide vertically. The wire loop is geared 1:2 so that the 

counterweight is twice as heavy as the arm. This function reduces the inertia forces that occur 

when the counterweight is set in motion and gives the arm a smooth height adjustment. The 

plain bearing on the counterweight is vertically 

grooved. The vertical grooves give the bearing 

the ability to remove dirt lying between the 

internal pipe and the plain bearing when the 

arm is rotated.  

 
The inner pipe consists of a round aluminum 
pipe which is able to rotate radically within the 
outer profile. To enable it to slide smoothly 
inside the outer profile where there is a Teflon 
plain bearing in the bottom of the outer 
profile. At the top of the telescopic arm sits 
four plastic rollers that roll against the inner 
wall of the outer profile. Using rollers at both 
positions would be too expensive. Therefore, a 
compromise with both rollers and plain 
bearings were made.   

Figure 3.139 
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4 Working process 
 

During the project four different phases have been completed. 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.1 

 

Phase one: Analyze 

The first kick off meeting was with Sebastian Sturm (The company) and Linnea Törnevik (The 

company). Location for this meeting was the telescope Exhibition hall to make it possible to see 

the different prototypes in reality and discuss about them. The problem with no support arm for 

rotaries at the company’s products and the different steps in the milking process was also 

discussed.  

 

A timetable was created and all the hours for the work were approximately planned and placed in 

the table for the whole work. Background, problem definition, requirement specification, goals, 

solution methods and limitation was also done in this phase. 

 

Phase two: Fact finding 
In phase two an overview on the global industry of milking support arms was done. There were 

unfortunately not so many different arms for parallel parlors and parallel rotaries. Most of the 

arms were for herringbones. But with the research and the information about the Telescope 

concept project a brainstorming session was done. The result from the brainstorming was 5 

concepts and during a workshop some technical function was selected and analyzed.    
 

Phase three: Implementation 

A Kesselring evaluation matrix and a analyze was made to reach the final concept. The concept 

was sketched up in Solid Edge to simulate the real support arm and get a better understanding of 

the arm. There was plenty of meetings with The company and discussions about the final 

concept and e-mail contact with a couple different engineers to discuss the solutions.  

 

Phase four: Assessment & reporting 

During the all phases the report has been written, but in phase four it was more focus on writing.  

Preparing for the presentation was also in focus. Two PowerPoint was done, one presentation 

for the rotary team at The company and one for the final presentation for KTH. 
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5 Different steps in the milking process 
 

 
 

To design a product you need to know what different phases the product is going through. At 

the kickoff meeting a document was done to assemble the different steps during the milking. It is 

important to understand the different phases and which forces that are acting on the arm and 

when it happens.  

 

 

5.1 Analyze of the forces acting on the arm during the different 

steps 
A document that was made to get an overview on what the support arm was supposed to do in 

the different process steps. 
 

 

Phases of Extraction process 
Process 

steps 

Vertical 
Prepositioning of 

Cluster 

Positioning of 
cluster below 

Udder 

Attachment of 
Cluster 

Milking Take off 
move arm in 

parking position 

A
ct

iv
it

ie
s 

in
 t

h
e

 p
ro

ce
ss

 s
te

p
s 

Cluster should be 
moved to a height, so 
farmer only needs to 

do horizontal 
positioning 

Farmer moves cluster 
below udder 

Farmer attaches 
each teat cup 

support arm can be 
slightly 

repositioned 
(vertical), so cluster 

hangs free 

End of milking the 
arm is retracted 

taking cluster 
away from udder 

before passing 
entrance, arm 

needs to be moved 
into a parking 

position, entrance 
of rotary poses risk 
of shearing arm off 

  
support arm supports 

weight of cluster 

support arm still 
carries weight of 

cluster 

arm should allow 
some horizontal 

movement left to 
right during 

milking, when cow 
is shifting 

cluster should be 
retracted 

horizontally with 
minimum vertical 

movement 

In parking position, 
especially at the 
entrance cluster, 

milk and pulsation 
tubes should be 
protected from 

cow stepping on it/ 
manure 

  

Farmer finetunes 
operating height of 
cluster in relation to 
udder position. To 

accomodate different 
udder heights and 

cow lenghts.  

The teatcups 
should be properly 

aligned around 
cluster below 

udder. 

Arm should give 
vertical stability 

but allow vertical 
movement as a 

safety feature for 
the cow. 

  
Has to be under 

the "bridge". 

  

Support arm support 
weight during fine 

tuning so that farmer 
only has to overcome 

vertical forces 
resulting from friction. 
Positioning has to be 

very easy and fast. 
And not delay the 

attachment. Less than 
6 seconds for the 

complete attachment. 

  

If we have a kick 
off, the arm should 
be retracted to the 

original place. 

  

After milking 
session Be moved 

close to the cluster 
cleaner so cluster 

does not to be 
detached from arm 

for cleaning. 

  
Cstart equivalent 

feature automatically 
starts milking 

        

Required 
for System rotary only all systems all systems all systems all systems rotary only 

Forces on 
the arm A* + C* + T* A* + C* + T* A + C + T + S* A + T + M* A + C + T + S* A + C + T + R 

 
Figure 5.1 Excel file Phases of extraction process 

Vertical 
positioning 
of cluster 

Positioning 
of cluster 

below udder 

Attachment 
of cluster 

Milking Take off 
Move arm in 

parking 
position 



15 
 

 

5.1.1 Vertical prepositioning of cluster 

At first the cluster need to be moved to a high so the farmer only needs to do a horizontal 
position. Here we have three forces acting in the arm; it’s the weight of the arm, cluster and then 
the milking tubes. F=A+C+T 
 
 

5.1.2 Positioning of cluster below udder 

In this step the farmer need to move cluster below udder and here needs to develop something 
that facilitate the load in the vertical forces resulting from friction. The support arm need to 
support the weight of the cluster and positioning has to go fast (less than X seconds) and not 
delay the attachment. F=A+C+T 
 

 

5.1.3 Attachment of cluster 

During the attachment of cluster the support arm carries the weight of the cluster. In this step 
the S – motion starts. The S-motion is a function that is used when attaching the cluster teat cups 
to the teats. The function prevents the vacuum channel in the cluster to be opened before 
attachment so not dirt and particles are sucked in. The forces acting on the arm: F=A+T+S 
 
 

5.1.4 Milking 

In the beginning the teats are massaged, this by vacuum 
collapses the liner wall. When the massage is done the 
milking starts. The vacuum is now applied both inside the 
liner and between the liner, and the outer shell. This 
function will expand the teat opening and the extraction of 
milk starts. The arm should have stability but allow vertical 
movement as a safety feature for the cow. Forces (F) 
acting on the arm: F=A+T+M 
 
Figure 5.2 Massage and milking, Atmosphere (A), Vacuum 
(V)9  

 
 
 

5.1.5 Take off 

In the takeoff step the arm will be 
retracted horizontally with a minimum 
vertical movement taking away the cluster 
from the udder. The retraction of the 
cluster is made by a retraction cylinder. A 
vacuum (A) is pulling a piston (B) with the 
cluster that is affiliated to cord (C), in the 
cylinder upwards. The retraction speed is 
adjustable with a valve (D).   Forces acting 
on the arm: F=A+C+T+R 

 
Figure 5.3 Retraction cylinders and its 
functoins9 
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5.1.6 Move arm in parking position 

 

The arm needs to move back to the parking position before the entrance so it 

not will break into the bridge. Here its need to come up with a good solution 

for a stop-function if the support arm will go down under the rotary. Forces 

acting on the arm: F=A+C+T+R  

 

 

 

 

 

Figure 5.3 Cluster removals by ACR 9 
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6 Concept generation 
 

In Phase two a brainstorming session was done and four different concept was made and sketch 

up and present in a workshop.  

 

6.1 Sliding arm 
The “solution” for this concept for not being in the way for the cow entering the rotary will be 

that the arm will be on the side. The arm is moved from the side to behind the cow. The cluster 

on the arm is moved to the right (as shown on the first picture) when the cow is entering/leaving 

the rotary. The arm will be behind the cow when it is time for the farmer to put the cluster on the 

cow (second picture). 

 

There is a trail under the rotary 

where the arm is strapped so 

the arm will be easy to move 

from right to left. Either there 

will be some kind of bearings 

in the trail so the farmer can 

move the arm by himself to the 

right position either we will 

come up with some ideas how 

the arm will move by itself 

(machine).  

 

 

 

Figure 6.1 

 

 

 

The support arm from different perspectives:  The arm has three joints to be flexible, to make it 

easy for the farmer to come through the legs to the teats. The separate small “arms” should not 

be longer than the space between the legs of the cow. 

 

   
Figure 6.2           Figure 6.3 
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6.2 Pin Flip Arm 
This support arm is attached to the platform; it has a technical solution that could end up in a 
horizontal position. The arm ends up in a horizontal position when a steel pin pushes the arm 
down to the horizontal position. The picture below shows how it will end up! 

 

 

Figure 6.4 Collage flip arm 

 

The support arm will go down when the cow enters to platform. The arm is heavier in the 

bottom so it will automatically be reversed back again when the g-force are pulling the “lower 

arm” down and then the cluster to the start position. Then the farmer can start to milk. 
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6.3 Spin arm 
This arm is placed on the rotary to the right side of the cow. This arm is divided into four joints 

and gives a function so the arm can imprint to start position and then easy go out and hold up 

the cluster to help the farmer with the weight, as you can see in the picture underneath. The arm 

will have “pins” to stop the arm to move free, it will have a special moving-space that will be 

determined. 

 

 
Figure 6.10 

 

 

   
Figure 6.11      Figure  6.12 
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6.4 Workshop analyze of the different concepts 

 

Ideas from chapter 6.1-6.4 were presented trough a workshop for some mechanical and 

construction engineers that are specialists on rotaries: 

 

 Edstam, Per  

 Sturm, Sebastian 

 Aye, Klaus  

 Mattox Steve 

 Flies, Jim  

 Cowling, Tony  

 

 

Following was decided: 

 

The telescope function inspired by A company was not a good solution. Because of all the dirt in 

the farm is not a good combination with the telescope function, that will be stuck and the slide 

function will be destroyed.  

 

One thing that agreed about was that the support arm should be placed under the rotary and be 

more inspired by HDHB. Today the Company have problem with the support arms that is 

placed on the rotary and it’s a better solution to have the arm under the rotary.  

 

To have the support arm under the rotary, gives us a problem with the vertical movement. This 

movement was discussed and the solution was to have some kind of rail and a push up function, 

like the one in the flipping arm (se 6.5). To have an arm that can go up and down and get pushed 

up by a steel pin that goes along the hole rotary and when the cows will enter the platform, the 

steel is ending and the arm drops down. After the cow is on the rotary the arm will be pushed up 

by the steel pin, in a vertical movement.  

  

Thing that we should have in mind: 

 Some time to prepare after the bridge  

 Telescope function should instead be a HDHB solution. 

 The arm should be placed under the rotary 

 It should be a rail for moving up and down, and a steel pin function that is inspired from 

the flipping arm video but gives a vertical movement instead. Easier solution. 

 HBHD more ergonomically but more expensive  

 
Our idea is to combine the flip function with HDHB arm. The flip function is now transformed 
into a vertical function, so the arm goes up and down by a steel pin that goes some meter up 
along the rotary. The steel pin pushes up the support arm and when the cow will enter, the steel 
goes down to the ground and thereby the support arm to. The support arm leads down under the 
bridge by the steel pin, and then after it will go up again because the steel pin leads it up. The 
support arm is connected to the rotary by a rail that goes vertical along to rotating part. So the 
support arm can slide up and down when the steel pin allow.  
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6.5 Concept after the workshop 
As shown on the pictures lower, the arm is sliding along a steel pin that goes around the whole 
rotary. The arm is sliding with the upper part of the rotary. When it comes to the part on the pin 
that goes down, it will smoothly go under the platform so the cow can enter the rotary without 
touching or being annoyed by the arm. “Rail roller” - solution 

 

 
Figure 6.13 and 6.14: The arm is in “milking position”  
               

 
Figure 6.15 and 6.16: The arm is sliding down to be removed from the entrance 

 

 

Figure 6.17 and 6.18 The arm is sliding up again to milking position 
 
  



22 
 

6.6 Analyze of different technical functions 
After discussions with mechanical engineers and constructors, two different solutions for the 

functions was developed and compared to each other.  This different technical functions was put 

together to the final concept. 

 

 

6.6.1 Bridge function 

 

Bridge function comparison 

Rail rollers fig. 6.13 – 6.18 Kind of Pin flip fig. 6.4 & 6.8 

Pros: 

 Removes from the entrance automatically 

 Slides easily around the rotary 

Pros: 

 Easy  technical solution  

 Removes from the entrance automatically 

 Works in dirty environments 

 Don’t need the steel spin around the rotary, 

less material and minimizing the risk of 

equipment breakdown. (New solution with the 

steel pin) 

 

Cons: 

 Dirt can be accumulate 

 Moves into right position automatically after 

entrance 

 A lot of material 

 New solution with the steel pin around the 

rotary and we don’t know the risks and if it 

really works. 

 

Cons: 

 Possibility to stuck in the “knee” or get a 
punch 
 

 

The environment in a farm is very dirty. The material and the technical functions need to consist 

of durable materials. For the bridge function the Rail rollers is not good in a dirty environment 

and with the new steel pin solution we don’t know how it works in a real farm. For the pin-flip 

we minimize the risks against the environment and it’s an easy technical solution. The pin-flip 

solution for the bridge-function was chosen because it had more pros and less cons than the rail 

rollers and an easier technical solution that matches the goals. 
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6.6.2 Height adjustment 

 

As Counter weight and Pneumatic are two good solutions a decision was made to make a PUGH 

matrix to be sure that the right concept was chosen. The two concepts that are going to be 

compared are: 

 

6.6.2.1 Pneumatic solution from HDHB arm 

 

Pros: 

 Pneumatic machines can be very tiny, fast 

and powerful 

 Air is free 

 Compressed air is easy to store 

 A safe solution for a dirty and damp 

environment. If the machine will be 

overloaded only three different things can 

happen: Either the machine will stop, still 

go and compromise air or the air will leak 

out. (No explosion etc.) 

 

Cons: 

 Will need air hoses attachment  

 One “extra button” 

 If there is a leak the surrounding area will 

be slippery and dangerous of the liquid. 

 Big construction 

 

 

 

Figure 6.19 from investigation report 

80006313 

 

 

 

 

6.6.2.2 Counter weight solution from Alfadast 

See chapter 3.4.5 for the whole figure and description. 

 

Pros: 

     Already existing product (economic) 

     Adapted for heavy duty  

     Reducing some work steps 

     Less material and machines  

     Will fit the HDHB arm 

 

Figure 6.20  
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6.6.2.3 PUGH Matrix for height adjustment 

 

PUGH - Height adjustment for support arm       

Requirements Importance Ref Counter weight Pneumatic 

Easily removed from the entrance 5 0 0 0 

Not accumulate dirt 4 0 0 0 

Less material 4 0 1 0 

Easy technical solution 4 0 1 -1 

Work in dirty enviroments 5 0 1 1 

Easy for farmer to adjust height 3 0 1 1 

Safety for cow 5 0 0 0 

Existing product 2 0 0 0 

Small construction 3 0 1 -1 

          

Sum + 0 5 2 

Sum - 0 0 2 

Sum total 0 5 0 

Summary 0 19 0 

          

Reference: Telescope support arm         

 

The counter weight solution has much better properties for the height adjustment placed on the 

support arm. 

 
The pneumatic function is expensive. Also it will take too much place in the rotary and it will be 
too heavy. A smaller and cheaper adjustment, such as the counter weight solution is more 
appropriate. An Alfadast concept is very simple as it balances the forces, so cluster and weight, 
will take each other out. This will bring lightness to the construction so the farmer easy can move 
the arm in a vertical movement.  
 
 

6.6.3 Arm solution 

 

Arm solution comparison 

Folding arm fig 3.9-3.10 Flipping arm fig 6.9 

Pros: 

 Easy to adjust the position to the udder 

 Already existing product (economic) 

 Sustainable 

 Easy to fold 

 Fits to Counter weight 

 Easy to position 

Pros: 

 Easy to adjust the position to the udder 

 Very flexible 
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Cons: 

 Expensive 

 Less flexible 

 

 

 

Cons: 

 New solution 

 Hard to fold 

 Increased risk of injury 

 

 

6.6.3.1 Pugh Matrix for arm solution 

 

The folding and the flipping arm are both very similar products. To make it easier to so which 

one is most appropriate a PUGH matrix was done. 

 

PUGH - Arm solution for support arm       

Requirements Importance Ref Folding Flipping 

Easy to adjust to udder 5 0 0 0 

Not accumulate dirt 4 0 1 1 

Less material 4 0 1 1 

Easy technical solution 4 0 0 0 

Work in dirty enviroments 5 0 0 0 

Easy for farmer to adjust height 3 0 0 0 

Safety for cow 5 0 0 0 

Existing product 2 0 0 0 

Easy to fold 4 0 1 1 

Fits to counterweight 2 0 1 -1 

Easy to position 3 0 0 0 

Economic 3 0 1 0 

Flexible 4 0 1 0 

Sustainable 5 0 1 1 

          

Sum + 0 7 4 

Sum - 0 0 1 

Sum total 0 7 3 

Summary 0 26 15 

          

Reference: Telescope support arm         

 

 

The folding arm is far better than the flipping arm for this purpose. The flipping arm does not 

have a function for heavy or medium duty and it is made for smaller animals, not for cows. The 

folding arm will be indexing and will only be able to move after special movements. 
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7 Final Concept 
 

The new concept will make the milking process faster and easier, by remove one of the “steps” in 

the process.  Instead of having a “bridge function”, an “arm solution” and a “height adjustment”, 

there will only be a “height adjustment” with the counterweight and an arm.  

 

 

The final concept will be a combination from the counterweight and a folding arm. There are two 

different conclusions for the foldable arm, either make it go from above or from the side. (See 

figure 7.3) or from the side (see figure7.4.). 

 

 

 
 

Figure 7.1 : Seen from above, the arm can be moved up and down and will stay in the place it is 

moved, counter weight solution. There will be a special function (se 8.6) how the arm will be 

flipped automatically from the entrance and then back up again.  



27 
 

 
 

Figure 7.2: Seen from the side. The arm is placed under the rotary.  

 

 

 

 

Figure 7.3 and 7.4: These are the two different arm solutions, one is sliding out from the side and 

the other one is sliding from above. As you can see are both solutions flexible and could fit to 

our final solution.  
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7.1 Kesselring evaluation matrix  

 

This tool is used to evaluate and select the application segments with the best potential that have 

a very good overall summation score with respect to all requirements. From the Kesselring 

evaluation matrix (se 3.1.2) the arm that comes from the side will be chosen. It has better 

properties and the arm from above will probably be very heavy when it switched back and forth 

all the time. 

 

Tabel 7.5 Kesselring evaluation matrix 

 

 

 
Also the property to hold up the cluster and be flexible, that was the most important to think of 
in this project. The arm from above won’t be able to take place everywhere (not flexible back and 
forward) only right and left when it is turned down. 

 

7.1.1 Arm solution  

 

This arm is made for herringbones and has a long arm that should be able to go around the cows 

leg and then between the front and back legs to the udder. The arm solution must fit parallel 

parlor so a shorter arm should solve the problem. The arm will only have three joints. The best 

solution would be to be able to use the arm that already is produced. As you can see on the 

picture below, three links will probably be a good solution. 

 

 

 

 

 

 

 

 

Figure 7.6 from installation of a 

folding  arm 
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7.2 CAD-illustration of the final concept  

 

 

  

Figure 7.7 and 7.8 

 

 

Counterweight: This solution will make it easier for the 

farmer to adjust the height of the cluster to the udder. As 

cow has different heights, this will be a really helpful 

solution for the farmer. When moving the arm upwards it 

will stay in place because of the counterweight. 

 

 

 

 

 

Figure 7.9 

 

 

 

The arm will be able to move from left to right when the 

cow is moving. This is a really important function, to let 

the cow move and don’t be interrupt by the arm not 

“going with her” during the milking. Also when retracting 

the arm after milking this will fold in and be able to 

minimize the arm to stick out while going under the 

entrance. 

 

 

Figure 7.10  
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7.3 Tube support 
 

All the tubes will be placed under the rotary. It 

will be too complicated to have all the tubes 

above the platform. That’s because the tubes 

will get stuck in the entrance (they are bigger 

than 4 cm diameter) and even if they wouldn’t 

they will probably be damaged by cows stepping 

on it.  The tube support “carrier” will be placed 

on the arm to be able to move along with it. 

 

 

 

 

 

 

 

 

Figure 7.11 

 

 

7.4 Strip milking 
When the cluster is placed on the udder the farmer can move the arm a bit down to make it 

possible for the strip milking function to work. The only problem here is if the cow is moving a 

lot sideward in the parlor the strip function may not work so good, if the cow automatically 

moves the arm to one other position(so the counterweight moves down) the strip function may 

not be the same effective. 

 

7.5 Fail safe function 
A sensor will be placed on the other side of the rotary and if the support arm is still up when the 

bride is coming, the sensor will turn off the electricity and the rotary will stop.  

 

 
Figure 7.12 
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7.6 Prepositioning of cluster and flip function 
 

The idea of the counterweight is very smart and simple because it is like a “two in one solution”. 

You can both use the counterweight to move the arm up and down as described above and you 

can also use it for prepositioning of the cluster during milking. Because of the counterweight the 

cluster can easily be moved higher and lower manually depending on the cow’s height. 

 

The arm will be lowered down with a pin from the other side of the rotary (shown as a blue or 

black spot in those pictures) ; it will simply just be a pin standing out and will put the arm in place 

under the rotary. Because of the counterweight we only need that pin to make sure the arm 

moves down under, then it will stay there until the next pin will take the whole arm up again 

 

The steel pin will guide the support arm down under the rotary before the cows enter the 

installation. After the bridge the pin will push the arm up again to a milking position.  

 

 Figure 7.13 

 

  Figure 7.14 
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7.7 Automatic Cluster removal (ACR) 
The cluster removal will be placed under the platform. The retraction rope will be placed just 

behind the “installation” of the support arm. So the idea is that when the arm is coming to the 

entrance (a bit before ) the retraction rope will be retracted and will pull in the cluster from the 

teats, also “fold” the small arms so they stick together and becomes as small that they can 

(folded). Then the whole arm is ready to be lowered under the platform. 

 

 

7.8 Evaluation of ergonomics  
Our task was to develop a support arm that improves the working condition for the farmer. 
According to a report “The effect on workload by using a support arm in parlor milking”9 from 
the Swedish University of Agricultural Sciences, writes that there is a manifest risk of suffering 
injury to the forearm, wrist and hand during milking especially during the attaching task. The 
attaching task is when the farmer milk without the support arm the farmer holds the milking 
cluster in one hand while attaching the four teat-cups to the udder picture 11.5. This combination 
will give the farmer high degrees of dorsiflexion and deviation of the wrist in combination with 
peak values of muscle activity in the forearm during milking might contribute injuries to the wrist 
and hand. When the farmer use the support arm (picture 11.6) the muscle load on the biceps 
decreased with an average of 24%, while the load on the forearm flexors decreased with 17%.  

 
The support arm that was used in the study describes: 
 
”The support arm was a prototype, and consisted of a telescopic mechanism in which the cluster was suspended. It 
was flexible in the vertical as well as in the horizontal planes so it could be adjusted to individuals with different 
body sizes. The intention was to eliminate the need to hold the cluster with the holding-side hand in an arm 
extended position during the attachment process.” 
 

   
 

Figure 7.15  
 
  

                                                      
9
 Marianne Stål, Stefan Pinzke and Gert-Åke Hansson, ’The effect on workload by using a support arm in 

parlour milking’, International Journal of Industrial Ergonomics, 32 (2003), 121 – 132, in ScienceDirect 
[online database], accessed 6 Jun. 2013 
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8 Conclusion 
The aim of the project was to develop a new concept for a support arm for parallel and rotary 

parlors. The concept is a combination of a counter weight solution and a folding arm. The result 

is an ergonomic solution there the farmer can milk with both hands which will save half of the 

time for the farmer, because the farmer can use both hands. 

 

The requirement has been reached. 
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9 Suggestion for further work 
 

After the final presentation at the company there were some discussions how to make this work 

easier to work further with. This will help The Company with the project to improve the support 

arm or come up with some new ideas. 

 

 The support arm should have a protective cover so the farmer cant stuck in the arm with 

fingers etc. 

 Better design. 

 A retraction rope has to be placed on the arm. 

 The cluster support has to be placed on the arm. 

 In a case when the rotary has to rotate to the other side, the arm has to be able to work 

good as well. For example when a cow get stuck in the entrance. The farmer should easily 

be able to back the platform (about 30-40 cm) without breaking the arm. 

 There should be a “”lock-solution” so the cluster won’t be dragged on the floor if the 

cow kicks off the cluster.  

 If a cow has to go two turns on the platform. Is it possible to just take one other cluster 

and put on the cow to the next turn. 

 Is it possible to simplify this mechanical solution further? 

 Development phases? From one to another, is it possible to take it a step further? 
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 1 Appendix  

1.1 Appendix 1  

1.1.1 Requirement Specification 

 

Starting milking 

Comfort start equivalent feature automatically starts milking 

 

Support of different clusters 

The arm should support different clusters with different weights. 

 

Detachment of cluster 

At the end of milking the arm is retracted automatically taking the cluster away from the udder. 

The arm will be retracted in a determined movement. 

 
Durability 
Durability, low service, requirements, withstands chemicals/manure/dirt/water 
 
Simplicity 
Few components, reduced amount of turning parts to reduce wear and tear 
 
 
Simplicity 
allow clear visibility, slim design, no blocking parts 
 
Alignment 
cluster/ teatcup/tube alignment has to be assured all the time 
 
Cluster compatibility 
compatible to all existing DL clusters 
 
Cluster removal 
automatic 
 
Mounting flexibility 
compatible to different curb, f.e. types 0, 12,18, Envision 
 

No cow irritation 

The arm has to allow flexibility during milking for cow movement. During detachment the cow 

must not be hit/injured by the arm. 

 

Stripped function 

Pull down the cluster in the end of milking for fully milking out the cow 

 

Allowing free cluster movement during the milking 

The cluster should not be supported through connections to the support arm during the milking. 

But still keep the cluster in operating position when slipping. 

 



 

Adjustment to different cow types 

The arm should allow vertical movement so the cluster can be positioned relational to the udder. 

The use of strength by the milker should be minimized yet unwanted as vertical movement of the 

arm due to cow movement should be prevented.  

  

1.2 Appendix 2 – Telescope 

1.2.1 Description of the idea  

The overall idea for Telescope function1 was to develop a new milking point module to 

be launched as part of a system. With five main products to be developed: 

 an arm  

 A new cluster including a new liner in TPE-material 

 A new way of flow-controlled milking  

 A new control box 

 User interface 

 

1.2.2 The new Telescope support arm 

Development of an arm, modularly built up with several options and functions such as:  

 Tube support 

 Automatic Cluster removal (ACR) 

 Pre-positioning of cluster 

 Slip adjustment 

 Strip milking 

 

The arm is mounted on or under the pit edge of the parlour and supporting the milking 

cluster and tubes. The arm is flexible in that it can move in different positions. 

The arms different positions are: 

 

 Idle: Non-milking, hanging in ‘taken off’ position. Ready to grip and put onto the 

next cow for milking. 

 Pre-positioned: Hanging under the cow’s udder ready for the milker just to put on 

the teatcups. 

 Milking: The arm is supporting the cluster and the tubes in such a way that the 

weight from the cluster is distributed equally on each teat. The cow may move, 

limited to her place; however the forces and load distribution shall not be changed.  

 Take off: Moving from milking to idle position.  

 Strip function: At certain pre-determined flow level or time or other indication of 

milking coming to the end, a force (optional) is applied downwards in order to 

extract more of the strip milk otherwise remaining in the udder. 

                                                      
 



 

 Backflush: A position where the cluster is hanging in a position in order to 

backflush and to easily drain, after backflush the cluster is moved back to the idle 

position. 

 Cleaning: Placing the cluster at the position for cleaning. 

 

1.2.3 Modular concept of the arm 

There are three modular aspects to be taken into account: 

 Level I: Tube guide and supporting the handling of the cluster. Applies the correct 

forces to the cluster for a correct even milking. 

 Level II: Level I combined with automatic take-off. 

 Level III: Arm with pre-positioning function. Automatically from an indication that 

the cow is in place, or by the milker pushing a button. Moves the cluster under the 

cow’s udder for more convenient application of the teat cups. 

 
  


